


















A manual on the diseases of warm climates, of handy size, and yet giving adequate information, has long been a want; for the exigen-
cies of travel and tropical life are, as a rule, incompatible with big volumes and large libraries. This is the reason for the present 
work.

While it is hoped that the book may prove of practical service, it makes no pretension to being anything more than an introduction 
to the important department of medicine of which it treats; in no sense is it put forward as a complete treatise, or as being in this 
respect comparable to the more elaborate works by Davidson, Schebe, Rho, Laveran, Corre, Roux, and other systematic writers in the 
same fi eld. The author avails himself of this opportunity to acknowledge the valuable assistance he has received, in revising the text, 
from Dr. L. Westerna Sambon and Mr David Rees, MRCP LRCP lately Senior House Surgeon, Seamen’s Hospital, Albert Docks, London. 
He would also acknowledge his great obligation to Mr Richard Muir, Pathological Laboratory, Edinburgh University, for his care and 
skill in preparing the illustrations.
 Patrick Manson
 April 1898
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When Sir Patrick Manson GCMG, FRS (1844–1922) wrote his great text subtitled ‘A manual of the diseases of warm climates’ in 1898, he 
could not have envisaged that a century and more later the work was to be in ever greater use by medical practitioners throughout the 
world. The textbook has in fact evolved and expanded to cover all of the diseases associated with tropical exposure, and not merely 
those about which something was known in the late nineteenth century, and about which the average medical practitioner in England 
and other temperate lands knew little.

The twenty-second edition of Manson’s Tropical Diseases has in the main followed a pattern laid down in the twentieth edition (1996). 
The chapter headings are similar to those in the twenty-fi rst edition, with the exception that, in order to keep the book to reasonable 
dimensions we have excluded the chapter on ‘High Altitude problems’. The majority of the contributors to that edition have accepted 
our invitation to write again and update their chapters; however there are several new authors who share their experience and wisdom. 
We offer them a warm welcome and sincere thanks for their valuable input. There is a vast array of international talent included in this 
essentially British textbook which ranks as one of the oldest clinical treatises in the medical literature.

It is also our sad duty to record the sudden and tragic death of Professor CA Hart, one of our most prolifi c contributors, during the 
preparation of the present edition. We are indebted to Luis Cuevas for a tribute to Tony Hart, Professor of Microbiology at Liverpool 
University, who died in September 2007 aged 58 years.

We would again like to thank our Publishers for making our task relatively straightforward, especially our development editor Louise 
Cook, who has ‘held the fort’ throughout the publication of this edition. Finally we thank our respective wives Jane and Farzana for 
their continuing forbearance while we devoted countless hours to editorial tasks associated with this edition.

We trust that physicians, medical offi cers, postgraduate tropical medical students, infectious diseases physicians, parasitologists 
and other health personnel throughout the world will continue to delve into and benefi t from what has rightly become widely 
known as the ‘Bible’ of tropical medicine. We commend the latest edition of this venerable work to all medical and paramedical health 
personnel throughout the world.
 Gordon C Cook
 Alimuddin I Zumla
 2008
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Charles Anthony Hart (1949–2007)

‘Tony was the youngest professor to be appointed to this department and he also acted as Regional Microbiologist and 
Honorary Consultant. His prolifi c work focussed on infectious and tropical diseases and his papers had a great relevance 
for developing countries and for children in particular. He published more than 750 peer-reviewed papers and 12 text-
books, participated in numerous national and international committees and received many hundreds of lecture invitations. 
Despite this enormous workload his offi ce was always open and visitors welcomed by a handshake, cup of tea and a 
nickname that made them feel at home. He travelled overseas many times to locations such as Brazil and South East 
Asia. Nothing could be better than a hard days work followed by a brainstorming session at the end of the day with 
a caipirinha or gin and tonic in hand. Colleagues anticipating his overseas arrival often asked what to do. The response: 
keep Tony busy, seek ideas for what studies to do, and avoid an idle day in the sun. If he was whistling at the end of 
the day it meant you had done well!

Tony’s primary interest in paediatric infections led to ground-breaking work on meningitis, rotavirus diarrhoea and 
respiratory infections. He was always fascinated by differences between the profi le of infection in developing countries 
and the UK, and how easily accepted dogmas could come crumbling down by competent research. He encouraged 
colleagues to undertake research and had the ability to identify promising research projects. Reports of pathogens were 
thus queuing on his desk, from fi rst reports of Metapneumovirus and Bocavirus in Iran, Yemen, Brazil and Jordan, Crypt-
osporidium in Kenya, Malawi, Saudi Arabia, Brazil and Gaza, to clinical scores, quantitative PCR and pathogenesis of 
meningitis in Brazil and Ethiopia. The joint chapter on meningitis published in the present edition exemplifi es his work. 
We have lost a great scientist and an excellent friend.’

Luis E. Cuevas
2008
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Chapter 1 Gordon C. Cook

History of Tropical Medicine, and 
Medicine in the Tropics

European doctors practised in tropical countries as early as the 
seventeenth and eighteenth centuries in the English West Indies 
(the ‘Sugar Islands’), India, the East Indies and later Africa, the 
western coast of which was widely termed the ‘white man’s 
grave’.1–3 Many also produced monographs describing their experi-
ences, with an outline of the disease pattern at these various loca-
tions. Many infections which now fall under the ‘tropical’ umbrella 
were widely distributed in northern Europe and northern America 
during the seventeenth to nineteenth centuries. For example, 
William Shakespeare (1564–1616) was well aware of malaria in 
England: ‘he is so shak’d by the burning quotidian tertian that 
it is most lamentable to behold’ (Henry V, II. i. 123). Thomas 
Sydenham (1624–1689) successfully used fever-tree bark (contain-
ing quinine) in the management of the ‘intermittent fevers’ during 
the seventeenth century.4 Indigenous Plasmodium vivax infection 
remained a clinical problem in south-east England well into the 
twentieth century. Plague, typhoid, cholera, typhus and smallpox 
were major health hazards in Britain, London included, during 
the Victorian era.5 John Bunyan (1628–1688) was well aware of 
the consumption (tuberculosis) – now such an important disease 
in ‘tropical’ countries – which so often ‘took him down to the 
grave’ (The Life and Death of Mr Badman).

What then is tropical medicine? Andrew Balfour (1873–1931)2 
summarized the position as he saw it, in his Presidential Address 
to the Royal Society of Tropical Medicine and Hygiene in 1925: 
‘there is in one sense no such thing as tropical medicine, and in 
any case many of the most erudite writings of Hippocrates are 
concerned with maladies which nowadays are chiefl y encountered 
under tropical or subtropical conditions’. Some, including many 
historians, consider that ‘tropical medicine’ originated as a by-
product of the British Empire and Raj.6 The truth of the matter is 
that ‘medicine in the tropics’ was exploited by the Colonialists in 
order that the health of British personnel, both overseas and fol-
lowing return to the UK, could be improved (see below).3 The 
specialty, in fact, as a formal discipline, had its origin(s) in a mul-
tidisciplinary background: major areas of progress during the 
nineteenth century were public health (and hygiene), travel and 
exploration, natural history, evolutionary theory, and a precise 
knowledge of the causation of disease (the ‘germ theory’).3,7–9 The 
miasmatists and contagionists were previously at loggerheads. The 
development of clinical parasitology following the work of 
Manson, Ross and others (see below), and superimposed on this 

complex backcloth, led to the inevitable genesis of ‘tropical 
medicine’ as a formal discipline.3,9,10

DEVELOPMENT OF TROPICAL MEDICINE AS 
A FORMAL DISCIPLINE

The Seamen’s Hospital Society

In London, the Seamen’s Hospital Society (SHS) (the ‘foster 
mother of clinical tropical medicine’) was formed in 1821, its 
predecessor being the Committee for Distressed (or destitute) 
Seamen, which was set up in the winter of 1817–1818; its raison 
d’être was to provide temporary relief to sick members of the 
mercantile marine then roaming in large number on London’s 
docklands, streets.1,3,11,12 The major objective was thus largely tar-
geted at the management of illnesses (especially fevers and sexu-
ally transmitted diseases), many of which had been introduced 
into London from tropical and subtropical countries.5 At a meeting 
held at the City of London Tavern on 8 March 1821 (William 
Wilberforce MP (1759–1833) was among those present), the com-
mittee resolved to establish a permanent fl oating hospital on the 
Thames for the exclusive use of sick and distressed seamen; the 
venture was to be supported by voluntary contributions. A series 
of hulks, HMS Grampus (lent by the Admiralty in 1821) (Figure 
1.1), HMS Dreadnought (1831–1857) and HMS Caledonia (renamed 
Dreadnought) (1857–1870) were all anchored in Greenwich Reach 
and used successively; they had been 48, 98, and 120-gun vessels, 
respectively.1,11,12 Although they served a valuable function, major 
practical problems arose: ventilation was poor, and nosocomial 
spread of disease occurred; lack of light was a major drawback 
during the winter months; and other problems (not least noise) 
associated with the situation in the midst of an extremely busy 
part of the River Thames proved tiresome.12,13 In 1870, after pro-
tracted negotiations, the Commissioners of the Admiralty granted 
the SHS a 99-year lease of the Infi rmary (and adjoining Somerset 
Ward) of the Royal Hospital, Greenwich, in lieu of the loan of 
the ship(s).1,11,12 This move was made possible by a sharp decline 
in the number of pensioners residing in the hospital during 
the peaceful years following the battle of Waterloo (in 1815); the 
infi rmary was therefore no longer required for them. In 1873, the 
hospital ceased being a permanent home for naval pensioners and 



1. History of Tropical Medicine, and Medicine in the Tropics

2

became the Royal Naval College (previously based at Portsmouth). 
The Royal Hospital14 had been founded in 1694 by William III 
(1650–1702) and Mary as the naval equivalent of the Royal 
Hospital, Chelsea, founded by King Charles II, and is still in use 
for army pensioners today.

Emergence of the formal discipline in London

Following his return to London from Formosa and Amoy (where 
he had made his seminal discovery of man–mosquito transmis-
sion of the nematode Filaria sanguinis hominis (Wuchereria ban-
crofti), a causative agent of lymphatic fi lariasis) and Hong Kong, 
Patrick Manson (1844–1922)3,8,15 (Figure 1.2) embarked on a 

series of lectures devoted to ‘tropical medicine’ at several London 
medical schools.1,3,16 The Rt Hon Joseph Chamberlain (1836–
1914), Secretary of State for the Colonies, was immediately 
impressed at the possibility of sending Colonial medical staff on 
leave in Britain to these lectures, to give an update on the preven-
tion and management of those diseases which seriously affected 
the ‘servants of Empire’.1,3 Regular trade, effi cient administration 
and agricultural production were all seriously hampered by 
disease; Chamberlain’s concept of ‘constructive imperialism’ could 
not be adequately developed in the presence of such a great deal 
of morbidity and mortality. Despite a great deal of opposition,17 
clinical tropical medicine emerged as both an important medical 
specialty and scientifi c discipline (the importance of parasites and 
their vectors in transmission of disease had only recently become 
clear – see above), Chamberlain considered that ‘tropical medi-
cine’ was an essential component in the future development of 
British economic and social imperialism. It was, in fact, to become 
a ‘colonial science’.1,13 At the 1898 meeting of the British Medical 
Association held in Edinburgh, at which Ronald Ross’s (1857–
1932) work in Calcutta, India, on the role of the mosquito in avian 
malaria was announced (his initial demonstration at Secundar-
abad, India, of Plasmodium spp. development in the mosquito had 
been published in the British Medical Journal the previous year), a 
new section devoted to ‘Tropical Medicine’ was inaugurated.10 
There were several reasons why the discipline had not previously 
emerged. Many ‘tropical diseases’ had formerly existed in northern 
Europe (including England) and northern America. There was also 
widespread feeling that the high mortality rate affecting the white 
man in the tropics was inevitable, and that climate would prevent 
his living and working there successfully. The ‘miasmatic theory’ 
still held sway. Furthermore, there was an understandable pessi-
mism regarding the possibility of signifi cant environmental 
improvement in the foreseeable future, most British colonies 
being situated on unhealthy coastlines. Also, research had until 
then taken a very low priority for medical staff working in the 
tropics; their perceived task was solely to provide medical advice 
and care to the local British community.

The Manson–Chamberlain collaboration

In order to implement effective development of the ‘new’ disci-
pline, Manson was appointed Medical Offi cer to the Colonial 
Offi ce in 1897. Here, with Chamberlain’s wholehearted support, 
he set about establishing a School of Tropical Medicine in London 
(LSTM).1,3 A major problem relating to the venue of the proposed 
institution arose. Manson favoured the branch hospital of the 
Seamen’s Hospital Society, situated near the Royal Albert Dock.1,3,18 
However, hostility to this suggestion arose from several quarters. 
The War Offi ce favoured the Royal Victoria Hospital, Netley, 
which, situated on Southampton Water, had been founded in 
1863;1,3,19 it had been established principally for soldiers invalided 
from the Crimea and was then staffed by offi cers of the Royal Army 
Medical Corps. Manson considered this option unacceptable (he 
was already on the staff of the Albert Dock Hospital): the atmo-
sphere and remote situation from London were, in his opinion, 
incompatible with the teaching of tropical medicine. The Royal 
College of Physicians was of the opinion that a new school was 
unnecessary. The senior medical staff of the Greenwich Hospital 

Figure 1.1 HMS Grampus. The fi rst of three hospital-ships lent by 
the Admiralty to the Seamen’s Hospital Society, anchored on 
Greenwich Reach. This disused 48-gun warship served in this capacity 
from October 1821 to October 1831.

Figure 1.2 Dr (later Sir) Patrick Manson (1844–1922) aged 31 years. 
This photograph was probably taken while he was on leave in Britain 
from Amoy in 1875.
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felt that removal of the ‘tropical’ cases to the Albert Dock Hospital 
(ADH) was a slight on their professional ability and was in any 
case undesirable because medical students from London’s teach-
ing hospitals were accustomed to visiting Greenwich for tuition 
in the diagnosis and management of these illnesses.17 The end 
result was an outburst of acrimonious correspondence in the 
columns of the Lancet, the British Medical Journal and The Times, 
which later involved, among others, Sir William Broadbent, Sir 
William Church, Sir Jonathan Hutchinson and Sir Joseph Fayrer, 
the doyen of the Indian Medical Service. However, staunch deter-
mination from Manson and Herbert Read (Assistant Private Sec-
retary to Chamberlain) to proceed with the project, strongly 
supported by Chamberlain himself, led to the rapid establishment 
of the proposed school at the ADH;1,16,20 fi nancial assistance to the 
tune of £3550 came from the Colonial Offi ce. A subcommittee 
was set up to ‘formulate a scheme for organisation and manage-
ment of the LSTM in connection with the SHS’; the committee of 
management was to be composed of equal numbers of personnel 
from the SHS, the medical and surgical staff of the ADH, and 
teachers from the LSTM.

School and hospital in close proximity

The LSTM was offi cially opened on 2 October 1899.1,3 The hospi-
tal (under SHS supervision) and teaching and research facilities at 
the LSTM were on the same site (Figure 1.3). With (Sir) Perceval 
Nairne (1841–1921) (Chairman of the SHS) presiding, the inau-
gural address – written by Manson – was read in his absence. He 
later declared: ‘the school strikes, and strikes effectively, at the root 
of the principal diffi culty of most of our Colonies-disease. It will 
cheapen government and make it more effi cient. It will encourage 
and cheapen commercial enterprise. It will conciliate and foster 
the native’.1,21 Meanwhile, a continuity funding was necessary, and 
several sources of income were exploited; two charity dinners, at 
which Chamberlain presided, were held at the Hotel Cecil in 1899 
and 1905; they raised £12 000 and £11 000 respectively. At the 
former, Chamberlain declared:1 ‘The man who shall successfully 
grapple with this foe of humanity and fi nd the cure for malaria, 
for the fever desolating our colonies  .  .  .  and shall make the tropics 
livable for white men  .  .  .  will do more for the world, more for the 

British Empire, than the man who adds a new province to the wide 
Dominions of the Queen’. A ‘Tropical Diseases Research Fund’ was 
set up, and the Dean – (Sir) Francis Lovell (1844–1916) – raised 
funds on several overseas trips. In 1912, the school was enlarged 
and a new wing opened by Their Majesties King George V and 
Queen Mary. ‘Tropical’ cases were relatively few in the early days 
of the LSTM;3,22 in fact, the ADH had been founded to care for 
seafarers and ‘landsmen’ in the London Docks – most of whom 
suffered from injuries.

In 1919, a decision was taken to relocate the school and hos-
pital to central London; Endsleigh Palace Hotel, 25 Gordon Street, 
London WC1, was purchased (by the SHS with funding from the 
Red Cross) for £70 000 and on 11 November, 1920 the Duke of 
York (later King George VI) (1895–1952) opened the joint LSTM 
and Hospital for Tropical Diseases (HTD) in this building.1,13 The 
structure, which remains extant (and constitutes the student union 
of University College), provided fi ve fl oors (at the top) for clinical 
tropical medicine, and four for the basic sciences; a radiology 
department was situated in the basement. Sir Philip Manson-Bahr 
(1881–1966)12 considered the building ‘dark, awkward and incon-
venient, with multitudes of doors and narrow passages’, but 
never before had there been ‘more unanimity or good fellowship 
among the staff of the school and the hospital’. The Wellcome 
Tropical Museum was nearby and provided invaluable teaching 
resources.1,13

Between 1899 and 1929 the clinical specialty and the basic 
sciences were thus on the same site – fi rst at the ADH18 and later 
London WC1;20 the close proximity was both valuable and pro-
ductive, a great deal of teaching and clinical research being 
accomplished. For example, two research projects carried out by 
the clinical staff clinched the mosquito transmission of malaria 
saga in Homo sapiens. G. C. Low (1872–1952) (later in large part 
responsible for establishing the Royal Society of Tropical Medicine 
and Hygiene at Manson’s House)23,24 and three other investigators 
slept between dusk and dawn, for 3 months, in a mosquito-proof 
hut about 7 km from Rome, Italy (where Plasmodium vivax malaria 
was prevalent); by so doing they avoided a P. vivax infection.1,3,8 
Also, in 1900, three batches of mosquitoes infected with P. vivax 
were sent from Rome to London; Manson’s elder surviving son 
– then a medical student at Guy’s Hospital, and captain of rugby 
football – was exposed to them, and together with a technician, 
duly acquired a clinical attack of P. vivax infection, which 
responded to quinine.1,3,7

Foundation of the London School of Hygiene 
and Tropical Medicine: the close relationship 
between tropical physicians and basic scientifi c 
staff ends

In 1921, the Postgraduate Medical Committee recommended that 
an Institute of State Medicine Public Health be created in Blooms-
bury, near the University of London; the Rockefeller Foundation 
was persuaded by Professor R. T. Leiper (1881–1969) to donate 
US$2 million to the Ministry of Health for the development of 
this facility.1,13,20 On 18 July, 1929, the London School of Hygiene 
and Tropical Medicine (LSHTM) was offi cially opened at Keppel 
Street (Gower Street) by the Prince of Wales (later King Edward 
VIII) (1894–1972). Some years after this, the SHS ceased manag-

Figure 1.3 Newly opened London School of Tropical Medicine – 
situated on an adjoining site to the Seamen’s Hospital Society’s Branch 
(Albert Dock) Hospital – in October 1899.

Development of Tropical Medicine as a Formal Discipline
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ing the School, and clinical tropical medicine became detached 
from the basic sciences.

Clinical tropical medicine in London suffered a further tempo-
rary setback when the Ross Institute and Hospital for Tropical 
Diseases (Director: Sir Ronald Ross) was opened at Putney West 
Hill on 15 July, 1926.1,13,25,26 It was, however, clear from the outset 
that there was insuffi cient clinical material in London to justify 
two hospitals devoted to the management of tropical disease; the 
project therefore had no chance of becoming viable from a clinical 
viewpoint. The institution ultimately became incorporated into the 
LSHTM, as the Ross Institute for Tropical Hygiene, with four beds 
at the HTD, in 1934; the Director had died 2 years previously.3,26

The itinerant saga of clinical tropical medicine in London con-
tinued unabated and the survival of Manson’s original concept 
seemed at times in serious jeopardy – not least during World War 
II (1939–1945), when the specialty had to make do with a mere 
10 beds – with no teaching facilities, at the Dreadnought (the SHS’s 
land-based fl agship) Hospital, Greenwich. For a brief period after 
the war, a nursing home in Devonshire Street, London W1, housed 
the discipline. In 1951, the HTD was transferred to St Pancras, 
NW1 and offi cially opened on 24 May (Empire Day) by the 
Duchess of Kent.1,20 In late 1999, the latest (and possibly the fi nal) 
move of the clinical discipline, to University College Hospital, 
took place;20 regrettably, the facilities in that overcrowded setting 
were extremely limited.

Regarding the clinical discipline in London, Manson-Bahr13 
later concluded:

In recounting the chequered history of this institution, the 
Hospital for Tropical Diseases, a venture one would have 
thought essential to the greatest of all Empires, there runs the 
thread of insecurity  .  .  .  the hospital became the whipping boy 
of medical politics  .  .  .  The Board of the SHS was always a 
representative body of admirals whose interest lay in the 
sailor, but not in (clinical) tropical medicine.

The future of the clinical discipline in London remains anyone’s 
guess!1,3,27

DEVELOPMENT OF TROPICAL MEDICINE 
IN LIVERPOOL

This chapter has concentrated on the LSHTM because the principal 
catalyst for the ‘formal discipline’ – Manson (the ‘Father of 
Tropical Medicine’) established his school there. However, the 
Liverpool School of Tropical Medicine had opened about 6 
months earlier.1,3,28,29 Although the concept of a School of Tropical 
Medicine in Liverpool developed after that in London, the plan 
of action proceeded more rapidly, and the School was opened to 
students on 21 April, 1899. In many senses therefore, that one 
should be designated the Pioneer School of Tropical Medicine. The 
initial momentum had originated in a circular from Chamberlain 
to the General Medical Council and leading British medical 
schools (11 March, 1898), and a letter to the Governors of the 
Colonies (14 June, 1898). The timescale of the fi rst appointments 
was impressive:28,30 20 January, 1899 – Dean appointed; 7 Febru-
ary – Demonstrator in tropical pathology (Dr H. E. Annett); 10 
April – Lecturer in tropical medicine (Major Ronald Ross, IMS); 

22 April – School offi cially opened by Lord Lister (1827–1912); 
May 1899 – teaching started. The Liverpool School was not a 
‘brainchild’ of Manson/Chamberlain (unlike the LSTM), and it 
did not therefore receive Government support – a source of irrita-
tion (and perhaps even anger) at the time. It owed its inception 
to the initiative(s) of Mr (later Sir) Alfred Jones KCMG (1845–
1909), a prominent Liverpool (an important seaport) fi gure, and 
an energetic leader in the development of Liverpool’s overseas 
trade with the West African Colonies. He controlled the Elder 
Dempster shipping line, which traded with the Canary Islands and 
West Africa (and had a thriving business in bananas, groundnuts 
and oil nuts); local commerce had previously involved the ‘trian-
gular trade’. Together with several wealthy and generous Liverpool 
merchants, he also provided the fi nancial backing for the School’s 
foundation. The other major personality in the project was Dr 
(later Sir) Rubert Boyce, FRS (1863–1911) – the fi rst Dean.

The project was encouraged by the Royal Society, whose Secre-
tary wrote to the Principal of University College, Liverpool (18 
November, 1898):28,29

I think the idea of starting something at Liverpool about 
Tropical Diseases in connection with the College, most 
admirable. The opportunities of studying Tropical Diseases are 
greater at Liverpool than anywhere else in England, excepting 
perhaps London. You have to arrange: 1. For teaching. 2. For 
investigation. No. 2 wants, I think, more support than No. 1. 
If you had a ward, say at the Southern Hospital, one of the 
physicians might take charge of it, and give lectures, clinical 
at the Hospital, and general say at the College – I suppose 
you might give him a title. For investigation you do not, I 
think, need a separate Laboratory at College, but a small 
Clinical Laboratory and the Hospital itself  .  .  .  The next point, 
I am in doubt about. I am inclined to think that the 
Pathology of Tropical Diseases should belong to the Professor 
of Pathology, who should, by virtue of this have some 
connection with the Tropical Diseases Ward in the Hospital, 
have access to the cases,  .  .  .  This system of a Pathologist 
working with the Physician or Surgeon in Clinical charge of 
the sick is being very largely worked with great success in 
America, and in this Tropical Disease seems to offer an 
opportunity for it. I have talked with Lord Lister (1827–1912) 
[President of the Royal Society], and he generally approves of 
what I have proposed, at least, thinks it most desirable that 
the Hospital and College should lay hold of Tropical Diseases. 
I myself feel very strong that it is an opportunity of study of 
these diseases. When the experts on Malaria sent out to Africa 
get to work on the West Coast, as they will in time do, it will 
be a great advantage to have an Institution for Tropical 
Diseases already in work at Liverpool. The experts abroad can 
work with the men at home.

At a meeting convened at the offi ces of Messrs Elder, Dempster 
and Co. on 23 November, 1898, the following were present:28,29 
Alfred L. Jones; William Adamson, President of the Royal Southern 
Hospital; R. T. Glazebrook, Principal of University College; 
William Alexander, Senior Surgeon of the Royal Southern Hospi-
tal; William Carter, Physician to the Royal Southern Hospital, 
Professor of Therapeutics, University College; and Boyce. The 
resulting minutes were as follows:
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The following resolutions were unanimously passed: 1. That 
the gentlemen present form themselves into a Committee, 
with the approval of their various boards, for promoting the 
study of Tropical Diseases and to consider the best means of 
carrying out  .  .  .  Jones’ intentions in the munifi cent offer he 
has made to further the above object. 2. That Mr Charles 
W. Jones (of Messrs Lamport and Holt) be asked to serve on 
this Committee. It was decided that the above resolutions 
should be printed, and that Jones would hand a copy 
to  .  .  .  Chamberlain  .  .  .  The Committee recommended that 
before the next meeting, the Professional Members should meet 
together to consider and suggest the best means 
for  .  .  .  carrying out these objects.

At a second meeting (12 December, 1898) a letter from Lord 
Ampthill (Colonial Offi ce) to the Chairman (1 December) was 
read:28

I have shown your letter of the 28th ult. with regard to the 
School of Tropical Medicine [to] Chamberlain. He was much 
interested and very glad to hear of the important work you 
have thus commenced. You are no doubt aware of 
what  .  .  .  Chamberlain has been doing himself with regard 
to the establishment of a School of Tropical Medicine [in 
London] and he considers it a great advantage that Liverpool 
should be co-operating on similar lines. If it would interest 
you, I should be very glad to send you particulars of the 
Colonial Offi ce scheme and information as to what has 
already been done, but I dare say you have learnt all that 
is essential from the newspapers.

In December 1898, the Lancet30 reported:

.  .  .  Chamberlain’s scheme for the teaching of tropical diseases 
to colonial surgeons  .  .  .  has already borne practical fruit. Mr 
Alfred Jones [1845–1909] of Liverpool has offered £350 
annually to establish and maintain a laboratory in Liverpool 
for the study of tropical diseases and the scheme will be 
carried out by a joint committee of the Royal Southern 
Hospital and of University College. A laboratory for 
immediate investigation will be built opposite the hospital, 
whilst prolonged research will be carried out in the 
pathological laboratory of University College, under the 
direction of Professor Boyce [1863–1911]. A large number of 
cases from the West Coast of Africa are taken into the wards 
of the Royal Southern Hospital, as Liverpool, being the centre 
of the African trade, is in constant communication with West 
Africa. We again have to congratulate Liverpool on the 
munifi cence of her citizens and would direct the attention of 
medical men about to practice in any capacity on the West 
Coast of Africa to the opportunity that is being afforded them 
for obtaining invaluable information.

In a letter (1 February 1899) from the Colonial Offi ce,28 read to a 
Committee meeting, it was stated that ‘Chamberlain was very glad 
to learn that it had been decided to establish this School, but 
regretting that the Government could not grant any fi nancial aid; 
however, in the selection of candidates for medical appointments 
in the Colonies, preference would be given to those who had 

received instruction in tropical medicine, such as that provided in 
the Liverpool School’. A further letter from Chamberlain (23 Feb-
ruary) stated, however, that ‘all doctors appointed to the Colonial 
Service must be attached to the ADH3,18 for at least 2 months’. 
The Committee resolved to: (1) write to the Colonial Offi ce and 
express regret that Chamberlain did not see his way to dispense 
with the latter condition in the case of students from the Liverpool 
School; and (2) approach the Colonial Offi ce on the subject. On 
20 March, Professor Boyce announced that Lord Lister (see above) 
had written stating that he intended to approach Chamberlain on 
behalf of the School, and it was therefore resolved to postpone 
further action in the matter pending receipt of information con-
cerning the result of this interview. However, Government funding 
was never forthcoming and there can be no doubt that this led to 
a signifi cant souring of relationships (some friendly rivalry still 
exists) between Liverpool and London.

Opening of the Liverpool school

In 1899, The Lancet31 summarized the opening of the Liverpool 
School (Figure 1.4):

Development of Tropical Medicine in Liverpool

Figure 1.4 Liverpool School of Tropical Medicine; this building 
opened in 1920.
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This School was inaugurated under fortunate auspices on 
April 22nd of this year by Lord Lister. At the annual dinner of 
the Royal Southern Hospital on Nov. 12th, 1898, Mr. Alfred 
L. Jones, a prominent Liverpool citizen and West Africa 
merchant, made an offer of £350 a year to start a school in 
Liverpool for the study of tropical diseases. The offer was made 
in the presence of Professor Rubert Boyce of University 
College, Liverpool, and Dr. William Alexander of the Royal 
Southern Hospital  .  .  .  The great interest subsequently taken in 
the project by Mr. Alfred L. Jones, aided by the indomitable 
energy of Professor Boyce, resulted in subscription and 
donations coming in from all quarters towards the expenses of 
the proposed school. To those two gentlemen, warmly 
supported by the committee and medical staff of the Royal 
Southern Hospital, is due the establishment of the Liverpool 
School of Tropical Diseases. The management of the school is 
in the hands of a strong committee, of which Mr. Alfred L. 
Jones is the chairman and Mr. William Adamson  .  .  .  the vice-
chairman. The committee also consists of duly appointed 
representatives of University College, Liverpool, the Royal 
Southern Hospital, the Liverpool Chamber of Commerce, the 
Steamship Owners’ Association, and the Shipowners’ 
Association. A sum of over £1700 has already been promised, 
partly in annual subscriptions and partly in donations, in 
support of the school, but more pecuniary support is urgently 
needed if the practical work already begun is to be maintained 
at its excellent level. A large fl oor in the Royal Southern 
Hospital has been set apart for tropical cases. This fl oor 
includes a cheerful ward containing 12 beds, now fully 
occupied, also an extensive laboratory for the examination of 
blood, urine, faeces, etc., and furnished with the apparatus 
applicable to modern research. Professor Boyce superintends 
the pathological department of the school, with Dr. Annett as 
pathological demonstrator. The committee have been fortunate 
in securing the services of Major Ronald Ross, IMS [see 
above], as special lecturer [later professor] on tropical 
diseases  .  .  .  The number of malarial cases treated in Liverpool 
in 1898 amounted to 294. In the previous year  .  .  .  there were 
242 cases of malaria, 14 of beri-beri, 30 of dysentery, and 39 
of tropical anaemia. With the means of instruction in the 
varied forms of tropical diseases thus afforded there will be no 
need for Liverpool students to proceed to London [where there 
were fewer cases22] to obtain that which is ready to hand at 
their own doors. The authorities of the Liverpool School of 
Tropical Medicine have lost no time in getting to real work.

In June 1899, Ross (Figure 1.5) gave an inaugural lecture: he com-
mitted himself to the practical application of his malaria researches; 
extirpation of the mosquito, he envisaged, was the answer to the 
‘great malaria problem’. Ross had thus embarked on the ‘sanita-
tion’ (or hygiene) tack, which was to dominate much of the 
Liverpool School’s work for the forthcoming century.3,29

Subsequent developments in Liverpool

Shortly after its opening (in April 1899), the Liverpool School 
started on a series of ‘expeditions’: the fi rst embarked for Sierra 
Leone in July, and 11 more had been carried out by the end of 

1903. Between its foundation and 1914, a total of 32 scientifi c 
expeditions to the tropics had taken place.28,32 The Annals of 
Tropical Medicine and Parasitology was founded by the School’s 
staff in 1907. The School was compelled, however, to survive by 
subscription; there was therefore no year-to-year stability.

At the outbreak of the Great War (1914–1918), teaching had 
been in full swing for 15 years;33 two full courses were being given 
annually. An advanced practical course (of 1 month duration) was 
designed to meet the convenience of practitioners when at home 
on leave; those who attended this were excused the fi rst month of 
the other course. Special courses on entomology designed for 
offi cers in the West African Medical Service and others were also 
given three times annually. Special research work was carried out 
at the School and the Runcorn Research Laboratories (about 16 
miles from Liverpool).

Excellent historical accounts of the Liverpool School of Tropical 
Medicine are due to Miller29 and Maegraith.34 The School (unlike 
LSHTM) has established close collaborative links with some of the 
recently created Universities and Medical Schools of Africa, and 
other newly ‘emergent’ developing countries.

MEDICINE IN THE TROPICS AND 
TROPICAL MEDICINE

The practice of medicine in a tropical country differs in many ways 
from that in a temperate one – where the classical specialty (exem-
plifi ed by the London and Liverpool Schools) has dominated the 
scenario. A major problem arises in the defi nition of ‘tropical 
medicine’; this was accepted by Manson himself 3 in the preface 
to the fi rst edition of this textbook in 1898:

The title I have elected to give to this work, TROPICAL 
DISEASES, is more convenient than accurate. If by ‘tropical 
diseases’ be meant diseases peculiar to, and confi ned to, the 
tropics, then half a dozen pages might have suffi ced for their 
description  .  .  .  If  .  .  .  the expression ‘tropical diseases’ be held 
to include all diseases occurring in the tropics, then the 

Figure 1.5 Major (later Sir) Ronald Ross (1857–1932).35 The 
photograph was probably taken in the early twentieth century.
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work would require to cover almost the entire range of 
medicine  .  .  .  The tropical practitioner [he continued] enjoys 
opportunities for original research and discovery far superior 
in novelty and interest to those at the command of his fellow 
inquirer in the well-worked fi eld of European and American 
research.

Figures 1.6 and 1.7 summarize some of the highlights in the 
development of these separate disciplines.7

In Britain (and other European countries) and northern 
America, infectious diseases dominated the medical scene until 
well into the twentieth century (Figure 1.6); however, following 
the introduction of improved sanitation/hygiene in Victorian 
England, their prevalence slowly declined,1,3,35,36 the downward 
trend continued with the introduction of antibiotics in the 1940s 
and 1950s. Only recently has prevalence tended to increase – 
largely as a result of the HIV/AIDS pandemic. Tropical medicine, 
as an organized discipline, took off in the 1890s (see above) 
and reached a peak during the fi rst half of the last century. 
Following World War II (1939–1945), or possibly before, a 
downward trend set in and as a result, this specialty continues to 
decline as a specifi c entity. The introduction of National Health 

Service ‘reforms’, following the Tomlinson report (published 
in 1992) and strategies of recent British governments, have ren-
dered the future of this relatively small discipline extremely 
vulnerable. The major priority in Britain at present is to maintain 
a cadre of physicians well versed in the more ‘exotic’ infections 
encountered in the UK (e.g. trypanosomiasis, leishmaniasis 
and schistosomiasis), a requirement which also applies to other 
‘temperate’ countries. More emphasis should also be given to 
‘travel medicine‘.

In tropical countries situated in the tropics (Figure 1.7), the 
scenario is different.7 Organized medical services began with the 
Indian Medical Service; this was followed by the Colonial Medical 
Service – with a far wider infl uence. Although Manson had started 
a Medical School in Hong Kong in 1887, the fi rst School of 
Tropical Medicine in a tropical country was established by Sir 
Leonard Rogers (1868–1962) at Calcutta (now Kolkata) in 1920; 
this was a pioneering achievement.3 When the former British Col-
onies acquired ‘independence’ in the 1950s and later, the ‘wind 
of change’ brought in its wake many newly created (indigenous) 
universities and medical schools, e.g. Makerere University College, 
Kampala; Ibadan University, Nigeria; and the University (and Uni-
versity Teaching Hospital), Lusaka; this led to much local teaching 
and research, and also simultaneously the introduction of local 
medical societies and examining boards. 

These are changing times, and the future of the formal disci-
pline specialty Tropical Medicine is at present uncertain. But that 
must on no account be confused with ‘medicine in the 
tropics’.3,37
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Section 1 Underlying Factors in Tropical Medicine

Chapter 2 Nandini P. Shetty and Prakash S. Shetty

Primary Care and Disease Prevention 
and Control

INTRODUCTION

In 1978, the International Conference on Primary Health Care was 
held in Alma-Ata, USSR, and endorsed by the World Health Orga-
nization (WHO). This conference called for urgent and effective 
national and international action to develop and implement 
primary healthcare throughout the world, particularly in develop-
ing countries, in a spirit of technical cooperation and in keeping 
with a new international economic order. The Alma-Ata Declaration 
of 1978 states that the main social target should be the attainment 
by all peoples of the world, by the year 2000, of a level of health 
that will permit them to lead a socially and economically productive 
life.1 However, the world almost 30 years on from the Alma-Ata 
Declaration is vastly different from that which saw the signing of 
the Declaration. Signifi cant global changes – new epidemics, eco-
nomic instability, continuing civil unrest and confl ict, and triumph 
of the free market enterprise that has meant more pressure to 
produce profi ts – have all resulted in healthcare delivery systems 
across the world that are vastly different and hugely inequitable.2

DEFINITION OF PRIMARY HEALTHCARE

The Alma-Ata Declaration describes primary healthcare (PHC) as 
essential healthcare based on practical, scientifi c and socially 
acceptable methods and technology. It is made universally acces-
sible to individuals and families in the community through their 
full participation and at a cost that the community and country 
can afford to maintain at every stage of their development in the 
spirit of self-reliance and self-determination. It is the fi rst level of 
contact of individuals, the family and community with the 
national health system, bringing healthcare as close as possible to 
where people live and work, and constitutes the fi rst element of a 
continuing healthcare process.1

THE KEY ELEMENTS OF 
PRIMARY HEALTHCARE

PHC addresses the main health problems in the community, pro-
viding promotive, preventive, curative and rehabilitative services 
accordingly. Key elements of the programme are:1

• Education concerning prevailing health problems and the 
methods of preventing and controlling them

• Promotion of food supply and proper nutrition
• An adequate supply of safe water and basic sanitation
• Maternal and child healthcare, including family planning
• Immunization against the major infectious diseases
• Prevention and control of locally endemic diseases
• Appropriate treatment of common diseases and injuries
• Provision of essential drugs.

Basic concepts drawn from the programme are summarized as 
follows:
• Primary healthcare should be shaped around the life patterns 

of the population
• It should both meet the needs of the local community and be 

an integral part of the national healthcare system
• Preventive, promotional and rehabilitative services for the indi-

vidual, family and community need to be integrated
• The majority of health interventions should be undertaken 

as close to the community as possible by suitably trained 
workers

• The balance among these services should vary according to the 
community needs and may well change over time

• The local population should be involved in the formulation 
and implementation of healthcare activities

• Decisions about the community’s needs and solutions to its 
problems should be based on a continuing dialogue between 
the people and the health professionals who serve them.

PRIMARY HEALTHCARE WORKERS

Based on experience of the success in Thailand, it was recognized 
that potential human resources exist in the community and are 
waiting to be mobilized. Two types of primary healthcare workers 
have thus been developed: village health communicators (VHCs) 
and village health volunteers (VHVs), who promote rural health 
and other development efforts through an organized community. 
The VHCs are responsible for a cluster of 8–15 households, the 
VHVs for the whole village. The functions of VHCs are to impart 
health education (prevention and promotion), and to disseminate 
and obtain health information from the villagers. The VHVs 
perform the same functions as VHCs, but also have the duty of 
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caring for people who have had simple accidents or injuries and 
those with common diseases. Both VHCs and VHVs work on a 
voluntary basis. However, the government provides them with free 
medical services and a certifi cate when their training is completed. 
Other intangible incentives such as recognition from their peer 
group are also present. An informal 5-day training course for 
VHCs, covering the use of self-instruction modules, health problem 
identifi cation, team working, etc. is organized by subdistrict health 
personnel. The 35 self-instruction modules for VHCs cover cura-
tive, preventive and promotive measures. The VHCs are expected 
to be able to disseminate such knowledge and gather information 
from villagers. VHVs obtain 17 additional modules on simple 
curative care and are trained for an additional 2 weeks.3

In India, multi-purpose health workers (MPWs) perform the 
role of village health workers. An evaluation of their role in a PHC 
in Kerala, India, revealed that MPWs apportion time to some 
national health programmes such as the malaria eradication pro-
gramme and family welfare and immunization programmes to the 
detriment of others such as tuberculosis and acute respiratory 
infection. This demonstrated the need for continued training and 
evaluation of grass-root level workers to fulfi l their multi-purpose 
role.4

The PHC programme in Thailand is often hailed as a success 
since it was responsible for solving many of the health problems 
of underserved people in rural areas. The concept of community 
participation and empowerment – consisting of the contribution 
of ideas, manpower, money and materials by the community – 
was fundamental and provided the key to success of the PHC 
programme. To educate the community to be self-reliant or self-
supportive is another basic concept that the Thai PHC programme 
fostered. Their Ministry of Public Health was also a key player in 
that it recognized that strengthening of a health service delivery 
system and the development of a referral system were essential to 
support PHC activities.5

INTEGRATED MANAGEMENT OF 
THE SICK CHILD

While a great deal has been learned from disease-specifi c control 
programmes during the past 15 years, the challenge remained 
of how to combine the lessons learned into a single method 
for more effi cient and effective management of childhood illness. 
WHO and UNICEF responded by jointly developing an approach 
referred to as integrated management of childhood illnesses 
(IMCI).6

The integrated management of the sick child initiative is seen 
as the intervention likely to have the greatest impact in reducing 
the global burden of disease. It is also among the most cost-
effective health interventions in low- and middle-income coun-
tries. Inclusion of improved case management guidelines for 
children with symptomatic HIV infection and for better neonatal 
health have been included in IMCI from 2005.

Every year some 12 million children die before reaching their 
fi fth birthday, many of them during their fi rst year of life. Of these, 
70% are killed due to one of fi ve causes: diarrhoea, pneumonia, 
measles, malaria or malnutrition, and often in combination 
(Figure 2.1). Because their signs and symptoms may overlap, rec-
ognizing which of these conditions is present in a sick child can 

be diffi cult and a single diagnosis is often inappropriate. Treat-
ment of the sick child may also be complicated by the need to 
combine therapies for several conditions. The situation argues for 
child health programmes which address the sick child as a whole 
and not just single diseases.

Integrated management presents several key advantages. It 
leads to more accurate diagnoses in outpatient settings; ensures 
more appropriate and, where possible, combined treatment of 
major illnesses; and ensures and speeds up the referral of severely 
ill children. The approach gives due attention to prevention of 
childhood disease as well as its treatment, emphasizing immuni-
zation, vitamin A supplementation if needed, and improved infant 
feeding, including exclusive breast-feeding and appropriate com-
plementary feeding. The role of the voluntary health worker or 
multi-purpose health worker is immediately evident in the IMCI 
programme.

Newly developed treatment guidelines for the sick child cover 
the most common potentially fatal conditions. The health worker 
is trained to assess every child for non-specifi c danger signs; for 
the four main symptoms of cough or diffi cult breathing, diar-
rhoea, fever and ear problems; for nutritional status; and for 
immunization status.

Figure 2.1 Major causes of death among children under 5 years of 
age and neonates, 2000–2003. (World Health Organization-UNICEF, 
Integrated Management of the Sick Child.)
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Case management process

1. The health worker assesses the child – asking questions, exam-
ining the child and checking immunization status.

2. The health worker then classifi es the illness based on a colour-
coded triage system, with which many health workers are 
already familiar through use of the WHO case management 
guidelines for diarrhoea and acute respiratory infections (ARI). 
The system classifi es illnesses according to whether they require 
(a) urgent referral, (b) specifi c medical treatment and advice, 
or (c) simple advice on home management.

3. After classifying the illness, the health worker identifi es specifi c 
treatments. If the child is being promptly referred, the health 
worker gives only urgent and appropriate treatment 
beforehand.

4. The health worker then provides practical instructions, such 
as how to administer oral drugs, increase fl uids during 
diarrhoea and treat local infections at home. Mothers are 
advised on the signs which indicate the child should immedi-
ately be brought back to the clinic and when to return for 
follow-up.

5. For children under 2 years of age and those who are malnour-
ished, the health worker assesses feeding, notes any feeding 
problems and provides counselling on feeding problems.

Training

Training health workers is a key activity in the long-term undertak-
ing to improve the system for providing care to sick children. The 
WHO/UNICEF course Management of Childhood Illness trains 
health workers in fi rst-level facilities (outpatient clinics and health 
centres), enabling them to effectively manage illnesses in an inte-
grated fashion in sick children between the ages of 1 week and 5 
years. The course also teaches them to communicate key health 
messages to mothers, helping them to understand how best to 
ensure the health of their children. The training course is based 
on the treatment guidelines and emphasizes hands-on practice. 
But course materials must be adapted to local situations so that, 
for example, local foods and drinks can be mentioned or locally 
appropriate drugs recommended.

Research

Research is an essential component of all programmes to reduce 
mortality and morbidity in children. WHO has drawn up a list of 
future research priorities related to integrated management of the 
sick child in order to improve the detection and treatment of the 
fi ve major illnesses. Examples of areas where more information is 
needed are:
• Detection and management of anaemia and meningitis
• Management of malnutrition and feeding problems
• Management of severe disease in very young infants/neonates
• Management of children with symptomatic HIV infection
• Identifi cation of high-risk children
• Adequacy of clinical management in fi rst-level health 

facilities
• Reasons why families do not seek healthcare for sick 

children.

While much research is concerned with biomedical questions, 
there is also a need for further behavioural research on issues such 
as communicating with mothers and adaptation of advice on 
feeding to local conditions. In a cluster randomized evaluation of 
the integrated management of childhood illness (IMCI) strategy 
in Bangladesh, the mean index of correct treatment for sick chil-
dren was 54 in IMCI facilities compared with nine in comparison 
facilities. Use of the IMCI facilities increased from 0.6 visits per 
child/year at baseline to 1.9 visits per child/year about 21 months 
after IMCI introduction. A total of 19% of sick children in the 
IMCI area were taken to a health worker compared with 9% in 
the non-IMCI area.7

The multi-country evaluation of integrated management of 
childhood illness (IMCI) effectiveness, cost and impact is a global 
evaluation to determine the impact of IMCI on health outcomes 
and its cost-effectiveness. Studies are under way in Bangladesh, 
Brazil, Peru, Uganda and the United Republic of Tanzania. The 
results indicate that in Tanzania children in IMCI districts received 
better care than children in comparison districts: their health 
problems were more thoroughly assessed, they were more likely 
to be diagnosed and treated correctly as determined through a 
gold-standard re-examination, and the caretakers of the children 
were more likely to receive appropriate counselling and reported 
higher levels of knowledge about how to care for their sick chil-
dren. IMCI is therefore likely to lead to rapid gains in child sur-
vival, health and development if adequate coverage levels can be 
achieved and maintained.8 Ethiopia contributed immensely to the 
development of IMCI and offi cially adopted it in 1997. Here it 
was found that the HIV/AIDS algorithm should be validated and 
included in the IMCI guidelines and essential IMCI drugs should 
be available to health facilities.9

The impact of PHC services on infant mortality assessed in the 
Gambia,10 showed that PHC programmes had a signifi cant impact 
on infant mortality, particularly when they were well supported 
and effectively mounted over a short time period. Signifi cant 
impact of PHC on maternal and child mortality and morbidity 
could also be demonstrated in the Gomoa experience in rural 
Ghana.11 In a landmark study from Maharashtra, India, health 
workers in communities were trained to use simple clinical criteria 
to identify neonates with potentially fatal sepsis and to identify 
the danger signs alerting mothers to seek care. Any one of the fi ve 
maternally observed danger signs (reduced sucking, drowsy or 
unconscious, baby cold to touch, fast breathing and chest indraw-
ing) gave 100% sensitivity and identifi ed 23.9% neonates for 
seeking care.12

Shearley,13 while commenting on the societal value of vaccina-
tion in developing countries, made the observation that immu-
nization forms the basis of village operated PHC activity. 
Immunization programmes provide an opportunity for the provi-
sion of other primary care services, as it can be the only recurring 
activity in primary care that brings mother and child into contact 
with health services on a predictable and frequent basis. Immuni-
zation leads to a direct and measurable reduction of child mortal-
ity rates. This encourages smaller families and contributes to 
success of family planning programmes. Protecting the lives of 
children directly through immunization and other PHC activities 
is a major strategy towards improving the lives of women as it 
liberates their time, energy and resources. It empowers women to 
protect their own health and that of their children through their 

Integrated Management of the Sick Child
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own actions. Therefore immunization services are best delivered 
along with other services needed by children in the fi rst year of 
their life and by pregnant women – the persons who constitute 
the priority groups for PHC services in the developing world.

MATERNAL HEALTH

The global Safe Motherhood Initiative was launched in 1987 to 
improve maternal health and cut the number of maternal deaths 
in half by the year 2000.14 New fi ndings on maternal mortality by 
WHO, UNICEF and UNFPA (United Nations Population Fund) 
show that a woman living in sub-Saharan Africa has a 1 in 16 
chance of dying in pregnancy or childbirth. This compares with a 
1 in 2800 risk for a woman from a developed region. (Figure 2.2) 
Of the estimated 529 000 maternal deaths in 2000, 95% occurred 
in Africa and Asia, while only 4% (22 000) occurred in Latin 
America and the Caribbean, and less than 1% (2500) in the more 
developed regions of the world. Experience from successful mater-
nal health programmes shows that much of this death and suffer-
ing could be avoided if all women had the assistance of a skilled 
health worker during pregnancy and delivery, and access to emer-
gency medical care when complications arise.

Services for safe motherhood should be readily available 
through a network of linked community healthcare providers, 
clinics and hospitals. The integrated services that policy-makers 
from around the world have pledged to provide include:
• Community education on safe motherhood
• Prenatal care and counselling, including the promotion of 

maternal nutrition

• Skilled assistance during childbirth
• Care for obstetric complications, including emergencies
• Postpartum care
• Management of abortion complications, postabortion care 

and, where abortion is not against the law, safe services for the 
termination of pregnancy

• Family planning counselling, information and services
• Reproductive health education and services for adolescents.
Important lessons learned from the collaborative effort of several 
agencies highlight the following:
1. Empower women, ensure their choices. Gender inequalities 

and discrimination, especially in the developing world, limit 
women’s choices and contribute directly to their ill-health and 
death (Figure 2.3). Legal reform and community mobilization 
can help women safeguard their reproductive health by 
enabling them to understand and articulate their health needs, 
and to seek services with confi dence and without delay.

2. Every pregnancy faces risks (Figure 2.4). Every pregnant woman 
– even if she is well nourished and well educated – can develop 
sudden, life-threatening complications that require high-
quality obstetric care. Attempts to predict these problems 
before they occur have not been successful, since most com-
plications are unexpected and the majority of women with 
poor pregnancy outcomes do not fall into any high-risk cate-
gories. Therefore, maternal health programmes must aim to 
ensure that all women have access to essential services.

3. Ensure skilled attendance during childbirth. The single most 
effective way to reduce maternal death is to ensure that a 
health professional with the competence and skills to conduct 
a safe, normal delivery and manage complications is present 
during childbirth. Unfortunately, there is a chronic shortage 
of these professionals in poor and rural communities in the 
developing world. Research has shown that even trained tra-
ditional birth attendants (TBAs) have not signifi cantly reduced 
a woman’s risk of dying in childbirth, largely because they are 
unable to treat pregnancy complications. As an interim strat-
egy for settings where TBAs attend a signifi cant proportion of 

Figure 2.2 Maternal mortality in the developing countries. (United 
Nations. The Millennium Development Goals 2005 Report. New York: 
United Nations; 2005.)

Figure 2.3 Leading causes of the burden of disease in women aged 
15–44 in the developing world, 1990. (World Development Report 
1993: Investing in Health. Washington, DC: World Bank; 1993.)
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deliveries, programme planners may want to provide TBAs 
with adequate training and support to help them refer com-
plicated cases promptly and effectively. In all settings, however, 
skilled attendance at delivery should continue to be the long-
term goal.

4. Improve access to high-quality maternal health services. A 
large number of women in developing countries do not have 
access to maternal health services. Many of them cannot get 
to, or afford, high-quality care. Cultural customs and beliefs 
can also prevent women from understanding the importance 
of health services, and from seeking them. In addition to legal 
reform and efforts to build support within communities, 
health systems must work to address a range of clinical, inter-
personal and logistical problems that affect the quality, sensi-
tivity and accessibility of the services they provide.

5. Address unwanted pregnancy and unsafe abortion. Unsafe 
abortion is the most neglected – and most easily preventable 
– cause of maternal death. These deaths can be signifi cantly 
reduced by ensuring that safe motherhood programmes 
include client-centred family planning services to prevent 
unwanted pregnancy, contraceptive counselling for women 
who have had an induced abortion, the use of appropriate 
technologies for women who experience abortion complica-
tions and, where not against the law, safe services for preg-
nancy termination.

6. Measure progress. Female health workers in the Mwanza 
Region, Tanzania, distributed information and educated 
mothers regarding the use of a clean delivery kit for home 
births. Newborns whose mothers used the delivery kit were 
13.1 times less likely to develop cord infection than infants 
whose mothers did not use the kit. Furthermore, women who 
used the kit for delivery were 3.2 times less likely to develop 
puerperal sepsis than women who did not use the kit.15

Dealing with HIV within the context of pregnancy must be an 
important focus of maternal and child health. UNFPA recognizes 
that an effective response requires a much more comprehensive, 
four-pronged approach:
• Prevent HIV infection among girls and women
• Prevent unintended pregnancies among women living with HIV
• Reduce mother-to-child transmission through antiretroviral drugs, 

safer deliveries and infant feeding counselling
• Provide care, treatment and support to women living with HIV 

and their families.16

MANAGEMENT OF SPECIFIC 
INFECTIOUS DISEASES

WHO has proposed a public-health approach to antiretroviral 
therapy (ART) to enable scaling-up access to treatment for HIV-
positive people in developing countries, recognizing that the 
western model of specialist physician management and advanced 
laboratory monitoring is not feasible in resource-poor settings. 
Simplifi ed tools and approaches to clinical decision-making, 
centred on the ‘four Ss’ – when to: start drug treatment; substitute 
for toxicity; switch after treatment failure; and stop – enable lower 
level healthcare workers to deliver care. To ensure access to ART 
in the poorest countries, the care and drugs should be given free 
at point of service delivery. Population-based surveillance for 
acquired and transmitted resistance is needed to address concerns 
that switching regimens on the basis of clinical criteria for failure 
alone could lead to widespread emergence of drug-resistant virus 
strains.17

Since 1990 the WHO Global Tuberculosis Programme has 
promoted the revision of national tuberculosis programmes to 
strengthen the focus on directly observed treatment, short course 
(DOTS). With direct observation of treatment, the patient does 
not bear the sole responsibility of adhering to treatment. Health-
care workers, public health offi cials, governments and communi-
ties must all share the responsibility and provide a range of 
support services patients need to continue and fi nish treatment. 
One of the aims of effective TB control is to organize TB services 
which are an integral part of PHC systems so that the patient 
has fl exibility in where he or she receives treatment, for example 
in the home or at the workplace. Treatment observers can be 
anyone who is willing, trained, responsible, acceptable to the 
patient and accountable to the TB control services. The recording 
and reporting system is used to systematically evaluate patient 
progress and treatment outcome. The system consists of: a labora-
tory register that contains a log of all patients who have had a 
smear test done; patient treatment cards that detail the regular 
intake of medication and follow-up sputum examinations; the TB 
register, which lists patients starting treatment and monitors their 
individual and collective progress towards cure; and reporting 
from districts to the national level, which allows assessment of 
control efforts. Yet, DOTS is still not used widely. The conse-
quences of not using DOTS more widely are alarming. TB cases 
and deaths will certainly continue, the global epidemic will remain 
uncontrolled, and harder-to-manage multidrug-resistant TB 
(MDR-TB) will be created. To address the problem of MDR-TB in 
areas where it has emerged, WHO has introduced the DOTS-Plus 
programme.18

Figure 2.4 Causes of maternal deaths. *Other direct causes 
including, for example: ectopic pregnancy, embolism, anaesthesia 
related. **Indirect causes including, for example: anaemia, malaria, 
heart disease. (‘Maternal Health Around the World’ poster. World 
Health Organization and the World Bank 1997.)
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The DOTS strategy has been successful in several centres in Asia 
and Africa. In Bangladesh,19 success was attributed to decentral-
izing sputum smear microscopy and treatment delivery services to 
peripheral health facilities utilizing the existing PHC network. The 
large informal health workforce that exists in resource poor coun-
tries can be used to achieve public health goals. Involvement of 
village doctors in TB control has now become national policy in 
Bangladesh. Maintaining the quality of implementation, keeping 
it convenient and safeguarding confi dentiality were important 
factors for its success. The success of DOTS in India has been 
documented from well designed community surveillance studies.20 
Involvement of private practitioners was suggested as a potential 
for spreading the DOTS strategy in the state of Kerala.21 In 
Thailand DOTS was performed by health personnel, community 
members and supervised family members and contributed to 
effective and widespread implementation of the programme.22 
Community-based delivery systems for DOTS have been found to 
be successful in Ethiopia and other parts of sub-Saharan Africa. 
The community-based delivery systems used patients themselves 
in the form of ‘TB Clubs’23 or ‘guardians’ in the community,24,25 
thus effectively decentralizing the programme and empowering 
the community itself.

Utilizing PHC workers has been a successful strategy for case 
detection and control of leprosy.26 Involvement of the community 
has been recognized as an important component for the control 
of visceral leishmaniasis in India.27

WATER SANITATION AND HEALTH

Defi ciencies in water and sanitation contribute to the heavy disease 
burden imposed by diarrhoea, poliomyelitis, hepatitis, intestinal 
nematodes like hookworm and tropical diseases such as leish-
maniasis. Food safety and hygiene are important factors in the 
prevalence of these illnesses. Few persons would dispute, however, 
that water and sanitation are important contributing factors. Fur-
thermore, chemical contamination of drinking water is the main 
cause of illnesses such as arsenicosis and fl uorosis. It has been 
suggested that local communities should be trained as guardians 
of sound water management practices, such as monitoring quality, 
protecting water sources from pollutants, and identifying and 
penalizing polluters. Consumers could even take the initiative, 
such as in many local communities, of mobilizing demand for 
proper sanitation and sewerage systems and implementing 
schemes.28

NUTRITION IN PRIMARY HEALTHCARE

Nutrition is an important element of PHC, and is a major deter-
minant of the health of the community and for optimum growth 
and health of children. Nutrition and health are not synonymous, 
but without good nutrition health cannot be optimal. An essential 
prerequisite to prevent malnutrition or more appropriately under-
nutrition (since overnutrition and an unbalanced diet can also 
lead to poor health and disease) in a household or a community 
is to assure availability and access to adequate quantity, good 
quality and safe food to meet the nutrient needs of all people. 
However, the recognition that malnutrition is not just a problem 

of inadequate food has been emphasized strongly, and more 
recently due importance is being given to considerations of 
health, education and care. UNICEF in 1997 developed a concep-
tual framework on the causes of malnutrition as part of their 
nutrition strategy.29 The framework shows that causes of malnutri-
tion are multi-sectoral, embracing food, health and caring prac-
tices. They are also classifi ed as immediate, underlying and basic, 
whereby factors at one level infl uence other levels. While inade-
quate dietary intake may be an immediate cause of childhood 
malnutrition, the underlying causes at the household or family 
level may be insuffi cient access to food, inadequate maternal and 
child care, poor water or sanitation and inadequate access to 
healthcare and health services. The basic causes are much broader 
and include political, social, cultural, religious and economic 
systems in which the community or household exists. Malnutri-
tion may manifest as a health problem and health professionals 
can provide some answers, although health professionals alone 
cannot solve the problem. Agricultural professionals are needed 
to ensure enough production of the right kinds of foods, while 
educators, both formal and non-formal, are required to assist 
people, particularly women, in achieving and ensuring good 
nutrition.

Breast-feeding

Promotion of exclusive breast-feeding at the primary healthcare 
level is crucial. This may include preparing the pregnant mother 
and helping her to decide to breast-feed the child. It also includes 
support in the postpartum period, through formal and informal 
activities, which may help women to have confi dence in their 
ability to breast-feed and relieve doubts and anxieties they may 
have about it. Protection of breast-feeding should be aimed at 
guarding women who normally would successfully breast-feed 
against forces and situations that might cause them to alter this 
practice. Promotion of breast-feeding, which must be part of 
primary healthcare, includes motivating or re-educating mothers 
who might not be inclined to breast-feed, although promotion is 
diffi cult given changing work patterns of women in developing 
societies and changing demands on their time. The Baby Friendly 
Hospital Initiative (BFHI) launched in 1992 by UNICEF and 
WHO29 to help protect, support and promote breast-feeding 
by addressing problems in hospitals may be less relevant for 
countries and communities where most babies are born outside 
hospital settings. However, there are lessons to be learned for 
application in PHC settings.

Complementary feeding

With a healthy mother providing adequate breast milk, breast-
feeding alone should ensure good growth, nutrition and health of 
an infant up to 6 months of life. Continued breast-feeding with 
the addition of safe high-quality complementary foods into the 
second year of life provides the best nourishment and protects 
children from infections.29 Thus at 6 months of age, complemen-
tary feeding should be introduced gradually while the infant con-
tinues to be breast-fed. The introduction of complementary feeds 
is a critical stage in a child’s life. A child must have additional 
complementary feeds at 6 months of age since breast milk is no 
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longer able to provide all the nutrients the child needs. Hence 
delaying the introduction of complementary feeds can cause a 
child’s growth to falter. However, too early introduction can also 
increase the risk of malnutrition and infection in a child, particu-
larly if the preparation and storage of food are not hygienic. From 
6 to 18 months of age the child needs frequent feeding and will 
need meals that are dense in energy and nutrients and are also 
easily digestible. Foods the rest of the family normally eat will 
have to be adapted to suit the need of a growing child. Emphasis 
on hygiene in the preparation and storage of complementary feeds 
can never be considered excessive. The health worker at the PHC 
level can be an important player in educating the mother and 
other carers not only of the importance of good and nutritious 
complementary feeds, but also in promoting hygienic practices in 
the preparation, storage and handling of complementary feeds 
based on local foods for the child and in the imparting of knowl-
edge of transmission of infectious agents.

Care

Of the three underlying causes of malnutrition, namely food, 
health and care, care is the one least investigated, least understood 
and least emphasized.30 Adequate care is not only important for 
the child’s survival but also for optimal physical and mental devel-
opment. Care also contributes to the child’s general well-being 
and happiness. Child care may be infl uenced by external factors 
such as war, confl ict and civil unrest, by local factors such as equity 
and access to health services at the PHC level and availability of 
educational facilities, as well as factors within a family or house-
hold such as adequate housing, safe water, household hygiene and 
mother’s knowledge and educational achievement. Care is mani-
fested in the ways a child is fed, nurtured, taught and guided. It is 
the expression by individuals and families of the domestic and 
cultural values that guide them.29 Nutritionally, care encompasses 
all measures and behaviours that transmit available food and 
health resources into good child growth and development. In 
most developing countries the mother is the care-giver for the 
infant and the very young child although in extended families 
older and young relatives (older siblings) often play an important 
role. Care-giving behaviour is often mistakenly assumed to be the 
exclusive domain of mothers; it should in fact be the responsibil-
ity of the entire family.

Care-giving behaviour that contributes to good nutrition and 
health varies enormously between societies and cultures. While 
the assumption that all societies value children and wish to see 
them grow in a healthy manner to become valuable assets of their 
society is very largely true, the assumption that societies have 
evolved with traditional or culturally determined caring practices, 
which are mostly good is often questioned. Identifi cation of child-
caring practices that are desirable should be the fi rst step in any 
health promotion strategy that involves care. Protection of good 
practices that promote childcare from erosion or loss due to the 
developmental process is essential. Support is essential when good 
traditional practices of mothers or families are threatened or 
eroded by changes in society. A good example is the decline in 
breast-feeding that is seen in developing societies with urbaniza-
tion. The PHC setting is obviously the focal point for integrating 
activities related to childcare in the community.

Promotion of growth monitoring

Growth monitoring was the fi rst of UNICEF’s GOBI (growth 
monitoring, oral rehydration, breast-feeding and immunization) 
strategy to improve child health and nutrition. Growth monitor-
ing by itself does not improve health or promote adequate 
and appropriate growth in children. It ensures that children 
are growing well and in a healthy manner. It helps the early 
detection of the onset of malnutrition either because of inade-
quate and poor-quality food or because proper growth is affected 
adversely by other factors such as periodic episodes of infections. 
Hence the promotion of growth monitoring should form an 
important part of the PHC system. It should be closely integrated 
into primary healthcare activities and should not, as far as 
possible, be a separate programme. It should focus on maintain-
ing and monitoring good and appropriate growth in infants 
and children in the community and help detect the early signs 
of growth faltering. It should not merely be used for following 
up and rehabilitating children who are recovering from malnutri-
tion and whose growth is poor. Hence, it is important that 
growth-monitoring promotion when integrated into PHC activi-
ties should be aimed at all children in the community. In order 
to do that, it is essential that all children are entered into 
the growth-monitoring programme soon after birth, since all 
infants up to about 6 months who are exclusively breast-fed 
show satisfactory growth. Growth monitoring also derives other 
indirect benefi ts, since good physical growth is often related to 
other aspects of good child development and environments 
that promote good child development usually help promote 
optimum physical growth. The proper promotion of growth mon-
itoring requires not only that the health worker at the PHC level 
is trained adequately in techniques used to measure and monitor 
growth in infants and children, but also has access to good, simple 
equipment for measuring length or height and weight, appropri-
ate growth charts and record-keeping facilities. Above all, the 
health worker should have a good understanding of existing child-
rearing practices and the cultural, social and dietary environment 
of the community. Growth-monitoring promotion is viewed as 
a strategy to empower mothers to maintain good nutritional status 
in their children and to prevent growth faltering or growth retarda-
tion. It is a preventive strategy designed to promote optimum 
growth and good health and not merely to help diagnose malnu-
trition and ill-health.

The promotion of good nutrition for health at the primary care 
level is an important role that can be played by the PHC-level 
health worker. Nutrition information and education are essential 
to improve nutrition knowledge for application during pregnancy 
to ensure the best possible birth outcome along with other aspects 
of antenatal care. This process of empowering communities with 
the requisite knowledge to promote the health and nutrition of 
their families should continue with the birth of the infant and the 
growth and development of the child. Special emphasis needs to 
be placed on promoting breast-feeding, the timely introduction 
of complementary feeding and the crucial role that growth moni-
toring plays in ensuring the optimum health of children. Increas-
ing the awareness of food and nutrition and their important role 
in the good health of the entire household, good food hygiene 
practices and correction of false food beliefs and taboos is a role 
health workers at the PHC level can readily play. Providing 
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adequate training in nutrition and the necessary resources along 
with support is crucial for the important role these workers at the 
community level can fulfi l. Thailand has been a beacon to most 
countries in integrating nutritional activities into primary care and 
in empowering and involving the community in promoting the 
nutrition and health of its population. This is evidenced by the 
remarkable progress made by Thailand in reducing undernutrition 
of preschool children within a decade from the years 1982 to 
1992.31 It demonstrated how explicit support from the state along 
with the galvanization of grass-root involvement, based on a 
multi-sectoral and coordinated approach at the primary care level 
can have a dramatic impact on the health of the community.

CONCLUSION

In September 2000, at the United Nations Millennium Summit, 
‘leaders from every country agreed on a vision for the future – a 
world with less poverty, hunger and disease, greater survival pros-
pects for mothers and their infants’.32 This vision took the shape 
of eight Millennium Development Goals (MDGs), which range 
from halving extreme poverty to halting the spread of HIV/AIDS, 
reducing child mortality to providing universal primary education 
and improving maternal health (Figure 2.5) – all by the target date 
of 2015. These MDGs form a blueprint agreed to by all the world’s 
countries and all the world’s leading development institutions and 
have galvanized unprecedented efforts to meet the needs of the 
world’s poorest.

The Millennium Development Goals (MDGs):
1. Eradicate extreme poverty and hunger
2. Achieve universal primary education
3. Promote gender equality and empower women
4. Reduce child mortality
5. Improve maternal health
6. Combat HIV and AIDS, malaria and other diseases
7. Ensure environmental sustainability
8. Develop a global partnership for development.
The 2005 UN World Summit in its report32 showed that some 
progress had been made and, while the challenges the Goals rep-
resented were staggering, there were clear signs of hope. Thus, it 
would appear that through primary care we now have the oppor-
tunity, unprecedented in healthcare reform, to reduce maternal 
and child mortality and decrease the burden of deadly infectious 
disease and so meet the needs of the world’s poorest.
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Section 1 Underlying Factors in Tropical Medicine

Chapter 3 Nandini P. Shetty and Prakash S. Shetty

Epidemiology of Disease 
in the Tropics

Ingenuity, knowledge, and organization alter but cannot 
cancel humanity’s vulnerability to invasion by parasitic forms 
of life. Infectious disease which antedated the emergence of 
humankind will last as long as humanity itself, and will 
surely remain, as it has been hitherto, one of the fundamental 
parameters and determinants of human history. (William H. 
McNeill in Plagues and Peoples, 1976)

INTRODUCTION

The study of epidemiology in the tropics has undergone major 
changes since its infancy when it was largely a documentation of 
epidemics. It has now evolved into a dynamic phenomenon 
involving the ecology of the infectious agent, the host, reservoirs 
and vectors as well as the complex mechanisms concerned in the 
spread of infection and the extent to which this spread occurs.1 
Similar concepts in the study of epidemiology apply to commu-
nicable as well as non-communicable diseases. The understanding 
of epidemiological principles has its origins in the study of the 
great epidemics. Arguably, the most powerful example of this is 
the study of that ancient scourge of mankind, the so-called black 
death or plague. A study of any of the plague epidemics through-
out history has all the factors that govern current epidemiological 
analysis: infectious agent, host, vector, reservoir, complex popula-
tion dynamics including migration, famine, fi re and war; resulting 
in spread followed by quarantine and control.

The World Health Report 1996: ‘Fighting disease, fostering 
development’, states that infectious diseases are the world’s leading 
cause of premature death.2 Infectious diseases account for 45% of 
deaths in low-income countries (Figure 3.1) and up to 63% of 
deaths in children under 4 years of age worldwide. Africa and 
South-east Asia carry the highest mortality due to infectious dis-
eases (Figure 3.2). In addition, new and emerging infections pose 
a rising global threat (Table 3.1).

THE SIX DEADLY KILLERS

No more than six deadly infectious diseases: pneumonia, tuber-
culosis, diarrhoeal diseases, malaria, measles and more recently, 

HIV/AIDS, account for half of all premature deaths, killing mostly 
children and young adults (Figure 3.3).

ACUTE RESPIRATORY INFECTIONS

Acute respiratory infections (ARIs) are the leading cause of 
death of infectious aetiology, killing more than 4 million people 
a year, 1.9 million of which constitute children under the age 
of fi ve.3

Among the 42 countries of the world that carry 90% of the 
child mortality burden, 14–24% of the under-5 mortality is due 
to pneumonia and nearly 70% of this pneumonia mortality occurs 
in the Africa and South and South-east Asia regions. The majority 
of this burden is borne during early childhood, with the greatest 
risk from mortality occurring during the neonatal period. The 
global incidence of ARI in children is estimated to be 154 million 
cases per year.3

This range of infections, which includes pneumonia in its most 
serious form, accounts for more than 8% of the global burden of 
disease. Pneumonia often affects children with low birth weight 
or those whose immune systems are weakened by malnutrition or 
other diseases. Caused by different viruses or bacteria, ARI is 
closely associated with poverty, overcrowding and unsanitary 
household conditions. Several other factors seem to exacerbate the 
disease. Exposure to tobacco smoke increases the risk of contract-
ing these infections, and many studies implicate both indoor and 
outdoor air pollution. Indoor air pollution has been the focus of 
particular concern: specifi cally, the soot and smoke associated 
with the burning of biomass fuels such as wood, coal, or dung. 
Many people in the developing world, mostly in rural areas, rely 
on biomass fuels for heating or cooking. A cause-and-effect rela-
tionship between indoor air pollution and ARI has been diffi cult 
to prove. Even so, the World Bank estimated in 1992 that switch-
ing to better fuels could halve the number of pneumonia deaths.4 
Approaches to the management of childhood pneumonia in the 
tropics are hampered by lack of diagnostic facilities to identify the 
aetiological agent. The WHO has devised a simple algorithm for 
use in fi eld situations, by primary healthcare workers, using clini-
cal criteria such as respiratory rate and indrawing of ribs to decide 
whether a child needs hospitalization. Proper implementation 
of this strategy has been shown to reduce the mortality from 
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childhood pneumonias by 25–50%.5 However, implementation 
of community ARI treatment programmes remains patchy and 
current rates of children with ARI being taken to a health provider 
are ~40% in Africa and South Asia. In nearly half of the 81 coun-
tries with available data, less than 50% of the children with ARI 
were taken to an appropriate healthcare provider.5

HIV/AIDS

The AIDS pandemic has emerged as the single most defi ning 
occurrence in the history of infectious diseases of the late twenti-
eth and early twenty-fi rst centuries. According to the AIDS epi-
demic update of December 2005 (UNAIDS and WHO),6 the 
epidemiology of HIV in the tropics varies enormously from place 
to place (Figure 3.4). The Joint United Nations Program on HIV/
AIDS (UNAIDS) estimated that by the end of 2005, there were 
about 40 million people living with HIV worldwide: 38 million 
were adults, including 17.5 million women, and 2.3 million chil-
dren (under 15 years old). During 2005, there were 4.9 million 
new cases of HIV infection (4.2 million adults and 0.7 million 

children), and 3.1 million AIDS-related deaths (2.6 million adults 
and 0.57 million children).6

Asia

Latest estimates show some 8.3 million people (2 million adult 
women) were living with HIV in 2005, including the 1.1 million 
people who became newly infected in the past year. AIDS claimed 
some 520 000 lives in 2005. These estimates are in line with 
known risk behaviour in this region, where men account for the 
majority of injecting drug users, and are responsible for sexual 
transmission of HIV, largely through commercial sex. Commercial 
sex accounts for a large part of the estimated 20% of HIV infec-
tions in China that are due to unprotected heterosexual contact. 
It also features in the transmission of the virus among men who 
have sex with men: a recent survey among male sex workers in the 
southern city of Shenzhen found that 5% of them were HIV-
positive. However, it is the potential overlap between commercial 
sex and injecting drug use that is likely to become the main driver 
of China’s epidemic.

Diverse epidemics are underway in India, where, in 2003, an 
estimated 5.1 million Indians were living with HIV. Although 
levels of HIV infection prevalence appear to have stabilized in 
some states (such as Tamil Nadu, Andhra Pradesh, Karnataka and 
Maharashtra), it is still increasing in at-risk population groups in 
several other states. As a result, overall HIV prevalence has contin-
ued to rise. A signifi cant proportion of new infections is occurring 
in women who are married and who have been infected by hus-
bands who (either currently or in the past) frequented sex workers. 
Commercial sex (along with injecting drug use, in the states of 
Nagaland and Tamil Nadu) serves as a major driver of the epidem-
ics in most parts of India. HIV surveillance in 2003 found 14% of 
commercial sex workers in Karnataka (26% in the city of Mysore) 
and 19% in Andhra Pradesh were infected with HIV. The well-
known achievements among sex workers of Kolkata’s Sonagachi 
red-light area (in West Bengal, India) have shown that safe sex 
programmes that empower sex workers can curb the spread of 
HIV. Condom use in Sonagachi has risen as high as 85% and HIV 
prevalence among commercial sex workers declined to fewer than 
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Table 3.1 Examples of pathogenic microbes and the diseases they cause, identifi ed since 1973

Year Microbe Type Disease
1973 Rotavirus Virus Infantile diarrhoea

1977 Ebola virus Virus Acute haemorrhagic fever

1977 Legionella Bacterium 
pneumophila

Legionnaires’ disease

1980 Human T- lymphotrophic virus I (HTLV 1) Virus T cell lymphoma/leukaemia

1981 Toxin-producing Staphylococcus aureus Bacterium Toxic shock syndrome

1982 Escherichia coli O157 : H7 Bacterium Haemorrhagic colitis; haemolytic uraemic syndrome

1982 Borrelia burgdorferi Bacterium Lyme disease

1983 Human immunodefi ciency virus (HIV) Virus Acquired immuno-defi ciency syndrome (AIDS)

1983 Helicobacter pylori Bacterium Peptic ulcer disease

1989 Hepatitis C Virus Parentally transmitted non-A, non-B liver infection

1992 Vibrio cholerae O139 Bacterium New strain associated with epidemic cholera

1993 Hantavirus Virus Adult respiratory distress syndrome

1994 Cryptosporidium parvum Protozoa Enteric disease

1995 Ehrlichiosis Bacterium Severe arthritis?

1996 nvCJD Prion New variant Creutzfeldt–Jakob disease

1997 HVN1 Virus Infl uenza

1999 Nipah Virus Severe encephalitis

1999 West Nile Virus Severe encephalitis and multi-organ involvement

2002/3 SARS Virus Severe acute respiratory syndrome

World Health Organization: Report on infectious diseases; removing obstacles to healthy development, WHO 1999.
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Figure 3.3 Leading infectious killers (millions of deaths, worldwide, 
all ages, 1998). HIV positive people who died with TB have been 
included in AIDS deaths (World Health Organization: Report on 
infectious diseases; removing obstacles to healthy development, WHO 
1999).

Figure 3.4 Adults and children estimated to be living with HIV in 
2005 (WHO/UNAIDS December 2005).6
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4% in 2004 (having exceeded 11% in 2001). In Mumbai, by con-
trast, available data suggest that sporadic and piecemeal efforts to 
promote condom use during commercial sex have not been as 
effective; there, HIV prevalence among female sex workers has not 
fallen below 52% since 2000.

The combination of high levels of risk behaviour and limited 
knowledge about AIDS among drug injectors and sex workers in 
Pakistan favours the rapid spread of HIV, and new data suggest 
that the country could be on the verge of serious HIV epidemics. 
Most countries in Asia still have the opportunity to prevent major 
epidemics. Bangladesh, where national adult HIV prevalence is 
well below 1%, began initiating HIV prevention programmes early 
in its epidemic.

Indonesia is on the brink of a rapidly worsening AIDS epidemic. 
With risk behaviour among injecting drug users common, a mainly 
drug-injection epidemic is already spreading into remote parts of 
this archipelago. In Malaysia, approximately 52 000 people were 
living with HIV in 2004, the vast majority of them young men 
(aged 20–29 years), of whom approximately 75% were injecting 
drug users. After peaking at 3% in 1997, national adult HIV prev-
alence in Cambodia fell by one-third, to 1.9% in 2003. The reasons 
for this are two-fold: increasing mortality and a decline in HIV 
incidence due to changes in risk behaviour. Thailand has been 
widely hailed as one of the success stories in the response to AIDS. 
By 2003, estimated national adult HIV prevalence had dropped to 
its lowest level ever, approximately 1.5%. However, Thailand’s 
epidemic is far from over; infection levels in the most at-risk 
populations are much higher: just over 10% of brothel-based 
female sex workers were HIV-infected in 2003, as were 45% of 
injecting drug users who attended treatment clinics.

While Cambodia and Thailand in the 1990s were planning and 
introducing strategies to reverse the spread of HIV, another serious 
epidemic was gaining ground in neighbouring Myanmar. There, 
limited prevention efforts led to HIV spreading freely. Conse-
quently, Myanmar has one of the most serious AIDS epidemics in 
the region, with HIV prevalence among pregnant women esti-
mated at 1.8% in 2004. The main HIV-related risk for many of the 
women now living with the virus was to have had unprotected 
sex with husbands or boyfriends who had been infected while 
injecting drugs or buying sex.

In Japan, the number of reported annual HIV cases has more 
than doubled since 1994–1995, and reached 780 in 2004; the 
highest number to date. Much of this trend is due to increasing 
infections among men who have sex with men. Prevalence of HIV 
remains low in the Philippines and Lao PDR.

North Africa and the Middle East6

The advance of AIDS in the Middle East and North Africa has 
continued, with latest estimates showing that 67 000 people 
became infected with HIV in 2005. Approximately 510 000 people 
are living with HIV in this region. An estimated 58 000 adults and 
children died of AIDS-related conditions in 2005. Although HIV 
surveillance remains weak in this region, more comprehensive 
information is available in some countries (including Algeria, 
Libya, Morocco, Somalia and Sudan). Available evidence reveals 
trends of increasing HIV infections (especially in younger age 
groups) in such countries as Algeria, Libya, Morocco and Somalia. 

The main mode of HIV transmission in this region is unprotected 
sexual contact, although injecting drug use is becoming an increas-
ingly important factor (and is the predominant mode of infection 
in at least two countries: Iran and Libya). Infections as a result of 
contaminated blood products, blood transfusions or a lack of 
infection control measures in healthcare settings are generally on 
the decline.

By far the worst-affected country in this region is Sudan. In a 
country with a long history of civil confl ict and forced displace-
ment, internally displaced persons face higher rates of HIV infec-
tion. For instance, among displaced pregnant women seeking 
antenatal care in Khartoum in 2004, HIV prevalence of 1.6% was 
found compared with under 0.3% for other pregnant women.

Latin America and the Caribbean6

The epidemic in Latin America is a complex mosaic of transmis-
sion patterns in which HIV continues to spread through male-to-
male sex, sex between men and women, and injecting drug use. 
The number of people living with HIV in Latin America has risen 
to an estimated 1.8 million. In 2005, approximately 66 000 people 
died of AIDS, and 200 000 were newly infected. Among young 
people 15–24 years of age, an estimated 0.4% of women and 0.6% 
of men were living with HIV in 2005. Primarily due to their large 
populations, the South American countries of Argentina, Brazil 
and Colombia are home to the biggest epidemics in this region. 
Brazil alone accounts for more than one third of the estimated 1.8 
million people living with HIV in Latin America. The highest HIV 
prevalence, however, is found in the smaller countries of Belize, 
Guatemala and Honduras, where approximately 1% of adults or 
more were infected with HIV at the end of 2003.

The Caribbean is the second-most affected HIV/AIDS region in 
the world outside Africa. The AIDS epidemic claimed an estimated 
24 000 lives in the Caribbean in 2005, making it the leading cause 
of death among adults aged 15–44 years. A total of 300 000 people 
are living with HIV in the Caribbean, including the 30 000 people 
who became infected in 2005. Estimated national adult HIV prev-
alence surpasses 1% in Barbados, Dominican Republic, Jamaica 
and Suriname, 2% in the Bahamas, Guyana and Trinidad and 
Tobago, and exceeds 3% in Haiti. In Cuba, on the other hand, 
prevalence is yet to reach 0.2%.

Sub-Saharan Africa6

Sub-Saharan Africa has just over 10% of the world’s population, 
but is home to more than 60% of all people living with HIV – 25.8 
million. In 2005, an estimated 3.2 million people in the region 
became newly infected, while 2.4 million adults and children died 
of AIDS. Among young people aged 15–24 years, an estimated 
4.6% of women and 1.7% of men were living with HIV in 2005.

Declines in adult national HIV prevalence appear to be under-
way in three sub-Saharan African countries: Kenya, Uganda and 
Zimbabwe. With the exception of Zimbabwe, countries of south-
ern Africa show little evidence of declining epidemics. HIV preva-
lence levels remain exceptionally high (except for Angola), and 
might not yet have reached their peak in several countries – as the 
expanding epidemics in Mozambique and Swaziland suggest. 
West and Central Africa also show no signs of changing HIV 
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infection levels, except for urban parts of Burkina Faso (where 
prevalence appears to be declining).

The rights and status of women and young girls deserve special 
attention. Around the world – from south of the Sahara in Africa 
and Asia to Europe, Latin America and the Pacifi c – an increasing 
number of women are being infected with HIV. It is often women 
with little or no income who are most at risk. Widespread inequal-
ities including political, social, cultural and human security factors 
also exacerbate the situation for women and girls. In several south-
ern African countries, more than three quarters of all young people 
living with HIV are women, while in sub-Saharan Africa overall, 
young women between 15 and 24 years old are at least three times 
more likely to be HIV-positive than young men (Figure 3.5).6 In 
many countries, marriage and women’s own fi delity are not 
enough to protect them against HIV infection. Among women 
surveyed in Harare (Zimbabwe), Durban and Soweto (South 
Africa), 66% reported having one lifetime partner, 79% had 
abstained from sex at least until the age of 17 (roughly the average 
age of fi rst sexual encounter in most countries in the world). Yet, 
40% of the young women were HIV-positive. Many had been 
infected despite staying faithful to one partner.

DIARRHOEAL DISEASE

Diarrhoea remains one of the most common diseases affl icting 
children under 5 years of age and accounts for considerable mor-
tality in childhood. Estimates from studies published between 
1992 and 2000 show that there was a median of 3.2 episodes of 
diarrhoea per child-year in developing countries. This indicates 
little change from previously described incidences. Estimates of 
mortality revealed that 4.9 children per 1000/year in these coun-
tries died as a result of diarrhoeal illness in the fi rst 5 years of life, 
a decline from the previous estimates of 5.6–3.6 per 1000/year. 
The decrease was most pronounced in children aged under one 
year. Despite improving trends in mortality rates, diarrhoea 
accounted for a median of 21% of all deaths of children aged 
under 5 years in developing countries, being responsible for 2.5 
million deaths per year. There has not been a concurrent decrease 
in morbidity rates attributable to diarrhoea. As population growth 

is focused in the poorest areas, the total morbidity component of 
the disease burden is greater than previously.7

Diarrhoea remains a disease of poverty affl icting malnourished 
children in crowded and contaminated environments. Efforts to 
immunize children against measles, provide safe water and ade-
quate sanitation facilities, and to encourage mothers to exclusively 
breast-feed infants through to 6 months of age can blunt an 
increase in diarrhoea morbidity and mortality. Preventive strate-
gies to limit the transmission of diarrhoeal disease need to go 
hand in hand with national diarrhoea disease control programmes 
that concentrate on effective diarrhoea case management and 
the prevention of dehydration.8 The factors contributing to child-
hood mortality and morbidity due to diarrhoea are described in 
Table 3.2.8

Studies in Asia and Africa have clearly shown that establish-
ment of an oral rehydration therapy (ORT) unit with training of 
hospital staff can signifi cantly reduce diarrhoea case fatality rates. 
For instance, at Mama Yemo Hospital in Kinshasa, Zaire, there was 
a 69% decline in diarrhoea deaths after creation of an ORT unit.9 
In May 2002, the World Health Organization and the United 
Nations Children’s Fund recommended that the formulation of 
oral rehydration solution (ORS) for treatment of patients with 
diarrhoea be changed to one with a reduced osmolarity and that 
safety of the new formulation, particularly development of symp-
tomatic hyponatremia, be monitored.10 A total of 53 280 patients, 
including 22 536 children younger than 60 months, were moni-
tored at the Dhaka and Matlab hospitals, Bangladesh. The 
risk of symptoms associated with hyponatraemia in patients 

Diarrhoeal Disease

Figure 3.5 HIV prevalence among 15–24-year-old men and women in sub-Saharan Africa, 2001–2005. (WHO/UNAIDS December 2005.)

Table 3.2 Factors contributing to diarrhoea morbidity 
and mortality8

Biological factors Socioenvironmental factors
Age of the child Family income

Age of the caretaker Education level of caretaker

Birth order of child Water quality and/or quantity

Feeding mode Sanitation facilities



3. Epidemiology of Disease in the Tropics

24

treated with the reduced osmolarity ORS was found to be minimal 
and did not increase with the change in formulation.10

Changing patterns in the epidemiology of diarrhoea have been 
noted in many studies. In Matlab, Bangladesh, acute watery diar-
rhoea accounted for 34% of diarrhoea deaths in under-fi ves, while 
the remaining 66% were related to dysentery or persistent diar-
rhoea and malnutrition. This pattern was age dependent, with 
acute watery deaths being more important in infancy, being asso-
ciated with 40% of deaths, and less important in later childhood, 
being associated with 10% of deaths.11

Watery diarrhoea

Rotavirus is the most common cause of severe diarrhoeal disease 
in infants and young children all over the world, and an important 
public health problem, particularly in developing countries where 
600 000 deaths each year are associated with this infection. More 
than 125 million cases of diarrhoea each year are attributed to 
rotavirus. In tropical developing countries, rotavirus disease occurs 
either throughout the year or in the cold dry season. Almost all 
children are already infected by the age of 3–5 years. Although the 
infection is usually mild, severe disease may rapidly result in 
life-threatening dehydration if not appropriately treated. Natural 
infection protects children against subsequent severe disease.

Globally, four serotypes are responsible for the majority of 
rotaviral disease, but additional serotypes are prevalent in some 
countries. The only control measure likely to have a signifi cant 
impact on the incidence of severe disease is vaccination. Since the 
withdrawal from the market of the tetravalent rhesus–human reas-
sortant vaccine (RotaShield, Wyeth Laboratories) because of an 
association with intussusception, ruling out such a risk has become 
critical for the licensure and universal use of any new rotavirus 
vaccine. Recent studies have shown that two oral doses of the live 
attenuated G1P[8] human rotavirus vaccine were highly effi ca-
cious in protecting infants against severe rotavirus gastroenteritis, 
signifi cantly reduced the rate of severe gastroenteritis from any 
cause, and were not associated with the increased risk of intus-
susception linked with the previous vaccine.12

Dysentery

Man is both the reservoir and natural host of Shigella, the com-
monest cause of dysentery in the tropics. The most severe infec-
tions are caused by the S. dysenteriae type 1 (also known as Shiga’s 
bacillus); it is also the only serotype implicated in epidemics. Infec-
tion is by the faecal- oral route and is usually spread by person-
to-person transmission. It takes only 10–100 shigella organisms 
to produce dysentery, a low infectious dose, whereas 1 million to 
10 million organisms may need to be swallowed to cause cholera. 
During the late 1960s, Shiga’s bacillus was responsible for a series 
of devastating epidemics of dysentery in Latin America, Asia and 
Africa. In 1967, it was detected in the Mexican-Guatemalan border 
area and spread into much of Central America. An estimated half 
a million cases, with 20 000 deaths, were reported in the region 
between 1967 and 1971. In some villages the case fatality rate was 
as high as 15%; delayed diagnosis and incorrect treatment may 
have been responsible for this high death rate. One particularly 
disturbing feature was the resistance of the bacteria to the most 

commonly used antibacterial drugs: sulfonamides, tetracycline 
and chloramphenicol.13

Serious epidemics due to the multiple-drug resistant S. dysen-
teriae type 1 have occurred recently in Bangladesh, Somalia, South 
India, Burma, Sri Lanka, Nepal, Bhutan, Rwanda and Zaire. West 
Bengal in India has always been an endemic area for bacillary 
dysentery. Preventive measures include boiling or chlorination of 
drinking water, covering faeces with soil, protecting food from 
fl ies, avoiding eating exposed raw vegetables and cut fruits, and 
washing hands with soap and water before eating and after using 
the latrine. However, such measures are not easy to implement in 
most areas. Consequently epidemics take their own course and 
subside only gradually.13

TUBERCULOSIS

Tuberculosis (TB) is the leading cause of death associated with 
infectious diseases globally. The incidence of TB will continue to 
increase substantially worldwide because of the interaction between 
the TB and HIV epidemics. The 4.9 million new and relapse cases 
of TB (all forms)notifi ed in 2004 represent 56% of the 9.2 million 
estimated new cases; the 2.5 million new smear-positive cases noti-
fi ed account for 64% of the 4.1 million estimated. The detection 
rate of new smear-positive cases from all sources slowly increased 
from 1995 to 2001, and then more quickly from 2002 to 2004. In 
2006, there were 14.4 million prevalent cases (219/100 000 popu-
lation), of which 6.1 million were smear-positive (95/100 000 
population). Based on surveillance and survey data, we estimate 
that there were 9.2 million new cases of TB in 2006 (139 per 
100 000 population), including 4.1 million (62 per 100 000 popu-
lation) new smear-positive cases. Country-wide estimates of the 
incidence rate of TB in 2006 are shown in Figure 3.6. An estimated 
1.7 million people (25/100 000 population) died from TB in 2006, 
including those co-infected with HIV (231 000). The African Region 
alone accounts for 85% of the estimated 709 000 cases of TB 
among HIV-positive people in the world, but for only 4% of those 
reported to have begun antiretroviral therapy (ART) in 2003. The 
region of the Americas (mainly Brazil), on the other hand, accounts 
for 2% of the estimated cases but for 96% of the 9388 people 
reported to have started on ART in 2006.14

In many developing countries, TB is mainly a disease of young 
adults affecting carers and wage-earners in a household, thus 
placing a huge economic burden on society as a whole. Chemo-
therapy, if properly used, can reduce the burden of TB in the 
community, but because of the fragile structure of treatment pro-
grammes in many countries TB cases are not completely cured and 
patients remain infectious for a much longer time. Another impor-
tant consequence of poor treatment compliance is development 
of drug resistance in many developing countries.

Resistance to tuberculosis drugs is probably present everywhere 
in the world. The total number of multi-drug resistant TB (MDR-
TB) cases estimated to have occurred worldwide in 2004 is 424 203 
or 4.3% of all new and previously treated TB cases. In the same 
year, 181 408 MDR-TB cases were estimated to have occurred 
among previously treated TB cases alone. Three countries: China, 
India and the Russian Federation, accounted for 261 362 MDR-TB 
cases, or 62% of the estimated global burden. Eastern Europe 
reported the highest prevalence of MDR-TB among new cases, and 
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fi gures from former Kazakhstan and Israel both had an MDR 
prevalence rate of 14.2%. Other high prevalence areas include 
Uzbekistan (13.2%), Estonia (12.2%) and China’s Liaoning 
Province (10.4%).15

Worldwide attention was focused on South Africa, when in 
October 2006 a research project publicized a deadly outbreak of 
XDR-TB in the small town of Tugela Ferry in KwaZulu-Natal. XDR-
TB is the abbreviation for extensively drug-resistant tuberculosis 
(TB). This strain of Mycobacterium tuberculosis is resistant to fi rst- 
and second-line drugs, and treatment options are seriously limited. 
Of 536 TB patients at the Church of Scotland Hospital, which 
serves a rural area with high HIV rates, some 221 were found to 
have multi-drug resistance and of these, 53 were diagnosed with 
XDR-TB. Some 52 of these patients died, most within 25 days of 
diagnosis. Of the 53 patients, 44 had been tested for HIV and all 
44 were found to be HIV-positive. The patients were receiving 
antiretrovirals and responding well to HIV-related treatment, but 
they died of XDR-TB. Since the study, 10 more patients have been 
diagnosed with XDR-TB in KwaZulu-Natal. Only three of them are 
still alive (see: http://www.who.int/tb/xdr/xdr_jan.pdf).

Directly observed treatment, short course (DOTS), is the most 
effective strategy available for controlling the TB epidemic today. 
DOTS uses sound technology and packages it with good manage-
ment practices for widespread use through the existing primary 
healthcare network. It has proven to be a successful, innovative 
approach to TB control in countries such as China, Bangladesh, 
Vietnam, Peru and countries of West Africa. However, new chal-
lenges to the implementation of DOTS include health sector 

reforms, the worsening HIV epidemic, and the emergence of drug-
resistant strains of TB. The technical, logistical, operational and 
political aspects of DOTS work together to ensure its success 
and applicability in a wide variety of contexts.14 Between 1995 and 
2006, about 24 million patients were treated under the DOTS 
strategy. Worldwide, 183 countries were implementing the DOTS 
strategy by the end of 2004, and 83% of the world’s population 
was living in regions where DOTS was in place. DOTS programs 
reported 2.4 million new TB cases through laboratory testing in 
2006, a case detection rate of 61%, and the average success rate 
for DOTS treatment exceeded 85%. WHO aimed to achieve a 70% 
case detection rate of TB cases and cure 85% of those detected 
by 2005.14

A number of smaller countries appear to have declining TB 
incidence rates that are linked to high rates of case detection and 
cure; these include Cuba, Lebanon, the Maldives, Nicaragua, 
Oman and Uruguay.

MALARIA

Close to 100 countries or territories in the world are considered 
malarious, almost half of which are in Africa, south of the Sahara 
(Figure 3.4). As of 2004, 107 countries and territories have reported 
areas at risk of malaria transmission. The incidence of malaria 
worldwide is estimated to be 300–500 million clinical cases each 
year. Around 60% of the cases of clinical malaria and over 80% of 
the deaths occur in Africa south of the Sahara. Of the more than 1 
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Figure 3.6 Estimated new TB cases (all forms) per 100 000 population. (WHO 200814.)
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million Africans who die from malaria each year, most are children 
under 5 years of age. In addition to acute disease episodes and 
deaths in Africa, malaria also contributes signifi cantly to anaemia 
in children and pregnant women, adverse birth outcomes such as 
spontaneous abortion, stillbirth, premature delivery and low birth 
weight, and overall child mortality. The disease is estimated to be 
responsible for an estimated average annual reduction of 1.3% in 
economic growth for those countries with the highest burden.16

Of the four species of Plasmodium that infect humans: P. fal-
ciparum, P. vivax, P. malariae and P. ovale, P. falciparum causes most 
of the severe disease and deaths attributable to malaria and is 
most prevalent in Africa south of the Sahara and in certain areas 
of South-east Asia and the Western Pacifi c (Figure 3.7). The second 
most common malaria species, P. vivax, is rarely fatal and is com-
monly found in most of Asia, and in parts of the Americas, Europe 
and North Africa. There are over 40 species of anopheline mos-
quitoes that transmit human malaria, which differ in their trans-
mission potential. The most competent and effi cient malaria 
vector, Anopheles gambiae, occurs exclusively in Africa and is also 
one of the most diffi cult to control. Climatic conditions determine 
the presence or absence of anopheline vectors. Tropical areas of 
the world have the best combination of adequate rainfall, tem-
perature and humidity allowing for breeding and survival of 
anophelines. In areas of malaria transmission where sustained 
vector control is required, insecticide treated nets are the principal 
strategy for malaria prevention. All countries in Africa south of the 
Sahara, the majority of Asian malaria-endemic countries and 
some American countries have adopted insecticide treated nets as 
a key malaria control strategy.16

One of the greatest challenges facing malaria control world-
wide is the spread and intensifi cation of parasite resistance to 
antimalarial drugs. The limited number of such drugs has led to 
increasing diffi culties in the development of antimalarial drug 
policies and adequate disease management.16 Resistance of P. fal-
ciparum to chloroquine is now common in practically all malaria-
endemic countries of Africa (Figure 3.7), especially in East Africa. 
Resistance to sulfadoxine/pyrimethamine, the main alternative to 
chloroquine, is widespread in South-east Asia and South America. 
Mefl oquine resistance is now common in the border areas of 
Thailand with Cambodia and Myanmar. Parasite sensitivity to 
quinine is declining in several other countries of South-east Asia 
and in the Amazon region, where it has been used in combination 
with tetracycline for the treatment of uncomplicated malaria.16 In 
response to widespread resistance of P. falciparum to monotherapy 
with conventional antimalarial drugs such as chloroquine and 
sulfadoxine-pyrimethamine, WHO now recommends combina-
tion therapies as the treatment policy for falciparum malaria in 
all countries experiencing such resistance. The preferred combina-
tions contain a derivative of the plant Artemisia annua, which is 
presently cultivated mainly in China and Vietnam. Artemisinin-
based combination therapies (ACTs) are the most highly effi ca-
cious treatment regimens now available. Resistance of P. vivax to 
chloroquine has now been reported from Indonesia (Irian Jaya), 
Myanmar, Papua New Guinea and Vanuatu.17

Urban and periurban malaria are on the increase in South Asia 
and in many areas of Africa. Military confl icts and civil unrest, 
along with unfavourable ecological changes, have greatly contrib-
uted to malaria epidemics, as large numbers of unprotected, non-
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Figure 3.7 Drug resistance to P. falciparum from studies in sentinel sites, up to 2004. (World Malaria Report 2005, WHO 2005.)
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immune and physically weakened refugees move into malarious 
areas. Such population movements contribute to new malaria 
outbreaks and make epidemic-prone situations more explosive.16 
Another disquieting factor is the re-emergence of malaria in areas 
where it had been eradicated (e.g. Democratic People’s Republic 
of Korea, Republic of Korea and Tadjikistan), or its increase in 
countries where it was nearly eradicated (e.g. Azerbaijan, northern 
Iraq and Turkey). Current malaria epidemics in a majority of these 
countries are the result of a rapid deterioration of malaria preven-
tion and control operations. Climatic changes have also been 
implicated in the re-emergence of malaria. In the past 5 years, the 
worldwide incidence of malaria has quadrupled, infl uenced by 
changes in both land development and regional climate. In Brazil, 
satellite images depict a ‘fi sh bone’ pattern where roads have 
opened the tropical forest to localized development. In these 
‘edge’ areas malaria has resurged. Temperature changes have 
encouraged a redistribution of the disease; malaria is now found 
at higher elevations in central Africa and could threaten cities such 
as Nairobi, Kenya. This threat has been hypothesized to extend to 
temperate regions of the world that are now experiencing hotter 
summers year on year.18

VACCINE-PREVENTABLE INFECTIOUS DISEASES

Measles

Although substantial progress has been made in reducing measles 
deaths globally, in 2000 measles was estimated to be the fi fth 
leading cause of mortality worldwide for children aged <5 years. 
Measles deaths occur disproportionately in Africa and South-east 
Asia. In 2000, the African Region of WHO, with 10% of the world’s 
population, accounted for 41% of estimated measles cases and 
58% of measles deaths; the South-east Asia region, with 25% of 
the world’s population and 28% of measles cases, accounted for 
26% of measles deaths. The burden of mortality in Africa refl ects 
low routine vaccination coverage and high case-fatality ratios. In 
South-east Asia, where vaccination coverage is slightly below 
average worldwide levels, the large population amplifi es the 
number of cases and deaths resulting from ongoing measles 
transmission.

The overwhelming majority of measles deaths in 2000 occurred 
in countries eligible to receive fi nancial support from the Global 
Alliance for Vaccines and Immunization’s Vaccine Fund (WHO, 
unpublished data 2003). The majority of measles deaths occur 
among young children living in poor countries with inadequate 
vaccination services. Like human immunodefi ciency virus, malaria, 
and tuberculosis, measles can be considered a disease of poverty. 
However, unlike these diseases, measles can be prevented through 
vaccination.19,20

Hepatitis B

In much of the world, particularly sub-Saharan Africa, South-east 
Asia, China and the Pacifi c Basin, infection with hepatitis B virus 
(HBV) is very widespread. The carrier rate in some of these popu-
lations may be as high as 10–20%. In developing countries most 
hepatitis B transmission occurs during the perinatal period. Infec-
tion between children is another common route of infection; it is 

not uncommon to fi nd up to 90% of 15-year-olds have serological 
evidence of infection with HBV. Intermediate levels of infection 
(2–7%) are seen in parts of the former Soviet Union, South Asia, 
Central America and the northern zones of South America. These 
high rates of infection lead to a high burden of disease, mainly 
from the clinical consequences of long-term carriage of the virus, 
which may include chronic hepatitis, cirrhosis and liver cancer. It 
has been estimated that HBV infection is the second most common 
cause of cancer deaths in the world (after tobacco consumption). 
In India hepatitis B is linked to 60% of cases of hepatocellular 
carcinoma and 80% of cases of cirrhosis of the liver.21

On the basis of disease burden and the availability of safe 
and effective vaccines, the WHO recommended that by the end 
of the twentieth century, hepatitis B vaccine be incorporated into 
routine infant and childhood immunization programmes for 
all countries. The effi cacy of universal immunization has been 
shown in different countries, with striking reductions of the prev-
alence of HBV carriage in children. Most important, hepatitis B 
vaccination can protect children against hepatocellular carcinoma 
and fulminant hepatitis, as has been shown in Taiwan. Neverthe-
less, the implementation of worldwide vaccination against HBV 
requires greater effort to overcome the social and economic 
hurdles. Safe and effective antiviral treatments are available but 
are still far from ideal, a situation that, hopefully, will be improved 
soon. With hepatitis B immunization, the global control of HBV 
infection is possible by the end of the fi rst half of twenty-fi rst 
century.22

Neonatal tetanus

Tetanus is a vaccine-preventable disease that causes a total of 
309 000 deaths annually. Of particular concern is maternal and 
neonatal tetanus (MNT), which can be prevented through immu-
nization of the mother in pregnancy. In 2000, neonatal tetanus 
alone was responsible for an estimated 200 000 deaths. In addi-
tion, an estimated 15 000–30 000 non-immunized women 
worldwide die each year from maternal tetanus that results from 
postpartum, postabortal or postsurgical wound infection with 
Clostridium tetani.

While the focus is on 57 priority countries, 90% of the neona-
tal tetanus deaths occur in 27 countries. UNICEF spearheaded the 
effort to eliminate MNT by the year 2005, with the support 
of numerous partners. MNT elimination is defi ned as less than 
one case of neonatal tetanus per 1000 live births at district level. 
The main strategies consist of promotion of clean delivery prac-
tices, immunization of women with a tetanus toxoid (TT) contain-
ing vaccine, and surveillance. Maternal tetanus immunization is, 
in most developing countries, implemented as part of the routine 
immunization programme. However, large areas remain under-
served, due to logistical, cultural, economical or other reasons. 
In order to achieve the target of MNT elimination by 2005, and 
to offer protection to women and children otherwise deprived 
from regular immunization services, countries are encouraged to 
adopt the high risk approach. This approach implies that, in addi-
tion to routine immunization of pregnant women, all women of 
child-bearing age living in high risk areas are targeted for immu-
nization with three doses of a tetanus toxoid containing vaccine 
(TT or Td).23

Vaccine-Preventable Infectious Diseases
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By the end of 2007 11 countries have been validated as having 
achieved MNT elimination: Egypt, Eritrea, Malawi, Namibia, Nepal, 
Rwanda, South Africa, Togo, Viet Nam, Zambia and Zambabwe. In 
addition, 13 States and Union Territories in India were also vali-
dated as having eliminated MNT: Andhra Pradesh, Chandigarh, 
Goa, Haryana, Karnataka, Kerala, Lakshadweep, Maharashtra, Pon-
dicherry, Punjab, Sikkim, Tamil Nadu & West Bengal. By the end of 
2007, 47 countries remained that had not eliminated MNT.

Vaccination against a range of bacterial and viral diseases is an 
integral part of communicable disease control worldwide. Vacci-
nation against a specifi c disease not only reduces the incidence of 
that disease, but it also reduces the social and economic burden 
of the disease on communities. Very high immunization coverage 
can lead to complete blocking of transmission for many vaccine-
preventable diseases. The worldwide eradication of smallpox and 
the near-eradication of polio from many countries provide excel-
lent examples of the role of immunization in disease control. 
Despite these advances many of the world’s poorest countries do 
not have access to vaccines and these infections remain among the 
leading global causes of death.

NEGLECTED TROPICAL DISEASES

The Special Programme for Research and Training in Tropical 
Diseases (TDR) of the World Health Organization has designated 
several infectious diseases as ‘neglected tropical diseases’ (NTDs) that 
disproportionately affl ict the poor and marginalized populations 
in the developing regions of sub-Saharan Africa, Asia and the 
Americas.24 Infectious diseases are considered as ‘neglected’ or 
‘orphan’ diseases when there is a lack of effective, affordable, or 
easy to use drug treatments. As most patients with such diseases 
live in developing countries and are too poor to pay for drugs, 
the pharmaceutical industry has traditionally ignored these dis-
eases. NTDs cause an estimated 500 000 to 1 million deaths 
annually and cause a global disease burden equivalent to that of 
HIV-AIDS. WHO estimates that at least 1 billion people, i.e. one-
sixth of the world’s population suffers from one or more neglected 
tropical diseases, while other estimates suggest the number to be 
much higher. Some diseases affect individuals throughout their 
lives, causing a high degree of morbidity and physical disability 
and, in certain cases, gross disfi gurement. Others are acute infec-
tions, with transient, severe and sometimes fatal outcomes. 
Patients can face social stigmatization and abuse, which only 
add to the already heavy health burden.

Neglected tropical diseases are contrasted with the ‘big three’ 
diseases (HIV/AIDS, tuberculosis and malaria) which receive much 
more attention and funding. The current neglected diseases port-
folio includes parasitic diseases of protozoan origin like Kala-azar 
(leishmaniasis), African sleeping sickness (African trypanosomiasis) 
and Chagas’ disease (American trypanosomiasis) as well as those 
caused by helminths such as Schistosomiasis, lymphatic fi lariasis, 
Onchocerciasis (river blindness) and Dracunculiasis (guinea worm). 
Infestations due to soil transmitted helminths such as Ascariasis, 
Trichuriais and Hookworm also belong to the latter category. Other 
neglected diseases include those of bacterial origin such as Leprosy, 
Buruli ulcer and Trachoma as well as those of viral origin like 
dengue fever which are vector-borne. Even cholera and yellow fever 
are considered by some as NTDs, while some include cysticercosis, 

hydatidosis and food-borne trematode infections. It is now 
believed that ramped up efforts against the ‘big three’, will yield 
far bigger dividends if they are coupled with concerted attack on 
NTDs25. Evidence now points to substantial geographical overlap 
between the neglected tropical diseases and the ‘big three’, sug-
gesting that control of the neglected tropical diseases could become 
a powerful tool for effectively combating HIV/AIDS, tuberculosis, 
and malaria.25

EMERGING AND RESURGENT 
INFECTIOUS DISEASES

Since 1991, resurgent and emerging infectious disease outbreaks 
have occurred worldwide. In addition, many diseases widely 
believed to be under control, such as cholera, dengue and diph-
theria, have re-emerged in many areas or spread to new regions 
or populations throughout the world (Figure 3.8).26 A growing 
population and increasing urbanization contribute to emerging 
infectious disease problems. In many parts of the world, urban 
population growth has been accompanied by overcrowding, poor 
hygiene, inadequate sanitation and unclean drinking water. Urban 
development has also caused ecological damage. In these circum-
stances, certain disease-causing organisms and some of the vectors 
that transmit them have thrived, making it more likely that people 
will be infected with new or re-emerging pathogens. The existing 
public health infrastructure is already overtaxed and ill prepared 
to deal with new health threats. Breakdown of public health mea-
sures due to civil unrest, war and the movement of refugees has 
also contributed to the re-emergence of infectious diseases (Table 
3.3).26 International travel and commerce have made it possible 
for pathogens to be quickly transported from one side of the globe 
to the other (Figure 3.9).26

Examples of new and resurgent infections include Ebola, 
dengue fever, Rift Valley fever, diphtheria, cholera, Nipah virus 
infection, West Nile virus infection, severe acute respiratory syn-
drome (SARS) and avian infl uenza.

Ebola

In 1976 Ebola (named after the Ebola River in Zaire) fi rst emerged 
in Sudan and the Democratic Republic of the Congo (formerly 
Zaire). Ebola virus occurs as four distinct subtypes: Zaïre, Sudan, 
Côte d’Ivoire and Reston. Three subtypes, occurring in the Demo-
cratic Republic of the Congo, Sudan and Côte d’Ivoire, have been 
identifi ed as causing illness in humans. Ebola haemorrhagic fever 
(EHF) is a febrile haemorrhagic illness which causes death in 50–
90% of all clinically ill cases. The natural reservoir of the Ebola virus 
is unknown despite extensive studies, but seems to reside in the 
rain forests on the African continent and in the Western Pacifi c.

Through June 1997, 1054 cases had been reported to the WHO, 
754 of which proved fatal, mainly from Côte d’Ivoire, Democratic 
Republic of Congo, Gabon and Sudan. In October 2000, the 
fi rst ever cases of Ebola were reported to the WHO from Uganda. 
By January 2001, there were 426 cases and 224 deaths in 
Uganda.

From October 2001 to December 2003, several EHF outbreaks 
of the Zaïre subtype, were reported in Gabon and the Republic of 
Congo with a total of 302 cases and 254 deaths.27
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Dengue fever

The global prevalence of dengue and dengue haemorrhagic fever 
(DHF) has grown dramatically in recent decades. The disease is 
now endemic in more than 100 countries in Africa, the Americas, 
the Eastern Mediterranean, South-east Asia and the Western Pacifi c. 
South-east Asia and the Western Pacifi c are most seriously affected. 
Some 2500 million people – two-fi fths of the world’s population 
– are now at risk from dengue. WHO currently estimates there 
may be 50 million cases of dengue infection worldwide every 
year.

In 2001 alone, there were more than 609 000 reported 
cases of dengue in the Americas, of which 15 000 cases were 
DHF. This is greater than double the number of dengue cases 
which were recorded in the same region in 1995. Not only is 
the number of cases increasing as the disease is spreading to 
new areas, but explosive outbreaks are occurring. In 2001, 
Brazil reported over 390 000 cases including more than 670 
cases of DHF. During epidemics of dengue, attack rates among 
the susceptible are often 40–50%, but may reach 80–90%. An 
estimated 500 000 cases of DHF require hospitalization each year, 

Table 3.3 Factors in emergence and re-emergence of 
infectious diseases24

Categories Specifi c examples
Societal events Economic impoverishment; war or 

civil confl ict; population growth 
and migration; urban decay

Healthcare New medical devices; organ or 
tissue transplantation; drugs 
causing immunosuppression; 
widespread use of antibiotics

Food production Globalization of food supplies; 
changes in food processing and 
packaging

Human behaviour Sexual behaviour; drug use; travel; 
diet; outdoor recreation; use of 
childcare facilities

Environmental changes Deforestation/reforestation; 
changes in water ecosystems; 
fl ood/drought; famine; global 
warming

Public health Curtailment or reduction in 
prevention programmes; 
infrastructure and communicable 
disease surveillance inadequate; 
lack of trained personnel 
(epidemiologists, laboratory 
scientists, vector and rodent control 
specialists)

Microbial adaptation Changes in virulence and toxin 
production; development and 
change of drug resistance; 
microbes as co-factors in chronic 
diseases

of whom a very large proportion are children. Without proper 
treatment, DHF case fatality rates can exceed 20%. With modern 
intensive supportive therapy, such rates can be reduced to less 
than 1%.

The spread of dengue is attributed to expanding geographical 
distribution of the four dengue viruses and of their mosquito 
vectors, the most important of which is the predominantly urban 
species Aedes aegypti. A rapid rise in urban populations is bringing 
ever greater numbers of people into contact with this vector, espe-
cially in areas that are favourable for mosquito breeding, e.g. 
where household water storage is common and where solid waste 
disposal services are inadequate.28

Rift Valley fever

Rift Valley fever (RVF) is a zoonotic disease typically affecting 
sheep and cattle in Africa. Mosquitoes are the principal means by 
which RVF virus is transmitted among animals and to humans. 
Following abnormally heavy rainfall in Kenya and Somalia in late 
1997 and early 1998, RVF occurred over vast areas, producing 
disease in livestock and causing haemorrhagic fever and death 
among the human population. As of December 2006, WHO 
fi gures indicate that the outbreak continues to affect the north 
western provinces of Kenya. In September 2000 WHO documented 
the fi rst ever RVF outbreak outside Africa, in Yemen and the 
Kingdom of Saudi Arabia (KSA). RNA sequencing of the virus 
from KSA indicated that it was similar to the RVF viruses isolated 
from East Africa in 1998. A total of 1087 suspected cases were 
identifi ed, of which 121 (11%) persons died. Of the 1087, 815 
(75%) cases reported exposure to sick animals, handling an 
abortus or slaughtering animals in the week before onset of 
illness.29

Cholera

The vibrio responsible for the seventh pandemic, now in progress, 
is known as V. cholerae O1, biotype El Tor. According to the WHO, 
it continues to spread in Angola and Sudan; more than 40 000 
cases have been documented with over 1500 deaths: a case fatality 
rate of 3.5–4%. Cholera (biotype El Tor) broke out explosively in 
Peru in 1991, after an absence of 100 years, and spread rapidly in 
Central and South America, with recurrent epidemics in 1992 and 
1993. From the onset of the epidemic in January 1991 to 1 Sep-
tember 1994, a total of 1 041 422 cases and 9642 deaths (overall 
case fatality rate 0.9%) were reported from countries in the Western 
Hemisphere to the Pan American Health Organization.

In December 1992, a large epidemic of a new strain of cholera 
V. cholerae 0139 began in South India, and spread rapidly through 
the subcontinent (Figure 3.10). This strain has changed its 
antigenic structure such that there is no existing immunity and 
all ages, even in endemic areas, are susceptible. The epidemic 
has continued to spread and V. cholerae O139 has been reported 
from 11 countries in South Asia. Because humans are the 
only reservoirs, survival of the cholera vibrios during inter-
epidemic periods probably depends on low-level undiagnosed 
cases and transiently infected, asymptomatic individuals. Recent 
studies have suggested that cholera vibrios can persist for 
some time in shellfi sh, algae or plankton in coastal regions of 
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Figure 3.10 Spread of Vibrio cholerae O139-Asia, 1992–1994. (CDC 
MMWR Weekly March 1995.)
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infected areas and it has been claimed that they can exist in a 
viable but non-culturable state.30

Nipah virus

In early 1999, health offi cials in Malaysia and Singapore investi-
gated reports of febrile encephalitis and respiratory illnesses 
among workers who had been exposed to pigs. A previously unrec-
ognized paramyxovirus (formerly known as Hendra-like virus), 
now called Nipah virus, was implicated by laboratory testing in 
many of these cases.

As of April 1999, 257 cases of febrile encephalitis were reported 
to the Malaysian Ministry of Health, including 100 deaths. Labora-
tory results from 65 patients who died suggested recent Nipah 
virus infection. The apparent source of infection among most 
human cases continues to be exposure to pigs. Human-to-
human transmission of Nipah virus has not been documented. 
Outbreak control in Malaysia has focused on culling pigs; approx-
imately 890 000 pigs have been killed. Other measures include a 
ban on transporting pigs within the country, education about 
contact with pigs, use of personal protective equipment among 
persons exposed to pigs, and a national surveillance and control 
system to detect and cull additional infected herds.31 Nipah virus 
cases and deaths have also been reported from Bangladesh.

SARS

Severe acute respiratory syndrome (SARS) refers to an emerging 
infectious disease fi rst recognized in late-2002, early-2003. The 
disease appeared initially as an outbreak of atypical pneumonia 
of unknown aetiology in November 2002 in Foshan, Guangdong 
Province in southern China. The disease soon spread to neigh-
bouring cities, and escalated in February 2003 to involve Vietnam, 
Hong Kong, Canada and more than 30 countries subsequently, 
worldwide. The global outbreak ended in July 2003, with a total 
of 8098 probable cases and at least 774 deaths. After a period of 

quiescence, a cluster of infection was detected again in December 
2003 and January 2004 in Guangdong Province. Since then, no 
more human cases have been reported. SARS is due to infection 
with a newly identifi ed coronavirus named as SARS-associated 
coronavirus (SARS-CoV).32

The source of infection is likely to be a direct cross-species 
transmission from an animal reservoir. This is supported by the 
fact that the early SARS cases in Guangdong Province had some 
history of exposure to live wild animals in markets serving the 
restaurant trade. Animal traders working with animals in these 
markets had higher seroprevalence for SARS coronavirus, though 
they did not report any illness compatible with SARS. More impor-
tantly, SARS-CoV-like virus detected from some animal species 
had more than a 99% homology with human SARS-CoV.32

The clinical course of SARS varies from a mild upper respiratory 
tract illness, usually seen in young children, to respiratory failure 
which occurred in around 20–25% of mainly adult patients. As 
the disease progresses, patients start to develop shortness of breath. 
From the second week onwards, patients progress to respiratory 
failure and acute respiratory distress syndrome, often requiring 
intensive care.32

Avian infl uenza virus in humans in Hong Kong

In May 1997, a 3-year-old boy in Hong Kong contracted an infl u-
enza-like illness, was treated with salicylates, and died 12 days 
later with complications consistent with Reye’s syndrome. Labora-
tory diagnosis included the isolation in cell culture of a virus that 
was identifi ed locally as infl uenza type A but could not be further 
characterized with reagents distributed for diagnosis of human 
infl uenza viruses. By August, further investigation with serological 
and molecular techniques in the Netherlands and in the USA had 
confi rmed that the isolate was A/Hong Kong/156/97 (H5N1), 
which was very closely related to isolate A/Chicken/Hong 
Kong/258/97 (H5N1). The latter virus was considered representa-
tive of those responsible for severe outbreaks of disease on three 
rural chicken farms in Hong Kong during March 1997, during 
which several thousand chickens had died. Molecular analysis of 
the viral haemagglutinins showed a proteolytic cleavage site of the 
type found in highly pathogenic avian infl uenza viruses.

By late December, the total number of confi rmed new human 
cases had climbed to 17, of which fi ve were fatal; the case fatality 
rates were 18% in children and 57% in adults older than 17 years. 
Almost all laboratory evidence of infection was in patients who 
had been near live chickens (e.g. in marketplaces) in the days 
before onset of illness, which suggested direct transmission of 
virus from chicken to human rather than person-to-person spread. 
In December 1997, veterinary authorities began to slaughter all 
(1.6 million) chickens present in wholesale facilities or with 
vendors within Hong Kong, and importation of chickens from 
neighbouring areas was stopped.

Knowledge of how humans are infected, the real level of human-
to-human transmission, the spectrum of disease presentation and 
the effectiveness of treatment remains scanty. Human-to human 
transmission is known to have occurred, but there is no evidence 
that transmission has become more effi cient. All the human-to-
human infections with H5N1 to date seem not to have transmitted 
on further. Therefore, although the case fatality rate for human 
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infection remains high (around 57% for cases reported to WHO), it 
seems that H5N1 avian viruses remain poorly adapted to humans.33

Global prevalence studies (Figure 3.11) indicate that Indonesia 
is currently the most active site of bird to human H5N1 transmis-
sion in the Asia Pacifi c region, and a large number of human cases 
have been detected here in 2005–06. China and Cambodia have 
also reported human cases in 2006. In south Asia (India and 
Pakistan), there have only been sporadic reports of infection in 
poultry to date. In Vietnam and Thailand there have been offi cial 
reports of poultry outbreaks; these show a decline since 2006. 
Surveillance in Africa is especially weak, and there is evidence of 
widespread infection in domestic poultry in parts of north, west 
and central Africa. Prospects of control are bleak here because of 
weaknesses in veterinary services, and a number of competing 
animal and human health problems. The outbreaks in Egypt have 
been well described. These involved both commercial and back-
yard fl ocks, with considerable impact on economic life and food 
security. It is probable that large numbers of people in African 
countries are at risk of H5N1 infection. If that virus had pandemic 
potential then a pandemic arising from Africa must be considered 
a possibility.33

EMERGING NON-INFECTIOUS KILLERS IN 
THE TROPICS

Non-infectious diseases take an enormous toll on lives and health 
worldwide. Non-communicable diseases (NCDs) account for 
nearly 60% of deaths globally, mostly due to heart disease, stroke, 
cancer, diabetes and lung diseases. The rapid rise of NCDs repre-
sents one of the major health challenges to global development in 
the twenty-fi rst century and threatens the economic and social 
development of nations as well as the lives and health of millions 

of their subjects. In 1998 alone, NCDs were estimated to have 
contributed to 31.7 million deaths globally and 43% of the global 
burden of disease.34 Until recently, it was believed that NCDs were 
a minor or even non-existent problem in developing countries in 
the tropics. A recent analysis of mortality trends from NCDs sug-
gests that large increases in NCDs have occurred in developing 
countries,35 particularly those in rapid transition like China and 
India (Table 3.4). According to these estimates at least 40% of all 
deaths in the tropical developing countries are attributable to 
NCDs, while in industrialized countries NCDs account for 75% of 
all deaths. Low- and middle-income countries suffer the greatest 
impact of NCDs. The rapid increase in these diseases is seen dis-
proportionately in poor and disadvantaged populations and is 
contributing to widening health gaps between and within coun-
tries. In 1998, of the total number of deaths attributable to NCDs 
77% occurred in developing countries, and of the disease burden 
they represent 85% was borne by low- and middle-income coun-
tries.34 It has now been projected that, by 2020, NCDs will account 
for almost three-quarters of all deaths worldwide, and that 71% of 
deaths due to ischaemic heart disease (IHD), 75% of deaths due to 
stroke, and 70% of deaths due to diabetes will occur in developing 
countries36 and the number of people in the developing world 
with diabetes is expected to increase by more than 2.5-fold, from 
84 million in 1995 to 228 million in 2025.37 On a global basis, 
60% of the burden of NCDs will occur in developing countries 
and the rate at which it is increasing annually is unprecedented.  
The public health and economic implications of this phenome-
non are staggering, and are already becoming apparent.

It is important to recognize that these trends, indicative of an 
increase in NCDs, may be partly confounded by factors such as 
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Table 3.4 Distribution of deaths from three groups of 
causes by region

NUMBER OF DEATHS, ATTRIBUTED (%)

Region Infectious 
causes

Non-communicable 
causes

Injuries

Established 
market 
economies

6.2 87.6 6.2

Former 
socialist 
economies

3.6 86.8 9.6

China 15.1 73.4 11.5

Latin 
America

32.3 57.9 9.8

Middle 
Eastern 
crescent

46.2 44.8 8.9

India 43.3 50.2 6.5

Sub-Saharan 
Africa

68.2 23.9 7.9

Other Asia 
and islands

41.8 49.6 8.6

World 33.4 58.1 8.5



33

an increase in life expectancy, a progressive reduction in deaths 
due to communicable diseases in adulthood, and improvements 
in case detection and reporting in the tropics. However, increase 
in the incidence of these chronic degenerative diseases is real. The 
complex range of determinants (below) that interact to determine 
the nature and course of this epidemic38 needs to be understood 
in order to adopt preventive strategies to help developing societies 
in the tropics to deal with this burgeoning problem.

The determinants of non-communicable diseases in develop-
ing societies are as follows:1

• Demographic changes in population
• Epidemiological transition
• Urbanization and internal migration
• Changes in dietary and food consumption patterns
• Lifestyle changes (changes in physical activity patterns, 

sociocultural milieu and stress as well as increased tobacco 
consumption)

• Adult-onset effects of low birth weight and the effects of early 
life programming

• Infections and their associations with chronic disease risk
• Effect of malnutrition and nutrient defi ciencies
• Poverty, inequalities and social exclusion
• Deleterious effects of environmental degradation
• Impacts of globalization.
Four of the most prominent NCDs: cardiovascular disease, cancer, 
chronic obstructive pulmonary disease and diabetes, are linked to 
common preventable risk factors related to diet and lifestyle. 
These factors are tobacco use, unhealthy diet and lack of physical 
activity. Interventions to prevent these diseases should focus on 
controlling these risk factors in an integrated manner and at the 
family and community level since the causal risk factors are deeply 
entrenched in the social and cultural framework of society. Devel-
oping countries in the tropics have to recognize that the emerging 
accelerated epidemic of NCDs is a cause for concern and that it 
needs to be dealt with as a national priority. They have to learn 
from the experience of industrialized and affl uent countries to 
tackle the emerging crisis of chronic diseases that they are likely 
to face in the near future. The emerging health burden of chronic 
disease affecting mainly the economically productive adult popu-
lation will consume scarce resources. It is important, however, to 
realize that the poorer countries will be burdened even more in 
the long run, if attempts are not made to evolve and implement 
interventions to address these emerging health issues on an urgent 
basis. Ensuring that health policies are aimed at tackling the 
‘double burden’ of the continued existence of the huge burden of 
infectious/communicable diseases alongside the emerging epi-
demic of non-communicable diseases in developing countries of 
the tropics becomes a priority.39

CONCLUSION

The world we live in is constantly changing. In the past 25 years, 
we have witnessed signifi cant progress in sustainable and techno-
logical development. However, increases in mass population 
movements, continuing civil unrest and deforestation have helped 
carry diseases into areas where they have never been seen before. 
This has been aided by the massive growth in international travel. 
Effective medicines and control strategies are available to dra-

matically reduce the deaths and suffering caused by communica-
ble and non-communicable diseases. Despite reduced global 
military spending many governments are failing to ensure that 
these strategies receive enough funding to succeed. WHO priori-
ties for the control of infectious diseases in developing countries 
include childhood immunization, integrated management of 
childhood illnesses, use of the DOTS strategy to control TB, a 
package of interventions to control malaria, a package of interven-
tions to prevent HIV/AIDS, access to essential drugs, and the 
overall strengthening of surveillance and health service delivery 
systems. Over 10% of all preventable ill-health today is due to 
poor environmental quality-conditions such as bad housing, over-
crowding, indoor air pollution, poor sanitation and unsafe water. 
The challenge of disease in the tropics has continued into the new 
millennium – never before have we been so well equipped to deal 
with disease threats. It remains for humankind to summon the 
collective will to pursue these challenges and break the chain of 
infection and disease.
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Section 1 Underlying Factors in Tropical Medicine

Chapter 4 Gerard C. Bodeker

Traditional Medicine

WHY SHOULD TROPICAL MEDICINE 
PRACTITIONERS BE INFORMED ABOUT 
TRADITIONAL MEDICINE?

More than 80% of US medical schools now offer courses in com-
plementary medicine and in Britain the General Medical Council 
requires medical schools to offer introductory courses on comple-
mentary medicine for medical students, in order to bridge the gap 
between patients and doctors in this fi eld. In tropical countries, 
where a greater percentage of the population use traditional med-
icine than use conventional medicine, or than use complementary 
medicine in the industrialized countries, the need for information 
and understanding is greater.

There has been a historic mistrust between traditional health 
practitioners (THPs) and modern medical doctors. This has come 
in part from colonial policies which have attempted to suppress 
and replace traditional medicine. It also comes from the modern 
medical view that traditional medicine is at best of low therapeu-
tic value and at worst dangerous. In reality, what appears to happen 
is that each side sees the other’s worst cases and builds their 
impressions based on this sample. With the emergence of a global 
political consensus that traditional medicine in developing coun-
tries – and complementary medicine in industrialized countries 
– must take a role in comprehensive health sector development, 
an understanding of traditional medicine is necessary on the part 
of mainstream health personnel.

At the local level, there will be questions of traditional medi-
cine’s claims of effi cacy, and concerns over whether particular 
traditional medicines are responsible for presenting renal or liver 
pathology. There will also be questions about interactive effects of 
traditional and conventional drugs. There may also be consider-
ation of whether traditional means can be used in the manage-
ment of common conditions such as wounds and tropical ulcers 
when conventional means are not available or have not worked.

This chapter attempts to provide an introduction to some of 
the above issues although, within the available space, clearly they 
will not be able to be addressed in their entirety or in depth. This 
will be up to the clinician, including by means of open enquiry 
with local THPs and through searches of relevant databases such 
as CABI, Medline, the British Library’s AMED database, SOCIO-
FILE and EMBASE.

BACKGROUND

The fi eld of traditional medicine is as diverse as the societies in 
which it is found. Materia medica differ, and diagnosis, treatments 
and theories of disease also vary. In view of this immense diversity 
of traditional practice, it is clearly unrealistic to attempt to provide 
a comprehensive review of the various systems of traditional med-
icine found in tropical countries or to review their various clinical 
applications. What this chapter aims to do is to provide a frame-
work for understanding what traditional medicine is, who uses it 
and why, and how it is moving towards being given a place in the 
formal healthcare systems of many countries. There is also a review 
of the use of traditional medicine in the management of common 
conditions: malaria, HIV/AIDS, wounds and eye disease. These 
have been selected for consideration as they are among the com-
monest reasons for people seeking treatment – from both modern 
and traditional health professionals. Other areas which have not 
been able to be included in this chapter, but which are of impor-
tance, include traditional birth practices, the very important 
mental health dimensions of traditional medicine, and the use of 
traditional anthelmintics and traditional orthopaedics. Each is a 
subject in itself and each has been the subject of review and policy 
consideration. Searches of the relevant databases will yield litera-
ture for those interested in further exploring these and related 
fi elds.

What is missing in the international literature is a body of 
sound clinical research. This is due to the low value ascribed to 
this sector by funders and health authorities, despite the fact that 
the majority of the public continue to use medical approaches 
about which little is known with respect to safety, effi cacy, dosage 
or mechanisms of action. Clearly, the call for evidence must be 
matched by a commitment of resources to enable high-quality, 
sound research to be conducted. This is necessary to determine 
what constitutes best practice and safe practice as well as to open 
up the possibility of new discoveries for healthcare generally. 
These may be discoveries such as has been found for the evalua-
tion of the traditional Chinese febrifuge, Artemisia annua, which 
has given rise to artemisinin and the class of antimalarial drugs 
derived from this compound1 or that cited in the section on HIV/
AIDS, where a Ugandan herbal preparation has been found to be 
more effective and considerably cheaper than the conventional 
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treatment for herpes zoster. (For information on safety/toxicity 
issues, the reader is referred to Chapter 32).

While many of the studies presented in this chapter may need 
further replication, better trial design, etc. they do point to general 
trends in effi cacy and safety as well as highlight the importance of 
further research and investment in the traditional healthcare 
sector.

TRADITIONAL HEALTH SYSTEMS

The World Health Organization estimates that the majority of the 
population of most non-industrial countries still relies on tradi-
tional forms of medicine for their everyday healthcare. In many 
countries, up to 80–90% of the population are in this category.

Traditions vary from region to region and even within a single 
country. Attempts to classify these traditions into meaningful 
systems and sets of practices have generally adopted a two-fold 
classifi cation.

In Asia, traditional medical knowledge has often been classifi ed 
into two broad groupings: codifi ed and folk traditions.2 The cod-
ifi ed traditions of Asia typically have a written materia medica and 
clinical texts, a systematic theory of pathogenesis and treatments 
based on a formal diagnostic system, and a pharmacological tradi-
tion with precise standards of dosage and an awareness of toxicity 
and its management. These traditions include the Ayurvedic 
medical system of India and South Asia, traditional Chinese med-
icine and its related systems in Vietnam and Korea, Unani medi-
cine, and the Graeco-Arabic tradition found in Pakistan, India and 
many other countries with Islamic traditions.

Folk traditions are generally seen as the collection of com-
munity knowledge about the use of plants in the management 
of common illness, non-pharmacological interventions such as 
massage, meditation, the use of steam and other physical means 
of effecting cure.

In studying Mayan medicine of Mexico, Berlin and Berlin have 
adopted Foster’s3 dual division of medical systems into naturalis-
tic and personalistic frameworks. In the naturalistic system, a 
health condition is empirically determined. Diagnosis is based 
primarily on immediately apparent signs and symptoms. For a 
condition such as bloody diarrhoea, it is the norm for people to 
treat themselves with medicinal plants or to seek local expert 
advice in the use of plants as treatment. However, diagnosis of a 
personalistic condition is based on a retrospective analysis of 
possible causative factors, such as an encounter with ancestral 
spirits.

Berlin and Berlin4 have noted in their study of Mayan tradi-
tional medicine that:

.  .  .  such cases are fi rst treated with plant medicinals, and 
later classed as personalistic in cases that are unresponsive to 
herbal remedies or that are either prolonged or progressively 
worsen. These patterns of diagnosis have been extensively 
described by virtually everyone who has studied the subject. 
Diagnosis and treatment frequently involve the intervention of 
healers with special powers, such as a pulser or diviner. While 
personalistic conditions may at times also be treated with 
herbal medications, Maya curers normally employ remedies 
that require ceremonial healing rituals and special prayers.

In the context of tropical medicine, it is suffi cient to note that what 
may appear to the clinician as the practice of herbal medicine, 
with varying degrees of competence, is often grounded in theo-
retical assumptions, beliefs about disease and its origins, and what 
constitutes a real cure as opposed to simply the management of 
symptoms. An understanding of these perspectives is necessary to 
understand the beliefs and health practices of patients, many of 
whom will use both conventional and traditional medicine in the 
management of a condition.

What has become clear since the publication of the World 
Health Organization Global Atlas on Traditional Complementary & 
Alternative Medicine,5 is that traditional medicine is widespread 
and is increasingly being given a place in formal healthcare in 
tropical and other countries.

Accordingly, this chapter will give an introduction to the 
prevailing views of what traditional medicine is, how widely it is 
used, by whom and for what, some examples of the use of tradi-
tional medicine for commonly occurring conditions in the tropics, 
and how the clinician may gain more information about tradi-
tional medicine.

DEFINITIONS AND CONCEPTUALIZATIONS OF 
TRADITIONAL MEDICINE

The following is a selection of defi nitions and characterizations of 
traditional medicine:
• Traditional medicine is widespread throughout the world. As 

its name implies, it is part of the tradition of each country and 
employs practices that are handed down from generation to 
generation of healer. Its acceptance by people receiving care 
is also inherited from generation to generation. Traditional 
medicine originated aeons before the modern medical era.6

• WHO defi nition of herbal medicines: Finished, labelled medic-
inal products that contain as active ingredients aerial or under-
ground parts of plants, or other plant material, or combinations 
thereof, whether in the crude state or as plant preparations. 
Plant material includes juices, gums, fatty oils, essential oils, 
and any other substances of this nature. Herbal medicines may 
contain excipients in addition to the active ingredients. Medi-
cines containing plant material combined with chemically 
defi ned active substances, including chemically defi ned, iso-
lated constituents of plants, are not considered to be herbal 
medicines.7

• Traditional medicine is the totality of all knowledge and prac-
tices, whether explicable or not, used in diagnosing, preventing 
or eliminating a physical, mental or social disequilibrium and 
which rely exclusively on past experience and observation 
handed down verbally from generation to generation.8

• African Traditional Medicine: The sum total of all knowledge 
and practices, whether explicable or not, used in diagnosis, 
prevention and elimination of physical, mental, or societal 
imbalance, and relying exclusively on practical experience and 
observation handed down from generation to generation, 
whether verbally or in writing. Traditional medicine might also 
be considered to be the sum total of all practices, measures, 
ingredients and procedures of all kinds, whether material or not, 
which from time immemorial had enabled the African to guard 
against disease, to alleviate his suffering and to cure himself.9
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The above defi nitions characterize traditional medicine as a col-
lection of knowledge and skills. While these are aspects of the 
traditional systems that can be the subject of training, regulation 
and formalization, other aspects such as the traditional theory of 
physiological function and disease, and the role of spiritual prac-
tice and belief, are more elusive yet perhaps more fundamental to 
most traditional healthcare systems.

THEORETICAL FRAMEWORK

An essential feature of traditional health systems is that they are 
based in theories or cosmologies that take into account mental, 
social, spiritual, physical and ecological dimensions of health and 
well-being. A fundamental concept found in many systems is that 
of balance – the balance between mind and body, between 
different dimensions of individual bodily functioning and need, 
between individual and community, individual/community and 
environment, and individual and the universe. The breaking of 
this interconnectedness of life is a fundamental source of disease, 
which can progress to stages of illness and epidemic. Treatments, 
therefore, are designed not only to address the locus of the disease 
but also to restore a state of systemic balance to the individual 
and his or her inner and outer environment.

The World Health Organization has referred to the world’s 
traditional health systems as holistic, i.e. ‘that of viewing man in 
his totality within a wide ecological spectrum, and of emphasizing 
the view that ill health or disease is brought about by an imbal-
ance, or disequilibrium, of man in his total ecological system and 
not only by the causative agent and pathogenic evolution’.10

Arthur Kleinman, of Harvard University’s Center for Culture 
and Medicine, has noted that ‘for members of non-Western societ-
ies, the body is an open system linking social relations, the self, a 
vital balance between interrelated elements in a holistic cosmos. 
Emotion and cognition are integrated into bodily processes. The 
body-self is not a secularized private domain of the individual 
person, but an organic part of a sacred, sociocentric world, a com-
munication system involving exchanges with others (including the 
divine)’.11

The natural world is thus not only imbued with non-material 
attributes but also, in many traditions, is an expression of a more 
fundamental level of spiritual reality with which the individual is 
linked. Vitalistic traditions were present in the early days of 
Western medicine in ancient Greece. Aesculapian traditions drew 
on spiritual healing as a basis for complete recovery. Subsequently, 
the systematic, natural science approach of Hippocrates, while 
emphasizing the observable, acknowledged the value of the sacred 
in the healing process.

In Ayurvedic medicine, the classical healthcare system of India, 
consciousness is of primary signifi cance and matter is deemed 
secondary. Accordingly, Ayurvedic medical treatment, when prac-
tised according to the high traditions of Ayurveda, will fi rst address 
the spiritual and mental state of the individual – through medita-
tion,12 intellectual understanding of the problem, behavioural and 
lifestyle advice, etc. and then address the physical problem by 
means of diet, medicine and other therapeutic modalities.13

In the shamanic traditions of the Americas, spiritual healing is 
fundamental to the recovery process. ‘Traditional health practices 
are part of a cultural identity that goes from the particular to the 

collective and vice versa. The forces which allow traditional health 
practices to function are based on spirituality, the wholeness of 
the person, the maintenance of balance and harmony with habitat 
and Nature. The practice strengthens and reinforces family and 
community connections. Therefore the traditional doctor re-
establishes the patient’s lost harmony’.14

UTILIZATION

The widespread demand for traditional medical services has been 
recognized as an enduring phenomenon. Earlier calls for tradi-
tional medicine to be replaced by modern medical services have 
now given way to recognition that some degree of formalization 
of these health services might offer the public increased standards 
of quality and safety.5

In many countries, life begins with the support of traditional 
medicine. An estimated 60–70% of births in developing 
countries still take place with the sole help of traditional birth 
attendants.15

Africa

There have been many general estimates of the extent of use of 
traditional medicine in Africa. The African regional report in the 
WHO Global Atlas on Traditional, Complementary & Alternative 
Medicine re-affi rms a long-standing view that at least 80% of the 
population of Africa regularly use traditional medicine.5

However, some estimates of use are strikingly low. In a survey 
of perceived morbidity in a rural community in south-western 
Ethiopia, 55.4% of those reporting illness took no action at all; 
30.3% applied to health institutions; 9.2% reported self-care and 
only 5.2% visited a traditional healer.16 By contrast, research done 
at Mogopane Hospital in north-eastern Transvaal, South Africa, 
showed that 9 out of 10 patients who come to the outpatients 
department fi rst consult traditional healers.17 Clearly, studies of 
community groups and of hospital populations address the needs 
and choices of different populations with different health profi les. 
In planning services, such differences need to be accounted for.

It is common in African healing traditions for illness to be 
understood as arising from psychological disturbances or dis-
turbed relationships with either the living or the dead. Accord-
ingly, traditional African medicine has strong psychosocial 
dimensions which have valuable potential for traditional and 
modern medical partnerships in addressing mental health 
concerns.18,19

Age and gender are factors in the utilization of traditional 
healthcare services. A study of visitors to traditional healers in 
central Sudan indicated that children under 10 years did not take 
part in visits. Most visitors were between 21 and 40 years (61%) 
and were women (62%). They were less educated compared with 
the general population in the area. The main reasons given for 
attending traditional healers were treatment (60%) and blessing 
(26%).20

In Mali, men are more likely to prefer traditional treatments 
for malaria than women,21 and more boys than girls believed in 
herbal medicine in a survey in the Sudan.22 It has been suggested 
that women are less likely to be treated at modern facilities, and 
are more likely to resort to traditional medicines.23 Travel time can 

Utilization
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be a factor in the choice of traditional over modern medical 
services.

People with a serious health condition may seek traditional 
healthcare before accepting modern medical services. In Malawi, 
37% of tuberculosis patients reported attending a traditional 
healer prior to attending the health service. By the time a fi nal 
diagnosis of tuberculosis had been made, most patients had visited 
several different care providers: private practitioner (69 visits), 
village clinic (64) and traditional healer (40), and 32 patients 
reported taking some form of traditional remedy at home.24

Among comments made by traditional midwives in South 
Africa, in a study by Troskie,8 was that ‘the nearest hospital is 20 
kilometres far’. By contrast, traditional healthcare services are 
readily available. Every village has a number of traditional healers 
and birth attendants, each with their own specializations.25

Similarly, in India, rural women in Gujarat were more likely to 
use services which were closer to home, other things being equal. 
The ‘travel’ variable (including time and travel costs) is a more 
important factor determining use of modern and traditional ser-
vices among women in the study area than the actual direct costs 
of the service.26

In the case of malaria, selection of fi rst-line treatment varies 
from area to area. Sometimes, herbal remedies are given at home 
as the fi rst-line treatment,27,28 especially in mild cases of malaria.29,30 
Sometimes, herbs are the second-line treatment when chemo-
therapy has failed.31–33 Munguti34 found that in a rural area of 
Kenya 7% used herbs as fi rst choice of treatment, 17% as second 
choice and 14% as third choice.

There can be contrasting patterns of use across countries and 
regions. Whereas young children in the Sudan were found not to 
attend traditional healers, in Kenya 40% of sick children were 
taken to the mganga (traditional healer) and 55% to the clinic; 
26% of the mothers said that both sources of treatment were 
consulted. There are usually differences between urban and rural 
populations in their use of traditional and modern medicine. 
While 95% of urban women who attended modern medical clinics 
in South Africa strongly advocated mixing traditional and Western 
antenatal care, only 63% of rural clinic attenders found this prac-
tice acceptable. All groups favoured Western over traditional care 
in cases of serious pregnancy complications.35

Asia

In India, it has been found that the infl uence of family structure 
is signifi cant. The presence of the mother-in-law is associated with 
a greater use of traditional healers.26

Ethnic minorities in industrialized countries often continue to 
use the traditional medicine from their culture alongside, or even 
in place of, conventional medicine. This can apply even in settings 
where conventional healthcare is provided free of charge, but 
traditional healthcare services must be paid out of pocket, as in 
the case of Chinese communities in the UK.36 As in developing 
countries, the affordability, availability and cultural familiarity of 
traditional medicine, together with family infl uence, contribute to 
the continued use of traditional medical providers and medicines 
in ‘ethnic enclaves’.

In a study of health service utilization in four villages in India, 
the most common complaint by a majority of those surveyed was 

that ‘medicines are never available’ at the Primary Health Centre, 
followed by discourteous behaviour of the staff and health person-
nel, ‘doctors never available’, ‘doctors demand money for better 
treatment’, and so on. Almost one-quarter of the women initially 
tried homeopathic treatment, followed by 9% who administered 
Western medicine at home, while 2% opted for traditional home 
remedies for cure and treatment, before visiting and consulting a 
trained medical practitioner. Medical pluralism was found to be 
fl ourishing as people switched from one medical system to another 
depending on affordability and time.37

In Sri Lanka, two patterns of healthcare seeking which cut 
across modern and traditional medical systems have been identi-
fi ed. The fi rst involved patients who searched for a medicine which 
could cure. The second pattern involved the search for a practitio-
ner who had the power of the hand to cure one’s illness.38

Medical pluralism is common worldwide and consumers prac-
tise integrated healthcare irrespective of whether or not it is present 
at the formal level. In Taiwan, 60% of the public have been found 
to be users of multiple healing systems, including modern Western 
medicine, Chinese medicine and religious healing.39

Indigenous communities

Native American communities incorporate traditional forms of 
treatment into the US Indian Health Service (IHS) alcohol reha-
bilitation programmes. In a study of 190 IHS contract programmes, 
it was found that 50% of these offered a traditional sweat lodge 
or encouraged its use. Treatment outcomes were found to be 
better for alcoholic patients when a sweat lodge was available. In 
addition, the presence of medicine men or healers, when used 
in combination with the sweat lodge, greatly improved the 
outcome.40

In the tropical regions of Australia, traditional Aboriginal 
medicine is widely practised.41 In most regions of the Northern 
Territory, more than 22% of indigenous people had used bush 
medicine in the previous 6 months when surveyed.41 A decrease 
in use of traditional medicine seems to be because Western medi-
cine is easier to access, not because of a lack of faith in its effi cacy.41 
Indigenous Australian medicine includes herbal preparations, 
diet, rest, massage, restricted diet and external remedies such as 
ochre, smoke, steam and heat.41

Traditional medicine and the formal health 
sector in Africa

Healers have for long been treated like trees on savanna farms – 
not formally cultivated, yet valued and used, particularly by 
women and children.42

There has been a long-reported willingness on the part of tra-
ditional healers in Africa to collaborate with the formal sector and 
to establish joint training. Burnett et al.43 note that 37 of the 39 
traditional healers (94%) and 14 of the 27 formal health workers 
(52%) interviewed in a Zambian study were keen to collaborate 
in training and patient care relating to HIV/AIDS.

However, this is not generally a reciprocal view. Although 1% 
of nurses in South Africa are reported to be traditional healers, 
rural nurses in Swaziland perceived themselves as being 
teachers to healers, but not learning from healers. They saw 
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themselves as a source of referral for healers, but not the 
reverse.44

One view is that it may be more appropriate to work towards 
a system of cooperation between two independent systems, with 
each recognizing and respecting the character of the other.42 This 
has been the policy in Botswana, where parallel development 
has been encouraged, since it is felt that one or other of the two 
systems might suffer in the process of integration.43

In South Africa, many traditional healers are members of well-
organized national organizations that are seeking formal recogni-
tion from the government. In one instance of WHO-sponsored 
collaboration, it has been recognized that the rapid increase in TB 
caseload, especially in African countries heavily affected by the 
HIV epidemic, requires a search for effective ways to treat patients 
outside hospital. As a component of the WHO’s Community Care 
for Tuberculosis in Africa Project, Wilkinson et al.24 studied the 
potential role for collaboration between the health service and 
traditional healers, especially as tuberculosis treatment supervi-
sors, and examined what precedent and potential exist for tradi-
tional healers to act in this role.

Before commencing collaborative effort in healthcare between 
modern and traditional sectors, a careful assessment of potential 
benefi ts and obstacles should be made. The medical services uti-
lization patterns of the communities need to be ascertained and 
the specifi c role of traditional health practitioners considered. 
In such efforts the ideas of healers themselves about possible 
collaboration are crucial.25

Ghana passed the Traditional Medicine Practice Act 2000, Act 
595, to establish a Council to regulate and control the practice of 
traditional medicine. The primary draft of this Act originated from 
the traditional healers themselves. The Act defi nes traditional 
medicine as ‘practice based on beliefs and ideas recognized by the 
community to provide healthcare by using herbs and other natu-
rally occurring substances’, and herbal medicine as ‘any fi nished 
labelled medicinal products that contain as active ingredients 
aerial or underground parts of plants or other plant materials or 
the combination of them whether in crude state or plant prepara-
tion’. It is arranged into four sections, namely the establishment 
and functions of a Traditional Medicine Practice Council; registra-
tion of practitioners; licensing of practices; and miscellaneous 
provisions.

Ghana’s Ministry of Health has incorporated a Traditional 
Medicine Unit since 1991, and in 1999 this was upgraded to the 
status of a Directorate. The Ministry, in collaboration with the 
Ghana Federation of Traditional Medicine Practitioners Associa-
tions and other stakeholders, has now developed a 5-year strategic 
plan for traditional medicine which proposes, among other 
aspects, the need to develop comprehensive training in traditional 
medicine from basic and secondary to tertiary levels.

A ‘Ghana Herbal Pharmacopoeia’, containing scientifi c infor-
mation on common medicinal plants, has been published. Efforts 
are being made to integrate traditional medicine into the offi cial 
public health system, including dispensing certifi ed and effi ca-
cious herbal medicines in hospitals and pharmacies.

In Nigeria, the National Agency for Food and Drug Administra-
tion and Control (NAFDAC) has taken steps to regulate and control 
traditional medicine products with a view to ensuring their safety, 
effi cacy and quality. In consultation with traditional healers and 
researchers NAFDAC has developed guidelines on regulating 

herbal medicines. Recently, the government of Nigeria approved a 
national policy on a Traditional Medicine Code of Ethics. There is 
also legislation for national and state Traditional Medicine Boards 
to enhance the regulation of traditional medicine practice and 
promote cooperation and research in traditional medicine.45

PRIORITY DISEASE AREAS: HIV/AIDS 
AND MALARIA

Traditional medicine has a central role to play in combating new 
and re-emerging diseases. Global priority is currently placed on 
combating malaria and HIV/AIDS and new partnerships between 
the communities of traditional medicine, public health and health 
research are being formed. Two diseases are addressed below, but 
partnerships are being developed with other diseases such as 
tuberculosis and control of vector-borne diseases such as trypano-
somiasis.

Partnership with the traditional sector in 
HIV/AIDS prevention and management

As the AIDS crisis leads an increasing number of countries to 
question their priorities in health expenditures, there is an emerg-
ing awareness that traditional health practitioners (THPs) can play 
an important role in delivering an AIDS prevention message. 
There is growing recognition that some THPs may be able to offer 
treatment for opportunistic infections (OIs). At the same time, 
there are concerns about unsafe practices and a growth in claims 
of traditional cures for AIDS. Partnerships between the modern 
and traditional health sectors are a cornerstone for building a 
comprehensive strategy to manage the AIDS crisis.46

Africa

In Uganda, where there is only one doctor for every 20 000 people, 
there is one traditional health practitioner per 200–400 people.47 
In such settings, partnerships may be the only way that effective 
healthcare coverage can be achieved in managing the twin epi-
demics of AIDS and malaria. Clearly, such partnerships not only 
make good public health sense but, based on a growing body of 
pharmacological evidence, may also yield important preventive 
and treatment modalities.

In light of the widespread availability of traditional healthcare 
services and the reliance of the population on these services, it is 
inevitable that people suffering from AIDS will turn to THPs for 
treatment. Collaborative AIDS programmes have been established 
in many African countries, including Malawi, Mozambique, 
Uganda, Senegal, South Africa, Swaziland, Zambia and Zimbabwe.

Information sharing and educational programmes in South 
Africa have resulted in THPs providing correct HIV/AIDS advice 
as well as demonstrations of condom use. One such programme 
trained 1510 THPs and it was calculated that during the fi rst 10 
months of the programme some 845 600 of their clients may have 
been reached with AIDS/STD prevention messages. In similar pro-
grammes in Mozambique, traditional healers learned that AIDS 
is transmitted by sexual contact, by blood and non-sterile razor 
blades used in traditional practice. In a follow-up evaluation, 81% 
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of those trained reported that they had promoted condom use 
with at least their STD patients.48

One of the challenges in such workshop situations is to move 
beyond ‘training’ to genuine information sharing. It has been 
noted that it is diffi cult to modify the manner in which health 
professionals teach about AIDS – a style that tends towards the 
didactic and use of scientifi c jargon. Removing communication 
barriers such as these is a necessary fi rst step in ensuring that train-
ing is an effective tool in mobilizing traditional health practitio-
ners as partners in AIDS control.

An important example of how this may be done was conducted 
in Brazil, where a face-to-face educational intervention by healers 
blended traditional healing – with its language, codes, symbols 
and images – with scientifi c medicine, and simultaneously 
addressed social injustices and discrimination. New information 
about HIV/AIDS transmission was conveyed using languages and 
concepts intimately familiar to traditional health practitioners. A 
controlled evaluation found signifi cant increases in AIDS aware-
ness, knowledge about risky HIV behaviour, information about 
correct condom use, and acceptance of lower-risk, alternative 
ritual blood practices among the 126 members of the trainee 
group compared with 100 untrained controls. There were signifi -
cant decreases in prejudicial attitudes related to HIV transmission 
among the trainee group compared with controls.49

The Ugandan NGO, Traditional and Modern Health Practitio-
ners Together Against AIDS (THETA), was established in 1992 to 
conduct research on potentially useful traditional medicines with 
HIV-related illness and to promote a mutually respectful collabo-
ration between traditional and modern health workers in the fi ght 
against AIDS. THETA has conducted workshops to share knowl-
edge on AIDS prevention and also treatment of opportunistic 
infections using local herbal remedies.

Traditional healers participating in clinical observational 
studies of their herbal medicines have subsequently sought train-
ing in prevention, education and counselling issues, as well as in 
basic clinical diagnostic skills. A 1998 UNAIDS-sponsored evalu-
ation of THETA found that it had reached 125 THPs (44 women 
and 81 men) in fi ve districts of Uganda. A total of 50 000 people 
were found to have benefi ted from the improved services offered 
by traditional health practitioners over a period of 2 years.46

In South Africa, a follow-up of educational workshops found 
that some THPs reported that local medical staff had begun refer-
ring HIV-positive and STD patients to them for condom demon-
strations and HIV counselling. All THPs reported having given 
condom demonstrations not only to clients but also to any 
member of their communities with potential interest.

Giving a perspective on the benefi ts from investment in this 
involvement of local traditional health practitioners in AIDS 
prevention exercises, Edward C. Green, an organizer of the work-
shops, reported that: ‘630 second generation healers had been 
trained in 12 workshops held in diverse parts of South Africa. The 
total direct cost of training these 630 was about US$23.30 per 
healer, or US$5.90/day per healer. In addition to these 630 direct 
benefi ciaries of training, up to 229 320 patients or clients of these 
healers may have benefi ted from AIDS education within 7 months 
of the fi rst generation training (calculated as 26 weeks times an 
average of 14 patients a week per healer (see below) times 630 
healers trained). Not all these healers specialize in STDs or AIDS, 
but most of them see a great number of at least STD patients. 

Finally, an inestimable number of friends, family members, and 
others in the local community (local associations, sports teams, 
youth groups, etc.) benefi ted from informal AIDS education’.47

Research

Healthcare consumers and THPs want information on the safety 
and effi cacy of local treatments, their effect on opportunistic infec-
tions, and how to test claims of cure in an effi cient and cost-
effective manner.50

There has been little offi cial response from governments on this 
front. However, in one of the more forward-looking national pro-
grammes, the Uganda AIDS Commission and the Joint Clinical 
Research Centre in Kampala have worked with traditional healers 
in evaluating several traditional treatments used locally for OIs. 
The research has found traditional medicine to be ‘better suited 
to the treatment of some AIDS symptoms such as herpes zoster 
(HZ), chronic diarrhoea, shingles and weight loss’. THETA has 
conducted controlled clinical trials on a Ugandan herbal treat-
ment for HZ. Comparing subjects with herbal treatments with 
controls using aciclovir, the conventional treatment for HZ, both 
groups were found to experience similar rates of resolution of HZ 
attacks. The traditional medicine group had less super-infection 
and showed less keloid formation than did subjects on aciclovir. 
HZ pain resolved signifi cantly faster in the herbal group. The 
investigators concluded that herbal treatment is an important 
local and affordable alternative in managing HZ in HIV-infected 
patients in Uganda.46

A study conducted by the Blair Research Institute Clinic in 
Harare, Zimbabwe, evaluated the impact of traditional medicine 
in persons with HIV infection and assessed their quality of life 
with respect to HIV disease progression. There were 105 HIV-
infected persons in the study, at various stages of HIV infection, 
of whom 79% were on traditional herbal medicine and 21% were 
on conventional medical care (CMC). Using the WHO Quality of 
Life Scale, it was found that the proportions of scores on fi ve 
domains measuring different aspects of quality of life for patients 
on traditional medicine were much lower than those on conven-
tional therapy (p < 0.0001, for all variables). The research team 
concluded that the data supported the role of traditional medicine 
in improving the quality of life of HIV-1 infected patients, although 
its pharmacological basis is unknown.51

While clinical research has been slow to begin in the evaluation 
of traditional herbal treatments for HIV-related illness, there has 
been screening for antiviral effects of locally used plants since the 
early 1990s. A recent study reported promising antiviral effects 
from selected Ethiopian medicinal plants. Asres et al.52 found that 
the highest selective inhibition of HIV-1 replication was found 
with the acetone fraction of Combretum paniculatum Vent., and the 
methanol fraction of Dodonaea angustifolia L.f.52 These showed 
selectivity indices (ratio of 50% cytotoxic concentration to 50% 
effective antiviral concentration) of 6.4 and 4.9, and afforded cell 
protection of viral-induced cytopathic effect of 100% and 99%, 
respectively, when compared with control samples. Asres et al. 
found that the greatest degree of antiviral activity against HIV-2 
was achieved with the acetone extract of C. paniculatum (EC(50): 
3 mg/mL), which also showed the highest selectivity index (32). 
The 50% cytotoxic concentration ranged from 0.5 mg/mL for the 
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hexane extract of D. angustifolia L.f., the most cytotoxic of the 
extracts tested, to >250 mg/mL for some extracts such as the meth-
anol fraction of Alcea rosea L., the least toxic tested. While there is 
the obvious potential for commercial development of fractions of 
these plants as pharmaceutical leads, there is growing recognition 
of the need to evaluate such plants clinically in order to deter-
mined the viability of affordable, locally available medicines for 
managing HIV-related illness.

Asia

While much of the international focus on AIDS in the developing 
world has been on Africa, there has been growing awareness of 
the rapid spread of the disease in Asia. Refl ecting the concerns now 
beginning to be addressed in many African countries, India’s 
national AIDS policy states: In a scenario where antiretroviral 
drugs are extremely expensive, there is a great need to look into 
the indigenous systems of medicine (ISM), like Ayurveda, Unani 
and Siddha. Some of the medicines in these systems have the 
potential of reducing the viral load in the body of the patient thus 
ensuring a healthier and longer life with the infection. The Gov-
ernment has sponsored research projects in ISM and is receiving 
encouraging response. It will pursue a policy of sponsoring 
research in ISM for development of drugs which can serve the 
purpose of antiretrovirals.

The policy statement cautions about false claims of cures 
among unscrupulous practitioners and makes the point that: ‘Any 
medicine or system of treatment which cannot stand the test of 
scrutiny by the professional organizations like the Ayurveda 
Council cannot be accepted as a drug or a system of treatment in 
the country’. Clearly, drugs which are shown by rigorous research 
methods to have an effect can become part of a system of treat-
ment in India.53

Traditional Chinese medicine is also being used in HIV man-
agement, not only in China but also in Africa and in other parts 
of Asia, where traditional Chinese medicines are exported. In one 
study, qian-kun-nin, a Chinese herbal formulation considered 
to have anti-infection, anti-tumour, antiretroviral and immuno-
modulatory properties, was evaluated for its anti-HIV effects.

Eight HIV-positive subjects were given oral qian-kun-nin cap-
sules for 24 consecutive weeks in a single-blind design. Compared 
with baseline level, the plasma virus load decreased signifi cantly 
at the end of week 12 (p < 0.01) and week 24 (p < 0.01), respec-
tively. Four weeks after cessation of qian-kun-nin treatment, 
plasma virus load was still signifi cantly lower compared with base-
line (p < 0.01). Blood CD4 cell counts were increased signifi cantly 
at the end of the 12th week compared with the baseline level 
(p < 0.01). No adverse effects were observed, and no signifi cant 
side-effects were recorded in any subjects.54

This is one of many emerging studies that require adequate 
funding to ensure that the research methodology is sound. While 
these data appear to suggest that qian-kun-nin has therapeutic 
potential in the treatment of HIV-positive patients, the trial design 
and the sample size make it diffi cult to draw solid conclusions 
from the study. What this study does highlight is the potential for 
anti-HIV effects in traditional medicines and the need for standard 
operating procedures for the clinical evaluation of these 
medicines.

In Africa, Asia and elsewhere in the world, partnerships between 
modern and traditional health systems are being seen to be the 
clear way forward to build on existing community resources and 
to harness the potential therapeutic benefi t of local and affordable 
treatments for HIV-related illness, as well as to screen out false 
claims and unsafe medicines and practices.55,56

Malaria

The emergence of multidrug-resistant strains of malaria which has 
accompanied each new class of antimalarial drugs may be viewed 
as one of most signifi cant threats to the health of people in trop-
ical countries. While there is widespread agreement that a fresh 
approach to the prevention and treatment of malaria is urgently 
needed, solutions have tended to focus on the development of 
new classes of drugs. More recently, there has been an emphasis 
on promoting combination therapy of existing drugs as a means 
of preventing resistance.

Historically, however, local communities in tropical regions 
have used local fl ora as a means of preventing and treating 
malaria.57 It can be argued that these traditional medicines, based 
on the use of whole plants with multiple ingredients or of complex 
mixtures of plant materials, constitute combination therapies that 
may well combat the development of resistance to antimalarial 
therapy.

Resistance, synergism and traditional medicines

While combination therapy in malaria, cancer and AIDS is based 
on the principle of synergistic action among multiple drugs, little 
signifi cance has as yet been given to the obvious point that all of 
the major antimalarials have been derived from plants and that 
combination existed in the traditional formulations before the 
process of extraction took place. For example, fl avonoids in 
Artemisia annua, which are structurally unrelated to the anti-
malarial drug artemisinin, enhance the in vitro antiplasmodial 
activity of artemisinin.57

Elsewhere, synergism has been observed between the alkaloids 
of the antimalarial plant Ancistrocladus peltatum. A total alkaloid 
extract of this plant had far greater antiparasitic activity than any 
of the six alkaloids isolated subsequently. In studies on antima-
larial plants from Madagascar, the alkaloids bisbenzylisoquino-
line, novel pavine and benzyl tetrahydroisoquinolines, were all 
found to potentiate the antiparasitic activity of chloroquine in 
vitro and, in some cases, in vivo. Preparations of these plants are 
currently being tested as adjuvants to chloroquine therapy in 
Madagascar.57 In Uganda, there are data from clinical case reports 
and a cohort study that a traditional Ugandan herbal remedy is 
effective against malaria.33,58

As with other conditions, people with malaria will often 
combine conventional drugs and traditional medicines, some-
times simultaneously or as fi rst- or second-line treatments,27,59–64 
with herbalists reporting their view that this combination gives an 
additional therapeutic effect.65 Perceived effi cacy is an important 
reason for people using traditional antimalarial medicines. Afford-
ability is another. However, when patients themselves were asked 
why they chose traditional medicine over conventional drugs, a 
study in Burkina Faso found that the cost of medicines accounted 
for only 50% of respondents. Lack of faith in doctors was the 
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reason for the other 50% resorting to traditional medicine.66 Else-
where it has been reported that medical staff at Burkina Faso 
hospitals are less trusted as they are frequently young, do not 
speak the local languages, and are not courteous or welcoming to 
patients.59

Several cohort studies have been conducted to evaluate the 
outcomes of traditional herbal treatments used by herbalists in 
managing malaria. A few of these have shown complete parasite 
clearance by day 7.67 Phetsouvanh’s study67 of the antimalarial 
effects of Alocaci macrorhiza root decoction showed 100% parasite 
clearance by day 7, without any recrudescence for the duration of 
follow-up (21 days), although this study has not been published 
or replicated. Makinde et al.67 showed 100% parasite clearance in 
adults by a leaf extract of Morinda lucida. However, there was not 
full parasite clearance from infected children. Further clinical 
studies on the antimalarial effects of plants have been reviewed 
by Willcox and Bodeker.67

The research initiative for traditional antimalarial 
methods (RITAM)

To redress this situation, a partnership was established in Decem-
ber 1999 between the Global Initiative for Traditional Systems 
(GIFTS) of Health and the Tropical Disease Research Programme 
of WHO.68 Through the Research Initiative for Traditional Antima-
larial Methods (RITAM, http://mim.nih.gov/english/partnerships/ 
ritam_repotr.pdf), individual scientists, traditional health practi-
tioners and others have formed a partnership to investigate, eval-
uate and, where appropriate, develop traditional herbal medicines 
to combat malaria. Standard operating procedures have been 
developed for experimental, toxicological and clinical research on 
traditional antimalarials. A research network to evaluate the 
potential of classically prepared Artemisia annua has also been 
established by RITAM.69

WOUNDS

Dermatological problems are the third most common reason for 
people seeking medical care in developing countries.70 Among the 
most common dermatological problems of non-industrialized 
countries are non-healing tropical ulcers, particularly among 
young men of working age.71 Tropical or seasonal environments 
with occupational exposure to the damp are typical for tropical 
ulcer,72 where malnutrition may also be a factor.

Many wounds are inadequately treated in these countries 
because of issues of treatment cost, storage, manufacture and 
supply.73,74 Bacterial and viral contamination of wounds is usual 
and some form of antisepsis is helpful. Reliance on imported agents 
in health centres and from pharmacies is expensive and unsustain-
able and the widespread casual use of antibiotics should be dis-
couraged. The use of hypochlorite, iodine or gentian violet in the 
tropics follows now-questionable conventional Western therapies.

This has led to calls for research and rationalization of wound 
treatment in this setting.75 In non-industrial countries the majority 
of the population uses traditional healthcare, and commonly uses 
herbal treatment for wounds.76–78 These treatments warrant inves-
tigation for this reason and because they may be more readily 
available and effi cacious than the alternatives.79

There is growing evidence that a number of plant treatments 
are useful in a variety of dermatological conditions, including 
wounds.70,80,81 Centella asiatica extract is one of the most widely 
studied plant-based wound treatments. It is used in Madagascar 
and several other tropical countries. In vivo laboratory studies 
have shown its topical application to signifi cantly accelerate 
wound healing, and in vitro studies of treated granulating tissues 
have demonstrated a signifi cant increase in fi broblast activity, total 
DNA and collagen content.82,83

Recent research on Aloe barbadensis has shown it to be a power-
ful wound-healing agent.84 Extracts from Aloe barbadensis, or aloe 
vera as it is commonly known, have been found to penetrate 
tissue, have anaesthetic properties, have antibacterial, antifungal 
and antiviral properties, serve as an antiinfl ammatory agent, and 
dilate capillaries and increase blood fl ow.85,86

Research at the National Institute for Traditional Medicine in 
Hanoi has examined the mechanism by which Cudrania cochinchi-
nensis (Moraceae), commonly used in Vietnam as a traditional 
wound-healing agent, produces a wound-healing effect. Tran et 
al.87 examined its effect on fi broblast proliferation and the protec-
tion of both fi broblast and endothelial cells against oxidative 
damage. An ethyl acetate extract of the plant was found to protect 
fi broblasts and endothelial cells against hydrogen peroxide-
induced damage. The research team has suggested that stimulation 
of fi broblast proliferation and protection of cells against destruc-
tion by mediators of infl ammatory processes may be ways in 
which the polyphenolic substances from this plant contribute to 
wound healing.

Phan et al.88 studied the wound-healing properties of Eupolin, 
a topical agent produced from the leaves of Chromolaena odorata, 
and which is used widely for the treatment of burns and soft tissue 
wounds in Vietnam. Eupolin was found to enhance haemostasis, 
stimulate granulation tissue and re-epithelialization, and inhibit 
collagen contraction. These results suggest a mechanism for clini-
cal reports on the effectiveness of Eupolin in reducing wound 
contraction and scarring, which are critical complications in post-
burn trauma. Other studies have found Eupolin to have antibacte-
rial properties.89

Chen et al.90 studied the effects of ‘dragon’s blood’, sap from 
the bark of Croton lechleri used as a wound-healing agent in South 
America. The researchers found that Croton lechleri has no isolable 
‘wound-healing principle’, but acts as a natural dressing which 
forms an occlusive layer with an antimicrobial environment and 
cell proliferative effects. This is due to the combined effects of 
several compounds. This synergistic effect was further investigated 
by Pieters et al.,91 who compared the in vivo effects of dragon’s 
blood on wound repair with a polyphenolic fraction of dragon’s 
blood and with a solution of artifi cial polyphenols. Wound repair 
was defi ned as the percentage of the wound volume fi lled with 
new tissue. Pieters and colleagues found:
• 90% wound repair with traditionally prepared dragon’s 

blood
• 50% with a polyphenolic fraction of dragon’s blood
• 40% when a solution of artifi cial polyphenols was used.
This fi nding lends support to the traditional practice of the 
complex mixture of compounds found in the bark rather than 
an isolated ‘active ingredient’ approach to the development of 
an effective wound treatment typical of conventional natural 
products research.
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OPHTHALMIC CONDITIONS

Traditional eye treatment (TET) has been the cause of much 
concern due to serious eye infections and injury associated with 
many traditional treatments. In addition to directly contributing 
to corneal disease, use of traditional medicine has been found 
often to delay the use of modern medical treatment for eye disease. 
Public health programmes have focused on training traditional 
practitioners to refer patients for eye treatment.92

Research in Tanzania found that of 26 corneal ulcers present in 
a sample of TET users, 58% (n  =  15) had no other identifi ed cause 
of ulceration apart from TET use. There was a trend to more central 
and dense corneal scarring in the TET users group (42% vs 23%, 
p  =  0.06).93

Courtright and co-workers94 have assessed the rates of corneal 
disease in a district in Malawi following an interactive training 
programme with traditional healers, based on a collaborative 
approach to eye care. It was found that among the 175 pre-
intervention and 97 post-intervention patients, delay in presen-
tation improved only slightly. However, blindness among patients 
using TEM decreased from 44% to 21% and bilateral corneal 
disease in patients using TEM decreased from 31% to 10%. Despite 
this success, the research team note that distance to a hospital 
continues to be a barrier to the use of modern medical approaches 
to eye care.

At the same time, clinical and experimental studies on selected 
Indian Ayurvedic herbal treatments show promise in the manage-
ment of specifi c ocular diseases. In a multicentre RCT at the All 
India Institute of Medical Sciences, an Ayurvedic herbal eye drop 
formulation was signifi cantly more effective in treating trachoma 
and chronic conjunctivitis than placebo. The eye drops produced 
no side-effects, unlike the saline placebo which produced a 
burning sensation. Research by the same group has found that an 
Ayurvedic herbal eye drop signifi cantly improved dry eye syn-
drome and ocular asthenia.95 Experimental research in India has 
demonstrated a protective effect of the Ayurvedic herbs Momordica 
charantia and Eugenia jambolana against the development of 
murine alloxan diabetic cataract.

Clearly, TETs are causing much eye damage through traditional 
practitioners’ ignorance of the functioning of the eye as well as 
through the use of ineffective and unsafe ingredients. Re-training 
programmes show a willingness on their part to learn new skills. 
At the same time, Indian studies suggest that some of the herbal 
ingredients traditionally used may warrant controlled investiga-
tion for possible therapeutic value.

SAFETY

A primary concern regarding traditional and complementary ther-
apies is ‘Are they safe?’ As noted above, traditional eye medicine 
has been found to have serious effects on eye health.

Recent studies in the UK have found that there has been adul-
teration with steroids of some traditional Chinese dermatological 
preparations. In an analysis of Chinese herbal creams prescribed 
for dermatological conditions, it was found that eight of eleven 
creams analysed contained steroids.96

One prominent example of dangerous plant-based medicines 
is plant species which contain pyrrolizidine alkaloids, widely 
known to produce adverse effects. In a number of countries, plants 
containing alkaloids are prohibited from use in herbal medicines 
intended for internal use. This is due to the hepatotoxic effect of 
these alkaloids. Following absorption from the gut, pyrrolizidine 
alkaloids are carried to the liver, where they are converted by 
microsomal mixed function oxygenation to highly reactive pyrrole 
esters, which are the primarily toxic metabolites. At high doses 
these compounds bind to liver cell proteins and other macromol-
ecules and cause extensive periacinar hepatocellular necrosis and 
hepatic failure. With lower, repeated doses, the progressive damage 
to liver cells results in a gradual increase in connective tissue in 
the liver and cirrhosis develops.97 Chapter 32 further elaborates 
the risks associated with ingestion of or contact with poisonous 
plants.

Safety must be the starting point for national drug development 
strategies for herbal medicines. WHO Guidelines on the Evalua-
tion of Herbal Medicines consider that clinical evaluation is ethical 
where drugs have long been in traditional use and a range of 
models for safety testing now exist.98

Research should consider best evidence for safety, including 
evidence for adverse effects from treatments (including magni-
tude, percentage of people so affected, etc.), as well as from 
inappropriate applications of traditional therapies. Post-market 
surveillance studies can provide information on adverse effects of 
botanical herbal preparations. Pharmacognostic and pharmaco-
logical research can provide information on the quality, effi cacy, 
safety or toxicity of botanical/herbal medicinal preparations.

It is also important to keep a balanced perspective on the 
issue of safety of herbal medicines, while recognizing the very real 
risks associated with a number of these and with the untrained 
use of plants as medicines. A basic question often asked in 
addressing safety in herbal medicines is ‘Safe with respect to what?’ 
Research has found that in the USA, 51% of FDA-approved drugs 
have serious adverse effects not detected prior to their approval. 
One and a half million people are suffi ciently injured by prescrip-
tion drugs annually that they require hospitalization.99 Once in 
hospital, the problem may be compounded. The incidence of 
serious and fatal adverse drug reactions (ADRs) in US hospitals 
is now ranked as between the fourth and the sixth leading cause 
of death in the USA, after heart disease, cancer, pulmonary 
disease and accidents. The fi rst study to evaluate the ADRs in a 
large population (8 208 960) of hospitalized US Medicare 
patients found that in a sample of 141 398 patients who experi-
enced an ADR, death rates were 19.18% higher and length 
of hospital stay was 8.25% higher. Increased charges for patients 
with an ADR were: total Medicare 19.86% (US$339 496 598), 
drugs 9.15% (US$24 744 650) and laboratory charges 2.82% 
(US$6 221 512).100

Clearly, the safety of and risks associated with medical interven-
tions is an issue across all categories of healthcare. A regulatory 
response is necessary on the part of governments.

In developing health systems for traditional medicine, safety 
and quality control of herbal medicines go hand in hand. A case 
in point is the development of new standards of safety and quality 
for herbal medicines produced in India, where regulations were 
introduced in 2000 to improve the standard and quality of Indian 
herbal medicines. Regulations established standard manufactur-

Safety



4. Traditional Medicine

44

ing practices and quality control, requirements for infrastructure 
and manpower, and for raw material authenticity and absence of 
contamination. The government also established 10 drug-testing 
laboratories for the Indian Systems of Medicine and upgraded 
existing ones to provide high-quality evidence to licensing author-
ities of the safety and quality of herbal medicines.

Other special considerations

Traditional orthopaedics

The World Health Report for 1999 attributes over 21 million dis-
ability-adjusted life years to the effects of musculoskeletal disease 
globally. A range of traditional approaches are used in managing 
musculoskeletal problems, with varying degrees of success and/or 
adverse outcomes. While space does not allow for these to be 
addressed here, traditional orthopaedic approaches are reviewed 
and discussed elsewhere.97

Refugee populations

Forced migration due to war or persecution of political dissidents 
can remove people from mainstream medical care and force an 
increased reliance on medical practices from their cultural tradi-
tions, even in the face of unfamiliar biodiversity. Many studies on 
psychosocial and primary health practices among refugees validate 
the effects of integrating traditional practices into refugee care. In 
one study of Burmese refugees at the Thai-Burma border, high 
traditional medicine use was found despite health offi cial views 
that there was little or no traditional medicine use among these 
displaced groups. Drawing on local knowledge of the therapeutic 
potential of medicinal plants, self-help networks were established 
and served as a public health infrastructure in areas where no 
other medical services were available due to heavy confl ict.101

FOOD AND MEDICINE

A fi nal consideration in the understanding of traditional health 
systems is the relationship between food and medicine that exists 
in these traditions.

In many traditional societies, and also in urban communities 
where traditional medicine is used and traditional medical theory 
infl uences household cooking and self-medication practices, food 
is considered central to health and the management of disease. 
Typically, there is not a clear distinction made between food and 
medicine, as food is often viewed medicinally and many plants 
used for medicine may also be included in the diet according to 
seasonal changes and family requirements.

The Hausa of Nigeria use certain plants as both food and 
medicine, including plants identifi ed as having antimalarial effects. 
Nina Etkin of the University of Hawaii has reported that the use 
of plants with antimalarial effects ‘as both food and medicine 
exposes individuals to more pharmacologically remarkable con-
stituents than does either category of use alone. Thus of the 54 
most commonly used Hausa antimalarials, 82% also appeared in 
diet, and among those there was 89% concordance that the same 
plant structure (root, leaves, etc.) served as both antimalarial and 
food. Further, among those 39 plants, 67% were maximally avail-
able during the period of highest risk of malaria infection’.102

In Cameroon and the Central African Republic, the Aka and 
Baka Pygmies have a view of illness that includes both physical 
causes and a more fundamental view of equilibrium having 
been disturbed. Disequilibrium may pertain to the relationships 
between an individual and the worlds of which he or she is a part, 
including nature, society, the cosmos and the invisible. The Aka 
search for balance extends to food, where moderation in taste and 
quantity is preferred. Excess intake of food is considered to be life-
threatening. The feeling of well-being associated with balance can 
only, in the Aka view, be obtained through a diet based around meat 
and honey. Meat is a sign of the hunter’s prowess and is considered 
essential for health. Meat is obtained through hunting and skill in 
hunting requires clarity or peace of mind. Vital energy, intuition 
and keenness of eye are all attributes of the skilled hunter.103

The Masai of East Africa cook the bark of Acacia goetzei (Mimo-
saceae) and Albizia anthelmintica (Mimosaceae) with their tradi-
tional diet of boiled meat, milk and blood – sometimes described 
as ‘the world’s worst diet’. Research by Timothy Johns of McGill 
University has shown that combining the bark with the other 
foods results in cholesterol levels one-third that of the average 
American. Unique saponins in these plants are considered to be 
implicated in producing the cholesterol-lowering effects.104

The impact of traditional diet on health has been studied in 
Japan, where a high variety of foods, especially plant foods, is 
characteristic of a traditional Japanese diet. A Japanese survey of 
the diets of 200 elderly women revealed that they consumed a 
variety of over 100 biologically different foods per week. By con-
trast, in most Western countries the recommended minimum is 
only 30. The higher the variety, the less risk of many diseases, 
including cardiovascular disease, diabetes and many cancers. A 
high intake of soy products is also found in Japan: approximately 
40 times more than the Western intake. Green tea, common in 
traditional Japanese diet, is rich in antioxidants (see, http://
members.tripod.com).

Japanese who move overseas and adopt a Western-style diet 
have an increased risk of breast cancer, coronary heart disease and 
diabetes. Breast cancer is rare in Japan due to a low dietary fat 
intake, and a high intake of soy (with protective phyto-
oestrogens), antioxidants and fi bre. In addition, high food variety 
may be involved, as well as a possible genetic element. A low 
intake of meat is a major factor in the low bowel cancer rate in 
Japan. The traditional diet is based on the healthy combination 
of a high food variety, with minimal saturated fat, more fi sh, less 
meat, and especially more fruit, vegetables and grains.

In the context of tropical medicine, an understanding of tradi-
tional dietary practices can be helpful in the management and 
possibly the prevention of certain common conditions. It is an 
area worth enquiring into when taking a patient’s history, as diet 
may include herbal ingredients that may infl uence the course of 
conventional treatment. More generally, the role of diet in the 
management of illness in the tropics is worthy of evaluation. 
While it will be complex to design dietary studies due to the mul-
tiple components in traditional diet, clinical and epidemiological 
research into the preventive and nutritional effects of traditional 
diet could examine their impact on the diseases which they have 
been used to combat in the tropics as well as on the emerging 
diseases of urban communities related to Western-style diet and 
lifestyle – particularly, diabetes, hypertension, stroke, heart disease 
and cancer.
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CONCLUSION

Traditional medicine continues to exist in the tropics as a 
major source of healthcare for the majority of the population. 
National and international policies are calling for partnerships 
between conventional and traditional health practitioners in 
order to provide adequate healthcare coverage in the face of limited 
resources.

The tropical medicine practitioner may be faced with the negative 
effects of traditional medicine practice, such as renal and liver failure 
associated with improper use of traditional medicine; or, faced with 
unavailability of conventional medicines for common conditions, 
the tropical medicine practitioner might consider that partnerships 
with traditional practitioners in research-based practice are called 
for to evaluate possible traditional treatments for common condi-
tions. In all cases, research ethics and medical ethics clearly take pri-
ority in evaluating and applying traditional treatments.

The move towards partnerships is clearly justifi ed in the face of 
benefi cial outcomes of such programmes in the fi elds of AIDS 
prevention and care and in reducing eye disease associated with 
traditional practices. Other research suggests that important dis-
coveries may also result from such collaborative partnerships in a 
range of communicable diseases and common ailments, expand-
ing the range of treatment options available for the management 
of disease in the tropics.
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Section 1 Underlying Factors in Tropical Medicine

Chapter 5 Dominic Kwiatkowski

Genetics

INDIVIDUAL VARIATION

Apart from identical twins, no two human beings are exactly alike. 
A range of variation is found in almost every characteristic that it 
is possible to quantify, whether it is a simple physical attribute 
such as height, or something that is more complicated to measure, 
such as a hormone level. Sometimes there are striking differences 
between populations, for example in skin colour. But the phe-
nomenon of human individuality goes much deeper than ethnic 
differences, and the vast majority of characteristics show signifi -
cant variation within a single village or even within a single family. 
In this chapter, the characteristics that interest us are those that 
determine susceptibility to disease.

Since ancient times it has been debated whether nature or 
nurture is primarily responsible for individual variation – i.e. 
how much is due to genetics as opposed to environment. A sub-
stantial proportion of disease in the tropics is caused by environ-
mental factors such as infectious agents or inadequate diet, so it 
might be thought that genetics would play a very small role, at 
least for the common ailments. Two lines of epidemiological evi-
dence indicate that this view is incorrect. If a parent dies prema-
turely of infection, the children are more likely to die of infection, 
even if they are adopted in childhood and thus live in a different 
environment from the parent.1 And the risk of developing tuber-
culosis,2 leprosy3 or malaria4 has been demonstrated to have a 
signifi cant heritable component by comparing monozygous twins 
(who are genetically identical) with dizygous twins (who are 
genetically related but not identical). Such observations, together 
with a growing body of molecular data, have led to the view that 
genetic factors play a role in almost all human disease, even if the 
primary cause is environmental. For example, genetic variation 
may partly explain why one child develops fatal cerebral malaria, 
or kwashiorkor, while other children living in the same com-
pound are equally exposed to malaria parasites and to poor diet 
but do not develop these severe clinical syndromes. A study in 
Kenyan children found that host genetic factors appeared to 
account for 25% of variation in risk of severe malaria, whereas 
household factors accounted for only 14%.5 A huge amount of 
scientifi c effort is now being put into investigating the many dif-
ferent genetic factors that infl uence susceptibility to common dis-
eases, in the hope that this will provide fundamental insights 

into molecular pathogenesis and ultimately lead to better ways of 
disease prevention.

Human disease genetics in the twentieth century was domi-
nated by a set of rules deduced by Gregor Mendel in 1865. The 
observable characteristics that Mendel measured in his fl owering 
peas, and that epidemiologists measure in human subjects, com-
prise the ‘phenotype’ of the individual. Mendelian rules apply 
when a specifi c genetic variant, for example a deletion or change 
in part of a DNA sequence, causes a predictable phenotypic 
change.6 Humans generally have two copies of each gene, one 
from the mother and one from the father. A genetic effect is 
termed dominant if the phenotypic effect is observed in the het-
erozygote, i.e. when one copy of the gene is affected and the other 
copy is not. In contrast, a recessive effect is one where the affected 
phenotype is observed only in the homozygous state, i.e. when 
both copies of the gene are of the variant type. Here, the affected 
individual must receive the genetic variant from both parents, who 
may or may not be affected themselves. Genes on the X and Y 
chromosomes are a special case, as females carry two copies of the 
X chromosome while males carry one X plus one Y chromosome: 
thus, only one copy of a recessive X-linked genetic character is 
suffi cient to cause the affected phenotype in a male. Based on 
these principles, clinical investigators have identifi ed many major 
genetic diseases simply by analysing how the phenotype segregates 
in affected families. A classical example of a recessive effect is 
sickle cell disease, caused by a mutation that substitutes valine for 
glutamic acid in the sixth position of the β-globin chain. In homo-
zygotes this causes anaemia and severe clinical complications 
resulting from major erythrocyte deformities at low oxygen satura-
tions. Heterozygotes have a much milder phenotype and are nor-
mally asymptomatic. Thus, the typical patient with sickle cell 
disease is born to heterozygous parents, who each carry one copy 
of the affected gene but have no overt manifestations of the 
disease. Molecular geneticists have now identifi ed over 7000 forms 
of DNA variation that act in a Mendelian fashion to alter human 
phenotype.7 Mendelian genetic diseases are mostly at low preva-
lence in the general population, with the notable exception of 
erythrocyte defects such as sickle cell disease and thalassaemia.

The challenge for the twenty-fi rst century is to unravel the 
genetic basis of common human diseases that do not show a 
Mendelian pattern of inheritance. These include major infectious 
diseases such as malaria, HIV/AIDS and tuberculosis, as well as 
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non-infectious conditions such as hypertension, diabetes, demen-
tia and the different cancers. The lack of Mendelian inheritance 
simply indicates that these conditions are not determined by a 
single major gene. Probably hundreds of different genes are 
involved, interacting with each other as well as with multiple 
environmental risk factors. Up till now such complexity has been 
impossible to dissect, but this fi eld has recently been revolution-
ized by the sequencing of the human genome, and by novel 
technologies that will permit analysis of many thousands of 
genetic variants at the epidemiological level.

DIVERSITY OF THE HUMAN GENOME

A draft sequence of the human genome was published in early 
20018,9 and the fi nished sequence was published in 2004.10 The 
entire sequence can be browsed and interrogated in detail on 
websites such as Ensembl.11 The total size of our genome is slightly 
over 3 billion base pairs but genes that encode protein account 
for only a small proportion of this. What the rest of our DNA does 
is open to question, but there is growing evidence that it may be 
extremely important for gene regulation.12 Surprisingly, we are 
estimated to have slightly under 23 000 genes, which seems a 
remarkably small number given that the worm C. elegans has 
about 20 000 and the fruitfl y about 14 000. This highlights the 
potential importance of gene regulation in determining uniquely 
human attributes. By the same token, a large part of human phe-
notypic diversity may stem from DNA polymorphisms that alter 
gene regulation rather than protein structure.

The term polymorphism is used to describe genetic variants 
that are found in a signifi cant proportion (e.g. >1%) of the general 
population. The most common form of DNA variation, where one 
nucleotide is substituted for another, is called a single nucleotide 
polymorphism or SNP (pronounced ‘snip’). The different forms 
of a polymorphism are called alleles: thus, a typical SNP has two 
alleles. Over 6 million common SNPs have so far been discovered 
and the total is likely to be in the order of 10 million. If we con-
sider an average 10 kb region of the genome (i.e. one where the 
length of DNA sequence is 10 000 base pairs), there might typi-
cally be about 30 SNPs. If each SNP has two alleles, this amounts 
to over a billion (230) possible combinations, but in practice only 
a relatively small number of combinations are seen in any popu-
lation. A particular combination of alleles that is seen in the 
population is known as a haplotype. One of the most important 
advances in human genetics in recent years has been the publica-
tion of a detailed haplotype map of the human genome, and in 
the later part of this chapter we will discuss why this is so impor-
tant for investigation of the genetic basis of common diseases.13,14 
A second common form of variation involves repetition of a part 
of the sequence. In some cases the sequence that is repeated is 
very short (e.g. a two-base-pair repeat would be of the form  .  .  .   
ATATATAT  .  .  .  ) and variation occurs in the number of times it is 
repeated (e.g. 10 to 20): this is known as a microsatellite. In other 
cases the sequence that is repeated is much larger (e.g. >1 kb): this 
is known as copy number variation and it is emerging as a much 
more common form of human genome variation than was for-
merly thought.15 A third common form of variation is insertion 
or deletion of a segment of DNA, known as an indel, which again 
may be just a few base pairs or a much larger segment. A fourth 

form of variation, which may be linked to all of the above, involves 
structural rearrangements of the genome.16

Despite the recent explosion in our knowledge of human 
genome variation it will be many years before we have a compre-
hensive catalogue of common genetic variants. In very crude 
terms, if two random chromosomes from a single population were 
compared, e.g. the maternal and paternal chromosomes contained 
in a single individual, it is likely that there would be over a million 
differences in the sequence. Remarkably, the level of nucleotide 
diversity within a single African village is not much less than the 
values observed when chromosomes are randomly sampled from 
around the world. This reinforces a point which population genet-
icists have known for some time, namely that the level of genetic 
differentiation between human populations is low, relative to the 
amount of genetic diversity that is typically present within a single 
population. Overall, nucleotide diversity within Africa tends to be 
greater than in other populations, consistent with the view that 
modern humans migrated out of Africa relatively recently in our 
evolutionary history.

SELECTIVE PRESSURE OF INFECTIOUS DISEASE 
ON THE HUMAN GENOME

At a global level, by far the most common group of known genetic 
disorders are those that involve the red blood cell. They include 
disorders of haemoglobin regulation (α- and β-thalassaemia due 
to mutations that suppress production of α- and β-globin, respec-
tively); haemoglobin structure (sickle cell disease due to haemo-
globin S, and other structural mutations of β-globin such as 
haemoglobin C and haemoglobin E), red cell enzymes (glucose-
6-phosphate dehydrogenase defi ciency due to G6PD mutations) 
and red cell ultrastructure (ovalocytosis due to mutations of the 
gene encoding band III protein). Although these genetic variants 
have different geographical distributions, they share one remark-
able feature, namely that all are commonest in populations whose 
ancestors were highly exposed to malaria.17 Over 50 years ago 
Haldane proposed an explanation, namely that these polymor-
phisms confer protection against malaria.18

There is now substantial evidence that this hypothesis is correct. 
The HbS allele, which encodes haemoglobin S, is a classical 
example of what Haldane termed balanced polymorphism, 
whereby heterozygotes are protected against malaria while the 
harmful genetic effects are restricted to homozygotes. African chil-
dren who are heterozygous for HbS are 10 times less likely to 
develop life-threatening complications of Plasmodium falciparum 
infection than those who lack this allele19 but they suffer none of 
the severe clinical problems seen in HbS homozygotes. Different 
degrees of protection against severe malaria have been docu-
mented for the HbC allele and for G6PD variants in African 
populations, and for band III polymorphisms in Papua New 
Guinea.20–23 The frequency of α+-thalassaemia shows a close epi-
demiological relationship with malarial endemicity,24 and it has 
been shown to protect against severe malaria,25,26 but the story is 
complex, as it appears to be associated with increased malaria 
incidence in some settings27 and there is evidence that the protec-
tive effect is lost in the presence of HbS.28

The potential value of population genetics in elucidating fun-
damental aspects of infectious disease is beautifully illustrated by 
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the story of Duffy blood group antigen. West Africans lack Duffy 
antigen on their erythrocytes because of a SNP in the correspond-
ing gene, and this makes them highly resistant to infection with 
P. vivax.29,30 This discovery has yielded fundamental insights into 
the molecular mechanism by which malaria parasites invade 
human erythrocytes,31 the type of information which could be 
invaluable in the development of an effective vaccine.

How has the selective pressure of infectious disease affected 
genetic diversity of the immune system? Certain HLA types appear 
to have risen to a high frequency in West Africa because of 
their protective effect against malaria,19 but this is just the tip 
of the iceberg, and many similar examples for other infectious 
agents and for other immune genes undoubtedly remain to be 
discovered. Analysis of human genome sequence diversity may 
provide important clues to recent positive selection – e.g. when a 
new allele rapidly rises to high frequency in the population, it 
tends to carry surrounding alleles with it, resulting in extended 
haplotypes (a haplotype is a particular combination of alleles 
found in a localized region of the genome).32 A survey of over 3 
million SNPs in people of African, European and Asian ancestry 
found more than 300 regions of the genome that appeared to be 
under strong recent positive selection.33 In some cases evolution-
ary selection appeared to involve multiple genes involved in a 
single biological process, including the LARGE and DMD genes 
which are both related to infection by the Lassa virus in West 
Africa.

GENETIC CONTRIBUTION TO 
COMMON DISEASES

There is now much information about those human diseases that 
are primarily caused by a major defect in a single gene.7 They 
include a large number of fatal or highly debilitating diseases, 
such as muscular dystrophy, cystic fi brosis and Tay–Sachs disease, 
which are of huge consequence for the affected family, but fortu-
nately they are relatively uncommon. From the perspective of the 
developing world, sickle cell disease and thalassaemia are of great 
importance but most other single gene disorders are not major 
public health priorities. The commonest infectious and non-infec-
tious diseases of the developing world are infl uenced by many 

different environmental factors plus a genetic component which 
is largely unknown but undoubtedly complex. Here we will con-
sider two different ways in which genetic factors may contribute 
to common disease of complex aetiology.

At one end of the spectrum, even if many environmental and 
genetic variables infl uence the disease process, there may exist 
certain families where the predominant factor is a single gene. For 
example, in a population with an extremely high prevalence of P. 
vivax infection, where a small minority of individuals are Duffy-
negative, complete resistance to P. vivax is a rare phenomenon 
which segregates in certain families according to classical Mende-
lian rules. Another example is the group of genetic defects that 
result in primary immunodefi ciencies.34 In parts of the world with 
a high burden of infectious disease, it is extremely diffi cult for 
doctors and nurses to distinguish the child with congenital severe 
immunodefi ciency from all the other infants and children who 
die of infectious causes. Thus, a clinical syndrome such as ‘infant 
death due to disseminated staphylococcal infection’ is a highly 
complex phenotype, of which a small subgroup may come from 
families affl icted with a major genetic defect. Table 5.1 gives some 
examples of the 100 or so major genetic defects of the immune 
system that have been identifi ed, mostly due to a rare mutation 
of a single gene. Apart from the importance of this information 
for affected families, it has provided valuable insights into the 
molecular and cellular basis of host immunity against different 
microbial species.

At the other end of the spectrum are genetic variants with a 
much more modest effect on disease susceptibility. In recent years 
there has been an explosion of information about DNA polymor-
phisms that appear to increase or decrease the risk of common 
diseases by a factor of two or even less. Being only a small part of 
a complex picture, such genetic effects do not show Mendelian 
segregation within families, but they can be detected by large-scale 
epidemiological studies such as case–control analysis. Why are 
scientists concerned about such weak genetic effects? Even a 
modest genetic effect may be of considerable public health impor-
tance if it acts on an extremely common disease, and if many 
different genes each make a modest contribution, the overall 
genetic effect may be huge. And even modest association with 
specifi c genetic variants may be suffi cient to gain novel insights 
into the molecular pathogenesis of common diseases – by provid-

Table 5.1 Severe immunodefi ciency disorders with Mendelian inheritance

Example of genetic defect System involved Typical clinical syndrome
B cell cytoplasmic tyrosine kinase
CD40 ligand

B lymphocyte Recurrent bacterial infection due to defective antibody production

Interleukin-2 receptor γ chain
Adenosine deaminase

T lymphocyte Severe bacterial, viral and fungal infection due to defective 
humoral and cellular immunity

Cytochrome b558
Integrin β chain

Neutrophil Severe bacterial infection due to defective phagocytosis

Interferon-γ receptor Macrophage Extreme susceptibility to infection with environmental mycobacteria

Terminal complement components Complement Recurrent Neisseria infection

Toll-like receptor 3 Innate sensing Herpes simplex encephalitis35

Almost 100 severe defi ciency disorders have been identifi ed. Each is caused by a rare mutation of a single gene. Different mutations in the same 
gene may cause subtle variations in clinical phenotype. Mutations of different genes may lead to similar clinical syndromes if they disrupt a 
common immune pathway. For a more in-depth review of the problem see (34).

Genetic Contribution to Common Diseases
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ing categorical evidence about the host factors that are involved 
– that may point to new strategies for treating or preventing the 
disease. Table 5.2 lists some genetic polymorphisms that have 
been associated with susceptibility to common infectious diseases, 
and here we will discuss the possible signifi cance of a few of these 
associations.

The great diversity of human leukocyte antigens (HLA), which 
act to present antigens for recognition by T lymphocytes, is pos-
tulated to have arisen as a host strategy to counter antigenic diver-
sity in infectious organisms. Attempts to identify HLA types that 
confer resistance or susceptibility to specifi c pathogens have often 
been inconclusive or diffi cult to replicate, possibly refl ecting geo-
graphical and temporal fl uctuation in critical microbial antigens, 
but a few general themes have emerged. Several studies in Asian 
populations and elsewhere have identifi ed HLA-DR2 as a risk 
factor for susceptibility to tuberculosis and leprosy.44,51 HLA-
DRB1*1302 has been associated with resistance to chronic hepa-
titis B infection in both African and European populations.53,54 
HLA-B*35 is associated with rapid progression of HIV-1 infection 
in Caucasian populations38 and other associations have also been 
reported. HLA-B*5301 and HLA-DRB1*1302 show highly signifi -
cant associations with protection from severe malaria in West 
Africa.19

The human chemokine receptors CCR5 and CXCR4 serve as 
co-receptors with CD4 for entry on HIV-1 into human cells. 
Homozygotes for a 32-base-pair deletion of the CCR5 gene have 
a high level of resistance to AIDS infection36 and rates of AIDS 
progression appear to be affected by other mutations in CCR5,37 
CCR255 and other genes thought to be involved in HIV entry 
(reviewed by O’Brien & Nelson56).

One approach to discovering human disease genes for complex 
diseases is to identify mouse strains that differ in disease suscep-

tibility and then, by a process of cross-breeding and genetic 
mapping, to track down some of the genes responsible. For 
example, following a laborious and systematic effort to identify 
genetic locus for resistance to infection with mycobacteria, Salmo-
nella and leishmania in inbred strains of mice, the gene respon-
sible was eventually identifi ed by positional cloning57 and has 
subsequently been named SLC11A1. It is a divalent ion transporter 
located in the macrophage phagosomal membrane. Another 
example of the positional cloning approach is the murine tuber-
culosis susceptibility gene SP110, which appears to inhibit the 
multiplication of M. tuberculosis and switches a cell death pathway 
in infected macrophages from necrosis to apoptosis.58 There is 
some evidence that polymorphisms in SLC11A1 (also known as 
NRAMP1) and SP110 are associated with human susceptibility to 
tuberculosis in West Africa.59,60

THE FUTURE OF GENETIC EPIDEMIOLOGY

The classical genetic approach used to study Mendelian disease, 
i.e. single gene defects with major clinical consequences, is known 
as linkage analysis. This has two essential components. First, it 
requires families with more than one case of the disease, ideally 
extensive pedigrees with several affected individuals. Second, it 
requires highly polymorphic genetic markers distributed through-
out the genome, which are used to localize chromosomal regions 
that segregate with disease susceptibility within families. Of the 
thousands of major single gene defects that are now known, most 
have been discovered through this approach. These include severe 
defects of the immune system, some of which are given in the 
Table 5.1, and important diseases such as cystic fi brosis and 
muscular dystrophy.

Table 5.2 Examples of genetic factors associated with risk of common infectious diseases

Infectious disease Gene locus Function Selected references
HIV/AIDS CCR5/CCR2 Chemokine receptor 36, 37

HLA class I Antigen presentation 38, 39

Meningococcal disease C5 to C9 Terminal complement pathway 40, 41

PAI-1 Inhibitor of fi brinolysis 42, 43

Tuberculosis HLA-DR Antigen presentation 44

TIRAP Toll-like signalling 45

Dengue CD209 Attachment receptor 46

Norovirus FUT2 ABO secretor status 47, 48

Malaria HLA class I and II Antigen presentation 19

α- and β-globin Haemoglobin structure and regulation 19, 25, 26, 28

SLC4A1 Erythrocyte structure 21, 49

G6PD Cytosolic enzyme 20, 50

Leprosy HLA class II Antigen presentation 51

PARK/PACRG Molecular chaperone 52

Gene regions in which allelic variants have been associated with increased or decreased susceptibility to infectious disease. Often the variant allele 
is common in the population (e.g., above 10%) but the alteration in disease risk is relatively modest (e.g., two to fourfold). These examples 
probably represent a small minority of the total number of genetic factors involved. By dissecting the functional basis of such genetic 
associations, through detailed epidemiological and experimental analyses of the candidate gene regions in question, it may be possible to gain 
important insights into the molecular basis of immunity and pathogenesis. For detailed reviews of these and other examples see 17, 43, 78, 79.
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In the decade or so before the human genome sequence was 
published, signifi cant efforts were made to extend the principle of 
linkage analysis to common diseases that are clearly not single 
gene defects but are known to have a signifi cant heritable compo-
nent that is most likely to arise from multiple genetic factors, 
interacting with multiple environmental factors. One approach, 
known as affected sib-pair analysis, which studies large numbers of 
families with two or more affected siblings, has had a few major 
successes in discovering genes that affect risk of common diseases, 
notably the identifi cation of NOD2 as a susceptibility gene for 
Crohn’s disease.61,62 In infectious diseases, genetic linkage studies 
have identifi ed susceptibility loci for schistosomiasis (in the 
chromosomal region 5q31–33 containing a high concentration 
of Th2 cytokines63), malaria (also on 5q31–3364), leprosy (on 
10p1365 and on 6q2552), tuberculosis (on 15q and Xq59), and 
hepatitis B (on 21q22 containing a cluster of class II cytokine recep-
tor genes66). However, it remains a major undertaking to proceed 
from the discovery of an interesting chromosomal region by 
linkage analysis to identifi cation of the genes responsible, and it is 
becoming increasingly clear that common diseases are typically 
determined by a large number of different genetic factors, each 
with modest effects, most of which would not be apparent using 
the genetic linkage approach unless the sample size was vast.

Investigation of the genetic basis of common diseases has been 
revolutionized by knowledge of the sequence of the human 
genome,8–10 and by two major advances that this has led to. The 
fi rst major advance is a rapidly growing body of information 
about common forms of genomic variation as outlined in the 
earlier part of this chapter, and particularly a haplotype map of 
the human genome.13,14 The advantage of a haplotype map is that 
it allows researchers to identify common patterns of variation, and 
to select ‘tagging’ SNPs that are characteristic of the common vari-
ants. This allows a great deal of information about genetic varia-
tion across the whole genome to be gained by genotyping about 
half a million SNPs, which, though a large task, is vastly easier 
than having to type all 10 million or so common variants. The 
second major advance has been a series of radical innovations in 
high-throughput genotyping and sequencing technology which 
currently allow over half a million SNPs to be genotyped in thou-
sands of individuals, and the race is on to devise a method of 
sequencing the whole human genome for US$1000 or less.

The fi rst major application of these new technologies has been 
to develop statistically robust methods of genome-wide associa-
tion analysis to discover novel genetic determinants of common 
diseases. Typically this is in the form of a case–control study, 
where the frequency of a particular genetic variant is measured in 
diseased individuals, and compared with controls recruited from 
exactly the same ethnic group. To understand why ethnic match-
ing is so important, consider a mixed population within which a 
certain ethnic group is liable to develop a specifi c disease for 
entirely sociocultural reasons. In this situation, a random sample 
of disease cases will contain a higher proportion of this ethnic 
group than is found in the general population, and there is a 
danger that apparent ‘genetic associations’ may simply refl ect 
ethnic differences rather than true disease susceptibility genes. 
Fortunately, methods are emerging to correct for this statistically, 
using genome-wide SNP data, and one way of defi nitively exclud-
ing artefacts is to supplement case–control approaches with intra-
familial association studies, where the distribution of genotypes 

among index cases is compared with that predicted from their 
parental genotypes using statistical techniques such as the trans-
mission disequilibrium test.67,68

A critical requirement of genome-wide association studies is 
sample size, for several reasons. First, common diseases may have 
many different genetic infl uences that are individually of modest 
magnitude. Second, false-positive associations arise when hun-
dreds of thousands of SNPs are tested, and large sample sizes are 
needed to differentiate these from true positives. Third, there are 
gene–gene and gene–environment interactions, with a vast number 
of combinatorial possibilities; any given combination of factors 
may be present in only a small proportion of individuals. This 
area of research increasingly relies on the formation of consortia 
to bring together large epidemiological sample sizes with state-of-
the-art genome technologies and complex statistical analyses. A 
particularly successful example is the Wellcome Trust Case Control 
Consortium, which carried out genome-wide association analysis 
on a total of 17 000 individuals from the UK population, includ-
ing 3000 controls and 2000 cases for each of seven common UK 
diseases.69 This has led to important genetic discoveries across a 
range of conditions including cardiovascular disease70, type 1 dia-
betes71, type 2 diabetes72, infl ammatory bowel disease73 and anky-
losing spondylitis74 and has catalysed studies on broader aspects 
of human variation including obesity75 and height.76

A parallel initiative is the Malaria Genomic Epidemiology 
Network (MalariaGEN), a consortium of malaria researchers in 20 
countries who have collectively collected DNA samples and 
detailed clinical data from thousands of individuals with severe 
malaria.77 Previously this resource has been fragmented, with dif-
ferent groups pursuing relatively small studies on their own 
samples, and the goal of the MalariaGEN consortium is to join 
efforts to undertake a systematic and comprehensive search for the 
human genetic determinants of resistance to malaria.

Discovering a genetic association is not the end of the story. 
Every polymorphism shows a greater or lesser degree of associa-
tion with neighbouring polymorphisms (a phenomenon known 
as linkage disequilibrium). So when we fi nd a disease association 
with a polymorphism in gene X, the next step is to search for other 
polymorphisms in the region of X, and then to compare the 
strength of disease association with different combinations of 
linked polymorphisms (known as haplotypes), in order to dissect 
the causative polymorphism from linked markers that are func-
tionally irrelevant. If gene X is just one of a large number of 
environmental and genetic factors that determine disease suscep-
tibility, the process of fi ne-mapping may be extremely complex 
(e.g. it is much more diffi cult for diabetes than for cystic fi brosis) 
and this is the area where the most questions remain about the 
feasibility of the new genetic approach to the analysis of common 
human diseases.

HOW IS GENETICS GOING TO SHAPE 
MEDICAL PRACTICE?

What is the practical purpose of understanding the molecular 
genetic basis of susceptibility to infection? Efforts to develop vac-
cines and improved treatments for major diseases such as tuber-
culosis, HIV/AIDS and malaria are hindered by our poor 
understanding of the molecular and cellular mechanisms that 

How is Genetics Going to Shape Medical Practice?
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determine clinical outcome. Genetic epidemiology may identify 
novel molecular mechanisms and improve understanding of crit-
ical events in the evolution of disease. For example, if an infectious 
disease is associated with high levels of factor X in the blood, it is 
often diffi cult to know whether this is of pathogenic importance 
or simply an epiphenomenon of the disease process. But if the 
production of factor X is known to be determined by a genetic 
polymorphism, and if this polymorphism is shown to predispose 
to the disease in question, then there is a much stronger case for 
factor X playing a causal role.

The human genome project has generated huge expectations 
but it will take decades for the full clinical implications to be 
revealed. For severe genetic disorders, detailed understanding 
of the molecular causes will improve diagnostic screening and 
genetic counselling, and will spawn novel therapeutic strategies 
including gene therapy. But for common human diseases, the 
long-term impact of genetic research will be at the level of the 
population rather than the individual patient. Genetic epidemiol-
ogy provides a potentially powerful way of identifying the critical 
molecular events required for an infectious agent to invade 
the human host, and for the host to eradicate or succumb to the 
infection. This information is likely to revolutionize the process 
of drug discovery and vaccine development, a point that has 
already been taken on board by many of the major pharmaceuti-
cal agencies.

Humankind has evolved in a hostile microbial environment, 
and natural selection by infectious disease may be one of the 
major causes of human genetic diversity, particularly in the 
immune system. The high frequency of the sickle haemoglobin 
gene in West Africa, which has arisen because of its protective 
effect against malaria and despite the lethal nature of the homo-
zygous state, gives some idea of the strength of genetic selection 
that may be involved. It is possible that some chronic non-
infectious ailments such as atopy and autoimmune disease are a 
legacy of the evolutionary impact of infectious disease, where 
immune gene variants selected for protection against parasites and 
other infectious pathogens may have deleterious effects in an 
increasingly hygienic environment. The main reason for gaining 
a deeper understanding of the genetic factors that determine sus-
ceptibility to major infectious diseases is to learn about molecular 
mechanisms of disease and immunity that will inform efforts to 
prevent those diseases, but it may at the same time provide clues 
to the prevention of a much broader range of common diseases 
that affl ict populations around the world.
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Section 1 Underlying Factors in Tropical Medicine

Chapter 6 Ivan M. Roitt and Alimuddin I. Zumla

Immunological Aspects of 
Tropical Diseases

INTRODUCTION

The host is a continuous battleground between the immune 
system of the body1 and invading antigens, whether they are 
microorganisms,2 chemicals or cancer cells. At-risk patients are 
commonplace in the tropics because of malnutrition, HIV/AIDS, 
high parasite load, cancers, alcoholism, chronic renal and hepatic 
diseases, famine and poverty. While a vast amount of literature is 
accumulating on the subject of immune responses to pathogens,3 
the mechanisms underlying specifi c immunity to many micro-
organisms remain unknown.4 Paradoxically, while the immune 
response has evolved to confer protection against invading anti-
gens, much human pathology arises when the immune responses 
are evoked5–8 (Tables 6.1, 6.2).

COMPONENTS OF THE IMMUNE SYSTEM

The human immune system, which has evolved to resist infection 
by microorganisms, has traditionally been classifi ed into two 
parts:
1. The non-specifi c immune system consisting of:

a. External barriers
b. Innate immune system

2. The specifi c immune system, or the acquired immune 
response.

Immunology impinges on the practice of tropical medicine4 in 
four main ways:
1. Protective immunity to particular tropical parasitic infections 

is frequently inadequate and sometimes non-existent; this 

Table 6.1 Immunopathological consequences of tropical infections

Hypersensitivity type* Mechanism 
involved

Examples

Type I (allergic) IgE
Mast cells, basophils
IgE, mast cells

Ascaris larvae (lung)
Schistosomiasis (swimmers’ itch)

(anaphylactic) IgG
Complement

Hydatid cyst leak/rupture

Type II (antibody-mediated) Autoantibody Malaria anaemia?
Immune complexes Goodpasture’s syndrome

Chagas’ disease (T. cruzi)
Streptococci (rheumatic heart disease, glomerulonephritis)

Type III (immune complex) Complement Malaria (kidney)
Trypanosomiasis
Schistosomiasis (Katayama fever)
Streptococci
Serum sickness
Pulmonary eosinophilia

Neutrophils

Type IV (cell-mediated) T cells
Cytokines
Macrophages

Schistosomiasis (egg granuloma)
Tuberculosis
Tuberculoid leprosy
Lymphatic fi lariasis
Lung fl ukes (Paragonimiasis)

* Gell and Coombs’ classifi cation.
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affects both the normal course of the disease and the prospects 
for vaccination.

2. The prolonged ineffective immune responses can give rise to 
serious immunopathological consequences.

3. People affl icted with tropical infections often suffer a general 
immunodefi ciency that weakens their response to normally 
mild infections.

4. The monitoring of immune responses, even when they are not 
protective, can often be of help in diagnosis and management.

Non-specifi c immunity: external barriers

External barriers (Figure 6.1) are normal mechanical and physi-
ological properties of the host, which include:
• Skin (e.g. keratin, sebum, normal fl ora)
• Mucosal surfaces (e.g. intestinal, vaginal, cornea)
• Flushing mechanisms (e.g. urinating, ciliary movement)
• Enzymes (e.g. gut, tears)
• Normal microbial fl ora (e.g. commensals in skin, gut, vagina).

Skin

The skin is probably the most important physical barrier to invad-
ing microorganisms. The skin secretes sebum which inhibits 
growth of microorganisms. The skin’s normal microfl ora compete 
with pathogenic organisms. This effect, called ‘colonization inhi-
bition’, is also seen in the gut and pharynx. The physical barrier 
of the skin is usually only overcome when it is breached by 
scratches, wounds, bites, burns, trauma or injections.

Abrasions, ulcers, trauma

Breach in the continuity of the skin permits entry of skin patho-
gens such as staphylococci, streptococci or leptospira.

Table 6.2 Immunopathology associated with acute bacterial infections

Bacteria Toxins Disease
Staphylococci Enterotoxin A Food poisoning

Enterotoxin B
Enterotoxin C1–3
Enterotoxin D
Enterotoxin E
Toxic shock syndrome toxins Toxic shock syndrome
Exfoliating toxin A Scaled-skin syndrome
Exfoliating toxin B

Group A streptococci Pyrogenic exotoxin A Streptococcal sore throat
Pyrogenic exotoxin B
Pyrogenic exotoxin C
Pyrogenic exotoxin D
Erythrogenic exotoxin Scarlet fever
Haemolysis exotoxin Erysipelas

Clostridium perfringens Enterotoxin Gas gangrene

Yersinia enterocolitica Enterotoxin Terminal ileitis

Mycoplasma arthritidis Exotoxin Arthritis

Gram-negative bacteria (Endotoxin, LPS) Gram-negative shock

Skin barrier Normal bacterial
microflora

Lungs

Cila Mucus Mucus

Acid

Gut
Fatty
acids

Susceptible
hair follicle

Figure 6.1 The fi rst-lines of defence against infection: protection at 
the external body surfaces. (Redrawn with permission from Delves PJ, 
Martin SJ, Burton DR, Roitt IM. Roitt’s Essential Immunology. 
11th edn. Oxford: ©Blackwell; 2006.)

Insect bites

A number of infectious agents have used the vehicle of blood-
sucking insects to get through the skin. Transmission by blood-
sucking insects is a good example of how a resourceful parasite 
overcomes the external skin barrier and simultaneously solves the 
problem of spreading in a thinly populated country, but of course 
it also restricts the parasite to areas where the vector fl ourishes. 
They are further restricted to fl ourish in warmer parts of the world 
because they are not able to complete their life cycles in colder 
climates when their insect hosts assume the temperature of the 
environment. Nevertheless, only a tiny minority of potential par-
asites actually succeed in gaining a foothold in man. When they 



59

diffi cile diarrhoea appear promising. However, data to support use 
of probiotics for prevention of traveller’s diarrhoea are more 
limited.10

Parasite evasion mechanisms for avoiding 
innate immunity

Complex multicellular microorganisms such as helminths have 
developed extensive strategies, not only for gaining access through 
direct intact skin, but also for migrating through subcutaneous 
tissues of the body until they reach their favorite habitats where 
they can thrive and multiply. In the tropics most infectious agents 
(apart from a few helminths such as cercariae of schistosomes and 
larvae of hookworm) use the faecal–oral route to overcome the 
external barriers. This route is more effective in tropical areas 
where clean water supplies are not highly organized and where 
sanitary facilities are often rudimentary. Clearly external barriers, 
while highly effective in preventing infections with harm-
less agents, are relatively ineffective against highly virulent 
organisms.

Non-specifi c immune system: innate 
immune responses

These can be divided into those that are mediated by:
• Phagocytic cells
• Natural killer (NK) cells
• Soluble factors
• Complement system.

Phagocytic cells

The cells of the innate immune system are collectively termed 
phagocytic cells because they are able to ingest simple unicellular 
organisms such as viruses, bacteria and rickettsiae and kill them 
by a variety of different mechanisms. These cells include (a) neu-
trophil leucocytes11 and (b) monocytes/macrophages.11,12 Phago-
cytosis of invading organisms occurs when phagocytic cells are 
attracted to sites of invasion/infl ammation by soluble mediators. 
The effi ciency of phagocytosis is enhanced when organisms are 
covered or ‘opsonized’ by complement or antibody, which provide 
receptors for the attachment for antibody. Organisms are phago-
cytosed and taken up into phagosomes which fuse with the lyso-
somes containing free radicals and lytic enzymes, resulting in 
killing (Figure 6.2).

The neutrophils are produced in large numbers (1011/day) but 
circulate for only a few hours before passing through capillary 
walls into the extravascular space. Peripheral blood neutrophils 
are appropriately placed to prevent infections with circulating 
microorganisms, especially bacteria. Patients with defi ciencies in 
neutrophil phagocyte function are prone to repeated pyogenic 
infections or develop chronic pyogenic granuloma.

Monocytes are larger phagocytic cells produced in the bone 
marrow. They circulate for hours to days in the peripheral blood, 
before differentiating into tissue macrophages.12,13 They acquire 
specifi c characters depending on the tissue in which they reside, 
e.g. liver Kupffer cells, lung alveolar macrophages, synovial mem-
brane A cells. Macrophages secrete lysozyme, neutral proteases, 
interleukin 1 (IL-1), tumour necrosis factor (TNF), superoxidases, 

Components of the Immune System

do, the responsibility for dislodging them passes to the adaptive 
immune system.

Active penetration by parasite larvae

Helminth parasites such as hookworm larvae and schistosome 
cercariae invade the human skin by use of proteolytic enzymes 
before gaining entry into the bloodstream.

Injections and razors

The use of contaminated needles and razors (traditional medicine 
cuts) breaches the skin and may enable bacteria and fungi to cause 
septicaemia. They may also transmit hepatitis viruses, HIV, malaria 
and trypanosomes.

Mucosal surfaces

Mucosal surfaces are not keratinized and thus are prone to inva-
sion by bacteria and viruses. However, natural defences occur at 
mucosal surfaces9 and these include:
• Ciliary movement to expel the debris
• Surface phagocytes
• Enzymes and surface antibody (secretory IgA)
• Mechanical washing by tears or urine
• Bacteriocins from normal fl ora.
There are a number of physico-chemical barriers which provide 
important mechanisms for limiting infectious agents. These 
include the tears from the eyes, lysozyme in saliva, ear wax 
and vaginal acidity. The mechanical barrier produced by the 
cilia and mucus of the respiratory tract traps 95% of inhaled 
organisms. The constant fl ow of bile in the biliary system as 
well as continuous production and fl ow of urine are other impor-
tant mechanisms by which invading microorganisms may be 
kept at bay.

Commensal microbial fl ora

The role of the normal fl ora of the mouth, the vagina and 
the alimentary and urinary tracts deserves special mention. The 
human host provides a safe haven for these less harmful 
bacteria, which are then able to antagonize and prevent the fl our-
ishing of pathogenic bacteria. The facultative and obligate 
aerobes produce potent inhibitors of bacterial growth called 
bacteriocins, which act to inhibit the growth of competing organ-
isms. In addition, many obligate anaerobes produce free fatty 
acids and alter the local redox potential, making the environment 
less supportive to other microorganisms. This delicate balance 
can be upset by disease or by the use of antibiotics. There is an 
increasing scientifi c and commercial interest in the use of benefi -
cial microorganisms, or ‘probiotics’, for the prevention and 
treatment of disease. The microorganisms more frequently used 
as probiotic agents are lactic acid bacteria, such as Lactobacillus 
rhamnosus GG (LGG), which has been extensively studied in recent 
literature. Multiple mechanisms of action have been postulated, 
including lactose digestion, productive antimicrobial agents, 
competition for space or nutrients and immunomodulation. 
Studies of paediatric diarrhoea show substantial evidence of 
clinical benefi ts from probiotic therapy in patients with viral 
gastroenteritis, and data on LGG treatment for Clostridium 
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leukotrienes and complement components. They can ingest bac-
teria via the macrophage mannose receptor or the macrophage 
scavenger receptor. They are also capable of ingesting other micro-
organisms, opsonized by IgG and/or complement. They kill the 
ingested organisms by using oxygen-dependent mechanisms. 
Macrophages are also capable of processing antigens and present-
ing them to T cells as peptides bound to major histocompatibility 
complex (MHC) molecules. All three functions of macrophages, 
i.e. secretion, phagocytosis and antigen presentation, are enhanced 
when macrophages become ‘activated’ by exogenous stimuli, par-
ticularly the lipopolysaccharide (LPS) of invading microorganisms 
and interferon-α (IFNα) derived from virally infected cells.

Natural killer (NK) cells are large granular lymphocytes derived 
from the bone marrow that circulate in the blood.14,15 They recog-
nize and kill targets in the absence of antigenic stimulation and 
antibody. This killing is not MHC restricted. Many NK cells have 
surface Fc receptors through which they are able to mediate anti-
body-dependent cellular cytotoxicity (ADCC). NK cells seem to 
recognize virus-infected and tumour-derived cells, through targets 
that are carbohydrate, glycolipid or glycoprotein. The cytotoxicity 
of NK cells is also enhanced by IFN and IL-2. NK cells are not a 
homogeneous population, each one containing a combination 
of different inhibitory and activating receptors which promote 
killing.

Dendritic cells are specialized antigen-presenting cells (APCs) 
derived from the bone marrow.16,17 They are distributed through-
out the tissues and when activated by infl ammatory stimuli 
take up and process antigen and migrate to the local lymph 
nodes where they present the antigen to naive T cells (Figure 6.3). 

Dendritic cells express high levels of MHC class 1 and class 2 
molecules and are highly susceptible to infection by human 
immunodefi ciency virus (HIV) because they express CD4.

Evasion of killing by phagocytic cells by microorganisms

A number of both unicellular and multicellular microorganisms 
have developed evasion mechanisms to enable them to survive 
inside the normally destructive phagocytic cells (Table 6.3). For 
instance, Haemophilus bacteria are able to do so by developing an 
outer capsular coat. The special cell wall of Mycobacteria also 
renders them diffi cult to kill by phagocytic cells. The bacteria 
Staphylococcus are able to destroy phagocytes by producing toxins 
which reduce their number. The protozoan Leishmania and the 
bacteria Listeria and Rickettsia are able to prevent phagocytosis by 
escaping from the phagosome into the cytoplasm of the phago-
cytic cell. The protozoan Toxoplasma is able to prevent intracel-
lular killing by preventing phagolysosome fusion. The bacteria 
Legionella demonstrates a similar ability. Some bacteria, namely 
Legionella, Salmonella and Mycobacterium spp, can survive and rep-
licate within the phagolysosome in a location specifi cally designed 
to kill them by somehow remodelling the phagosome.

The ability of a wide variety of infectious microorganisms to 
survive and sometimes thrive in the intracellular environment in 
which they are meant to be killed is the mechanism by which 
many of them become chronic infections (Table 6.3). In this 
intracellular ‘haven’ they are able to escape other immune mech-
anisms which would lead to their destruction. Herpes simplex 
virus and the varicella zoster virus cause recurrent infections by 

Bacterium

Phagocyte

Granules

1. Chemotaxis 2. Adherence
 through PAMP
 recognition

3. Membrane
 activation through
 'danger' signal

4. Initiation of
 phagocytosis

5. Phagosome
 formation

6. Fusion 7. Killing and
 digestion

8. Release of
 degradation
 products

Figure 6.2 Phagocytosis and killing of a bacterium. Stage 3/4, respiratory burst and activation of NADPH oxidase; stage 5, damage by reactive 
oxygen intermediates; stage 6/7, damage by peroxidase, cationic proteins, antibiotic peptide defensins, lysozyme and lactoferrin. (Redrawn with 
permission from Delves PJ, Martin SJ, Burton DR, Roitt IM. Roitt’s Essential Immunology. 11th edn. Oxford: ©Blackwell; 2006.)
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Figure 6.3 Migration and maturation of interdigitating dendritic cells (IDC). The precursors of these cells are derived from bone marrow stem 
cells. They travel via the blood to non-lymphoid tissues. These immature dendritic cells, e.g. Langerhans’ cells in skin, are specialized for antigen 
uptake. Subsequently they travel via the afferent lymphatics as veiled cells to take up residence within secondary lymphoid tissues, where they 
express high levels of MHC class II and co-stimulatory molecules such as B7. These cells are highly specialized for the activation of naive T cells. 
The activated T cell may carry out its function in the lymph node, or after imprinting with relevant homing molecules, recirculate to the 
appropriate tissue. (Redrawn with permission from Delves PJ, Martin SJ, Burton DR, Roitt IM. Roitt’s Essential Immunology. 11th edn. 
Oxford: ©Blackwell; 2006.)

Table 6.3 Some important persistent intracellular infections

Parasite persistence Site of manifestation Clinical
Herpes simplex virus Dorsal root ganglia Recurrent herpes simplex

Varicella zoster virus Dorsal root ganglia Recurrent shingles

Hepatitis B Liver Chronic hepatitis
Carrier state
Hepatoma

Epstein–Barr virus B cells
Nasal epithelium

Burkitt’s lymphoma
Nasopharyngeal cancer

Human immunodefi ciency virus (HIV) T cells
Macrophages

AIDS

Mycobacterium tuberculosis Macrophages Reactivation

Salmonella typhi Macrophages Systemic spread
Carrier state

Brucella Macrophages Chronic infection

Toxoplasma Macrophages Chronic infection or 
reactivation

Trypanosoma cruzi Macrophages Chronic infection

Leishmania spp. Macrophages Chronic infection

Plasmodium vivax Hepatocytes Recurrence

Components of the Immune System
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persisting in the intracellular environment of the dorsal root 
ganglia. Persisting viruses may act as co-factors in the development 
of certain malignancies (Table 6.4). The Hepatitis B virus (HBV) 
is able to cause chronic hepatitis and hepatoma, not only by per-
sisting in hepatocytes but also by integrating its genome within 
the host cells. The Epstein–Barr virus (EBV) is able to persist in B 
lymphocytes and in malarial areas gives rise to Burkitt’s lym-
phoma. The persistence of the same virus in nasal epithelium is 
associated with the development of nasopharyngeal carcinoma. It 
is the ability of HIV to persist intracellularly in T cells ‘amongst 
other cells’ that leads to the development of the acquired immu-
nodefi ciency syndrome (AIDS).

Viruses are not alone in their ability to cause chronic infection 
by persisting in intracellular sites. Chronic infection with Brucella 
is possible because of the ability of this bacterium to survive in 
macrophages. Similarly, the reactivation of previously healed 
Mycobacterium tuberculosis infections is due to the ability of this 
organism to lie dormant within macrophages.18 The ability of 
Salmonella typhi to persist in macrophages is partially responsible 
for the carrier state although the importance of the enterohepatic 
cycle via the biliary system should not be underestimated.

The protozoa Leishmania species8 and Trypanosoma cruzi cause 
chronic infection by persisting within macrophages although this 
is a pretty precarious strategy. Under certain conditions, the 
infected macrophages become activated and become capable of 
killing these intracellular parasites. Not only have IFNa and IL-4 
been demonstrated to be important for this activation process, but 
the macrophage divalent cation transporter, natural resistance-
associated macrophage protein (NRAMP-1), has been demon-
strated in mice to play an important role.1 The ability of certain 
strains of the protozoan Plasmodium species, especially Plasmodium 
vivax, to remain dormant within infected hepatocytes, has been 
responsible for the recurrence of attacks of malaria in individuals 
many years after leaving malaria endemic areas.19

Soluble factors

Just as there are many different types of phagocytic cells making 
up the innate immune defences, numerous families of soluble 
factors (Table 6.5) are also involved in antimicrobial activity.20,21

Interferons

The interferons22–24 (IFNα, β and γ), originally described through 
their antiviral effect, are now recognized to have antiproliferative 
and immunomodulatory roles. In response to viral infections 

IFNα and IFNβ are released from a wide variety of virus-
infected cells. They react with specifi c receptors on neighbouring 
uninfected cells, rendering them immune to virus infection. This 
binding induces the production of protein kinase and double-
stranded RNA (dsRNA)-activated inhibitor of translation (DAI). 
In the presence of viral dsRNA, DAI inactivates the cellular protein 
(eIF-2a) required for translation of messenger RNA (mRNA) 
which inhibits protein synthesis and therefore viral replication.

IFNγ is a cytokine produced by T cells that activates both 
macrophages and natural killer cells. Although the IFNs are 
used in cancer therapy and in multiple sclerosis, it is their use as 
antiviral agents against chronic hepatitis B and chronic hepatitis 
C infections that is most relevant to tropical diseases.

Defensins and cathelicidins are two major families of antimi-
crobial peptides.25 They are positively charged polar molecules 
which have a high affi nity for negatively charged phospholipids 
in microbial cell membranes. They insert and disrupt the cell 
membrane, causing lysis of the microorganism. In response to 
microbial invasion, exposure to bacterial LPS and TNF, α-
defensins are produced by neutrophils and intestinal Paneth cells. 
Under similar provocation β-defensins are produced by epithelial 
cells of the skin, pancreas, kidney and respiratory tract. In addition 
to their anti-membrane effects, both α- and β-defensins chemoat-
tract memory T cells to sites of infection. β-Defensins also che-
moattract immature dendritic cells which then develop and take 
up antigens and present them to T cell-dependent regions of local 
lymph nodes, initiating acquired immune responses.

Table 6.4 Viruses, cancer and immunity

Virus implicated Tumour Immune or other component
EB virus Burkitt’s lymphoma

Nasopharyngeal carcinoma
Immunosuppression by malaria?
High EB virus antibody
Dietary carcinogens?

Hepatitis B Hepatic carcinoma Neonatal tolerance to virus?
Afl atoxins

Papilloma Cervical carcinoma

KSAHV (HHV8) Kaposi’s sarcoma Immunosuppression by HIV

Table 6.5 Some activities of T lymphocytes that are 
mediated by cytokines

Cytokine Target cell Result
IFNγ, IL-4 Macrophage Activation

Parasite killing
MHC class II increased

IFNγ, IL-2 NK cell Activation
Virus killing

IL-1 to -6 B cell Antibody formation

IL-5 Eosinophil Activation
Worm killing

IL-2 CD4 T cell
CD8 T cell

Clonal T cell growth
Clonal T cell activation



63

Acute-phase proteins are an assorted group of plasma proteins 
which are synthesized by the liver in response to infection.26 They 
are normally present at undetectable levels but rapidly increase, 
some by over 1000 times, during the process of acute infl amma-
tory responses.27 C-reactive protein (CRP), a-1 acid glycoprotein 
(AGP) and fi brinogen are amongst this group of proteins. Albumin 
is unusual in being a negative acute-phase protein; i.e. it is present 
in detectable amounts but the levels fall precipitously during 
infection with invading microorganisms. CRP is probably the 
most widely studied. It is so called because it binds to the C poly-
saccharide of Streptococcus, rendering the bacterium opsonized for 
phagocytosis and intracellular killing. AGP increases four-fold in 
malaria and has been demonstrated to inhibit invasion of red 
blood cells by Plasmodium species by up to 80%, probably by 
blocking the merozoite binding site.

The complement system is a complex system of serum proteins 
and serum enzymes working as an amplifi cation cascade system 
which has important infl ammatory and antimicrobial func-
tion.28–30 There are three pathways of complement activation: 
the antibody-dependent classical pathway, the mannose-binding 

lectin pathway and the phylogenetically older antibody-
independent alternative pathway, all of which generate enzymes 
(C3 convertases) capable of splitting the most abundant com-
plement component, C3, into C3a and C3b fragments.

The net result of both mechanisms of activation is the deposi-
tion of C3b on microorganisms, opsonizing them for phagocyto-
sis by neutrophils which are attracted to the site by chemotactic 
factors associated with C3a and the later fragment C5a, together 
with mast cells. Figure 6.4 shows the basis of these mechanisms 
which underline the defensive acute infl ammatory response. 
Deposition of the C3b cleavage product C3d greatly enhances the 
uptake and presentation of microbial antigen by antigen-specifi c 
B cells and so potentiates the development of strong antibody 
responses. Finally, activation of the terminal components C5–9 is 
associated with the lysis of the cell walls of microorganisms.

Complement activation by the classical pathway is more highly 
effective than by the alternative pathway and genetic defi ciencies 
of C3 are associated with severe bacterial infections. Defi ciencies 
of the terminal components C5–9 are specifi cally associated with 
meningococcal septicaemia.
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Figure 6.4 The defensive strategy of the acute infl ammatory reaction initiated by bacterial activation of the complement system. Directions: 
(1) start with the activation of the alternative pathway C3 convertase through stabilization of the C3b Factor Bb complex by microbial 
polysaccharides or of the classical pathway C3 convertase through formation of the C142 complex by IgG or IgM opsonized microbes, (2) notice 
the generation of C3b, (3) which binds to the bacterium, C3a and C5a, (4) which recruit mast cell mediators, (5) follow their effect on capillary 
dilatation and exudation of plasma proteins and (6) their chemotactic attraction of neutrophils to the C3b-coated bacterium and triumph in 
(7) the adherence and fi nal activation of neutrophils for the kill. (Redrawn with permission from Delves PJ, Martin SJ, Burton DR, Roitt IM. Roitt’s 
Essential Immunology. 11th edn. Oxford: ©Blackwell; 2006.)
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Specifi c acquired immune responses

The specifi c immune responses are mediated by T and B lympho-
cytes. These responses are generally more effective than innate 
immune responses and are much more antigen specifi c. Acquired 
immune responses also generate a large population of antigen-
specifi c memory cells that mediate stronger and more rapid 
responses on re-exposure to the same infectious agent. These more 
rapid and exaggerated responses are always referred to as second-
ary immune responses, even after repeated exposure to the same 
antigen (i.e. not the primary immune response).

T lymphocytes are derived from the bone marrow but undergo 
maturation in the thymus gland. They bear a T cell receptor which 
can recognize a peptide bound to an MHC molecule on the surface 
of other cells (Figure 6.3).20 Generally peptides derived from 
protein synthesized in the cytoplasm bind to MHC class I mole-
cules (HLA A, B and C) and are usually recognized by CD8+ 
cytotoxic T lymphocytes (CTL). Peptides derived from extracellular 
proteins that are taken into APCs by endocytosis bind to MHC 
class II molecules (HLA DP, DQ and DR) and are usually recog-
nized by CD4+ helper T lymphocytes (Th). The MHC molecules 
that an individual possesses, therefore, determine which peptides 
are effi ciently presented to T cells and hence determine the strength 
of the acquired immune responses against a given infection. The 
MHC class I molecule (HLA-B53), which is common in West 
Africa, is associated with increased resistance to the malaria para-
site, Plasmodium. HLA-B53 binds to specifi c peptides derived from 
malaria sporozoites and generates CTLs which destroy the infected 
hepatocytes and inhibit malaria infection within the liver. Indi-
viduals with the MHC class II molecule DR7 mount weak immune 
responses against HBV and are more likely to become chronic 
carriers, whereas those with the DR13 allele are more likely to 
eradicate HBV infection permanently.

Cell-mediated immune responses

Cell-mediated immunity describes immune responses that involve 
T lymphocytes without the need for antibody.31 They are depen-
dent on the recognition of antigens from intracellular parasites, 
otherwise hidden from view, which are processed and presented 
in combination with MHC molecules on the surface of the cell. 
CTLs reduce the severity of infections by killing cells infected with 
intracellular microorganisms. The abundant ‘atypical lympho-
cytes’ seen in the peripheral blood of patients with infectious 
mononucleosis represent EBV-specifi c CTLs responsible for killing 
the EBV-infected B cells and terminating the disease. If this protec-
tive cytotoxicity does not materialize then malignant transforma-
tion of the chronically infected B cells may occur, giving rise to 
Burkitt’s lymphoma. The malaria parasite is postulated to inhibit 
the development of this protective cytotoxicity. In persistent viral 
infections with EBV, cytomegalovirus (CMV) and HIV, large 
numbers of memory CTLs continue to circulate in the blood and 
participate in the control of virus reactivation from latent 
infections.

CTLs have been implicated in leprosy, where they have 
been demonstrated in vitro to kill neuronal Schwann cells and 
liberate intracellular Myobacterium leprae, which can then be 
taken up by macrophages and killed. Similarly CTLs have been 
implicated in the killing of lymphocytes harbouring the protozoa 

Theileria (East Coast fever) in cattle. While the importance of 
CTLs in limiting episodes of infection is not in doubt, there is 
no established example of CTLs directly killing an infectious 
agent.

CD4+ helper T cells (Th) are classifi ed as either Th0, Th1 
or Th2, according to the pattern of soluble factors or cytokines 
they secrete. Most human Th cells are Th0, producing a broad 
range of cytokines, including IL-2, IFNγ, IL-4, IL-5, IL-6 and IL-10. 
Highly differentiated Th1 and Th2 cells secrete a narrow, non-
overlapping range of cytokines which tend to have mutually antag-
onistic biological actions. For optimum control on intracellular 
infections the Th1 subset is required. They are generated during 
strong cell-mediated immune responses in response to IL-12 
secreted by macrophages. Th1 cells secrete IL-2 and IFNg 
and induce delayed hypersensitivity skin reactions to antigens 
from the organism in question. In certain situations it is the 
Th2 subset which is preferentially stimulated, resulting in the 
secretion of IL-4 (induces IgE synthesis in B cells), IL-5 (activates 
eosinophils), IL-6 and IL-10 (inhibits Th1 cells). Th2 cell stimula-
tion results in copious antibody production (which is usually 
of no benefi t against intracellular parasites), while macrophage 
activation and intracellular parasite killing are reduced or absent 
(Figure 6.5).

Other classes of T cells are capable of downregulating immune 
responses. Regulatory T cells (Tregs) produced spontaneously 
within the thymus are phenotypically CD4+CD25+ and express 
the forkhead/winged helix transcription factor Foxp3; defi ciency 
in this population leads to autoimmunity. Contact with antigen 
in the periphery can generate two other classes of Tregs, the 
CD4+CD25−Foxp3+ Trl cells producing IL-10 and induced 
Tregs (Th3) of phenotype CD4+CD25+Foxp3+ which produce 
TGFβ.

Impaired T cell immunity is associated with susceptibility to 
severe infections with intracellular organisms including viruses, 
bacteria (Mycobacteria, Brucella and Salmonella typhi), protozoa 
(Toxoplasma, Leishmania and Plasmodium vivax) and fungi such 
as Pneumocystis and Cryptosporidium. A study of the immune 
response in leprosy provides an example of the distinction between 
Th1 and Th2 immune responses. Tuberculoid leprosy represents 
a Th1 pattern of response where the microorganisms are kept 
to small numbers at the expense of serious tissue damage to the 
host, while lepromatous leprosy represents a Th2 pattern of 
response where the host tissues are teeming with mycobacteria 
but there is little host tissue destruction. The study of leishmani-
asis provides another example of these two extremes of response. 
The study of healthy contacts of people with leprosy and leish-
maniasis would appear to indicate suffi cient immune response to 
keep the organism in check without causing severe tissue 
damage.

The concept of antagonism between the Th1 and Th2 cell 
cytokines is gaining broad acceptance and may account for 
many instances of immune suppression. The possibility that 
we may be able to switch an immune response from one 
spectrum to another is something that makes this hypothesis 
an attractive one. A number of academic units as well as pharma-
ceutical companies are trying to produce monoclonal antibodies 
and other immunological tools that will enable us to be able 
to modulate immune responses in whichever direction we 
choose.
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Humoral (antibody) responses

The bone marrow and spleen produce in the region of 109 new B 
lymphocytes daily. These cells recognize antigens through their 
specifi c surface immunoglobulin (Ig or antibody) receptor, which 
is a product of the single light and heavy chain Ig genes which 
each B lymphocyte has been programmed to express. Sometimes 
when this surface immunoglobulin binds to the antigens (usually 

with repeating motifs such as polysaccharides) of invading micro-
organisms, the B cell is induced to proliferate and change to 
plasma cells, producing specifi c antibody21 to the antigen in ques-
tion. The antigens that are capable of doing this directly are 
referred to as T cell-independent antigens and tend to give rise to 
the production of low-affi nity pentavalent IgM antibodies which, 
however, have high ‘functional affi nity’ (avidity) for the repeating 
groups on these polymeric antigens.

More commonly when antigens bind to the surface antibody 
of B cells, the complex becomes internalized inside the cell and 
antigenic peptides are presented to Th cells. This induces B cell 
proliferation and somatic mutation, resulting in the production 
of high-affi nity IgG antibodies. This so-called ‘isotype’ class switch-
ing can also result in the production of other classes of immuno-
globulin with different effector functions (i.e. IgA and IgE). Th 
cells also induce the differentiation of antigen-specifi c B cells into 
plasma cells and the production of memory B cells.

The different classes of immunoglobulin serve different func-
tions. IgM circulates in the bloodstream and is responsible for 
immune surveillance in the vascular compartment. IgG provides 
defence against extracellular microorganisms in both intravascular 
and extravascular body fl uids. IgA is usually secreted on to the 
mucosal surfaces of the respiratory, alimentary and genital tracts, 
where it is responsible for mucosal immunity. IgE is usually to be 
found in the tissues bound to mast cells, where it mediates 
immune responses against invading helminths, but is also inti-
mately involved in allergic reactions.

The antiviral effect of antibody is easy to understand. In neu-
tralization, the antibody binds to specifi c regions of the virion of 
the virus that is responsible for binding and penetration into cells. 
The virus is said to be neutralized as it can no longer gain entry 
into the cell and cause infection. Similarly, envelope viruses that 
have an LPS coat can be neutralized when antibody binds to their 
coat and induces antibody-dependent lysis of the viral envelope 
involving complement activation by the classic pathway. Also, 
viruses with attached antibody can be more readily destroyed by 
phagocytosis through binding the Fc receptor region of the anti-
body molecule. A word of caution here: one rather undesirable 
effect of antibody is, via binding to Fc receptors, the enhanced 
uptake into macrophages of organisms that thrive there, the most 
striking example of this being dengue virus.

The antibacterial affect of antibody includes the mechanism of 
opsonization and phagocytosis just described for viruses as well as 
the complement-dependent lysis of bacterial cell walls. Antibody 
can also have an antibacterial affect by neutralizing their extracel-
lular toxins. Obviously, this mechanism is particularly important 
in limiting the clinical effects of the infections with bacteria whose 
clinical symptoms are caused mainly through the production of 
toxins, e.g. scarlet fever, diphtheria, tetanus and cholera.

In the past we have made use of the production of these anti-
toxin antibodies in animals to ameliorate clinical disease. Anti-
toxin antibodies have also been used to alleviate the symptoms of 
snake bites. Unfortunately antibodies produced in other animals 
are in themselves immunogenic to humans. Therapy with these 
agents is therefore limited as repeated exposure will either give 
rise to anaphylactic reactions in humans or to such rapid immune 
elimination of the antibodies as to render them non-effective. So 
far, attempts to generate human monoclonal antibodies that will 
have such an effect has met with very limited success. Attempts 
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Figure 6.5 The generation of Th1 and Th2 CD4 subsets. Following 
initial stimulation of T cells, a range of cells producing a spectrum of 
cytokine patterns emerges. Depending on the nature of the pathogen 
and the response of cells of the innate immune system during the 
initial stages of infection, the resulting population can be biased 
towards two extremes. Th1-promoting pathogen products (such as 
LPS) engage Toll-like receptors (TLRs) on dendritic cells (DC) or 
macrophages and induce the secretion of Th1-polarizing cytokines 
such as IL-12 and IL-27. The latter cytokines promote the development 
of Th1 cells which produce the cytokines characteristic of cell-mediated 
immunity. IL-4 possibly produced by interaction of micro-organisms 
with the lectin-like NK1.1+ receptor on NK-T cells or through 
interaction of Th2-promoting pathogen products with TLRs on DCs, 
skews the development to the production of Th2 cells, whose 
cytokines assist the progression of B cells to antibody secretion and 
the provision of humoral immunity. Cytokines produced by polarized 
Th1 and Th2 subpopulations are mutually inhibitory. LT, lymphotoxin 
(TNFβ); Th0, early helper cell producing a spectrum of cytokines; IL, 
interleukin. (Redrawn with permission from Delves PJ, Martin SJ, 
Burton DR, Roitt IM. Roitt’s Essential Immunology. 11th edn. Oxford: 
©Blackwell; 2006.)
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have therefore been made to ‘humanize’ monoclonal antibodies 
generated in laboratory animals by genetically engineering the 
antigen binding sites of murine monoclonal antibodies into 
human monoclonal immunoglobulin molecules. Interestingly, it 
is not in the fi eld of tropical or infectious disease that these 
humanized antibodies are being commonly used, as these dis-
eases caused by bacterial toxins have been very effectively con-
trolled by vaccination programmes.

Antibody fragments such as scFv (VH/VL combination) or vari-
able region domains (VH or VL) alone can be selected by antigen 
from engineered phage libraries. These can be used to block 
the adherence of microbes such as Helicobacter pylori, rotavirus 
and vaginal Candida32 to specifi c receptors on the mucosal 
epithelium.

It is very rare for a parasite not to induce an antibody response. 
Even the higher eukaryotic organisms such as protozoa and 
helminths display large numbers of antigens foreign to humans, 
who as a general rule make antibody to most of them. Indeed, 
serum antibody is a most useful guide to infection, the general 
principle being that a predominance of IgM is a sign of recent 
infection. As mentioned earlier, antibody is only likely to provide 
effective defence when the parasite (or a parasite product such 
as a toxin) is in the extracellular compartment – blood, tissue 
spaces, secretions, etc. Even then, however, the existence of 
an antibody response does not ensure parasite disposal. The 
antibody may be of the wrong class or subclass (isotype) or 
of inadequate amount or affi nity. Many of the effects of antibody 
rely on attachment of the antibody molecule not only to the 
antigen but also to phagocytes and/or complement, and here 
IgG is the most desirable isotype. Isotype switching and affi nity 
maturation are both dependent on help from T cells, as is 
the development of memory. The involvement of T as well as 
B cells in antibody responses is therefore crucial, and protein 
antigen sequences from parasites are increasingly being analysed 
for antigenic portions, or ‘epitopes’ with the characteristic B cell 
or T cell recognition patterns; this is felt to be particularly impor-
tant when identifying antigens for incorporation into vaccines 
(see below). Circulating antibody leads to the destruction of 
blood forms of Trypanosoma brucei, blocks invasion of erythrocytes 
by Plasmodium merozoites which it opsonizes for phagocytosis, 
and helps to limit the spread of Trypanosoma cruzi and Leishmania 
infections.

There tend to be vigorous Th2 responses to helminths generat-
ing copious IgE synthesis and chemoattraction of eosinophils 
through IL-5 production. Thus eosinophils binding to the larvae 
of Schistosoma mansoni or Trichinella spiralis coated with specifi c 
IgE or IgG bring about their killing through release of the crystal-
loid major basic protein and activation of oxygen-dependent 
microbicidal mechanisms. Th2 responses also facilitate the expul-
sion of intestinal nematodes by the mechanisms set out in 
Figure 6.6.

GRANULOMA FORMATION

Granulomas form as a consequence of the body’s defence mecha-
nism for walling off pathogens.33 A granuloma can be defi ned as a 
focal, compact collection of infl ammatory cells in which mono-
nuclears predominate and are usually formed as a result of unde-

gradable or persisting microorganisms, or due to hypersensitivity 
responses to the organism antigens. Table 6.6 groups the infectious 
aetiologies of granulomatous disorders. The granuloma forms by a 
stepwise series of events and is the end result of a complex interplay 
between invading organism, prolonged antigenaemia, macrophage 
activity, T cell responses, B cell overactivity, circulating immune 
complexes and a vast array of biological mediators. Areas of infl a-
mation of immunological reactivity attract monocyte-macrophages 
which may fuse to form multinucleated giant cells. Further cellular 
transformation of macrophages to epithelioid cells may occur. The 
granuloma is an active site of numerous enzymes and cytokines 
and, with ageing, fi bronectin and progression factors such as plate-
let-derived growth factor (PDGF), transforming growth factor β 
(TGFβ), insulin-like growth factor (IGF-1) and tumour necrosis 
factor alpha (TNFα). There is a close relationship between activated 
macrophages bearing increased expression of major histocompat-
ibility (MHC) Class II molecules and CD4+ T lymphocytes. These 
T helper cells recognize protein peptides presented to it by APCs 
bearing MHC class II molecules. The T cell induces IL-1 on the 
macrophage and thereafter a cavalcade of chemotactic factors pro-
motes granulomagenesis. IFNγ increases the expression of MHC 
Class II molecules on macrophages, and activated macrophage 
receptors carry an Fc fraction of IgG to potentiate their ability to 
phagocytose. The end result is the epithelioid granuloma, which 
progresses under the impact of transforming and platelet-derived 
growth factor towards fi brosis.

Granulomas of various infections may have different immuno-
regulatory mechanisms governing their formation and resolution. 
Granulomas which synthesize predominantly Th2-type cytokines, 
such as those that form in response to parasite ova, make only 
small quantities of Th1-type cytokines chronically, whereas granu-
lomas such as those of tuberculoid leprosy make large quantities 
of Th1-type cytokines and fewer of the Th2-type cytokines.

PARASITE EVASION OF HOST DEFENCE 
MECHANISMS

Infectious agents have developed a number of mechanisms for 
evading the body’s immune system (Table 6.7). Many infectious 
microbes avoid antibody responses by adapting to an intracellular 
environment where it is impossible for them to come into contact 
with antibody. The helminth, Schistosoma species and the proto-
zoan, Trypanosoma cruzi, have been demonstrated to cleave the 
Fc portion of antibody and evade antibody responses by this 
mechanism.

In malaria, where the Plasmodium undergoes a complicated life 
cycle within the infected host, different antigens are being pro-
duced at different stages and antibody responses are constantly 
having to adapt. Schistosoma represent another example of this 
‘stage-specifi c’ immune response, because the adult worms seem 
to provoke very little immune response, while their eggs are highly 
immunological and induce immunopathology.33

It has often been proposed that parasites adapt to their host by 
mimicking their antigens. The acquisition of the ABO blood group 
antigen on the surface of mature Schistosoma may be one mecha-
nism by which the mature worms evade antibody reactions. 
However, if this ‘antigenic mimicry’ is not fully effective, then the 



67

development of antibodies to the infection may cross-react with 
auto antigens in the host and give rise to immunopathology. Such 
mechanisms may be responsible for the rheumatic carditis seen in 
Group A β-haemolytic streptococcal infections and the carditis and 
neuritis of Chagas’ disease seen in Trypanosoma cruzi infections.

Infectious agents also evade antibody responses through the 
mechanism of ‘antigenic drift’ and ‘antigenic shift’. Thus the infl u-
enza virus can escape neutralizing antibody by subtly changing its 
antigens, not only in going from patient to patient but also within 
the individual. ‘Antigenic shift’ is said to occur when a completely 
new haemagglutinin gene is incorporated into a new infl uenza 

strain and gives rise to the pandemic that occurs from time to time. 
Similar antigenic shift is seen in the envelope proteins of HIV and 
makes the epidemiological tracing of infections that much more 
diffi cult. The variation in the pilin genes of gonococci is a good 
example of antigenic variation in bacteria. In relapsing fever, the 
spirochaete Borrelia hermsi changes its surface major protein with 
each episode of fever. Similarly in African sleeping sickness, the 
protozoa Trypanosoma brucei constantly changes its variant anti-
genic type (VAT) and its variant specifi c glycoprotein (VSG) during 
the infection.34 In this way the antibody response tends to be 
primarily of the IgM class, which has low affi nity for the organism. 
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Figure 6.6 The expulsion of some intestinal nematodes occurs spontaneously a few weeks after primary infection. There seem to be two stages 
in the expulsion, which is achieved by a combination of T-dependent and T-independent mechanisms. (1) T cells (predominantly Th2 cells) 
respond to parasite antigens and induce (a) the production of antibody by B cells that have proliferated in response to IL-4 and IL-5, (b) the 
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antigen, and so release histamine which increases the permeability of the intestinal epithelium. These processes are not suffi cient to eliminate the 
worms. (2) Non-specifi c infl ammatory molecules secreted by macrophages, including TNF and IL-1, contribute to goblet cell proliferation and 
cause increased secretion of mucus. The numbers of goblet cells in the jejunal epithelium and the secretion of mucus increase in proportion to 
the worm burden. The mucus coats the damaged worms and facilitates their expulsion from the body by increased gut motility induced by mast 
cell mediators, such as leukotriene-D4, and diarrhoea resulting from inhibition of glucose-dependent sodium absorption by mast cell-derived 
histamine and PGE2. The antigen-specifi c effector T cells are generated early in infection and the rate-limiting step is the onset of antibody 
damage. The relative importance of these various processes varies with the infecting nematode. (From Roitt I, Brostoff J, Male D. Immunology. 
6th edn. London: ©Mosby International; 2001.)
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Table 6.6 Infectious causes of granulomatous disorders

GROUP 1: GRANULOMATOUS DISORDERS WITH WELL-RECOGNIZED CAUSAL AGENTS

Mycobacteria (tuberculosis, leprosy, BCGiosis, Buruli ulcer, fi sh tank granuloma)

Bacteria (brucellosis, melioidosis, actinomycosis, nocardiosis, granuloma inguinale, tularaemia, listeriosis)

Viruses (infectious mononucleosis, CMV, measles, mumps)

Chlamydia (lymphogranuloma venereum, trachoma)

Fungi (cryptococcosis, candidiasis, aspergillosis, chromoblastomycosis, mycetoma, histoplasmosis, coccidioidomycosis, sporotrichosis)

Protozoa (leishmaniasis, toxoplasmosis, amoeboma)

Rickettsia (Q fever)

Spirochaetes (syphilis, yaws, pinta)

Nematodes (ascariasis, toxocariasis)

Trematodes (schistosomiasis, paragonimiasis, fascioliasis, opisthorchiasis, clonorchiasis)

Cestodes (echinococcosis, cryptococcosis, sparganosis)

GROUP 2: GRANULOMATOUS DISORDERS WITH RECENTLY IDENTIFIED CAUSAL AGENTS

Bacteria (cat scratch disease: Bartonella henselae)

Actinomyces (Whipple’s disease: Tropheryma whippelii)

The protozoa Entamoeba histolytica, which causes amoebiasis, 
constantly sheds its surface antigen thereby evading antibody 
responses.

Virtually no biological process is safe from sabotage by 
viruses. For example, different viruses can subvert almost every 
step in processing and presentation of MHC class I to cytotoxic 
T cells; others can block complement-mediated induction of 
the infl ammatory response, downregulate granzyme B expression 
by cytotoxic T cells, suppressing Th1 cells by mimicking IL-10, 
block apoptosis by producing a homologue of caspase 8 and 
so on.

Exposure to infective larvae of the fi larial nematode Oncho-
cerca volvulus (Ov) either results in patent infection (microfi lari-
dermia) or it leads to a status called putative immunity, 
characterized by resistance to infection. Similar to other chronic 
helminth infections, there is T cell proliferative hyporesponsive-
ness to Ov antigen (OvAg) by peripheral blood mononuclear 
cells (PBMC) from individuals with patent infections, i.e. 
generalized onchocerciasis, compared to PBMC from putatively 
immune individuals. Recent studies argue against a general 
shift towards a Th2 response being the cause of hyporesponsive-
ness.35

CONCOMITANT INFECTIONS

Concomitant infections (existence of two or more parasites in one 
host) occur in nature and a number of interactions between pro-
tozoa and viruses; protozoa and bacteria; protozoa and other 
protozoa, protozoa and helminths; helminths and viruses; hel-
minths and bacteria and helminths and other helminths have 
been described.36 The interactions vary and the burden of one or 
both of the infectious agents may be increased; one or both may 
be suppressed, or one may be increased and the other suppressed. 
These interactions may be explained by the effects of parasites 

on the immune system, particularly parasite-induced immuno-
suppression, parasite-induced cytokine production and effects 
of cytokines controlling polarization to the Th1 or Th2 type 
T cell responses.

IMMUNOPATHOLOGY

Immune responses that do not achieve their purpose within a 
few weeks very often cause tissue damage to the host, and 
nowhere is this more true than with chronic tropical infections. 
All four types of hypersensitivity reaction are seen in chronic 
tropical infections (Table 6.1) and sometimes they are responsi-
ble for almost all the symptoms of infection. Schistosomiasis is 
an example where, judging by single-sex experiments in animals, 
the worms themselves are perfectly well tolerated but their eggs, 
deposited in the liver or bladder wall, induce T cell-mediated 
granulomas that can ultimately kill the patient. Hydatid disease 
is an infection in which the symptoms are due mainly to the 
large space-occupying cysts (essentially a host fi brotic response 
to the worms), with the added possibility, upon cyst rupture, of 
life-threatening anaphylaxis due to the encounter of massive 
amounts of worm antigen and IgE-loaded mast cells. In Plasmo-
dium falciparum malaria there has always been debate as to the 
cause of the very diverse symptoms, and interest is currently 
being focused on the possibility that many of them may be sec-
ondary to the overproduction of cytokines, notably tumour 
necrosis factor (TNF). TNF has been found in the blood of 
severely ill malaria patients, and the levels correlate with the 
incidence of cerebral malaria and of hypoglycaemia. In animal 
models, evidence has also been obtained for a role of TNF in 
pulmonary oedema and anaemia. The roles of other cytokines 
such as IL-1, which resembles TNF in many of its actions, and of 
IFNg, also deserve investigation.
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BACTERIAL TOXINS AND 
THE IMMUNE SYSTEM

Acute bacterial infections can also cause immunopathology 
through the actions of their exo- and endotoxins.5,37 It is 
thought that the activation of large numbers of T cells with a 
subsequent release of cytokines, especially TNF and IL-1, are 
responsible (Table 6.2). Bacterial endotoxin or LPS, a compo-
nent of the cell wall of Gram-negative bacteria, comprises an 
outer polysaccharide and an inner lipid A moiety, and is respon-
sible for the features of Gram-negative shock. When LPS is 
bound by the acute-phase protein, LPS-binding protein, it acti-
vates macrophages through a series of complex surface proteins 
comprising CD14, toll-like receptor and MD-2 to release TNF 
and IL-1. LPS can activate complement by the alternative 

pathway and is a powerful polyclonal B cell activator. The 
Jarisch–Herxheimer reaction is seen when human spirochaete 
infections are treated with antibiotics. The sudden killing of 
large numbers of spirochaetes produces severe hypotension as a 
result of the release of LPS from dead bacteria. The fact that this 
reaction can be attenuated by treatment with neutralizing anti-
body against TNF implicates this as the main cytokine involved 
in this reaction.

MALNUTRITION, IMMUNE RESPONSES 
AND INFECTION

A complex two-way interaction exists between infection and mal-
nutrition38 (Figure 6.7). There are two aspects: the effect of infec-
tion on metabolism and the nutritional state and the effect of 

Table 6.7 Some parasite evasion mechanisms

Immune mechanism Evasion strategy Examples
Complement Cell wall protected

Lytic complex expelled
Salmonella spp.
Leishmania spp.

Phagocytosis Capsule formation
Phagolysosome blocked
Oxygen radicals neutralized
Escape into cytoplasm
Diffi cult to kill
Phagocytes destroyed

Haemophilus spp.
Toxoplasmosis
Malaria
Leishmania spp.
Mycobacteria
Staphylococcus spp. (toxins)

Antibody Intracellular habitat Mycobacteria

Viruses

Cyst formation Echinococcus granulosus

Paragonimus westermani

Antigenic variation

 by mutation Infl uenza, poliovirus, HIV

 by recombination Infl uenza

 by gene switching Trypanosomes

Borrelia spp.

Brucella spp.

Antibody binding factors Staphylococcus protein A

Antibody destroyed Bacterial proteases

T cells Inhibition of MHC expression Herpesvirus

Adenovirus

Th2 stimulation Leprosy

Polyclonal activation Staphylococcus spp. (enterotoxins)

T and B cells Host antigen uptake Schistosomiasis

Tolerance Congenital cytomegalovirus?

Immunosuppression Measles, HIV

EB virus

Trypanosomes

Malaria

Toxoplasmosis

Malnutrition, Immune Responses and Infection
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malnutrition on the susceptibility and severity of infections. Mal-
nutrition causes depression of cell-mediated and humoral immune 
responses. The term ‘malnutrition’ usually refers to defi ciency of 
macronutrients such as carbohydrate, protein and lipid, but may 
also be used for defi ciencies of micronutrients such as vitamins, 
minerals and trace elements. Immunodefi ciency syndromes sec-
ondary to malnutrition are shown in Table 6.8. Classically, patients 
who are calorie defi cient (marasmus) are prone to viral, bacterial 
and tuberculosis infections, whereas those who suffer the more 
severe protein-calorie defi ciency (kwashiorkor) are prone to all 
infections and have an impaired response to vaccination. Defi -
ciency of zinc, copper and vitamin A also makes the host suscep-
tible to infections, especially tuberculosis and fungal infection. 
While iron defi ciency may seem to render people susceptible to 
bacterial infections,39 it has been suggested that it can keep malar-
ial infection at bay. It is not unusual for people who are having 

their nutrition restored or who are receiving iron therapy for 
anaemia to experience a fl are-up of malarial infection.

INFECTIONS CAUSING IMMUNODEFICIENCY

Infections which cause immunodefi ciency are listed in Table 6.9. 
The much more serious course run by certain worldwide diseases 
in tropical countries, for example measles, meningococcal infec-
tion and gastroenteritis, is mainly due to the lowered immune 
status of the patients. Often it is not possible to pinpoint the reason 
for this, since inhabitants of the tropics are exposed to such a large 
number of different causes of immunodefi ciency. The links between 
nutrition and immunity are much more complex than might be 
supposed. Many diseases are undoubtedly more severe in patients 
who are malnourished or underweight, measles being among the 

Infection

Malnutrition

Diminished food
• Absorption
• Intake
• Micronutrient stores

Increased food
• Requirements
• Utilization

Diarrhoea

• Cell-mediated immunity
• Humoral immunity
• Secretory IgA

• Complement
• Neutrophil function
• External barriers

Produces Reduces

Induces
Increases

Figure 6.7 The malnutrition–infection cycle.

Table 6.8 Some immunodefi ciency syndromes secondary to malnutrition

Defi ciency components affected Immune Effect on disease
Calorie (marasmus) Neutrophils

Complement
T cells

Susceptibility to bacterial and viral infections

Protein–calorie (kwashiorkor) T cells
Antibody
Macrophages

Susceptibility to all infections

Iron Neutrophils Bacterial infections
Malaria reduced?

Zinc, copper T cells Susceptibility to most infections

Selenium T cells Susceptibility to bacterial and viral infections

Vitamin A T cells Susceptibility to most infections
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most striking examples. Occasionally the opposite is true, as in 
the case of malaria, where iron defi ciency inhibits the growth of the 
parasite and restoration of nutrition may induce a fl are-up of 
the infection. A distinction is usually made between calorie depri-
vation and protein deprivation, the latter being generally more 
serious because both cell-mediated and antibody responses are 
impaired. There are also specifi c effects of defi ciencies of iron, zinc, 
copper and vitamins on immune performance (Table 6.8).

Immunosuppression as a result of infection is extremely 
common, though it has usually proved very diffi cult to analyse the 
precise mechanisms involved, some of which have only been 
properly demonstrated in vitro. Thanks to the existence of animal 
models, malaria and African trypanosomiasis have been studied 
in particular detail, and the reality of the problem is well illus-
trated by the fi nding that treatment of even quite mild malaria 
improves the ability of patients to respond to unrelated vaccines 
(pneumococcal and meningococcal). Measles has long been 
known to suppress T cell responses and predispose to secondary 
infection, but all previous examples have been put in the shade 
by HIV, the most immunosuppressive and the most intensively 
studied parasite ever. Measles infection is undoubtedly more 
severe in the underweight or malnourished children in the tropics. 
Once they have caught the infection they are much more likely to 
develop pneumonia and otitis media.

AIDS AND TROPICAL INFECTIONS

The impact of AIDS in the tropics has, of course, been catastrophic 
(see Chapter 20). The original assumption that all the complica-
tions were due to a simple infection and destruction of CD4 T 
cells has turned out to be greatly oversimplifi ed, and current 
research is also focused on the effects of HIV on macrophages, 
antigen-presenting cells, B cells and the cytokine network. It was 
a protozoan (or perhaps, according to recent data, fungal) infec-
tion, Pneumocystis carinii, that fi rst drew attention, at the beginning 
of the 1980s, to the impending AIDS epidemic, and this strange 

parasite remains a major cause of death in AIDS patients in the 
developed world, along with Toxoplasma, Cryptococcus, Cryptospo-
ridium and other previously rare organisms. However, in tropical 
countries it is mycobacterial infections which have been most 
dramatically enhanced by AIDS, not only Mycobacterium tubercu-
losis but also the normally well-controlled M. avium, while some 
other parasites have been surprisingly unaffected. Malaria, for 
instance, shows virtually no change in either the density or the 
severity of infection, and nor, so far, do intestinal parasites 
such as Entamoeba or Giardia, or the major helminths.8 Parasite 
immunologists are still digesting the implications of these unex-
pected fi ndings, which seem to point to a particularly suppressive 
effect of HIV on those T cells that are concerned with parasites 
inhabiting macrophages, though Pneumocystis remains a puzzle 
because the parasite lives extracellularly in the lung alveoli. A 
sinister aspect of the relationship between HIV and M. avium is 
that each infection appears to enhance both the growth of the 
other within macrophages and the clinical progress of the disease, 
and it has been proposed that these effects are mediated by cyto-
kines such as IL-1 and TNF. Infection with HIV makes people in 
tropical areas susceptible to a whole range of bacterial, viral and 
fungal infections. Mycobacterial infections, acute bacterial sepsis, 
cryptococcal meningitis, Pneumocystis carinii and Cryptosporidium 
diarrhoea are important opportunistic infections in AIDS patients 
worldwide.

IMMUNODEFICIENCY AND CANCER

Some of the best evidence for a role of the immune system in pre-
venting malignancy comes from tropical conditions. In four tropical 
tumours a virus has been implicated, and in two, Burkitt’s lym-
phoma and Kaposi’s sarcoma, immunodefi ciency appears to be a 
contributory factor (Table 6.4). Burkitt’s lymphoma was recognized 
by Burkitt himself to have a very similar distribution to malaria in 
Africa and Papua New Guinea, and although the full aetiology is still 
not established, one plausible theory is that malaria suppresses the 
normal cytotoxic T cell response against the EB virus-infected B cells. 
The precise stage at which the well-known translocation of the c-myc 
proto-oncogene to one or other of the immunoglobulin gene loci 
occurs is not clear. Kaposi’s sarcoma is found mainly in patients with 
T cell defi ciencies, including AIDS. However, Kaposi’s sarcoma is not 
particularly associated with malaria, nor is Burkitt’s lymphoma with 
AIDS, which again emphasizes the range of different defects to 
which T cells are susceptible. Chronic infection with the human 
papilloma virus (HPV) can lead to cervical carcinoma, not only in 
the tropics but throughout the world.

IMMUNODIAGNOSIS

While the diagnosis of tropical infections is undoubtedly heavily 
reliant on clinical skills of history taking and physical exami-
nation, a number of laboratory tests are extremely helpful in 
confi rming the diagnosis. However, as microbiological and patho-
logical procedures are tedious, time consuming and relatively inef-
fi cient, several immunodiagnostic procedures40 have found their 
way into general use. The four main immunodiagnostic tests for 
detection of antigen or antibody are:

Table 6.9 Some infections that cause immunodefi ciency

Infection 
components 
affected

Immune Effect on disease

HIV CD4 T cells, 
macrophages

Opportunistic 
infections, e.g.
Pneumocystis carinii
Toxoplasma gondii
Mycobacterium 
tuberculosis

Measles T cells, neutrophils Pneumonia, otitis 
media

Malaria Antibody ? increased 
infections

T cells ? Burkitt’s 
lymphoma

Trypanosomiasis 
(African)

Antibody Bacterial infection

Immunodiagnosis
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1. ELISA test (enzyme-linked immunosorbent assay) and its 
development into multiplexing diagnostic microarrays where 
each spot in the array represents a unique ‘micro-ELISA’. An 
alternative multiplexing technology involves the use of mix-
tures of beads, individually capable of binding a specifi c 
antigen or antibody, fi nally identifi ed with a fl uorescent 
readout in a fl ow cytometer.

2. Fluorescent antibody test using either the fl uorescence micro-
scope for tissue sections or fl ow cytofl uorimetry for phenotyp-
ing individual cells.

3. Complement fi xation test.
4. Agglutination test.
Neither of the latter two are currently being widely used.

Unfortunately, many of the early serological tests, although 
sensitive, lacked specifi city and have been replaced by the detec-
tion of parasite antigens using monoclonal antibodies. The advent 
of the molecular biological tool of polymerase chain reaction, 
which allows the detection of small amounts of microbial DNA 
and RNA, has increased the sensitivity of immunodiagnosis. This 
tool has moved from the experimental to clinical laboratory, but 
is hampered by the problems of cross-contamination and false 
positive results, in addition to the enormous cost of performing 
the tests.

IS IMMUNITY EVER PROTECTIVE?

The combination of inappropriate immune responses with sophis-
ticated parasite evasion ensures that virtually all protozoa and 
helminths can avoid elimination; the only case of ‘proper’ self-
cure with resulting immunity, in the sense that we expect it with, 
for example, the childhood viruses (e.g. chickenpox, measles, 
mumps), is seen with Old World cutaneous leishmaniasis (orien-
tal sore). However, it is nowadays accepted that the reduced para-
site load with age in malaria and schistosomiasis is genuinely due 
to the development of a partial state of immunity, though the 
exact mechanisms in both cases are controversial. It should be 
remembered that there are also bacterial infections where immu-
nity is precarious (e.g. tuberculosis) or non-existent (e.g. syphilis), 
and viral infections where it is ineffective in practice because of 
extensive antigenic variation (e.g. infl uenza, HIV).

IMMUNIZATION

A number of infectious diseases can now be controlled by immu-
nization.41 Generally speaking, immunization is likely to succeed 
in diseases in which good protective immunity follows natural 
infection. Sometimes immunization may result in better immu-
nity than that seen after natural infection. In tetanus, the patient 
is only immune for about 3 or 4 months after recovery from infec-
tion. However, vaccination with three doses of tetanus toxoid 
induces a state of immunity that lasts between 5 and 10 years.

Table 6.10 shows the list of infections that are currently con-
trolled by immunization programmes and is dominated by viruses 
and other simple organisms. Eradication of certain viral infections 
through vaccines (e.g. smallpox) has been a great success. Immu-
nization may not always evoke a protective immune response. In 
dengue fever, an arthropod-borne virus infection, immunization 

can give rise to more serious infection. Similarly in natural infec-
tions, previous infection to one strain of Dengue seems to give 
rise to a more exaggerated clinical course when one is exposed to 
another strain of Dengue, possibly due to Fc-mediated uptake of 
antibody-coated virus into productive macrophages, as mentioned 
earlier. Generally speaking, the longer the infection the more 
common is the likelihood of immunopathology.

The question is whether vaccines will ever succeed against 
infections that do not induce good immune responses. Opinion 
fl uctuates on this point, but is at present guardedly optimistic. 
Great efforts are going into the production and testing of vac-
cines42–47 against HIV/AIDS, malaria, schistosomiasis, leishmani-
asis, tuberculosis and leprosy and at the research level fi lariasis 
and trypanosomiasis are targeted, though with less certain pros-
pects. Unfortunately vaccine development programmes have 
only had limited success against more complicated multicellular 
organisms such as protozoa and helminths and against the 
more elusive HIV.

The advent of molecular and genetic techniques and availabil-
ity of sophisticated methods for identifying and modifying genes 
which produce immunogenic proteins have revolutionalized 
vaccine development. As more infectious agents become targets 
for immunization programmes, the spectrum of adverse events 
linked to vaccines has been widening.43 Although some of these 
are tenuous, relatively little is known about the immunopatho-
genesis of even the best characterized vaccine-associated adverse 
events (VAAEs). The range of possible use of active immunization 
is rapidly expanding to include vaccines against infectious diseases 
that require cellular responses to provide protection (e.g. HIV 
infection, viral hepatitis B and C), and vaccines against non-
infectious conditions (e.g. cancer, autoimmune disease). Less 
virulent pathogens (e.g. varicella, rotavirus in the developed 
world) are also beginning to be targeted, and vaccine use is being 
justifi ed in terms of societal and parental ‘costs’ rather than in 
straightforward morbidity and mortality costs. In the developed 
world, the paediatric immunization schedule is becoming 
crowded, with pressure to administer increased numbers of anti-
gens simultaneously in ever simpler forms (e.g. subcomponent, 
peptide and DNA vaccines). This trend, while attractive in many 
ways, brings hypothetical risks (e.g. genetic restriction, narrowed 
shield of protection and loss of randomness), which will need to 
be evaluated and monitored. The available epidemiological and 
laboratory tools to address issues outlined above are somewhat 
limited. As immunological and genetic tools improve, VAAEs will 
decrease and perhaps even avoid some of them.43

Table 6.10 WHO recommended vaccines

Vaccines against viruses Vaccines against bacteria
Polio
Measles
Hepatitis A – not for <12 years
Mumps
Rubella
Hepatitis B
Rabies
Japanese B encephalitis
Infl uenza

Tetanus
Diphtheria
Typhoid
Meningococcal meningitis
Tuberculosis (BCG)
Cholera



73

REFERENCES

 1. Reynolds HY. Defense mechanisms against infections. Current Opin Pulmon 

Med 1999; 5:136–142.
 2. Mims C, Dockrell HM, Goering RV, et al. Medical Microbiology. 3rd edn. 

London: Mosby; 2004.
 3. Kotwal GJ. Microorganisms and their interaction with the immune system. 

J Leucocyte Biology 1997; 62:415–429.
 4. Zumla A, James DG. Lung immunology in the tropics. In: Sharma OP, ed. 

Lung Disease in the Tropics. New York: Marcel Dekker; 1991:1–64.
 5. Zumla A. T cells, superantigens and microbes. Clin Infect Dis 1992; 15(2):

313–320.
 6. Penninger JM, Bachmaier K. Review of microbial infections and the immune 

response to cardiac antigens. J Infect Dis 2000; 181:S498–S504.
 7. Ong RK, Doyle RL. Tropical pulmonary eosinophilia. Chest 1998; 113:

1673–1679.
 8. Mosser DM, Brittingham A. Leishmania, macrophages and complement: a tale 

of subversion and exploitation. Parasitology 1997; 115:S9–S23.
 9. Freihorst J, Ogra PL. Mucosal immunity to viral infections. Ann Med 2001; 

33:172–177.
10. Alvarez-Olmos MI, Oberhelman RA. Probiotic agents and infectious diseases: 

a modern perspective on a traditional therapy. Clin Infect Dis 2001; 32:
1567–1576.

11. Burg ND, Pillinger MH. The neutrophil: function and regulation in innate and 
humoral immunity. Clin Immunol 2001; 99:7–17.

12. Paulnock DM, Collier SP. Analysis of macrophage activation in African 
Trypanosomiasis. J Leuco Biol 2001; 69(5):685–690.

13. Pieters J. Entry and survival of pathogenic mycobacteria in macrophages. 
Microbes Infect 2001; 3:249–255.

14. Brooks AG, Boyington JC, Sun PD. Natural killer cell recognition of HLA class 
I molecules. Rev Immunogenet 2000; 2:433–448.

15. Tefferi A, Morice WG, Leibson PJ. Natural killer cells and the syndrome of 
chronic natural killer cell lymphocytosis. Leuk Lymphoma 2001; 41:277–284.

16. Steinman RM. Dendritic cells and the control of immunity. Mount Sinai J Med 
2001; 68(3):160–166.

17. Sousa CR. Dendritic cells as sensors of infection. Immunity 2001; 14:495–498.
18. Collins HL, Kaufmann SH. The many faces of host responses to tuberculosis. 

Immunology 2001; 103:1–9.
19. Plebanski M, Hill AV. The immunology of malarial infection. Curr Opin 

Immunol 2000; 12:437–441.
20. Matsukawa A, Hogaboam CM, Lukacs NW, et al. Chemokines and innate 

immunity. Rev Immunogenet 2000; 2:339–358.
21. Banyer JL, Hamilton NH, Ramshaw IA, et al. Cytokines in innate and adaptive 

immunity. Rev Immunogenet 2000; 2:359–373.
22. Le Page C, Genin P, Baines MG, et al. Interferon activation and innate 

immunity. Rev Immunogenet 2000; 2:374–386.
23. Levy DE, Garcia-Sastre A. The virus battles: IFN induction of the antiviral state 

and mechanisms of viral evasion. Cytokine Growth Factor Rev 2001; 12:143–156.
24. Shtrichman R, Samuel CE. The role of gamma interferon in antimicrobial 

immunity. Curr Opin Microbiol 2001; 4:251–259.
25. Yang D, Chertov O, Oppenheim JJ. Participation of mammalian defensins and 

cathelicidins in antimicrobial immunity: receptors and activities of human 
defensins and cathelicidin (LL-37). J Leukoc Biol 2001; 69:691–697.

26. Dhainaut JF, Marin N, Mignon A, et al. Hepatic response to sepsis: interaction 
between coagulation and infl ammatory processes. Crit Care Med 2001; 29:
S42–S47.

27. Thorn J. The infl ammatory response in humans after inhalation of bacterial 
endotoxin: a review. Infl amm Res 2001; 50:254–261.

28. Walport MJ. Complement: Part I. N Engl J Med 2001; 344:1058–1066.
29. Walport MJ. Complement: Part II. N Engl J Med 2001; 344:1140–1144.
30. Jokiranta TS, Jokipii L, Meri S. Complement resistance to parasites. Scand 

J Immunol 1995; 42:9–20.
31. Johnson RM, Brown EJ. Cell-mediated immunity in host defense against 

infectious diseases. In: Mandell GL, Bennett JE, Dolin R, eds. Principles and 

Practice of Infectious Diseases. 5th edn. Edinburgh: Churchill Livingstone; 
2000:31–155.

32. De Bernardis F, Liu H, O’Mahony R, et al. Human domain antibodies against 
virulence traits of Candida albicans inhibit fungus adherence to vaginal 
epithelium and protect against experimental vaginal candidiasis. J Infect Dis 
2007; 195(1):149–157.

33. Zumla A, James G. Granulomatous infections: an overview. In: James DG, 
Zumla A, eds. Granulomatous Disorders. Cambridge: Cambridge University 
Press; 2000:103–122.

34. Boros DL. The role of cytokines in the formation of the schistosome egg 
granuloma. Immunobiology 1994; 191:441–450.

35. Donelson JE, Hill KL, El-Sayed NM. Multiple mechanisms of immune 
evasion by African trypanosomiases. Mol Biochem Parasitol 1998; 91:
51–66.

36. Doetze A, Satoguina J, Burchard G, et al. Antigen-specifi c cellular 
hyporesponsiveness in a chronic human helminth infection is mediated by 
T(h)3/T(r)1-type cytokines IL-10 and transforming growth factor-beta but not 
by T(h)1 to T(h)2 shift. Int Immunol 2000; 12:623–630.

37. Cox FE. Concomitant infections, parasites and immune responses. Parasitology 
2001; 122:S23–S38.

38. Lencer WI. Microbes and microbial toxins: paradigms for microbial-
mucosal interactions. Am J Physiol Gastrointest Liver Physiol 2001; 280(5):
G781–G786.

39. Watzl B. Review of nutrition and immunity in man. Am J Clin Nutr 2001; 
73:11–14.

40. Oppenheimer SJ. Iron and infection in the tropics: paediatric clinical 
correlates. Ann Trop Paediatr 1998; 18:S81–S87.

41. Harnett W, Bradley JE, Garate T. Molecular and immunodiagnosis of human 
fi larial nematode infections. Parasitology 1998; 117:S59–S71.

42. Wenger J. Vaccines for the developing world: current status and future 
directions. Vaccine 2001; 19:1588–1591.

43. Minoprio P. Parasite polyclonal activators: new targets for vaccination 
approaches? Int J Parasitol 2001; 31:587–590.

44. Ward BJ. Vaccine adverse events in the new millenium: is there reason for 
concern? Bull World Health Organ 2000; 78:205–215.

45. Rowland-Jones S. Vaccines out of Africa. Biologist 2001; 48:64–66.
46. Tsuji M, Rodrigues EG, Nussenweig S. Progress towards a malaria vaccine: 

effi cient induction of protective anti-malaria immunity. Biol Chem 2001; 
382:553–570.

47. Moore JP, Parren PW, Burton DR. Genetic subtypes, humoral immunity and 
human immunodefi ciency virus type 1 vaccine development. J Virol 2001; 
75:5721–5729.

48. Cohen J. ‘Breeding’ antigens for new vaccines. Science 2001; 293:236–239.

References





75

Section 1 Underlying Factors in Tropical Medicine

Chapter 7 Damian G. Walker and Catherine Goodman

The Economics and Financing of 
Tropical and Infectious Disease Control

INTRODUCTION

The burden of tropical and infectious diseases on households is 
substantial, partly because a large proportion of health costs in 
low- and middle-income countries is met out-of-pocket. Conse-
quently, households are pushed into poverty, or their poverty 
deepened.1 The impact of HIV/AIDS in particular is dramatic, 
destroying family structures and long-established mechanisms of 
caring for the sick and sharing the fi nancial burden of doing so. 
Many African countries are being fundamentally changed because 
of HIV/AIDS in ways that are only beginning to be understood. 
Similar changes could emerge in parts of South and East Asia 
without immediate action. With respect to malaria, Gallup and 
Sachs2 found that, after taking into account initial poverty, eco-
nomic policy, tropical location, and life expectancy, among other 
factors, countries with intensive malaria grew 1.3% less per person 
per year, and a 10% reduction in malaria was associated with 0.3% 
higher growth. Thus, while the impact of these diseases on GDP 
per capita has yet to be demonstrated conclusively, there is reason 
to believe that it is substantial.

This burden is not due to a lack of effective interventions. 
Indeed, the array of existing effective interventions is impressive. 
For example, while diarrhoea, pneumonia and malaria account 
for 40% of deaths among children in developing countries, there 
is at least one proven effective preventive intervention and at least 
one proven effective treatment intervention for each of these 
causes, each capable of being delivered in a low-income setting. 
For diarrhoea, there are no fewer than fi ve proven preventive 
interventions and three proven treatment interventions. However, 
as Table 7.1 demonstrates, large numbers of people do not have 
access to prevention and treatment, and as a result die prema-
turely. And just as shortfalls in coverage vary across countries, so 
they vary within countries, with the poor and other deprived 
groups invariably lagging behind. For example, Victora et al.3 
found that the percentage of children in Cambodia who did not 
receive BCG, DPT, measles vaccines, vitamin A supplementation 
or safe water was 0.3%, but only 0.8% of children received all of 
the interventions. In the poorest wealth quintile, 31% of Cambo-
dian children received no interventions and 17% only one inter-
vention. To further compound the situation, even where services 
are obtained, the quality of provision is often low.

The under-use, and low quality of provision, of effective inter-
ventions helps to explain the current international focus on tackl-
ing these diseases, e.g. The Global Fund to Fight HIV/AIDS, 
Tuberculosis and Malaria, The GAVI Alliance, Stop TB, Roll Back 
Malaria and the US President’s Emergency Plan for AIDS Relief 
(PEPFAR).

This chapter describes the armamentarium at the health econ-
omist’s disposal in order to help guide policy-making to control 
tropical and infectious disease in the face of scarce resources. 
Specifi cally, we highlight three key areas: the demand for, and 
supply of, healthcare; the effi ciency of healthcare; and the fi nanc-
ing of healthcare.

THE DEMAND FOR, AND SUPPLY OF, 
HEALTHCARE

As described above, two key concerns in infectious and tropical 
disease control are the low coverage of effective interventions and 
the poor quality of service delivery. Economists use the tools of 
demand and supply analysis to address these issues by investigat-
ing how markets function for treatment and prevention services, 
and how they can be improved.

On the supply-side, the behaviour of providers is infl uenced 
by their knowledge, fi nancial incentives, competition with other 
providers, perceptions of patients’ attitudes, and any legal or regu-
latory sanctions for inappropriate behaviour. Treatment and pre-
vention are delivered by a wide range of providers in the 
developing world. In the public sector, care is provided through a 
mix of hospitals and more peripheral health centres, clinics and 
dispensaries, which are generally staffed by nurses or similar 
cadres. Staff provide preventive services such as vaccines, growth 
monitoring and prevention of mother-to-child transmission 
(PMTCT) of HIV, and treatment for common illnesses such as 
malaria, tuberculosis, diarrhoea and respiratory infections. Increas-
ingly they are also involved in the delivery of antiretrovirals 
(ARVs). There may also be outreach activities to remote areas, or 
community-based services delivered through local volunteers. For 
example, community-based volunteers in Uganda deliver a pre-
packaged malaria treatment, and community members are widely 
used in the provision of directly observed therapy short-course 
(DOTS) for tuberculosis.
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While public facilities often provide free or subsidized, and 
thus more affordable care, they often have weak management and 
poorly motivated and unproductive staff. High rates of absentee-
ism are common.4 When staff are present they are often providing 
care of low clinical and consumer quality. This is partly because 
public sector providers generally have few incentives to increase 
coverage or quality as they are often remunerated purely by salary, 
and salary levels are often very low. As a result, informal payments 
are common. The potential to introduce performance or output-
based payments to staff or facilities is increasingly being consid-
ered, though this brings its own challenges including accurate 
performance measurement, and the potential for fraud, demand 
inducement and neglect of quality.5

Private providers come in three broad guises:
• For-profi t formal providers including registered self-employed 

doctors, clinics, hospitals, and diagnostic clinics, but also reg-
istered, organized, formally trained traditional healers

• Non-profi t formal providers or non-governmental organiza-
tions (NGOs) who often operate primary healthcare facilities, 
but also district, and sometimes referral, hospitals. They often 
include organizations undertaking outreach activities, such as 
information, education, and communication programmes and 
social marketing

• For-profi t informal providers include traditional healers, drug 
sellers, pharmacists (in offering healthcare, such as informal 
diagnosis and recommendations on medications to take), 
unqualifi ed practitioners of allopathic medicine and traditional 
birth attendants.

The private for-profi t sector plays a crucial role all over the world, 
accounting for a high proportion of treatment and preventive 
services. For example, around 60% of all malaria episodes in sub-
Saharan Africa are initially treated by private providers, mainly 
through the purchase of drugs from retailers.6 In India, more than 
80% of children treated for diarrhea or ARI are seen by a private 
provider.7 Preventive products such as insecticide-treated nets 
(ITNs) and condoms are available in some health facilities, but 
are primarily distributed through commercial retailers. Box 7.1 
illustrates the range of private providers of TB and HIV/AIDS treat-
ment in India, and recent government efforts to work with these 
groups.

In many developing countries, a substantial proportion of rural 
healthcare is provided by non-profi t organizations. These provid-
ers are often perceived to deliver higher quality services, and to be 
more accessible and more effi cient, though this depends on the 
performance of their own internal accountability structures. In 
many cases non-profi t providers have proven more effective than 
public or for-profi t providers in reaching stigmatized groups, e.g. 
those with sexually transmitted infections (STIs), including HIV/
AIDS. However, while non-profi t providers have many strengths, 
they also exhibit a number of weaknesses. In many countries, they 
are limited in terms of scale and coverage. Financial sustainability 
can be a particular problem for domestic organizations. Their 
need to cover costs (in the absence of public subsidy) can con-
strain the provision of services to poor people. Often they are not 
integrated or coordinated well with the public provider system, so 
duplication occurs and higher costs result.

Use of traditional practitioners is also widespread, although 
their signifi cance varies considerably across geographical areas 
and medical condition. Two parallel explanatory models of disease 
may co-exist side by side, with both traditional and western 
medical providers consulted in turn.9 In Malawi, families sought 
relief from AIDS symptoms by fi rst using traditional remedies at 
home, followed by visiting traditional healers, only visiting a hos-
pital after experiencing severe symptoms for anywhere from 6–12 
months.10 On the other hand, the reported use of traditional 
healers and medicines for uncomplicated malaria is low.6 However, 
in various parts of Africa they are more commonly used for severe 

Table 7.1 Coverage levels in countries with a gross national 
income (GNI) per capita less than US$1200

Vaccination (polio, diphtheria, pertussis and tetanus) 75

Vaccination (measles) 68

Treatment of childhood illnesses (ARI) 59

Treatment of childhood illnesses (diarrhoea) 52

Insecticide-treated nets, residual indoor spraying 2

Treatment of clinical episodes of malaria 31

Short course TB treatment; smear + and − patients 44

HIV/AIDS interventions outside the health sector 10–20

Other HIV/AIDS preventive interventions 0–10

Palliative care for AIDS 6–10

Highly active antiretroviral therapy <1

Source: Commission for Macroeconomics and Health (2001).

Box 7.1 Supply of HIV/AIDS and TB treatment in India

In the city of Pune in the western Indian state of Maharashtra, 
77% of private providers test for HIV, and 38% treat patients 
for HIV/AIDS.8 However, there are major concerns over the 
quality of care among some private providers. For example, 
private providers predominantly use X-rays rather than sputum 
examination for the diagnosis of TB, and administer a variety of 
treatment regimens not conforming to national guidelines, 
some of which are inadequate and inappropriate. Routine HIV 
testing is undertaken without informed consent, and providers 
often fail to offer pre-test counselling to patients. ART therapy 
is still poorly understood and inappropriately prescribed. For 
both TB and HIV patients, private providers lack mechanisms to 
monitor treatment, ensure adherence and continuity of care.

While the government has tended to focus on the provision of 
DOTS for TB through public facilities, there have been recent 
attempts to involve the private sector through public-private 
partnerships in order to enhance access for patients. Key 
components of the public-private mix approach include 
diagnosis, treatment, supervision and monitoring of referred 
cases from private practitioners, improving the operation of 
private laboratories, registration of confi rmed cases, and 
provision of DOTS by private providers. The approach is 
credited with increased acceptance of DOTS, creating a referral 
link between the public and private sectors, and enhanced 
training and information dissemination for private providers. 
However, challenges such as the diffi culties in sustained 
monitoring of private providers, and the adversarial 
relationships between the public and private sectors highlight 
the need for strong commitment from both sectors at a 
national level.
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malaria, where symptoms such as convulsions may be perceived 
as supernatural in origin.11

When there is only one provider, e.g. a hospital, in a geo-
graphical area, it has the opportunity to control the price for 
services. A monopolistic for-profi t provider will set prices in order 
to maximize profi ts. However, if a non-governmental organization 
is acting as the monopolist, it can choose to price discriminate 
and use its profi ts from some consumers to subsidize the purchase 
of a good or service by other consumers. A real-world example of 
such a market is the Aravind Eye Hospital system, which is the 
largest eye care provider in the world. It performs 220 000 eye 
operations per year, 80% of which are cataract surgeries. 47% of 
the patients pay nothing for surgery, 18% pay two-thirds of the 
cost and 35% pay well above the cost. This private-not-for-profi t 
monopolistic model with price discrimination ensures greater 
access by the poor and hence reduces inequities. It does not mean 
that Aravind is a loss-maker either. With this model, they are able 
to be self-sustaining and profi table; for every dollar they spend, 
they make about US$1.60. Similar models are being piloted for 
typhoid vaccination in Vietnam by the Ministry of Health in col-
laboration with the International Vaccine Institute, in which a fee 
will be charged for the vaccine in private schools in order to cross-
subsidize free provision in public schools. Of course, these models 
require individuals to demand the service or good.

Economists use the term demand to refer to the ability and 
willingness to pay for a product or service. The concept of demand 
therefore differs from ‘medical need’ or ‘capacity to benefi t,’ and 
is useful in furthering our understanding of the factors infl uencing 
care seeking, utilization and adherence. These factors include 
prices of products and services, incomes, patient preferences and 
access to alternative providers. Demand is also infl uenced by the 
information that patients have at their disposal, including their 
knowledge of the price, quality and potential benefi t of the alter-
natives available. The importance of these infl uences can be 
explored empirically in a number of ways, including cross sec-
tional household surveys, before and after analyses (e.g. the 
introduction or removal of user fees), in-depth interviews and 
willingness-to-pay studies. Box 7.2 demonstrates the use of regres-
sion analysis of household survey data to assess the importance 
of a range of demand determinants.

Two of the most important infl uences on demand are the price 
of services and the income levels of households. A critical issue 
for policy-makers is the responsiveness of demand to price (the 
price elasticity of demand). A strong body of evidence indicates 
that introducing or increasing user fees has detrimental effects on 
the demand for services, particularly among the poorest groups.14 
Exemption policies are seldom suffi ciently well managed to miti-
gate such negative impacts. Price can also be a barrier to preven-
tion; mosquito nets are relatively expensive in the private sector, 
costing US$5–10 or more in many countries, and the average 
household will need to purchase more than one net to cover all 
beds/sleeping mats. In addition to the cost of drugs and services, 
ability to pay may also be infl uenced by credit availability, the 
acceptability of payment-in-kind, and the availability of loans or 
gifts, for example through savings schemes or from the extended 
family.15

The cost to households of obtaining services is not limited to 
the offi cial prices charged. Unoffi cial payments or bribes are 
charged in many public facilities,16 and care-seekers may incur 

transport costs, and the time costs of travel and waiting, which 
can frequently take more than half a day. This represents an 
important cost, particularly during peak periods of economic 
activity such as harvest. Women are generally the primary care-
givers, but often consult senior male household members before 
selecting providers. It may also take time for mothers to mobilize 
the money and approval necessary to take their children to a 
health facility, leading to dangerous delays in care seeking. Delays 
in diagnosing and/or treating an infectious disease can cause pro-
longation of the period of infectivity in the community, and may 
result in the disease state being more advanced at presentation, 
with consequent increases in acute morbidity, late sequelae and 
overall mortality.

High costs may lead patients to use alternative informal provid-
ers such as shops which are cheaper and more geographically 
accessible, but where quality of care may be lower. Another impor-
tant reason for high use of shopkeepers is that they are more likely 
to sell an incomplete dose of drugs, which may be appreciated 
(although less effective) when cash is not available to buy a full 
treatment course.17 Such under-dosing is widespread for TB, and 
other diseases such as malaria, diarrhoea and pneumonia.

Lack of information on the part of consumers severely limits 
the demand for preventive services. Individuals tend to under-
estimate their risk of HIV and other STIs.18 In many places there 
is demand for untreated mosquito nets; demand for insecticide 
treatment is much lower, partly due to poor knowledge about its 
effectiveness.19 Lack of knowledge about the benefi ts from inter-

The Demand for, and Supply of, Healthcare

Box 7.2 The demand for malaria treatment and 
prevention in The Gambia

The Demand for Malaria Treatment and Prevention study assessed 
the importance of factors infl uencing demand for bed net 
ownership and malaria treatment seeking behaviour in The 
Gambia and Tanzania using household surveys and logit 
regression models.12,13 Some of the key results for the Farafenni 
region of The Gambia are summarized below.

It was shown that older people were more likely to opt for self-
care or no treatment. The longer the time spent ill or the more 
severe the fever then the more likely treatment was sought 
outside the home. Time of the year and availability of 
community infrastructure played a key role both in seeking 
malaria treatment and in choosing a healthcare provider. 
Poorer households were much more likely to visit another 
provider than incur the relatively higher cost of a hospital visit 
compared to wealthier households. The more a household 
spent on other forms of malaria prevention the less likely they 
were to own a bednet. The older the household head and the 
more education he or she had, the greater the likelihood of 
bed net ownership. Households where the head was a business 
person were also more likely to own a net. Lastly, households 
located in communities cut-off from main roads at certain 
times of the year due to fl ooding and other causes were less 
likely to own a net. The results imply that the demand for bed 
nets and malaria treatment can be signifi cantly increased if 
certain aspects of public infrastructure are improved. They also 
inform price setting practices for subsidized bed nets. Finally, 
they show that greater attention needs to be paid to cultural 
or ethnic related reasons for bed net ownership and provider 
choice.



7. The Economics and Financing of Tropical and Infectious Disease Control

78

mittent preventive treatment in pregnancy similarly limits demand, 
as does concern amongst some pregnant women that drug use 
may pose health risks to the unborn child. However, patients may 
be willing to come forward for diagnosis and consultation if they 
are aware of the availability and effectiveness of treatment.

Information problems are crucial in explaining why the quality 
of treatment is so frequently poor. Patients often do not know 
what treatment they require, so they hand over responsibility for 
these choices to a provider as their ‘agent.’ However, agents’ knowl-
edge may also be imperfect; for example, many providers cannot 
accurately state antimalarial drug dosages. Limited information is 
likely to be most pronounced in shops and other commercial 
outlets where staff have minimal training, but is also surprisingly 
common in the more formal health sector. Where providers are 
more knowledgeable than patients they have the power to advise 
patients incorrectly and induce them to demand unnecessary 
treatment, termed supplier-induced demand. This is particularly 
likely where providers have fi nancial incentives, for instance, to 
recommend unnecessary investigations, or report false-positive 
test results to induce drug purchase. This may be most common 
in the commercial sector, but also occurs in the public or NGO 
sector if certain behaviours generate extra money for the facility 
or individual. A study of prescribing practice in public facilities in 
Ghana found that introducing drug charges led to less rational 
drug prescription, with the proportion of patients treated for 
malaria receiving injections or three or more drugs rising from 56 
to 89% following the policy change.20

People’s perceptions of the technical quality of the service they 
receive also matters. They may, of course, not be the best judges 
of technical quality, but the fact is that perceptions of quality, 
based primarily on the more observable elements of provision, 
infl uence demand. In addition to the long waiting times men-
tioned above, there are frequent complaints that public facilities 
have rude and insensitive staff, lack diagnostic facilities, and suffer 
from poor infrastructure and drug shortages. Drug retailers may 
be perceived to have better stock availability, and more courteous 
staff. High use of traditional healers in some contexts has been 
attributed to the time taken over consultation and treatment and 
the greater communication between patient and provider. Most 
individuals with a STI seek care in the private sector in part because 
of the stigma attached to these infections and therefore the desire 
for confi dentiality.21

Even in situations of perfect information, utilization of some 
health services will be sub-optimal if left to the private market 
because of the nature of their benefi ts.19 Positive externalities are 
said to arise when a service provides benefi ts to the community 
above and beyond those enjoyed by the individual. There are 
numerous examples in the fi eld of infectious disease. Rational 
drug use provides positive externalities to future patients in the 
form of a reduction in the rate of growth of drug resistance. Treat-
ment for STIs benefi ts others through the reduction in disease 
transmission to future partners, and ITNs may have positive exter-
nalities if they reduce malaria transmission through the ‘mass 
effect’.22 Vaccination also provides benefi ts to others, particularly 
once levels of ‘herd’ immunity are reached. In making choices, 
individuals will not take into account these additional positive 
effects and therefore will consume less than the socially desirable 
quantity. In such cases, it may benefi t society to provide incentives 
for people to consume enough of these services – immunizations, 

for example – to ensure that society as a whole is protected. An 
innovation in Latin America is the use of conditional cash trans-
fers, which provide direct cash payment contingent on households 
accessing preventive health services such as immunization. They 
thus represent a negative user fee.14

Although many health services exhibit externalities, a few have 
public good characteristics, meaning that they may not be provided 
by the market at all. With public goods no one can be excluded 
from consuming them once they are provided (they are non-
excludable), and one person’s consumption does not prevent 
anyone else’s (they are non-rival). These attributes give rise to a 
paradox; although there is signifi cant benefi t to be gained from 
public goods by many people, there is no commercial incentive 
for producing them, since the benefi t cannot be made conditional 
on payment. Examples in infectious disease control include provi-
sion of health education to the general population, epidemic 
surveillance, and indoor residual spraying against malaria because 
the main benefi t is felt at the community level in terms of reduced 
vectorial capacity.

In recent years, the term Global Public Good (GPG) has been 
coined to refer to goods whose benefi ts cross borders and are 
global in scope.23 For example, the eradication of infectious dis-
eases such as smallpox or polio provides a benefi t from which no 
country is excluded, and from which all countries will benefi t 
without detriment to others. With national public goods, govern-
ments intervene either fi nancially, through such mechanisms as 
taxation or licensing, or with direct provision. For global public 
goods this is harder to do, because no global government exists 
to ensure that they are produced and paid for.

The presence of externalities, public good characteristics, poor 
information, monopoly power and poverty are all potential justi-
fi cations for government intervention in the fi nancing and provi-
sion of health services. However, in many countries, particularly 
in sub-Saharan Africa, expenditure on health has been constrained 
by very limited government revenues and restrictive macroeco-
nomic policies. It is therefore imperative to consider both the 
value for money of health sector interventions and the sources of 
fi nance, the topics addressed in the following two sections.

THE EFFICIENCY OF HEALTHCARE

The growth in the infectious disease burden in terms of new cases 
is much greater in many countries than the growth in the resources 
available for control. The desire to implement evidence-based 
policy decisions has arisen as limited healthcare budgets have 
emphasized the need to use resources effectively and effi ciently. 
Consequently, economic evaluation has acquired greater promi-
nence among decision-makers as there is a need to know which 
interventions represent ‘value for money’.

Economic evaluation compares the costs and outcomes of at 
least two alternative programmes, one of which may be ‘doing 
nothing’, although most usually it is current practice (of course, 
in many settings, current practice may be ‘doing nothing’).24 There 
exist several types of economic evaluation, which differ in the way 
that outcomes or consequences are measured.

In cost-minimization analysis (CMA) two or more interventions 
that have identical outcomes are assessed to see which provides the 
cheapest way of delivering the same outcome, e.g. assume two 
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rotavirus vaccines have equivalent levels of effectiveness against 
severe gastroenteritis; this form of analysis would identify the least 
costly of the two vaccines. Cost-effectiveness analysis (CEA) measures 
the outcome of approaches in terms of ‘natural units’, e.g. if the 
outcome of interest were a reduction in childhood pneumonia, this 
form of analysis might compare vaccines against Haemophilus infl u-
enzae type b (Hib) and pneumococcal diseases in order to identify 
which averts a case of pneumonia more cheaply. Cost-utility analysis 
(CUA) uses measures of utility, which refl ect people’s preferences, 
in order to value outcomes. The outcomes are then expressed in 
terms of measures such as quality – (QALYs) or disability-adjusted 
life-years (DALYs), e.g. it might compare vaccines against rotavirus 
and Hib in terms of which averts a DALY more cheaply, but it also 
enables comparisons among different health sector interventions, 
e.g. those to control HIV/AIDS, TB and malaria. In practice, there 
has been a blurring of the distinctions between CEA and CUA, with 
the latter seen as an extension of the former. And fi nally, cost-benefi t 
analysis (CBA), which expresses health outcomes in terms of mon-
etary units; this form of analysis enables comparisons among 
interventions in the health sector, and other sectors, e.g. education, 
in order to identify which generates the greatest return on invest-
ment. The Copenhagen Consensus is a recent, and rare, example 
of an inter-sectoral priority-setting exercise (Box 7.3). The require-
ment of measuring outcomes in monetary units has limited the use 
of this type of analysis in health policy.

Economic evaluation attempts to identify ways in which scarce 
resources can be effi ciently employed. However, effi ciency has two 
meanings. First, there is allocative effi ciency, which can be viewed 
as doing the right things, i.e. choosing the optimal mix of interven-
tions for a given level of expenditure – optimal in the sense that 
they maximize health gain. In this defi nition of effi ciency, differ-
ent healthcare interventions with different objectives and out-
comes are compared, e.g. malaria vs TB vs diarrhoeal disease 
control, or more generally, how should the Ministry of Health’s 
budget be distributed between programmes? It thus follows that, 
while interventions may have different objectives and outcomes 

of interest, these outcomes must be converted into commensu-
rable units if the optimal mix is to be defi ned. Second, there is 
technical effi ciency, which is a narrower defi nition as it concen-
trates on maximizing the achievement of a given objective within 
a given budget, i.e. doing things right. For example, an economic 
evaluation might compare the costs and effects of vaccination of 
children through fi xed, outreach or mobile clinics in order to 
identify the most effi cient means of vaccinating a child. While 
only CBA (and CUA within the health sector) can be used to assess 
allocative effi ciency, all of the different types of economic evalua-
tion can be used to assess technical effi ciency.

The ceiling ratio represents a decision-maker’s valuation of a 
unit of health gain. It is a particularly crucial element of CEA/CUA, 
as it is the relative value against which the value for money of an 
intervention is judged. If an intervention has a cost-effectiveness 
ratio below the ceiling ratio an intervention is deemed acceptable 
on grounds of cost-effectiveness. In economic evaluations of inter-
ventions to control tropical and infectious diseases in developing 
countries to date, many analysts have simply presented results 
without interpretation.25 However, in 1996 in an effort to defi ne 
research priorities,26 interventions costing less than US$25 and 
US$150 per DALY averted were respectively cited as ‘highly attrac-
tive’ and ‘attractive’ uses of scare resources in low-income coun-
tries. For middle-income countries, these fi gures were US$100/DALY 
and US$500/DALY, respectively. More recently, based on the 
recommendation of the Commission on Macroeconomics and 
Health,27 WHO classifi es interventions as ‘highly cost-effective’ for 
a given country if results show that they avert a DALY for less than 
the per capita national gross domestic product.

The cost-effectiveness evidence-base for interventions to control 
tropical and infectious diseases is limited.25,28 However, for some 
diseases, there are more cost-effectiveness data than for others. The 
following paragraphs summarize what is known regarding the 
relative cost-effectiveness of interventions to control HIV/AIDS, TB 
and malaria.

Many governments, particularly those in sub-Saharan Africa, 
face diffi cult choices in striking the right balance between preven-
tion, treatment and care, all of which are necessary to deal compre-
hensively with the HIV/AIDS epidemic. Creese et al. (2002) 
illustrated that a strong economic case exists for prioritization of 
preventive interventions. For example, a case of HIV/AIDS can be 
prevented for US$11, and a DALY averted for US$1, by selective 
blood safety measures, and by targeted condom distribution with 
treatment of STIs. Single-dose nevirapine and short-course zidovu-
dine for PMTCT, voluntary counselling and testing, cost under 
US$75 per DALY averted. Other interventions, such as formula 
feeding for infants, home care programmes, and ARV therapy for 
adults, cost several thousand dollars per infection prevented, or 
several hundreds of dollars per DALY averted. However, reductions 
in drug prices have raised the priority of treatment, though access 
to treatment remains restricted at present.

Borgdorff et al.30 examined the impact and cost-effectiveness of 
TB control measures in developing countries. The authors found 
that treatment of smear-positive TB using the WHO DOTS strategy 
has by far the highest impact. While BCG immunization reduces 
childhood mortality, its impact on TB transmission is probably 
minimal. Under specifi c conditions, an additional impact on 
mortality and transmission can be expected through treatment 
of smear-negative cases, intensifi cation of case-fi nding for smear-

The Effi ciency of Healthcare

Box 7.3 The Copenhagen consensus

The goal of the Copenhagen Consensus project was to use cost-
benefi t analysis to set priorities among a series of proposals for 
confronting ten great global challenges. These challenges, 
selected from a wider set of issues identifi ed by the United 
Nations, were: civil confl icts; climate change; communicable 
diseases; education; fi nancial stability; governance; hunger and 
malnutrition; migration; trade reform; and water and 
sanitation. A panel of economic experts was invited to consider 
these issues. The panel was asked to address the ten challenge 
areas and to answer the question, ‘What would be the best 
ways of advancing global welfare, and particularly the welfare 
of developing countries, supposing that an additional $50 
billion of resources were at governments’ disposal?’ Ten 
challenge papers, commissioned from acknowledged 
authorities in each area of policy, set out more than 30 
proposals for the panel’s consideration. The 2004 meeting 
found that combating HIV/AIDS had a very high rate of return 
and should be at the top of the world’s priority list. About 28 
million cases could be prevented by 2010. The cost would be 
US$27 billion, with benefi ts almost 40 times as high. (See 
www.copenhagenconsensus.com/ for further details.)
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positive TB, and preventive therapy among individuals with dual 
TB-HIV infection. Of these interventions, DOTS is the most cost-
effective at around US$5–40 per DALY averted. The cost for BCG 
immunization is likely to be under US$50 per DALY averted. 
Treatment of smear-negative patients has a cost per DALY averted 
of up to US$100 in low-income countries, and up to US$400 in 
middle-income settings. Other interventions, such as preventive 
therapy for HIV-positive individuals, appear to be less cost-
effective.

In the fi eld of malaria control, analysis by Goodman et al.31 of 
the cost-effectiveness of malaria interventions showed that many 
interventions represent good value for money. For example, insec-
ticide treatment of existing mosquito nets was estimated to cost 
US$4–10 per DALY averted, providing nets and retreatment 
US$19–85 per DALY averted, and intermittent presumptive treat-
ment of pregnant women (IPTp) through existing antenatal ser-
vices US$4–29 per DALY averted. However, most cost-effectiveness 
evidence is based on very specifi c delivery mechanisms. In the case 
of ITNs, for example, the above analysis was costed on the basis 
of providing free nets with regular retreatment by project staff. For 
IPTp, it was assumed that delivery would be through public sector 
static health facilities. Little systematic evidence has been collected 
about costs and health consequences of other delivery approaches, 
although one study showed that social marketing of ITNs can be 
at least as cost-effective (US$37–57 per DALY averted) as public 
sector delivery.32 Costs of alternative delivery mechanisms will also 
vary across settings. For example, social marketing of ITNs costs 
US$3–5 per net in Tanzania, but up to US$10 in Mozambique.19

To date economic evaluations have not taken full account of 
the broader economic impacts of measures to control tropical and 
infectious diseases, particularly those targeted at infants and chil-
dren. Examples of these broader economic impacts include33:
• the fact that healthy children are better able to attend school 

and to learn effectively while in class
• like school children, healthier workers have better attendance 

rates and are more energetic and mentally robust. Workers in 
healthy communities, moreover, need to take less time off to 
care for sick relatives

• healthier people expect to live longer, so they have a greater 
incentive to save for retirement. They are also able to work 
productively for longer, giving them more time to save. Workers 
and entrepreneurs therefore have a larger capital base to draw 
on for investment, leading to greater job creation and higher 
incomes.

These impacts stem from the fact that many interventions not only 
treat, or protect individuals against getting a disease per se, but also 
against the long-term effects of that disease on their physical, 
emotional and cognitive development. For example, by stunting 
physical growth, childhood diseases can curtail opportunities for 
carrying out manual labour during adulthood. In developing 
countries, where manual work is frequently the only option, 
physical handicaps are particularly damaging. Cognitive develop-
ment may also be affected by tropical and infectious disease. 
For example, measles and malaria, among others, can cause 
brain damage or impair learning abilities, with severe impacts 
on a child’s life prospects.

The importance of these effects is borne out by recent work 
demonstrating the link from improved health to economic 
growth.27 This research has made clear the importance of health 

interventions for achieving growth and suggests that economic 
evaluations, as currently conducted, are likely to underestimate 
the benefi ts of many interventions aimed at tropical and infectious 
diseases.

While the emphasis of this section has been on value for 
money, effi ciency is only one of at least nine criteria relevant for 
priority-setting in health if the object is to decide how to spend 
public funds.34 Other criteria include horizontal equity (equal 
treatment for people in equal circumstances); vertical equity (pri-
ority for people with worse problems); adequacy of demand; and 
public attitudes and wants. As we have seen already, two criteria 
– whether an intervention is a public good and whether it yields 
substantial externalities – are classic justifi cations for public inter-
vention, because private markets could not supply them effi ciently, 
just as in other sectors. Finally, cost matters by itself, as do the 
capacities of potential benefi ciaries to pay for an intervention. The 
following section focuses on who pays, and how, for healthcare.

FINANCING HEALTHCARE

High-income countries spend about 100 times more on health per 
capita than low-income countries (US$3039 vs US$30).35 Further-
more, the poorer the country the larger the amount of total health 
spending that is out-of-pocket; more than 60% of the meagre 
spending in low-income countries is from out-of-pocket payments 
by patients/households whereas the same statistic in high-income 
countries is 20%. Out-of-pocket payment for healthcare is the 
most inequitable type of fi nancing because it hits the poor hardest 
and denies individuals fi nancial protection from catastrophic 
illness, commonly classifi ed as healthcare payments above 10% of 
household income.

User fees, one of the reasons for such high levels of out-of-pocket 
expenditure in developing countries, have been a contentious 
source of fi nancing in low-income country settings.36 In most cases 
they have occurred as a result of the scarcity of public fi nancing, the 
prominence of the public system in the supply of essential health-
care, the government’s inability to allocate adequate fi nancing to 
its health system, the low salaries of health workers, the limited 
public control over pricing practices by public providers and the 
lack of key medical supplies such as drugs (discussed in the section 
on the supply of healthcare above). User fees are likely to remain 
in place until governments are ready and more able to mobilize 
greater funding for healthcare. Until that time, the global commu-
nity should focus on helping countries design policies that can 
foster access by the poor to health-enhancing services and protect 
the poor and near-poor from catastrophic health spending.

Because tropical and infectious diseases often trigger cata-
strophic payments for healthcare,1 low-income countries must 
improve risk pooling to improve fi nancial protection. Risk pooling 
is the collection and management of fi nancial resources so that 
large unpredictable individual fi nancial risks become predictable 
and are distributed among all members of the pool. The challenge 
for low- and middle-income countries is to somehow direct the 
high levels of out-of-pocket spending into either public or private 
pooling arrangements, so that individuals will have real fi nancial 
protection.

The most globally prominent and straightforward way to 
increase risk pooling in most developing countries is through 
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Ministries of Health acting as national health services. To exploit 
the potential strengths of national health service-style systems, it 
is important for developing countries to improve the capacity to 
raise revenue. Unfortunately, revenue collection in developing 
countries is the art of the possible, not the optimal.35 Furthermore, 
as this chapter has already described, there are many problems 
with the public provision of healthcare in developing countries, 
which result in limited access to, and poor quality of, health ser-
vices as well as limited fi nancial protection against catastrophic 
health expenditures.

Social health insurance has the potential not only to improve 
risk pooling but also to bring additional funding into the health 
sector. Proponents of social health insurance argue that giving 
contributors a clear stake in the system, earmarking funds to 
protect health expenditures, and improving effi ciency through 
competition on the purchasing side are suffi cient justifi cations to 
pursue it. At issue are the pre-conditions for social health insur-
ance: a growing economy and level of income capable of absorb-
ing new contributions; a large payroll contribution base and thus 
a small informal sector; a concentrated benefi ciary population; 
and good administrative and supervisory capacity. Such pre-
conditions are absent in many developing countries. Voluntary 
health insurance can also increase risk pooling using private fund-
ing, but it accounts for less than 5% of private health spending 
in low-income countries,35 and clearly fares poorly on equity 
grounds. In most middle- and high-income countries, it generally 
supplements other types of public insurance.

Community-based health insurance may provide some marginal 
benefi ts in increased risk pooling and resources, but alone is 
unlikely to signifi cantly improve fi nancial protection in low-
income settings.35 The schemes can be broadly defi ned as not-for-
profi t prepayment plans for healthcare that are controlled by a 
community that has voluntary membership. There is evidence that 
such schemes reduce out-of-pocket spending, but the protection 
provided by, and sustainability of, most community-based health 
insurance schemes are questionable. They are often unable to raise 
signifi cant resources because of the limited income of the com-
munity, and the pool is often small, making it diffi cult to serve a 
broad risk-spreading and fi nancial protection function. They are 
also placed at risk by the limited management skills available in 
the community, and they have limited impact on the delivery of 
healthcare, because few negotiate with providers on quality or 
price. They also cannot cover the poorer parts of the population; 
even small premiums may be out of reach for the poor. Therefore, 
community-based health insurance is not likely to be the ‘magic 
bullet’ for solving the bulk of health fi nancing problems in low-
income countries. It should be regarded more as a complement 
to, rather than a substitute for, other forms of strong government 
involvement in healthcare fi nancing.

In 2000, 189 countries signed the United Nations Millennium 
Declaration. The document includes eight Millennium Develop-
ment Goals (MDGs) with specifi c targets for poverty eradication 
and development that are to be achieved by 2015. Three of the 
eight MDGs are directly related to health, of which one is specifi -
cally related to infectious and tropical diseases: reducing child 
mortality (MDG4); improving maternal health (MDG5); and 
combating HIV/AIDS, malaria, and other diseases (MDG6). 
Health also underpins many of the other MDGs. Donor funding 
will be critical for most countries to meet the MDGs. Donors need 

to reduce the volatility, improve the predictability, and improve 
the longevity of aid. With that in mind, two recent, creative 
market-based mechanisms are currently being piloted: Advance 
Market Commitments (AMCs) and the International Financing 
Facility (IFF) (Box 7.4).

Much of the recent increase in development assistance for 
health has been directed to specifi c diseases and interventions (e.g. 
The Global Fund to Fight HIV/AIDS, Tuberculosis and Malaria and 
PEPFAR), and there is growing concern about the disease and 
intervention-specifi c focus of aid. Such a focus can be very effective 
in achieving rapid short-term health benefi ts in resource-scarce 
environments. However, as health systems develop, waste can 
result from separate delivery silos for different diseases. And given 
the severe human resources constraints in many African countries, 
aid programmes may compete with each other to hire away the 
few skilled professionals needed to run the public health system. 
Support to broad health systems development is vital to address 
this issue.

CONCLUSIONS

Tropical and infectious diseases continue to be the major cause of 
death and illness in poor countries. Effective, low cost methods 
for preventing tropical and infectious diseases exist – they are 
among the most cost-effective interventions possible. Further-
more, never before have such sizeable funds been made available 

Conclusions

Box 7.4 Innovative fi nancing mechanisms

AMCs offer a market-based fi nancing mechanism to accelerate the 
development and availability of new vaccines. An AMC for 
vaccines is a fi nancial commitment to subsidize the future 
purchase (up to a pre-agreed price) for a vaccine not yet 
available if an appropriate vaccine is developed and if it is 
demanded by developing countries. An AMC is not a purchase 
guarantee, as industry will only receive the subsidized price if 
the product meets targeted standards and countries demand 
the product. Thus the commitment itself has no cost unless 
and until an appropriate vaccine is developed. This means that 
an AMC for a malaria vaccine would not divert money from 
being invested in existing malaria control measures while the 
new vaccines were being developed. A pilot AMC has been 
designed for pneumococcal vaccines to demonstrate both the 
feasibility of the AMC mechanism and its impact on 
accelerating vaccine development, production scale-up and 
introduction. (See www.vaccineamc.org/ for further details.)

A second innovative fi nancial instrument is the International 
Finance Facility (IFF). The IFF for Immunization (IFFIm) will 
provide proof of concept for this novel fi nancing mechanism 
by raising up to US$4 billion for fi nancing immunization 
programmes in low-income countries over the next 10 years. 
The IFFIm mechanism front-loads funding by using long-term 
government commitments as security for bonds issued in the 
capital markets. The proceeds from the bonds can be disbursed 
immediately to fund national immunization programmes or to 
guarantee the purchase of future vaccines, for example, 
through an AMC. If tied to the latter, the bond issuance would 
be timed to correspond with the procurement of the new 
product once it is on the market. (See www.iff-immunization.
org/ for further details.)
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to tackle infectious and tropical diseases. And yet, most develop-
ing countries are being severely challenged to provide essential 
services to their populations and to provide fi nancial protection 
against infectious and tropical diseases.

Given the constrained resources of most countries heavily 
affected by infectious diseases, economic analyses provide a pow-
erful tool to facilitate the prioritization of resources; it is impor-
tant that the maximum possible benefi t be gained from the scarce 
resources available. Moreover, the economic tools of demand and 
supply analysis, and application of economic principles to issues 
such as the role of government and fi nancing of healthcare, can 
help countries improve the design and performance of their health 
system.
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Section 1 Underlying Factors in Tropical Medicine

Chapter 8 Solomon R. Benatar

Ethics and Tropical Diseases: 
Some Global Considerations

The persistence of tropical diseases in an era that could have 
seen these largely eradicated is inextricably linked to poverty, 
inequality and global injustice. The root causes of such disruptive 
forces, and how they are perpetuated need to be recognized, 
studied and debated more constructively in order to make prog-
ress towards eradicating preventable diseases. Rather than focusing 
exclusively on such ethical considerations as what is right and 
wrong at the micro-level of the physician–patient relationship, 
ethical inquiry should be extended to include considerations of 
right and wrong behaviour within institutions and between 
nations – at which levels political decisions have a major impact 
on the health of whole populations. In a globalizing world the 
ethical imperatives that should be addressed include the need to 
relieve hunger, alleviate poverty and improve living conditions; 
reduce military expenditure; restructure third world debt; foster 
sustainable development; implement appropriate methods of 
taxing international fi nancial transactions; and restructure inter-
national relations – all with a view to promoting a broader 
approach to moral behaviour that includes, but goes beyond, 
respecting human rights. New perspectives are also required on 
how to undertake clinical trials ethically in developing countries 
and on improving ethical relationships between researchers and 
participants. The impact of tropical diseases will only be reduced 
if all these issues are addressed in a wise, scholarly and morally 
imaginative manner.

INTRODUCTION

A proper understanding of the distribution and impact of infec-
tious diseases on humankind in the broadest temporal and spatial 
contexts requires some knowledge of the trajectory of history over 
thousands of years. A less ambitious perspective on the forces 
promoting and sustaining tropical diseases would acknowledge 
the infl uence of imperialistic and colonial forces over the past 500 
years. However, such historical considerations from the distant 
past tend to be eclipsed by more recent spectacular advances in 
science and technology. These advances and the extent to which 
they have facilitated control of infectious diseases in industrialized 
countries favour a narrow biomedical approach to health and 
disease focused on the prospects offered by modern vaccines and 
drugs. The World Health Organization’s success in eradicating 

smallpox provided hope that many other major infectious dis-
eases that plagued humankind could be largely eliminated.

The persistence of many diseases, for example malaria and 
tuberculosis, the emergence of multi-drug resistance to both of 
these and the appearance of HIV (and other new infections, most 
notably SARS in recent years) illustrate the limitations of an 
approach to public health that does not embrace consideration of 
the social determinants of health. Infections have no respect for 
geographical boundaries, particularly in a globalizing world in 
which new ecological niches are being created and where speed 
of travel and transport allow enhanced transmission. This became 
particularly relevant with the outbreak of SARS and is further 
emphasized by the threat of an epidemic of avian fl u. Control of 
infectious diseases thus poses not merely scientifi c challenges 
for individual nations but also global political and economic 
challenges that have wider ethical implications than previously 
considered.

In the previous edition of this text, a synoptic overview was 
provided of the powerful global forces that play a dominant role 
in perpetuating inequities that impair human fl ourishing and frus-
trate the control of infectious diseases. Some challenging ethical 
imperatives were identifi ed and some potential solutions offered. 
Ethics is the branch of philosophy that rigorously evaluates and 
provides justifi cation for what is right and wrong in human behav-
iour. Such considerations are usually focused within the context 
of one-to-one personal interactions. However, relationships also 
exist between individuals and institutions and between institu-
tions and nations. My thesis is that massive differences in wealth, 
and how these have arisen and are perpetuated, lie at the heart of 
inequality and inequity in health between nations; and that the 
major ethical imperatives of our time are to narrow these gaps by 
considering the ethics of higher level relationships with a view 
to structuring more just societies in which premature death 
and unnecessary suffering from tropical diseases could be 
diminished.1

In this updated chapter some of some of the above-mentioned 
data will be even more synoptically covered and with exclusion of 
most of the original references to sources of data. Interested 
readers are referred back to the previous edition for such details. 
New sections in this chapter will focus on some considerations 
about the practice of tropical medicine and on ethical issues in 
relation to conducting research in developing countries.
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A STARTING POINT: THE FACTS

The world today is in a tragic state (Box 8.1). Despite massive 
growth of the economy over the past 50 years, hundreds of mil-
lions of people live under conditions of ‘absolute poverty’ defi ned 
as ‘a condition of life so limited by malnutrition, illiteracy, disease, 
squalid surroundings, high infant mortality, and low life expec-
tancy as to be beneath any reasonable defi nition of human 
decency’.2 Growing economic disparities are associated with 
growing inequalities in the burden of disease and premature death, 
and vast inequities in access to healthcare and medical research.3

MORAL JUSTIFICATION FOR CHANGE

These facts about the state of the world arouse moral indignation 
and must be addressed for several reasons. First, and foremost, is 
the ethical imperative to respect equally the dignity of all people. 
With the 60th anniversary of the Universal Declaration of Human 
Rights (UDHR) behind us, it is necessary to refl ect on its content 
(and that of subsequent supportive covenants and declarations) 
and on the extent to which these aspirations have not been 
achieved. Moreover, concerns about human rights become magni-
fi ed in an era in which there will be the potential to modify nature 
by applying genetic engineering techniques to all forms of life.4,5

Second, is the ethical requirement to promote the solidarity 
and social stability necessary for human fl ourishing in a complex 
world. The twentieth century was characterized by spectacular 
scientifi c and technological progress from which many have ben-
efi ted greatly, but it was also characterized by ongoing wars since 
1945, especially in the developing world. While wars have complex 

causes, they were certainly fuelled by the economic and ideologi-
cal interests of the great powers during the Cold War, and continue 
under the infl uence of powerful global economic forces driving 
the extraction of human and material resources from poor regions 
to promote economic growth of the rich. Consequent hunger, 
miserable living conditions, lack of education, illiteracy and lack 
of control over personal destiny have bred anger, violence, crime, 
drug dealing and abuse of vulnerable humans – all of which refl ect 
injustice and erode the fabric of society.6–12 Third, is the ethical 
imperative to be aware of the adverse ecological effects of high 
and wasteful consumption patterns of modern life and to develop 
processes necessary to protect the environment for the well-being 
of future generations.13

CAUSES OF WIDENING DISPARITIES AND 
ONGOING POVERTY

Disparities in wealth and health are symptoms of an unjust world 
– a well known fact that is widely stated, but about which most 
privileged people have become complacent in pursuit of their own 
economic goals,6,12,14 and in the deluded belief that we live in a 
just world.15 Some believe that poverty is not the fault of wealthy 
countries, but rather the result of bad government elsewhere, and 
can be alleviated by market forces. Others believe either that the 
problems are of such great magnitude that there is little that can 
be done to ameliorate them, or that there is too much disagree-
ment about values to focus on solutions. These views are all 
contestable and wealthy industrialized nations are deeply impli-
cated in creating and sustaining poverty.12,*

The extent of injustice, the underlying causes of such injustice 
(described synoptically below) and potential solutions previously 
suggested1 should be constructively addressed by scholars, politi-
cians and policy-makers. Progress towards reducing inequalities 
and the burden of preventable diseases will be limited if these 
causes of injustice are ignored and a merely biomedical approach 
adopted to addressing inequalities in health. The World Health 
Organization’s renewal strategy16 indirectly acknowledges these 
issues but its approach is inadequate and a bolder thrust is 
required.

Globalization, economic exploitation and 
the debt problem

Globalization describes the development of a complex web of 
material, institutional and ideological forces that infl uence the 

*The facts and interpretations offered above are not intended to imply that the 
wealthy, productive and fortunate in the world should bear the whole burden 
of the blame for the complex series of historical developments that polarize the 
world. Political realities within developing countries, including corruption, 
ruthless dictatorships, ostentatious expenditure by elites and under-investment 
in education and health, have contributed greatly to the suffering of billions. 
However, it is vital for privileged people to have insight into the extent to 
which these defi ciencies in many developing countries have been facilitated by 
the policies of wealthy nations in pursuit of their own interests. Powerful 
nations, intent on continuing to extract material resources (e.g. oil, diamonds, 
platinum) and human resources (recruitment of health professionals without 
any recompense), are often complicit in supporting despots and kleptocrats by 
legitimizing sale of their countries’ assets to arm and enrich themselves.

Box 8.1 Some facts about the world today

■ Gap between the richest 20% and poorest 20% of the world’s 
population
– Widened from 9× at the beginning of the century to over 80× 

by 2000
■ Scale of absolute poverty has increased

– Number of extremely poor people more than doubled 
between 1975 and 1990

■ 2.8 billion (46% world population) live on <$2/day
■ 2.0 billion lack access to essential drugs
■ 2.8 billion lack access to sanitation
■ 2.0 billion do not have electricity
■ 1.2 billion lack access to safe water
■ 1.0 billion have no adequate shelter
■ 831 million are chronically undernourished
■ 18 million die prematurely every year from poverty related 

causes
■ 34 000 children die each day from hunger and preventable 

diseases
■ US$50 billion could prevent 50% premature deaths

– (0.2% combined GDP of affl uent countries)
■ 90% of annual global expenditure on healthcare is spent on 

patients who bear less than 10% of the burden of disease 
expressed in disability adjusted life years (DALYs)

■ 90% of expenditure on health research is on those diseases 
accounting for 10% of the global burden of disease.
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balance of power, and effectively blur the boundaries between 
states. Globalization has been ostensibly spearheaded by a few 
hundred corporate giants, the development of earth-spanning tech-
nologies and products that can be produced anywhere and sold 
everywhere, and the spreading of credit through pervasively pene-
trating global channels of communication. However, globalization 
is both a more complex and ambiguous concept than this, going 
beyond economics to include social, cultural and ecological dimen-
sions. Nor is it a new phenomenon, but rather the outcome of a 
long and interwoven economic and political history, involving a 
wide range of actors. Its effects are both benefi cial and damaging 
– and as with the effects of population growth and global warming, 
adverse manifestations are now becoming starkly apparent.

Positive manifestations of progress associated with globaliza-
tion include advances in science and technology; increased longev-
ity; enhanced economic growth; greater freedom and prosperity for 
many; improvements in the speed and cost of communications and 
transport; and popularization of the concept of human rights. Neg-
ative effects of globalization include widening economic disparities 
between rich and poor (within and between nations), and increases 
in both absolute and relative poverty.11,12 Economic disparities have 
become so marked and their adverse effects so apparent that a very 
signifi cant degree of incompatibility has arisen between neo-liberal 
economic policies and the goals of democracy.17,18

The power of massive multinational corporations in a globaliz-
ing world has profound implications for the accumulation of 
capital and for the way in which resources are controlled. In 1970, 
70% of all money that exchanged hands on a daily basis was 
payment for work, while speculative fi nancial transactions 
accounted for 30%. By 1997 these proportions had changed to 5% 
and 95%, respectively. Such a striking shift in the distribution of 
money arguably refl ects devaluation of the lives and work of most 
people in the world. The infl uence of the shift in the locus of eco-
nomic power from the nation-state to global corporations thus 
alters the balance of power in the world, effectively blurring bound-
aries between states, and between foreign and domestic policies – in 
the process undermining small states’ control over their own econ-
omies, and threatening their ability to provide for their citizens.

During the second half of the twentieth century, the evolution 
towards a globalized economy has perpetuated and aggravated 
centuries of exploitative processes that facilitate the enrichment of 
some people at the expense of others – within and between 
nations. Such exploitation (made possible by processes that 
devalue and dehumanize the ‘other’, relegating them to lower 
standards of life), overtly underpinned slavery, racism and indus-
trial labour abuse. Over the past 50 years, covert erosion of the 
economies of many poor countries, under the impact of the neo-
liberal economic policies driving globalization, has obstructed 
real development and prevented the introduction of effective 
forms of modern medicine into many poor countries and the 
achievement of widespread access to even basic healthcare for 
billions of people.19 Average national per capita GNP has risen to 
above US$30 000 in some countries and remained static or 
dropped to less than US$200 in others – and similar gaps can be 
observed within many societies.20,21 The debt owed to rich coun-
tries by the poor amounted to US$2.2 trillion in 1997 – a debt 
developed and perpetuated through arms trading and ill con-
ceived ‘development projects’ that did more harm than good and 
usually benefi ted developed nations more than those they were 

allegedly ‘developing’. Such debt can never be repaid and perpetu-
ates economic slavery and human misery in more covert guises.8

The adverse effects of globalization on health and health policy 
are evident in the policies of the World Bank and IMF, institutions 
that have held the balance of power for over 20 years in formulat-
ing global health policy. Liberalization of economies, reduced 
subsidies for basic foods, and shifts in agricultural policy that 
promote growing export crops to the detriment of home-grown 
food production, have resulted in devastating malnutrition and 
starvation that have caused billions to suffer, especially in Africa. 
Farming subsidies of US$350 billion per year in the USA and 
Europe coupled to trade protectionism cost developing countries 
US$50 billion per year in lost income.

It is an indictment of the IMF and World Bank’s structural 
adjustment programmes that they imposed reduced government 
expenditure on healthcare, education and other social services 
and encouraged privatization, even within healthcare. Structural 
adjustment programmes, debt repayments, cuts in aid budgets 
(especially by the USA), discrimination against African trade, 
increasing malnutrition and the cold-war activities of the great 
powers have all played a signifi cant part in sustaining high rates 
of infectious disease, destabilizing already dysfunctional health 
services and in fanning the AIDS pandemic.21,22

The debt of poor countries is maintained by liaisons between 
eager lenders, corrupt borrowers and linkages to arms trading. So 
from 1980–1994, more than 60% of economic aid was spent by 
developing countries on acquiring arms. The annual interest paid 
on debt by Africans far exceeds the US$21 billion per year of 
foreign aid to Africa, and there are many shortcomings in how 
international aid is applied – thus failing to achieve desired devel-
opment goals. It is also noteworthy that development aid was 
progressively reduced over many years (although increased 
recently) but is now being directed more towards emergency 
humanitarian aid and the perceived security needs of wealthy 
nations, rather than towards sustainable development.23,24

Military expenditure

A concept of security that relies on force has resulted in industrial-
ized countries spending vast sums of money on the military. In 
the 1990s, such expenditure averaged 5.3% of GNP (as contrasted 
with 0.3% on aid for developing countries). By defl ecting resources 
away from true human development over many decades, such 
militarization and the associated militarism have compromised 
the health of individuals and nations directly and indirectly – 
killing, maiming, torture, refugeeism, destruction of livelihoods, 
starvation, rape, impoverishment of physical, social and mental 
health, environmental damage and social destabilization, most 
especially within developing countries where children too have 
become hardened warriors. Even though military expenditure fell 
during the 1990s it remained exorbitant and has increased since 
the onset of the Iraq war.25,26

SOCIAL INJUSTICE

Assuming that economic disparities and the causal processes 
behind these are a major global problem, the dilemma becomes 
one of addressing the question of economic or distributive justice. 

Social Injustice
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This involves consideration of such overlapping notions as: rights, 
fairness (equity), equality and what may be deserved. Each of 
these are complex notions and they may be in confl ict with each 
other. No attempt will be made here to review the many theories 
of justice that have been formulated as potentially coherent, com-
prehensive and plausible unifying solutions to such complex 
issues,27 except to say that none have provided workable solutions. 
Some have proposed that theories of imperfect justice could be 
useful in making progress.28

While it is unrealistic to imagine that economic equality can 
be achieved globally, it is increasingly agreed that it is an ethical 
requirement that extreme poverty should be alleviated and pre-
vented, and that social injustice be addressed within societies and 
across national boundaries. Some have suggested that the only 
way to achieve social justice is to abandon the capitalist system. 
Others have argued that this is both implausible and impossible, 
yet agree that major changes are required in the way in which 
economic systems operate.10,11,14,18,28,29

The absence of defi nitive answers to such complex questions 
should not engender paralysis. Moral solutions can be identifi ed at 
the level of institutions and nations. For example in the context of 
the American healthcare system that is manifestly unjust, ineffi cient 
and extraordinarily expensive, a philosophically coherent and prac-
tically applicable outline has been provided for progress towards 
greater justice in healthcare.30 If a powerful and wealthy country 
were to set such an example the global impact could be profound.

ETHICS AT THE LEVEL OF 
INTERNATIONAL RELATIONS

It is also necessary to move beyond considerations of justice only 
within nations and to attempt reducing injustice at a global level. 
Searching for and implementing solutions to the problems of 
poverty, inequality and inequity requires some understanding of 
how unethical relationships between nations have fostered global 
disparities and of seeking means of making such relationships 
more ethical in the future.12,29,31,32

INTERNATIONAL LAW AND HUMAN RIGHTS

Cutting across these complex political, social and economic devel-
opments there has been growing support for the concept of uni-
versal human rights and indeed the idea of Universal Human 
Rights is now becoming a new standard of civilization, supersed-
ing those standards of civilization that dominated over many 
centuries,† and since 1945 an extensive body of international 
human rights law has been developed.33

This new inclusive standard, adherence to which is required for 
full membership of international society, is now advocated to 
prevent the violation of human rights within states, and to allow 
intervention where required to protect the rights of the vulnerable 
and abused. The UDHR and international human rights law are 
considered to be capable of playing this role. Human rights consid-

erations have indeed become an everyday, (allegedly) non-partisan 
part of foreign policy and are of greatest concern in cases of shocking 
barbarism – for example in Rwanda and in Bosnia, but regrettably 
also in prisons in the highly industrialized and privileged world.34,35

Whether states can respond to moral issues remains conten-
tious. On the one hand sceptics doubt that moral behaviour can 
be expected of states. On the other hand moralists insist on the 
highest standard of morality from states. Both extremes seem 
untenable and yet it seems reasonable to expect at least some 
degree of moral behaviour from states. Such expectations lie 
behind the UDHR, International Law and the rules of war. NATO 
attacks on Serbia (without United Nations approval), in response 
to the crisis in Kosovo, illustrate the potential for the use and 
abuse of power and the implications of actions seemingly based 
on ‘humanitarian’ concerns.32,36

The impact of globalization on human rights

Because the concept of rights was developed in an era in which 
national sovereignty was respected it becomes clear that another 
level of complexity is introduced when there is a need to imple-
ment human rights under conditions in which the power of states 
to deliver the rights expected by its citizens is being diluted by the 
adverse effect of globalizing forces on national economies. Even 
the extent to which states can control warfare is being diminished 
and independent warlords and militant groups are capable of 
waging uncontrollable confl ict.37 As all gradually become citizens 
of the world, as well as of states, so the ability to deliver on human 
rights requires both capacity and responsibility that extend beyond 
the state.29,32

WORLD VIEWS: UNDERSTANDING 
OTHER CULTURES

Optimism for the role of a universal concept of human rights 
within a state-centric system is not only threatened by globalizing 
forces. Donnelly, a champion of the human rights approach, has 
suggested that it can also reasonably be doubted whether univer-
sal human rights can constitute an effective international morality, 
given the degrees of ideological and political diversity that remain 
in the world. He expresses concern that even if the UDHR appears 
to be widely accepted it is not clear that its values have genuine 
signifi cance for all.33 It is thus necessary to acknowledge that there 
are many world views and that the West has not worked hard 
enough to understand the implications of these for making real 
progress towards a more peaceful world. Attempts by theologians 
to fi nd the common ground on which all world religions can 
meet,38 approaches to understanding how world views are con-
structed39 and attention to human needs40 offer at least some hope 
that there may be some potential for facilitating processes of 
peaceful interaction between diverse peoples.

REFLECTIONS ON SOME ETHICAL 
IMPERATIVES IN OUR MODERN WORLD

The major ethical imperatives of our time – and we should have 
no diffi culty recognizing these unless we are morally blind – are 

†These range from common culture and language in Ancient Greece, through 
religion in the medieval era to the concept of the ‘white man’s civilization’ 
during the age of empire, and the sovereignty of states.
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to relieve hunger, alleviate profound poverty, sustainably improve 
the lives of those living under abominable conditions and to 
foster global peace and ecological security.12,29,31 Several United 
Nations conferences – Rio 1992, Cairo 1994, Copenhagen and 
Beijing 1995 – and others testify to the growing acknowledgement 
of these ethical imperatives and the need to enable the processes 
by educating and empowering women and children. However, 
insuffi cient attention has been devoted to the ways in which 
resources can be generated to achieve these ambitious goals. 
Scholarly attention and political action directed at ethical and 
effective use of resources are central to the imperatives to be faced. 
Suggestions detailed in Chapter 8 in the previous edition include 
reduction of military expenditure, debt restructuring, implementa-
tion of appropriate international taxation, development of imagi-
native development programmes and new ways of viewing the 
world and international relations in an increasingly interdepen-
dent world.1 New paradigms of thinking would embrace concern 
for population well-being as well as individual well-being; deeper 
insights into how complex systems function; and development of 
an ethic for institutions and international relations that recognizes 
the responsibility to balance individual goods and social goods, 
and not to harm weak and poor nations or groups of people 
through economic and other forms of exploitation that frustrate 
the achievement of human rights and well-being.1,41

SOME PRACTICAL AND ETHICAL 
CONSIDERATIONS FOR THE PRACTICE OF 
TROPICAL MEDICINE

Those who have trained under privileged conditions and then 
practice or undertake research in deprived contexts are generally 
ignorant about the local social, economic and political milieu that 
frames the context in which practice and research is being under-
taken. In addition, they seldom have adequate insight into the 
mind-sets and belief systems of non-westernized peoples and they 
are insensitive to the differing perceptions of research and health-
care that may prevail in such contexts.42 Their research generally 
does little to improve overall healthcare in the regions in which 
they work. For example the UK MRC has been doing research in 
the Gambia for over 50 years, yet this research has not been linked 
to making improvements in healthcare services in this region.43 
Privileged physicians need to better understand that their scientifi c 
world view, that allows them to see themselves as nobly advancing 
knowledge, is to some degree a refl ection of their ‘local’ values. 
Impoverished research subjects who have benefi ted little from 
previous research may have different ‘local’ values within which a 
lower value is placed on research and healthcare professionals are 
seen primarily as providers of care.

The gap between these views could potentially be narrowed by 
seeking a middle ground through education of physicians and 
researchers about life in developing countries and about the per-
ceptions of the medical care and research endeavours within spe-
cifi c local contexts. Acquiring such knowledge could facilitate 
linking to research medical care that would otherwise be unavail-
able in the research setting in developing countries. Negotiations 
to achieve these goals should be initiated by researchers and sup-
ported both by research ethics committees and by the development 
of partnerships as discussed below. By meeting the ‘local’ needs of 

researchers, participants and the local healthcare system, the most 
admirable universal goal could be achieved – advancing knowl-
edge for the purpose of improving health locally and globally.

In order to make the progress mentioned above new paradigms 
of thinking will be needed. First, we must acknowledge that 
research does not take place in a vacuum but rather in a world 
with wide disparities in which much research on vulnerable 
people has rarely been applied for their benefi t. Second, research-
ers should increasingly view continuation of current patterns of 
exploitative research as ethically unacceptable. Third, the need to 
link moral progress to scientifi c progress should become a high 
priority. Progress could be made towards such goals by coupling 
research to improvements in health by linking research to devel-
opment through partnerships and strategic alliances that could 
promote sustainability.44–46

CONTROVERSIES IN THE ETHICS OF 
CLINICAL TRIALS

Stimulated by the pharmaceutical industry’s desire for new, mar-
ketable drugs, clinical research has become a burgeoning activity 
in recent years. More and more research is being undertaken in 
developing countries as large numbers of research subjects are 
needed and it is often easier and more economically favourable 
to recruit them in developing countries where costs are lower, 
ethics committees may be viewed as more lenient, and under-
privileged subjects are eager to participate regardless of any ben-
efi ts or the standard of care offered.

This raises serious ethical questions about the relevance and 
benefi t of such research in the developing world. Recent contro-
versies over proposed revisions to the Helsinki Declaration and to 
the Council for International Organizations of Medical Sciences 
(CIOMS) guidelines have stimulated renewed interest in the ethics 
of clinical research in developing countries. The contentiousness 
of the debate can be explained in part by different perceptions of 
social relations and of the relationship between research and 
healthcare. Researchers largely share a scientifi c world-view and 
have a primary, if not exclusive interest in advancing knowledge, 
often accompanied by an interest in fi nancial and other personal 
and institutional benefi ts that fl ow from pharmaceutical compa-
nies in search of profi t. Underprivileged and deprived research 
subjects within traditional cultures tend to share a non-scientifi c 
world-view, are less wedded to foreign imposition of market rules 
that do not seem to benefi t them, and have a predominant inter-
est in receiving care for their illnesses. Although these differences 
lie along a spectrum and many values may be shared, the extent 
of such differences is not trivial and they are of practical impor-
tance in developing ethical policies for research.

Despite seeming agreement on several issues, and widespread 
acceptance of the Declaration of Helsinki and the CIOMS guide-
lines for research ethics, some conclude that different viewpoints 
persist on fundamental issues and that it unlikely that current 
disagreements will be easily resolved.47 We have argued that dis-
agreements may in part be explained by differing perceptions of 
social relations and by failure to use moral reasoning to identify 
the rational middle ground between ethical universalism and 
moral relativism. We contend that progress can be made towards 
resolving contentious issues in international research ethics by 

Controversies in the Ethics of Clinical Trials
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acknowledging many areas of agreement, and developing a frame-
work for understanding the different perspectives on life by 
researchers and vulnerable subjects that could facilitate rational 
responses to disagreements.48 We reiterate here our summarized 
approach to resolving these disagreements by posing and answer-
ing a series of questions (Boxes 8.2–8.5).48,49,††

††Material is used in this section from previous publications with permission 
from the journals.48,49

Box 8.2 What research should be undertaken in developing countries and how should priorities be decided?

■ Clinical trials conducted by overseas sponsors in developing countries should be relevant to the health needs of the host country.
■ For consideration of the host nation’s health priorities host country researchers, research ethics committees and policy makers should be 

involved in the design, review and conduct of trials.
■ They should pursue with overseas investigators, before a trial is approved by the host country research ethics committee, how study 

fi ndings and other benefi ts that fl ow from the research will be incorporated into local healthcare systems.
■ Through such advance collaboration host country researchers, subjects and health systems can all benefi t in ways that signifi cantly improve 

local research processes and build capacity for the public health sector.

Box 8.3 What sorts of study designs are acceptable? Can placebos be used and what comparative arms should be 
included?

■ Conditions for use of placebos are described in the Declaration of Helsinki and the CIOMS guidelines but we have suggested that it is not 
always possible to decide whether it is ethical to use placebos in a particular research project simply by examining a few clauses in such 
guidelines as general principles, whether in law or ethics, are not self-interpreting.

■ Moral reasoning requires consideration of context in the process of applying general, universally-applicable principles.
■ Each study in which a placebo arm is anticipated should be considered on its merits, taking into account the research question posed, how 

this could best be answered, potential harms and benefi ts, ethical principles and relevant local circumstances.
■ Where morally valid reasons can be mounted for placebo-controlled trials, and where such studies are designed specifi cally for the benefi t 

of local populations rather than as surrogates for acquiring information for wealthy countries (e.g. studies of ‘me too’ drugs), the use of a 
placebo may be justifi ed on rational grounds.

■ Utilitarian calculations for the benefi t of whole groups of people, even with their agreement, should almost never be used to justify a 
placebo arm when this may result in unnecessary suffering, avoidable injuries or death.

■ These recommendations do not imply moral relativism, and the arguments for this have been explicated in greater detail elsewhere.44,48

Box 8.4 How do we avoid exploiting research subjects in developing countries?

Exploitation in the research context should be defi ned to include several acts or omissions:
■ Taking advantage of power differentials to meet the researchers’ goals through any means they choose, without fi rst giving serious 

consideration to the harms that may be perceived by research participants or their communities.
■ Using research subjects as a means to achieving only the ends of researchers, e.g. advancing knowledge and in many cases the commercial 

interests of Pharma, when the benefi ts of the research will not be relevant, affordable, or fairly available to research participants and their 
communities.

■ Undertaking studies in which minimal benefi ts accrue to participants and large benefi ts, especially fi nancial, may accrue in the long term to 
research sponsors, thus failing to ensure fair balance of benefi ts and burdens to sponsors/researchers and research participants over the 
longer term.

■ Denying participants post-trial use of therapies identifi ed as safe and benefi cial in environments where such treatments would not 
otherwise be affordable and available to subjects in the public health sector.

To avoid exploitation:
■ Priority should be given to trials that will provide useful knowledge for the host country.
■ The balance of benefi ts and burdens should be fairly distributed.
■ The benefi ts of research should be seen to fl ow into healthcare settings.
■ While individual subjects’ safety and benefi ts are always important, community and national health priorities must be identifi ed and 

negotiated with relevant authorities, not just left to individual subjects, the IRB, or the local researcher.
■ In no event should existing disparities be further entrenched by defl ecting local human or material resources away from healthcare systems 

in host countries towards research that fails to advance subject, community or national health priorities.

Attempts to resolve the vexed question of the ‘standard of care’ 
for research in developing countries by utilizing arguments totally 
within a single world-view are unlikely to convince those who 
have a different perspective on social relations and how these 
should infl uence social policy in research. An expanded concept 
of the standard of care is outlined in Box 8.5.
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developing countries in the design and planning of clinical 
trials.44–46

Prior evaluation by a local committee or governing body allows 
consideration of whether the study fi ndings can, and will, be 
incorporated into the local healthcare system.

Care should be taken that the research will not inappropriately 
defl ect local human or material resources away from the health-
care system in the host country towards the research project, thus 
more deeply entrenching existing disparities.

Since the goal of medical research is to improve healthcare for 
research subjects and their communities, as well as to advance 
scientifi c knowledge, closer links should be encouraged between 
overseas researchers, their sponsors, host country investigators, 
communities, and health authorities. To be effective, this collabo-
ration must be authentic, not simply pro forma, and must be done 
in advance of submitting research protocols to the host country 
research ethics committee. These justifi cations and examples of 
how they have been applied in practice have been described in 
detail elsewhere.44

RESEARCH ETHICS COMMITTEES

The role of research committees is to evaluate research proposals 
with special attention to risk/benefi t ratios, equity in distribution 
of benefi ts and burdens, potential confl icts of interest, the ade-
quacy of information provided for subjects, and the protection of 
freedom of choice. Their second, equally important but less widely 
implemented role is to educate and assist faculty, researchers and 
other stakeholders in the community to understand and appreci-
ate the ethics of research. A third, increasingly acknowledged but 
even less widely implemented, function is to monitor and audit 
research, and to provide accountability to the public.42

Given the growth of research in developing countries and the 
relative lack of training in research ethics the United States NIH’s 
Fogarty International Center has in recent years sponsored capac-
ity building programmes in international research ethics and bio-
ethics in developing countries.51 The contribution being made 
to educational and capacity-building endeavours by these pro-
grammes is of great importance in an era in which international 

Moral arguments have been advanced to justify this as opposed 
to a narrow standard of care (usually limited to which drug can be 
used in the control arm) that insists on worldwide uniformity.44

Simply put, the above position is based on the obligations to:
• Do no harm, do good and to be fair
• Respect practices within other cultures that pose no signifi cant 

risk to health and safety, but reject those that infringe on 
universally agreed human rights

• Be sensitive to the adverse invasive social impact of their intru-
sion into lives and cultures in countries that they do not fully 
understand.

An improved standard of care that progressively approaches that 
of rich countries would enhance, not deter, successful achievement 
of research goals in developing countries.

When a broader standard of care in research is implemented in 
poor countries, this will highlight the existence of different stan-
dards of care in rich and poor countries. Some view the existence 
of different standards in the context of research as ethically imper-
missible. It is arguable that when an alternative, locally negotiated 
standard of care is applied in a poor country and the overall stan-
dard of care is ratcheted upwards through research, this represents 
progress towards better healthcare for vulnerable research partici-
pants and populations in poor countries. In research, as in health-
care generally, the perfect should not become the enemy of the 
realistically achievable. In light of the centuries of neglect and 
impoverishment of healthcare in poor countries, our inability to 
achieve immediate equity should not impede realistic, substantial 
research that could progressively improve healthcare more widely 
with time and effort. Some might characterize additional and 
enhanced care offered to poor, vulnerable research subjects as an 
ethically problematic means of inducement or even coercion. But 
inducements are only morally wrong if they result in participants 
taking risks with their health and lives.

Forming partnerships

Growing acknowledgement that much research in developed and 
developing countries has been exploitative has also led to greater 
emphasis on the need to focus on diseases of direct relevance to 
developing countries and to include scientists and others from 

Research Ethics Committees

Box 8.5 What is the standard of care? How is this defi ned and how can it be justifi ed?

Attempts to resolve the vexed question of the ‘standard of care’ for research in developing countries by utilizing arguments totally within a 
single world-view are unlikely to convince those who have a different perspective on social relations and how these should infl uence social 
policy in research. An expanded concept of the standard of care is outlined.
■ A well-reasoned universal standard of care should be translatable into feasible local practices and a universally applicable ethical framework 

for a standard of care in research must acknowledge practical and morally relevant differences between countries.44

■ In order to apply universal principles to the context of a specifi c research project in a particular place, researchers should:
– Conduct research with the same respect for the dignity of all subjects wherever they are in the world and always treat them as ends in 

their own right and not use them merely to acquire knowledge that could benefi t only others.
– Obtain authentic informed consent that refl ects the realities of the economic, social, linguistic and cultural framework of research 

subjects and their communities.
– Provide care for other diseases concomitantly affl icting the subjects and for which treatment may not otherwise be available.

■ This alternative to providing the higher level of care that would be available in wealthy countries, but neither relevant nor affordable in 
local settings, would enhance community benefi t from research and progressively ratchet up the standard of care in host countries.

■ The above require that researchers, research ethics committees and the community of subjects shape an acceptable standard of care for a 
particular study through a deliberative, respectful process of moral and scientifi c reasoning. In this way healthcare could be improved 
through successive research projects that would step up the standard of care in research towards a global universal level.44–50
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collaborative research is expanding rapidly, and cross-cultural 
understanding is required. Research committees are being encour-
aged to proactively work to ensure benefi ts to participants, and 
the community.

BIOBANKS

Although personal information regarding genetic and other dis-
eases has long been uncontroversially stored in databases, the 
storage of biological material for the purpose of future research 
has taken on new implications in the era of genetic biotechnology 
and computerization. Concerns include the use of such informa-
tion to stigmatize and discriminate against individuals or groups; 
exploitation through commercialization of new information with 
limited if any benefi ts to those who provided the samples; empha-
sis on DNA sequences and neglect of social and environmental 
factors shaping health and disease. Reliance on adequate informed 
consent has been suggested as a means of overcoming such con-
cerns. However, the diffi culty in obtaining truly informed consent, 
especially from vulnerable subjects, undermines this as a protec-
tive measure. Some authors have suggested that other ethical prin-
ciples can be invoked. For example, the duty to contribute to 
research by showing solidarity with fellow humans in order to 
facilitate scientifi c and medical advances. If it were possible to link 
the sharing of benefi ts from research with individuals and com-
munities this would strengthen the validity of the principle of 
solidarity.52 Give the extent to which vulnerable subjects in poor 
countries have not benefi ted proportionately from research involv-
ing them it is likely that controversies over biobanks will continue, 
although a single study in Uganda has shown that the majority 
were willing to participate in such research.53

CONCLUSIONS

Reducing the burden of tropical diseases and fostering greater 
human well-being on a global scale will require acknowledgement 
that unbridled materialism and wasteful consumerism are associ-
ated with impoverishment of the human spirit and threaten the 
lives of billions. Perpetual economic growth for some cannot 
continue at the expense of others without sacrifi cing our human-
ity. The forces that sustain poverty should be studied more seri-
ously and constructively addressed. The poor are not poor because 
they are lazy, incompetent or corrupt. While poor countries must 
also accept some blame for their condition, the causes of poverty 
are much more complex. Powerful nations need to resolve to deal 
with the upstream causes of intolerable economic disparities in 
which they are deeply implicated through such processes as 
described above. Their wealth, their sense of entitlement and their 
moral insensitivity are as problematic as the existence of poverty.

Crucial to a new approach will be the recognition that it is not 
merely altruism that is called for but more importantly a long-
term perspective on rational self-interest in an increasingly inter-
dependent world. To achieve this will require a broader approach 
to morality that fi rmly embraces but also goes beyond the concept 
of human rights, and includes concern for human needs world-
wide and for the environment on which all life is crucially depen-
dent. Sustainable development and respect for human rights and 

human dignity are in the interest of all worldwide. These can only 
be achieved through a combination of analytically incisive and 
honest thinking about global problems and the active promotion 
of solidarity devoid of economic, cultural, and ethical imperial-
ism. It should also be acknowledged that all people and cultures 
have something to contribute to the development of a more just 
world. The goal of achieving a global mindset to which all can 
contribute is the challenge for the twenty-fi rst century.54 If this can 
be achieved the prospects of reducing suffering from tropical dis-
eases will be greatly enhanced.
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Section 2 Symptoms and Signs

Chapter 9 Gary Maartens, Peter Mwaba and 
Alimuddin I. Zumla

General Approach to the Patient

INTRODUCTION

The knowledge base of medicine in the tropics has grown rapidly1,2 
yet the fundamental practice of clinical medicine in the tropics 
remains more of an ‘art’ than a ‘science’. The ability to establish a 
sympathetic rapport with the patient, understand the social, cul-
tural and economic reasons underlying the patient’s ill health, 
elicit the important parts of the history, identify the important 
physical signs and make sound judgements in the absence of 
sophisticated technological help, and maintain the highest ethical 
standards when dealing with patients from different ethnic and 
cultural backgrounds constitutes the ‘art’ of the practice of medi-
cine in the tropics.

Despite the technological advances of the past two decades,3 
history taking and physical examination remain the mainstay of 
the practice of medicine.4–6 Clinical acumen is of paramount 
importance in arriving at a correct diagnosis when medicine is 
practised in rural areas of the tropics or where laboratory back-up 
is scarce or unavailable. Even when modern technology is avail-
able, the medical practitioner can greatly enhance patient manage-
ment by meticulous evaluation and by recognizing the multiple, 
often asymptomatic, pathologies that are a frequent feature of 
disease in the tropical context. Furthermore, non-infectious 
medical conditions are also common and may easily be over-
looked (Figures 9.1–9.19).

The spectrum of diseases in tropical areas has changed 
considerably in the last two decades.1 Rapid urbanization in 
the tropics has led to a rise in diseases associated with obesity, 
smoking and reduced physical activity: diabetes mellitus, hyper-
tension and atheromatous cardiovascular diseases (see Chapters 
12, 37 and 38).7 At the same time, there have been successful 
campaigns that have reduced the incidence of many tropical 
diseases: examples include measles, polio, onchocerciasis, dracun-
culiasis, and leprosy. However, the rapid and devastating 
spread of the human immunodefi ciency virus (HIV) epidemic 
has substantially changed the practice of medicine in the tropics 
and has added another complex dimension to the interpretation 
of symptoms and signs.8,9 HIV/AIDS, because of its protean 
manifestations, should be at the back of every clinician’s mind 
and included in the differential diagnosis of many clinical 
problems.

As the numbers of tourists from industrialized countries travel-
ling to developing countries continue to increase, medical practi-
tioners, particularly those in temperate countries, need to be 
mindful of the importance of taking an accurate travel history. 
This chapter attempts to cover ‘a general approach’ to the patient 
who lives in the tropics or acquired disease while visiting the 
tropics.

CLINICAL HISTORY

Most symptoms in tropical practice are system-specifi c. The physi-
cian’s knowledge of clinical syndromes, disease epidemiology and 
geographical medicine will often lead to a specifi c diagnosis. There 
are several important aspects of the history to which particular 
attention should be given, irrespective of whether the patient lives 
in the tropics or is a returning traveller. A checklist for important 
components of the history is presented in Table 9.1.

Travel

A precise list of places visited in chronological order, together with 
the extent of rural travel and exposure to water (rivers, streams, 
lakes) and animals, must be obtained, as many diseases show a 
marked geographical variation in endemicity and prevalence. For 
instance, in the differential diagnosis of a feverish illness, barton-
ellosis would only be considered in visitors to, or residents of, 
Andean valleys in Peru, Ecuador or Colombia, whereas malaria 
and typhoid are so widespread as to necessitate consideration after 
any tropical or subtropical exposure. Some infections are common 
and widespread but are only acquired in certain well-defi ned cir-
cumstances or exposures. For example: (a) mosquitoes are wide-
spread in the tropics and a range of infections can be transmitted 
by them including malaria (Chapter 73), arboviruses (Chapter 40) 
and fi lariasis (Chapter 84); (b) tick bites can transmit typhus, 
Colorado tick fever, Lyme disease and relapsing fever (see Chapter 
49); (c) dog bites may be responsible for rabies (Chapter 44) or 
bacterial sepsis, sometimes with esoteric bacteria such as Capnocy-
tophaga canimorsus; (d) schistosomiasis after contact with fresh 
water (see Chapter 82), (e) rickettsial diseases following the bite 
of specifi c arthropod vectors in restricted ecological niches, (f) 
variant Creutzfeldt–Jakob disease after contact with bovine spon-
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Figure 9.1 Transient swelling over the wrist in Loa loa infection.

Figure 9.2 Transient swelling over the wrist in gnathostomiasis.

Figure 9.3 Crusted ulcers in cutaneous leishmaniasis.

Figure 9.4 Crusted ulcers in Staphylococcus species: infected insect 
bites.

Figure 9.5 Painful nodules on the legs in erythema induratum 
(Bazin’s disease) – related to tuberculosis.

Figure 9.6 Painful nodules on the legs in erythema nodosum – 
related to tuberculosis.
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Figure 9.7 Non-confl uent maculopapular rash due to Dengue fever.

Figure 9.8 Non-confl uent maculopapular rash due to rubella 
infection.

giform encephalopathy-infected cattle products (although not yet 
a problem in tropical countries, a tropical student studying in 
Britain may have contracted it). It follows that the physician 
should be aware of the epidemiology of the disease(s) under 
consideration.

Ethnic origin, gender issues and cultural factors

There are marked ethnic differences in disease incidence. Some 
of these differences are due to genetic disorders. Familial Mediter-

Clinical History

Table 9.1 Checklist in history taking

Ethnic origin
Occupation e.g. farmer, fi sherman, abattoir worker, cave explorer

Travel history e.g. countries and places visited, contact with rivers, lakes, animals

Prophylaxis e.g. immunizations, malaria prophylaxis, insect repellants, sunscreens

Treatment e.g. blood transfusions, injections, traditional medicine, scarifi cation, tattoos, splenectomy, gastrectomy

Drugs e.g. antimalarials, antibiotics, antihypertensives, analgesics, hypoglycaemics, intravenous drug abuse, alcohol and 
other substance abuse, traditional medicines, over-the-counter medications

Diet e.g. vegans, food fads, seafood, undercooked meat/fi sh/snails, traditional brews, safety of drinking water

Sex e.g. sexual orientation, unprotected sex, multiple sexual partners, commercial sex

Allergies e.g. seasonal, antibiotic, food, insect bite, plant

Bites insect (e.g. mosquito, fl eas, lice, tick, mite, tsetse fl y, blackfl y, horsefl y), snake (see Chapter 31), carnivore (e.g. dog, 
cat, mongoose, jackal, leopard); arachnid (e.g. spider, scorpion, tarantula); monkey; human

Pets birds (e.g. parakeets, budgies), dogs, cats

Family history e.g. diabetes, sickle cell anaemia, tuberculosis, asthma, hypertension, epilepsy, partner with HIV/AIDS

ranean fever may present with acute fever and pain in certain 
Middle Eastern races, whereas a similar presentation in a West 
African would bring sickle cell disease to mind. Other ethnic 
differences in incidence are related more to exposure to pathogens 
than to genetic predisposition – for instance, tuberculosis in the 
UK is more common in patients originating from the Indian 
subcontinent.

The presentation of disease is greatly infl uenced by cultural 
factors and gender issues.10 Sensitivity to different cultures and the 
role of gender is of paramount importance for all clinicians in 
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Figure 9.10 Pitting oedema in a patient with nephrotic 
syndrome.

tropical areas, especially when the clinician is from a different 
cultural background. In many cultures diseases are believed to 
result from bewitchment or disturbed ancestors. Although these 
beliefs contradict scientifi c understanding, they must be respected. 
It can be very diffi cult to distinguish appropriate but exaggerated 
religious experiences from psychiatric disease in certain ethnic 
groups and a great deal of reliance must be placed on the opinions 
of others from the same culture. Many patients will fi rst consult a 
traditional healer. This, together with the fact that access to health-
care facilities is often poor, frequently results in late presentation 
of disease. It is clearly desirable to speak and understand a patient’s 
language when taking a history, but this is not always possible. 
Interpreters who have not undergone medical training may unin-
tentionally change the patient’s or clinician’s intended meaning.

Diet

Malnutrition is common in tropical areas, particularly in children 
who may present with marasmus or kwashiorkor (see Chapter 
23). ‘Road to health’ height and weight charts are essential tools 
in tropical paediatrics. Malnutrition becomes almost universal in 
extended droughts or when large groups of people are displaced 
by war or persecution. Vitamin defi ciencies are frequently seen in 
areas where people depend on limited staple foods – beriberi is 
common in areas where rice is a staple food and pellagra where 
maize is a staple. Nutritional megaloblastic anaemia is common 
in pregnancy or lactation due to folate defi ciency or in vegans due 
to vitamin B12 defi ciency. Iron defi ciency anaemia is very common 
in children and menstruating women due to a combination of 
poor diet and hookworm infestation. Abdominal pain in a Muslim 
patient during Ramadan may be caused by renal colic due to 
ureteric stones after self-imposed water deprivation during day-

light hours in a hot environment. Diseases due to dietary excess 
are becoming increasingly common in the tropics. Obesity occurs 
frequently with urbanization, resulting in increased frequency and 
severity of diabetes and hypertension. Dietary iron overload is 
common in central and southern Africa due to cooking and beer 
brewing in iron pots.

Ingestion of contaminated water or unwashed fruit and vege-
tables can lead to several infections such as amoebiasis, hepatitis 
A and E, leptospirosis, typhoid, cholera, salmonellosis and 
shigellosis. Unpasteurized milk and dairy products are respon-
sible for the transmission of brucellosis, listeriosis, Q fever and 
tuberculosis. Undercooked meat may transmit a range of infec-
tions, including tapeworm, trichinosis, salmonellosis and toxo-
plasmosis. Fish or shellfi sh, particularly if uncooked, can transmit 
infections such as cholera, gastroenteritis (e.g. Vibrio parahaemo-
lyticus), hepatitis A or parasites (e.g. anisakiasis, gnathostomiasis, 
diphyllobothriasis or paragonimiasis). Ciguatera poisoning is 
caused by the consumption of fi sh that have accumulated toxic 
dinofl agellates in certain tropical areas.

Sexual contacts

Sexually transmitted infections (STIs) are rampant worldwide 
(see Chapter 21). Several STIs occur much more frequently in 
the tropics, e.g. chancroid. Care and sensitivity are required in 
approaching a patient with STIs and patients must be encouraged 
to bring their partners for treatment. STIs frequently present with 
extragenital manifestations; hence, polyarthropathy, papular skin 
rash and fever may be the presenting features of gonococcaemia; 
likewise, an illness that includes a generalized rash and lymph-
adenopathy could be caused by secondary syphilis. HIV is endemic 
throughout the tropics, where it is mainly transmitted by hetero-

Figure 9.9 Skin rash (dermatitis) in pellagra.
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Figure 9.11 Bilateral facial oedema in nephrotic 
syndrome.

Figure 9.12 Endemic goitre.

Figure 9.13 Squamous cell carcinoma in an African patient with 
albinism.

Figure 9.14 Cushingoid facies with cutaneous striae.

sexual coitus, and should be suspected as a cause or co-factor in 
virtually any febrile illness.

Vaccines, drugs and traditional medicines

A history of relevant vaccination should not be used as a reason 
to exclude any infection from the differential diagnosis, since vac-

cination is never 100% effective and errors within the vaccine 
chain do occur. In the same way, the appropriate use of antima-
larial prophylactic drugs does not eliminate all risk for this infec-
tion but may decrease blood parasite counts to undetectable 
levels, thereby delaying diagnosis. Broad-spectrum antibiotics are 
freely available to the general public without prescription in many 
parts of the world and their prior use may prevent microbiological 
diagnosis in bacterial disease, as well as actually causing ill-health 
through side-effects, such as diarrhoea. Patients often consult tra-
ditional medicine healers (see Chapter 4) and use herbal remedies 
but they may be reluctant to admit this. There are undoubtedly 
many effective traditional therapies. For example, the highly effi ca-
cious artemesinin antimalarials are derived from the Chinese 

Clinical History
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Figure 9.16 Multiple nodules of neurofi bromatosis.

Figure 9.17 Acromegaly (large hands and prominent facial 
features).

Figure 9.18 Pallor (anaemia) and koilonychia due to iron defi ciency 
anaemia resulting from hookworm infestation.

herbal remedy qinghaosu. However, some herbal preparations can 
also cause ill-health, especially when impurities such as heavy 
metals are present, and severe symptoms may ensue. Acute tox-
icities which have been described in patients after consuming 
substances from traditional healers include psychosis, coma, 
renal failure, haemorrhagic gastroenteritis and fulminant hepatic 

Figure 9.15 Systemic sclerosis restricting mouth opening.
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Figure 9.19 Advanced retinoblastoma in a Zambian child.

failure. Chronic toxicities include hepatic fi brosis and hepatic 
veno-occlusive disease.

Weight loss, anorexia and malaise

These are relatively common presenting complaints and, for the 
most part, are readily attributable to associated disease; however, 
they may dominate the clinical presentation in situations where 
the aetiology is not obvious. Diseases to be considered in this 
circumstance are listed in Table 9.2.

Diarrhoea and vomiting

Diarrhoea is a frequent presenting complaint and in most patients 
will be caused by an acute gastrointestinal infection (Table 9.3). 
Gastrointestinal symptoms are frequent in patients with advanced 
HIV disease. Some extraintestinal diseases, such as Legionnaires’ 
disease, malaria, measles, Addison’s disease or diabetic ketoacido-
sis, can occasionally masquerade as gastroenteritis. Vomiting com-
monly accompanies diarrhoea and may predominate in viral 
gastrointestinal infections and toxin-associated food poisoning 
(Staphylococcus aureus, Bacillus cereus, ciguatera poisoning). Vomit-
ing may also occur with a wide variety of non-gastrointestinal 
infections (severe malaria, meningitis and hepatitis).

GENERAL EXAMINATION

Multiple pathology is common within the context of tropical 
disease11 and the clinician should not be surprised to fi nd physical 
abnormalities additional to those expected from the primary com-

plaint (Figures 9.1–9.19). The general examination should include 
an assessment of nutritional status. Wasting or failure to thrive 
due to HIV/AIDS, the cachexia of chronic disease (especially tuber-
culosis), malnutrition or malabsorption, is a common fi nding. 
Anaemia, often on a nutritional basis, is common. Several vitamin 
defi ciencies (pellagra, rickets and scurvy) produce characteristic 
features on general examination (described in Chapter 30). 
Angular stomatitis and glossitis may suggest associated vitamin B 
defi ciencies. Clinical features of kwashiorkor include oedema, 
thin hypopigmented hair and dermatological lesions (described 
in Chapter 30).

Common causes of generalized oedema are the same clinical syn-
dromes as those in industrialized countries (cardiac failure, glomer-
ulonephritis, nephrotic syndrome and cirrhosis) but with a different 
aetiological spectrum (see Chapters 10, 12 and 15). Lymphoedema 
in the tropics may be due to fi lariasis (see Chapter 84) or Kaposi’s 
sarcoma. Focal migratory oedema, typically on the limbs, occurs in 
loiasis (Calabar swellings) and gnathostomiasis. Unilateral orbital 
oedema (Romaña’s sign) suggests acute Chagas’ disease in endemic 
areas. Bilateral periorbital oedema is a feature of trichinosis but is 
more commonly found in renal disease and malnutrition.

Classic facies of selected diseases in the tropics include frontal 
bossing (associated with sickle cell anaemia or β-thalassaemia 
major), risus sardonicus (tetanus), leonine facies (lepromatous 
leprosy), lupus vulgaris (tuberculosis) and saddle nose (congeni-
tal syphilis).

Erythema nodosum has a wide differential diagnosis – in the 
tropics streptococcal infection, primary tuberculosis, leprosy, 
yersiniosis, lymphogranuloma venereum and the endemic 
mycoses should be considered.

General Examination

Table 9.2 Cryptic causes of weight loss

WEIGHT LOSS WITH ANOREXIA

Acquired immune defi ciency syndrome

Extrapulmonary tuberculosis

Malignancy (hepatoma, lymphoma, cervical carcinoma, colon and 
others)

Amoebic liver abscess

Infective endocarditis

Visceral leishmaniasis

Brucellosis

Giardiasis

Hydatid disease

Schistosomiasis

Depression

WEIGHT LOSS WITHOUT ANOREXIA

Gut helminths

Diabetes mellitus

Thyrotoxicosis

Malabsorption

Drugs



9. General Approach to the Patient

100

Table 9.3 Common aetiologies of diarrhoea (and vomiting)

ACUTE WATERY DIARRHOEA (DURATION <2 WEEKS)

Bacterial infections Vibrio cholerae

Salmonella spp.

Campylobacter jejuni

Escherichia coli (enterotoxigenic, 
enteropathogenic and enteroadherent)

Shigella sonnei

Yersinia enterocolitica

Legionella pneumophila

Viral infections HIV enteropathy

Rotavirus and other enteric viruses

Protozoal infections Malaria (Plasmodium spp.)

Giardia lamblia

Cryptosporidium parvum

Microsporidia spp.

Isospora belli

Sarcocystis spp.

Toxin diarrhoea Clostridium perfringens (toxin)

Staphylococcus aureus (toxin)

Bacillus cereus (stable toxin)

Ciguatera fi sh poisoning

BLOODY DIARRHOEA

Shigella spp.

Campylobacter jejuni

Salmonella spp.

Enteroinvasive and enterohaemorrhagic E. coli

Clostridium perfringens 
(necrotizing enterocolitis, pigbel)

Several features on general examination are highly suggestive of 
HIV/AIDS (see Chapter 20): generalized lymphadenopathy (see 
below), bilateral cystic parotidomegaly, oral hairy leucoplakia, oral 
candidiasis, zoster in patients younger than 50 years, papular pru-
ritic eruption (associated marked postinfl ammatory hyperpigmen-
tation is particularly common in Africa), hyperpigmantation of 
the nails (melanonychia), extensive seborrhoeic dermatitis, giant 
mucocutaneous herpes simplex virus ulcers and Kaposi’s sarcoma.

Skin

The skin is frequently involved in systemic disease, e.g. petechiae 
in meningococcal sepsis, the hypopigmentation and fl aking 
appearance of kwashiorkor and the photosensitive dermatitis of 
pellagra. Many problems in tropical disease practice may manifest 
themselves dermatologically and infections of the skin are espe-
cially common. It is often diffi cult to recognize many of the exan-
themas on a dark-coloured skin. This subject is extensively dealt 
with in Chapter 19.

Fever

The symptom of fever should always be confi rmed by measuring 
the temperature. Normal temperature is <37.2°C, but fever is gen-
erally diagnosed when it is 38°C or more. Most patients with 
signifi cant fever will have an infection, but non-infectious diseases 
may also cause fever; this is particularly true of patients presenting 
with chronic fever (>2 weeks’ duration). Absence of fever does not 
exclude severe infection, particularly in the elderly. Hypothermia 
may occur in severe sepsis. Many patients present with fever with 
no obvious focus of infection.

Fever patterns

The pattern of fever may be helpful in determining the underlying 
cause but the importance of fever patterns has been over-empha-
sized in earlier texts. The most characteristic pattern is periodic 
fever every second or third day in established tertian or quartan 
malaria, respectively (Figure 9.20). It is important to note that in 

Yersinia spp.

Clostridium diffi cile (pseudomembranous 
colitis)

Schistosoma spp. (intestinal schistosomiasis)

Entamoeba histolytica (amoebiasis)

Balantidium coli

Infl ammatory bowel disease (Crohn’s disease 
or ulcerative colitis)

CHRONIC DIARRHOEA (DURATION >3 WEEKS)

Giardia lamblia

Entamoeba histolytica

Tropical enteropathy and tropical ‘sprue’

HIV enteropathy

Ileocaecal tuberculosis

Shigella spp.

Enteroadherent E. coli

Strongyloides stercoralis

Trichuris trichiura

Capillaria philippinensis

Chronic pancreatitis

Schistosomiasis

Disaccharide intolerance

Lactose intolerance

Post-infective irritable bowel syndrome (IBS)

Infl ammatory bowel disease (IBD)

Coeliac disease
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malaria the tertian or quartan fever patterns are not present at the 
onset, and the tertian pattern is generally not present in non-
immune patients with Plasmodium falciparum malaria. A biphasic 
or ‘saddle-back’ fever pattern with a short afebrile interval occurs 
in dengue and leptospirosis. Undulant fever that waxes and wanes 
over days may occur in brucellosis, visceral leishmaniasis and 
lymphoma (Pel–Ebstein fever). Fever that settles spontaneously 
with recurrences after intervals of a few days or weeks is charac-
teristic of relapsing fever. Relative bradycardia (pulse rate increase 
less than the expected 15 bpm for each 1°C rise in temperature) 
is associated with several infections, particularly typhoid, yellow 
fever and Legionnaires’ disease.

Incubation periods

Knowledge of the incubation period of infections can be very 
helpful in differential diagnosis if the exposure period is known. 
This applies particularly to travellers. Incubation periods are most 
useful in ruling out infections. Table 9.4 lists the average incuba-
tion periods of common tropical infections.

Evaluation of patients with acute fever

When evaluating patients with acute fever (<2 weeks) it is impor-
tant to exclude infections which may require urgent intervention. 
These include malaria (especially falciparum malaria), bacterae-
mia (especially meningococcaemia), typhoid, rickettsioses and 
viral haemorrhagic fevers. The latter must be considered in any 
febrile patient with a bleeding tendency. The presence of rigors 
suggests bacteraemia, severe viral infections or malaria. The skin 
should be carefully examined for early petechial lesions suggesting 
meningococcaemia, rose spots of typhoid (diffi cult to see on dark 
skin), eschars suggesting rickettsiosis (these are usually found on 
the legs or the perineum), sparse papular or pustular lesions of 
disseminated gonococcal infection and stigmata of infective endo-
carditis. Features indicating severe sepsis include tachypnoea, con-
fusion, hypotension and organ failure.

The extent of laboratory work-up of patients with acute fever 
in the tropics or the returning traveller from the tropics12–14 will 
depend on the available facilities and how ill the patient is. Micro-
scopic examination of thick and thin blood smears is the most 
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Figure 9.20 On rare occasions, a fever pattern can be so characteristic as to be virtually diagnostic as in (A) the quartan (2-day gap) fever of 
Plasmodium malariae infection, or (B) the tertian (1-day gap) fever of Plasmodium vivax infection.
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important initial investigation and may identify malaria, Borrelia 
(relapsing fever) and African trypanosomiasis. However, it is 
important to recognize that the identifi cation of malarial 
parasites in the indigenous population from a holoendemic area 
does not necessarily mean that malaria is the cause of fever as 
asymptomatic parasitaemia is common in this context. A com-
plete blood count is often helpful. Signifi cant anaemia suggests 
malaria, bartonellosis or acute haemolytic anaemia complicating 
sickle cell disease or glucose-6-phosphate dehydrogenase defi -
ciency. Neutrophilia is present in many infections and is not of 
much diagnostic value. However, neutropenia suggests viral infec-
tions, typhoid or fulminant sepsis. Eosinophilia suggests acute 
parasite invasion (particularly acute schistosomiasis) or drug 
hypersensitivity reaction (see below). Thrombocytopenia is 
common in severe sepsis, viral infections and malaria. Urinalysis 
and chest radiography may indicate the source of infection. A 
blood culture should be done if there is no clear diagnosis. Liver 
function tests may suggest viral hepatitis, which typically presents 
with fever in the pre-icteric phase. Arterial blood gas analysis and 
renal function should be done in patients with features of severe 
sepsis.

Fever and generalized rash

Many infections present as an acute febrile illness with a general-
ized rash. The pattern of the rash is important in the differential 
diagnosis. The least specifi c pattern is maculopapular. Other 
patterns are diffuse erythroderma, vesicular and haemorrhagic 

lesions (petechiae, purpura or ecchymoses). Table 9.5 lists infec-
tions that typically present with these patterns. Drug hypersensi-
tivity reactions and connective tissue diseases should also be 
considered.

Fever and jaundice

There are several pitfalls in managing the patient with jaundice.6 
The primary viral hepatitides (A–E) are febrile illnesses primarily 
in the prodromal, non-icteric phase. Fever normally subsides with 
the onset of jaundice but may persist for a few days after the devel-
opment of jaundice. A patient who is febrile and jaundiced concur-
rently is more likely to be affl icted with another, usually more 
severe condition, such as P. falciparum malaria, typhoid or lepto-
spirosis (Table 9.6). In view of the appreciable mortality of the latter 
conditions, their diagnosis should always be carefully considered.

Fever and eosinophilia

This is usually due to immature parasites that migrate through 
tissue. This clinical syndrome is generally called visceral larva 

Table 9.4 Average incubation periods of selected infections

Short (<10 days)

 Arboviruses

 Bacillary dysentery

 Rickettsial spotted fevers

 Rickettsialpox

 Scrub typhus

 Relapsing fever

 Plague

Intermediate (10–21 days)

 Typhoid

 Falciparum malaria

 Leptospirosis

 HIV

 Brucellosis

 Typhus (louse-borne)

 Q fever

 African trypanosomiasis

 Acute Chagas’ disease

Long (>21 days)

 Viral hepatitis

 Malaria (including P. falciparum)

 Amoebic liver abscess

 Visceral leishmaniasis

Table 9.5 Infections typically presenting with acute fever 
and generalized rash

Maculopapular

 Measles

 Rubella

 Dengue

 Rickettsial spotted fevers

 Primary HIV

 Louse-borne typhus

 Scrub typhus

 Chikungunya

 O’nyong-nyong

Vesicular

 Chickenpox

 Disseminated zoster

 Disseminated herpes simplex

 Monkey pox

 Rickettsia africae

 Rickettsialpox

Erythroderma

 Scarlet fever

 Kawasaki’s disease

 Toxic shock syndrome

Haemorrhagic

 Meningococcaemia

 Viral haemorrhagic fevers

 Disseminated intravascular coagulation

 Louse-borne typhus (severe)

 Rickettsial spotted fevers (severe)

 Chickenpox (haemorrhagic)
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Table 9.6 Jaundice with concurrent fever

Hepatic

 Severe P. falciparum malaria

 Typhoid

 Leptospirosis (Weil’s disease)

 Viral hepatitis A-E (fever usually settles before jaundice)

 Septicaemia

 Pneumococcal pneumonia

 Relapsing fever

 Yellow fever (and other viral haemorrhagic fevers)

 Typhus

 Alcoholic hepatitis

Post-hepatic

 Ascending cholangitis (may complicate liver fl ukes or ascariasis)

 Cholecystitis (bacterial, Cryptosporidium parvum), 
 cytomegalovirus

Haemolytic

 Malaria

 Haemoglobinopathies (especially sickle cell disease)

 Glucose-6-phosphate dehydrogenase defi ciency (favism, drug-
 induced crisis)

 Bartonella bacilliformis

 Haemolytic–uraemic syndrome (Shigella dysenteriae, E. coli)

General Examination

Table 9.7 Common causes of HIV-associated fever of 
unknown origin (FUO) in the tropics

Tuberculosis

Bacteraemia (Salmonella spp. and S. pneumoniae)

Pneumocystis jiroveci pneumonia

Community-acquired pneumonia

Cryptococcosis

Toxoplasmosis

Visceral leishmaniasis

Disseminated atypical mycobacteriosis

Disseminated endemic mycoses

Non-Hodgkin’s lymphoma

Cytomegalovirus

migrans. It is commonly accompanied by pulmonary symptoms 
or infi ltrates, as many parasites which present with fever and 
eosinophilia migrate through the lungs. Diagnosis of the specifi c 
parasite involved is diffi cult as the parasites have often not yet 
arrived at their fi nal destination and laid eggs, which is the sim-
plest defi nitive diagnostic test. Serological tests are available for 
some parasites, but are not always very specifi c. The commonest 
diseases presenting with fever and eosinophilia in the tropics are 
acute schistosomiasis (Katayama fever) and ascariasis. Other dis-
eases include toxocariasis, hookworm, trichinosis, fascioliasis, 
gnathostomiasis and paragonimiasis. Hypersensitivity reactions to 
drugs should always be considered.

HIV-associated fever of unknown origin (FUO)

This has been defi ned as FUO in an HIV-infected person with no 
diagnosis after 3 days of inpatient investigation. HIV itself can 
cause a fever, but this is a diagnosis by exclusion as the vast major-
ity of patients will have another treatable cause. Mycobacterial 
infections account for almost half of these. Table 9.7 lists the likely 
causes of FUO in the HIV-infected patient in the tropics. Bacter-
aemias are listed in the table, as blood culture results in resource-
poor settings often take longer than 3 days.

Classical FUO

Classical FUO is chronic fever (>2 weeks) with no cause identifi ed 
after initial investigations on two outpatient visits or three inpatient 
days.13 In industrialized countries malignancies (particularly lym-

phoproliferative disorders), infections and connective tissue disor-
ders are collectively the cause in about three-quarters of 
cases of classical FUO, with malignancies being the commonest. In 
the tropics infectious causes are far more important and connective 
tissue diseases are relatively uncommon. Extrapulmonary tubercu-
losis is the commonest infectious cause. Table 9.8 lists some impor-
tant infections presenting as classical FUO in the tropics.

Lymphadenopathy

Residents of the tropics are frequently exposed to infectious disease 
and palpable shotty lymph nodes are a common fi nding that does 
not necessarily indicate active pathology. Larger palpable inguinal 
nodes of no clinical signifi cance are particularly common in 
people who walk barefoot. However, inguinal nodes should always 
be examined as several important diseases typically cause inguinal 

Table 9.8 Important infectious causes of classical fever of 
unknown origin (FUO) in the tropics

Extrapulmonary tuberculosis

Typhoid fever

Amoebic liver abscess

Infective endocarditis

Pyogenic intra-abdominal abscesses

Brucellosis

Relapsing fever

Visceral leishmaniasis

Cryptococcosis

Strongyloides hyperinfection syndrome

Katayama fever

Visceral larva migrans

Q fever

Trypanosomiasis

Toxoplasmosis

Histoplasmosis

Coccidioidomycosis
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Table 9.9 Diseases associated with lymphadenopathy

Acute Chronic
Generalized Measles

Dengue
Primary HIV
Cytomegalovirus
Epstein-Barr virus
Rubella
Scrub typhus
Leptospirosis
Leukaemia

HIV
Disseminated 
tuberculosis
Secondary syphilis
Brucellosis
Toxoplasmosis
African trypanosomiasis
Chagas’ disease
Kala azar
Leprosy
Disseminated endemic 
mycoses
Sarcoidosis
Connective tissue 
diseases

Regional Pyogenic adenitisa

Adenovirus
STD:
 Chancroida

 Primary genital herpes
 Primary syphilis
 Lymphogranuloma 
 venereuma

Rickettsia:
 R. conorii
 R. africae
 R. akari
Recurrent lymphatic 
fi lariasis
Diphtheria
Bubonic plaguea

Tularaemiaa

Anthrax

Tuberculosisa

Lymphoma
Metastatic carcinoma/
sarcoma
Non-tuberculous 
mycobacteriaa

Endemic mycoses
Chronic lymphatic 
fi lariasis
Onchocerciasis
Loiasis
Cat scratch diseasea

Melioidosisa

Kawasaki’s disease
Kikuchi’s diseasea

a Denotes that suppuration or caseation may occur.

Table 9.10 Common causes of splenomegaly, 
hepatomegaly or hepatosplenomegaly

Malariaa

Typhoid

Brucellosis

Relapsing fever (louse and tick-borne)

Typhus

Visceral leishmaniasisa

Trypanosomiasis

Schistosomiasis (portal hypertension)

Haemoglobinopathies

HIV infection

Hepatitis B infection

Hydatid disease

Lymphomaa

Chronic myeloid leukaemiaa

Myelofi brosisa

Leptospirosis

Bartonellosis

a May cause massive splenomegaly.

lymphadenitis (many STIs, bubonic plague and lymphatic fi laria-
sis). Lymphadenopathy may be generalized or regional, acute or 
chronic, and accompanied by suppuration (with bubo formation) 
or caseation. Table 9.9 lists diseases in the tropics that may present 
with lymphadenopathy. The majority of diseases causing general-
ized lymphadenopathy also cause splenomegaly.

HIV-associated persistent generalized lymphadenopathy is very 
common in early disease, but in advanced disease, the nodes 
regress. Lymphadenopathy at this stage of the illness is usually due 
to opportunistic infections (overwhelmingly tuberculosis) or 
malignancies (Kaposi’s sarcoma or lymphoma). Tuberculosis may 
present with generalized adenopathy, nodes matted together or 
with large asymmetrical nodes, which may be fl uctuant if there is 
extensive caseation necrosis. Sinus formation is common; in the 
neck this may present with ‘collar stud’ abscesses.

Ulceroglandular syndromes present with a lesion at the site of 
inoculation (occasionally this may be the eye, producing the ocu-
loglandular syndrome) associated with regional lymphadenitis. 
The classic example is tularaemia, but this pattern is also seen with 
anthrax, cat scratch disease (the site of inoculation is usually a 

papule rather than an ulcer) and rickettsiae that are associated 
with an eschar.

Lymphangitis is infl amed subcutaneous lymphatic vessels. 
Acutely these are commonly associated with subcutaneous pyogenic 
infections or with recurrent attacks of lymphatic fi lariasis. Chronic 
nodular lymphangitis presents with granulomatous nodules along 
thickened lymphatic vessels. Sporotrichosis is the classic cause, but 
non-tuberculous mycobacteria (especially Mycobacterium marinum) 
and Nocardia species can also present in this way.

Glandular fever in the tropics is very uncommon as Epstein–
Barr virus and cytomegalovirus are typically subclinical diseases 
of early childhood. Primary HIV infections should be considered 
in sexually active patients with a glandular fever-type illness. Fea-
tures that strongly suggest this diagnosis are a maculopapular rash 
(without a history of prior aminopenicillin use) and small oro-
genital ulcers.

Splenomegaly

Splenomegaly and hepatomegaly or hepatosplenomegaly are 
common fi ndings in patients living in the tropics.15 A wide range 
of tropical infections and other systemic diseases can cause these 
signs (Table 9.10). The common causes of a very large spleen 
reaching the right iliac fossa are (a) tropical splenomegaly syn-
drome due to malaria, (b) visceral leishmaniasis, (c) portal hyper-
tension (often due to schistosomiasis), (d) myelofi brosis and (e) 
lymphoma/chronic myeloid leukaemia.

CONCLUSION

History taking and physical examination remain the mainstay of 
the practice of medicine. Clinical acumen is of paramount impor-
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tance in arriving at a correct diagnosis when medicine is practised 
in rural areas of the tropics or where laboratory back-up is scarce 
or unavailable. Medical practitioners in the tropics must take 
a practical and common-sense approach to the diagnosis and 
management of patients who present with infectious and 
non-infectious conditions. Where the diagnosis is uncertain 
the answer often lies in retaking a history and redoing the physical 
examination. In problematic cases, they should know where 
to seek assistance to obtain information on diseases specifi c 
to certain geographical areas (see Appendix V). Subsequent 
chapters in this book highlight the main symptoms and signs 
of infectious and non-infectious diseases relating to each system 
of the body.
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Section 3 System-oriented Disease

Chapter 10 Gordon C. Cook

Tropical Gastroenterological Problems

The portals of entry for organisms responsible for most infections 
which dominate medicine in tropical countries (as elsewhere) are 
the skin, and respiratory and intestinal tracts. A very high propor-
tion of infections of warm climes originates from ingestion of 
contaminated water and foodstuffs; many resultant diseases there-
fore fall into the subspecialty tropical gastroenterology.1–3

Most gastroenterological emergencies which occur in a temper-
ate climate also occur in tropical and subtropical countries. 
However, there are notable differences in prevalence.4 Some are 
probably ethnically related (although elimination of environmen-
tal factors is often diffi cult), but the majority are superimposed 
upon an underlying communicable (infective) disease; important 
examples are ileal perforation or haemorrhage resulting from 
typhoid (enteric) fever, colonic perforation – and far less often 
haemorrhage – in amoebic colitis and shigellosis, and hepatic 
‘abscess’ in invasive amoebiasis.4

MOUTH AND PHARYNX

The mouth and rectum are the most accessible parts of the gastro-
intestinal tract from a clinical viewpoint;5 therefore, where endo-
scopic procedures are impossible (and that applies to many 
tropical and subtropical countries), as much information as 
possible should be derived from careful examination of these 
organs.

Viral, bacterial, mycotic and parasitic infections all give rise to 
oropharyngeal pathology, which is frequently most pronounced 
in the presence of associated malnutrition (especially in infants 
and children). Herpes simplex virus, Epstein–Barr virus (EBV) (see 
Chapter 43) and many enteroviruses can produce a stomatitis; 
oral ulceration is also a frequent manifestation of Behçet’s syn-
drome-common in the Middle East and Japan. Lassa fever (see 
Chapter 42) and diphtheria (see Chapter 67) are frequently char-
acterized by severe pharyngeal involvement, and in rabies (see 
Chapter 44) dysphagia caused by spasm of the pharyngeal muscles 
is an important feature of the disease. In addition to acute bacte-
rial infections, tuberculosis, leprosy, syphilis and yaws all exert 
oral manifestations. Candidiasis (exceedingly common in the 
acquired immune defi ciency syndrome, AIDS) (Chapter 20), his-
toplasmosis, South American blastomycosis and coccidioidomy-
cosis can also produce buccal lesions. Acute pharyngitis caused by 
infection with young adult Fasciola hepatica (ingested in raw sheep 

or goat liver – reported from the Middle East and India – and 
known locally as ‘halzoun’; Chapter 83) is caused by pentasto-
mids.1 Therapeutic agents, such as sulfonamides (included in 
some antimalarial prophylactics, e.g. pyrimethamine + sulfa-
methoxazole, ‘Fansidar’) can give rise to the Stevens–Johnson 
syndrome, in which oral ulceration is common. Manifestations of 
specifi c malnutrition states (vitamin B and C defi cits, and iron 
defi ciency anaemia) are usually obvious, whereas in kwashiorkor, 
these are frequently combined with infective complications. 
Cancrum oris is a gangrenous condition involving the gums and 
cheeks and is associated with Borrelia vincentii and Fusiformis fusi-
formis infection; it is especially common in malnourished chil-
dren,1 especially in West Africa. Descriptions of the mouth, 
especially the tongue, in post-infective malabsorption (tropical 
sprue) (see below) were dominant in clinical accounts of this 
disease in the nineteenth century (i.e. before the advent of labora-
tory investigation).

Periodontal disease and dental caries are also a major problem 
in tropical countries.1 Oral submucous fi brosis – a chronic disease 
of unknown aetiology – may affect any part of the oral cavity;1 
most reports are from the Indian subcontinent and South-
east Asia. Fibroelastosis of the submucous tissues, accompanied 
by epithelial atrophy, are important sequelae and are probably 
premalignant.

Of malignant disease(s), buccal carcinoma is pre-eminent;5 
Burkitt’s lymphoma, ameloblastoma and nasopharyngeal carci-
noma (Chapter 35) are other malignancies that have important 
geographical distributions in tropical countries.

Hypertrophy of the salivary glands is common in malnour-
ished children; it can also be associated with Ascaris lumbricoides 
infection and chronic calcifi c pancreatitis (see below).1 Tumours 
of the salivary glands are probably no more common than in 
temperate regions.

OESOPHAGUS

The most important disease to involve this organ is oesophageal 
carcinoma6 (Figure 10.1) (Chapter 35); this malignancy possesses 
an enigmatic geographical distribution. It has a high prevalence 
in certain geographical locations:1,6 central and east-Africa (western 
Kenya, Malawi and eastern Zambia have the highest rates), the 
southern Caspian littoral (especially north-eastern Iran) and 
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Figure 10.1 Barium swallow showing oesophageal carcinoma with 
gross mediastinal invasion.

northern China (in and around the Taihang mountains). Various 
hypotheses have been advanced to explain the high incidence of 
this tumour in these areas (Chapter 35).1,6

Megaoesophagus, a feature of chronic Trypanosoma cruzi infec-
tion (Chagas’ disease), is described in Chapter 76. Table 10.1 lists 
some major causes of dysphagia in a tropical environment.

Oesophageal varices (Figure 10.2) usually result from advanced 
macronodular cirrhosis (see below); however, hepatic schistoso-
miasis (caused by Schistosoma mansoni, Schist. japonicum, Schist. 
intercalatum, Schist. matthei and Schist. mekongi) are also important 
(Chapter 82). Portal vein obstruction (see below) is also common 
in some parts of Africa and Asia; this probably results in most 
cases (although more research is required) from umbilical sepsis 
in the neonatal period;1 it is occasionally a sequel to hepatocel-
lular carcinoma. A very high splenic blood fl ow associated with 
hyperreactive malarious splenomegaly (HMS; tropical splenomeg-
aly syndrome) can also give rise to oesophageal varices (see 
below).1 Where and when available, upper gastrointestinal endo-
scopic sclerotherapy is of enormous value in the management of 
oesophageal varices, but an ideal method of dealing with bleeding 
varices has yet to appear; in most tropical countries, older methods 
(see below) remain extant.

Oesophageal trauma is a major problem in several African 
countries; foreign bodies (e.g. kola nuts and fi sh bones) and cor-
rosive agents – which give rise to strictures – are also relatively 

Figure 10.2 Advanced oesophageal varices in a Zambian woman 
with severe macronodular cirrhosis associated with HBV infection; 
barium swallow examination.

Table 10.1 Some causes of dysphagia in tropical countries

Trauma Gastritis
Foreign bodies
Corrosive agents

Infection South American trypanosomiasis (Chagas’ 
disease)
Candidiasis (usually associated with AIDS)
Rhizopus, Absidia (mucormycosis)

Neoplasia Oesophageal carcinoma

Oesophageal Macronodular cirrhosis (usually varices, postviral)
Schistosomiasis
Portal vein thrombosis
Hyperreactive malarious splenomegaly

Others Achalasia
Peptic oesophagitis
Hiatus hernia

Extrinsic 
pressure

Endemic goitre
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common.1 Achalasia, peptic oesophagitis and hiatus hernia are all 
encountered, but are not unduly common.

In HIV/AIDS infection, oesophageal candidiasis is a common 
manifestation; other systemic mycoses (Chapter 71) can also 
produce an oesophagitis.

Emergencies

The most common oesophageal lesions in tropical countries are 
varices (Table 10.1 summarizes the major causes) and carcinoma 
(see above);4 resultant acute complications are upper gastrointes-
tinal haemorrhage and obstruction, respectively. Hookworm and 
Ascaris lumbricoides infections (Chapter 85) should not be neglected 
in this context.7 Of lesser importance, foreign bodies in the 
oesophagus (e.g. kola nuts) can cause dysphagia; corrosive lesions 
can result in stricture formation.1

Oesophageal varices

Reported prevalence of bleeding oesophageal varices in tropical 
countries is unreliable.4 Transport facilities are usually exceedingly 
unsatisfactory; therefore, the majority of those affl icted die before 
reaching medical care. Also, high technology (e.g. endoscopic 
sclerotherapy) and blood transfusion are less often available; 
outcome following medical intervention is therefore frequently 
less satisfactory than in a Western country.8 The cause of upper 
gastrointestinal bleeding in 131 successive patients admitted with 
haematemesis or melaena to a hospital at Harare, Zimbabwe, has 
been analysed;9 in 36 (27%) admissions (mean age 42 years) 
oesophageal varices were responsible. In 21, conservative manage-
ment was followed by cessation of bleeding; however, nine suf-
fered continuous bleeding, and six re-bleeding; fi ve patients died 
(four within 24 h of admission) from haemorrhagic shock. Vaso-
pressin infusions were used in four with the addition of oesopha-
geal tamponade in two.

The pathophysiological mechanisms underlying oesophageal 
bleeding have been addressed on numerous occasions.10 Both 
erosive and eruptive bases seem the most likely explanations; in 
addition, pressure and variceal size are probably important. In 
Egypt, endoscopic biopsies obtained from intervariceal mucosa 
(within 5 cm of the cardia) in 20 individuals with, and 30 without, 
a history of variceal bleeding (most suffered from schistosomal 
liver disease) were examined histologically;11 they showed dilated 
intraepithelial blood-fi lled channels within the squamous epithe-
lium and lamina propria in all of the ‘bleeders’ and in 15 (50%) 
of the ‘non-bleeders’. Furthermore, oesophagitis was more pro-
nounced in the bleeders compared with the non-bleeders: 11 
(55%) and 7 (23%), respectively.

The role of upper gastrointestinal endoscopy in a developing 
country has been studied in Kuwait;12 345 (4%) of 8680 patients 
examined successively using this technique had evidence of 
oesophageal varices, the usual cause being chronic schistosomal 
liver disease (usually in Egyptian labourers). By examining 718 
successive patients who presented with upper gastrointestinal 
bleeding within 24 h of admission, the exact site of the haemor-
rhage was delineated in 651 (91%), and the responsible lesion 
detected in 685 (97%). At Ibadan, Nigeria, a recent study has 
indicated that endoscopy gives a superior result to radiology in 
the diagnosis of variceal disease, resulting in upper gastrointestinal 

haemorrhage;13 endoscopy was successful in 64 (85%), but a 
barium meal correctly located the source of bleeding in only 38 
(51%) of 75 patients.

Three reports from New Delhi, India, focused on the role of 
endoscopic sclerotherapy in the management of bleeding oesoph-
ageal varices.14–16 A total of 79 patients underwent treatment (with 
either absolute or 50% alcohol) every 3 weeks, for oesophageal 
varices; active bleeding was controlled in 14 of 15 (93%) and 5 
of 13 (54%) using the two fl uids, respectively (p < 0.05); the sole 
disadvantage of absolute alcohol was that it produced a higher 
incidence of retrosternal pain. In another study, using a similar 
regimen, 5% ethanolamine oleate was compared with absolute 
alcohol in 47 randomly allocated patients; the latter solution 
eradicated oesophageal varices earlier (12.9 vs 8.2 weeks, respec-
tively) (p < 0.001); the mean number of injection courses and 
necessary amount of sclerosant were also lower in the alcohol-
treated group (p < 0.001), but the frequency of re-bleeding did not 
differ signifi cantly (p > 0.05). A total of 31 children with variceal 
bleeding caused by extrahepatic portal vein obstruction (19), non-
cirrhotic portal fi brosis (5) or cirrhosis (7) were treated by sclero-
therapy using absolute alcohol; arrest of acute bleeding was 
achieved in 10 by emergency sclerotherapy, and a 3-week schedule 
was able to achieve variceal obliteration in all of them. During a 
23-month follow-up period, recurrent varices occurred in three 
(two with cirrhosis and one with non-cirrhotic portal fi brosis) 
patients; a re-bleed was successfully controlled with emergency 
sclerotherapy in fi ve, and an oesophageal stricture in four of 
them (which was easily dilated) which were the only signifi cant 
complications.

Although now rarely used in the Western world, oesophageal 
compression using a Sengstaken tube is often the only technique 
available. Intravenous pitressin is of limited value in acute bleed-
ing. In long-term management, propranolol undoubtedly has a 
place in a developing country scenario.

In an attempt to provide clinical guidelines for the predic-
tion of outcome of upper gastrointestinal bleeding in a devel-
oping country, Clamp et al.8 carried out a multicentre study 
based on two centres, in Sikkim and China; in the former 
country, 60 (69%) of the patients put into the ‘high-risk’ group 
(by applying Bayes’ theorem using a computer system) for re-
bleeding experienced this event (27 (54%) died), whereas this 
complication occurred in only six (2%) in the ‘low-risk’ group; 
furthermore, a simplifi ed scoring system (little computer tech-
nology was available at Sikkim) gave almost exactly the same 
predictive accuracy. The authors suggest that, by using one of 
these systems, patients in remote areas can be categorized in 
order that scarce resources (which are available there) can be 
put to the best use.

The optimal means of managing haemorrhage resulting from 
extrahepatic portal venous obstruction is summarized in the 
section on liver disease (see below).

Oesophageal carcinoma

Presence of histologically diagnosed chronic oesophagitis (using 
upper gastrointestinal endoscopy) has been shown to be common 
in a high-risk population (15–26 years) in China.17 This lesion 
was signifi cantly associated with: (1) consumption of ‘burning 
hot’ beverages; (2) a family history of oesophageal carcinoma 

Oesophagus
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(including second-degree relatives); (3) infrequent consumption 
of fresh fruit; and (4) infrequent consumption of dietary staples, 
other than maize. Associated factors which have been recorded in 
that population include: (1) positive cytological smears (568 indi-
viduals >30 years of 42 190 had a positive result); and (2) a high 
prevalence of pharyngeal carcinoma in free-range chickens, which 
lived off domestic scraps18 in the local environment.

This tumour often presents late in its clinical course in the 
heavily affected areas; in fact, complete luminal obstruction 
(accompanied by inability to swallow saliva) is not uncommon 
at presentation. Passage of a Celestin latex rubber tube (a pallia-
tive technique) is often the only available procedure;6 however, 
blockage is a frequent problem resulting largely from the bulky 
African (or other) diet. Chemotherapy and radiotherapy (when 
available) are of very limited value.

STOMACH AND DUODENUM

Peptic ulceration was at one time considered an unusual cause of 
abdominal pain in tropical countries; it was felt by many physi-
cians to be a rare disease.1 It is now clear, however, that this is not 
the case; many diffi culties facing the clinical epidemiologist in a 
developing country are highlighted by studies of the geographical 
distribution of this disease. Because sophisticated methods of 
diagnosis, including barium meal and upper gastrointestinal 
endoscopy, have not until relatively recently been widely used in 
developing countries, diagnosis and attempts at establishing accu-
rate prevalence rates have depended upon recording incidence 
rates of complications, especially pyloric stenosis; upper gastroin-
testinal haemorrhage seems an unusual presentation overall, but 
this probably results from the fact that such patients do not reach 
hospital before exsanguinations occur. Therefore, serious defi cien-
cies exist in knowledge regarding the true prevalence of peptic 
ulceration, and it is currently impossible to draw accurate conclu-
sions on regional and rural/urban patterns, and also on variations 
with time, i.e. during the course of ‘westernization’.

As recently as the 1950s, duodenal ulcer (DU) was considered 
a rare disease in Africa;1 this is not so, because satisfactory radio-
logical, and more recently endoscopic, investigations have yielded 
accurate facts on true prevalence rate(s). Prevalence of DU in 
Africa has been reviewed using the available literature;1,19 high-
prevalence areas seem to exist in parts of West Africa, Rwanda, 
Burundi, eastern Zaire, western Tanzania, south-western Uganda 
and the Ethiopian highlands. In southern India19 (and Fijians 
descended from this population20) and Papua New Guinea, the 
disease also seems relatively common. It has a marked male pre-
dominance; it is frequently post-bulbar, and presentation with 
pyloric obstruction is relatively usual. Genetic factors might be 
important;19 the role of diet remains diffi cult to assess. Whether 
low rates of presentation resulting from haemorrhage and/or per-
foration accurately refl ect incidence, or are biased by the inability 
to transport a sick patient to hospital, is also impossible to evalu-
ate. In Lima, Peru there is evidence that the prevalence of peptic 
ulcer (and also gastric adenocarcinoma) has declined; between 
1985 and 2002 a reduction from 3.15% to 5.05% was docu-
mented.21 Evidence for a causative role for Helicobacter pylori in 

chronic active gastritis, peptic ulceration and possibly gastric 
malignancy has escalated during the last decade;19,22 however, 
Koch’s postulates have not all been satisfi ed, and infection rate 
with this organism frequently approaches 100% at an early age in 
an affected population. In a study carried out in Belgium, South 
Africa, China and North America, a signifi cantly higher rate was 
found in the presence of gastric carcinoma but not duodenal 
ulceration.23

Overall, gastric ulcer (GU) is uncommon in developing coun-
tries.1 In a study carried out at Kumasi, Ghana, however, perfo-
rated duodenal ulcer was less common than perforated gastric 
ulcer; the latter was related to the widespread use of NSAIDs and 
herbal medicines.24 An overall decline in ulcer mortality might be 
associated with a worldwide reduction in the occurrence of H. 
pylori infection.25,26 When it occurs, it usually has a male pre-
dominance, is most common in the fi fth and sixth decades, and 
affl icts predominantly the lower social strata. Pyloric obstruction 
is a common presentation, due frequently to late-stage disease at 
presentation. Management of a bleeding peptic ulcer has been 
reviewed.1,4

Gastritis, often resulting from alcohol and spicy foods, is a 
major cause of abdominal pain/discomfort22 (Table 10.2). Infec-
tive causes (including tuberculosis) are overall rare, although 
occasionally encountered; infections which involve predomi-
nantly lower sections of the gastrointestinal tract (e.g. Salmonella 
typhi and Shigella spp.) occasionally produce signifi cant gastric 
pathology. A heavy infection with hookworm and/or Ascaris lum-
bricoides can also account for epigastric discomfort (see below) 
and should be differentiated from peptic ulceration.

When H2-receptor antagonists (e.g. cimetidine and ranitidine) 
are used in developing countries, a possibility exists that they will 
encourage proliferation of intestinal pathogen(s) – bacterial and 
parasitic – for the gastric acid defence mechanism is largely 
removed;27 available data are, however, presently inadequate for 
assessing the practical importance of this. Several studies of gastric 
acid production indicate that mean acid production probably 
varies little in different ethnic groups. Hypochlorhydria is rela-
tively common in the tropics;1 whether it is the cause or conse-
quence of intestinal infection (of bacterial, including S. typhi, 
and/or parasitic origin) remains far from clear.

Gastric carcinoma is overall an uncommon malignancy in 
tropical countries (Chapter 35). At Sura, Fiji, gastric ulcer and 
carcinoma have been shown to be more common in Fijians than 
Indians.

Emergencies

Many facts remain unclear regarding upper gastrointestinal haem-
orrhage in tropical countries. For example, DU is apparently 
common in descendants of southern Indians in Fiji (see above); 
however, haematemesis from a chronic DU is more common in 
Fijians.

Many data suggest that pyloric obstruction is the most common 
complication of DU in developing countries. A report from Zaria, 
northern Nigeria, indicates that at that location perforation is by 
no means uncommon;28 between 1971 and 1983, 74 (24%) of 
302 patients operated for DU, and 29 (58%) of 50 for GU, pre-
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sented with perforation; furthermore, there was a progressive 
increase in the years 1971–1974 to 1979–1983 of from 16% to 
45%, respectively. A rare case report from India has recorded 
massive haematemesis and melaena from a cholecystoduodenal 
fi stula secondary to DU in a 24-year-old man;29 he was success-
fully managed surgically.

Ideally, management of the complications of gastritis and 
peptic ulceration is exactly the same as in a Western country. In a 
study carried out at Ankara, Turkey, age, delayed surgery, presence 
of shock, status of the anaesthetist, and ‘defi nitive surgery’ were 
signifi cantly associated with a fatal outcome in patients undergo-
ing emergence surgery for perforated peptic ulcer.30

Although usually associated with oesophageal varices, gastric 
varices also occur alone. In New Delhi, India, 48 (16%) out 
of 309 patients with portal hypertension were shown to have 
gastric varices;31 in six (12%) there was no evidence of associated 
oesophageal varices. In 11 (28%) of 40 patients who completed 
endoscopic sclerotherapy for oesophageal varices, gastric varices 
disappeared concurrently with the former, or during the following 
6 months. In the light of their experience, these authors consid-
ered that ‘if they persist for 6 months after eradication of oesoph-
ageal varices, a combination of paravariceal and intravariceal 
sclerotherapy should be attempted for their obliteration’.

ABDOMINAL PAIN

Epigastric pain/discomfort is a common presenting symptom in 
medical practice in tropical countries (see above);1,32 this fre-
quently results from heavy small-intestinal helminthic infections, 
especially with A. lumbricoides and hookworm. Mesenteric adenitis 
as a sequel to the presence of helminthic ova, and tuberculosis, 
are further causes. Helminth-related acute pancreatitis is another 
possibility.

Table 10.2 summarizes some causes of severe generalized 
abdominal pain. This most commonly results from peritonitis, 
which has numerous aetiologies. Right upper quadrant pain is less 
likely to result from biliary tract disease than in a ‘temperate’ area 
of the world (see below); nevertheless, helminthic infections of 
the biliary system are occasionally encountered. Left upper quad-
rant pain can result from splenomegaly (following numerous 
‘tropical’ infections; see below); an extreme example (HMS) occurs 
in most areas which are endemic for human Plasmodium spp. 
Ruptured spleen is a further cause of left hypochondrial pain; this 
event usually presents acutely. Solitary splenic abscess is by no 
means an uncommon event in West and Central Africa; the aetiol-
ogy remains unclear.

Right iliac fossa pain is less likely to be caused by appendicitis 
(see below) than in most Western countries. However, an 
appendix-like syndrome has been recorded in Yersinia spp., 
and Anisakis spp. infections and ileocaecal tuberculosis (see 
below). Enterobius vermicularis is not infrequently detected in an 
appendicectomy specimen; whether there is a cause–effect rela-
tionship to acute appendicitis is frequently unclear. Less common 
parasites involving the appendix include Taenia species, Trichuris 
trichiura and Angiostrongylus costaricensis (see below). A peripheral 
blood eosinophilia is often (but by no means always) present 
when a helminthiasis is causatively related to appendicitis. Ileo-
caecal tuberculosis can account for chronic right iliac fossa pain; 
an ileocaecal mass is often palpable clinically (this can be 
confi rmed by ultrasonography when this technique is available). 
A colonic amoeboma represents a possible source of diagnostic 
confusion.

SMALL INTESTINE

Tropical enteropathy, subclinical malabsorption 
and mechanism of diarrhoea

The small-intestinal mucosa of an individual living in a develop-
ing country possesses minor structural differences compared with 
that in one always resident in a temperate zone.1,33,34 Changes are 
not related to the clinical syndrome: post-infective malabsorption 
(tropical sprue; see below). Although the cause of these changes 
is not entirely clear, they seem to result from repeated low-grade 
viral and bacterial infection(s). Similarly, marginal xylose and 
glucose malabsorption has been demonstrated in large numbers 
of people indigenous to tropical countries; these abnormalities are 
certainly greater in lower socioeconomic groups. Using a breath-
hydrogen test, bacterial overgrowth in the small-intestine was 

Table 10.2 Some causes of severe abdominal pain 
(without features of intestinal obstruction) in relation to 
tropical exposure

Site of pain Cause
Epigastrium Heavy nematode infection (e.g. Ascaris 

lumbricoides, hookworm)
Mesenteric adenitis (helminthic eggs or 
tuberculosis)
Acute pancreatitis (helminth related)

Generalized Peritonitis
Typhoid perforation
Amoebic colitis with perforation (appendix, 
perforated peptic ulcer or diverticulitis)
Abdominal tuberculosis
Ruptured hydatid cyst
Sickle cell crisis
Recurrent familial polyserositis (familial 
Mediterranean fever) (Chapter 34)
Hyperinfective syndrome caused by 
Strongyloides stercoralis
Angiostrongylus costaricensis

Right upper 
quadrant

Helminthic infection involving biliary system

Left upper 
quadrant

Splenomegaly (e.g. hyperreactive malarious 
splenomegaly [HMS])
Splenic rupture
Solitary splenic abscess

Right iliac fossa Appendicitis
Anisakis spp. infection
Ileocaecal tuberculosis

Small Intestine
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demonstrated in 37.5% of children living in slum conditions 
compared with only 2.1% (p < 0.001) controls in urban Brazil.35 
Subclinical malabsorption exists in many people in developing 
countries;1 xylose and B12 malabsorption have been demonstrated 
in 39% and 52%, respectively, of Peace Corps workers living 
under rural conditions in Pakistan. Apart from repeated small-
intestinal infections, other factors are probably also important.36 
Xylose, glucose and folic acid absorption have been shown to be 
impaired in individuals with systemic bacterial infections, e.g. 
pulmonary tuberculosis and pneumococcal pneumonia. Dietary 
folate depletion also results in xylose malabsorption. Marginal 
malnutrition and pellagra have both been suggested as causing 
subclinical malabsorption, but evidence is contradictory.

The practical importance of subclinical malabsorption is 
unclear.1,33,34 It seems likely that it signifi cantly contributes to 
malnutrition in people in developing countries who subsist on 
a marginally adequate dietary intake consisting largely of carbo-
hydrate. Before any rigid conclusions are drawn, however, it 
should be appreciated that the small intestine has a very substan-
tial functional reserve, and that the role of the colon in absorption 
of carbohydrate (and other substances) (see above) remains 
unclear.

Diarrhoea resulting from small-intestinal disease consists of 
two main types;1,33 (1) profuse watery (e.g. cholera), and (2) ste-
atorrhoeic (exemplifi ed by post-infective tropical malabsorption 
(tropical sprue)). Table 10.3 summarizes the most important 
causes; several of those responsible for the former type are infec-
tive, and then exert their pathogenic effect via an enterotoxin 
(either heat stable or heat labile); invasive disease involving the 
enterocyte is less important. The role of intestinal hormones – 
especially vasoactive intestinal peptide – in the production of 
watery diarrhoea has become clearer.34 The pathogenesis of diar-
rhoea in AIDS has a multifactorial basis, and is often by no means 
clear;37 some but not all cases are associated with an opportunis-
tic infection(s), especially Cryptosporidium parvum (Chapter 79).34 
The bacteria Escherichia coli, fungi Candida albicans and Histo-
plasma capsulatum, and the astroviruses and caliciviruses are also 
relevant. Other opportunistic infections in this syndrome include 
cytomegalovirus, Mycobacterium avium intracellulare, Salmonella 
species, and the protozoa Isospora belli, Cyclospora cayatenensis, 
Sarcocystis hominis and Microsporidium species infections; in addi-
tion, Kaposi’s sarcoma (Chapter 35) causes severe small-intestinal 
disease.

Many of the problems encountered in management, including 
chemoprophylaxis and chemotherapy, are exemplifi ed by travel-
ler’s diarrhoea (see below).

Traveller’s diarrhoea

The clinical syndrome traveller’s diarrhoea (TD)1,38–42 is arguably 
the world’s most common disease entity; only rarely is it associ-
ated with mortality (usually in the presence of debility, or at the 
extremes of life), but the signifi cant morbidity with which it is 
associated not infrequently interferes with a crowded schedule 
or a leisure or sporting activity. Numerous titles have been 
applied, including ‘turista’, ‘Montezuma’s revenge’, ‘Hong Kong 
dog’ and ‘Delhi belly’. One estimate is that 12 million indi-
viduals travel annually from an industrialized (Western) country 

to one in the tropics or subtropics;43 in this group incidence of 
TD varies from around 20–50%. There is a highly signifi cant 
geographical variation in prevalence; high-risk areas include 
North Africa, sub-Saharan Africa, the Indian subcontinent, South-
east Asia, South America, Mexico and the Middle East; interme-
diate ones include the north Mediterranean, Canary Islands and 
the Caribbean islands; low-risk ones include North America, 
Western Europe and Australia. In a retrospective study carried 
out in Switzerland, a large group of travellers were asked to 
complete a questionnaire after travelling abroad; incidence of 
the disease varied greatly, the highest fi gure (50%) being associ-
ated with travel to Tunisia. (No detailed study exists of TD 
acquired in a European country.44)

Table 10.3 Small-intestinal diarrhoea

Watery diarrhoea (large volume, fl uid stool(s)):

Traveller’s diarrhoea (TD) (turista)

Vibrio cholerae (and other vibrios)

Escherichia coli (enterotoxigenic)

Salmonella spp.

Campylobacter jejuni

Rotavirus (and other enteric viruses)

Cryptosporidium spp.

(Food poisoning – Staphylococcus, Clostridium perfringens)

Hypolactasia: Primary – genetically determined
Secondary – resulting from enterocyte damage

Steatorrhoeic diarrhoea (malabsorption) (characteristically large 
pale, fatty, offensive stools; microscopy often shows fat globules 
in faecal smear):

Post-infective tropical malabsorption (‘tropical sprue’)

Intestinal parasites

  Giardia lamblia

  Strongyloides stercoralis

  Capillaria philippinensis

  Coccidia: Cryptosporidium parvum

    Isospora belli

    Sarcocystis hominis

    Microsporidium spp.

    Cyclospora cayetanensis

HIV enteropathy

Trauma – short bowel syndrome (e.g. recovered pigbel disease)

Lymphoma – Burkitt’s, Mediterranean lymphomas

Ileocaecal tuberculosis

Chronic calcifi c pancreatitis

Acute and chronic liver disease

(Gluten-induced enteropathy (coeliac disease) seems to be 
uncommon or even rare in most tropical populations. 
Occasionally it can become clinically obvious in visitors from 
Western countries to the tropics)
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The disease tends to become less common with advancing 
years; it is unclear whether this is due to the fact that older 
travellers (≥60 years) have a more discerning lifestyle, or whether 
relative immunity increases with advancing age.38 Individuals 
resident for substantial periods in areas where TD is common 
seem to experience it less frequently than those not previously 
exposed.38,39

Clinical features

TD is contracted by ingestion of contaminated water/food; it is 
characterized by acute-onset watery diarrhoea (usually of small-
intestinal origin);38–42 when colorectal involvement exists, diar-
rhoea is often bloody (see below). Abdominal colic, nausea and 
vomiting may be present; fever is unusual, being recorded in 1–
10% of infected individuals. Prostration and resultant dehydration 
(with electrolyte imbalance) cause major problems in a severe 
case. Rarely, symptoms become chronic, and it seems likely that 
a small proportion of cases of TD proceeds to post-infective mal-
absorption (see below).33 Unfortunately, for the investigator, by 
the time disease has become clinically overt, the initiating 
infection(s) has invariably been cleared. Chronic diarrhoea of 
lesser severity is a relatively common problem following recovery 
from acute disease; this can usually be attributed to (1) tropical 
enteropathy (in which there is major derangement of enterocyte 
structure and function) (see above) or (2) the irritable bowel 
syndrome (see below).

On clinical grounds, an important differential diagnosis is 
infl ammatory bowel disease presenting for the fi rst time during, 
or immediately after, tropical exposure.45,46 In a retrospective 
review of UK residents presenting at the Hospital for Tropical 
Diseases, London, with acute onset/bloody diarrhoea, the major-
ity had infl ammatory bowel disease (usually ulcerative colitis); it 
was numerically more important than shigellosis and amoebic 
colitis.45

Acute disease pursues an especially virulent course in certain 
high-risk groups,38,39 e.g. those suffering from achlorhydria (Sal-
monella species and Vibrio species infections are known to be sig-
nifi cantly more common in this group), known infl ammatory 
bowel disease (see below), previous gastrointestinal tract surgery, 
a malignancy involving the gastrointestinal tract, and acquired or 
congenital immunodefi ciency (including immunosuppressive 
therapy and HIV/AIDS). In addition, individuals on diuretic 
therapy (in whom maintenance of electrolyte balance is precari-
ous) and others at the extremes of life also fall within the high-risk 
group. It is important to recognize these factors when advising 
chemoprophylaxis (see below).

Aetiology

In 1970, Rowe et al.47 recorded results of a study involving British 
soldiers newly arrived in Aden; in 19 (54.3%) of 33 cases in 
which a recognized pathogen was not apparent, a ‘new’ serotype 
of Escherichia coli was isolated in the acute phase of TD; in a 
further 14 (40%), several different E. coli serotypes were also 
isolated. (B. H. Keane had suggested in the 1950s (on circum-
stantial evidence) that bacterial pathogens were implicated.33,34) 
Sack48 recorded the identity of E. coli serotypes isolated from US 
Peace Corps volunteers serving in various countries: Kenya 06:

H16, 06H−, 027:H7, 0159:H4 and 0159:H34; Morocco 06:H16, 
0128:H12, 027:H20 and 0169:H−; Honduras 08:H9, 015:H49, 
015:H− and 027:H20. Therefore, many common strains of entero-
toxigenic E. coli (ETEC) are relevant. Many other microorganisms 
are also involved. Salmonella species, Shigella species, Campylo-
bacter jejuni, enteroadherent E. coli (EAEC) and Vibrio spp. (see 
Chapter 51); rotavirus and norovirus (Chapter 45), and Giardia 
lamblia, Coccidia species (including Cryptosporidium species, I. belli 
and Blastocystis hominis) and Entamoeba histolytica (Chapter 79). 
Other bacteria which have been implicated include Aeromonas 
hydrophila, Plesiomonas shigelloides and Yersinia enterocolitica. The 
causative agent(s) vary signifi cantly in different locations, e.g. in 
an affected individual in Asia, Central America or Africa the likely 
organism is different on statistical grounds, although not relevant 
to a specifi c case. Furthermore, more than one organism is fre-
quently present; in a study involving US Peace Corps workers in 
Thailand, 33% were infected by two to four different pathogens.38 
Although protozoan parasites are usually incorporated in the list 
of aetiological agents, the incubation period is usually somewhat 
longer than is usual in TD; this applies especially to G. lamblia. 
When the colorectum is predominantly involved, Shigella species, 
enteroinvasive E. coli (EIEC), enterohaemorrhagic E. coli (EHEC) 
and Ent. histolytica may be responsible. Rarely, herpes simplex 
virus and Chlamydia trachomatis have been implicated. New patho-
gens will doubtless emerge in future years.

Pathophysiology

The pathophysiology varies and depends on the site within the 
gastrointestinal tract to be involved.1,38–41 Whereas in the small 
intestine toxigenic diarrhoeas predominate (see above), in the 
colorectum (see below) invasive disease is more common.

ETEC are characterized by both toxin production and mucosal 
adherence (via specifi c fi mbriae); the latter property is required 
for disease production, for toxin-producing non-adherent mutants 
do not cause disease. Enteropathogenic E. coli (EPEC) (probably 
not a major cause of TD) adhere to intestinal mucosal cells and 
although they do not invade, destroy microvilli. EAEC (detected 
in up to 15% of patients suffering from TD) do not belong to 
classical serotypes of EPEC, but adhere to Hep-2 cells in culture; 
they neither produce a toxin nor invade.49 EIEC behave similarly 
to Shigella species and account for up to 5% of cases; the main 
site of action is the colorectum, and the major clinical manifesta-
tion is therefore dysentery resulting from epithelial cell invasion 
and intracellular multiplication; there is resultant mucosal infl am-
mation and ulceration.49 EHEC (an uncommon cause of TD) 
produces disease via verotoxin production.

Prophylaxis

Travellers should take maximal care to avoid water/food likely 
to be contaminated; common sense is of paramount importance! 
Use of prophylactic agents is controversial. Many chemoprophy-
lactics have been used: doxycycline, co-trimoxazole, trime-
thoprim, mecillinam, bicozamycin and the fl uroquinolone 
compounds (norfl oxacin and ciprofl oxacin). High protection rates 
(≥90%) have been claimed for co-trimoxazole and the fl uoro-
quinolones; for trimethoprim a rate of around 50% has been 
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recorded. Most cases of TD therefore possess a bacterial aetiol-
ogy. The major problem with antibiotic chemoprophylaxis, 
however, is the risk of signifi cant side-effects, dominated by 
dermatological reactions (including Stevens–Johnson syndrome) 
and pseudomembranous colitis (see below); using co-trimoxa-
zole, a rate of up to 20% of signifi cant skin reactions, neces-
sitating discontinuation of prophylaxis, has been recorded. Also, 
the acquisition of resistant faecal E. coli during chemoprophylaxis 
has been recorded in several studies; an increase from 21% to 
100% has been recorded using doxycycline in Kenya, and one 
of 3% to 100% with co-trimoxazole in Mexico. When chemo-
prophylaxis is used, either norfl oxacin or ciprofl oxacin seems 
to be the most appropriate, although strains of Campylobacter 
jejuni rapidly acquire resistance.44 In a recent study in Egypt, 
two of 105 individuals on norfl oxacin developed TD, compared 
with 30 (26%) of 117 given a placebo.49 (Ciprofl oxacin should 
be avoided in children because of experimental evidence indi-
cating cartilaginous damage in young experimental animals; there 
is no evidence in Homo sapiens.)

Should chemoprophylaxis be recommended widely in this 
essentially benign clinical syndrome? In addition to the objections 
so far outlined (see above), there is a possibility of inducing a false 
sense of security, resulting in increased exposure to other infec-
tions, e.g. viral hepatitis.49 The following groups should be seri-
ously considered for chemoprophylaxis (for <3 weeks):
• Travellers with a bad ‘history’ of TD38–41

• Those in whom hypochlorhydria is proven (or a possibility)
• Individuals suffering from infl ammatory bowel disease
• HIV-infected patients
• Those in whom electrolyte balance is precarious (e.g. those 

receiving diuretic therapy) and others with chronic renal 
failure

• The ‘elderly’ (not easily defi ned)
• A nebulous group in whom TD is professionally embarrassing 

(e.g. members of the armed services, airline pilots, athletes, 
politicians, businessmen and other professionals on tight 
schedules, etc.).

The role of prophylactic antiperistaltic agents is likewise contro-
versial: action is unphysiological. It has been suggested that they 
can mask a more serious infection, e.g. S. typhi, although in this 
disease diarrhoea is an unusual presenting symptom (Chapter 
52). By delaying excretion of pathogen(s) it is also possible that 
clinical disease is prolonged. In children, paralytic ileus is a major 
complication and has occasionally precipitated mortality.50

Bismuth subsalicylate has a role in prophylaxis; the bismuth 
moiety possesses antimicrobial activity and salicylate antisecretory 
properties.39 Early studies in Mexico by DuPont et al.51 showed 
that, given as a suspension (the sheer bulk required precluded its 
use by travellers), this agent signifi cantly reduced TD; the same 
group, also working in Mexico, has demonstrated that, when given 
in tablet form (2 tablets 4 × daily for 3 weeks, i.e. 2.1 g daily), a 
65% protection rate can be achieved;51 at half that dose, effi cacy 
was greatly reduced. The number(s) of pathogen-positive TD cases 
in a group of treated patients was seven of 29, compared with 35 
of 59 in a placebo group; ETEC was present in 3 and 22, respec-
tively, and Shigella species in two and eight, respectively.51

A B-subunit/whole-cell (BS-WC) cholera vaccine has been 
shown to produce relative protection.52 In a study involving 
Finnish tourists to Morocco, BS-WC induced 52% protection 

against diarrhoea caused by ETEC, 65% with mixed infection, 71% 
when ETEC was present with another pathogen, and 82% when 
ETEC and S. enterica were present concurrently. (Sack48 has con-
cluded that ‘any advances in prevention and treatment of diar-
rhoea in travellers will be directly applicable to the worldwide 
problem of diarrhoea in children, which is far more important on 
a global scale’. This statement does not apply to this BS-WC 
vaccine, because protection only lasts for about 3 months.) A 
further approach under consideration consists of oral administra-
tion of colostrum-derived antibodies against ETEC.39

A recent experimental investigation indicates that lactobacilli, 
which have the ability to adhere to the intestinal mucosa, can 
prevent E. coli colonization. In a limited clinical study, Lactobacil-
lus GG reduced prevalence of TD by up to 40%.39

Management

Treatment (as in cholera, see below) devolves around oral rehydra-
tion (see below); all travellers should carry suitable prepara-
tions.1,41,53 When properly constituted, Dioralyte (Rhône-Poulenc 
Rorer) solution contains glucose 90, Na+ 60, K+ 25, Cl− 45 and 
citrate 20 mmol/L. Corresponding concentrations for another 
proprietary preparation, Rapolyte (Janssen), are 111, 60, 20, 50 
and 10 mmol/L. WHO/UNICEF rehydration fl uid contains glucose 
111, Na+ 90, K+ 20, Cl− 80 and citrate 10 mmol/L. In a mild case 
adequate rehydration can usually be achieved using ordinary 
mineral water.

The role of chemotherapy in established TD remains contro-
versial. Early work carried out by DuPont et al.38 in Mexico showed 
that both co-trimoxazole and trimethoprim reduced the length of 
symptoms. Recent trials, using antibiotics which have been given 
for chemoprophylaxis (see above), have also indicated that the 
length of symptoms can be shortened; in Mexico, ofl oxacin 
(600 mg daily for 3 days) produced cure in 77 (95%) of 81, com-
pared with 56 (71%) patients who received placebo (p = 0.0001).54 
In a study carried out in Thailand where the causative organism 
is usually Campylobacter jejuni, cure rate at 72 h was highest with 
single-dose azithromycin (96%), compared with lower rates with 
3-day azithromycin and levofl oxacin.55 Short-course chemother-
apy can only be justifi ed in a severe case; this applies at the 
extremes of life and in high-risk groups (see above), especially 
HIV-infected individuals.56

Cholera

Cholera (see also Chapter 51) represents the archetypal disease in 
the context of small-intestinal secretory (watery) diarrhoea.34,36,57

The causative organism, Vibrio cholerae, is not invasive and 
exerts its effect by means of an enterotoxin.58 If untreated, the 
disease has a 20–80% mortality; with modern oral rehydration 
regimens that fi gure should be <1%. Death results from dehydra-
tion, vascular collapse and renal failure.

Historically, cholera was not confi ned to tropical countries and 
involved many temperate areas, including much of northern 
Europe. An epidemic in 1854 in London was traced to contami-
nated water supplied from the Broad Street pump in Soho. Accord-
ing to legend, when the handle of the pump was tied down by Dr 
John Snow, the London anaesthetist, a rapid decline in the inci-
dence of new cases was recorded.59
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Epidemiology

Cholera is endemic in India, Pakistan, Bangladesh, Afghanistan 
and many other countries of South-east Asia. Nosocomial trans-
mission is reported. In recent years, epidemics have occurred in 
the Middle East, South America and Africa;58 most have been local-
ized. Cholera is endemic along the Gulf Coast of the USA. The 
disease is closely associated with poverty, overcrowding and low 
socioeconomic status.

In former times cholera was spread by population movements 
such as the annual ‘hajj’ to Mecca; outbreaks involving air travel-
lers have been recorded. Overall, however, the disease is rare in 
British travellers.60 It tends to affect young people more often than 
the elderly.

Aetiology and pathogenesis

There is probably a genetic predisposition: blood group O is asso-
ciated with a higher infection rate than group A.34

Classical cholera is caused by V. cholerae, and is now localized 
to the Indian subcontinent, particularly the deltas of the Ganges 
and Brahmaputra rivers. Elsewhere, the El Tor biotype, which 
originated in Indonesia around 1960, and the 0139 strain have 
been responsible for most epidemics. Vibrio species are curved, 
Gram-negative, fl agellated rods approximately 2 mm in length. 
Each biotype of cholera contains three serotypes: Inaba, Ogawa 
and Hikojima. For details of the organism and its pathophysio-
logical effects, see Chapter 51.

Pathology

Histologically, the small-intestinal mucosa is intact. Light and 
electron microscopical appearances are normal. Following circula-
tory collapse following gross dehydration, renal tubular necrosis 
can be demonstrated.

Clinical features

There are no prodromal symptoms. The incubation period varies 
from a few hours to 5 days. The disease is similar whichever 
biotype is involved, but there is a wide spectrum of severity. When 
the El Tor biotype is responsible, a higher proportion of patients 
are asymptomatic. Onset is sudden, and mild diarrhoea rapidly 
gives way to the passage of a large volume of opalescent fl uid – the 
classic ‘rice-water’ stools. Up to 30 L of fl uid, containing a high 
concentration of Vibrio spp. organisms, may be passed in 24 h.57 
Vomiting of fl uid of a similar composition is a later feature. Thirst, 
muscle cramps, hoarseness and anuria follow.

Clinical signs of severe dehydration may be present by 24 h 
after onset in an untreated case. The body temperature is normal 
or mildly elevated. Circulatory failure and acute renal failure 
follow. Confusion, disorientation and hypoglycaemic convulsions 
may occur. Mortality rate is directly related to the degree of 
dehydration. Relative immunity is short lived. A carrier state, 
which lasts a few weeks, may occur, and gallbladder foci have been 
identifi ed.

Investigations

Vibrio spp. organisms are easily identifi ed in a faecal specimen; 
material should be transported to the laboratory in alkaline 

peptone water (pH 9.0). A rapid diagnostic technique for fi eld use 
has been described. For accurate serological identifi cation of V. 
cholerae, rigid criteria are necessary. With classic cholera, organ-
isms are present during the incubation period and up to 5 days 
after an attack; in the El Tor variety, Vibrio spp. can persist for 
weeks or months.

Faecal samples are isotonic, with a protein concentration of 
approximately 10 g/L; pH is about 7.5; typical electrolyte concen-
trations are: sodium 139 mmol/L, potassium 23 mmol/L, chlo-
ride 106 mmol/L and bicarbonate 48 mmol/L. Specimens contain 
a high concentration of IgA. Serum IgA and IgM are elevated, the 
former most markedly in patients with an El Tor infection. In vitro 
animal studies, indicate that cholera toxin enhances IgA secretion 
from crypt epithelium to ileal lumen.56

Serum electrolyte, urea and creatinine concentrations vary with 
the stage and severity of the disease. Excessive potassium loss 
exacerbates metabolic acidosis. Urine is concentrated; its compo-
sition depends on the severity of the disease.

Differential diagnosis

Diagnosis is usually straightforward; however, all other causes of 
small-intestinal diarrhoea (with and without vomiting) of acute 
onset (see below) should be considered. These include traveller’s 
diarrhoea, E. coli, Staphylococcus species, Clostridium perfringens, Cl. 
botulinum, Campylobacter jejuni and viral causes (e.g. rotavirus, 
norovirus). Salmonella and Shigella spp. should also be considered. 
Vibrio parahaemolyticus (conveyed by infected raw seafood) and 
other non-cholera Vibrio species can produce a similar disease. 
Very occasionally, Plasmodium falciparum malaria presents with 
severe watery diarrhoea, especially in infants and children. Food 
poisoning, caused by toxic agents, should be added to the list of 
differential diagnoses.

Prevention

Basic sanitation and public health procedures should be 
improved.61 Sterility of water supplies is of paramount impor-
tance. Contacts of proven cases should be vaccinated; all faeces 
and bed linen should be destroyed. Vaccination with inactivated 
(dead) Vibrio species organisms gives only limited protection;62 
0.5 mL and 1.0 mL vaccine should be given at an interval of 1 
week, and a 0.5 mL booster every 6 months.

The 26th Assembly of the WHO recommended, in 1973, 
that cholera vaccination should not be compulsory, due to 
its limited public health value. Despite this, a few countries con-
tinue to demand vaccination before entry. Important progress is 
being made towards an effective oral bivalent cholera–typhoid 
vaccine.63

Management

Rehydration regimens

Treatment was revolutionized by the introduction of oral rehydra-
tion regimens.64–66 The enterocyte sodium-glucose carrier system 
is not affected by cyclic AMP, and thus glucose (and glycine)-
stimulated membrane transport takes place normally.

It is impossible to overload the circulation by the oral route 
in a previously fi t person. Quantity of ingested fl uid should be 
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regulated by faecal loss, best measured 2-hourly. Rehydration 
should be accomplished within 48 h. In an unsophisticated situ-
ation, sucrose is often more easily obtainable than glucose; results 
are usually good, although if severe mucosal damage pre-exists, 
sucrase concentration is lowered and satisfactory rehydration is 
less readily achieved. Cereal-based electrolyte solutions have also 
given satisfactory results.66

In a severe case, intravenous fl uids may be necessary for initial 
rehydration.65 A widely-used formula consists of; sodium chloride 
5.0 g, sodium bicarbonate 4.0 g, potassium chloride 1.0 g, made 
up to 1 L. Severity of dehydration should be assessed on clinical 
grounds; in a case of average severity, 5 L should be given (the fi rst 
litre within 10 min) to a 50 kg subject.

Drug treatment

Analgesics may be necessary for severe muscle cramps. Intravenous 
calcium gluconate is of value for tetany.

Tetracycline hydrochloride, 1 g/day for 5 days, shortens dura-
tion of diarrhoea and clears the luminal content of Vibrio spp. 
organisms in the case of the El Tor biotype.66 A single dose (1 g 
or 2 g) has also been shown to be effective in V. cholerae infection, 
but is associated with asymptomatic bacteriological relapse.67,68 
Tetracycline should be started several hours after rehydration 
therapy has begun. Single-dose doxycycline (300 mg) is probably 
as effective as tetracycline.69 There is clear evidence that in epidem-
ics the El Tor biotype rapidly develops resistance not only to 
tetracycline, but also to several other antibiotics (including trim-
ethoprim plus sulfamethoxazole), and is therefore of very limited 
value. Recently, Vibrio cholerae 01 biotype El Tor strains have 
proved resistant to furazolidone and co-trimoxazole.70

Prognosis

If cholera is adequately treated, there should be zero mortality, 
and complete recovery. A suggestion has been made that indi-
viduals who have suffered from cholera might be predisposed to 
α-chain disease (see below).

Malabsorption in the tropics

Apart from infective causes, primary hypolactasia (lactase defi -
ciency)1,71 accounts for watery small-intestinal diarrhoea in some 
people indigenous to tropical countries. A low concentration of 
this enzyme in the enterocyte brush border is normal for adult 
Homo sapiens (as for other species within the mammalian 
kingdom); the enzyme is under genetic control. In a minority of 
the world’s population, i.e. northern Europeans, Africans with an 
Hamitic ancestry, certain Middle Eastern populations (e.g. Saudi 
Arabians) and others in northern parts of the Indian subcontinent, 
a high concentration continues into adult life. Secondary hypolac-
tasia results from brush border damage;1,71 concentration of all 
disaccharidases (and other digestive enzymes) is reduced, and 
slow recovery occurs after the initiating insult has disappeared. 
Thus, whenever there is enterocyte destruction (this includes post-
infective malabsorption, see below) hypolactasia develops.

Following ingestion of milk or another milk produce, in which 
lactose is incompletely hydrolysed, osmotic diarrhoea results; this 
is accompanied by abdominal colic, distension and fl atulence 

(‘lactose intolerance’). In a study carried out at Penang, Malaysia, 
hypolactasia was demonstrated in all ethic groups, and although 
there was no clear association with gastrointestinal symptoms, the 
authors recommend a low lactose diet in all Asian countries.72 
Yoghurt contains adequate bacterial lactase to hydrolyse the 
lactose component and is usually well tolerated. Lactic acid pro-
duction (derived from hydrolysis of lactose by colonic bacteria) 
produces irritative diarrhoea, which contributes to the symptoms. 
The precise role of the colon in adaptation remains unclear; car-
bohydrate, in the form of free fatty acid(s) (and also nitrogen and 
electrolytes), can be absorbed from this organ. Investigation of 
hypolactasia most often utilizes the breath hydrogen test; lactose 
‘tolerance’ test and lactase assay in a jejunal biopsy specimen are 
alternatives. In management, milk and all lactose-containing dairy 
products should be eliminated from the diet;1,71 individuals in 
countries with a high prevalence of primary hypolactasia can 
regulate bowel function by varying lactose ingestion.

Post-infective malabsorption (PIM) 
(tropical sprue)

Relatively little is known about the prevalence and severity of 
malabsorption in acute infective conditions of the small intestine 
(viral, bacterial and parasitic) and the duration for which it can 
continue after the specifi c organism(s) has been eliminated.73

In some cases, malabsorption persists in the presence of mixed 
luminal fl ora, and a single infective agent cannot be detected. In 
others the recognizable initiating infective cause (or causes) may 
continue, culminating in a chronic form; a more precise term is 
therefore ‘postacute infective’ malabsorption. As with all infective 
diseases, the clinical spectrum of disease varies from subclinical 
to gross pathology (malabsorption). PIM is of particular clinical 
signifi cance in tropical countries, where small (and large) intesti-
nal infections are exceedingly common.

PIM related to tropical exposure has been reviewed by 
Cook,1,33,74 Tomkins,75 Baker76 and Mathan.77

History and defi nition

Confusion has existed between PIM and tropical sprue; however, 
in tropical and subtropical countries, these entities are synony-
mous, and the diffi culty is primarily one of semantics.1,33 Patrick 
Manson fi rst coined the term tropical sprue (derived from a word 
used by Dutch workers in the East Indies) in 1880.78 The term was 
rapidly applied to all cases of malabsorption in tropical countries, 
undoubtedly including some resulting from tuberculosis and 
various parasitoses (both protozoan and helminthic). Histori-
cally, chronic diarrhoea accompanied by wasting was recognized 
in India before 600 BC; although the Englishman William Hillary 
is often credited with the fi rst precise description of tropical sprue 
at Barbados,79 it now seems likely that he described either epi-
demic G. lamblia infection, or possibly strongyloidiasis. The clini-
cal syndrome was well known to British physicians in India during 
the eighteenth and nineteenth centuries; most descriptions were 
made in British expatriate populations. It was in the early 1960s 
that reports of a high prevalence of epidemic PIM in indigenous 
Indians became available.1,76,77 Despite early suggestions that 
chronic tropical diarrhoea had an insidious onset, it is clear (after 
careful assessment) that the vast majority of cases always pre-
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sented acutely. Confusion has been compounded further when 
acute epidemic cases of small-intestinal infection, associated with 
gross dehydration (in addition to xylose and fat malabsorption) 
and acute mortality, have been designated tropical sprue, as in 
numerous reports from southern India.77 It is essential to include 
a time factor in the defi nition of this clinical syndrome, e.g. 
chronic diarrhoea and malabsorption, with weight loss, of at least 
3–4 months duration. The term tropical sprue (if used at all) 
would be better reserved for a condition where malabsorption of 
nutrients is quantitatively more important than that of water and 
electrolytes. Although the aetiology of PIM is not yet completely 
clear (see below), in most cases it undoubtedly follows an acute 
small-intestinal insult by either a bacterial, viral or parasitic (or 
mixed) infection.

Overall, evidence for PIM following a small-intestinal insult is 
most complete for bacterial and parasitic infections; those of viral 
origin might, however, be more important numerically. Lack of 
precise data can be largely attributed to the fact that virology 
remains a relatively neglected discipline in most developing coun-
tries, where infections of all types are far more common than in 
the Western world.

The effect of malabsorption on overall nutritional status is 
largely unknown (see above); children are especially at risk. The 
magnitude of energy loss is unclear; a defi cit of 10% of dietary 
energy (one estimate) is substantial in tropical populations sub-
sisting on a ‘marginal’ diet. The importance of anorexia in exacer-
bating associated malnutrition is also underexplored.

Geographical distribution

Figure 10.3 summarizes the geographical localities where PIM has 
been reported either commonly or less frequently;33,34 the map 
does not include areas where sporadic cases have been rarely 
recorded. Although the disease is common (and endemic) in Asia 
and the northern part of South America, it is a very unusual con-

dition in tropical Africa. It remains a problem in travellers to many 
tropical locations.80–82 Until recently, it was a common entity in 
overland travellers from the UK to Asia; the fact that it is now 
rarely seen is probably associated with early antibiotic administra-
tion. In the Middle East and Mediterranean littoral PIM is unusual, 
but undoubtedly occurs.74

Aetiology

There can now be no reasonable doubt that PIM has an infective 
basis (see above): it is (1) more common in geographical areas 
where enteric infection abounds; (2) epidemic in certain areas, 
including southern India; (3) the small-intestinal lumen is colo-
nized by aerobic enterobacteria; and (4) recovery usually occurs 
rapidly (and dramatically) following initiation of broad-spectrum 
antibiotic treatment. Despite this, however, Mathan77 is of the 
opinion that in southern India the primary lesion is enterocyte 
damage resulting from a ‘persistent’ lesion of the stem cell com-
partment on a ‘background of tropical enteropathy’. He further 
considers that ‘an immunity-conferring agent may be responsible 
for the initiating damage’. The widely used defi nition for this 
clinical syndrome in southern India, ‘intestinal malabsorption of 
at lease two nutrients and the exclusion of diseases that give rise 
to secondary malabsorption in a tropical environment’, is inade-
quate; it does not exclude tropical enteropathy (see above), nor 
does it introduce a time (chronicity) factor.

Genetic predisposition

All infective diseases, without exception, have a genetic back-
ground. In a limited study at Puerto Rico, 25 of 27 patients with 
PIM (not well defi ned) had at least one antigen of the HLA-Aw19 
series;83 the strongest associated link was with Aw31. In India, a 
high frequency of HLA-B8 was documented;84 HLA-A1, A28 and 
Bw35 were signifi cantly decreased in the affected group. More data 
are undoubtedly required on genetic markers in PIM.

Figure 10.3 World map showing 
areas where post-infective tropical 
malabsorption is a signifi cant 
problem.

Small Intestine
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Infection

In severe PIM (in the absence of parasites) bacterial colonization 
has been demonstrated both within the jejunal lumen and in 
biopsy specimens. The importance of adhesive properties of bac-
teria in pathogenesis is unclear; many bacteria, including E. coli, 
S. typhimurium and V. cholerae, possess such properties, mediated 
by a transmissible plasmid. In tropical PIM, several groups have 
demonstrated a higher concentration of aerobic enterobacteria in 
relation to the enterocyte compared with luminal fl uid. (In the 
normal individual, anaerobes outnumber aerobes by about 1000-
fold.) It seems likely that a variety of toxins released by these 
enterobacteria induce net water secretion and malabsorption. In 
the blind-loop syndrome, enterobacteria (which are invariably 
obligate anaerobes) do not produce toxins. Several months after 
tropical exposure the upper small-intestinal intraluminal bacterial 
fl ora (mucosal biopsy or luminal fl uid) remains abnormal;85 seven 
of 11 patients studied had enterobacteria in numbers ranging from 
103 to 108/g or mL. The most common organisms were Klebsiella 
pneumoniae, Enterobacter cloacae and E. coli; Citrobacter feundii, Ser-
ratia marcescens and Pseudomonas spp. have also been detected. It 
seems highly likely, therefore, that these organisms were present 
since the onset of disease.86 In southern India, a viral aetiology 
has been sought, but there is little evidence for this. The origin of 
continuing overgrowth has not been adequately studied in tropi-
cal PIM; in patients in England with small-intestinal bacterial 
overgrowth, faecal fl ora account for most of the organisms, but 
salivary fl ora are probably important in some cases.

Jejunal morphology

Morphological changes are non-specifi c and range in severity.74 
Blunting of villi (‘partial villous atrophy’) with increased lympho-
cyte and plasma cell infi ltration (not a feature of tropical enter-
opathy) are present to a variable degree; a ‘fl at’ mucosa is 
exceedingly unusual. Although the number of plasma cells is 
increased, distribution of IgA-, IgM- and IgG-containing cells is 
normal.87 In untreated gluten-induced enteropathy, T cells express-
ing T cell receptor g/d heterodimers are disproportionately raised; 
this is not so in PIM.87 The signifi cance of elevated jejunal surface 
pH (demonstrated in southern India) is unclear, but is probably 
merely an indicator of enterocyte damage. Crypt hyperplasia has 
been demonstrated.

Although a predisposing immunological defi cit has been pos-
tulated in tropical PIM, there is no good evidence for this; immu-
nological changes (increased IgG, IgE, C4 and orosomucoid, 
gastric parietal cell antibodies, and lymphopenia with a low 
peripheral blood T cell count) seem to be sequelae of mucosal 
damage, and are not causally related.

Small-intestine stasis

In southern India whole-gut transit time (using a radio-opaque 
marker technique) has been shown to be unaltered in tropical 
PIM, despite a striking increase in faecal weight. Small-intestinal 
stasis has, however, been well documented in tropical PIM and 
might result from excessive enteroglucagon production in response 
to ileal (and colonic) mucosal injury (see below).88 However, 
many patients with PIM have received diphenoxylate or loper-
amide for acute diarrhoea; both agents produce relative small-

intestinal stasis. Both of these agents interfere with peristalsis and 
prevent prostaglandin-induced diarrhoea; inhibition of small-
intestinal secretion also occurs. Such stasis is of particular interest 
because peristalsis is usually increased in the presence of intralu-
minal bacteria.

Gut hormones

Gut hormones have been studied in tropical PIM in the fasting 
state and following a standard meal.88 Fasting and postprandial 
plasma enteroglucagon concentrations (produced by cells in the 
distal ileum and colon) and motilin were markedly elevated; fur-
thermore, the elevated enteroglucagon concentration is signifi -
cantly correlated with a reduction in small-intestinal transit (using 
the H2 breath test). Both enteroglucagon and motilin concentra-
tions fall after treatment. Concentration of another gut hormone, 
plasma peptide YY (also produced by endocrine cells in the ileum 
and colon and known to delay gastric emptying and small-intes-
tinal transit, and to reduce gastric and pancreatic secretion) has 
been shown to be grossly elevated in PIM;89 it seems possible that 
this results from a change in peptide YY secretion, resulting from 
malabsorption, and is a compensatory mechanism in diarrhoea. 
Patients with PIM also have a reduced post-prandial rise in gastric-
inhibiting polypeptide; gastrin and pancreatic polypeptide are 
normal.

Role of the colon

The colonic mucosa, in addition to that of the small intestine, is 
abnormal in tropical PIM (‘tropical colonopathy’).90 Few causes 
of diarrhoea are strictly confi ned to one or other of these organs; 
for example, shigellosis frequently involves the small intestine, and 
salmonellosis and Campylobacter jejuni infection of the colon.

The normal colon is able to absorb 4–7 L of water/24 h,91 
together with 100–160 mmol carbohydrate (as volatile fatty 
acid(s)). Failure of the diseased colon to ‘salvage’ the increased 
ileal effl uent must increase the intensity of diarrhoea.

Colonic abnormalities have been reported in tropical sprue; 
using a colonic perfusion system, impaired water and sodium 
absorption was demonstrated.92

Colonic function has not been investigated in tropical PIM 
investigated and treated in London.

Animal model

A clinical syndrome which exhibits very close similarities to PIM 
has been described in the German shepherd dog.93 Jejunal biopsy 
specimens show villous atrophy with a variable infi ltration of 
lymphocytes and plasma cells in the lamina propria. Aerobic bac-
teria are involved; both clinical and laboratory recovery take place 
after broad-spectrum antibiotic therapy.

Clinical aspects

This is dominated by chronic diarrhoea with large, pale, fatty 
stools, and sometime excessive fl atulence, usually following an 
acute intestinal infection.1,33,34,74 Weight loss is sometimes gross 
and is probably related to anorexia as much as to intestinal disease. 
Figure 10.4 shows an affected patient before and after chemo-
therapy. A wide range of clinical presentations exists, however, 
varying from the acute onset type (not strictly post-infective), 
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Figure 10.4 (A and C) A 19-year-old Englishman presented in London with post-infective tropical malabsorption (tropical sprue). Acute 
diarrhoea started soon after his arrival in Nepal and he lost approximately 12 kg in weight during the subsequent 2 months. The total urinary 
xylose excretion after a 25 g oral load was 2.5 mmol/5 h (normal range 8.0–16.0 mmol/5 h); the 24-h faecal fat was 83 mmol (normal range 11–
18 mmol); the Schilling test result was 0.16% urinary excretion at 24 h (normal >10%) and the 8-h serum concentration was 0% (normal >0.6%) 
of the loading dose. Jejunal biopsy histology showed marked villous blunting with increased lymphocytes in the lamina propria. Parasites were 
not found in several faecal samples. Serum albumin 36 g/L; haemoglobin 13.2 g/dL; mean corpuscular volume 102.9; red blood cell folate 
113 ng/L (normal >150 ng/L); serum vitamin B12 322 pg/L (normal >150 pg/L). He responded rapidly to treatment with oral tetracycline and folic 
acid. (B and D) The same man 4 weeks after initiation of treatment when all investigations were normal.
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described by Baker76 and Mathan77 as occurring in epidemics (with 
vomiting and pyrexia in up to 50%) at Vellore, India, to a far more 
chronic entity. Other clinical features, such as glossitis (aphthous 
ulceration was common in nineteenth-century reports), megalo-
blastic anaemia, fl uid retention, depression, apathy, amenorrhoea 
and infertility, occur only after several months duration.

Table 10.3 summarizes the more important differential diagno-
ses of chronic malabsorption in relation to tropical exposure (see 
below).80 There are also many non-infective causes of malabsorp-
tion in the tropics and subtropics; these should be excluded sys-
tematically.94

During, and immediately after, an acute small-intestinal infec-
tion, xylose, glucose, fat, B12 and folate malabsorption frequently 
occur (see above). After 4 months or so, moderate/severe morpho-
logical change occurs in the jejunal mucosa; serum folate and later 
B12 concentrations decline – often to very low concentrations. 
Hypoalbuminaemia and oedema are late signs.

Gastric acid secretion is often depressed, but whether this pre-
cedes, or is a sequel to, the initiating infection is unknown. The 
role of hypochlorhydria in the production of small-intestinal 
infection remains unclear. In a small proportion of cases in south-
ern India, B12 absorption either improved or became normal with 
addition of intrinsic factor.90 Secondary hypolactasia may be 
present (see above).71

There is no good evidence that PIM predisposes to any gastro-
intestinal malignancy.

Investigations

Investigations should include urinary D-xylose excretion, 72-h 
faecal fat estimation, a Schilling test and jejunal biopsy; faecal 
parasites should be excluded (1-h blood xylose concentration is 
in practice probably superior to a 5-h urinary collection in a 
tropical environment95): serum B12 and red blood cell folate con-
centrations should be estimated; after 4 months of illness most 
patients have a low folate concentration. Serum albumin and 
globulin concentrations are often depressed. Monosaccharide 
absorption is impaired to a greater extent than that of amino 
acids.74 Barium meal and follow-through examination show 
dilated loops of jejunum with clumping of barium, in addition to 
reduced transit rate.

Jejunal mucosal changes are variable, depending on the dura-
tion of the disease. By 3 or 4 months, most biopsies are ridged 
and/or convoluted; a fl at mucosa is extremely unusual and, if 
present, gluten-induced enteropathy94 should be suspected. Sub-
mucosal invasion with lymphocytes (predominantly T cells) and 
plasma cells is usual.

Ultrastructural changes in jejunal biopsy specimens have been 
studied;96 although lysosomes, peroxisomes and mitochondrial 
enzymes are not depressed, the organelles are more fragile. Endo-
plasmic reticulum is unchanged. A signifi cant reduction in 5-
nucleotidase in the basolateral (plasma) membrane persists after 
recovery. The latter fi nding might refl ect an underlying abnormal-
ity in the enterocyte of individuals susceptible to PIM.

Intestinal permeability has also been investigated;36,97 abnor-
malities in urinary excretion of lactulose and rhamnose following 
an oral load are similar to results obtained in gluten-induced 
enteropathy.

Aetiology and treatment

A hypothesis to account for the aetiology of tropical PIM is sum-
marized in Figure 10.5.98 The ‘vicious cycle’ can be broken by (1) 
eliminating bacterial overgrowth, and (2) aiding mucosal recovery 
(with folic acid supplements). While this hypothesis has been 
challenged,99 a satisfactory alternative has not been produced. An 
adequate diet should be combined with tetracycline (250 mg 
three times a day for at least 2 weeks) and folic acid (5 mg three 
times a day for 1 month). Evidence of susceptibility of the respon-
sible fl ora to antibiotics other than tetracycline is limited. Symp-
tomatic treatment may be necessary in the acute stage of the 
disease; codeine phosphate (30 mg three times a day), diphenox-
ylate (2.5–5 mg four times daily), or loperamide (5–10 mg four 
times daily) are of value if stool frequency is excessive. Mild cases 
respond without treatment, but this may take several months. 
Recovery is usually rapid and straightforward;1,74,98 in the pre-anti-
biotic era a mortality rate of 10–20% was usual.

Evidence from south India suggests that response to antibiotics 
is less satisfactory;76,77 this has been used as evidence to 
support a viral rather than a bacterial aetiology being causative in 
that locality.

Conclusion

The aetiology of PIM – especially that presenting in association 
with tropical exposure – is becoming clearer.99 It is probable that 
several primary insults to the enterocyte (of an infective nature) 
are involved. Whereas PIM resulting from most viral, bacterial and 
parasitic causes is usually self-limiting, this does not apply to the 
‘tropical sprue’ syndrome, when well established. The reason why 
only a minority of affected individuals who suffer an acute small-
intestinal infection are susceptible to PIM is unknown; a genetic 
(or ethnic) basis for susceptibility seems likely.

Other causes of malabsorption in the tropics

Table 10.3 summarizes some of these. The role of parasitic infec-
tion has been highlighted by AIDS, in which prolonged diarrhoea 

Figure 10.5 Hypothetical scheme to illustrate the pathogenesis of 
post-infective malabsorption. The open arrows indicate the vicious cycle 
which, once set in motion, is only broken by elimination of the abnormal 
intraluminal fl ora (†), and hastening of enterocyte recovery (*).



121

accompanied by malabsorption and weight loss can be very trou-
blesome.37 Incontrovertible evidence exists that HIV itself causes 
chronic enteropathy with villous blunting; crypt hypoplasia results 
from a direct effect of the viruses on cell replication, or by an 
unknown immunological reaction. This is a very common cause 
of persisting malabsorption in Africa. In this context, Cryptospo-
ridium parvum and Isospora belli have recently come to the fore and 
it is now also clear that these organisms can produce a self-limit-
ing illness simulating TD in immunocompetent adults and chil-
dren (see below). G. lamblia (see below) is undoubtedly the most 
common cause of parasitic malabsorption.74,100,101 Strongyloides 
stercoralis (see below), which is widespread in tropical countries, 
was until very recently still present in approximately 15–30% of 
former prisoners of war in South-east Asia during World War II; 
it is an underdiagnosed cause.1,102

Of all causes of malabsorption related to tropical exposure, 
intestinal tuberculosis – usually involving the ileocaecal region 
– is probably that with the lowest index of suspicion among 
medical personnel.74,103 Abdominal tuberculosis can assume 
several clinical forms: apart from the hypertrophic ileocaecal form, 
glandular (involving the mesenteric glands), peritoneal (some-
times with ascites) and hepatic involvement (with granulomatous 
disease) are relatively common. With the fi rst of these presenta-
tions, weight loss and diarrhoea are often accompanied by a low-
grade febrile illness; in severe cases stools are large, pale and 
bulky. Examination reveals an ileocaecal mass in 35–50% of 
cases,103 and occasionally enlargement of one or more lymph 
glands; however, there is often no clinical abnormality. Late pre-
sentation can be as adult kwashiorkor. Anaemia and hypoalbu-
minaemia are common.103 Chest radiography is usually normal. 
Absorption tests are frequently abnormal; fat and B12 absorption 
are affected most severely. A protein-losing enteropathy may be 
present. Pathologically, the disease results either from miliary dis-
semination, or follows ileal ulceration. Malabsorption is caused 
by chronic bile salt loss; unabsorbed bile salts (normally re-
absorbed in the terminal ileum) in turn interfere with colonic 
absorption. Barium meal and follow-through examination show 
ileal strictures,103 frequently multiple, in a high percentage of cases; 
the ascending colon may also be shortened. The major differen-
tial is Crohn’s disease, which is statistically much less common 
in people indigenous to the tropics. Yersinia infection should also 
be considered. Chest radiography is usually normal. The tuber-
culin test is positive in 70–90% of cases.103 A needle liver biopsy 
specimen occasionally shows hepatic granulomas with caseation. 
Diagnostic laparotomy or peritoneoscopy (and peritoneal biopsy) 
is sometimes necessary in order to obtain a tissue diagnosis.103 
Treatment is with an antituberculosis regimen (Chapter 56). 
Resection of stricture(s) and occasionally hemicolectomy are 
sometimes necessary; chemotherapy should be initiated before 
surgical intervention.

A further cause of malabsorption in a tropical environment 
consists of the Mediterranean (a-chain) lymphoma,104,105 which 
occurs sporadically in many parts of the tropics. If started early, 
tetracycline usually produces a good result, but not always so.

Although it seems overall uncommon in most indigenous 
populations in tropical countries recent reports of coeliac disease 
have been made from India106 and Turkey107 and some evidence 
exists that it might be increasing in prevalence.108

Other small-intestinal infections

Viral infections

Signifi cant intestinal protein loss (mean 1.7 g daily) and xylose 
malabsorption have been demonstrated in northern Nigerian 
children with measles (see Chapter 47); approximately 25% also 
had lactose malabsorption.109 Other infections in children caused 
by enteroviruses and herpes simplex viruses are also associated 
with diarrhoea and weight loss; malnutrition may result; the 
mechanism(s) (involving enterocyte damage) is probably similar 
to that in measles.

Volunteers infected with enteric viruses develop small-intesti-
nal morphological lesions which are not always associated with 
symptoms.

Jejunal mucosal changes giving rise to severe malabsorption 
have been well documented in viral hepatitis;110 these may persist 
for a considerable time after resolution of the hepatic abnormali-
ties. The norovirus (a 27 nm piconavirus) can also produce 
mucosal damage and malabsorption.111 Rotavirus infections give 
rise to morphological abnormalities and (especially in children) 
malabsorption.112,113

These viral infections are invasive, and the resulting diar-
rhoea and malabsorption are caused by enterocyte destruction. 
Malabsorption usually occurs after the virus has been shed 
into the intestinal lumen; the villi contain immature crypt-type 
enterocytes. In coronavirus infection(s) in piglets, which resem-
ble human rotavirus infections, glucose absorption is signifi cantly 
impaired.114 This has practical importance in management because 
sodium and water secretion cannot be reversed by glucose; 
oral rehydration fl uids, commonly used in small-intestinal 
(including travellers’) diarrhoea (see above), contain a high 
glucose concentration which overwhelms the limited absorptive 
capacity.

Baker76 and Mathan77 have suggested that coronavirus infec-
tions are responsible for at least some cases of ‘tropical sprue’ in 
southern India (see above); this might be the case, but asymptom-
atic individuals often excrete these viruses and this does not there-
fore indicate a cause-effect relationship. Also at Vellore, a search 
for evidence of Berne virus infection in ‘epidemic tropical sprue’ 
proved negative.115

Bacterial infections

Moderate to severe malabsorption is commonplace during acute 
intestinal infections of bacterial origin; subnormal absorptive 
capacity persists for variable periods after termination of the diar-
rhoea and apparent clinical recovery. In a study in Bangladesh, 
approximately 70% of patients had evidence of xylose malabsorp-
tion 1 week after the diarrhoea had ceased; this was less common 
after cholera than Shigella species, Salmonella species and/or Staph-
ylococcus species infections; xylose and B12 malabsorption persisted 
for up to 378 and 196 days, respectively, after the diarrhoea had 
cleared.

Although many different infective insults to the enterocyte are 
probably important in PIM (see above), evidence for bacteria 
being responsible currently has more solid support than that 
involving other agents.

Small Intestine
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Escherichia coli

These organisms (with varying modes of pathogenicity) produce 
a spectrum of disease from TD to malabsorption by enterotoxin 
production and mucosal invasion-similar to that caused by Shi-
gella species (Chapter 51). They are frequently food- or water-
borne, and may cause outbreaks of gastroenteritis. Heat-labile 
enterotoxins exert an effect by activating adenylcyclase by a 
mechanism(s) similar to V. cholerae. Both heat-labile and heat-
stable enterotoxins are probably important in TD (see above). A 
large pool of resistant E. coli (often showing resistance to multiple 
antimicrobials) now exists in the community. Enterotoxin pro-
duction by E. coli may be transferred simultaneously with antibi-
otic resistance (Chapter 53); in a study, 72% and 44% of ETEC 
isolated in South-east Asia were resistant to one or more, and four 
or more antibiotics, respectively.116 Enterocyte adhesiveness of E. 
coli is also a property of some strains and that might be important 
in continuing colonization and subsequent malabsorption. The 
relationship between adherence and verotoxin production remains 
unclear.106 Attachment of microorganisms to the enterocyte pre-
vents clearance by peristaltic activity; such mucosal receptors may 
be determined genetically.117 Ultrastructural studies have shown E. 
coli adherent to mucosal cells, with fl attering of the microvilli, loss 
of the cellular terminal web and cupping of the plasma membrane 
around individual bacteria; intracellular damage was marked in 
the most heavily colonized cells. Histological improvement was 
demonstrated following clearing of E. coli with neomycin and 
nutritional support. This mechanism can lead to protracted diar-
rhoea in infants. In most cases, resultant malabsorption is short 
lived.

Salmonellosis

Malabsorption occasionally follows infection with Salmonella 
species (Chapter 52),118 but the frequency is unknown.

Campylobacter jejuni

Although unusual, dysenteric disease (bloody diarrhoea) has for 
long been known to predispose to tropical PIM;74 in addition to 

shigellosis it is clear that some cases are caused by E. coli (see 
above) and others by Campylobacter jejuni (Chapter 51).

Although most cases of Campylobacter jejuni infection are acute, 
present with gastroenteritis and are self-limiting, initial symptoms 
can be prolonged.119 The disease is a zoonosis; poultry are fre-
quently contaminated. Many outbreaks have been traced to 
infected cow’s milk. Dogs also constitute a reservoir of infection. 
Although the infection is self-limiting, erythromycin probably 
hastens recovery when given early in a severe case. The carrier state 
is common.

Enteritis necroticans (pigbel disease)

Although described in Germany at the end of World War II 
(1939–1945), and named Darmbrand,4,34 this acute infection 
(Figure 10.6), which is more common in children than adults, 
occurs in several tropical countries, notably the highlands of 
Papua New Guinea (where it is endemic),120Thailand and Uganda. 
Recently, enteritis necroticans has been recorded in Khmer chil-
dren at an evacuation site on the Thai-Kampuchean border of 
Thailand; in the former report 36 (58%) out of 62 affected chil-
dren (10 months to 10 (mean 4) years) died.4 It seems likely that 
a disease termed ‘necrotizing jejunitis’ in rural areas of Bihar, India 
– which also affects children – represents the same entity; this 
condition (‘segmental necrotizing enteritis’) has also been 
recorded in Jaipur, India, and in Sri Lanka.4 Scanty reports of a 
similar condition have also been made from northern Europe, 
which suggests that the disease exists worldwide, but only reaches 
epidemic proportions when suitable conditions exist, most impor-
tantly for the β-toxin of Clostridium perfringens type C (ingested in 
contaminated foodstuffs) to take its toll. Murrell121 has suggested 
(in the light of historical evidence) that the disease was wide-
spread in medieval Europe when ‘human habitats, food hygiene, 
protein defi ciency and periodic meat feasting formed the basics 
of village life as they do in many Third World cultures today’. 
Enteritis necroticans is now known to be caused by the ingestion 
(often at pig feasts or ‘mumus’) of food contaminated by Cl. per-
fringens type C.120 The pathophysiology of the disease is complex, 
but the presence of a low concentration of trypsin (resulting from 

Figure 10.6 Gangrenous small intestine at 
post-mortem in a Papua New Guinean child 
who had died from necrotizing enteritis 
(pigbel disease).
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trypsin inhibitors in foodstuffs and chronic protein-energy mal-
nutrition) allows the β-toxin of Cl. perfringens to survive and 
produce mucosal injury.34 It is sometimes associated with persist-
ing structural changes in the small intestine; malabsorption may 
be a sequel.

Fluid and electrolyte replacement are essential (see below). 
Tetracycline or chloramphenicol, and type C gas gangrene antisera 
are of value; laparotomy is often indicated. In Papua New Guinea, 
immunization against Cl. perfringens type C has given good 
results;34 in a controlled trial, marked reduction in incidence and 
mortality was demonstrated in the treatment group. A manage-
ment strategy has been outlined.120

Parasitic infections

A study carried out in Sierra Leone has indicated that both proto-
zoan and helminthic infections are particularly common in dis-
placement camps.122

Giardiasis

The spectrum of disease caused by this fl agellated protozoan is 
broad.1,74,100,101 Symptoms vary from subclinical cases to those with 
severe malabsorption and malnutrition. The reason why some 
individuals are prone to symptomatic giardiasis is not clear; size 
of infecting dose, strain variability, genetic predisposition, acquired 
immunity factors, achlorhydria, a local secretory IgA defi ciency 
and the presence of blood group A phenotype have all been con-
sidered. An increase in IgE and IgD cell numbers has been reported 
in the jejunal mucosa of 20 affected patients;123 the former reversed 
after treatment, when an increase in IgA cell numbers was also 
recorded. Genetic characterization has recently been reported 
from Ethiopia.124 The actual mechanism by which the trophozo-
ites cause an absorptive defect is also unclear. Mucosal injury, with 
or without invasion, bacterial overgrowth in association with 
parasitization, and bile salt deconjugation by bacteria and/or 
parasites have all been considered. The extent of jejunal morpho-
logical abnormality varies widely.

Clinical presentation is usually between 1 and 3 weeks after 
infection; contaminated water and, less commonly, food are the 
usual sources of infection. Infection occurs both endemically and 
epidemically. The disease can probably be contracted from domes-
tic animals.125 It is more common in male homosexuals, but is 
not an opportunistic infection in AIDS sufferers. Diarrhoea of 
acute onset, fl atus and weight loss may all be present; the stools 
have the characteristics of malabsorption. The disease is clinically 
indistinguishable from PIM; investigations also give similar 
results. A full-blown case has all of the clinical and laboratory 
features of the classical (historical) reports of ‘tropical sprue’ (see 
above). Cysts may be found in a faecal specimen; trophozoites 
can be detected in either a jejunal biopsy or jejunal fl uid, or with 
the string test (‘Enterotest’). If mucosal changes and malabsorp-
tion exist, circulating antibodies to G. lamblia cysts can often be 
detected.

Treatment is with metronizadole (2 g on three consecutive 
days); alcohol should be avoided during the treatment period. 
A single dose of tinidazole (2 g orally) has been used with 
success. Two 5-nitroimidazoles – ornidazole and tinidazole (as 
a single 1.5 g dose) – have been compared;126 recurrence of 

infection during the subsequent 2 months was similar in each 
case (about 10%). Nimorazole has also been used. An alterna-
tive is mepacrine (100 mg three times daily for 10 days), which 
is less often used.

Cryptosporidium parvum

The importance of farms as a source of infection has been empha-
sized in a study from Zambia.127 Importance of domestic pets as 
a source of infection has also recently been emphasized in a 
study carried out in Peru.128 Like G. lamblia, this organism pro-
duces a broad spectrum of disease; prolonged infection usually, 
but not always, occurs in the immunosuppressed (including 
AIDS) sufferer where the organism is opportunistic. Diagnosis is 
similar to that for G. lamblia infection; oocysts are usually detect-
able in a faecal sample. Treatment (rarely indicated in the immu-
nointact) is with spiramycin, but is usually ineffective in the 
immunosuppressed; although at least 70 other compounds have 
been tested, none, including spiramycin, has proven effi ciency in 
vitro.

Other parasites

The vast majority of small-intestinal parasitic infections do not 
result in signs/symptoms unless present at a high concentration.32 
In a heavy infection, hookworm is responsible for hypochromic 
anaemia; A. lumbricoides rarely accounts for obstruction in the 
small intestine and biliary and pancreatic ducts (Chapter 85). The 
major clinical sequel of tapeworm infection is neurocysticercosis 
(Taenia solium) (Chapter 87) – a complication unrelated to the 
intestinal tract.

Although A. lumbricoides, Ancylostoma duodenale and Necator 
americanus have at various times been implicated in malabsorp-
tion, there is no clear evidence except in rare or anecdotal case 
reports.129 Diphyllobothrium latum infections are occasionally asso-
ciated with a low serum B12 concentration; however, this is caused 
by B12 uptake within the small-intestinal lumen, and is not an 
example of true malabsorption.

Clear evidence exists that Strongyloides stercoralis is causally 
related to malabsorption.1,34,74,102 This helminth can survive in 
the human host for several decades; some 10–20% of ex-
prisoners of war in South-east Asia during World War II (1939–
1945) remained infected until recently. Onset of diarrhoea is 
less acute than with G. lamblia. Larvae can be demonstrated by 
the ‘Enterotest’, and less often by jejunal biopsy. Ova and larvae 
can occasionally be detected in faecal specimens. Eosinophilia 
may be gross; however, it is often absent. The immunofl uores-
cent antibody test (IFAT) is positive in approximately 70% of 
cases; however, cross-reaction with fi laria is common. The 
enzyme-linked immunosorbent assay (ELISA) test, when avail-
able, is more specifi c. A negative serological result is common 
in the immunosuppressed patient. Treatment is with thiaben-
dazole (1.5 g twice daily on three successive days); repeated 
courses may be required. Albendazole (400 mg daily for 3 days) 
seems less effective. In animal experiments, cambendazole has 
given encouraging results; this has also been the case in limited 
clinical studies, but the compound has not been offi cially released 
for human use. Other Strongyloides species are important, espe-
cially in children. Stongyloides fülleborni has been implicated in 
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the pathogenesis of severe PIM (see above) in Zambia and 
Papua New Guinea, where a signifi cant mortality rate has been 
recorded.74

In the northern Philippines and Thailand, Capillaria philippi-
nensis has been causally associated with PIM.1 It can occur in 
epidemics. Diarrhoea of acute onset is followed by malabsorption 
and, if untreated, infection carries a substantial mortality rate. 
Protein-losing enteropathy may also be present. Treatment with 
one of the benzimidazole compounds has given good results.

The protozoa Isospora belli and Sarcocystis hominis (usually con-
veyed by undercooked pork and beef)130 also cause malabsorp-
tion. These organisms replicate within the enterocyte. I. belli, like 
Crytosporidium parvum, causes a spectrum of disease, from TD to 
PIM, and is more common in the immunosuppressed individual. 
Pyrimethamine + sulfadiazine, and co-trimoxazole + nitrofuran-
toin, have been used with some success. Other protozoan para-
sites, such as P. falciparum (in an acute infection) and visceral 
leishmaniasis (kala azar), can also produce signifi cant malabsorp-
tion. Other protozoa which have assumed practical importance in 
the wake of the HIV/AIDS pandemic are Cyclospora cayetanen-
sis,131–133 microsporidiosis,134,135 and Blastocystis hominis.136 All can be 
implicated in a wide range of small-intestinal problems ranging 
from traveller’s diarrhoea to malabsorption.

Emergencies

Severe dehydration consequent upon secretory watery diarrhoea 
accounts for enormous amounts of acute morbidity throughout 
the tropics; this applies especially to infants and children. Intra-
venous replacement therapy has been in use for more than 
150 years; Dr Robert Lewins MD FRCP, of Leith, recorded that 
he had witnessed Dr Thomas Latta inject saline intravenously 
into a patient suffering from cholera (see above) in 1832,65 
and George Leith Roupell,137 a physician at St Bartholomew’s 
Hospital, London, seems to have been an early user of this 
technique. It is unlikely, however, that these were the fi rst 
attempts at intravenous rehydration (in fact, Sir Christopher 
Wren, better known for his architectural achievements, had used 
the technique experimentally in 1657). Nearly three-quarters 
of a century passed before Sir Leonard Rogers, working at Cal-
cutta, demonstrated a reduction in the mortality rate in cholera 
patients from 70% to 20% by use of this technique. Introduc-
tion of oral rehydration regimens had to wait much later, in 
fact until the latter half of the twentieth century. Introduction 
of this form of management, which followed upon important 
basic applied physiological observations, was, in a world context, 
one of the most important medical advances during the twen-
tieth century.1 In many acute medical conditions, gastric emp-
tying is delayed; however, this is not the case in cholera (and 
presumably other acute small-intestinal infections) and does 
not constitute a barrier to oral rehydration, even when fl uid 
and electrolyte loss (in the stool) is severe.138 Oral rehydration 
therapy remains grossly underused,139 however, and infants and 
children in developing countries with acute gastroenteritis con-
tinue to die unnecessarily because this simple technique is not 
readily applied. The authors of this latter article have concluded: 
‘the impediment to its wide acceptance may be that it is coun-
terintuitive for a simpler and much less expensive treatment 

to be an improvement over an effective but more complicated 
technology’!

Enteritis necroticans (pigbel disease)

This acute small-intestinal emergency (see above), which usually 
affects infants and children (see above) is characterized by gangre-
nous changes in the small-intestinal wall (in patchy distribution); 
the jejunum is most markedly affected, but the ileum is also 
involved. Presentation is usually as an acute abdominal (surgical) 
emergency, with abdominal pain, fever and bloody diarrhoea (see 
above). A chronic stage of the disease may ensue in which there 
is narrowing of the small-intestinal lumen (in one or more places) 
by a fi brotic stenosis or adhesion; clinical presentation is with 
subacute obstruction, often accompanied by malabsorption and 
malnutrition. Fluid and electrolyte replacement are vitally impor-
tant in management; gastric suction is also required. Penicillin or 
another antibiotic should be given (see above). Laparotomy is 
frequently indicated to confi rm the diagnosis and to resect the 
necrotized, haemorrhagic, segment(s) of small intestine. Fortu-
nately, active immunization against the β-toxin has proved effec-
tive prophylaxis in Papua New Guinea; hospital admissions for 
pigbel in one area of the country fell to less than one-fi fth of the 
previous fi gure (p < 0.001) when a vaccination programme was 
introduced.140 Morbidity due to this acute abdominal emergency 
(with a very high mortality rate) should eventually fall in the seri-
ously affected countries.

Paralytic ileus and acute obstruction

In Pakistan, paralytic ileus has been recorded as a late complica-
tion of acute diarrhoeal disease in infants;141 despite rehydration 
and total parenteral nutrition, the mortality rate was 25%. When 
compared with others who did not develop ileus (following 
acute diarrhoeal disease), these infants were shown to have 
had signifi cantly more antimotility agents preceding the 
ileus; furthermore, many had a depressed serum potassium 
concentration. The potential dangers associated with antiperi-
staltic agents, especially in infancy and childhood, are thus 
re-emphasized.

Acute intestinal obstruction constitutes a common surgical 
emergency in both children and adults in many parts of the 
tropics, including Africa. Strangulated hernia (usually of inguinal 
origin) is usually the most common cause; volvulus and intus-
susception are relatively common in tropical Africa; tuberculosis 
is a further cause due either to stenosis or to pressure on the third 
part of the duodenum or jejunum. A heavy A. lumbricoides infec-
tion (especially in children) can also produce small-intestinal 
obstruction;142 when diagnosed clinically, laparotomy can usually 
be avoided. Management consists of intravenous hydration, naso-
gastric suction and appropriate anthelmintic chemotherapy. Stran-
gulated hernia, volvulus and intussusception nearly always require 
laparotomy.142 In a report from southern India, 904 children pre-
sented with intestinal obstruction;143 the most common causes in 
order of frequency were necrotizing enteritis (see above), acute 
intussusception, band obstruction, subacute obstruction, and 
remnants of the vitello-intestinal duct. Rare causes of small-
intestinal obstruction include: Burkitt’s lymphoma, Mediterra-
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nean lymphoma (a-chain disease) (see above) and intestinal 
schistosomiasis. Small-intestinal trauma – caused by a road acci-
dent or knife, arrow or gunshot wound – is also important in a 
tropical context.

Typhoid (enteric) fever

In most areas within the developing world, typhoid (see also 
Chapters 52 and 53) (and to a lesser extent tuberculosis) accounts 
for much small-intestinal disease encountered in surgical prac-
tice;144 perforation, obstruction and less often haemorrhage con-
stitute acute surgical emergencies. This seems especially important 
in West Africa. S. typhi infection is also an increasing problem in 
travellers from industrialized countries to the tropics;145 in the 
USA, 2666 cases (fatality rate 1–3%) of acute enteric fever were 
offi cially notifi ed between 1975 and 1984; 62% of them were 
imported, the majority of infections having originated in either 
Mexico or India. Statistically, surgical complications are unusual; 
thus in a series of 82 culture-positive cases in The Gambia there 
were no surgical complications;146 this was also the case in a series 
of 192 cases of enteric fever – most caused by S. typhi – in Thai-
land.147 Despite its relative rarity, however, (perhaps 2–4% of 
cases worldwide), typhoid perforation is an extremely serious 
event, accounting for 20–60% of deaths in this disease (a statis-
tic which is increased by late presentation, female sex, age ≥40 
years and the presence of multiple perforations). Late perforation 
is often indistinguishable from a perforated appendix, amoebic 
liver abscess, tuberculous peritonitis, an infected ruptured ectopic 
pregnancy or intestinal strangulation. The optimal form of man-
agement seems to be surgical, provided the patient is not too 
shocked to endure such a procedure (a prolonged period of pre-
operative resuscitation is often required). There is as yet no general 
agreement, however, regarding the ideal type of operative inter-
vention;148 simple closure, ulcer excision and closure, wedge exci-
sion and closure, ileal resection and anastomosis, resection and 
transverse ileotransverse colostomy, and right hemicolectomy 
have all found favour. When the perforation is single, simple 
closure (with or without excision) is the procedure of choice; an 
area(s) of impending perforation should not be oversewn; closure 
should always be in two layers: an inner one of chromic catgut 
and an outer of silk. When there are three or more perforations, 
bowel resection is probably advisable. Peritoneal lavage with a 
copious amount of washing with normal saline should be carried 
out. The incidence of postoperative complications is high, and 
includes peripheral vascular failure, respiratory infections, 
anaemia, sepsis, abscess formation, burst abdomen and intestinal 
obstruction.148 Re-perforation or a new perforation is possible. In 
a series of 108 consecutive cases of perforated typhoid enteritis 
managed in western Nigeria, 100 (93%) underwent ‘debridement 
of the perforation and two-layer bowel closure’;149 35 patients 
died, usually from overwhelming sepsis. In addition to specifi c 
chemotherapy, although chloramphenicol (1 g four times daily 
in an average adult, reduced to 1 g twice daily when body tem-
perature is normal) remains the agent of choice, increasing 
numbers of reports of multiple-antibiotic-resistant strains of S. 
typhi are being reported (especially from India), metronidazole, 
and possibly corticosteroids, seem to improve the prognosis. 
Alternative chemotherapeutic agents include amoxicillin, co-tri-

moxazole, trimethoprim and ciprofl oxacin; the last agent is indi-
cated when there are serious doubts about sensitivity to the other 
compounds, as is frequently the case when infection has resulted 
in Asia. Despite these advances therefore, ileal perforation in 
enteric fever remains a potentially lethal complication, especially 
in children.150

Haemorrhage is rarely life-threatening, although recorded;151 
whereas the majority of cases can be treated conservatively (blood 
transfusion when indicated), when selective angiography, fi breop-
tic endoscopy and high-resolution radionuclide imaging are avail-
able, localization of the bleeding site can be delineated and appro-
priate surgery instituted.

Emergencies associated with helminthiases

Abdominal discomfort (and pain) are common sequelae to heavy 
small-intestinal nematode infections (see above), especially ancy-
lostomiasis and A. lumbricoides (see above), but serious acute com-
plications (see above) are fortunately rare.152 Anisakiasis, for 
example – usually acquired from ingestion of undercooked or raw 
infected fi sh (sushi and sashimi) – can present with an acute 
appendicitis-like illness.153–155 Invasive disease caused by this 
organism is usually localized to the ileocaecal region; there is no 
satisfactory parasitological or serological test, and chemotherapy 
is not effective. A diagnostic laparotomy is often necessary.

Eosinophilic enteritis is an entity of multiple aetiology.156 A 
report from Townsville, Australia, suggested that Ancylostoma 
caninum (the dog hookworm) was responsible for an epidemic 
(93 cases) encountered there;157 nine were subjected to diagnostic 
laparotomy: eosinophilic infi ltration involving a segment of ileum 
with indurated thickening of the distal small intestine and proxi-
mal dilatation was the usual underlying pathology. A rare case of 
acute mesenteric ischaemia (accompanied by segmental small-
intestinal infarction and gangrene) caused by Schist. mansoni has 
been reported from Baghdad, Iraq.158 The small intestine can also 
be involved in Schist. japonicum infection; intestinal obstruction 
resulting from mesenteric ischaemia, an intussuscepting polypoid 
mass or fi brotic stenosis are possible sequelae. Intestinal perfora-
tion resulting from infection with the acanthocephalan helminth 
Macracanthorhynchus hirudinaceus, a natural intestinal parasite of 
the pig, has been described in Bangkok, Thailand159 (eight other 
cases are on record); this infection has also been reported from 
several other parts of the world, including China and southern 
Europe. Fatal gastrointestinal haemorrhage (associated with fl uc-
tuating jaundice, a tender liver, palpable gallbladder and an eosin-
ophilia) has been attributed to Fasciola hepatica (liver fl uke) 
infection in Harare, Zimbabwe;160 the site of bleeding was prob-
ably the biliary tree.

COLORECTUM

Most cases of colorectal disease occurring in a tropical environ-
ment have an infective basis (Table 10.4); they are dominated by 
bacterial (Shigella species161 (Chapter 51) (Figure 10.7), Campylo-
bacter jejuni and invasive E. coli) and protozoan (Ent. histolytica 
(Chapter 79) and Balantidium coli) infections. Amoebic colitis162 and 
shigellosis present classically with bloody diarrhoea; this should be 

Colorectum



10. Tropical Gastroenterological Problems

126

from South American trypanosomiasis (Chagas’ disease) (Chapter 
76) is another cause of colonic pathology. Of diseases localized 
to the anal region, lymphogranuloma is perhaps the most impor-
tant although bacterial (including donovanosis, syphilis and gon-
orrhoea (Chapter 21)) and parasitic (including Ent. histolytica, 
Schistosoma species and Enterobius vermicularis) infections consti-
tute differential diagnoses.

Overall, diseases of the colorectum are far less common in 
indigenous people in developing countries compared with indi-
viduals in industrialized ones;1,163 colonic carcinoma seems, for 
example, to be an unusual lesion in rural communities. Good 
evidence now exists that frequency of these diseases is increasing 
as urbanization advances, in Africa especially. Hypotheses to 
account for these differences include high dietary fi bre consump-
tion in most tropical countries; however, such associations rarely 
have a proven cause–effect relationship.

Many data have been collected on colonic function in indige-
nous inhabitants of developing countries;1 it seems likely that 
mean 24-h faecal weight and volume is higher in Africa, and con-
stipation unusual. Overall, intestinal transit rate also seems more 
rapid. Limited evidence indicates that colorectal histology is 
mildly different in indigenous people in developing countries, 
and is comparable to tropical enteropathy (see above). In PIM in 
India (see above) in vivo colonic functional abnormalities have 
been demonstrated. Whether colonic pathology is important in a 
nutritional context remains diffi cult to evaluate (see above): evi-
dence now exists that this organ is important in the absorption of 
nitrogen and free (volatile) fatty acids.

Infl ammatory bowel disease (non-specifi c ulcerative colitis and 
Crohn’s disease)164 is probably less common overall in indigenous 
people in developing countries compared with the UK and other 
Western countries.165,166 However, a recent study from Lebanon 
demonstrated a high prevalence of the disease there.167 The aetiol-
ogy of this disease is unknown, although an infective basis has 
frequently been suggested; satisfactory evidence for a viral or bac-
terial (possibly mycobacterial) origin is at present lacking. A 
handful of reports of ulcerative colitis have been made from 
African countries, and a few more from Asia.164 In individuals in 
the UK with an ancestry in the Caribbean or Indian subcontinent 
this disease clearly exists but is unusual. Such differences also 
apply to Crohn’s disease, although this disease also is well recog-
nized in Caribbean people in the UK. Although Crohn’s disease 
behaves very much like intestinal tuberculosis in clinical practice, 
response to antituberculous therapy is disappointing. When 
infl ammatory bowel disease occurs, it seems to behave similarly 
to that in the indigenous population of the UK. It is a common 
cause of bloody diarrhoea in travellers who have returned to tem-
perate from tropical countries (Figure 10.8).39–41 Similarly, appen-
dicitis, diverticular disease and haemorrhoids are overall less 
common in a developing country population, where a high-fi bre 
intake has been implicated in their prevention; a causative asso-
ciation has not, however, been proved.

Although irritable bowel (IBD) syndrome (spastic colon)168 is 
extremely common in UK residents (and others) following an 
intestinal infection acquired in a tropical country, it seems to be 
far less signifi cant in indigenous peoples in Africa169 and Asia. 
Whether this constitutes a genuine difference is unclear because 
so many of the latter have more severe symptoms of different 
origin(s), which might mask symptoms resulting from IBD. This 

Table 10.4 Colorectal diarrhoeaa

Bacterial infection

  Shigellosis

  Campylobacter jejuni

  Escherichia coli (enteroinvasive)

Protozoan infection

  Entamoeba histolytica

  Balantidium coli

Schistosomiasis (usually Schistosoma mansoni and Schist. 
japonicum)

Unusual causes

  Non-specifi c ulcerative colitis – infl ammatory bowel diseaseb

  Crohn’s diseaseb

  Appendicitis

  Diverticulitis

  Haemorrhoids

  Colonic carcinoma

  Irritable bowel syndrome

aCharacteristically, numerous small stools containing mucus, pus and blood; 
microscopy shows pus cells and/or red blood cells in a faecal smear.
bAlthough these diseases are uncommon, or even rare, in most tropical 
populations, they can become clinically overt for the fi rst time in visitors from 
Western countries to the tropics.

Figure 10.7 Severe amoebic colitis: operative specimen obtained 
from an Australian nurse misdiagnosed as having non-specifi c 
ulcerative colitis (infl ammatory bowel disease) while working in Papua 
New Guinea.

differentiated from carcinoma, necrotizing colitis, antibiotic-
associated colitis and infl ammatory bowel disease (which is 
overall not very common in tropical countries). Whether or not 
amoebic colitis can proceed to infl ammatory bowel disease is 
debatable; however, misdiagnosis of amoebic colitis as infl amma-
tory bowel disease (with subsequent corticosteroid therapy) can 
result in fatality. In AIDS, cytomegalovirus colitis is common; 
Cryptosporidium is usually a small-intestinal parasite, but colonic 
involvement can also occur. In addition, megacolon resulting 
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syndrome does not constitute a single entity;170,171 although some 
cases respond to mebeverine or peppermint oil, many do not. 
There is no doubt that recognition of the syndrome in developing 
countries leaves much to be desired.172 More studies are 
required.

Enterobius vermicularis infection (Chapter 85) is arguably the 
most common gastrointestinal infection in the world;173 it exists 
in both tropical and temperate areas.

Colonoscopy is an endoscopic technique which is now avail-
able in some, but by no means all, developing countries; 
frequently, it is available only at the teaching hospital and/or 
other (tertiary referral) centre(s).

Emergencies

Invasive amoebic colitis

Perforation, although a rare event, can complicate this disease, 
with the production of amoebic peritonitis;1 there may be diffu-
sion of Ent. histolytica from a ‘blotting-paper’-like colon, and per-
foration (especially in the rectosigmoid or caecal regions or to the 
retroperitoneal tissues) or leakage into a confi ned space (resulting 
in a pericolic abscess or internal intestinal fi stula). Management 
consists of gastric suction and intravenous fl uid replacement; 
metronizadole, 500 mg 8-hourly (preferably by the intravenous 
route), and a broad-spectrum antibiotic should immediately be 
given. The colon is extremely fragile; laparotomy is usually best 
avoided;174 overall, mortality is of the order of 50% and after 
surgery close on 100%. Two reports have recorded results of surgi-
cal intervention in 15 patients with fulminant amoebic colitis.175,176 
In the fi rst, fi ve out of six patients (four had a subtotal colectomy 

with ileostomy, and two a right hemicolectomy and ileostomy) 
subsequently died (none was diagnosed either preoperatively or 
during surgery); in the second, three out of nine died, all of whom 
had exteriorization of the cut ends of the bowel following resec-
tion of the necrotic segment (four of those who died had end-to-
end anastomoses, and two peritoneal drainage).

Shigellosis

A recent study in China has drawn attention to a signifi cant cli-
matic factor in prevalence.177 Although perforation is less common 
in shigellosis compared with amoebic colitis, haemorrhage is well 
documented. The most recent pandemic of this disease in the 
Western Hemisphere began in Guatemala in 1969 and ended in 
1973. It spread rapidly to Nicaragua, Belize, Honduras, Costa Rica, 
Panama and Mexico; with an estimated 500 000 affected, of whom 
20 000 died.178

Appendicitis

Overall, this entity is less common in developing compared with 
‘westernized’ countries. Nevertheless it certainly exists, and a pre-
dominance of appendicectomies in women has been recorded.179 
Confusion with an acute gynaecological condition is a real 
problem and more widespread use of ultrasound and laparoscopy 
might be the solution.180 In Calabar, Nigeria, 603 consecutive 
cases were investigated prospectively during a 5-year period;181 
there were no major differences from this disease in industrialized 
countries, and it constituted the second most common abdominal 
emergency during the study period, being less common than acute 
intestinal obstruction. Many causative agents have been impli-
cated; in a retrospective review of 2921 appendicectomies carried 
out at Allahabad, India, during a 25-year period, 153 produced 
histological evidence of a specifi c infection:182 tuberculosis (70), 
Ent. histolytica (17), A. lumbricoides (13), A. lumbricoides and Trich-
uris trichiura (2), Enterobius vermicularis (41), and Taenia species 
(2). This acute disease should be differentiated from pelvic infl am-
matory disease, typhoid enteritis, ruptured ectopic pregnancy, 
psoas abscess, acute amoebic colitis, and Schist. mansoni colitis.183 
Although the vast majority of cases of appendicitis in developing 
countries result from a bacterial cause, helminths, including Schist. 
mansoni, Strongyloides stercoralis, Trichuris trichiura and E. vermicu-
laris have also been implicated.1,184

Volvulus of the colon

This is a disease with clear geographical differences; it is common 
in much of Central and East Africa, India and South America;1 
numerous reports have been made from Uganda and Zimbabwe. 
Although genetic factors have been suggested for these high rates; 
a high-fi bre diet, common in most of Africa, has also been impli-
cated. The major complication is strangulation, and gangrene of 
a colonic segment; this should be differentiated from primary 
volvulus of the small intestine, compound volvulus (usually ile-
osigmoid) and internal herniae. Distension can be relieved with 
a fl atus tube; at laparotomy the nature of the operation, and extent 
of resection, depends on the length of gangrenous colon. With 
simple volvulus, mortality rate should be low. Zimmerman et al.185 
have emphasized the value of emergency colonoscopy in the diag-
nosis of colonic volvulus; when the mucosa is ischaemic or 

Figure 10.8 Barium enema in a 35-year-old English woman who 
experienced bloody diarrhoea during a visit to Africa; she had not 
previously had signifi cant gastrointestinal problems. Colonic biopsy 
specimen obtained at colonoscopy confi rmed infl ammatory bowel 
disease.

Colorectum
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necrotic, emergency laparotomy is indicated, but when appear-
ances are normal, relief of fl atus (with a fl atus tube passed 
per rectum) together with medical management followed by 
elective surgery (resection and anastomosis) 10 days later is 
recommended.

Colonic intussusception

The common variety, especially in West Africa, is the caecocolic 
one; although children may be affl icted, the vast majority are in 
adults.1 The condition has also been reported to be by no means 
uncommon in Ethiopian adults.186 Aetiology, as with that of vol-
vulus, is conjectural; while an intestinal polyp or amoeboma 
accounts for some, there is no obvious clue in most cases. Gan-
grene is about three times more common with the ileoileal and 
ileocaecal varieties compared with the caecocolic type.

Acute colonic dilatation

Several gastrointestinal infections can cause toxic megacolon. 
These include: Salmonella species, Campylobacter species and Y. 
enterocolitica infection; however, there has been a growing recogni-
tion of Shigella species in this potentially lethal condition.187 
Correct diagnosis is essential; an unnecessary laparotomy can thus 
usually be avoided. If the condition is misdiagnosed as ulcerative 
colitis, and corticosteroids administered, potentially fatal conse-
quences can ensue. Diagnostically, the causative organism can 
usually be identifi ed in a faecal sample. Choice of an appropriate 
antibiotic is often diffi cult; in Shigella species infection, a fl uoro-
quinolone, e.g. ciprofl oxacin (200 mg intravenously 12-hourly for 
10 days), seems most appropriate. Toxic dilatation of the colon 
has also been reported, albeit rarely, in Ent. histolytica infection;188 
these authors recorded a single case (in which total colectomy, 
and administration of metronidazole and emetine, was followed 
by recovery); they were able to detect seven cases in the world 
literature.

Other colorectal lesions

Anorectal infections in relation to tropical exposure have been 
reviewed.189 Trauma to the colon, often resulting from road acci-
dence, constitutes a medical emergency in most tropical coun-
tries.1 Necrotizing colitis (the pathology is similar to that of 
enteritis necroticans; see above) is rarely encountered. Colonic 
obstruction is rarely caused by carcinoma (a rare tumour in 
the rural tropics190) but is recorded following introduction of a 
foreign body per rectum. Colorectal tuberculosis is an unusual 
cause of stricture formation, which occasionally requires surgical 
intervention.191

While the true prevalence of Clostridium diffi cile infection in 
developing countries is considered to be low, many more studies 
are required.192

LIVER AND BILIARY SYSTEM

Liver histology in an individual indigenous to a tropical country 
differs from that in one who has spent his/her life in a temperate 
region of the world.1 This organ is subjected to numerous systemic 
infections – viral, bacterial and parasitic – and it lies at the distal 

end of the portal circulation; it is therefore bathed with portal 
blood containing viruses, bacteria, parasites, ova, products of 
digestion and other antigens. Thus, Kupffer cell hyperplasia 
and periportal infi ltration (with lymphocytes, plasma cells and 
eosinophils) are more common, and stellate fi brosis occurs more 
frequently. Also, nuclear pleomorphism in hepatocytes and sinu-
soidal lymphocytes are frequently prominent; these appearances 
are unusual in biopsies obtained in a temperate country. Malaria 
and schistosomal pigment are often also present. Granulomas are 
common (Figure 10.9) and a large number of differential diagno-
ses exist; Table 10.5 lists some of them.

Figure 10.9 Liver biopsy specimen from a 30-year-old Zambian 
woman. A degenerating Schistosoma mansoni egg is surrounded by a 
well-formed granuloma.

Table 10.5 Some causes of hepatic granulomas in tropical 
countries

Infection Viral cytomegalovirus, Epstein–Barr virus

Bacterial Tuberculosis and atypical mycobacteria, leprosy, 
syphilis, Q fever, brucellosis

Parasitic Schistosomiasis, ascariasis, strongyloidiasis, 
toxocariasis, fi lariasis, enterobiasis, visceral 
leishmaniasis

Fungi Histoplasmosis, coccidioidomycosis, aspergillosis, 
actinomycosis, candidiasis

Neoplasms Lymphomas – especially intra-abdominal 
Hodgkin’s disease

Others (sarcoidosis) therapeutic agents – especially 
sulfonamides
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Acute liver infections

Jaundice in a tropical context (Table 10.6) is most commonly a 
result of viral hepatitis (types A,193,194 B (sometimes a combined 
infection with D), C,195 E196–200 and F) (Chapter 39), but other 
causes should also be considered; Table 10.6 summarizes some of 
them. An important cause is the jaundice of acute bacterial infec-
tion – most commonly caused by pneumococcal lobar pneumo-
nia or pyomyositis.1 The mechanism of this form of jaundice is 
complex and consists of hepatocellular, cholestatic and haemo-
lytic elements; the importance of the latter depends on the under-
lying prevalence of glucose-6-phosphate dehydrogenase (G6PD) 
defi ciency in the population under consideration (Chapter 13). It 
is important to differentiate this form of jaundice from viral hep-
atitis, otherwise the appropriate antibiotic will not be adminis-
tered for an underlying bacterial infection. In addition to yellow 
fever, several other viruses are implicated;195 dengue fever, Kyasa-
nur Forest disease, herpes simplex and Coxsackie virus should also 
be considered.

In AIDS, the liver is affected by many opportunistic organisms. 
These include viruses; hepatitis B (HBV) and C (HCV)201 infections 
can be especially virulent. A liver biopsy specimen may also yield 
evidence of cytomegalovirus, Mycobacterium tuberculosis, M. avium 

intracellulare, atypical mycobacteria, Cryptosporidium parvum, Pneu-
mocystis carinii, Cryptococcus species and/or Kaposi’s sarcoma. Cho-
lestatic features are common. The co-existence of HIV and HBV 
should not be underestimated.202

In addition to septicaemia, several other infections can produce 
jaundice;1,203,204 leptospirosis is frequently accompanied by renal 
involvement, while overt jaundice in typhoid fever ‘hepatitis’ is 
unusual.205,206 Melioidosis, plague, tularaemia and relapsing fever 
can also produce hepatitis. Of parasitic causes, acute P. falciparum 
infection is probably the most important. In acute (Katayama 
syndrome) and severe chronic schistosomiasis jaundice may be 
present, but is rare in invasive hepatic amoebiasis. Most parasitic 
infections, including African trypanosomiasis (Chapter 75) and 
visceral leishmaniasis (Chapter 77), can produce signifi cant hepa-
titis and deranged hepatocellular function – often in the absence 
of clinical jaundice.

Several parasites produce large duct biliary obstruction; for 
practical purposes, A. lumbricoides is the most important to recog-
nize and treat urgently.207

Sickle cell disease and haemoglobinopathies (Chapter 13) 
are important causes of haemolytic jaundice; they possess a 
genetic basis. Jaundice in the presence of G6PD defi ciency is 
frequently precipitated (or worsened) by therapeutic agents and/
or toxins. In some parts of the tropics, especially Indonesia and 
Papua New Guinea, the Dubin-Johnson syndrome seems unusu-
ally common.

Chronic liver disease

Most cases of chronic active hepatitis in tropical countries result 
from HBV and HCV infections;208 corticosteroids should not be 
administered for they exacerbate hepatocyte viral infection; inter-
feron-γ and adenine arabinoside have given encouraging results, 
but ethnic factors are probably important. There is no reliable 
evidence that either malnutrition (including kwashiorkor) or Plas-
modium species infection are aetiologically important, although 
such beliefs linger.1

In tropical countries most cases of macronodular cirrhosis 
result from viral hepatitis, most commonly HBV, and to a lesser 
extent HCV hepatitis.201 The sequence of events is: acute hepatitis 
→ chronic active hepatitis → macronodular cirrhosis → and, ulti-
mately, hepatocellular carcinoma209–212 (hepatoma) (acute viral 
hepatitis is covered in Chapter 39 and hepatoma in Chapter 35). 
HBV and HCV are undoubtedly the most important aetiological 
factors in hepatoma, but the role of afl atoxin1 should not be 
totally disregarded. The true prevalence of autoimmune hepatitis, 
which has been studied in Brazil, is unknown.213

An important and probably underrated cause of chronic 
liver disease in a tropical context is schistosomiasis (Chapter 
82).214,215 Although hepatocellular function is preserved until 
late in the disease, portal hypertension and its various complica-
tions (see below) are as important as in the various forms of 
cirrhosis.

Clinically, cutaneous stigmata of chronic hepatocellular disease 
are diffi cult to detect in brown or black skins;1 similarly, other 
cutaneous stigmata of chronic liver disease may be absent. Diag-
nosis is often fi rst suspected by abnormal liver function tests; a 
needle liver biopsy specimen is usually diagnostic. Peritoneoscopy 
is relatively simple and underused in developing countries; refi ned 

Table 10.6 Some causes of jaundice in the tropics

Jaundice of acute bacterial infection: pneumococcal lobar 
pneumonia, pyomyositis

Viruses Hepatitis (A–F)
Yellow fever
Epstein–Barr virus
Cytomegalovirus
Marburg and Ebola diseases
Lassa fever

Bacteria Leptospirosis
Typhoid fever
Syphilis
Gonococcal disease
Bartonellosis

Parasites Malaria (acute Plasmodium falciparum and 
P. vivax)
Schistosomiasis
Amoebiasis (rarely)
Toxoplasmosis
Trichinellosis
Fascioliasis
Clonorchiasis 
Opisthorchiasis
Ascariasis
Hydatidosis (rarely)

predominantly large-duct 
obstructive jaundice

Genetic Sickle cell disease
Glucose-6-phosphate dehydrogenase defi ciency
Dubin–Johnson syndrome

Liver and Biliary System

}
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diagnostic techniques are rarely available. No treatment is of any 
avail in established cirrhosis, but some of the chromolytics in 
chronic schistosomal disease of the liver are reversible after treat-
ment (Chapter 82). Major complications (see below) resulting 
from portal hypertension are: (1) haemorrhage, from oesophageal 
varices (see below); (2) fl uid retention, including ascites; and 
(3) hepatic encephalopathy. Fluid retention is a major long-term 
problem, largely the result of a very low serum albumin con-
centration. This complication is often diffi cult to manage, largely 
because salt restriction is virtually impossible to impose in a 
tropical setting; diuretics, e.g. furosemide (Lasix) (40–120 mg 
daily) and spironolactone (Aldactone) (100 mg daily), usually 
achieve success. Paracentesis abdominis should rarely be under-
taken; this procedure depletes albumin stores further, and elec-
trolyte balance can be seriously disturbed; tapping ascitic fl uid 
should be reserved for: (1) diagnostic purposes, to understand 
whether a bacterial infection, tuberculous peritonitis or hepato-
cellular carcinoma is present concurrently; and (2) management 
of tense ascites, accompanied by respiratory embarrassment. 
Hepatic encephalopathy is managed by accepted methods: oral 
neomycin (6 g daily) and/or lactulose (20–35 g three times daily); 
in the presence of hypolactasia, lactose can be substituted for 
lactulose.

Other forms of chronic liver disease (with subsequent decom-
pensation) (see below) include those resulting from excessive 
alcohol ingestion, Indian childhood cirrhosis, haemosiderosis 
and veno-occlusive disease. Wilson’s disease (hepatolenticular 
degeneration) and other genetically determined forms of cirrhosis 
are of limited importance numerically in the tropics, although 
they too should enter the list of differential diagnoses.

Alcoholic liver disease

Alcohol-related disease (including cirrhosis) is common in both 
indigenous and expatriate populations in tropical countries.1,216 
Genetic factors are undoubtedly involved; HBsAg carriers are espe-
cially vulnerable. The liver in chronic alcoholic disease is classi-
cally micronodular, but not always so; liver biopsy histology 
sometimes shows characteristic Mallory’s hyaline deposits, and 
haemosiderin may be present in excess. There are no major differ-
ences from the disease in temperate climates. The quantity of daily 
alcohol required to produce this disease is not known with accu-
racy, and estimates differ widely; an individual variation exists, 
and women seem to tolerate chronic alcohol ingestion less well 
than men. Acute alcoholic hepatitis is underdiagnosed and pos-
sesses a high mortality rate; the role of corticosteroids continues 
to be disputed;1,216 any benefi cial effect is at best marginal and 
administration should probably be confi ned to severe and 
advanced cases.

Indian childhood cirrhosis

Indian childhood cirrhosis217 is largely confi ned to India (espe-
cially south India, Calcutta and the Punjab) and surrounding 
countries; it is frequently familial. Diagnosis is usually made 
between 1.5 and 3 years of age; members of the upper strata of 
Hindu society are often affected. The disease may pursue fulmi-
nant, acute or subacute courses, and carries a high mortality 

Figure 10.10 Indian child suffering from decompensated chronic 
liver disease – Indian childhood cirrhosis.

rate. The clinical course therefore varies widely and is comparable 
to viral hepatitis (see above), with acute fulminant hepatitis at 
one extreme of the spectrum and cirrhosis (with one or all 
of its classic complications) (Figure 10.10) at the other. Histo-
logically, there is usually progressive fi brosis, with absence of 
regeneration; macronodular and micronodular cirrhosis result. 
Hepatocellular carcinoma is an uncommon complication. The 
disease is associated with a high copper intake; epidemiological 
evidence suggests that early weaning followed by milk-feeding 
from copper vessels imparts an excessive copper intake.218 However, 
the possibility of an inherited defect resulting in excess copper 
absorption and/or metabolism has not been eliminated. There is 
no adequate treatment; in prevention, non-human milk for infant 
and childhood consumption should not be stored in copper-
containing vessels.

Haemosiderosis

Haemosiderosis (African or Bantu siderosis) is a disease of south-
ern, and to a lesser extent other parts of (tropical) East and West 
Africa.219,220 Whether it can proceed to clear-cut cirrhosis is argu-
able; heavy alcohol intake is commonplace in many geographical 
areas where the disease is common; it is frequently impossible to 
exclude this as an aetiological factor (as with haemochromatosis). 
Iron-containing pots for cooking are commonly used in most 
areas, such as Zimbabwe, where haemosiderosis is common, but 
other factors also seem relevant. Also, chronic pancreatitis is rela-
tively common in these areas; evidence exists that an excess of iron 
(and fat) is common.

Veno-occlusive disease

Although fi rst described in Jamaica, distribution of veno-occlusive 
disease is now known to be much wider.224 Bush-teas, which 
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contain pyrrolizidine alkaloids (Heliotropium, Crotalaria and 
Senecio) are important aetiologically. Veno-occlusive disease 
occurs in many localized areas of the tropics, and is certainly not 
confi ned to the Caribbean.

Other chronic liver diseases

The liver is involved in most chronic infective diseases; tubercu-
losis, leprosy, syphilis, actinomycosis, visceral leishmaniasis and 
African histoplasmosis are examples. It is, however, unusual for 
decompensation (and liver failure) to result. Major space-occupy-
ing lesions involving the liver are amoebic abscess (see below), 
pyogenic abscess and hydatid disease; tuberculomas, cysticercosis 
and melioidosis are of lesser importance. Of non-infective dis-
eases, sickle cell disease, β-thalassaemia, haemoglobin-H disease, 
porphyria and α1-antitrypsin defi ciency produce signifi cant hepatic 
pathology. A change in disease profi le of the Budd-Chiari Syn-
drome has been recorded over the past three decades in India.222

Portal hypertension

Portal hypertension1,223 is a sequel to any form of chronic liver 
disease; Table 10.7 summarizes some causes in a tropical country. 
Cirrhosis and schistosomal liver disease (Chapter 82) are numer-
ically very important; however, in the latter entity hepatocellular 
function is preserved to a greater extent, and for longer in the 
course of disease than in cirrhosis; therefore, fl uid retention and 
more importantly encephalopathy are less common. A form of 
non-cirrhotic chronic liver disease, sometimes associated with 
portal hypertension, exists in India; despite various suggestions 
(including arsenic poisoning), the aetiology remains unclear. 
Of pre-hepatic causes, HMS (see Table 10.7) is the most common; 
portal hypertension results from an increased splenic blood fl ow. 
Portal/splenic vein obstructions, probably resulting from neonatal 
umbilical sepsis, are important causes throughout tropical coun-

tries, and are undoubtedly underdiagnosed;223 hepatocellular 
function is usually intact. Posthepatic causes of portal hyperten-
sion include (Table 10.7) cardiac failure (usually resulting from 
chronic rheumatic cardiac disease), right-sided endomyocardial 
fi brosis (Chapter 12) and constrictive pericarditis, usually but not 
always resulting from tuberculosis. Other causes of portal hyper-
tension are hepatocellular carcinoma (see above) and various 
dehydrating diseases, including dysentery and cholera. Spleno-
megaly is present whatever the cause of portal hypertension 
(which should be distinguished from other causes of enlargement 
of this organ in a tropical country). Barium swallow or upper 
gastrointestinal endoscopy usually confi rms the presence of 
oesophageal varices. When available, ultrasonography is valuable 
in assessing portal vein patency.

Biliary tract disease

In tropical countries biliary pathology is largely attributable to 
parasites,1,207,224 ascariasis (Chapter 85), clonorchiasis and opis-
thorchiasis (Chapter 83); pigment stones (often intrahepatic) 
occasionally complicate sickle cell disease. A. lumbricoides infec-
tion (Chapter 85) is an underdiagnosed cause of large-duct 
obstruction. It should always be considered in this clinical situa-
tion, for it may be confused with pancreatic carcinoma. Endos-
copy, if available, is of value; medical treatment is usually 
successful. Clonorchiasis and opisthorchiasis (Chapter 83), 
acquired from ingestion of raw fresh-water fi sh, may result in 
cholangiohepatitis and biliary obstruction; cholangiocarcinoma is 
a late complication of both infections. F. hepatica infection 
(Chapter 83) can give rise to tender hepatomegaly accompanied 
by jaundice; diffi culty in diagnosis from viral hepatitis may be a 
problem; an eosinophilia is, however, common with this and all 
biliary trematode infections. Praziquantel is of no value in treat-
ment; triclabendazole has now replaced it.225–227 Overall, choles-
terol stones (and associated secondary infection) are uncommon 
in rural populations, especially in Africa. Gallbladder infection by 
S. typhi can result in the typhoid carrier state (Chapter 52); the 
focus of infection is usually intrahepatic. Gallbladder carcinoma 
is unusual.

Emergencies

Acute hepatocellular failure

Acute liver failure (acute hepatic necrosis) is a major clinical 
problem in all developing countries (see above);4,228 various hep-
atitis viruses (most commonly B, C, D and E, and to lesser 
extent A) are all involved (see above), but some cases are caused 
by other viruses, bacteria or toxins. Although acute hepatocellular 
failure has been recorded in severe acute P. falciparum infection, 
this is of very limited clinical importance; it occurs as a terminal 
event but is of far lesser importance than other major organ 
failure.229

The role of several viruses involved in the production of acute 
liver injury has been summarized.201 Several reports highlight the 
aetiological basis of hepatitis in tropical countries; in Egypt, HBV 
and hepatitis A virus (HAV) accounted for 47% and 0.7% of cases 
of acute hepatitis (there was serological evidence of both viral 

Table 10.7 Causes of portal hypertension and 
oesophageal (and gastric) varices, showing those which 
are more common in developing countries

Level of obstruction Cause
Pre-hepatic Hyper-reactive malarious splenomegaly 

(HMS) (increased portal blood fl ow)a

Portal vein occlusiona

Splenic vein occlusion

Hepatic macronodular 
cirrhosisa

Hepatosplenic schistosomiasisa

Veno-occlusive diseasea

Congenital hepatic fi brosis

Post-hepatic Cardiac failure (secondary to chronic 
rheumatic disease)a

Endomyocardial fi brosisa

Constructive pericarditisa

Inferior vena caval obstruction
Hepatic vein thrombosis (Budd–Chiari 
syndrome)

aMore common in a developing than a developed country.

Liver and Biliary System
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infections in a further 1.4%), whereas 14.2% of cases were HBsAg 
carriers, 31% ‘non-A, non-B’ hepatitis and 6% were drug-
induced.230 In other locations, however, hepatitis D virus (HDV) 
is important, especially in  southern America, South-east Asia (and 
probably India) and northern Africa. Thus in Thailand, HDV is 
frequently present in drug abusers; it is also endemic in Chandi-
garh, India,231 and has been described in an epidemic of acute 
hepatitis in the Himalayan foothills in south Kashmir.232 In India 
and South-east Asia, hepatitis E virus (HEV) (see above) is respon-
sible for most cases of the entity previously termed ‘non-A, non-B’ 
hepatitis; a similar situation probably pertains in Africa and South 
America. This virus is transmitted by the faecal–oral route and is 
transmitted in contaminated drinking water; the major impor-
tance of this infection is that it produces a high incidence of 
hepatocellular failure in pregnant women. HCV also causes severe 
disease – including acute hepatic failure – similar to that produced 
by HBV (Chapter 39).

Differential diagnosis

Many other viruses present in tropical and subtropical regions 
may also produce acute hepatic necrosis; these include herpes 
simplex type 1, herpes virus 6,233 Epstein–Barr virus, cytomegalo-
virus, yellow fever234 and the haemorrhagic fever viruses, which 
include the Lassa fever virus, the Marburg virus, Ebola virus and 
Rift Valley fever virus (see above).235,236 Of bacterial causes of 
hepatitis, enteric fever is common, but rarely (if ever) proceeds to 
hepatocellular necrosis (see above). The jaundice of systemic bac-
terial infection1 often follows pyomyositis, especially in Africa. P. 
falciparum malaria causes deranged liver function tests resulting 
from centrilobular necrosis (see above). Hepatotoxicity resulting 
from herbal remedies is not confi ned to tropical countries.237 Alco-
holic hepatitis is a signifi cant clinical problem in both indigenous 
and expatriate populations.

Management

Tandon et al.238 have outlined their experience of acute hepatic 
failure (resulting from viral hepatitis) in 145 (>12 years old) 
patients managed by them using a ‘simple supportive therapeutic 
regimen’ during a 5.5-year period at New Delhi, India. Criteria for 
inclusion were:
• Development of hepatic encephalopathy within 4 weeks of 

onset of symptoms and signs of acute hepatitis; and
• Absence of evidence of pre-existent liver disease.

There were 65 men and 80 women; 46 of them were pregnant 
and presumably infected by HEV.

They used a simple intensive support mechanism; this con-
sisted of:
1. Isolation in an intensive care room.
2. Attention to general hygiene and care of a comatose patient.
3. Intravenous fl uid to provide 1000–1500 calories daily 

using 10% dextrose, supplemented if necessary, by 20% 
dextrose.

4. Nasogastric tube for aspiration of gastric contents and instil-
lation of drugs.

5. Gut sterilization by ampicillin (1.5 g 6-hourly via nasogastric 
tube); colonic washes twice daily.

6. Liquid antacids (30 mL 2-hourly).

7. ‘Lactisyn’ (1 ampoule = Lactobacillus lactus 490 million, L. 
acidophilus 490 million, Streptococcus lactus 10 million) 
three times daily.

8. Condom or catheter drainage of the urinary bladder.
9. Maintenance of electrolyte and fl uid balance by intravenous 

supplementation.
Complications were managed as follows:

• Infection (diagnosis was based on clinical fi ndings, leukocyte 
count >15 × 109/L, and/or chest radiograph abnormality): gen-
tamicin 3.5 mg/kg body weight (as three divided doses), and/
or cephalexin (2 g daily as four divided doses)

• Cerebral oedema (criteria for diagnosis were: focal or general-
ized seizures, abnormal reactive or unequal pupils, decerebrate 
posture of the body after minor stimuli, and/or sudden dete-
rioration of vital signs): intravenous mannitol (200 mL admin-
istered during 30 min and repeated three or four times per 
24 h).

• Gastrointestinal bleeding (diagnosed by aspiration of fresh or 
altered blood via nasogastric tube): liquid antacid (30–45 mL 
every 2 h), gastric lavage (with 100 mL cold saline containing 
8 mg noradrenaline every 30 min) and occasionally cimeti-
dine. (When the prothrombin time was >7 s compared with a 
control, fresh frozen plasma was administered.)

• Renal failure (the criterion used was: oliguria (urine output 
<400 mg/24 h, and rising blood urea) despite adequate hydra-
tion): diuretics (judiciously used).
Overall, 42 (28.9%) survived; of those ≤40 years old, 41 (33%) 

recovered, compared with only one (4.8%) of those ≥40 years; 
survival was not affected by pregnancy. Indicators of poor prog-
nosis were: grade IV coma, presence of HBsAg, serum bilirubin 
concentration >20 mg/100 mL and sodium <119 mmol/L. In fatal 
cases the immediate complications resulting in death were cere-
bral oedema (65), bleeding (31), renal failure (11) and infection 
(8). The authors concluded that these results were comparable 
with results from centres using a variety of complex therapeutic 
regimens (e.g. exchange blood transfusion, charcoal perfusion and 
haemodialysis).

Chronic hepatocellular failure and hepatoma

Cirrhosis, generally resulting from one of the hepatitis viruses (see 
above), is a very common problem throughout tropical and sub-
tropical countries. A study carried out at New Delhi, India, has 
addressed the problem of survival in young (<35 years old) and 
older patients with cirrhosis;239 numbers in the two groups were 
63 and 106, respectively. Aetiology of cirrhosis in the young and 
adult groups was: HBV-related (32 and 51), alcohol-related (10 
and 28), while 19 and 21, respectively, were labelled ‘cryptogenic’; 
in the former group, one had Wilson’s disease and another α1-
antitrypsin defi ciency. During the surveillance period 27 and 47 
deaths occurred: 40% and 64% from hepatic failure, and 52% and 
26% from variceal bleeding. The 5-year survival (62% and 56%) 
and probability of survival within a similar grade of liver disease 
(Child’s classifi cation) were comparable. As anticipated, probabil-
ity of survival was signifi cantly higher in grade A and lowest in C. 
Aetiology of cirrhosis did not signifi cantly infl uence prognosis in 
this study.

Hepatocellular carcinoma usually presents as a rapidly progres-
sive malignancy; however, an acute or chronic presentation can 
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occur due to internal necrosis and haemorrhage.142 Such a lesion 
can in fact rupture into the peritoneal cavity, posing problems in 
differential diagnosis.

In a patient with actively bleeding oesophageal varices, differ-
entiation of the aetiology of underlying liver disease (from post-
viral (or another aetiology) cirrhosis and chronic schistosomal 
disease) is usually impossible on clinical grounds alone. In a study 
carried out at Cairo, Egypt, liver ultrasonography was undertaken 
in 50 patients who were undergoing an operation for bleeding 
oesophageal varices;240 ultrasonographic diagnosis was compared 
with a surgically obtained wedge biopsy specimen. The authors 
concluded that ultrasonography gave the more accurate diagnosis; 
the fi ndings in schistosomal periportal (pipe-stem) fi brosis were 
characteristic and were not mimicked by other liver diseases 
(including cirrhosis); ultrasonography agreed with the histologi-
cal diagnosis in 44 cases.

Role of ultrasonography in management

The overall value of ultrasonographic scanning and scintigraphy 
in the diagnosis of chronic liver disease in developing countries 
has been addressed.241 Needle biopsy is frequently necessary to 
diagnose diffuse disease, but a high degree of specifi city can be 
anticipated with a space-occupying lesion.155 A further problem 
surrounding ultrasonography has been highlighted:241 in Africa 
and other developing countries, focal lesions ‘often present so late 
that lesions revealed by ultrasound are huge and bizarre’, and the 
inexperienced radiologist may therefore be baffl ed.

Portal hypertension and its complications

The major causes of portal hypertension (and oesophageal varices) 
are summarized in Table 10.7. Some geographical variations have 
been reviewed.1,9 While in many parts of the world cirrhosis is the 
most common cause, in India non-cirrhotic portal fi brosis is rela-
tively common.9 Indian childhood cirrhosis (see above) also 
accounts for cases in the younger age group(s). Extrahepatic portal 
vein obstruction is common in some countries (including 
India);223,242 however, in Egypt, Africa, the Middle East, South 
America and China, Schist. mansoni and Schist. japonicum, respec-
tively, are frequently responsible. In Jamaica, South Africa, central 
Asia and the south-western USA, epidemic veno-occlusive disease 
(see above) (caused by Heliotropium, Crotalaria, Senecio and other 
alkaloids; see above) is important.

Pitressin (vasopressin) forms the basis of management of vari-
ceal haemorrhage; if and where available, upper gastrointestinal 
endoscopic sclerotherapy is of value, but this technique usually 
has to be repeated at 6-monthly intervals. The Sengstaken tube 
(for variceal compression) still has a place in developing coun-
tries. Haemorrhage is not a major presenting feature at most 
tropical hospitals (see above).

Bleeding varices resulting from 
extrahepatic portal obstruction

The cause of portal vein thrombosis in developing countries 
remains unclear; it is, however, a relatively common condition, 
and neonatal umbilical sepsis is usually cited as the likely aeti-
ological factor.1 During an 8.5-year period, 136 patients with 
extrahepatic portal hypertension were treated surgically at New 

Delhi, India;242 in 22 it was carried out as an emergency (for 
variceal bleeding), and in 114 as an elective procedure (in 104 
for a past haematemesis and in 10 for massive splenomegaly). 
The emergency strategy consisted of: splenectomy and splenore-
nal shunt (14), transoesophageal variceal ligation (4), splenec-
tomy and gastro-oesophageal devascularization (3) and 
mesocaval shunt (1). Elective procedures were: splenectomy and 
splenorenal shunt (94), mesocaval shunt (8) and splenectomy 
and gastro-oesophageal devascularization (12). Operative mortal-
ity was 2 (9%) and 1 (1%), respectively; none of the survivors 
developed encephalopathy or postsplenectomy sepsis. One 
hundred and seventeen (86%) were followed up for 2–10 years; 
17 had a further haematemesis, but 90% and 75% were 
alive at 5 and 10 years, respectively. Patients experiencing haem-
atemesis are often far from medical facilities in a developing 
country; the authors therefore considered that in this setting 
operative intervention was more satisfactory than endoscopic 
sclerotherapy or management with propranolol (variceal com-
pression was not considered).

Space-occupying hepatic lesions

Invasive hepatic amoebiasis

Amoebic liver abscess is a cause of right upper quadrant pain (and 
hepatomegaly); this is usually accompanied by fever, and not 
infrequently right shoulder-tip pain. Travellers to infected areas as 
well as the indigenous population(s) of the tropics may be 
affected.1,243 Pathogenesis is dependent on an oral infection with 
a potentially invasive strain (zymodeme) of Ent. histolytica.244 The 
mode of evolution remains unclear.245 Diagnosis is based on an 
appropriate serological technique (IFAT, cellulose acetate or coun-
tercurrent immunoelectrophoresis) and hepatic ultrasonography 
or computed tomography.

Clinical characteristics in a group of 52 patients suffering 
from amoebic liver abscesses have been recorded at Cairo, 
Egypt;246 while 22 (42%) presented with an acute illness (see 
above), 30 (58%) had a more chronic illness with dull aching 
in the right hypochondria, weight loss, fatigue, moderate to low-
grade pyrexia and anaemia. A right-sided pleural effusion, emphy-
sema, ascites and jaundice were present in three (6%), four (8%), 
seven (13%) and seven (13%), respectively. Forty-two (81%) 
abscesses were solitary and in the right lobe; 29 (43%) were 
initially solid or heterogeneous. Response to metronidazole 
(750 mg three times daily for 10 days) was described as good 
in 50; in four aspiration was carried out on account of the large 
abscess size.

Whether needle aspiration of an amoebic abscess (in addition 
to satisfactory chemotherapy) is indicated remains controversial. 
A prospective, randomized controlled study carried out at New 
Delhi, India, has addressed this issue;247 in 17 of 37 patients 
(all received appropriate chemotherapy, 2–4 g metronizadole for 
10 days) who completed the study, aspiration was carried out 
on the day of hospital admission; clinical improvement (and 
cure) was similar to that in 20 controls. ‘Abscess’ diameter was 
slightly lower in those who underwent aspiration (54 vs 72 mm). 
However, at Benin, Nigeria, needle aspiration was considered to 
‘enhance clinical recovery’;248 in a non-randomized trial, 19 
patients were managed by needle aspiration in addition to 
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chemotherapy, and 17 were given chemotherapy (metronidazole, 
diloxanide and chloroquine) alone; 18 and 10, respectively, 
experienced complete resolution (as shown by ultrasonography) 
after 21 days (p < 0.021), and clinical response was also consid-
ered more rapid (p < 0.01), especially when the abscess was >6 cm 
in diameter. Delay in ultrasonographic ‘recovery’ is not impor-
tant, there being good evidence that a residual abnormality 
after a year or more is compatible with complete, uncomplicated 
resolution.

Although no in vitro evidence of Ent. histolytica resistance to 
the 5-nitroimidazole compounds exists, reports continue to be 
made from India of drug-resistant cases. The main problem with 
such reports is that, in few (if any) has diloxanide furoate (500 mg 
three times daily for 10 days) been administered; this is essential 
for a defi nitive cure because it is a far superior luminal amoe-
bicide compared with the 5-nitroimidazole compounds – and 
therefore kills the cysts (which could belong to invasive 
zymodemes). In a prospective randomized study of 50 such 
‘resistant’ cases at New Delhi, four management regimens were 
used:249 (1) a repeat course of conservative therapy (with 1.25 mg/
kg dehydroemetine given intramuscularly daily for 10 days); (2) 
needle aspiration (under ultrasonographic guidance); (3) percu-
taneous catheter drainage (under ultrasonographic guidance); and 
(4) open surgical drainage with catheter insertion. The authors 
concluded that ‘the most impressive results’ were obtained with 
regimen 3.

To summarize, in the uncomplicated case, needle aspiration 
(under cover of a 5-nitroimidazole compound) is indicated when: 
(1) the abscess(es) cavity is large and the patient seriously ill; and 
(2) the site of the lesion is such that perforation into a nearby 
viscus (most importantly the pericardium) seems probable. All 
cases of invasive amoebiasis should receive a course of the luminal 
amoebicide, diloxanide furoate (500 mg three times daily for 10 
days) after metronidazole (800 mg three times daily for 10 days) 
or tinidazole (2 g daily for 3 days). If this regimen is omitted, Ent. 
histolytica cysts remain in the colonic lumen and, in the event of 
their being of a pathogenic zymodeme, further tissue invasion 
(including liver abscess) might occur.

Spontaneous perforation of an amoebic liver abscess is a serious 
complication which is associated with high morbidity and mortal-
ity rates;243 this applies especially when perforation takes place 
into the pericardial cavity. Successful percutaneous drainage (for 
7–34 days) of a perforated abscess in fi ve ‘severely ill’ patients 
(with a total of 11 lesions) under metronidazole cover has been 
recorded;250 there were resultant abscesses in the subhepatic space, 
pelvis, chest, right and left paracolic gutters, lesser sac, retroperi-
toneum and fl ank, and associated fi stulas were demonstrated with 
the bile duct, duodenum and the colon; all healed completely. No 
patient required a laparotomy. These authors recommend wider 
use of catheter drainage for this serious complication of hepatic 
amoebiasis.

Pyogenic liver abscess

Although in a tropical context it is far less common than inva-
sive amoebiasis (see above), pyogenic abscess is a serious disease 
with high morbidity and mortality, even when managed in expe-
rienced hands.1 In most cases, a primary intra-abdominal focus 
of infection can be detected. Differentiation from invasive hepatic 

amoebiasis is usually straightforward, the patient being more 
severely and acutely ill; jaundice, septicaemia and renal impair-
ment are common accompaniments. Ultrasonography is usually 
diagnostic. In Kuala Lumpur, 25 pyogenic abscesses were encoun-
tered between 1970 and 1985;251 during the same period, there 
were 90 amoebic and one tuberculous abscesses, while in 89 
others the cause of the abscess was not discovered. At Kingston, 
Jamaica, fever and abdominal pain were present in 21 (80%) 
out of 24 cases of pyogenic abscess encountered between 1977 
and 1986;252 the most common signs were right upper quadrant 
tenderness and hepatomegaly; leukocytosis, elevated alkaline 
phosphatase and hypoalbuminaemia were common. Reports 
from London253 and California254 have given encouraging reports 
of management by needle aspiration under antibiotic (usually 
gentamicin and metronidazole or clindamycin) cover. Another 
study has also recorded satisfactory results in 18 of 21 patients 
using this form of percutaneous drainage. Other authors have 
intimated, however, that this form of management should be 
reserved for selected patients.255 A report from Riyadh, Saudi 
Arabia, has provided results which were less encouraging. In 
Jamaica surgical drainage using a guided percutaneous technique 
gave comparable results.256 Taking all reports into account, it 
seems wise to perform a laparotomy and to institute surgical 
drainage as soon as possible after diagnosis. Using ultrasono-
graphic control, a pyogenic abscess can be seen to ‘resolve’ sig-
nifi cantly more rapidly than an amoebic abscess. It should be 
appreciated, however, that this disease carries a signifi cant mor-
tality rate; between 1975 and 1986, these authors treated 109 
children with pyogenic liver abscess; the mortality rate was 
15%.257 There is limited (suggestive) evidence that the overall 
prognosis is improving.

Hydatid disease and schistosomiasis 
involving the liver

Only rarely, usually following trauma, does hydatidosis207,258,259 
present as an abdominal emergency. Perforation into the perito-
neal cavity may produce an anaphylactoid reaction with hypoten-
sion, and/or seeding of daughter hydatid cysts within the peritoneal 
cavity. A relatively high prevalence of alveolar echinococcosis has 
been recorded in China.260 Secondary bacterial infection is an 
unusual event. Chemotherapy is with albendazole and/or pra-
ziquantel (Chapter 86).

Hepatic schistosomiasis261 is complicated by portal hyperten-
sion and oesophageal varices in an advanced case; however, 
hepatocellular function is maintained late into the course of 
disease and hepatic encephalopathy and ascites occur as advanced 
(usually terminal) signs. Praziquantel is the chemotherapeutic 
agent of choice; evidence of reversal of fi brotic changes is now 
available.

PANCREAS

The two major diseases involving this organ encountered in trop-
ical countries, and which differ from those in temperate ones, are 
(1) ‘J-type’ diabetes, fi rst reported in Jamaica (Chapter 36) and (2) 
chronic calcifi c pancreatitis.
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Diabetes, which is not associated with pancreatic calcifi cation 
in young people, is encountered throughout tropical countries; 
those affected are usually thin, and require high doses of insulin; 
however, they do not rapidly develop ketosis when insulin is dis-
continued. J-type diabetes might have a viral aetiology, a Cox-
sackie virus being involved; a raised incidence of antibody to 
Coxsackie B4 has been demonstrated in affected patients in India. 
A suggestion has been made that these patients, especially those 
in Africa, are less susceptible to chronic diabetic complications 
than Europeans; this now seems unlikely.

A popular Indian and Chinese vegetable, karela (Mom-
ordica charantia) possesses hypoglycaemic properties; these are 
enhanced by chlorpropamide, a fact that should be taken into 
account in the management of diabetes in a number of Asian 
countries.

A syndrome consisting of pancreatic calcifi cation associated 
with both exocrine and endocrine impairment is common in 
many tropical countries (Figure 10.11);1,262,263 most observations 
have been made in Africa (East and West), southern India and 
Indonesia. The aetiology of chronic calcifi c pancreatitis remains 
unknown. Pancreatic disruption in childhood kwashiorkor can 
be severe and might be relevant. Cassava (Manihot esculenta) 
has also been implicated. Long-standing pancreatic damage 
can also follow viral hepatitis. A further hypothesis is that 
pancreatic ducts blocked by secretions and inspissated mucous 
plugs later calcify; this might be more common after starva-
tion, gastroenteritis and dehydration. Presentation is with weight 
loss and malabsorption (in some parts of Africa, this is the 
most common cause of overt malabsorption); diabetes mellitus 
and pancreatic pain are important features. Management con-
sists of providing pancreatic supplements (e.g. pancreatin BP, 
6 g orally with meals) together with diabetic control.1 Pain is 
often diffi cult to manage and may be so severe that suicide 
is a sequel.

The pancreas can also be involved in many infections including 
Schist. mansoni and Schist. japonicum, trichinellosis, cysticercosis 
and hydatid disease.

Pancreatic duct obstruction, complicated by acute pancreatitis, 
is most commonly a sequel to A. lumbricoides infection (see 
below); tapeworms are rarely implicated. Clonorchiasis and opis-
thorchiasis may involve the pancreatic duct system.

Emergencies: pancreas, and 
biliary system

One of the most widely distributed nematodes in tropical and 
subtropical countries is A. lumbricoides. By entering the biliary 
system (from the duodenum) this parasite can cause several acute 
medical and surgical conditions. Reporting from Kashmir, India, 
Khuroo et al.264 collected 500 cases in which A. lumbricoides 
involved the liver, biliary tract and pancreas; biliary ascariasis 
was present in 171 cases, and in 140 there was hepatic, in eight 
gallbladder and in seven pancreatic involvement. These authors 
recognized fi ve clinical presentations: acute cholecystitis (64), 
acute cholangitis (121), biliary colic (280), acute pancreatitis 
(31) and hepatic abscess (4). Twenty-seven had a pyogenic chol-
angitis, which was treated by decompression and drainage, sur-
gically in two and endoscopically in 25; removal of adult worms 
from the ampullary orifi ce (with extraction per os) led to rapid 
relief of biliary colic in 214, and acute pancreatitis in 16; four 
patients died, from acute pancreatitis (2), pyogenic cholangitis 
(1) and hepatic abscess (1). Worms persisted at 3 weeks in the 
biliary tree in 12 patients; dead worms were removed either by 
surgery (5) or by using an endoscopic basket (7). A. lumbricoides 
moved out of the ductal system in 211 cases. The patients were 
followed-up for a mean of 48 months; 76 became re-infected 
and had re-invasion of the biliary tree; in seven cases intrahepatic 
duct and bile duct calculi (superimposed on dead worms) were 
present.

In South-east Asia, the two most common biliary parasites are 
Clonorchis sinensis and Opisthorchis spp. Although these cause 
chronic problems, notably secondary bacterial cholangitis142 and 
adenocarcinoma of the biliary system, an acute presentation1 is 
unusual.

In most indigenous people of developing countries, gallstones 
are unusual; when they occur they are usually of the pigment 
variety, and often associated with haemolysis. A report from Saudi 
Arabia, where the average lifestyle has rapidly become westernized 
(with striking changes in diet) over the last few decades, indicates 
that cholecystectomy for cholelithiasis is now one of the most 
common major abdominal operations to be carried out;265 
between 1977 and 1986, for example, 2854 individuals (most of 
them young Saudis) underwent this operation at 14 hospitals in 
the Eastern Province of the country.

Acute pancreatitis is uncommon overall in developing 
countries, although severe abdominal pain caused by chronic 
calcifi c pancreatitis1 can give rise to problems in differential 
diagnosis. The pain may be severe. Biliary involvement by A. 
lumbricoides can result in acute pancreatitis.1,142 Other helminths, 
including Clonorchis sinensis, Opisthorchis and Anisakis species have 
also been associated with this condition.

Figure 10.11 Abdominal radiograph showing calcifi ed pancreas in 
the chronic calcifi c pancreatitis syndrome. There was no history of 
alcohol excess or infant malnutrition; aetiology was therefore 
undetermined.

Pancreas
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Table 10.8 Some causes of splenomegaly in the tropics

Infections

  Viral Epstein–Barr virus, cytomegalovirus, viral 
hepatitis and other virus diseases

  Bacterial typhoid fever, brucellosis, tuberculosis

  Parasitic malaria (especially hyper-reactive malarious 
splenomegaly (HMS)), schistosomiasis, 
visceral leishmaniasis, African 
trypanosomiasis

Portal hypertension

Haemopoietic diseases

  Sickle cell disease, thalassaemia

Reticuloendothelial diseases

  Burkitt’s lymphoma, leukaemia, reticuloses

Cystic lesions

  Hydatid disease

Abscess

  Amoebic; unknown aetiology

Spontaneous haemorrhage and rupture

Metabolic

  Amyloidosis

A B

Figure 10.12 Papua New Guinea man suffering from hyperreactive malarious splenomegaly (HMS); all of the features of this syndrome were 
present. (B) Liver biopsy specimen showing severe sinusoidal lymphocytosis, a component of the syndrome.

SPLEEN

Table 10.8 summarizes some causes of splenomegaly in the 
tropics.1 Most of these receive attention in other chapters. The 
most extreme form of splenomegaly (HMS) (Figure 10.12) is 
covered in Chapters 13 and 72; those caused by various viral, 
bacterial and parasitic infections are dealt with under these respec-
tive headings.

The spleen is an extremely important line of defence against 
many infections, especially pneumococcal and Plasmodium species 
infections. Splenectomized individuals in tropical countries 
should receive pneumococcal vaccine; prudent advice regarding 
malaria prophylaxis is mandatory.

Splenic abscess is a well-documented tropical disease.1 Aetiol-
ogy is usually unknown; underlying viral and parasitic diseases 
have been suggested, but not proved. A connection with carriage 
of the sickle cell gene has also been suggested, but this has also 
not been proved. Most reports have been made in West Africa 
and Zimbabwe. In most, the aetiology is unknown, but some 
undoubtedly result from a S. typhi infection. The clinical history 
is usually one of 2–3 weeks duration, and consists of pain/swell-
ing in the left hypochondrium, associated with pyrexia. The 
splenic swelling is tender, often exquisitely so, and fl uctuant. A 
radiograph may show gas within the abscess. Untreated, the 
abscess can rupture into the peritoneal cavity; splenectomy there-
fore has an important role in management. Should the condition 
become chronic – an unusual event – splenectomy is also the 
correct course of management.
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Section 3 System-oriented Disease

Chapter 11 Stephen M. Graham and Stephen B. Gordon

Respiratory Problems in the Tropics

INTRODUCTION

In an average tropical hospital, 20–50% of out-patients have come 
with respiratory complaints, and 20–30% of hospital medical 
admissions are for disorders predominantly affecting the lungs. 
The incidence is highest in infants and young children, especially 
for those living in urban areas. It is estimated that acute respiratory 
infection (ARI) is responsible for one-third of deaths of children 
under 5 years of age globally and the majority of these deaths 
occur in children from tropical countries. The major burden of 
adult disease has traditionally been due to pneumonia (Chapter 
54) and tuberculosis (TB: Chapter 56) but the incidence of chronic 
obstructive pulmonary disease is rising globally due to the increas-
ing use of tobacco and continuing use of biomass fuel. Occupa-
tional lung disease and asthma are problems of polluted and 
urban environments and the pulmonary complications of HIV 
infection include empyema and pulmonary hypertension as well 
as opportunistic infections.

CLINICAL ASSESSMENT IN CHILDREN

History

Most of the morbidity and mortality due to ARI in children occurs 
in infants and young children. This infl uences clinical approach 
as there is less detail of symptoms than for older children and 
adults, and abnormalities of auscultation or percussion may be 
absent or hard to defi ne in small chests. The child usually presents 
with cough and/or diffi culty breathing. Factors that increase the 
incidence and severity of childhood pneumonia include young 
age, low birth weight, malnutrition, exposure to indoor smoke 
and underlying disease such as HIV infection, cardiac abnormali-
ties or cerebral palsy. Poor immunization coverage for measles 
and whooping cough may be a factor in some regions.

Examination

A raised respiratory rate is consistently the most reliable clinical 
sign for lower respiratory tract infection. There is some clinical 
overlap with the presentation of other common childhood ill-
nesses such as malaria or septicaemia. More severe pneumonia is 

indicated by chest indrawing, diffi culty with feeding in infants or 
cyanosis. School-aged children often present with acute lobar 
pneumonia and initially cough may not be a prominent symptom. 
They may complain of pleuritic chest pain and sometimes present 
with acute abdominal pain or with headache and neck pain, 
depending on the site of lobar involvement. The presence of 
stridor suggests large airway obstruction (e.g. croup), while wheeze 
indicates small airway obstruction (e.g. bronchiolitis in the infant 
or asthma in the toddler or older child).

In children with persistent cough or wheeze not responding to 
standard treatment consider pulmonary TB (PTB), foreign body, 
HIV-related lung disease or cardiac failure. A review of the growth 
chart is often helpful. Mild asthma or recurrent viral respiratory 
infection causing persistent symptoms usually occurs in thriving 
well-nourished children while TB is marked by signifi cant failure 
to thrive or weight loss. A history of TB contact (or of household 
contacts with chronic cough), particularly close contact with 
sputum smear-positive PTB, is important. In HIV endemic regions, 
consider Pneumocystis jiroveci pneumonia (PcP) in an infant with 
severe pneumonia not responding to standard antibiotic treat-
ment. PcP is usually the fi rst presentation of HIV-related disease. 
Lymphocytic interstitial pneumonitis (LIP) is an HIV-related lung 
disease that usually presents in older children and is often misdi-
agnosed as PTB. Look for features suggestive of HIV infection such 
as generalized lymphadenopathy, extensive oral candidiasis, 
parotid swelling, digital clubbing or typical skin rashes. A history 
of a choking episode in a child with persistent wheeze suggests 
foreign body aspiration. Children with congenital or acquired 
heart disease often present with recurrent or persistent respiratory 
symptoms.

CLINICAL ASSESSMENT IN ADULTS

History

The most common respiratory symptoms are cough and dyspnoea. 
Carefully determine the duration of cough and degree of dys-
pnoea. In a patient with cough, ask for associated symptoms such 
as fever, chest pain, haemoptysis, night sweats and weight loss. 
Ask about previous anti-TB therapy, the basis for the diagnosis of 
PTB and successful completion of treatment. In a patient with 
dyspnoea, determine the speed of onset and a careful smoking 
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and occupational history. In a patient with a short history of dys-
pnoea, consider pneumothorax or an inhaled foreign body; in all 
patients with cough, fever and dyspnoea, consider the possibility 
of HIV infection. HIV infection is suggested by chronic ill-health 
of either the patient or their partner, and is common in migrant 
workers and truck drivers.

In your differential diagnosis, remember that cardiac 
disease can present with dyspnoea. Mitral valve disease and 
pericardial tamponade (often due to TB) are much more common 
in developing than in industrial countries and cardiomyopathy is 
not uncommon.

Examination

Always start by assessing a patient with respiratory symptoms 
from the end of the bed in order to observe the severity of 
respiratory distress, as well as the symmetry of chest movement. 
Many patients have advanced disease by the time they reach 
medical attention, and have fl orid signs rarely seen in developed 
countries. Abnormalities of chest movement or shape and medi-
astinal (tracheal) shift may indicate contraction from chronic 
fi brosis within the chest. Hydropneumothorax or pyopneumo-
thorax can be identifi ed clinically by the succussion splash and 
shifting dullness (percussion over the 5th intercostal space ante-
riorly is dull with the patient erect, and hollow when supine). 
Amphoric breathing and post-tussive crackles may be heard over 
a large pulmonary cavity. Look for features suggestive of chronic 
lung disease such as a barrel-shaped chest or fi nger clubbing. 
Marked wasting, generalized lymphadenopathy and enlarged 
non-tender parotid glands are consistent with HIV infection but 
may also occur with disseminated TB or malignancy. Severe fungal 
infections such as histoplasmosis, cryptococcosis or paracoccidi-
oidomycosis can also present as pneumonia in an emaciated 
patient and occur more commonly, but not exclusively, in HIV-
infected individuals (see Chapter 20). Palpable lymph nodes 
may provide a source of diagnostic material and should be sought 
routinely.

Finally, look carefully for evidence of cardiac or abdominal 
abnormalities. Pericardial constriction or effusion may mimic or 
complicate pulmonary disease such as TB. Right ventricular hyper-
trophy with cor pulmonale may develop secondary to chronic 
pulmonary disease, e.g. pulmonary schistosomiasis or chronic 
pulmonary histoplasmosis.

PULMONARY INVESTIGATIONS IN 
CHILDREN AND ADULTS

The diagnosis of bacterial pneumonia is clinical. Blood culture is 
often not available, has a low sensitivity (<30%) and a decision 
to treat with antibiotics must be made before the result is avail-
able. Transthoracic needle aspiration of consolidated lung has a 
higher yield and has been an important research technique for 
studies of aetiology, particularly in children, that guide standard 
management policy, but usually is not practical for routine clini-
cal management.

Sputum smear microscopy for acid-fast bacilli is the initial 
investigation of choice for PTB diagnosis. Appropriate patient 
selection, proper sputum collection and optimal specimen pro-

cessing are all important.1 HIV-infected patients have increased 
susceptibility to TB (both reactivation and new infections) but 
PTB is more likely to be sputum-negative in HIV-infected patients 
than in other people due to the decreased immune response and 
hence decreased cavitation seen in the HIV-infected group. Chil-
dren of <8 years of age are usually unable to expectorate sputum 
and so the diagnosis of PTB can be particularly diffi cult. Improved 
samples can be obtained in adults by initiating a deep cough using 
physiotherapy or nebulized hypertonic saline to induce sputum 
production. These techniques are also showing promise for infants 
and young children.2

Good sputum samples may yield other information, depend-
ing on available microbiology services. Bacterial culture is of very 
limited value because of the plentiful commensal fl ora in the 
pharynx but culture for tubercle bacilli yields a delayed diagnosis 
in some smear-negative subjects. Nocardiosis is diffi cult to distin-
guish clinically and radiologically from PTB but Nocardia asteroides 
is identifi able by Gram stain or culture of the sputum. Other 
organisms that are identifi able from sputum include Burkholderia 
pseudomallei (causing melioidosis), Pneumocystis jiroveci, Histo-
plasma capsulatum, Cryptococcus spp. and Paracoccidioides brasilien-
sis. Sputum microscopy may occasionally reveal larval helminths, 
Strongyloides, Paragonimus ova, hydatid scolices or fungal hyphae 
(aspergilloma).

Bedside lung function testing is unusual in many parts of 
the tropics and under-used elsewhere. A peak fl owmeter provides 
an index of airways obstruction, both for diagnosis and for observ-
ing changes and response to treatment. Duration and force of 
blowing a full breath out can yield similar information (duration 
>4 s indicating severe obstruction). Pulse oximetry is a useful 
method for determining severity of hypoxia and response to 
oxygen therapy.

Chest radiographs are important but expensive. They should 
be used with discretion and not simply to prove what is clearly 
deducible from clinical features, as in lobar pneumonia, massive 
pleural effusion or sputum smear-positive PTB. It is better to 
reserve radiography for circumstances such as the management of 
pneumothorax or the investigation of unresolving pneumonia. 
HIV infection has affected the specifi city and sensitivity of 
chest X-ray abnormalities for patients with PTB. The appearance 
may be atypical, e.g. lower zone infi ltrates, or even normal, espe-
cially in the severely immunocompromised patient (see Chapters 
20 and 57).

Lymph node aspiration and biopsy can provide useful diagnos-
tic information, particularly if TB or disseminated malignancy is 
suspected. If a large effusion is present, a pleural tap is often 
helpful to differentiate causes such as TB (straw-coloured fl uid, by 
far the most common cause of effusion in TB endemic areas), 
empyema (thick purulent fl uid) or pulmonary Kaposi’s sarcoma 
(bloody tap in the presence of palatal KS). Pleural biopsy, using 
an Abrams’ needle and taking two or three specimens in different 
directions at the same site, may assist with histological diagnosis. 
HIV serology is now widely available but remember caution must 
be used in order not to miss multiple diagnoses in HIV-infected 
patients.

If available, fi breoptic bronchoscopy may provide useful addi-
tional diagnostic information: by identifying causes of local bron-
chial obstruction (e.g. foreign bodies, tumours) or obtaining 
secretions and specimens by bronchoalveolar lavage and trans-



145

Acute Respiratory Infection in Adults

bronchial biopsy. As for sputum sampling, the value of fi breoptic 
bronchoscopy is limited by the quality of laboratory facilities that 
can be applied to fl uid or tissues obtained. It is rarely indicated 
in young children except for foreign body removal.

ACUTE RESPIRATORY INFECTION IN CHILDREN

The urban child suffers an average of fi ve to eight episodes of ARI 
per year and the rural child three to four episodes per year, whether 
in the tropics or non-tropics. The majority are mild upper respira-
tory tract infections due to viruses. The important difference in 
epidemiology between the regions is that acute lower respiratory 
tract infection (pneumonia) is more common, more frequently 
due to bacteria, more severe and much more likely to be lethal in 
the tropics. Although respiratory diseases are seasonal, especially 
in temperate regions, the contrast in severity is a refl ection of 
socioeconomic differences rather than differences in climate.

Simple clinical criteria, such as breathing rate and the presence 
of subcostal indrawing are very useful in determining severity of 
ARI. Bacteria are responsible for up to 60% of severe pneumonia 
cases and for the majority of pneumonia-related deaths. The most 
common bacteria in children >2 months of age are Streptococcus 
pneumoniae and Haemophilus infl uenzae. These facts provided the 
foundation for the case management approach that aimed to 
reduce pneumonia deaths by identifi cation and appropriate anti-
biotic (and supportive, i.e. oxygen/feeding) management of chil-
dren with severe pneumonia and to reduce unnecessary use of 
antibiotics in children with mild ARI.1

There is increasing resistance of pneumococcus and Haemophi-
lus to co-trimoxazole, penicillin and chloramphenicol, common 
fi rst-line antibiotics for children with suspected acute bacterial 
pneumonia in low-income countries. As the bacteria are rarely 
isolated in cases of pneumonia, useful information of the pattern 
of resistance in the community can be obtained from nasopha-
ryngeal sampling of healthy young children or by reviewing the 
pattern of resistance among isolates from children with bacterial 
meningitis. However, unlike for meningitis, in vitro resistance 
may not necessarily affect treatment response for pneumococcal 
pneumonia.

Pneumonia is due to a wider range of bacteria in neonates, 
malnourished children and HIV-infected children, and they are at 
greater risk of death. Staphylococcus aureus and Gram-negatives, 
such as Klebsiella, Escherichia coli or Salmonella are also important 
in these children. Staphylococcal pneumonia with pneumatoceles 
seems to be less common than it was and this may in part be due 
to less frequent and less severe measles in many countries. Non-
typhoidal Salmonella is a common isolate from young children 
presenting with pneumonia in tropical Africa.3

WHO recommendations for fi rst-line treatment for acute child-
hood pneumonia in tropical countries are aimed at reducing 
deaths due to bacterial pneumonia and are currently under 
review. A recent meta-analysis concluded that amoxicillin is 
superior to co-trimoxazole for the outpatient treatment of non-
severe pneumonia and that penicillin and gentamicin is superior 
to chloramphenicol alone for hospitalized children with severe 
pneumonia.4

Of the responsible viruses causing pneumonia, respiratory syn-
cytial virus (RSV), the infl uenza and parainfl uenza viruses, human 

metapneumovirus and measles are numerically most important. 
Bronchiolitis and croup occur but are less seasonal and less 
common than in cooler climates. Again, nutritional state affects 
presentation and outcome. RSV is the commonest viral cause of 
childhood pneumonia in tropical countries. The typical clinical 
picture of RSV bronchiolitis in infants is recognized, but in mal-
nourished and HIV-infected children wheeze is unusual and sec-
ondary bacterial infection more common. Common and often 
fatal complications of measles were severe laryngotracheitis and/
or pneumonia. However, measles is now less common owing to 
effective immunization and vitamin A supplementation and treat-
ment has further reduced the frequency of such complications in 
children with measles.

Mycoplasma pneumoniae and Chlamydia pneumoniae cause atypi-
cal pneumonia, particularly in school-aged children, usually not 
severe, and characterized by a protracted course over a few weeks 
and fi ne crackles on auscultation. Their relative importance in the 
tropics is not clear. Treatment of choice is erythromycin. Chlamydia 
trachomatis causes pneumonia in up to 20% of infants born to 
infected women and presents between 1 and 3 months of age. 
There is often a history of neonatal conjunctivitis. Finally, remem-
ber that TB does present as acute pneumonia, particularly in 
infants. The contact will usually be the mother.

Immunization against measles and pertussis, breast-feeding 
and improved socioeconomic circumstances can reduce the 
incidence and mortality of childhood ARI. The successful 
development of effective conjugate vaccines against invasive pneu-
mococcus and Haemophilus infl uenzae type b (Hib) means that 
there is great potential for prevention of severe bacterial pneumo-
nia in the tropics. Following effi cacy studies, the Hib vaccine 
has already been added to routine immunization in a number of 
low-resource countries with great effect in reducing the burden of 
Hib meningitis and pneumonia.5 More recent fi eld trials of a 9-
valent pneumococcal conjugate vaccine in South Africa and The 
Gambia showed similar effi cacy against invasive pneumococcal 
disease due to vaccine serotypes resulting in signifi cant improve-
ments in child survival and making a very strong case for routine 
implementation of bacterial conjugate vaccines in developing 
countries.6

ACUTE RESPIRATORY INFECTION IN ADULTS

Acute pneumonia is common in adults in tropical countries and 
as in developed countries, the most common cause is Streptococcus 
pneumoniae. The higher incidence of pneumonia in tropical coun-
tries is primarily due to immunocompromise due to HIV infection 
but is also due to increased carriage of pneumococci by children 
and adults, large family size, crowding in small houses, exposure 
to domestic and tobacco smoke and the impaired immunity due 
to poor diet and parasitic diseases. Individuals with increased 
susceptibility to pneumonia include those with reduced splenic 
function (sickle cell disease, postsplenectomy), pregnant women, 
patients with diabetes mellitus and those with excess alcohol 
intake. Bacterial pneumonia may be preceded by a viral infection 
such as infl uenza that damages mucosal defence mechanisms.

The symptoms and signs of lobar pneumonia may be confus-
ing. In early pneumonia, the diagnosis may have to be made in a 
patient with symptoms, fever and shallow tachypnoea in the 
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absence of any auscultatory signs. The patient will often point to 
the place where pain occurs when asked to cough. When pleurisy 
is diaphragmatic, the patient may present with suspected abdom-
inal disease. In some populations a considerable proportion of 
patients with lobar pneumonia develop jaundice.

The aetiological cause of pneumonia cannot usually be deter-
mined at the bedside but a clinical assessment of severity is more 
important as it can be used to guide management. In particular, 
young patients with uncomplicated lobar pneumonia can be 
managed at home with oral therapy. Patients with indicators of 
severity (age, co-existing disease, multi-lobar disease, shock, 
hypoxia) should be managed in hospital with broad-spectrum 
antibiotic cover to include likely (Streptococcus pneumoniae, 
Haemophilus infl uenzae) and atypical organisms.

Mycoplasma pneumoniae, Chlamydia pneumoniae and Legionella 
pneumophila also cause pneumonia in adults but are rare in Africa. 
In South-east Asia and northern Australia, melioidosis should be 
considered as a possible cause of both acute and of unresolving 
pneumonia, especially in the debilitated or immunocompro-
mised. Appropriate media are needed to culture the organism 
Burkholderia pseudomallei. Paracoccidioidomycosis is common in 
Latin America and may present with pulmonary disease. Histo-
plasmosis and blastomycosis are also endemic in the Americas. It 
is important to remember that PTB may present with a clinical 
syndrome indistinguishable from acute bacterial pneumonia. 
William Osler recognized this when working in Boston in 1900, 
and PTB was the second most common cause of pneumonia 
described in Kenyan adults in 2000.7

PULMONARY TUBERCULOSIS IN 
CHILDREN AND ADULTS

Mycobacterium tuberculosis is now the second leading cause of death 
due to infectious disease in the world after HIV infection. The 
epidemiology and clinical management of TB in children and 
adults are covered in detail in Chapter 56. The differential diag-
noses of PTB include a range of fungal diseases, parasitic diseases 
and non-infectious granulomatous disorders (Table 11.1).

HIV INFECTION AND PULMONARY 
PRESENTATIONS IN CHILDREN AND ADULTS

HIV infection is common in many regions of the tropics, particu-
larly in sub-Saharan Africa. This subject is dealt with in detail in 
Chapter 20. The peak prevalence is among young adults and 
mother-to-child transmission is common. Respiratory disease, 
acute or chronic, is the commonest cause of morbidity and mor-
tality in HIV-infected adults and children. Pulmonary symptoms 
are often the fi rst clinical manifestation of the disease, but clinical 
evidence of underlying immunosuppression should be sought.

There are important differences in the pattern of HIV-related 
pneumonia between adults and children within the tropics, and 
in comparison to non-tropical regions (Table 11.2).8,9 The inci-
dence of bacterial pneumonia is greatly increased in both HIV-
infected children and adults, but is highest in children.10 The range 
of causative organisms is similar to that which occurs in HIV-
uninfected children of similar nutritional status. Although HIV-

Table 11.1 Differential diagnoses of pulmonary 
tuberculosis

Fungal disease PCP
Cryptococcosis
Aspergillosis
Histoplasmosis
Candidiasis
Paracoccidioidomycosisa

Coccidioidomycosisa

Penicilliosisb

Bacterial disease Nocardiosis
Melioidosisb

Lung abscess
Brucellosis
Actinomycosis

Parasitic disease Paragonimiasis
Amoebiasis
Echinococcosis
Strongyloidiasis

Non-infectious Sarcoidosis
Emphysema
Cardiac disease
Neoplasm

aIn Central and South America.
bIn South-east Asia.

Table 11.2 Causes of HIV-related lung disease in 
low-income tropical regions

Age group Most common Less common
Infants Bacterial pneumonia

PCP

Viral pneumonia 
(e.g. CMV)
Tuberculosis

Children Bacterial pneumonia

LIP

Tuberculosis

Viral pneumonia 
(e.g. measles)
Pulmonary Kaposi’s 
sarcoma
Nocardiosis
Candidiasis

Adults Bacterial pneumonia
Tuberculosis

PCP
Cryptococcosis
Nocardiosis
Pulmonary Kaposi’s 
sarcoma
Penicilliosisa

Melioidosisa

Paracoccidioidomycosisb

Histoplasmosisb

aIn South-east Asia.
bIn Central and South America.

infected children are more susceptible to PTB, the actual incidence 
of PTB is low. A common cause of chronic lung disease in HIV-
infected children, which is often misdiagnosed as PTB or miliary 
TB, is LIP.9 LIP is an HIV-related disease that usually occurs in 
children. Common clinical markers include marked generalized 
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lymphadenopathy, fi nger clubbing, enlarged parotid glands and 
massive hepatomegaly. The typical radiographic abnormalities are 
diffuse reticulonodular infi ltration with bilateral hilar lymphade-
nopathy, which contrasts with the focal and often unilateral 
abnormalities of PTB. Bronchiectasis presents with a chronic 
cough productive of copious purulent and sometimes blood-
stained sputum, fi nger clubbing and halitosis. Bronchiectasis may 
complicate LIP or PTB.

PTB and bacterial pneumonia are the major causes of respira-
tory morbidity in HIV-infected adults living in the poorer regions 
of the tropics. The clinical features of bacterial pneumonia are 
similar to those in HIV-seronegative patients, although bacterae-
mia is more common.7 The HIV pandemic has had a profound 
effect on the epidemiology, clinical presentations, diagnosis, drug 
treatment and treatment response in TB. In many HIV-infected 
adults, the clinical presentation is atypical (e.g. diffuse, miliary or 
basal in its distribution) due to the impaired Th1 type immunity 
in HIV-infected adults that prevents formation of the usual granu-
lomatous infl ammation followed by cavitation. Drug reactions are 
more common among patients with HIV-related disease and there 
is a high mortality in early treatment. The introduction of appro-
priate antiretroviral therapy during TB treatment makes manage-
ment of HIV/TB more diffi cult than TB alone. Case holding is 
diffi cult in chronically ill patients and cure rates are lower in HIV-
infected patients than in individuals without HIV.

Less common diseases in HIV-infected adults living in tropical 
Africa include cryptococcosis, pulmonary Kaposi’s sarcoma and 
PcP.8 The clinical presentation of pneumonitis caused by Pneumo-
cystis jiroveci is described in Chapter 72. This is a common cause 
of severe pneumonia in HIV-infected African infants but is rare 
beyond 6 months of age.9 In comparison to bacterial pneumonia, 
PcP is characterized by a low-grade or absent fever, a clear chest 
with good air entry or diffuse rather than focal abnormalities, 
severe and persistent hypoxia, and a poor clinical response to 
usual broad-spectrum antibiotics (e.g. chloramphenicol) and to 
oxygen. Hyperinfl ation and diffuse interstitial infi ltration are the 
usual radiographic abnormalities. PcP is usually fatal even when 
treated with high-dose co-trimoxazole, prednisolone and oxygen. 
Co-trimoxazole prophylaxis is very effective in preventing PcP 
in HIV-infected infants and is recommended by WHO for all 
HIV-exposed infants until HIV infection can be excluded. Co-
trimoxazole prophylaxis is also effective in improving survival 
for HIV-infected adults and children and in some studies, improved 
outcome has been to reduction in non-PcP pneumonia.11

HIV-related infections in other tropical regions include para-
coccidioidomycosis in tropical America and penicilliosis due to 
Penicillium marneffei in South-east Asia.12,13 Although a variety of 
parasites causes lung problems in the tropics (see below), these 
infections do not appear to be increased in frequency or altered 
in their clinical manifestations by concomitant HIV infection or 
AIDS.

ASTHMA AND ALLERGY IN 
CHILDREN AND ADULTS

Asthma is less common in the tropics than in some temperate 
regions and there are differences in the pattern of presentation.14 
However, the prevalence of asthma in tropical countries is increas-

ing, particularly in urban communities. Many asthmatics fi rst 
develop symptoms in adult life and there is less likely to be a 
history of other atopic conditions. The low but increasing inci-
dence of atopic disease and asthma in tropical countries is an area 
of current research interest with the hope that it may provide 
important information as to why such diseases have become so 
common in more affl uent countries. Nutrition is likely to be one 
factor: asthma is extremely rare in malnourished children. Rela-
tionship to infections more prevalent in the tropics such as the 
higher burden of parasitic disease may also be important.

Patients with asthma should be assessed for possible precipitat-
ing factors including seasonal allergy, nocturnal and exertional 
exacerbation, dust including house-dust, farm and industrial 
dusts, fumes including perfumes, drugs (e.g. salicylates and beta 
blockers), cigarette smoking and animals. Measurements of peak 
expiratory fl ow rate and a sleep diary can help to monitor health 
status and response to treatment.

Treatment should be appropriate to the frequency and severity 
of attacks but often the range of therapeutic options available is 
limited. Oral salbutamol or aminophylline are perhaps the most 
widely available but have limited effi cacy. Inhaled β2-agonists 
such as salbutamol or terbutaline are very useful in symptom relief 
particularly if patients are taught to use the inhaler effectively 
either by direct delivery or via a spacer. The mainstay of asthma 
management is inhaled corticosteroid therapy which is stepped 
up and down in response to symptom control and peak expiratory 
fl ow rate. Combination therapy with long acting inhaled β-
agonists and steroid preparations is highly effective. Cromoglycate 
may be assessed for prophylactic effi cacy over a period of weeks 
for those suffering frequent attacks of exercise-induced asthma – it 
is particularly useful in children. The availability of effective 
asthma therapy in developing countries is still poor and is being 
addressed by global initiatives including GINA and the WHO 
asthma treatment initiative.

Severe episodes of asthma can be treated with oxygen, nebu-
lized β2-agonists and short courses of oral corticosteroids. Subcu-
taneous adrenaline can be very useful for the life-threatening 
episode especially as it is usually available.

BIOMASS FUEL USE AND 
RESPIRATORY HEALTH

Biomass fuel (burned organic products such as wood, charcoal or 
animal dung) are used by 2 billion people daily for cooking and 
heating. This form of energy produces particulate smoke which is 
often poorly vented resulting in very high exposures to smoke, 
particularly among women and young children. Biomass fuel 
smoke increases susceptibility to acute and chronic pulmonary 
infection in children and is associated with chronic obstructive 
pulmonary disease (COPD) and lung cancer in adults.15 The 
impact of indoor smoke on the incidence of respiratory disease in 
developing countries is likely to be enormous but has been poorly 
documented.16 Indoor air pollution is also associated with 
increased rate of disease and increased mortality due to TB.17

Many new forms of environmentally sensitive cooking 
stoves have been designed in the last 50 years (http://stoves.
bioenergylists.org/), primarily with the aim of reducing 
deforestation and consumption of fossil fuel. It is likely that these 

Biomass Fuel Use and Respiratory Health
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improved stoves will also have a benefi cial health effect but health 
impact assessments have only been described in a few studies to 
date.18,19

TOBACCO AND HEALTH

Many developing countries have a tobacco industry that was 
created hoping to create revenue, employment and trade but it 
is now realized that the economic cost of this industry exceeds 
its benefi t. In particular, poor agricultural practice leads to loss 
of soil fertility, pesticide toxicity and green tobacco leaf related 
illnesses are a major problem in the workforce and curing the 
leaf requires large amounts of fi rewood, making this process a 
major cause of deforestation. Furthermore, the processed end-
product is expensive and tobacco companies curtailed by strict 
advertising regulations and costly litigation in rich countries are 
now targeting middle- and low-income countries as their future 
market. Particularly alarming are fi gures from secondary schools: 
30–40% of pupils in some areas have been found to be regular 
smokers.20

Smoking-related diseases have increased in tandem. Emphy-
sema and lung cancers are becoming more common in China, 
Nigeria, India and Malaysia. Because of the delayed effects of 
smoking, a great increase of these and other smoking-related 
diseases can be expected within the coming decade in tropical 
countries. COPD is still primarily related to the use of biomass 
fuel (see below) in many developing countries but tobacco 
smoking related COPD will increase dramatically as tobacco 
consumption increases.

OCCUPATIONAL LUNG DISEASES

Respiratory disease often relates to occupation. In particular, 
mining dusts may cause pulmonary fi brosis, a wide variety of 
aerosolized compounds cause asthma and rare infections are 
common in exposed professional groups.

Work in mines, even in the distant past, may have been respon-
sible for fi brotic lung disease (e.g. silicosis, asbestosis or beryllio-
sis) or anthracosis and is associated with an increased risk of lung 
cancer. Retired miners are often debilitated if they have worked in 
poorly regulated conditions and the pulmonary damage sustained 
is increased by concomitant cigarette smoking. Exposure to asbes-
tos and industrial air pollutants (e.g. diesel fumes, acid fumes such 
as SO2 and NO2) is associated with mining and other heavy indus-
try.

Several hundred causes of occupational asthma have now been 
described including both high molecular weight compounds 
(fl our, seafood proteins, starch) and low molecular weight com-
pounds (glutaraldehyde, isocyanates). It is important to enquire 
about both current and past place and conditions of work, with 
particular emphasis on the relation of symptoms to the time of 
work. The ‘healthy worker effect’ where affected workers leave the 
workplace can result in poor association between current exposure 
and symptoms in exposed workforces.

Infectious occupational lung disease is common. Most cases of 
melioidosis in South-east Asia occur in rice farmers. A patient who 
works with animals or birds may be exposed to zoonotic diseases 

that sometimes have a pulmonary component: histoplasmosis, 
brucellosis, tularaemia, Q-fever, leptospirosis or psittacosis. In 
areas where paragonimiasis and gnathostomiasis occur, enquire 
about eating raw or undercooked fi sh; where schistosomiasis is 
prevalent consider the likelihood of environmental contact (e.g. 
fi shermen and bus washers in Lake Victoria).

PULMONARY PROBLEMS IN 
PARASITIC DISEASES AND TROPICAL 
PULMONARY EOSINOPHILIA

Parasitic infection often involves the lung. In Paragonimiasis, the 
lung is the predominant organ involved (see Chapter 83). Para-
gonimiasis may present with cough, haemoptysis and cavitating 
lung disease. It is often mistaken for PTB and must be considered 
in areas where raw fi sh is eaten.

More usually, however, parasitic disease is systemic, with lung 
symptoms presenting with other features. Hydatid cysts (see 
Chapter 86) may produce a variety of lung problems as a result 
of mechanical compression of intrathoracic structures. In schis-
tosomiasis, especially where portal hypertension has led to venous 
shunts bypassing the liver, eggs may be deposited in pulmonary 
capillaries and arterioles, eliciting a granulomatous reaction 
resulting either in pulmonary hypertension or the accumulation 
of large masses of granulation tissue (see Chapter 82). In a 
number of helminth infections (hookworm, Ascaris, Strongyloi-
des, schistosomiasis) a larval stage of the parasite migrates 
through the lungs, when it may cause cough, fever, dyspnoea 
and sometimes wheeze or haemoptysis (see Chapter 85). The 
severity of the illness probably depends on how many larvae 
are migrating at one time; the classical self-experiment of Koino 
illustrated this. He swallowed 2000 viable Ascaris eggs, and 
within a week suffered a severe illness with high fever, dyspnoea, 
cyanosis, severe cough and frothy, blood-stained sputum lasting 
for 7 days. There was eosinophilia, and many Ascaris larvae 
were recovered from his sputum. It would be unusual for such 
a large number of eggs to be ingested simultaneously in natural 
circumstances.

Malaria may be complicated by pulmonary problems; cough is 
not uncommonly a symptom, even in moderately severe malaria, 
and in severe Plasmodium falciparum malaria pulmonary problems 
have been reported in 5–15% of cases. Although pulmonary 
oedema due to therapeutic fl uid overload, or bronchopneumonia 
complicating deep coma, may occur, a more specifi c malarial 
lesion indistinguishable from adult respiratory distress syndrome 
has been recognized in which there is septal oedema, endothelial 
cell swelling and hyaline membrane formation within the alveoli 
(see Chapter 73). In children in endemic areas, anaemia and 
acidosis with resultant tachypnoea are common in severe malaria, 
but respiratory distress syndrome is rare.

TROPICAL PULMONARY EOSINOPHILIA

In areas where Wuchereria bancrofti and Brugia malayi are common, 
patients with cough or wheeze may have tropical pulmonary 
eosinophilia, in which marked eosinophilia (eosinophil count 
often >3000 per mm3) and lung shadows on radiography are sup-
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ported by a positive fi larial antibody test. The condition improves 
rapidly with antifi larial treatment (see Chapter 83).21,22 Filariasis 
is most common in Southern and Eastern Asia, the Pacifi c and 
Brazil. The condition is uncommon in Africa, but a similar com-
bination of cough, wheeze and eosinophilia may occur due to the 
migrating larval stages of Ascaris, hookworm, schistosomiasis or 
Strongyloides infection (see Chapter 84).23

PLEURAL DISEASES – PNEUMOTHORAX, 
EFFUSION AND EMPYEMA

Pneumothorax

Primary pneumothorax (air in the pleural space) occurs in the 
absence of any previous lung pathology and has a good progno-
sis; secondary pneumothorax occurs on a background of damaged 
lung (e.g. chronic obstructive pulmonary disease; PcP) and the 
prognosis is often poor. The immediate management of pneumo-
thorax depends on the size and complications of the pneumo-
thorax. Small primary pneumothoraces can be managed 
conservatively or with simple aspiration. Large or tension pneu-
mothoraces require urgent aspiration and if this is unsuccessful, 
a drain must be used. Secondary pneumothoraces are often very 
slow to respond and may required prolonged drainage for up to 
several weeks. Prolonged drainage carries a high risk of secondary 
infection.

Effusion

Pleural effusion (fl uid in the pleural space) is most commonly 
caused by TB in endemic areas. Parapneumonic effusion and 
malignant effusion (often blood stained) are the important dif-
ferential. The cause of the effusion must be diagnosed and treat-
ment designed to relieve symptoms while treating the underlying 
cause. Asymptomatic effusion due to tuberculosis need not be 
drained.

Empyema

Empyema (infection in the pleural space) is a common complica-
tion of pleural effusion and can occur as a primary presentation 
of TB. Empyema must always be removed either by repeated aspi-
ration, drainage or surgery. Full recovery requires prolonged (6 
weeks or more), appropriate antibiotic therapy. Intercostal drain-
age of empyema can result in super-infection; mixed pleural infec-
tions in AIDS patients are diffi cult to cure and sometimes 
permanent drainage or fi stula is the best that can be achieved.

VASCULAR DISEASES – PULMONARY 
EMBOLISM AND PULMONARY 
ARTERIAL HYPERTENSION

Thromboembolic pulmonary embolism

Thromboembolic pulmonary embolism is a potentially life-
threatening complication of immobilization and dehydration 

that can be prevented by anticoagulant prophylaxis. Large thrombi 
form in deep veins, typically of the pelvis and legs, and embolize 
to the pulmonary circulation. Large pulmonary emboli present 
with sudden cardiac collapse and death, and smaller emboli may 
present with dyspnoea and chest pain. Patients have few signs or 
present with tachycardia, prominent pulmonary heart sounds or 
abnormal ECG features. Due to resource constraints, many immo-
bilized in-patients in tropical hospitals do not receive prophylac-
tic heparin or low molecular weight heparin and so 
thromboembolism is common. This is a particular problem in 
obstetrics, orthopaedics and among medical patients recovering 
from dehydrating conditions such as diabetic ketoacidosis.

Pulmonary arterial hypertension

Pulmonary arterial hypertension can be primary or secondary. The 
most common causes of secondary pulmonary arterial hyperten-
sion in tropical hospitals are as a complication of pulmonary 
thromboemboli and HIV infection. Patients present with short-
ness of breath and signs of right heart failure but defi nitive diag-
nosis and treatment are diffi cult. Treatment with high dose calcium 
channel blockers (e.g. amlodipine) or sildenafi l (Viagra) may be 
of benefi t.

SARCOIDOSIS

In many tropical countries, sarcoidosis has never been identifi ed. 
However, in temperate countries, Africans, West Indians and 
Asians have a much higher incidence of sarcoidosis than do Cau-
casians living in the same vicinity. Caucasians are also found to 
have less severe disease, with fewer systemic manifestations, than 
the other ethnic groups. There is now evidence that sarcoidosis 
has been under-reported from tropical countries and is often mis-
diagnosed as TB.24 The possibility of sarcoidosis should be con-
sidered in patients with unresolving lung disease, especially if 
there are accompanying extrathoracic features such as iridocyclitis, 
lymphadenopathy, central nervous system complications or 
hypercalcaemia.
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Section 3 System-oriented Disease

Chapter 12 Felix I. Anjorin

Cardiovascular Disease in the Tropics

Cardiovascular disease is changing continuously in the tropics,1–4 
and so the pattern of disease described in any country describes 
point prevalence. Cardiovascular disease burden is increasing 
in Africa, constituting a public health problem throughout 
the region.5 In Abidjan and Accra6 coronary arterial disease 
now accounts for about 10% of cardiovascular cases, but this 
is not seen in rural people,7 and the predictions of the 
World Health Report of 1993 were made without reliable 
data. HIV infection now dominates clinical practice in many coun-
tries8 and is responsible for the rise of cases of tuberculous 
pericarditis.

Some cardiac diseases depend on the local environment and/or 
its microbes9: Chagas’ disease in Latin America, schistosomal cor 
pulmonale in Egypt, Sudan and Brazil,10 and cor pulmonale in 
parts of India and Papua New Guinea. The chief diseases are still 
rheumatic heart disease, dilated cardiomyopathy, hypertension, 
cardiomyopathy and pericardial tuberculosis associated with HIV, 
and, with urbanization, coronary arterial disease.

RHEUMATIC HEART DISEASE

This important disease accounts for 12–30% of cardiovascular 
admissions. It prevails among the poorly housed and is an 
indicator of their plight.11–14 Rheumatic fever in poor communities 
in the tropics differs from the formerly familiar pattern in the 
industrialized countries:15 it affects young children;16 it has differ-
ent clinical features;17,18 it affects the heart more commonly 
both in the fi rst attack and in recurrences; and, on account of 
weak health services, its secondary prevention is very diffi cult 
indeed,19 and comprehensive programmes are needed to control 
it.20 Some come to medical attention for the fi rst time in 
their thirties and forties, sometimes after giving birth to four 
children!

Epidemiology

Risk factors are poverty and overcrowded housing in the drier 
areas of the tropics. This is presumably due to easier transmission 
and/or acquisition of Streptococcus pyogenes in a hot dry climate. 
WHO has used, as a baseline for further studies,21 a mean preva-
lence of 10/1000 for established rheumatic heart disease and an 

incidence of rheumatic fever of 100/100 000, but methods of study 
vary greatly.

Criteria for diagnosis

The Duckett Jones criteria have been successively modifi ed because 
chorea, subcutaneous nodules and erythema marginatum are rare 
in the tropics: carditis is allowed as the only major manifesta-
tion,22 and arthralgia instead of arthritis. Rheumatic fever21 follows 
infection with Strep. pyogenes. For every 100 cases of sore throat, 
20 are caused by Strep. pyogenes. For every 100 of those caused by 
Strep. pyogenes, 20 are symptomatic with fever and cervical lymph 
nodes. Out of the 20 symptomatic cases, two of rheumatic fever 
may develop, whereas only one case may develop in the 80 
without symptoms, except during an epidemic, when the numbers 
are increased fi ve times.

Clinical features

Echocardiography is important for confi rming a diagnosis and for 
following the evolution of the disease.23

Rheumatic fever

Carditis in a child may present as a low grade fever and a tachy-
cardia and nothing else. Dissociation between the height of the 
temperature and the tachycardia, and a cardiac murmur – systolic 
or diastolic – at the apex of the heart may help in diagnosis.

Rheumatic heart disease

Established disease affects (1) the mitral valve alone, which leads 
to mitral incompetence, the most common lesion; next, mitral 
stenosis or mixed stenosis and incompetence (2); both mitral and 
aortic valves; and (3) least commonly, the aortic valve alone 
(Figure 12.1).

Streptococcal sore throat

A clinical episode may precede some cases of acute rheumatic 
fever, and it must be recognized in the community if primary pre-
vention is to have any hope of success. The distinction between a 
streptococcal and a viral infection may be diffi cult (Table 12.1).
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steroids, for as long as there is evidence of carditis, provided there 
is no evidence of cardiac failure.10

Chronic rheumatic heart disease

Maintain penicillin prophylaxis to prevent recurrences (and infec-
tive endocarditis), and give standard treatment for valvular disease, 
disorders of rhythm or cardiac failure.

DILATED CARDIOMYOPATHY

In some tropical countries, patients who have a dilated heart, 
without any identifi able cause, account for about 20% of cardio-
vascular cases.24

Pathogenesis

There are many possible factors and this is, at best, a syndrome. 
Men are affected more than women, predominantly in the age 
group 40–49 years.

Poverty and social class

The condition is much more common in patients of low social 
class in West Africa than is found with other types of heart 
disease.25

Anaemia

While severe anaemia may be associated with cardiac failure it 
does not appear to be a causal factor in dilated cardiomyopathy 
in the tropics.

Figure 12.1 Echocardiogram of a 39-year-old Nigerian man showing mitral valve (MV) stenosis with dense calcifi cation. He subsequently 
underwent a successful mitral valve replacement.

Table 12.1 Comparison of streptococcal and viral 
sore throat

Feature Streptococcal Viral
Onset Abrupt Gradual

Throat Painful Uncomfortable

Cervical nodes Enlarged, tender Not enlarged

Eyes and nose Not affected Watery eyes, runny nose

Throat/tonsils Red, swollen, exudate Red, vesicles, ulcers

Prevention

The fundamental aims are as follows:
1. Environment: to improve homes and housing, food and health-

care.
2. Primary prevention: to detect and treat symptomatic Strep. 

pyogenes sore throat – with either benzathine penicillin 1.2 
megaunits, penicillin V for 10 days, or benzyl penicillin.

3. Secondary prophylaxis: to prevent streptococcal infection, with 
benzathine penicillin every 3 weeks, in those with known 
rheumatic heart disease,20 through dedicated community 
nurses.

Management

Acute rheumatic fever

Eradicate Strep. pyogenes with benzyl penicillin and establish main-
tenance prophylaxis with benzathine penicillin. Manage cardiac 
failure with bed-rest for acute carditis and give aspirin or cortico-
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Toxins

These are often suggested but rarely incriminated.

Alcohol

Alcohol, often a strong traditional brew, is an important cause of 
dilated cardiomyopathy in many areas of the tropics.

Nutrition and micronutrients

There is no evidence for a direct nutritional cause of dilated car-
diomyopathy in the tropics, except the rare cases of beriberi, and 
micronutrient defi ciency (e.g. selenium) has not yet been proved. 
The wasting associated with HIV infection is associated with a loss 
of left ventricular mass and of diastolic function.26

Myocarditis

A previous viral myocarditis may prove to be more signifi cant than 
is currently appreciated.

Hypertension

There is evidence that some patients may be former hypertensives: 
the age groups of those with hypertensive cardiac failure and 
dilated cardiomyopathy are similar; the aortic arch diameter in all 
cases of dilated cardiomyopathy is intermediate between that of 
hypertensive and normal individuals; in some cases the blood 
pressure rises to abnormal levels as cardiac failure responds to 
treatment; and in East Africa formerly-proved hypertensives pre-
sented years later with dilated cardiomyopathy but with normal 
blood pressures.

Clinical features

Most patients have symptoms of pulmonary and/or systemic 
oedema for up to 2 years and thus often present with pulmonary 
oedema or dependent oedema, ascites and a large liver, a large left 
ventricle and signs of atrioventricular valvular incompetence. 
Some patients present with systemic embolization, for example a 
‘cerebrovascular accident’, from an intracavitary left ventricular 
thrombus.

Diagnosis

In a man with normal arterial pressure and no evidence of valvu-
lar disease the diagnosis is not diffi cult, but if there is raised arte-
rial pressure, retinal arterial changes and a left ventricle which is 
thickened but dilated, the distinction from hypertensive cardiac 
failure may be diffi cult. Similarly, mitral incompetence in a 
younger patient may indicate rheumatic heart disease or even 
endomyocardial fi brosis, but the mitral valvular incompetence in 
cardiomyopathy may be reversed by treatment of the cardiac 
failure.

Management and prognosis

Management depends on the resources and drugs available. In 
district hospitals, diuretics, with digoxin when there is an atrial 
arrhythmia, are essential. Other forms of treatment with ACE 

inhibitors and angiotensin receptor blockers are available at spe-
cialist hospitals. The prognosis27 depends on the function of the 
left ventricle:19 those who do worst have a high left ventricular 
end-diastolic pressure, end-systolic volume and end-diastolic 
volume with a reduced ejection fraction. If alcohol is incriminated 
as a causative factor then somehow the patient has to stop 
drinking it.

PERIPARTUM CARDIAC FAILURE (PPCF)

The defi nition of PPCF varies but only in the time interval related 
to delivery. In Nigeria, the following defi nition has been used: 
‘cardiac failure, with symptoms beginning in pregnancy or up to 
6 months postpartum – of up to 6 months duration, with no 
history of cardiac failure other than PPCF itself, and with no dis-
cernible cause for cardiac failure other than anaemia or hyper-
tension, presumed to be acute’.28

Distribution

The syndrome has been reported from tropical Latin America,29 
the Caribbean, East, West28,30–32 and South Africa,33 India, China 
and Korea. Occasional cases are also seen in temperate countries 
and some important series of cases have been reported in the 
USA,34 almost exclusively among black women.

Factors in the pathogenesis

This syndrome may conceal a number of conditions: some cases 
resemble dilated cardiomyopathy and therefore its possible causes 
have to be considered in PPCF.

Race

The largest reported series have been in West Africans and black 
Americans. The syndrome is apparently also common in Korea, 
and cases are reported in all races.

Parity

PPCF is more common in multiparous women, and this appears 
to be independent of age, although increasing age is itself a risk 
factor.

Twin births

Data are few but the risk has been reported to be two-fold in a 
twin pregnancy.

Blood pressure

The question therefore arises as to whether PPCF patients are a 
potentially hypertensive cohort and whether PPCF is a form of 
hypertensive heart failure, as suggested in southern Nigeria, or can 
the hypertension in some cases be explained by some other mecha-
nism? There is persuasive evidence from northern Nigeria that this 
is indeed the case in some patients. Some women develop hyper-
tension soon after treatment for their cardiac failure and, although 
the numbers were small, more Nigerian PPCF women had hyper-

Peripartum Cardiac Failure (PPCF)
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tensive immediate family members than controls. Similarly, a 
highly signifi cant number took extra salt compared with controls 
and so there may be a genetically determined disorder of salt 
taste resulting in excess salt intake. The group probably represents 
a salt-sensitive subset with resultant actual or potential hyperten-
sion, masquerading as PPCF but revealed as hypertension later in 
life.

Infection

There is a rapidly advancing myocarditis, possibly viral, in some 
non tropical cases, confi rmed by endomyocardial biopsy in over 
50% of such cases, but its mechanism is not known.31,35

The northern Nigerian PPCF syndrome

Cultural practices

After delivery, the Hausa women around Zaria traditionally take 
kanwa, a rock salt rich in sodium and potassium, in order to 
promote the fl ow of breast milk. They also lie on a heated bed for 
at least 40 days postpartum and take ‘hot baths’ twice daily to 
prevent themselves from becoming diseased from cold.

Seasonal variation

The peak of admissions follows about 2 months after the hottest 
humid season.

The Nigerian syndrome – a possible mechanism

The factors are postpartum state, hot season and hot beds and 
baths, and ingestion of sodium-rich rock salt. The heat causes 
vasodilatation so that the cardiac output rises in order to maintain 
fl ow and arterial pressure, but the excessive sodium load demands 
a high renal arterial pressure for its excretion. This can only be at 
best partially achieved by a further rise of cardiac output and 
blood pressure.32 Oedema therefore develops and the cycle is set 
for it to increase daily. The syndrome is thus established with a 
high output state and vasodilatation, oedema, and systemic and 
pulmonary venous congestion. Physiologically, it is not true 
cardiac failure because the stroke volume can rise in response to 
a rise in fi lling pressure. This group responds rapidly with a 
massive diuresis, but it does not include a smaller number whose 
heart is dilated and who do not respond with a diuresis.

Clinical picture

Symptoms of pulmonary and/or systemic venous congestion 
develop, often with massive swelling of body and face. The blood 
pressure is often raised when the patient is fi rst seen, but falls 
within a few days during diuretic treatment. Systemic and pulmo-
nary emboli are seen when the heart is very large. Imaging 
shows a dilated heart, pulmonary venous congestion and 
oedema.

Disordered physiology

There is no homogeneous pattern of cardiac function. Most Brazil-
ian patients showed a raised ventricular fi lling pressure with low 
cardiac output but a subset, similar to the Nigerian group, had 
high output ‘failure’.29 Volume overload was thought to be respon-

sible: this hypervolaemia, when cured by diuretics, can leave a 
normal heart.36 Some cases, however, have irreversible cardiac 
damage.

Evolution and treatment

The prognosis of this syndrome varies with its pathogenesis, 
from the rapidly progressive myocarditis for which cardiac 
transplantation may be needed, to a syndrome of oedema and 
uncomplicated cardiomegaly which resolves very quickly with 
treatment by diuretics. Bad signs are an arrhythmia, persistent 
hypertension, cardiomegaly, or systemic or pulmonary emboli.37 
There is no reason to take the baby off the breast, and as soon 
as the mother has had a major diuresis she can be treated at 
home.

Subsequent pregnancies

The syndrome may recur,9,37 but if the heart returns to normal after 
the fi rst episode,25 there is no reason to advise against subsequent 
pregnancy.

HYPERTENSION AND HYPERTENSIVE 
HEART DISEASE

Most people in the tropics with high blood pressure (defi ned by 
the WHO criteria) do not know that they are hypertensive, and 
even if they were aware and sought treatment, in many countries 
the public budget can not possibly stretch to supply the ideal 
combination of antihypertension drugs.

Blood pressure in rural and urban societies 

Rural societies in the tropics have a very low prevalence of hyper-
tension and only a modest rise in blood pressure throughout adult 
life. In urban settings the prevalence is high and rises with advanc-
ing age.38,39 Rural–urban migration is associated with increase in 
the prevalence of hypertension; increase in body mass index and 
waist–hip ratio are also associated with increased prevalence. So 
also is high sodium intake,40 often coupled with low potassium 
intake.41–44 Some individuals who traditionally take a low salt diet 
have been found to be sensitive to an increase in salt intake with 
attendant development of hypertension.45

Race

Different origins apparently govern both the prevalence and 
pattern of hypertension.41,42 In any society, those of black African 
origin are most susceptible and, as discussed below, they are vul-
nerable to stroke; low renin hypertension is also more common.

Sequelae of hypertension

Stroke is a common complication of hypertension, especially in 
previously undiagnosed patients or in those who default from 
treatment.46 In one study, over 27 years, stroke mortality was 11.4% 
in hypertensives but only 1.8% in normotensives. Adequate control 
of hypertension considerably reduces the risk of stroke but does 
not completely eliminate it. Control of diabetes mellitus, dyslipi-
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daemias, regular, judicious physical exercise and avoidance/cessa-
tion of smoking are all also important in stroke prevention.

Hypertensive cardiac disease and failure47 has already been 
discussed in relation to dilated cardiomyopathy. In some cases of 
hypertensive heart disease, left ventricular hypertrophy is asym-
metrical. It accounts for 20–35% of cases of cardiovascular admis-
sions in many tropical countries.

Malignant hypertension is well recognized and renal failure 
with severe hypertension is also often seen, but without a defi nite 
diagnosis of the underlying renal disease. The cause for this 
remains conjectural.48 Retinopathy occurs in hypertension, as it 
does in northern countries.

Coronary arterial events are much more common in Asian 
hypertensives than among those of black African origin.

The problem of management

As life expectancy increases, there are inevitably more untreated 
and later disabled victims of hypertension. Severe hypertension 
may be detected if there is an effi cient primary healthcare service, 
but few tropical countries can afford to treat hypertension in all 
those who need drugs. This problem is compounded because 
angiotensin-converting enzyme (ACE) inhibitors are less effi ca-
cious in black people than they are in white people.

For the individual who needs drugs it is essential both to estab-
lish that drug supply can be sustained indefi nitely and to ensure 
that treatment will be followed.49 The drug regimen will depend 
on national drug policy, the essential drug list, and thus what 
drugs are available at each level of healthcare. Follow-up with 
good records can be handled by a well-trained medical assistant 
or nurse, who has defi ned criteria for referral if there is an unex-
pected change.

ENDOMYOCARDIAL FIBROSIS

EMF has distinctive clinical and pathological features50,51 and a 
novel pathogenesis,52 but even in specialist centres in endemic 
areas it comprises only about 1–5% of cases. Nevertheless, in 
some parts of the hot and humid tropics, e.g. Kerala, Malaysia, 
West and Central Africa and Brazil,53 EMF is seen much more 
commonly than in other areas.

What is EMF?

Endocardial thickening of the ventricle leads to cardiac constriction 
or restriction and atrioventricular valvular incompetence, leading 
to regurgitation.50,51,53,54 In the left ventricle, dense fi brous tissue at 
the apex spreads around the cavity of the ventricle or may fi rst 
appear around the papillary muscle of the posterior cusp of the 
mitral valve. This muscle is anchored so that the valve becomes 
incompetent. The right ventricular cavity is obliterated from below 
by the advancing fi brosis of layered mural thrombi. In late cases the 
papillary muscles are lost in a bed of fi brous tissue, the tricuspid 
valve becomes functionless and the right atrium becomes aneurys-
mal. The left, right, or both ventricles can be affected. Chronic peri-
cardial effusion can complicate right ventricular EMF; a pleural 
effusion is more common with left or bi-ventricular disease.

The anatomical changes explain physiological dysfunction and 
the physical signs in established disease. Dense avascular fi brous 

tissue, often sharply defi ned from or ‘dipping into’ the myocar-
dium, is characteristic of established disease. In acute disease, 
however, the pericardium, myocardium and endocardium show 
active infl ammation with lymphocytes, eosinophils which may be 
degranulated,52 and many small blood vessels packed with cells. 
In addition, irregularly scattered throughout the myocardium, and 
often unrelated to overlying endocardial change, there are foci 
where myocardial fi bres are disappearing and fi broblasts are 
evident.

Pathogenesis

The term eosinophilic endomyocardial disease has been suggested 
to replace endomyocardial fi brosis because the cardiac changes 
are explained in terms of the eosinophil and its constituents.55 
Thus EMF has changes similar to those found in the heart in 
patients with hypereosinophilic syndromes.56 The critical ques-
tions are: what is the trigger for an eosinophilia in EMF,18 and is 
it found consistently? Eosinophilia is not consistent, but that 
could be because the disease is often not present until its patho-
genetic process is burnt out. Early reports from West Africa 
linked fi lariasis with EMF, and particularly Loa loa, or any other 
helminth which provokes an eosinophilia.56 A clear initial 
illness54,57 has been described, when there may be a signifi cant 
eosinophilia.

The suggested sequence is as follows: a trigger to eosinophilia 
(helminthic or other infection) leads to hypereosinophilia and 
liberation of eosinophilic major basic proteins and cationic 
protein which are toxic to a wide range of cells, including endo-
cardial and myocardial cells. The damaged endocardium serves as 
a focus for mural thrombi, which are themselves promoted by the 
release of platelet activation factor(s) from the eosinophils. Further 
mural thrombi are then laid down at the original and adjacent 
sites, and a fi brotic mass, sometimes calcifi ed,58 results. This is a 
logical and clear sequence following hypereosinophilia but the 
diffi culty lies in reconciling it with all the data, particularly from 
Uganda, where for example the prevalence of EMF differed between 
immigrant Rwanda and native Baganda, in a ratio of about 4–5 : 1, 
whereas rheumatic heart disease was just the reverse.59 Similarly, 
in kindred with the tropical splenomegaly syndrome, EMF was 
apparently more prevalent.60 Causes of eosinophilia are abundant 
in the tropics but EMF is not. Additionally, it appears to be much 
less prevalent in dry grassland areas – but why? On the whole, 
available evidence suggests that hypereosinophilia in a hot and 
humid environment promotes features leading to the develop-
ment of endomyocardial fi brosis. The role of trace elements is not 
yet established.61

Clinical features

These depend on the stage of the disease and the anatomical 
distortion of the affected ventricle(s), together with the resultant 
effects on cardiac function.

Initial illness

Some patients have a febrile illness with facial swelling, and 
symptoms of pulmonary venous congestion. This can be fatal 
within months, but little is known about this phase of the 
disease.57

Endomyocardial Fibrosis
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Left ventricular disease

The ventricle is not enlarged and there are inevitably, in almost 
every case, signs of mitral valvular incompetence with a loud 
pulmonary closure sound, and progressive pulmonary hyperten-
sion. A third heart sound is usually early and crisp, and is domi-
nant when the physiological pattern is a restricted ventricle.

Right ventricular disease

The classical picture, described from Ibadan,54 is of a young 
patient, often with delayed puberty, slight exophthalmos, central 
cyanosis, no peripheral oedema and massive ascites. Many cases 
of established right ventricular EMF are at fi rst missed because the 
ascites is so dominant and the jugular pressure so high that it is 
missed clinically. The jugular systolic wave, secondary to tricuspid 
regurgitation, may even move the ear lobe. The arterial pulse has 
a small pulse pressure and atrial fi brillation is common. The heart 
may be impalpable either because there is a large pericardial 
effusion or because it is rotated by the massive right atrium, 
which lies under the sternum, so that the left ventricle lies more 
posteriorly. There may be no murmur at the defunct tricuspid 
valve but only an abrupt third heart sound.

Investigations

The stage and site of disease determine fi ndings on the chest 
radiograph; these vary from a massive cardiac shadow (aneurys-
mal right atrium or pericardial effusion) (Figure 12.2) to an almost 
normal heart with perhaps a prominent pulmonary artery. Echo-
cardiography62 is valuable, as it shows distinctive patterns.

Management

Established disease

Cardiac surgery27 is economically adventurous, but it is clinically 
logical in deforming inactive disease.

The acute illness

Treatment aims to maintain cardiac function and possibly sup-
press the eosinophilia with corticosteroids.

PERICARDIAL DISEASE

In the tropics, the two important forms of pericarditis are both 
secondary to a major infection: (1) acute pyogenic pericarditis; 
and (2) tuberculous pericarditis, which has been catapulted into 
prominence by HIV. Rarely, pericarditis complicates amoebic liver 
abscess.

Pyogenic pericarditis

The pericardium is affected in a bacteraemia associated with a 
pyogenic infection, for example pyomyositis, lobar pneumonia or 
pelvic infection, when local and systemic signs are dominant and 
pericarditis may not be recognized until it causes circulatory 
effects.

Clinical features

These depend on whether or not there is a pericardial effusion and 
the speed at which this has formed. If the fl uid forms quickly, the 
parietal pericardium cannot stretch adequately to accommodate 
it and symptoms and signs of cardiac tamponade develop. The 
heart is compressed and the signs therefore depend on obstruction 
to venous infl ow and a subsequent fall in stroke output, cardiac 
tamponade. There may be evidence of pericarditis – a pericardial 
rub or signs of fl uid, dullness to percussion at the right border of 
the sternum, an impalpable cardiac impulse and very quiet heart 
sounds.

Management

In an uncomplicated effusion, in a district hospital without echo-
cardiography, a chest radiograph may reveal a large cardiac shadow 
but this may be diffi cult to interpret if there is lobar pneumonia 
or a pleural effusion (Figure 12.3). Purulent pericardial fl uid con-
fi rms the diagnosis; it should be aspirated totally by the epigastric 
approach, with the patient sitting up in bed. Use a 50 mL or 20 mL 
syringe with a long needle fi tted with a two-way tap so that fl uid 
can easily be expelled. Aspirate daily, but be prepared to transfer 
the patient to a cardiac surgical unit if there are persistent signs of 
fl uid or cardiac compression. Early diagnosis with aspiration and 
instillation of the appropriate antibiotic into the pericardial sac 
may prevent this.

In pericardial effusion with cardiac tamponade the fl uid must 
be aspirated immediately and completely.

Tuberculous pericarditis

This is now a major problem in patients with HIV infection. Before 
the HIV epidemic an unusually high prevalence was described 

Figure 12.2 Biventricular endomyocardial fi brosis: the cardiac 
shadow is totally distorted with the enlarged right atrium prominent.
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in Transkei.22 Mycobacterium tuberculosis reaches the pericardium 
from adjacent lymph nodes or possibly pleura.

Clinical picture

This depends on the stage of the disease. Many patients present 
late and are thought to have liver disease because they are wasted 
and have tense ascites, or because the jugular venous pressure is 
not examined, or is very high. Those who have HIV/AIDS often 
show evidence of early pericardial infection, with a pericardial rub 
and some precordial pain.8 Most patients have a pericardial effu-
sion which may be large or small, with underlying pericardial 
fi brosis. This is constrictive pericarditis with its distinctive signs: a 
small arterial pulse pressure, sometimes with pulsus paradoxus, 
and a venous pulse which has a high pressure and can be seen to 
fall sharply immediately after carotid pulsation (y descent): the 
heart may be impalpable and, when constriction is established, a 
third heart sound is audible.

Diagnosis

In patients with HIV/AIDS, signs of pericarditis must be assumed 
to be caused by tuberculosis. Aspiration of pericardial fl uid is 
helpful: the fl uid has a high protein content around 40 g/L and 
in about 80% of cases it is bloodstained; the cells are lymphocytes. 
There is no characteristic chest radiograph: this depends on the 
volume of pericardial fl uid, the presence of a pleural effusion, and 
whether the pericardium has calcifi ed or not (Figure 12.4).

Treatment

Give antituberculosis drugs with corticosteroids. Strang et al. 
showed that steroids prevent constriction.63,64 The currently rec-
ommended initial dose is prednisolone 2 mg/kg. The course of 
steroids is 11 weeks. This makes patients rapidly better, constric-
tion is prevented, and pericardial fl uid disappears.

Other infections

Viruses

There is nothing distinctive about viral pericarditis in the 
tropics.

Meningococcus

Signs of pericarditis may be detected in patients with meningococ-
cal disease who have bacteraemia and antigenaemia. Immune 
complexes are formed and are deposited on the pericardium. The 
pericarditis is transient and the prognosis is dominated by the 
severity of infection.

Parasites

Rarely trophozoites of Entamoeba histolytica reach the pericardium 
from an adjacent liver abscess. The prognosis is bad. Pericardial 
tamponade demands urgent aspiration. Metronidazole and chlo-
roquine orally, and metronidazole injected into the pericardial 
sac, have been advocated for treatment.

ARTERIAL DISEASE

Aorta and large arteries

Idiopathic ‘tropical’ aortitis is more common in the tropics, par-
ticularly in Asian countries: Malaysia, Thailand, Singapore, Korea, 
China and India,65 where some cases are named Takayasu’s disease. 
It has been described in many African countries, with notable 
studies in South Africa.66 Whether the disease in Asia is the same 
as that seen in African countries, is not known. The questions are: 
what are the triggers for the disease?

The clinical features are determined by the pathological/ana-
tomical damage to the aorta and its large branches, so that regional 
ischaemia in a tissue or organ is the most common clinical pre-
sentation. Imaging shows aneurysmally dilated or stenosed 
segments of aorta with an irregular lumen so that the orifi ces of 
any of its branches may be occluded.

The disease affects the abdominal aorta in over 90% of cases, 
the subclavian arteries in over 60%, and renal arteries in over 
80%.

Pathogenesis

The cause of the arteritis is not known. There is a systemic infl am-
matory phase in some patients, and the morphological changes 
are those of a giant-cell arteritis. Therefore, while an immune 
mechanism has been suggested (an associated glomerulonephritis 
in some patients may be suggestive evidence), there are no 
consistent markers of an immune reaction. HLA-B5 has been 
linked to both Takayasu’s disease and HLA-DRB1 in Buerger’s 
disease.

Clinical features

The symptoms depend on the artery affected. Most patients are 
young adults; in some series women predominate. About one-
third have hypertension, and another third have visual symptoms. 

Figure 12.3 Pyogenic pericarditis. Note the thickness of pericardium 
and the associated pleural effusion and pulmonary changes.

Arterial Disease
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Physical signs depend on the vessel affected; for example, a renal 
arterial bruit.

Management

The arteritis is widespread and treatment is unlikely to help, but 
in advanced hospitals angioplasty or an arterial bypass can be 
advised for limited disease; for example, renal arterial disease with 
severe hypertension.

Coronary arterial disease

The remarkable differences in the prevalence of coronary artery 
diseases between different countries in the tropics have led to 
many comparative studies. Similarly, the pattern of disease is 
changing as countries become industrialized and where habits 
and diet are changing.5

Clinically, coronary arterial disease causes the same symptoms, 
whether in tropical or temperate countries. Cardiac pain on effort, 
however, in a patient who is at low risk – a young adult from a 
rural African community – may cause a problem with diagnosis. 
Severe anaemia from untreated heavy hookworm infection can 
lead to a qualitative defect in coronary arterial fl ow in spite of a 
greatly increased cardiac output. In a patient who is not anaemic 
the orifi ces of the coronary arteries or their lumens may be occluded 
(e.g. by sickled erythrocytes in homozygous HbSS disease) or 
stenosed. Tropical or syphilitic aortitis may involve the orifi ce(s); 
the lumen may be occluded by emboli in rheumatic cardiac 
disease or dilated cardiomyopathy with a left ventricular mural or 

cavitary thrombus. A rare curiosity which may distort a coronary 
artery is annular subvalvular aneurysm of the left ventricle.67 
Described in a number of tropical countries, a pouch forms and 
enlarges so that it may stretch the circumfl ex branch of the left 
coronary artery, appear as a rounded shadow on the left ventricle 
in a chest radiograph, or grow into the septum. Mural thrombi 
form and may partially fi ll the aneurysm and lead to systemic 
emboli.

Left ventricular cavitary thrombus

Originally described at autopsy in Senegal in patients with dilated 
cardiomyopathy, these thrombi are now being detected by echo-
cardiography in similar cases in West Africa and in patients with 
peripartum cardiac failure. In some, thrombolytic therapy has 
been remarkably effective.68
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Section 3 System-oriented Disease

Chapter 13 Alan F. Fleming and P. Shanthamali de Silva

Haematological Diseases in the Tropics

REFERENCE RANGES

The normal values of red cell counts and indices, white cell counts, 
platelet counts and activities of haemostatic mechanisms vary 
with age, sex and pregnancy state.1,2 There are also genetic and 
common environmental factors which can affect the reference 
ranges in certain populations.3 It is especially important that the 
difference in reference ranges in all stages of life be appreciated 
by health workers in tropical countries, where up to half the 
population are aged under 15 years and women experience numer-
ous and often complicated pregnancies.

Red cell values

Age

Full-term infants

Red cell values of the fetus are almost unchanged during the last 
trimester of pregnancy. The full-term infant is born with a high 
haemoglobin (Hb) concentration, red blood cell (RBC) count and 
mean cell volume (MCV) (Table 13.1). A rapid rate of red cell 
production and low splenic function are shown by the presence 
of nucleated RBCs, occasional Howell–Jolly bodies (red cell 
nuclear fragments), polychromasia, a high reticulocyte count 
(mean 150 × 109/L) and target cells in the peripheral blood. In the 
fi rst few hours of life, the Hb concentration of capillary blood is 
on average 35 g/L higher than in venous blood, due to haemo-
concentration. If the blood from the placenta is allowed to trans-
fuse into the infant, the Hb rises about 10–20 g/L.

The blood volume ranges from 50 to 100 mL (mean 85 mL)/kg 
body weight.

During the fi rst few weeks of life, the ability of the blood to 
deliver oxygen is in excess of what is required, so that erythropoi-
etin secretion is low and the bone marrow is relatively hypoplas-
tic. Red cell survival is short: 80–100 days compared with 90–150 
(mean 120) days in adults. Plasma volume increases as the infant 
grows. As a consequence, the Hb, packed cell volume (PCV) and 
RBC count decline, to reach a nadir between 8 and 12 weeks of 
life. The large fetal red cells are replaced, and the MCV declines 
(Table 13.1). Fetal haemoglobin (HbF) is replaced by adult hae-
moglobin (HbA) (Table 13.2).4

Premature infants

Infants born prematurely during the third trimester have red cell 
values initially the same as those of full-term infants. However, 
their basal metabolic rates, oxygen consumption, erythropoietin 
secretion, red cell production and red cell survival (60–80 days) 
are all lower. After birth, red cell values fall faster and to lower 
levels than in mature infants: at around 8 weeks of life the most 
premature but otherwise normal and well-nourished infant can 
have an Hb as low as 70 g/L (Table 13.3).2

Childhood

After the third month of life, oxygen needs exceed oxygen delivery 
and provide the necessary stimulus to erythropoietin secretion 
and red cell production: the Hb, PCV and RBC count rise steadily 
until puberty (Table 13.1).

Sex

The Hb continues to rise in boys but levels off in girls at puberty, 
so that men have on average Hb 15 g/L higher than non-pregnant 
women (Table 13.1). Red cell volumes are 30 ± 5 mL/kg in men 
and 25 ± 5 mL/kg in women; plasma volume (45 ± 5 mL/kg) and 
total blood volume (70 ± 10 mL/kg) are the same in both sexes. 
Testosterone is the stimulus to additional erythropoiesis in men, 
whereas oestrogen depresses erythropoiesis.

Pregnancy

From the 12th week of gestation there is an increase of eryth-
ropoietin secretion, erythroid hyperplasia, reticulocytosis (2–6%) 
and an increase of the total red cell volume by 400–450 mL 
in normal and iron-suffi cient pregnant women. The plasma 
volume increases also, by about 1250 mL in primigravidae and 
1500 mL in multigravidae. As the increase in plasma volume is 
greater than that of the red cell volume, there is haemodilution 
(Figure 13.1B, C): Hb 110 g/L and PCV 0.31 are the accepted 
lower limits of normal. There is a mild macrocytosis (increase 
of MCV) during pregnancy.5

Genetic and environmental differences

When large series of persons of European descent (whites) and of 
sub-Saharan African descent (blacks) have been matched for age, 
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Table 13.1 Red blood cell values at various ages

Hb (g/L) PCV (L/L) RBC (¥1012/L) MCV (fL) MCH (pg) MCHC (g/L)
Birth (cord blood) 165 ± 30 0.54 ± 0.10 6.0 ± 1.0 120 (mean) – 300 ± 27

3 months 115 ± 20 0.38 ± 0.04 4.0 ± 0.8  95 (mean) 29 ± 5 325 ± 25

1 year 120 ± 15 – 4.4 ± 0.08  78 ± 8 27 ± 4 325 ± 25

3–6 years 130 ± 10 0.40 ± 0.04 4.8 ± 0.7  84 ± 8 27 ± 3 325 ± 25

10–12 years 130 ± 15 0.41 ± 0.04 4.7 ± 0.7  84 ± 7 27 ± 3 325 ± 25

Men 155 ± 25 0.47 ± 0.07 5.5 ± 1.0  86 ± 10 29.5 ± 2.5 325 ± 25

Women 140 ± 25 0.42 ± 0.05 4.8 ± 1.0  86 ± 10 29.5 ± 2.5 325 ± 25

Table 13.2 Proportion of haemoglobin F found at various 
ages

Age HbF (%)
Birth 70–90

1 month 50–75

2 months 25–60

3 months 10–35

4 months  5–20

6 months <8

9 months <5

1 year <2

Adults <0.4

Figure 13.1 Blood volume changes in health and disease. (A) 
Normal (non-pregnant) adult. (B) Normal single pregnancy. (C) 
Normal twin pregnancy. (D) Hypersplenism, not anaemic. (E) Acute 
haemorrhage. (F) Acute haemorrhage, 48 h later. (G) Moderate 
anaemia. (H) Severe anaemia. (J) Severe anaemia with circulatory 
congestion. Note that two or more of these conditions may be 
present in the same patient; in particular E–J are variations on A (non-
pregnant), but could be shown again as variants on B (pregnant), C 
(multiple pregnancy) or D (hypersplenism). Solid bars, red cells; 
hatched bar, red cells sequestered in the spleen; white bars, plasma. 
(Reproduced with permission of the publisher, from Fleming AF. In: 
Parry EHO, ed. Principles of Medicine of Africa, 2nd edn. Oxford: Oxford 
University Press; 1984:706).

the range of Hb concentrations increasing towards the standard 
ranges.3

Altitude

For every 1000 m above sea level, the Hb increases on average by 
2.5 g/L, due to low oxygen tension stimulating erythropoietin 
production.

Miscellaneous factors

The Hb rises slightly with muscular exercise and in assuming 
the upright posture. It is somewhat higher in the morning 
than the evening. It is lower in athletes in training, and is raised 
in tobacco-smokers.

Table 13.3 Haemoglobin (g/L) observed in iron-suffi cient 
pre-term infants

Age BIRTH WEIGHT (G)
1000–1500 1501–2000

2 weeks 163 (117–184) 148 (188–196)

1 month 109 (87–152) 115 (82–150)

2 months  88 (71–115)  94 (80–114)

3 months  98 (89–112) 102 (93–118)

4 months 113 (91–131) 113 (91–131)

5 months 116 (102–143) 118 (104–130)

6 months 120 (94–138) 118 (107–126)

sex, pregnant state and socioeconomic status, it has been found 
that at all ages and in both sexes blacks have on average Hb 
5–10 g/L lower than whites, and that this difference is indepen-
dent of environment. A high frequency of a+ thalassaemia, up to 
50% of some black populations, explains this small genetically 
determined difference.

Of much greater importance are environmental factors, 
including malaria, other intercurrent infections and malnutrition, 
especially defi ciencies of iron and folic acid. Apparently 
healthy members of communities living in the tropics 
frequently show an average Hb 20 g/L lower at all ages and in 
both sexes than the internationally accepted reference means. 
The control of malaria, improvements in hygiene and 
nutrition, and rises in social class are all associated with 
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Reference Ranges

White cell count

Neutrophils

Age

There is a transiently high total white blood cell (WBC) count and 
a neutrophil leukocytosis at and following birth, peaking at about 
12 h of life (Table 13.4), with a high number of non-segmented 
neutrophils (up to 1.8 × 109/L). The number of neutrophils 
declines and is exceeded by the lymphocyte count after 2 weeks. 
From 2 years, the number of circulating neutrophils increases with 
age until adult life, when they contribute 40–75% of the total 
count of 4.0–11.0 × 109/L in Caucasian adults.2

Sex

Women during their reproductive period of life have slightly 
higher WBC and neutrophil counts (average difference 0.66 × 109/
L) than men, and oral contraceptives increase counts further: there 
are two peaks of neutrophil leukocytosis coinciding with peaks of 
oestrogen secretion and a fall following menstruation. Postmeno-
pausal women have counts slightly lower than men.

Pregnancy

The WBC and neutrophil counts rise to a plateau by the second 
trimester (WBC mean 9.0 × 109/L, range 5.0–16.0 × 109/L; neutro-
phils mean 7.0 × 109/L, range 2.5–14.0 × 109/L) (Figure 13.2).5 
There is a sharp peak of neutrophil leukocytosis during obstetric 
delivery, when the total WBC count may reach 40 × 109/L in an 
uninfected patient. Neutrophil and total WBC counts fall to non-
pregnant levels by the 6th day postpartum. The circulating neu-
trophils in pregnant women are relatively young, with a shift to 
the left (<3% metamyelocytes and myelocytes), raised activity of 

neutrophil alkaline phosphatase and other enzymes and enhanced 
bactericidal function.

Genetic and environmental factors

A relative and absolute neutropenia has been described in chil-
dren over 6 months and adults who are black Africans or of black 
African descent in the Americas and Europe (Table 13.5),3 and in 
Palestinians, Yemeni Jews and Saudi Arabians. The total body 
neutrophils have been found to be the same in adults of West 
Indian origin living in the UK as in the white Britons, but the West 
Indians have a greater number of neutrophils in the bone marrow 
storage pool, while Europeans have more in circulation; provoca-
tion of a neutrophil response, either experimentally or by natural 
infection, leads to rises to the same level in both races. There is 
probably a genetic factor underlying this ethnic neutropenia, but 
environmental factors may also play a role, for example those 
causing splenomegaly and hypersplenism. The neutrophil count 
rises with higher socioeconomic status in Africans, and declines 
in Europeans living in West Africa.

The WBC and neutrophil counts rise during pregnancy in 
African women, but remain about 3.0 × 109/L lower than in preg-
nant Caucasians (Figure 13.2).

Miscellaneous factors

Counts are higher in the afternoon than in the morning, by about 
0.5 × 109/L. Exercise mobilizes the cells marginated on the endo-
thelium, and so raises the number of circulating cells, even up to 
a WBC count of 30 × 109/L with the most strenuous exertion. 
Emotional stress can raise counts transiently. Tobacco-smokers 
have persistently higher neutrophil counts.

Acute reactive neutrophil leukocytosis is seen most commonly 
in response to pyogenic infections (Table 13.6): immature neutro-
phils (metamyelocytes) are released from the bone marrow; 
there is an excess of deeply purple-staining primary cytoplasmic 

Table 13.4 Normal leukocyte counts

Age TOTAL 
LEUKOCYTES

NEUTROPHILS LYMPHOCYTES MONOCYTES EOSINOPHILS

Mean Range Mean Range (%) Mean Range (%) Mean (%) Mean (%)
Birth 18.1  (9.0–30.0) 11.0 (6.0–26.0) 61 5.5 (2.0–11.0) 31 1.1 6 0.4 2

12 h 22.8 (13.0–38.0) 15.5 (6.0–28.0) 68 5.5 (2.0–11.0) 24 1.2 5 0.5 2

24 h 18.9  (9.4–34.0) 11.5 (5.0–21.0) 61 5.8 (2.0–11.5) 31 1.1 6 0.5 2

1 week 12.2  (5.0–21.0)  5.5 (1.5–10.0) 45 5.0 (2.0–17.0) 41 1.1 9 0.5 4

2 weeks 11.4  (5.0–20.0)  4.5 (1.0–9.5) 40 5.5 (2.0–17.0) 48 1.0 9 0.4 3

1 month 10.8  (5.0–19.5)  3.8 (1.0–9.0) 35 6.0 (2.0–16.5) 56 0.7 7 0.3 3

6 months 11.9  (6.0–17.5)  3.8 (1.0–8.5) 32 7.3 (4.0–13.5) 61 0.6 5 0.3 3

1 year 11.4  (6.0–17.5)  3.5 (1.5–8.5) 31 7.0 (4.0–10.5) 61 0.6 5 0.3 3

2 years 10.6  (6.0–17.0)  3.5 (1.5–8.5) 33 6.3 (3.0–9.5) 59 0.5 5 0.3 3

4 years  9.1  (5.5–15.5)  3.8 (1.5–8.5) 42 4.5 (2.0–8.0) 50 0.5 5 0.3 3

6 years  8.5  (5.0–14.5)  4.3 (1.5–8.0) 51 3.5 (1.5–7.0) 42 0.4 5 0.2 3

8 years  8.3  (4.5–13.5)  4.4 (1.5–8.0) 53 3.3 (1.5–6.8) 39 0.4 4 0.2 2

10 years  8.1  (4.5–13.5)  4.4 (1.8–8.0) 54 3.1 (1.5–6.5) 38 0.4 4 0.2 2

16 years  7.8  (4.5–13.0)  4.4 (1.8–8.0) 57 2.8 (1.2–5.2) 35 0.4 5 0.2 3

21 years  7.4  (4.5–11.0)  4.4 (1.8–7.7) 59 2.5 (1.0–4.8) 34 0.3 4 0.2 3



13. Haematological Diseases in the Tropics

164

Figure 13.2 (A) Total white blood cell count (mean and 95% confi dence limits 
for a single value) in 67 white Australian women during pregnancy. (From 
Fleming5) (B) Absolute neutrophil counts and (C) absolute eosinophil counts in 
Nigerian primigravidae during pregnancy and the puerperium: numbers of 
observations are in parentheses. (Reproduced with permission from Fleming AF, 
Akintunde EA, Harrison KA, Dunn D. E Afr Med J 1985; 62:175–184.)
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granules (‘toxic granulation’); occasionally oval blue-staining 
Döhle bodies, which are RNA, are present in the cytoplasm. Neu-
trophil damage shows as ragged and vacuolated cytoplasm and 
pyknotic nuclei. With severe infections there can be a leukaemoid 
reaction, when the total count is above 80 × 109/L with a shift to 
the left as far as promyelocytes and blast cells.

Eosinophils and basophils

The eosinophil count is high at birth and declines slowly 
throughout childhood to less than 0.4 × 109/L in adult life 

(see Table 13.4).2 There is a diurnal variation, more considerable 
than that of neutrophils. The eosinophil count is lower during 
pregnancy; the stress of obstetric delivery causes the eosinophils 
to vanish from the peripheral blood almost entirely, even if 
there was an initially high count (Figure 13.2). Symptom-
free individuals living in the tropics often have high eosinophil 
counts due to subclinical infections by helminths (see Table 13.5); 
counts are higher in rural and non-elite groups than in urban and 
elite groups. In the tropics eosinophilia is more likely to be a 
response to helminthic infection than to be an indication of 
allergy (Table 13.6).

The basophil count is normally low (see Table 13.4); accurate 
electronic counting demonstrates diminished counts during stress, 
pregnancy, acute infections and the administration of corticoste-
roids. A raised count is always suggestive of leukaemia or a myelo-
proliferative disorder, but may be seen in some allergic conditions 
(Table 13.6).

Lymphocytes

The lymphocyte count is normally high in the fi rst year of life and 
then declines to adult levels (see Table 13.4). There are no reported 
differences between adult males and non-pregnant females, but 
the total lymphocyte count declines slightly during pregnancy; of 
more importance is a functional reduction of T cell-mediated 
immunity during pregnancy.

A proliferation of B cell lymphocytes is commonly seen in the 
tropics in response to malaria and other intercurrent infections, 
especially in childhood in rural and non-elite groups (Table 13.6). 
An absolute lymphocytosis with numerous activated lymphocytes 
(plasmacytoid cells) is frequently seen in children in the tropics. 
Atypical lymphocytes with slate-grey or blue cytoplasm are sug-
gestive of viral infections. African adults have a relative lympho-
cytosis, due to neutropenia, and often an absolute lymphocytosis 
(see Table 13.5). Of peripheral blood lymphocytes of adults in the 
industrialized countries, approximately 80% are T cells, 10–15% 
B cells and 5–10% null cells; rural Nigerians have been reported 
to have higher proportions of B cells (about 30%), whereas elite 
Nigerians and Europeans had similar distribution of lymphocyte 
subsets.

Monocytes

The monocyte count is highest during the fi rst 2 weeks of life (see 
Table 13.4); there is no other signifi cant physiological change, 
except a fall during obstetric delivery. In the tropics counts may 
be raised in association with subclinical protozoan or other infec-
tions or lowered in subjects with splenomegaly (see Tables 13.5 
and 13.6).

Haemostasis

Age

Platelet counts (normal 150–400 × 109/L) and function do not 
vary with age to any clinically signifi cant degree.

Vitamin K is a fat-soluble vitamin, widely distributed in both 
vegetable and animal foods as well as being absorbed from that 
produced by the microbiological fl ora of the normal gut. Vitamin 

Table 13.5 Leukocyte counts in 123 non-elite male 
Nigerian blood donors in Zaria

Mean Range (%)
Total white cells 5.1 2.6–10.2 –

Neutrophils 2.8 1.1–7.1 30–85

Eosinophils 0.11 0–2.0 1–30

Basophils 0.002 0–0.02 0–1

Lymphocytes 2.1 0.7–3.1 15–60

Monocytes 0.13 0–1.3 0–8

Table 13.6 Some causes of reactive leukocytosis

Leukocytosis Causes
Neutrophilia Acute viral infections (e.g. poliomyelitis)

Acute bacterial infections (e.g. staphylococcal)
Tissue damage
Haemorrhage
Malignancies
Stress states
Diabetic ketoacidosis
Miscellaneous (drugs, corticosteroids, chemicals, 
renal failure, collagen diseases)
Pregnancy and delivery

Eosinophilia Helminthic infections of tissues
Löffl er’s syndrome (larval migration of 
nematodes)
Convalescence from viral or other infections
Malignancies
Cytotoxic therapy
Allergic disorders
Miscellaneous (post splenectomy, familial, lead 
ingestion, polyarteritis nodosa, pulmonary 
aspergillosis, rheumatoid arthritis)

Basophilia Miscellaneous (hypersensitivity, myxoedema, 
iron defi ciency, chronic haemolysis)

Lymphocytosis Childhood infections generally
Protozoan infections (malaria, toxoplasmosis)
Viral infections

Monocytosis Protozoan infections (malaria)
Rickettsial infections
Subacute/chronic bacterial infections 
(tuberculosis, brucellosis, subacute bacterial 
endocarditis)

Reference Ranges



13. Haematological Diseases in the Tropics

166

K levels of infants, especially premature infants, are critically low 
in the fi rst 3 days of life because of a slow rate of transport across 
the placenta, low hepatic stores, the absence of an intestinal 
bacterial fl ora, and low concentrations in colostrum and breast 
milk. In addition, the immature liver has limited capacity for 
the synthesis of clotting factors. Vitamin K is essential for the 
synthesis by the liver of clotting factors (II, VII, IX and X) and 
protein C and protein S; these have low activity in umbilical 
cord blood, especially in preterm infants, so that the prothrom-
bin time (PT) and partial thromboplastin time (PTT) are pro-
longed (Table 13.7).2 Vitamin K-producing bacteria colonize the 
bowel and the defi ciency is usually rectifi ed by 72–120 h. 
However, a few infants, especially the pre-term, progress to haem-
orrhagic disease of the newborn. Fibrinolytic activity is essentially 
functional in infants.

Sex

Platelet counts are higher in women than men by about 20%, and 
fall following menstruation.1

Pregnancy

Plasma volume expansion causes the platelet count to fall about 
20% during pregnancy, but function remains unchanged. The 
activity of the extrinsic pathway is enhanced during pregnancy, 
with high levels of factors VII, X and fi brinogen. On the intrinsic 
pathway, activity of factors XII, IX and VIII are also moderately 
raised, but factor XI decreases. A decline of antithrombin III (AT 
III) adds to hypercoagulability in pregnancy, so that the thrombo-
plastin generation time and PT are accelerated. This potential 
hypercoagulability is balanced by lower levels of factor XIII. Plas-
minogen levels are increased parallel to the rise of fi brinogen, 
while antiplasmin activity is unchanged. This potential for fi bri-
nolysis is suppressed normally by the placenta producing inhibi-
tors to plasminogen activator synthesis and release by endothelium. 
Fibrin/fi brinogen degradation products (FDPs) are present in 
plasma in low concentrations in the third trimester only.

During obstetric delivery and following separation of the pla-
centa there is activation and consumption of platelets and coagu-
lation factors; the fi brinolytic pathway is activated, with a transient 
appearance of FDPs reaching a maximum in the fi rst 4 h post 

partum. There is a return of all haemostatic factors to non-preg-
nant levels by the end of the second week of the puerperium.

Genetic and environmental differences

The platelet counts in the African newborns up to around 6 
months of age do not differ signifi cantly from those of European 
newborns and adults. Older children and adults throughout trop-
ical Africa have a moderate thrombocytopenia, for example 
70–370 × 109/L in symptom-free adult male Nigerians. This is 
probably the result of increased pooling of platelets in subclini-
cally enlarged spleens.1,3

Platelets from non-elite Nigerians have been shown to be rela-
tively resistant to aggregation by ADP, thrombin and ristocetin: 
aggregation can be induced either by increasing concentrations of 
the agonists or by resuspending the platelets in European plasma, 
suggesting that there are inhibitory plasma factors; these could be 
merely high levels of macroglobulins in response to intercurrent 
infections. The bleeding time and clot retraction are within stan-
dard reference ranges and there is no tendency to purpura, but the 
inhibition of platelet adhesion and aggregation could contribute 
to the low incidence of atheroma and thrombosis.6

Factor VIII coagulant activity of Africans is commonly greater 
than 150% of the activity of pooled European plasma. Levels in 
plasma of fi brinogen, plasminogen activators and spontaneous 
fi brinolysis are high in Africans and Papua New Guineans who 
perform heavy manual work, but levels fall with rising economic 
status and a more sedentary life. In Kenya and Papua New Guinea 
the frequency distribution of PT was shown to be skewed to the 
right; that is, there was a subpopulation with prolonged times; 
subclinical hepatic disease is a probable cause, and this is likely 
to apply to other tropical populations.

ANAEMIA

Defi nition

Anaemia is defi ned as a condition in which the Hb concentration 
in peripheral blood is lower than normal for age, sex and preg-
nancy state of the subject (Table 13.8).7 The Hb is usually directly 
related to the total red cell volume, but there are exceptional 
circumstances: (1) during the fi rst hours of life, when there is 
haemoconcentration in the capillaries, capillary blood samples 

Table 13.7 Haemostatic measurements in the newborn 
and adults

Pre-term 
infants

Full-term 
infants

Children over 
2 months 
and adults

Platelets ×109/L 150–400 150–400 150–400

Prothrombin 
time (s)

13–18 12–16 11–14

Partial 
thromboplastin 
time (s)

35–50 30–45 23–35

Fibrinogen (g/L) 2–4 2–4 2–4

FDP (mg/L) <10 <10 <10

Table 13.8 Haemoglobin concentrations below which 
anaemia is likely to be present in populations living at sea 
level

Hb (g/L)
Newborn infants 140

6 months–6 years 110

6–14 years 120

Adult males 130

Adult females (non-pregnant) 120

Adult females (pregnant) 110
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will underestimate anaemia, especially in premature, acidotic, 
hypotensive or hypovolaemic infants; (2) immediately following 
acute haemorrhage, the Hb remains unchanged until there has 
been compensatory expansion of the plasma volume over the 
following 48 h (see Figure 13.1E, F); (3) with splenomegaly there 
is both an expansion of plasma volume and sequestration of red 
cells, so that patients with massive splenomegaly may have a Hb 
of 80 g/L, for example, while the total red cell mass is normal 
(see Figure 13.1D).

Aetiology

Anaemia results from three basic mechanisms: (1) blood loss 
(haemorrhage); (2) decreased production of red cells; and (3) 
increased destruction of red cells (haemolysis) (Table 13.9). Only 
those causes which are of major public health importance in the 
tropics will be discussed. These include: (a) infections such as 
malaria, the human immunodefi ciency viruses (HIV-1 and HIV-
2), tuberculosis, hookworm and schistosomiasis; (b) nutritional 
defi ciencies of iron and folate; and (c) inherited disorders of red 
cells, including the thalassaemias, sickle cell disease, glucose-6-
phosphate dehydrogenase (G6PD) defi ciency and ovalocytosis.

Epidemiology

Anaemia is the most common manifestation of disease observed 
in the tropics (Table 13.10).8 Prevalence and morbidity are great-
est in preschool children and pregnant women, in whom it is 
usual to fi nd about half to be anaemic in rural and impoverished 
communities. The most common causes in preschool children are 
iron defi ciency, malaria, thalassaemias (in Asia) and sickle cell 
disease (in Africa). The conditions leading most frequently to an 
anaemia in pregnancy are iron and folate defi ciencies, malaria, 
thalassaemia minor (in Asia) and milder forms of sickle cell 
disease (in Africa). Although anaemia is less common and usually 
less severe in school children, men and non-pregnant women, it 
is still a major health problem in these groups: in them, anaemia 
is often secondary to tuberculosis or other chronic infections. HIV 
infection is now an extremely common cause of anaemia in men 
and women in the sexually active age range, but also in children: 
it is now the commonest cause of anaemia in adults requiring 
admission to hospital in sub-Saharan Africa.

Pathophysiology

Anaemia reduces the oxygen-carrying capacity of the blood. The 
body compensates for this by: (a) increasing the release of oxygen 
from Hb to the tissues; (b) increasing cardiac output; (c) enhanc-
ing blood fl ow to vital tissues with high oxygen requirements, 
while reducing fl ow to other organs; and (d) increasing respira-
tion. The severity of anaemia is best considered as passing through 
three stages: (1) compensated, (2) decompensated and (3) life-
threatening anaemia. The severity of anaemia does not depend on 
the Hb concentration alone, so that cut-off points of Hb 70 g/L 
and 30 g/L for when decompensation and cardiac failure respec-
tively are likely must be taken as very approximate. Older patients 
are more likely to progress to decompensation or heart failure 
than the young; infants and young children are able to tolerate 

extremely low Hb concentrations with few complaints. Patients 
who develop an anaemia acutely have less time to compensate 
than patients with chronic anaemias such as sickle cell disease or 
aplastic anaemia. Patients who are hypervolaemic as a result of 
pregnancy (see Figure 13.1B), especially multiple pregnancy (see 
13.1C), or of splenomegaly (see Figure 13.1D) are more liable to 
progress as far as congestive cardiac failure, as are patients with 
underlying cardiac, vascular or respiratory diseases. In contrast, 
patients with low levels of activity, including the bedridden, are 
less likely to become decompensated.

Table 13.9 Aetiology of anaemia

1. BLOOD LOSS

(a) Acute (b)  Chronic (e.g. hookworm) leading 
to iron defi ciency

2. DECREASED RED CELL PRODUCTION

(a) Nutritional 
defi ciencies

(b) Depressed bone marrow function

Iron Secondary anaemias

Folate   HIV/AIDS

Vitamin B12   tuberculosis

Various   other chronic infections

  protein–energy   chronic hepatic disease

  vitamin A   chronic renal disease

  vitamin C   carcinomatosis

  vitamin E, ribofl avin Aplastic anaemia

  pyridoxine, Cu   drugs and chemicals

  infi ltration

  idiopathic

  irradiation

  congenital

Thalassaemias

  α thalassaemias

  β thalassaemias

3. INCREASED RED CELL DESTRUCTION

(a)  Abnormalities of 
red cells

(b) Abnormal haemolysis

Haemoglobin Immune haemolysis

  sickle-cell disease   autoimmune

Enzymes   fetomaternal incompatibility

  G6PD defi ciency   incompatible blood transfusion

Membrane Non-immune haemolysis infections (e.g. 
malaria)

  elliptocytosis   hypersplenism

  ovalocytosis   drugs and chemicals

  spherocytosis   venoms

  burns

  mechanical

Anaemia



13. Haematological Diseases in the Tropics

168

Compensated anaemia

The major compensatory mechanism in mild to moderate 
anaemia is the increase of 2,3-diphosphoglycerate (2,3-DPG) 
concentration in red cells: this binds to deoxyhaemoglobin, 
shifts the oxygen dissociation curve of Hb to the right (decreased 
oxygen affi nity) and increases oxygen release to tissue by up 
to 40%.9 Cardiac output is raised by an increase in stroke volume 
at rest: on exertion there is both an exaggerated tachycardia 
and further rise in stroke volume. Vasodilatation enhances the 
blood fl ow to the myocardium, skeletal muscle and brain, while 
there is vasoconstriction in the skin and kidneys. The plasma 
volume expands, but the total blood volume remains normal 
(see Figure 13.1G).

Patients complain of breathlessness on exertion only, and there 
are no physical signs except pallor, unless there are symptoms and 
signs from the underlying cause of the anaemia.

Work capacity

Maximal work capacity, as measured by the Harvard Step Test 
(HST), correlates directly with Hb at all levels, and is reduced by 
even mild anaemia: the average HST of Guatemalan labourers was 
65 at Hb 130–150 g/L and 30 at Hb 70–90 g/L.10

Productivity and earnings of anaemic male manual workers are 
seriously reduced.11,12 The earnings of anaemic women performing 
less strenuous factory work are also reduced.13 Anaemia in either 
parent has an adverse effect on the family through low food pro-
duction, low income and poor care for children; village life suffers 
from there being less ground under cultivation, and the national 
economy declines from overall low productivity.

The incidence of low birth weight and perinatal mortality 
rises rapidly when the maternal haematocrit (Hct) falls below 
0.30.14

In childhood, anaemia is associated with slow growth, delayed 
development and poor cognitive abilities.

Decompensated anaemia

When the Hb falls below about 70 g/L, the major mechanism for 
improving oxygen delivery is an increase in cardiac output.9 Both 
stroke volume and the heart rate are raised at rest. The work of 
the ventricles is reduced by the low viscosity of anaemic blood 
and by peripheral vasodilatation; the circulation time is short. The 
blood volume is reduced in about 25% of patients (see Figure 
13.1H).

Patients are breathless even at rest. There is tachycardia, arterial 
and capillary pulsation, a wide pulse pressure and haemic ejection 
systolic murmurs. It is common experience that patients who are 
subsistence farmers, or others wholly dependent on their own 
manual labour, do not seek treatment until they have reached this 
stage of anaemia.

Life-threatening anaemia

Hypoxia and acidosis

If anaemia progresses in children with malaria until Hb falls to 
<50 g/L, respiratory distress develops, showing as tachypnea and 
at least one of the signs of nasal fl aring, indrawing of the chest 
wall or diaphragm, grunting or deep breathing. The children are 
hypovolaemic (Figure. 13.1H) and acidotic with lactic acidae-
mia.15 Without appropriate treatment, mortality is high.

Anaemic heart failure

If anaemia progresses (Hb <30 g/L approximately), the oxygen 
supply to the myocardium is insuffi cient, no further increase of 
cardiac output is possible, and high-output cardiac failure devel-
ops. The plasma volume expands (see Figure 13.1J): patients who 
are already hypervolaemic from pregnancy or splenomegaly are 
most liable to develop anaemic heart failure.

Patients are severely breathless and may complain of angina, 
night cramps or claudication. There is cardiomegaly, engorgement 

Table 13.10 Estimated prevalence of anaemia by geographical region and age/sex category, around 1980 (population data 
in millions)

Region CHILDREN MEN (15–59 
YEARS)

WOMEN (15–49 YEARS)
(0–4 YEARS) (5–12 YEARS) PREGNANT ALL
Total ANAEMIC Total ANAEMIC Total ANAEMIC Total ANAEMIC Total ANAEMIC
(n) (%) n (n) (%) n (n) (%) n (n) (%) n (n) (%) n

Africa 85.7 56 48.0 96.6 49 47.3 116.8 20 23.4 17.9 63 11.3 106.4 44 46.8

Northern America 19.6  8 1.6 27.5 13 3.6 76.3  4 3.1  3.4 – – 64.2  8 5.1

Latin America 52.9 26 13.7 69.8 26 18.1 98.1 13 12.8  9.9 30  3.0 86.5 17 14.7

East Africa 16.1 20 3.2 25.4 22 5.6 55.8 11 6.1  2.7 20  0.5 46.9 18 8.4

South Asia 212.0 56 118.7 278.4 50 139.2 386.3 32 123.6 41.7 65 27.1 329.4 58 191.0

Europe 33.4 14 4.7 55.0  5 3.0 147.2  2 3.0  5.7 14  0.8 117.5 12 14.1

Oceania 2.3 18 0.4 3.6 15 0.5 6.9  7 0.5  0.4 25  0.1 5.5 19 0.1

Former Soviet Union 23.1 – – 31.1 – – 80.3 – –  4.0 – – 68.7 – –

Worlda 445.1 43 193.5 587.6 37 217.4 967.7 18 174.2 85.8 51 43.9 825.0 35 288.4

Developed regions 86.1 12 10.3 130.7  7 9.1 346.5  3 12.0 14.8 14  2.0 285.5 11 32.7

Developing regionsa 395.0 51 183.2 456.8 46 208.3 621.2 26 162.2 71.0 59 41.9 539.5 47 255.7

aExcluding China.
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of jugular veins, pulmonary oedema, hepatomegaly, peripheral 
oedema and sometimes ascites. Without appropriate treatment 
there is a high morbidity rate. Maternal deaths rise sharply when 
the Hct is below 0.20 at the time of delivery: up to 20% of mater-
nal deaths in Africa and India used to be due to anaemic heart 
failure, and this may still be true where obstetric and blood trans-
fusion services have not developed.16

Management

The fi rst principle of management is the diagnosis and treatment 
of the cause of the anaemia. The transfusion of concentrated red 
cells is required by anaemic patients in three circumstances only: 
(1) a patient is in danger of dying of anaemic heart failure or 
hypoxia before specifi c medication can raise the Hb; (2) a patient 
is about to experience stress, such as emergency major surgery, 
obstetric delivery or cytotoxic therapy; and (3) the anaemia is 
incurable, for example thalassaemia or aplastic anaemia, as will 
be discussed under these conditions. Children with severe malar-
ial anaemia are hypovolaemic, not hypervolaemic, and should be 
transfused whole blood, not concentrated red cells, when the Hb 
is <50 g/L and there is respiratory distress or when the Hb is 
<40 g/L with or without respiratory distress. (Management of 
severe malaria is discussed in Chapter 73.) The inappropriate use 
of blood transfusion is not to be condoned, especially since the 
advent of HIV and the acquired immunodefi ciency syndrome 
(AIDS).17

Haemolytic anaemias

This is a group of anaemias in which there is an increase of red 
cell turnover due to a shortening of the red cell lifespan from the 
normal range of 90–150 (mean 120) days. Haemolysis may be the 
consequence of an abnormal haemolytic process, or of abnor-
malities (usually congenital) of the red cells (see Table 13.9). 
Clinical and laboratory features common to all haemolytic anae-
mias are due to the increased breakdown of haemoglobin and 
the compensatory mechanisms of increased red cell production 
(Table 13.11). Haemolysis may be extravascular, that is, within the 
reticuloendothelial system (RES), when the breakdown products 
of haemoglobin follow the normal metabolic pathways of biliru-
bin. Lysis of red cells within the circulation results in the release 
of haemoglobin into plasma, the saturation and removal of hae-
moglobin- and haem-binding proteins (haptoglobins and haemo-
pexin), and the presence of haemoglobin and its degradation 
products in the plasma and urine. Chronic haemolysis can lead 
to the formation of pigment stones in the gallbladder.

The bone marrow is capable of increasing red cell production 
around eight times the normal rate. Compensatory erythroid 
hyperplasia may be suffi cient to maintain a normal or near-normal 
Hb, but is insuffi cient when rates of haemolysis are most rapid. 
Often the haemolytic process is accompanied not by erythroid 
hyperplasia, but by depression of marrow activity, either as part 
of the pathology of the disease (e.g. malaria) or due to complicat-
ing infections, such as parvovirus B19, which precipitates the so-
called aplastic crises of sickle cell disease. A rapid rate of red cell 
production leads to high demands for folic acid, and long-
standing haemolytic anaemias are frequently complicated by 

folate defi ciency and megaloblastic erythropoiesis, followed by 
more profound anaemia. Chronic erythroid hyperplasia, as in 
sickle cell disease and the thalassaemias, results in expansion 
of the bone marrow cavity, seen clinically as bossing of the vault 
of the skull and projection of the maxilla (gnathopathy), and on 
radiography of the skull as the hair-on-end appearance (see 
Figure 13.10).

Splenomegaly and hypersplenism

Palpable enlargement of the spleen is a common clinical fi nding 
in the tropics, especially where malaria is endemic (Table 13.12). 
In many instances splenomegaly is accompanied by the syndrome 
of hypersplenism, when there is pancytopenia, the severity of 
which is usually related to the size of the spleen. The anaemia is 
due to: (1) increased red cell pooling in the spleen, (2) shortened 
red cell lifespan with increased destruction of the spleen, and 
(3) haemodilution from an increased plasma volume (see Figure 
13.1D). The mechanisms of granulocytopenia and thrombocyto-
penia are similar: an eosinophilic response to helminthic infec-
tion may not be apparent in the peripheral blood because the 
eosinophils are held in the spleen, but it will be obvious in 
the bone marrow. The anaemia is usually normocytic and normo-
chromic, there is a reticulocytosis and the bone marrow shows 
hyperplasia.

Malaria

The features of malaria are described in detail in Chapter 73; here 
are discussed only the haematological consequences, which 
include anaemia, changes in the white cells and disorders of 
haemostasis.18,19 Of the different species of parasite, Plasmodium 
falciparum is the most common and has the most profound haem-
atological consequences; this species of malaria is implied except 
where stated otherwise.

Table 13.11 Features of the haemolytic anaemias

FEATURES OF EXTRAVASCULAR AND INTRAVASCULAR 
HAEMOLYSIS

  Jaundice

  Hyperbilirubinaemia (unconjugated)

  Increased urinary urobilinogen

  Increased faecal urobilinogen (stercobilinogen)

FEATURES OF INTRAVASCULAR HAEMOLYSIS

  Reduced/absent haptoglobins

  Reduced haemopexin

  Haem/methaemoglobinaemia

  Methaemalbumin (positive Schumm’s test)

  Haem/methaemoglobinuria

  Haemosiderinuria

FEATURES OF INCREASED RBC PRODUCTION

  Polychromasia

  Reticulocytosis

  Bone marrow erythroid hyperplasia

Anaemia
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Malarial anaemia

Where malaria is endemic, for example in tropical Africa, the 
severity and pathology (including anaemia) progress through 
three phases as individuals acquire partial immune protection: (1) 
acute malaria in non-immune children after about 6 months of 
age when maternally derived immunity is lost; (2) recurrent 
malaria in children less than about 5 years of age; and (3) recur-
rent mild parasitaemia in partially immune older children and 
adults. Malaria in non-immune adults, such as expatriate visitors 
to endemic areas or inhabitants of countries where malaria is 
unstable, have haematological complications of acute or recurrent 
malaria essentially similar to those of children in the endemic 
areas.

Acute malaria

In non-immune individuals, there is usually no anaemia within 
24–48 h of the onset of fever, but there is then a rapid fall of the 
Hb and Hct over 4–5 days, with the degree of anaemia correspond-
ing approximately to the intensity of parasitaemia. The anaemia 

is normochromic and normocytic. The reticulocyte count is low 
at this stage, although the bone marrow shows erythroid hyper-
plasia with minimal dyserythropoietic changes. The total plasma 
bilirubin and unconjugated fraction are raised: increased conju-
gated bilirubin indicates complicating hepatic dysfunction. Hap-
toglobins are reduced or absent (see Table 13.11).

A major mechanism of haemolysis is rupture of red cells at the 
time of release of merozoites, but anaemia is often more severe 
and more persistent than can be accounted for directly by parasi-
taemia. The Hb may continue to fall for between 7 and 21 days 
following clearing of the parasites, due apparently to both contin-
ued haemolysis and delayed release of red cells from the marrow. 
Survival of both autologous non-parasitized red cells and donated 
red cells is shortened. There is phagocytosis of the parasitized and 
unparasitized red cells, seen easily in the bone marrow. The direct 
Coombs’ test (DCT) is frequently positive, associated with adsorp-
tion by red cells of immunoglobulin (Ig) G and the C3 compo-
nent of complement; however, auto-immune haemolysis is not an 
important mechanism, although IgG-coated red cells are more 
rapidly removed by the RES than uncoated cells. Haemolysis of 
unparasitized red cells appears, therefore, to be due to a non-
specifi c activation of the RES, hypersplenism and Fc receptor-
mediated uptake.

Malaria is immunosuppressive and is frequently complicated 
by secondary infections, such as bronchopneumonia, urinary 
tract infections and Gram-negative septicaemias; anaemia is gener-
ally more profound when there is secondary infection, especially 
with non-typhoid Salmonella septicaemia. It has been suggested 
that profound anaemia in some children may be the result of 
concurrent infection by parvovirus B19, which infects early 
red cell precursors preferentially and causes a transient red cell 
hypoplasia.

During acute malaria there is immobilization of iron in the 
macrophages, and low serum iron concentrations: serum ferritin 
is massively increased, being an acute reactive protein. Red cell 
folate levels are raised above normal through mechanisms which 
are uncertain, but possibly due to synthesis of folate by the para-
sites themselves.

Following clearance of the parasitaemia and during recovery, 
the peripheral blood shows a reticulocytosis, anisocytosis, macro-
cytosis and polychromasia (see Table 13.11).

Recurrent malaria

Children living where malaria is endemic suffer from recurrent 
attacks: they complain of intermittent fever and general ill health, 
and on examination often have moderate splenomegaly. They 
have a chronic normocytic, normochromic anaemia with a low 
reticulocyte count; anaemia may be profound during acute exac-
erbations but there is only a scanty parasitaemia, although game-
tocytes and malarial pigment may be seen in the monocytes. The 
anaemia is a result of both hypersplenism and severe dyserythro-
poietic disturbance of the bone marrow (Figure 13.3). The mech-
anism of dyserythropoiesis is uncertain, but it could be secondary 
to hypoxia from the packing of bone marrow sinusoids 
with parasitized red cells, or be mediated by an imbalance of 
cytokines.

Serum tumour necrosis factor (TNF) and interferon γ (IFNγ) 
are raised in acute malaria: they play an essential role in the 

Table 13.12 Some causes of splenomegaly (see also 
Chapter 10)

GENERALLY SLIGHT (<5 CM BELOW THE COSTAL MARGIN)

  Acute infections malaria, septicaemias, viraemias, 
hepatitis, trypanosomiasis, brucellosis, 
toxoplasmosis, typhus

  Subacute, chronic 
infections

tuberculosis, brucellosisa, syphilis, 
hydatid, meningococcal septicaemia, 
histoplasmosis, bacterial endocarditis

  Miscellaneous megaloblastic anaemia, iron defi ciency 
anaemia, immune thrombocytopenia, 
rheumatoid arthritisa, hyperthyroidism, 
myeloma, disseminated lupus 
erythematosus, sarcoidosisa, amyloidosis

GENERALLY MODERATE (5–10 CM BELOW THE COSTAL 
MARGIN)

  Chronic haemolysis recurrent malariaa, 
haemoglobinopathies, spherocytosis

  Portal hypertensiona hepatic cirrhosis

  Haematological 
malignancies

chronic lymphocytic leukaemiaa, 
lymphomasa, acute leukaemias, 
polycythaemia vera

USUALLY GROSS (>10 CM BELOW THE COSTAL MARGIN)

  Hyperreactive malarial splenomegaly (HMS)a

  Schistosomiasisa

  Kala-azara

  Thalassaemia majora

  Haematological 
malignancies

chronic granulocytic leukaemia, 
myelofi brosisa

  Miscellaneous splenic cysts and tumours, lipid storage 
diseases

aThese conditions are commonly associated with hypersplenism.
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control of parasitaemia and in infl ammatory reactions. Interleu-
kin 10 (IL-10) is also raised, and modulates the infl ammatory 
responses. Low IL-10 concentrations have been found in African 
children with severe malaria, and it has been suggested that a 
failure of IL-10 may allow the uncontrolled actions of TNF in 
promoting dyserythropoiesis and erythrophagocytosis.

Disturbed marrow function is reversed by successful antima-
larial treatment, which is followed by a brisk reticulocytosis and 
rise in Hb.

Haemoglobinuria and blackwater fever

The majority of patients presenting with haemoglobinuria seen 
today are G6PD defi cient and have been treated with oxidant 
drugs (see below). However, some are G6PD normal and the 
trigger to severe intravascular haemolysis cannot be found. In the 
past patients were not infrequently seen with blackwater fever. 
Typically such a patient was a non-immune adult expatriate who 
had been taking quinine irregularly as prophylaxis. The patient 
complained of loin pain, vomiting and diarrhoea; initially there 
was polyuria, but later oliguria with dark-brown or black urine. 
There was tender hepatosplenomegaly, jaundice and profound 
anaemia; malarial parasites were scanty or even absent. There was 
massive haemoglobinuria and all other features of intravascular 
haemolysis (see Table 13.11). The mechanism was probably 
quinine-induced immune haemolysis. Blackwater fever is increas-
ing in incidence as quinine comes back into use, and may be 
triggered also by mefl oquine, artemisinin and halofantrine.

Malaria in the partially immune

Where malaria is endemic, older children and adults experience 
recurrent malarial parasitaemia contained by acquired immunity, 
with moderate haemolysis and compensatory erythroid hyperpla-
sia. This contributes largely to the mean Hb being about 20 g/L 
lower than accepted reference fi gures in both sexes in many com-
munities.3 There is moderate anisocytosis, macrocytosis and poly-
chromasia. The balance between haemolysis and erythroid 
hyperplasia is disturbed during pregnancy (see below), after sple-
nectomy and immune anergy, for example from malignant disease, 
and with hyperreactive malarial splenomegaly (HMS) (see below).

HIV infection is associated with increased parasite densities 
and incidence of clinical malaria, which has signifi cance particu-
larly during pregnancy (see below).20

Leukocytes in malaria

Lymphocytes

From about the 3rd day of fever onwards, there are, in the periph-
eral blood, numerous transformed lymphocytes or plasmacytoid 
cells with dark blue cytoplasm and large nuclei with nucleoli. 
These are activated B cells. Sometimes in African children a leu-
kaemoid reaction is seen, diffi cult to distinguish on simple blood 
fi lm examination from acute lymphoblastic leukaemia.21

Neutrophils

Many patients with acute malaria show a neutropenia due to 
margination to the endothelial surface of neutrophils in the cir-
culation. During recovery from uncomplicated malaria there is 
often a leukocytosis with a shift to the left, toxic granulation, 
vacuolation and ragged cytoplasm. A neutrophil leukocytosis is 
seen often in reaction to secondary infections, and carries a poor 
prognosis.18 Rarely, there is a myeloid leukaemoid reaction, with 
an extremely high neutrophil count and shift to the left as far as 
myelocytes or promyelocytes and blast cells.21

Eosinophils

The eosinophil count is low during acute malaria, even if the 
initial count is high in response to helminthic infections. During 
recovery, there may be an eosinophilia.21

Monocytes

The monocyte count is raised; the cells are frequently vacuolated, 
and erythrophagocytosis and malarial pigment may be seen. The 
examination of monocytes in a thin blood fi lm is most valuable 
in diagnosis as malarial pigment persists for several days after the 
clearance of parasitaemia; pigment remains in bone marrow mac-
rophages for up to 20 weeks after infection.

Disorders of haemostasis in malaria

Platelets

The platelet count is reduced regularly in acute malaria; 
for example, in 105 Nigerian children with malaria, the mean 
platelet count was 132 × 109/L, as compared with 234 × 109/L in 
the same subjects 12 days later after receiving treatment with 
chloroquine. However, severe thrombocytopenia (<50 × 109/L) 

A B

Figure 13.3 (A) and (B) 
Dyserythropoiesis: a term used to describe 
specifi c morphological changes in bone 
marrow which usually denotes ineffective 
erythropoiesis. These changes include 
cytoplasmic vacuolation, basophilic 
stippling, intracytoplasmic bridges, nuclear 
fragmentation (karyorrhexis), incomplete 
and unequal nuclear division and 
multinuclearity.

Anaemia
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was observed in only 5%. Platelet survival is reduced to 2–4 days; 
probable mechanisms include reduced membrane sialic acid 
leading to rapid clearance, an immune mechanism involving anti-
platelet IgG and hypersplenism. There may be some megakaryo-
cyte dysfunction with the release of giant platelets, but usually 
megakaryocytes are numerous, normal in appearance and actively 
budding in the bone marrow. Platelet function is enhanced gener-
ally, including aggregation induced by ADP, adrenaline, thrombin 
and thromboxane A2 (TXA2).18,22

Coagulation

AT III levels are reduced in proportion to the severity of the para-
sitaemia. PT may be prolonged as a consequence of hepatic 
dysfunction.

In a small proportion, for example <10% of Thai adults, acute 
malaria may be complicated by disseminated intravascular coagu-
lation (DIC). The process is triggered by the release of thrombo-
plastin during massive haemolysis, toxic destruction of endothelium 
and the activation of complement. DIC is reversed usually follow-
ing active antimalarial therapy: patients may require transfusion 
with fresh whole blood, or even exchange transfusion; the use of 
heparin is controversial.18,21

Management of severe malarial anaemia

The management of acute malaria and its complications is dis-
cussed in Chapter 73. Malarial anaemia generally responds to 
antimalarial therapy, but is a major cause of morbidity and of 
mortality. In different series, between 10% and 16% of all deaths 
in childhood in Africa have been attributed to malarial anaemia, 
but these are certain to be underestimates.

In the past, there has been far too great a willingness to treat 
malarial anaemia by blood transfusion. With the advent of HIV in 
Africa, many thousands of children have been treated successfully 
for anaemia, but at the cost of developing AIDS later. Even where 
blood donations are screened for anti-HIV, donors may be in the 
window between infection and seroconversion, so that more strin-
gent criteria for transfusion must be applied, which will prevent 
mortality from anaemia but minimize the transmission of HIV.15,19

1. Hb >50 g/L with or without respiratory distress: intravenous 
normal saline in aliquots of 10 mL/kg.

2. Hb 40–50 g/L without respiratory distress: intravenous saline 
as above, with careful monitoring and reviewing over 48 h.

3. Hb <50 g/L with respiratory distress or impaired conscious-
ness: transfusion of whole blood 20 mL/kg, without a diuretic; 
with mild distress (nasal fl aring) transfuse over 4–6 h; with 
severe distress, transfuse 10 mL/kg over 1 h and the remaining 
10 mL/kg over the next 2–4 h.

4. Hb <40 g/L with or without respiratory distress: transfuse as 
in (3).

Malaria in pregnancy

There is a reduction in resistance to malaria during pregnancy.23 
The mechanisms of increased susceptibility may include (1) a 
physiological suppression of cell-mediated immunity, (2) high 
serum cortisol and oestrogen concentrations, (3) cytoadherence 
of parasites in the placenta,24 leading to intense infection within 
the placenta and extensive placental damage, and (4) a higher risk 
of mosquito bites during pregnancy.25 Humoral immunity to 

malaria is unaltered. The presentation of malaria during preg-
nancy varies enormously according to the woman’s previous expo-
sure and level of acquired immunity to malaria.25,26

Women with no or low levels of acquired immunity to malaria, 
if infected during pregnancy, suffer from severe malaria, frequently 
complicated by cerebral malaria, renal failure, blackwater fever, 
profound anaemia and DIC. Women of all ages and parities are 
affected equally. Maternal and fetal morbidity and mortality are 
heavy.

In women who live where malaria is stable (hyper- or holoen-
demic), and who have acquired high levels of immunity to P. 
falciparum, the frequency and density of parasitaemia rise to pla-
teaux early in the second trimester, especially in primigravidae, or 
women in their second pregnancies to a lesser extent. The densities 
of parasitaemias do not reach levels seen in early childhood, and 
the women are generally asymptomatic or have mild symptoms 
only. However, there is haemolysis and anaemia, seen most com-
monly in the mid-second trimester and in primigravidae. Com-
pensatory erythroid hyperplasia leads to high demands for folate, 
demands which are already increased because of pregnancy. The 
haemolytic process is often complicated by megaloblastic eryth-
ropoiesis, and profound anaemia follows.

The frequency of palpable splenomegaly increases during preg-
nancy in all gravida classes, and a peak spleen rate about double 
that of non-pregnant women can be reached at around 16 weeks’ 
gestation. Even higher spleen rates (e.g. 70% in Nigeria) are seen 
in anaemic pregnant women; in Nigeria about 25% of severe 
anaemias in pregnancy were complicated by HMS (see below) and 
hypersplenism. About 5% of women in the same series had a 
severe haemolytic process, which was not controlled by antima-
larials but responded to prednisolone and was presumed to be 
due to an immune process triggered by malaria.26,27

The presentation of malaria in pregnancy is intermediate 
between the two patterns where malaria is unstable (mesoen-
demic), as for example in Thailand and Zambia.

Patterns of resistance to malaria during pregnancy are further 
complicated by co-infection with HIV; in Malawi, for example, 
women attending antenatal clinic for the fi rst time during their 
present pregnancy were found to be around 30% HIV-infected and 
more than 40% with malarial parasitaemia. HIV positivity in preg-
nancy was associated with increased prevalence and density of P. 
falciparum parasitaemia and placental infection, increased inci-
dence of clinical malaria and decreased effectiveness of prophy-
lactic antimalarials, in women of all parities.28

The peripheral blood picture of malarial plus folate defi ciency 
anaemia in pregnancy is characterized by great anisocytosis, mac-
rocytosis and polychromasia with or without nucleated red cells, 
but no poikilocytosis; there is a reticulocytosis; malarial parasites 
are usually absent or scanty. The white cell count is variable and 
there may be a myeloid leukaemoid reaction; the expected hyper-
segmentation of folate defi ciency is often masked by a shift to the 
left. The bone marrow shows megaloblastic changes which may 
be gross; malarial pigment is present in the macrophages; iron 
stores tend to be increased unless there is concurrent iron defi -
ciency. Maternal and fetal morbidity and mortality are extremely 
high (see Anaemia: pathophysiology).

Blood transfusion is indicated only if the patient is in incipient 
or established cardiac failure, or if the patient is approaching 
delivery with an Hb <70 g/L.17 Anaemia responds rapidly in most 
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patients following antimalarial therapy and folic acid; the haema-
tocrit tends not to rise, but remains steady in patients with HMS;26 
in the few patients with immune haemolysis the haematocrit rises 
rapidly following treatment with prednisolone 60 mg/day for 1 
week, 45 mg/day for 1 week and 30 mg/day maintenance in three 
divided doses, up to about 36 weeks’ gestation.27

Malaria and anaemia can be effectively prevented by the admin-
istration of prophylactic antimalarials and folic acid supplements 
to pregnant women.26 There are, however, great problems in the 
delivery of effective regimens to more than the few who attend 
antenatal clinics regularly: malaria chemoprophylaxis (Maloprim) 
has been given by traditional birth attendants in The Gambia, with 
benefi cial effects on parasite rates, the haematocrit and birthweight, 
especially in primigravidae and also grandes multigravidae.29

Administration of sulfadoxine/pyrimethamine (Fansidar®) in 
two or more intermittent doses from fi rst attendance to the third 
trimester has the advantages of practicality and cost-effectiveness, 
and results in higher maternal Hb, decreased placental malaria 
and decreased low birth weight. This strategy should be applicable 
in remote communities.30

The effi cacy of insecticide-impregnated bed nets (IIBN) (see 
Chapter 73) during pregnancy, alone or in combination with 
prophylactics, in the reduction of malaria and its consequences 
for mothers and infants, needs research in the fi eld, as reports so 
far are contradictory.

The prevention of malaria in pregnancy in endemic areas has 
focused on fi rst (or second) pregnancies as being the worst affected. 
With the advent of HIV, however, more attention should be given 
to multigravidae as well, because HIV infection decreases the 
ability to control malaria in women of all parities, and it is pos-
sible that malaria infection may also increase vertical transmission 
of HIV.31

Hyperreactive malarious splenomegaly

In malarious areas a varying proportion of children (and non-
immune adult visitors) have splenomegaly associated with inter-
mittent parasitaemia, and regressing with the gradual acquisition 
of relative immunity. In some, however, the spleen does not regress 
but enlarges progressively with increasing age. This condition is 
known as hyperreactive malarious splenomegaly (HMS) (see also 
Chapter 73), and was previously called the tropical splenomegaly 
syndrome (TSS). Its defi ning features are: (1) residence in a malar-
ious area; (2) chronic splenomegaly, often massive; (3) serum IgM 
elevated to more than 2 standard deviations above the local refer-
ence mean; (4) high malarial antibody titres; (5) hepatic sinusoi-
dal lymphocytosis; and (6) clinical and immunological response 
to long-term antimalarial prophylaxis.32,33

Pathophysiology

Central to the pathophysiology of HMS is the overproduction of 
IgM in response to recurrent infection by P. falciparum, P. malariae 
or P. vivax. There is familial and ethnic clustering suggesting a 
genetic basis. It is seen most often in groups who have migrated 
relatively recently to endemic malarial areas, and so are likely to 
lack genetic polymorphisms which confer partial protection 
against malaria. Such polymorphisms could include HLA-linked 
genetically controlled processing of malarial antigens and anti-
body production.34,35 During acute malaria, there is transient pro-

duction of IgM lymphocytotoxic antibodies which are specifi c for 
activated suppressor T lymphocytes (CD8+), which normally 
downregulate synthesis of IgM by B cells. It has been shown in 
Indonesian patients with HMS that these lymphocytotoxic anti-
bodies persist, with consequent imbalance between helper T cells 
(CD4+) which are normal, and suppressor T cells which are greatly 
reduced, so that there is a lack of inhibition of B cell activity.36 
Recurrent antigenic and mitogenic stimuli from malaria to the B 
cells result in gross overproduction of polyclonal IgM, of which 
only a small part has antimalarial specifi city. The IgM forms aggre-
gates (cryoglobulins) and immune complexes. These are phago-
cytosed by the RES, including the macrophages of the liver (Kupffer 
cells), spleen and bone marrow, stimulating macrophage hyper-
plasia and T cell proliferation, seen as hepatic sinusoidal infi ltra-
tion and the lymphocytosis of spleen and bone marrow. 
Overproduction of IgM and its complexes precedes and is the 
stimulus to progressive and eventual massive splenomegaly and 
hepatomegaly. Pancytopenia of variable severity results from 
hypersplenism. The apparent anaemia is caused mainly by 
the expansion of plasma volume (up to 130 mL/kg) and seques-
tration of up to one-third of the total red cells in the spleen (see 
Figure 13.1D). There is haemolysis of cells pooled in the spleen, 
and erythrophagocytosis mediated by the adsorption of immune 
complexes; haemolytic crises are associated with pregnancy and 
infection. Patients are liable to frequent and prolonged infections 
related to neutropenia and disturbed immune function.37,38

Distribution and clinical presentation

HMS has been described in Africa (Nigeria, Uganda, Kenya and 
Zambia), western Asia (Aden), the Indian subcontinent (Bengal, 
Sri Lanka), South-east Asia (Vietnam, Thailand, Indonesia), 
Oceania (Papua New Guinea) and South America (Amazon 
basin). High incidences are reported in the Fulani in northern 
Nigeria, Rwandan immigrants in Uganda, the Angas of Upper 
Watut Valley and the related Menya of Tauri Valley (Papua New 
Guinea), and the Yanomani in Venezuela. Prevalence rates of over 
50% have been reported only in the Papua New Guinea groups 
and the Indonesians of the island of Flores.32–38

Presentation is usually in young to middle-aged adults, but can 
occur as early as 8 years of age and in old age. In some series 
women have outnumbered men, but in others there is an equal 
sex incidence. Patients complain most commonly of abdominal 
swelling and a dragging feeling or pain from the enlarged spleen. 
The spleen may be huge, reaching to the left iliac fossa and across 
the midline. There is usually hepatomegaly. Lymphadenopathy is 
not a feature.33,36

Haematology

The anaemia is generally moderate, but may be severe during 
pregnancy or following acute infections; it is normocytic, but there 
may be macrocytosis and polychromasia with a reticulocytosis. 
The total WBC is generally low, with granulocytopenia. However, 
in West Africa in about 10% of patients, there is a lymphocytosis 
which may mimic chronic lymphocytic leukaemia (CLL). There is 
a mild thrombocytopenia, but not usually suffi cient to lead to 
haemorrhage. Malarial parasites are absent as a rule. Sickle cell 
trait confers signifi cant but partial protection against the develop-
ment of HMS.

Anaemia
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The bone marrow shows hyperactivity of erythroid, granulocyte 
and megakaryocyte lines. Megaloblastic changes are rare. An excess 
of normal lymphocytes is observed in West African patients. The 
frequency of depleted iron stores is not different from that of the 
population. Malaria pigment is not seen.33,37

Diagnosis

The defi ning feature is excessively high serum IgM. When there is 
a leukaemoid reaction, HMS may be distinguished from CLL by 
(1) the absence of lymphadenopathy, (2) the high serum IgM, 
whereas levels are lower than normal in CLL except when there is 
a monoclonal paraprotein, (3) normal lymphocyte transforma-
tion with phytohaemagglutinin (PHA), whereas transformation is 
reduced in CLL, (4) polyclonal lymphoproliferation and poly-
clonal Ig heavy chain gene rearrangement, as compared with 
monoclonal proliferation in CLL.32,33,37,39

Prognosis

The condition appears benign in most patients when seen fi rst, 
but there is a high mortality without treatment; for example 46% 
over 15 years rising to nearly 90% in those with gross spleno-
megaly in the Upper Watut Valley. Death is usually from acute 
bacterial or other overwhelming infections.38

Some patients show a haematological and immune status sug-
gestive of transition to a clonal lymphoproliferation, sometimes 
called ‘African CLL’ or ‘tropical splenic lymphoma’ (see ‘Chronic 
lymphocytic leukaemia’). It is probable that the polyclonal expan-
sion of B lymphocytes provides targets for somatic mutation, 
followed by selection of a single clone. A previous suggestion that 
‘African CLL’ was splenic lymphoma with villous lymphocytes 
(SLVL) has not been supported as the cells have an origin from 
naive B cells:40 surface markers of cells from a small series of 
Zambian patients are consistent with B cell prolymphocytic leu-
kaemia.41 Multicentre studies into the nature of HMS and its 
transition to malignancy are much needed.

Management

The treatment of choice is the administration of antimalarial che-
moprophylaxis for life. The choice of prophylactic depends on the 
local pattern of sensitivity of the malarial parasites: proguanil has 
been the most effective agent in tropical Africa. After about 3 months 
of treatment, there is a steady decrease in splenomegaly over many 
months and a return of all immunological and haematological 
parameters to normal. Failure of treatment suggests non-compli-
ance, ineffectiveness of the prescribed antimalarial prophylactic, 
malignant transformation or incorrect diagnosis. Non-compliance 
leads to relapse, morbidity and increased mortality.

There is no place for splenectomy, despite the immediate 
improvement it causes, because of high operative and later mortal-
ity, the transfer of disease from splenomegaly to hepatomegaly, 
and the need in any case for lifelong antimalarial prophylaxis to 
prevent acute malaria.33,37

Other protozoa

Visceral leishmaniasis

Infection by Leishmania donovani (see also Chapter 77) is followed 
by hyperplasia of macrophages and lymphocytes, massive produc-

tion of IgG and progressive hepatosplenomegaly (kala-azar). The 
size of the spleen is related directly to the duration of infection 
and to the severity of pancytopenia.21,42 Anaemia is due primarily 
to hypersplenism (expansion of plasma volume, haemodilution, 
splenic sequestration and haemolysis) (see Figure 13.1D). There 
are plasma cold anti-I agglutinins, the adsorption of IgG by red 
cells and the fi xation of complement, but no convincing evidence 
that autoimmune haemolysis contributes to the severity of 
anaemia in kala-azar.43 Dyserythropoiesis and ineffective erythro-
poiesis have a role in the causation of anaemia in at least some 
patients.44 In India about half of patients are reported to have 
moderate to severe megaloblastosis, due to folate defi ciency sec-
ondary to increased demands from haemolysis.45 Pancytopenia is 
particularly severe in subjects who are also infected by HIV.

In the early stages there may be leukocytosis with a shift to the 
left, but neutropenia becomes increasingly severe with advancing 
disease. Neutrophil function has been reported to be normal by 
some, but Italian workers have reported reduced phagocytic and 
bactericidal activity.46 Neutropenia may become profound: chil-
dren in particular are liable to secondary bacterial infections, or 
the development of cancrum oris. The eosinophil count is reduced; 
lymphocyte and monocyte counts are raised and occasionally 
there may be leukaemoid reactions.21

Platelets are sequestered in the spleen and platelet survival is 
short: thrombocytopenia may be suffi ciently severe to cause 
mucosal bleeding but cutaneous purpura is unusual. Hepatic dys-
function can lead to hypoprothrombinaemia with prolonged 
coagulation time and PT. There is increased fi brinolytic activity 
and reduced fi brinogen concentration in some patients with 
advanced disease.21 Immune complex-mediated vasculitis and 
DIC have been reported from Sudan.47

The bone marrow is usually hyperplastic and often megaloblas-
tic, with increased erythroid, granulocytic and megakaryocytic 
activity; lymphocytes and plasma cells are numerous, as are mac-
rophages, many of which contain Leishman–Donovan bodies. In 
long-standing chronic kala-azar there may be bone marrow hypo-
plasia and fi brosis; gelatinous transformation of bone marrow has 
been described in one patient.48 Pure red cell aplasia has been 
reported, which could have been due to coincidental infection by 
parvovirus B19.49

Successful treatment of leishmaniasis is followed by regression 
of the spleen and a return to haematological normality over 9 
months following cure. The Hb response may be delayed due to 
the anaemia of chronic disorder (see below).50,51

Trypanosomiasis

African trypanosomiasis (see also Chapters 75 and 76) is accom-
panied by a haemolytic anaemia, which is usually moderate but 
may be severe.21 Haemolysis has several mechanisms: (1) trypano-
somes release haemolysins, which enable the parasites to utilize 
haem and other nutrients from the red cells; (2) there is adsorp-
tion of IgM immune complexes on to red cells with fi xation of 
complement, and the sensitized red cells are phagocytosed 
throughout the RES; and (3) there is hypersplenism. There is a 
moderate leukocytosis, with raised lymphocyte and monocyte 
counts, but a neutropenia from hypersplenism. Thrombocytope-
nia is usual during acute infections, and may be profound due to 
hypersplenism. With Trypsanosoma brucei rhodesiense infections 
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there is, in addition, platelet aggregation and destruction, and in 
some patients DIC.

In infections with T. cruzi (American trypanosomiasis, Chagas’ 
disease) there may be a normocytic anaemia, leukocytosis, lym-
phocytosis and hypoprothrombinaemia.

Toxoplasmosis

There is a high rate of transmission of Toxoplasma gondii in child-
hood in the developing countries, causing only mild disease 
generally; some patients may have a persistent lymphocytosis 
with atypical mononuclear cells like glandular fever cells and a 
thrombocytopenia.21 Congenital toxoplasmosis is rare as women 
are almost invariably immune. Severe and congenital toxoplasmo-
sis may be seen more commonly as a result of the AIDS 
pandemic.

Amoebiasis

Patients with chronic disease have a hypochromic microcytic 
anaemia as a result of either chronic blood loss and iron defi ciency, 
and/or the anaemia of chronic disorders. Neutrophil leukocytosis, 
sometimes amounting to a leukaemoid reaction, is associated with 
perforation of the bowel, peritonitis, secondary bacterial infections 
and amoebic liver abscesses. Hepatic disease results in prolonged 
PT and excessively high serum vitamin B12 levels.

Giardiasis

Acute diarrhoea due to Giardia lamblia causes a malabsorption of 
folate, whereas about half of the patients with chronic infections 
have impaired absorption of vitamin B12 which is multifactorial, 
including damage to ileal receptors, utilization of the vitamin by 
the parasite, and bacterial overgrowth of the bowel.21

Haemoglobinopathies

The inherited disorders of haemoglobin synthesis, the haemoglo-
binopathies, form by far the largest group of single-gene disorders 
in the world population, and also the largest group of genetically 
determined anaemias. There are hundreds of millions of carriers, 
and each year 200 000–300 000 severely affected homozygotes or 
compound heterozygotes are born.52,53

In many of the developing countries, where there is still a very 
high mortality from infection and malnutrition in the fi rst years 
of life, these conditions are not yet recognized as important public 
health problems. However, once economic conditions improve 
and the infant death rates fall, the genetic disorders of haemoglo-
bin will start to place a major burden on the health services. They 
occur most frequently in Asia, Africa and the Mediterranean region 
and in the immigrant population from these areas, but can be 
encountered in every ethnic group.

Normal human haemoglobins

The oxygen-carrying pigment in the RBC of vertebrates is haemo-
globin, a globular protein molecule (molecular weight 64 450), 
made up of four subunits (Figure 13.4). Each subunit contains a 
haem moiety (iron-containing porphyrin) conjugated to a poly-
peptide (globin) chain. The four polypeptide chains consist of two 
identical pairs each of over 140 amino acids. One pair belong to 
the α family (α or ζ chains) and other to the β family (β, γ, δ or 
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Figure 13.4 The structure of haemoglobin. Diagrammatic 
representation of adult haemoglobin (HbA) showing four subunits. 
There are two α and two β polypeptide chains, each containing a 
haem moiety, represented by disks.

ε chains). The productions of the α and β families are controlled 
by gene clusters on chromosome 16 and chromosome 11, respec-
tively (Figure 13.5).

The embryonic haemoglobins consist of Hb Gower 1 (ζ2ε2), 
Hb Portland (ζ2γ2) and Hb Gower 2 (α2ε2). They are produced in 
the yolk sac before the tenth week of embryonic–fetal life. Fetal 
haemoglobin (HbF) is α2γ2: it has a higher oxygen affi nity than 
the adult haemoglobin and hence allows effi cient extraction of 
oxygen from the maternal circulation. It is produced by the liver 
and spleen from about the 10th week of fetal life and declines 
from about the 30th week to reach the adult level by 1–2 years of 
age (see Table 13.2). In certain pathological conditions, the 
embryonic and fetal globin chain synthesis persists to a later 
period.

In the adult, two types of haemoglobin are present – HbA and 
HbA2 – constituting 95% and 1–3% respectively. HbA is com-
posed of two α and two β chains (α2β2), and HbA2 of two a and 
two γ chains (α2γ2). The α chain consists of 141 amino acid resi-
dues, and the β chain contains 146 amino acid residues. The γ 
chain also has 146 amino acids but 10 individual residues differ 
from those in the β chains. HbA is detectable at the eleventh week 
of fetal life. By the 18th week of gestation, it comprises approxi-
mately 8%. It replaces HbF during late gestation and infancy, 
reaching adult levels by 6 months of age. HbA2 begins to appear 
at birth and increases over the 2 years of life. Because it is present 
in such low concentrations, it is of no practical use as an oxygen 
carrier. However, it is a useful diagnostic tool for evaluating 
patients with certain types of thalassaemia.

Inherited disorders of haemoglobin synthesis

The mutations leading to abnormalities of haemoglobin synthesis 
may result from either a deletion of a gene or part of the gene, as 
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seen in most α thalassaemias, or may result in a single base change 
(point mutation), as seen in most β thalassaemias. In point muta-
tions there is a deletion, substitution or insertion of one or two 
bases in the nucleotide strand of the gene. The haemoglobinopa-
thies are inherited in a single Mendelian codominant fashion: the 
carriers are relatively symptom free and the homozygotes manifest 
the disease.

The main genetic disorders of haemoglobin productions are 
due to: (1) either a complete absence or reduced production of 
α or β polypeptides chains, the thalassaemias, or (2) a structural 
defect of the polypeptide chains, the haemoglobin variants, 
leading to instability of the molecule or abnormal oxygen trans-
port. In addition, there is a harmless group of mutations which 
interfere with the normal switching of fetal to adult haemoglobin 
production, called hereditary persistence of fetal haemoglobin 
(HPFH).

The common thalassaemias are the β thalassaemias, when 
there is a defective rate of synthesis of β chains, and the α thal-
assaemias, when there is defective synthesis of α chains. Of the 
structural defects, variants of the β chain are the most common 
and clinically important: they include HbS, HbC, HbD, HbE and 
HbO, which occur in certain populations at polymorphic frequen-
cies. These populations all live in regions where P. falciparum 
malaria is or was endemic or are migrant populations from these 
areas. On geographical evidence, and in some instances demo-
graphic and parasitological evidence as well, it is thought that 
heterozygous inheritance of these abnormalities of haemoglobin 
synthesis renders the red cell less favourable than normal for 
the development of malarial parasites. Carriers enjoy, therefore, 
some protection against severe malaria, and hence survival and 
genetic advantages, which balance in the population the genetic 

disadvantages arising from the ill health and early deaths in the 
homozygotes.35,52,53

Thalassaemia syndromes

The thalassaemias are a heterogeneous group of disorders of hae-
moglobin synthesis, all of which result from an absent or a 
reduced rate of production of one or more of the globin chains. 
They are divided into α, β, δβ or γδβ thalassaemias according to 
which globin is defi cient. When globin chains are not synthesized 
at all, they are designated as α0 or β0 thalassaemias, and when 
globin chains are produced at a reduced rate, α+ or β+ thalassae-
mias. δβ and γδβ thalassaemias are always characterized by 
absence of chain synthesis: thus they are (δβ)0 and (γδβ)0 thal-
assaemias.

Because thalassaemias occur in populations in which structural 
haemoglobin variants are also common, it is not unusual for an 
individual to receive a thalassaemia gene from one parent and a 
gene for a structural variant from the other. Furthermore, both 
α and β thalassaemia occur commonly in some countries, and 
hence individuals may receive genes for both types. These differ-
ent interactions produce an extremely complex and clinically 
diverse series of genetic disorders, which range in severity from 
death in utero to extremely mild, symptomless hypochromic 
anaemia.

Clinically thalassaemias are classifi ed according to their severity 
into major, intermedia and minor forms. Thalassaemia major is 
a severe transfusion-dependent disorder. Thalassaemias interme-
dia are characterized by anaemia and splenomegaly but not so 
severe as to require regular blood transfusions. Thalassaemia 
minor is a symptomless carrier state.
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The b thalassaemias

The β thalassaemias are the most important types of thalassae-
mia because they are so common and produce severe anaemia 
in their homozygous and compound heterozygous states. They 
occur commonly in a broad belt ranging from the Mediterranean 
and parts of North and West Africa through the Middle East 
and the Indian subcontinent to South-east Asia (Figure 13.6). 
The disease is particularly common in South-east Asia, where it 
occurs in a line starting in southern China and stretching down 
through Thailand, the Malay Peninsula and Indonesia to the 
Pacifi c islands.

The carrier frequency for various forms of the disease ranges 
between 2% and 30%. About 3% of the world’s population, or 
over 150 million individuals, mostly in Asia, are carriers. Over 
50 000 infants are born annually with β thalassaemias major. In 
many of these regions β thalassaemia is a major public health 
problem and a drain on medical resources.

Molecular pathology

The molecular lesions responsible for the defective synthesis of 
the β chains are extremely heterogeneous: nearly 200 different 
mutations, mostly point mutations, can produce the clinical phe-
notype of β thalassaemia but only about 20 alleles account for 
90% of all β thalassaemia genes (Table 13.13).35,52–54

Pathophysiology

The basic molecular defect in β thalassaemia results in absent 
or reduced β chain production: α chain synthesis proceeds at 
the normal rate and hence there is an excess of α chains 
(Figure 13.7). In the absence of their partner β chains, α chains 
are unstable and precipitate in the red cell precursors, giving rise 
to large intracellular inclusions, demonstrable on methyl violet 
staining of the peripheral blood of splenectomized patients. In 

non-splenectomized individuals, the inclusions are diffi cult to 
demonstrate as they are removed during passage of RBC through 
the splenic sinusoids, generating fragments and teardrops. The 
inclusions have several detrimental effects on red cells. They inter-
fere with the division of RBC precursors causing ineffective eryth-
ropoiesis: they damage the cell membrane and contribute to the 
intramedullary death of red cells; and they disturb red cell 
deformability, interfering with the egress of cells from the bone 
marrow spaces. Red cells which do mature and enter the circula-
tion contain α chain inclusions, which interfere with their passage 
through the microcirculation particularly in the spleen, leading 
to their premature destruction. Thus the anaemia of β thalassae-
mia results from both ineffective erythropoiesis and a shortened 
red cell survival.

The anaemia is a stimulus for erythropoietin production, which 
causes a massive expansion of the bone marrow and leads to 
serious deformities of the skull and long bones. Because the spleen 
is constantly bombarded with abnormal red cells, it hypertrophies 
and the resulting splenomegaly gives rise to a massive increase of 
the plasma volume, which exacerbates an already severe degree of 
anaemia.

Normally HbF production decreases to a low level over the fi rst 
6 months of postuterine life. However, some adult red cells pre-
cursors retain the ability to produce a small number of γ chains. 
Because the latter can combine with excess α chains to form HbF, 
cells which make relatively more γ chains in the bone marrow of 
β thalassaemia are partially protected against the deleterious 
effects of α chain precipitation. Hence the red cell precursors 
which produce HbF are selected in the marrow, and there are 
relatively large amounts of HbF in the peripheral blood RBC. 
Because δ chain synthesis is unaffected the disorder is character-
ized by increased HbA2 production.

b Thalassaemia major

Clinical features
Patients with most severe forms of β thalassaemia present within 
the fi rst year of life with a failure to thrive, poor feeding, intermit-
tent fever and intercurrent infections. At this stage the affected 
infant is pale with splenomegaly. There are no other specifi c clin-
ical signs and the diagnosis depends on the haematology.

If the anaemia is not corrected the child will die of complica-
tions due to anaemia by the age of 5 years (Figure 13.8). If the 
anaemia is corrected with blood transfusions the erythropoietic 
drive is shut off, growth and development are normal and bone 
deformities do not occur. However, each unit of blood contains 
200 mg of iron; with regular transfusions there is a steady accu-
mulation of iron in the liver, endocrine glands and myocardium. 
Thus, although well-transfused thalassaemic children grow and 
develop normally until puberty, they die of iron overload unless 
steps are taken to remove iron.

The clinical picture in children who are inadequately trans-
fused is of growth retardation, progressive splenomegaly and 
hypersplenism, which causes a worsening of the anaemia, some-
times associated with thrombocytopenia and a bleeding tendency 
(Figures 13.7, 13.9). Because of the bone marrow expansion, 
there are deformities of the skull, marked bossing and overgrowth 
of the zygomata, giving rise to the classical facies of β thalassae-
mia (Figure 13.10). Expansion of medullary cavities by bone 
marrow and thinning of cortical bone in bones of arms, hands, 
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Figure 13.6 Areas of the Old World where β thalassaemias reach 
polymorphic frequencies. (Reproduced with permission of the 
publishers, from Fleming AF. In: Strickland GT, ed. Hunter’s Tropical 
Medicine, 7th edn. Philadelphia: WB Saunders; 1991:36–64.)
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Table 13.13 Some examples of point mutations in β thalassaemia

Mutant class Genotype Origin

I. NON-FUNCTIONAL mRNA

(a) Nonsense mutants

  Codon 17 (A–T) β0 Chinese

  Codon 15 (G–A) β0 Indian

  Codon 37 (G–A) β0 Saudi Arabian

  Codon 39 (C–T) β0 Mediterranean

(b) Frameshift mutants

  Codon 41/42 β0 Indian, Chinese, Sri Lanka

  Codon 8/9 β0 Indian, Sri Lanka

  Codons 71/72 β0 Chinese

  Codon 6 β0 Mediterranean

II. RNA PROCESSING MUTATIONS

(a) Splice junction alteration

  IVS1–1 (G–A) β+ Mediterranean

  IVS1–1 (G–T) β0 Indian, Chinese

  IVS1–5 (G–C) β+ Indians, Sri Lanka, Chinese, Mediterranean

  IVS2–1 (G–A) β0 American black, Mediterranean

(b) Creation of new splice signals in IVS

  IVS1–110 (G–A) β+ Mediterranean

  IVS2–654 (C–T) β0 Chinese

(c) Coding region substitution after the RNA processing

  Codon 26 (G–A) HbE SE Asian, Sri Lanka

  Codon 24 (T–A) β+ American black

III. TRANSCRIPTIONAL MUTATIONS

  −88 C–T β+ Indian

  −31 A–G β+ Japanese

  −28 A–G β+ Chinese

IV. RNA CLEAVAGE = POLYADENYLATION MUTANTS

  AATAAA-AACAAA β+ American black

V. CAP SITE MUTATIONS

  +1 A–C β+ Indian

VI. UNSTABLE GLOBINS DUE TO MISSENSE MUTATIONS

  Codon 112 β+ European

  Codon 10 β+ Japanese
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Figure 13.9 Typical features of a poorly transfused child with 
homozygous β thalassaemia, with severe wasting and an enlarged 
abdomen with a splenectomy scar. She is grossly iron loaded with a 
liver iron 30 mg/dry weight of liver, and has diabetes.

A

B

Figure 13.10 (A) Skull radiograph in β thalassaemia major, showing 
hair-on-end appearance which is the result of massive expansion of 
the bone marrow cavity. (B) Thalassaemia facies (with permission of 
the patient).

legs and feet lead to structural weakness and recurrent fractures 
(Figure 13.11). Osteoporosis is a major cause of morbidity.55 
They are prone to infection, which may cause a further drop in 
Hb. Because of the massive marrow expansion these children 
are hypermetabolic, run intermittent fevers and lose weight. Folic 
acid defi ciency develops because of low dietary intake, decreased 
absorption and the enormous demands for the vitamin by the 
expanded bone marrow: folate depletion leads to worsening of 
the anaemia. Because of the increased turnover of red cell pre-
cursors, hyperuricaemia and secondary gout occur occasionally. 
If these unfortunate children survive to puberty, they develop 
in addition the complications of iron loading: some of the iron 
accumulation results from an increased rate of gastrointestinal 
iron absorption as well as from transfused blood.

The prognosis for the poorly transfused thalassaemic children 
is bad. If they receive no transfusions at all they may die within 
the fi rst 2 years; if they are kept alive by a low transfusion regimen 
throughout early childhood, they usually succumb to an over-
whelming infection by 10 years. If they reach puberty, they die of 
the effects of iron accumulation with acute or chronic cardiac 
failure or diabetes.

In the well-transfused thalassaemic child, early growth and 
development are normal and splenomegaly is minimal. There is, 
however, gradual accumulation of iron and the effects of tissue 
siderosis start to appear by the end of the fi rst decade. The normal 
adolescent growth spurt fails to occur and hepatic, endocrine 
and cardiac complications of iron overloading produce a variety 
of problems including diabetes, hypoparathyroidism, adrenal 

insuffi ciency and progressive liver failure. Secondary sexual devel-
opment is delayed, or does not occur at all. The short stature and 
lack of sexual development may lead to serious psychological 
problems. By far the commonest cause of death, which usually 
occurs towards the end of the second or early in the third decade, 
is progressive cardiac damage. Patients die ultimately either from 
protracted cardiac failure or suddenly from an acute arrhythmia. 
The use of intensive chelation may prevent or delay this distress-
ing termination (Figure 13.8).
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Haematological changes
There is always a severe anaemia and the Hb value on presentation 
ranges from 20 to 80 g/L. The mean cell Hb (MCH) and the MCV 
are reduced (MCH 12–18 pg; MCV 50–60 fL). RBC show variation 
in size (anisocytosis) with both microcytes and macrocytes; varia-
tions in shape (poikilocytosis) with target cells, teardrops, micro-
spherocytes and fragmented cells (schistocytes); hypochromia; 
blue-stained red cells (polychromasia), stippling (punctate 
basophilia) and nucleated RBC (Figure 13.12). In the post-
splenectomy fi lm many of the nucleated and mature red cells 
show ragged inclusions after incubation of blood with methyl 
violet. The reticulocyte count is slightly elevated. The white cells 
and platelets are normal, unless there is hypersplenism when they 
are reduced, or the white cells are raised during infection. Bone 
marrow shows marked erythroid hyperplasia with a myeloid/ery-
throid (M/E) ratio of unity or less. Many red cell precursors show 
ragged inclusions after incubation of the marrow with methyl 
violet. Serum bilirubin is raised and haptoglobins are absent. Red 
cell survival is shortened. The serum iron rises progressively and 
the iron binding capacity is saturated. Plasma ferritin is high and 

the liver biopsy shows a marked increase in iron in both RES and 
parenchymal cells (Figure 13.13).
Haemoglobin changes
HbF level is always elevated. In β0 thalassaemia there is no HbA 
and the haemoglobin consists of HbF and HbA2 only. In β+ thal-
assaemia some HbA is present, and the level of HbF ranges from 
30% to 90% of the total; the HbA2 level is usually normal.
Management
The management of β thalassaemia major needs a multidisci-
plinary team, which should include (1) dedicated physicians 
who give continuity of care, (2) dedicated nurses to allow the 
critically important relationship to develop with each patient, 

Figure 13.11 X-ray of the hand of a homozygous β thalassaemia 
patient showing the lace-like appearance, and the thinning of cortical 
bone.

Figure 13.12 Peripheral blood fi lm in β thalassaemia major, 
showing gross hypochromia, numerous target cells and nucleated red 
cells.

Figure 13.13 Histological appearance of the liver in homozygous β 
thalassaemia showing gross iron deposition.

Anaemia
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(3) other specialists such as cardiologists, endocrinologists, oph-
thalmologists, orthopaedic surgeons, general surgeons, hepatolo-
gists, neurologists, obstetricians and psychologists and (4) social 
workers.

The principles of management are (1) a regular blood transfu-
sion regimen, (2) the administration of chelating agents to reduce 
iron overload, (3) splenectomy when hypersplenism develops, (4) 
folic acid supplementations, 1 mg per day, (5) psychological and 
fi nancial support, (6) bone marrow transplantation and (7) 
genetic counselling.
Blood transfusion
The decision to initiate regular transfusions in patients with β 
thalassaemia may be diffi cult and should be based on the presence 
and severity of symptoms and signs of anaemia, including failure 
of growth and development. Even when the Hb is 70 g/L, if the 
child has no symptoms of anaemia and is thriving the patient 
need not be transfused.

It is important to have an accurate diagnosis prior to starting 
treatment. The clinical and haematological diagnosis should be 
confi rmed by DNA studies whenever possible. This is mainly to 
distinguish β thalassaemia major from thalassaemia intermedia 
and to permit prenatal diagnosis in subsequent pregnancies. 
Countries where facilities for DNA studies are not available embark 
on regular blood transfusion to all the phenotypical thalassae-
mics, thus giving unnecessary transfusions to thalassaemia inter-
media patients and increasing the fi nancial burden to the country 
unnecessarily.

The current recommendation for thalassaemia major is to 
maintain a pre-transfusion Hb concentration at 95–100 g/L. This 
prevents chronic hypoxaemia, reduces compensatory marrow 
hyperplasia, promotes normal physical activity and growth, pre-
vents bone changes, hypersplenism and hypervolaemia, and 
reduces gastrointestinal iron absorption. The post-transfusion Hb 
should not rise above 155 g/L, as higher Hb levels raise blood 
viscosity, reduce tissue oxygenation and increase the risk of throm-
bosis, especially in the presence of other risk factors such as infec-
tions, metabolic acidosis, diabetes, or high platelet count following 
splenectomy. Higher Hb levels also increase blood consumption 
and accelerate iron overload. This regimen requires blood to be 
given at 4- to 6-weekly intervals throughout the patient’s life.

Unless one gives good-quality and safe blood, patients are 
exposed to risks of: (1) alloimmunization against donor red cell, 
platelet and white cell antigens, (2) allergic reactions to plasma 
and (3) transmission of infections. The aim is to give red cells with 
the smallest possible amount of white blood cells or plasma. 
Antibody reactions manifest as fever during or 8 h after transfu-
sions without any other apparent cause. Allergic reactions to 
plasma show as urticaria during the transfusion. Leukocytes can 
also transmit leukocyte-borne viruses, including cytomegalovirus 
(CMV), Epstein–Barr virus (EBV), hepatitis B and C viruses (HBV, 
HCV) and human T-lymphotropic virus type 1 (HTLV-1). Leuko-
cytes induce graft-versus-host disease and may be immunosup-
pressive. Therefore, it is best to give packed red cells via 
leukodepleting fi lters as this removes 99.9% of the white cells and 
platelets. An Italian and a Greek study showed that by using fi lters 
there was a 90% reduction of febrile illness in thalassaemias. 
Transmission of HBV, HCV, HIV, HTLV-1, syphilis and malaria are 
reduced to a minimum through donor selection, donor screening 
and immunization of the patient against HBV.

The volume of blood to transfuse is calculated according to the 
patient’s weight, Hct of the available blood preparation and the 
patient’s pre-transfusion Hb level. The rate at which blood can be 
transfused without overloading the circulation depends on the 
patient’s Hb level and cardiovascular status. If there is no cardiac 
problem, it is acceptable to give 5–7 mL of packed red cells/kg 
body weight per hour. If cardiac failure is present it is advisable 
to give 2 mL/kg per hour. Hypertension, convulsions and cerebral 
haemorrhage have been observed in patients whose Hb is raised 
rapidly, especially when they were maintained at a very low Hb 
level.

It is important to evaluate the annual mean Hb level and the 
annual red cell consumption. The usual red cell consumption for 
splenectomized patients with a mean Hb of 120 g/L ranges from 
100 to 200 mL/kg per year. An unsplenectomized patient may 
consume 130–240 mL/kg per year. If the consumption of red cells 
is higher than this, the cause should be identifi ed and corrected. 
The main causes of increased blood consumption are hypersplen-
ism, red cell incompatibility and poor quality of transfused 
blood.
Chelation therapy
Regular chelation with desferrioxamine has proved remarkably 
effective in reducing the iron burden of transfused patients.54 
Cardiac disease is delayed or prevented and life expectancy is 
signifi cantly extended, but endocrinopathy may develop and 
persist (Figure 13.8). Unfortunately, effective use of the drug 
requires devotion to a mechanical pump that slowly infuses the 
medication into a subcutaneous site (Figure 13.14). Nearly normal 
concentration of hepatic iron can be maintained with modern 
regimens of desferrioxamine, and the progression of hepatic fi bro-
sis to cirrhosis can be arrested. There are relatively low prevalences 
of thyroid, parathyroid and adrenal abnormalities. Early and 
intensive desferrioxamine therapy increases the incidence of 
normal sexual maturation, but it apparently does not reverse 
established abnormalities. Desferrioxamine prevents diabetes 
mellitus, but does not reverse this complication.

A balance between the effectiveness of desferrioxamine and 
its toxicity (the later observed primarily in the presence of rel-
atively low body iron burden) can be maintained through regular 
determination of body iron burden. The serum ferritin concen-
tration, measured 6-monthly, is commonly used to assess the 
effectiveness of treatment, but this test may lead to errors in 
the management; many factors infl uence ferritin levels, such as 
presence of infl ammatory disease, liver disease or vitamin C 
defi ciency. By contrast, the annual or biannual measurement of 
hepatic stores, whose concentrations are highly correlated with 
total body iron stores, provides the best quantitative, specifi c 
and sensitive method of evaluating iron burden in patients with 
thalassaemia. Determination of hepatic iron concentration in 
liver biopsy specimens obtained with ultrasonographic guidance 
is safe and permits rational adjustments in iron chelating therapy 
(Figure 13.13).

Chelation therapy should be started as soon as transfusions 
have deposited enough iron to protect against desferrioxamine 
toxicity. The current recommendation is to start therapy when 
serum transferrin is completely saturated, which happens usually 
after 10–20 transfusions, or when the ferritin level rises above 
1000 ng/mL, or at least by the age of 3 years. Administration 
recommended is by slow subcutaneous infusion via a thin needle 
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inserted subcutaneously, over 8–12 h using an infusion pump, 
given fi ve to seven times per week at a mean daily dose of 20–
50 mg/kg body weight. The dose is adjusted according to hepatic 
iron value or serum ferritin levels. If the patient’s serum ferritin is 
<2000 ng/mL about 25 mg/kg per day is required; if the ferritin 
level is 2000–3000 ng/mL about 35 mg/kg per day is required; 
patients with a higher serum level require up to 55 mg/kg per 
day.

Continuous infusion of desferrioxamine is more benefi cial 
than periodic infusions, because of the constant removal of toxic 
free iron which returns to the pretreatment levels within minutes 
of stopping a continuous intravenous infusion. When intensive 
chelation is needed an implanted intravenous delivery system 
(portacath) can be used. Patients who have cardiac problems 

secondary to iron overload will benefi t with continuous intrave-
nous desferrioxamine as this removes large quantities of iron. It 
can reverse deteriorating cardiac function by removing the toxic 
non-transferrin bound iron. The recommended dose is 50–70 mg/
kg per day for 5–6 days. Individuals with refractory congestive 
cardiac failure or hypotension due to cardiac disease are poor 
candidates for intravenous desferrioxamine.

It is best to avoid desferrioxamine during pregnancy. Treatment 
can be resumed at full dosage during lactation, as the drug is not 
absorbed orally.

Desferrioxamine treatment is burdensome and can be painful, 
and non-compliance is an important and common problem. 
Compliance requires a constant and secure relationship between 
doctor, patient and parents, and regular discussion of its 
importance.
Complications of desferrioxamine administration
Infection with Yersinia enterocolitis is the most important acute 
risk associated with desferrioxamine treatment. Treatment should 
be discontinued temporarily in any patient with an acute febrile 
illness, especially if any or all of the following symptoms are 
present: sore throat, high fever, acute abdominal pain or severe 
diarrhoea.

Rashes of more or less intense hyperaemia are common. They 
may be due to the injection of a concentrated solution of desfer-
rioxamine (usually 500 mg in 5 mL of distilled water for injec-
tion). It is better to dilute the preparation further. If the rash 
persists, adding hydrocortisone to the infusion should be tried. 
Severe allergic reactions to desferrioxamine are rare.

Desferrioxamine overdose is seen if it is administered in high 
doses to patients who are not heavily iron loaded. The complica-
tions are toxic effects on the eye, including night blindness, reduc-
tion in visual fi elds and reduction of visual acuity. These usually 
regress when treatment is stopped. High tone deafness is seen 
particularly in the young; this is usually not reversible. Patients 
should be questioned frequently regarding the symptoms and 
formal audiometry and ophthalmological examination should be 
performed regularly. There may be retardation of growth, with 
skeletal changes such as short trunk, genu valgum and short 
stature, which can be reversible with dose reduction.
Other ways to reduce the iron overload
The oral iron chelating drug deferiprone is effective in removing 
iron, at least in the short term.56 Long-term studies have suggested 
that hepatic iron may stabilize at or rise to concentrations associ-
ated with hepatic fi brosis, an increased risk of cardiac disease and 
early death in approximately half of patients. Previously recog-
nized adverse effects of deferiprone include embryo toxicity, tera-
togenicity, neutropenia and agranulocytosis.

The results of long-term follow-up of the effectiveness of other 
modes of administration of desferrioxamine are awaited. These 
include desferrioxamine attached to high-molecular starch, or 
given in a lipid vehicle permitting slow release.
Role of vitamin C
Iron-loaded patients usually become vitamin C defi cient, proba-
bly because iron oxidizes the vitamin. When this is the case, 
administration of vitamin C increases the availability of iron and 
so increases its toxicity if large doses are taken without simultane-
ous desferrioxamine infusion. Vitamin C supplements should be 
started only if the patient is receiving desferrioxamine regularly. 
The minimum effective dose is 5 mg/kg (50 mg for children under 
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Figure 13.14 (A) A group of thalassaemic patients using infusion 
pumps (cost US$260 per pump). (B) Using hand-made pumps (cost: 
‘quarter of a dollar’).
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10 years and 100 mg for children over 10 years) and should be 
given after starting the desferrioxamine.
Splenectomy
Massive splenomegaly with hypersplenism that causes leucope-
nia, thrombocytopenia and an increasing transfusion requirement 
is frequent at a relatively early age in patients on moderate 
transfusion regimens. Early splenectomy is required. The ben-
efi ts of splenectomy on iron balance occur if the transfusion 
requirements exceed 200–250 mL/kg per year of packed red cells 
when the minimum Hb is maintained at 100 g/L; a spleen which 
is very large, in the absence of overt hypersplenism, accounts 
for a relatively large portion of the total blood volume, and its 
removal often leads to a marked reduction in blood require-
ment. The surgical risks in experienced hands are minimal. 
Removal of the spleen may blunt the primary immune response 
to encapsulated organisms Diplococcus pneumoniae, Haemophilus 
infl uenzae or Neisseria meningitidis, and therefore delay of sple-
nectomy until after 4 or 5 years of age is most desirable, so 
that the child has an opportunity to develop some resistance 
to these organisms. It advisable to immunize patients with the 
appropriate vaccines against these organisms about 2 weeks prior 
to surgery, and to prescribe long-term prophylactic oral penicil-
lin to prevent colonization by strains of pneumococcus not 
covered by the vaccine, especially in young children. Any illness 
accompanied by high fever of uncertain aetiology should be 
treated aggressively with parenteral antibiotics, usually an ampi-
cillin derivative such as amoxicillin, until culture results become 
known. Splenectomized patients are also more susceptible to 
malaria, and should receive lifelong prophylaxis when living in 
endemic regions.

Splenectomy usually results in a transitory or persistent throm-
bocytosis. As a rule this carries no risk for patients, possibly 
because it is balanced by a simultaneous reduction in platelet 
aggregation, but studies in Thailand claim that splenectomized 
patients have evidence of pulmonary vascular disease due to 
thrombocytosis. Low-dose prophylactic aspirin may be consid-
ered for patients whose platelet count exceeds 800 × 109/L.
Psychological support
The inherited nature of the disease, its appearance during the fi rst 
year of life, the possibility of physical deformity and the need for 
continuous punishing treatment have important implications for 
the child’s emotional development and relationships with the rest 
of the family. An appropriately constituted therapeutic team can 
help patients to cope successfully with the psychological conse-
quences of their illness, to integrate themselves into society and 
to see themselves as essentially normal people.

All members of the management team, especially nursing staff, 
should remain the same for as long as possible and should have 
a thalassaemia-oriented training. The team should reserve time 
and space for meeting with both patients and parents before, 
during or after the visit to the treatment centre. Patients should 
be helped to understand and accept their illness, so that they can 
also accept the necessary treatment.

Integration into school constitutes a critical step in psycho-
logical development. The ultimate goal is the development into 
an adult who can actively participate in society. In general, school 
staff should be advised to avoid limiting the patient’s activity or 
allowing special privileges (unless they are medically indicated) 

which could lead to continued dependency. Patients’ overriding 
right not to inform teachers or peers that they have thalassaemia 
should always be respected.

Patients’ and parents’ associations help families to feel less 
isolated, and offer them the help and comfort of others in the 
same situation. Participation helps patients and families to comply 
with the treatment regimen.
Bone marrow transplant
Over 1000 patients have received bone marrow transplants in 
several highly experienced centres.52–54 The donor should be an 
HLA-matched sibling, or occasionally a parent. When a patient 
has an HLA-compatible donor, if transplantation is chosen it 
should be done as soon as possible. Transplantation from an 
unrelated donor carries a substantially increased risk, and should 
be considered only in exceptional circumstances. Graft-versus-
host disease (GVHD) is less common in children than in adults: 
in the largest series in Italy mild GVHD occurred in 10% of cases, 
moderate GVHD in 8% and serious GVHD in 2%. Graft rejection 
can occur up to 3–5 years after transplantation. The chance of 
success is highest when patients are well chelated, with normal 
liver size and histology, and free of cardiac complications. Hepatic 
fi brosis and the presence of iron overload are important risk 
factors. In countries where it is available, marrow transplantation 
should be considered for all patients with a suitable donor (30–
40% of patients in most populations) and who have a low score 
of these risk factors.
Cord blood transplantation
Cord blood contains haemopoietic stem cells that can be used for 
transplantation. Preliminary experience is encouraging and all 
new siblings of thalassaemic patients should have cord blood 
preserved for possible future use.
Augmentation of fetal haemoglobin synthesis
Several trials have attempted to augment the synthesis of HbF in 
an effort to ameliorate the severity of thalassaemia.52–54 Therapy 
with hydroxyurea, butyric acid compounds and these agents in 
combination has reduced or eliminated transfusion requirements 
in some patients. Other studies have reported only a small increase 
in HbF and total Hb concentrations during the administration of 
oral hydroxyurea and intravenous or oral butyrates. Erythropoie-
tin has not been proved useful in thalassaemia, either alone or in 
combination with hydroxyurea. Therapies to increase the synthe-
sis of HbF in β thalassaemia have, with few exceptions, proved 
disappointing to date.
Gene therapy
Permanent correction of genetic defi cit of the haemopoietic system 
requires the transfer of genes into stem cells, with long-term, high-
level and lineage-specifi c expression of these cells after autologous 
transplantation. Over the last decade, there has been progress in 
the development of transduction methods and vectors, but many 
problems remain.54

Thalassaemia Intermedia

The term thalassaemia intermedia is used to describe patients with 
clinical thalassaemia which, although not transfusion dependent, 
is associated with a much more severe degree of anaemia than that 
found in heterozygous carriers for α and β thalassaemia. This 
clinical course is seen in β+ thalassaemia homozygotes with mild 
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decrease in the β globin expression (e.g. in West Africa and Afro-
Americans), HbC β0 thalassaemia and various δβ thalassaemias. 
It is also seen in homozygous thalassaemia patients who have 
inherited an α thalassaemia determinant, thereby reducing the 
overall degree of globin chain imbalance. Co-inheritance of a 
triplicated α globin locus with heterozygous β thalassaemia also 
causes thalassaemia intermedia phenotype (Table 13.14).

The clinical features of the intermedia forms are extremely vari-
able. At one end of the spectrum are individuals who are virtually 
symptom free except for moderate anaemia. At the other end, 
there are patients who have Hb in the range 50–70 g/L, who 
develop marked splenomegaly, severe skeletal deformities due to 
expansion of bone marrow and, as they get older, become heavily 
iron loaded because of increased intestinal absorption of iron. 
Recurrent leg ulcers, folate defi ciency, symptoms due to extramed-
ullary haemopoietic tumour masses in the chest and skull, gall-
stones and a marked proneness to infection are particularly 
characteristic of this group of thalassaemics. Many of them are 
identifi ed with anaemia later in life than is usual for homozygous 
α thalassaemia.

b Thalassaemia minor

Heterozygous inheritance of either β0 or β+ thalassaemia genes 
results in β thalassaemia minor; there are over 150 million such 
carriers alive today.
Clinical
The condition is asymptomatic. A small proportion of subjects 
have just palpable splenomegaly. The moderate but persistent 
anaemia during pregnancy causes fetal hypoxia, compensatory 

placental hypertrophy, mild intrauterine growth retardation, low 
urinary oestradiol excretion, an increased frequency of fetal 
distress during delivery and a high frequency, about 12%, of 
Apgar scores of 3 or less at 1 min, but no signifi cant increase of 
perinatal mortality.57

Haematology
The Hb is in the range 90–110 g/L, and during pregnancy about 
20 g/L lower; the MCV and MCH are low, especially with β0 thal-
assaemia (Table 13.15), and the blood fi lm shows moderate 
anisocytosis, microcytosis and hypochromia with occasional 
target cells and a few cells with punctate basophilia; the red cell 
changes are greater than expected for the mild degree of anaemia. 
There is mild to moderate erythroid hyperplasia in the bone 
marrow; there is no tendency to iron overload unless the patient 
has received inappropriate parenteral iron therapy, and the 
prevalence of iron defi ciency is the same as that of the general 
population.

The diagnosis is made by observing that the HbA2 is raised to 
4–6%; the HbF is also raised to about 3% in approximately half 
of the subjects. Osmotic fragility is reduced.
Management
It is important for the diagnosis to be made so as to avoid unnec-
essary treatment of the hypochromic anaemia with iron. Subjects 
should be reassured as to the benign nature of the condition and 
be offered genetic counselling (see below).
Malaria
J. B. S. Haldane was the fi rst to hypothesize that the geographical 
coincidence of malaria and β thalassaemia could be due to the 
heterozygotes being at genetic advantage through a partial protec-
tion against P. falciparum. A relative resistance to malaria was 
confi rmed in Liberian children with thalassaemia minor.58 Sug-
gested mechanisms of limiting parasitaemia have included: (1) a 
slower than normal decline of HbF in the fi rst 2 years of life;59 (2) 
a greater rigidity of red cell membranes resisting parasite invasion; 
(3) modifi ed expression of parasite-induced neoantigens on red 
cell surfaces enhancing the development of protective cell medi-
ated immunity;60 and (4) high oxidant stress in thalassaemic cells 
inhibiting parasite growth.61

b Thalassaemia in association with Hb variants

In many populations, because there is a high incidence of both β 
thalassaemia and Hb variants, it is quite common for an indi-
vidual to inherit a β thalassaemia gene from one parent and a gene 
for structural Hb variant from the other, e.g. HbS β thalassaemia 

Table 13.14 Molecular basis of thalassaemia intermedia

HOMOZYGOUS b THALASSAEMIA

  Mild β+ point mutation

  Co-inheritance α+ thalassaemia

  Enhanced production of HbF

db THALASSAEMIA

  Homozygous δβ thalassaemia

HETEROZYGOUS b THALASSAEMIA

  Co-inheritance of triplicated α globin loci (ααα)

Table 13.15 Red cell indices in iron defi ciency and in thalassaemia compared with normal individuals

Red blood cell indices Normal range Iron defi ciency Typical a or b thalassaemia trait
Red blood cell count (×1012/L)  4–5 <4 6.32

Mean corpuscular volume (MCV) (fL) 75–99 <76 63

Mean cellular haemoglobin (MCH) (pg) 27–31 27.5 20.3

Mean corpuscular haemoglobin 
concentration (MCHC) (g/dL)

32–36 30 32.2

Anaemia
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(discussed under ‘Sickle cell disease’), HbC β thalassaemia, HbE 
β thalassaemia and HbD β thalassaemia.
Haemoglobin C thalassaemia
This disorder is restricted to West African, some North African, 
southern Mediterranean and American populations. HbC β+ thal-
assaemia in West Africans is characterized by a mild haemolytic 
anaemia associated with splenomegaly: the peripheral blood fi lm 
shows numerous target cells and thalassaemic red cell changes 
with a moderately elevated reticulocyte count. Hb electrophoresis 
shows a preponderance of HbC, some HbA and HbF. HbC β0 
thalassaemia, in Mediterranean people and Americans, is some-
what more severe clinically, resembling thalassaemia intermedia: 
there is only HbC and HbF. (HbA2 cannot be separated from 
HbC.) Diagnosis is confi rmed by checking the parents.
Haemoglobin E thalassaemia
This is the commonest severe form of thalassaemia in South-east 
Asia and eastern India. HbE is ineffi ciently synthesized, and hence 
when an HbE gene is inherited together with a β0 thalassaemia 
determinant, there is a marked defi ciency of β chain production. 
The resulting clinical picture can closely resemble homozygous β0 
thalassaemia, and is seen commonly in South-east Asia.62

In contrast, in Sri Lanka, where HbE thalassaemia constitutes 
40% of all thalassaemias, the clinical picture varies from an almost 
normal to a mild anaemia to a severe anaemia.63 The majority in 
Sri Lanka have a mild anaemia with splenomegaly: they grow and 
develop normally with few complications, and there are many 
recorded cases of pregnancy in women with this disorder. They 
usually have an average Hb of 60–70 g/L, are rarely symptomatic 
because the Hb O2 dissociation curve is shifted to the right and 
more oxygen is released to tissues than from HbF in β thalassae-
mia major, and may not be transfusion dependent. They are liable 
to become more anaemic and may require transfusions during an 
infection, to which these patients are more prone. These patients 
continue to become iron overloaded in spite of not receiving 
blood transfusions, probably due to increased gastrointestinal 
absorption of iron.

The diagnosis of HbE β thalassaemia is confi rmed by fi nding 
only HbE and HbF on electrophoresis, and by demonstrating the 
HbE trait in one parent and β thalassaemia trait in the other 
parent.

The db thalassaemias

The disorders due to reduced β and δ chain synthesis are much 
less common than those due to defective β chain production 
alone. They result from deletions of the β and δ globin genes or 
may be due to unequal crossing over between the δ and β globin 
gene loci with the production of δβ fusion genes. The latter 
produce δβ fusion chains which combine with a chain to form 
haemoglobin variants called Lepore haemoglobins.
Clinical features
The δβ thalassaemias have been reported in many populations 
although there are no high-frequency areas. In the homozygous 
state there is a mild degree of anaemia with Hb values of 80–
100 g/L. There is often a moderate degree of splenomegaly, but 
these patients are usually symptomless except during periods of 
stress, such as infections or pregnancy. Haemoglobin analysis 
shows 100% HbF in homozygotes; heterozygous carriers have a 
thalassaemic blood picture, elevated levels of HbF of 5–20% and 
normal levels of HbA2.

The homozygous state for Hb Lepore is characterized by a 
clinical picture which is usually similar to that of homozygous β 
thalassaemia, although in some cases it might be milder and not 
transfusion dependent. The clinical and haematological fi ndings 
are similar to those of β thalassaemia. The haemoglobin consists 
of HbF and Hb Lepore only.

Hereditary persistence of fetal haemoglobin (HPFH)

HPFH results from a combined deletion of the δ and β chains, but 
the defi cit of β globin chains is compensated for by a high rate of 
synthesis of γ chains. Heterozygotes have no clinical or haemato-
logical abnormalities except that they have HbF 20–30%; acid 
elution and staining for HbF on a peripheral blood fi lm shows 
that HbF is homogeneously distributed in all red cells, so distin-
guishing this from other conditions such as β+ thalassaemia, where 
HbF is distributed unevenly in the erythrocytes. The homozygotes 
are entirely asymptomatic, but have a thalassaemic-like appear-
ance in the red cells and 100% HbF.

gdb thalassaemia

This rare thalassaemia results from long deletion of β globin gene 
clusters which, as well as removing the entire β gene, removes the 
γ and δ genes. There is no output of globin from this gene cluster 
at all. The homozygous state leads to an absence of HbF and 
is not compatible with fetal survival; heterozygotes have severe 
haemolytic disease of the newborn with anaemia and jaundice. If 
they survive the neonatal period, they grow and develop normally; 
in adult life they have a haematological picture resembling het-
erozygous β thalassaemia.

The a thalassaemias

Although the α thalassaemias are commoner than the β thalassae-
mias they pose less of a public health problem, because the severe 
homozygous forms cause death in utero or in the neonatal period 
and the milder forms do not produce major disability.

The α thalassaemias occur widely throughout the Mediterra-
nean region, sub-Saharan Africa, the Middle East, isolated parts of 
the Indian subcontinent, and throughout South-east Asia in a line 
stretching from south China through Thailand, Malaysia and 
Indonesia (Figure 13.15).
Defi nition and inheritance
Genetic disease of α chain synthesis results in defective HbF and 
HbA production, as both contain α chains. In the fetus the defi -
ciency of α chains leads to the production of excess γ chains, which 
form γ4 tetramers or Hb Bart’s. In the adult a defi ciency of α chains 
leads to an excess of β chains which forms β4 tetramers or HbH. Hb 
Bart’s and HbH are the hallmarks of α thalassaemia, but the carrier 
states of different forms of α thalassaemia are diffi cult to diagnose 
as only trace amounts of these haemoglobins are produced.

Genetically determined reductions of α globin synthesis are 
most often the outcomes of a variety of deletions from α globin 
clusters on chromosome 16 (Figure 13.5).52,53,64 There are two α 
genes (α2 and α1) responsible for the production of α globin chain 
in the chromosome. Thus there are four genes in a human diploid 
cell, two coming from each parent, represented as αα/αα. Deletion 
of one of the two α globulin genes is denoted as (−α) and this 
results in α+ thalassaemia, with partial suppression of the α globin 
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synthesis: this is caused by unequal cross-over events, generating 
at the same time a triple α gene (ααα), which can be observed 
in the normal population. Deletions of both genes, denoted as 
(− −), result in α0 thalassaemia with total absence of α globin 
synthesis. A further refi nement of this nomenclature includes the 
designation of specifi c mutations; (− −SEA) signifi es the α0 deletion 
mutation that is confi ned to South-East Asia, while (−α3.7) symbol-
izes the α+ rightward gene deletion common in Africa.

A few α+ thalassaemias are due to point mutations, giving rise 
to more severe reduction of α globulin synthesis than due to the 
single gene deletions. These are designated by the superscript T 
(ααT). The most important non-deletional α thalassaemia gene is 
a termination codon mutation on α2 globin gene, designated as 
(αCSα), leading to the production of an elongated α chain which 
combines with β chains to form Hb Constant Spring: the abnor-
mal mRNA is unstable so that only low levels of Hb Constant 
Spring are synthesized and the phenotype is a moderately severe 
α thalassaemia.

Genetics of a thalassaemia
Three genotypes are associated with clinically asymptomatic states: 
(1) heterozygous α+ thalassaemia (−α/αα); (2) homozygous 
α+ thalassaemia (−α/−α); and (3) heterozygous α0 thalassaemia 
(− −/αα) (Table 13.16).

Doubly heterozygous α0 thalassaemia/α+ thalassaemia 
(− −/−α) leaves only one active α globulin gene. Both Hb Bart’s 
and HbH have high oxygen affi nity, resulting in tissue hypoxia; in 
addition, HbH is unstable and is precipitated as intracellular 
inclusion bodies, causing haemolysis and the clinical condition 
of HbH disease.

Homozygous α0 thalassaemia (− −/− −) allows for only Hb 
Bart’s to be formed in fetal life; because of its high oxygen affi nity, 
infants are hypoxic and hydropic, inevitably dying in utero or 
shortly after delivery.
Geographical distribution
The α0 thalassaemia gene frequencies are highest in South-east 
Asia and China (Figure 13.15);64 in Thailand, for example, gene 
frequency for α0 thalassaemia is 0.025, for α+ thalassaemia 0.10–
0.15, and for Hb Constant Spring 0.05–0.15. In consequence, Hb 
Bart’s hydrops fetalis affecting 25 000 infants each year, and HbH 
disease affecting about 68 000 infants each year, are major health 
problems.

Both α+ thalassaemia and α0 thalassaemia deletions are seen 
at low frequencies in the Mediterranean region, so that HbH 
disease and hydrops fetalis can occur: in addition, HbH 
disease arises rarely from non-deletional mutations. The α+ thal-
assaemias are common in Saudi Arabia (frequency 0.37), as is a 
severe non-deletional form of α thalassaemia resulting in HbH 
disease.

On the Indian subcontinent α+ thalassaemia gene frequencies 
are extremely high (above 0.70) in tribal or scheduled groups and 
in the Tharu of Nepal. In Sri Lanka 15.5% of the population are 
heterozygous for α+ thalassaemia and about 3% of the population 
were heterozygous for the triplicated α-globin gene arrangement 
(ααα).63 Similarly the α+ thalassaemia gene frequency reaches up 
to 0.70 on coastal areas of Papua New Guinea. α+ Thalassaemia 
gene frequencies are in the range 0.10–0.27 throughout 

Figure 13.15 Areas of the Old World where α thalassaemias reach 
polymorphic frequency.

Table 13.16 The α thalassaemia syndromes

Genotype (normal 
aa/aa, bb)

Globin genes 
affected by 
mutations

Syndrome Clinical features Haemoglobin pattern

α−/αα. ββ 1 (α2) Silent carrier No anaemia
Normal red cell

Hb Bart’s 1–2% at birth
HbCS 1–2%
Remainder HbA

− −/αα. ββ or α−/α−. ββ 2 (α2 α1) or 2 (α2) Thalassaemia trait Mild anaemia
Hypochromic microcytic 
red cells

Hb Barts 5–10%
HbCS 1–2%
Remainder HbA

− −/−α. ββ 3 (α genes) HbH disease Moderate anaemia
Hypochromic microcytic, 
fragmented red cells
May demonstrate 
inclusion bodies

Hb Bart’s 5–30%
HbCS 1–2%
Remainder HbA

− −/− −. ββ 4 (α genes) Hydrops fetalis Severe anaemia
Death in utero

Mainly Hb Bart’s (γ4)

Anaemia
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sub-Saharan Africa.65 However, α0 thalassaemia is not present in 
these populations and there is no disease.
Pathophysiology
The pathophysiology of α thalassaemia is different from that of β 
thalassaemia. Hb Bart’s and HbH respectively do not precipitate in 
the marrow and hence there is less intramedullary destruction of 
red cell precursors, and erythropoiesis is more effective than in β 
thalassaemia. However, HbH is unstable and precipitates in red 
cells as they age. The resulting inclusion bodies are trapped in the 
spleen and other parts of the microcirculation, leading to shortened 
red cell survival. Furthermore, both Hb Bart’s and HbH have a very 
high oxygen affi nity. Thus the pathology of severe forms of α thal-
assaemia is based on defective haemoglobin production, the syn-
thesis of homotetramers which are physiologically useless, and the 
haemolytic component due to their precipitation in older red cells.

Haemoglobin Bart’s hydrops syndrome

The homozygous state for α0 thalassaemia (− −/− −) is a common 
cause of fetal loss throughout South-east Asia, Greece and Cyprus. 
Affected infants do not produce HbF or HbA. The infants are 
usually stillborn between 28 and 40 weeks or die within a few 
hours after delivery.52,53 They have the typical features of hydrops 
fetalis with gross pallor, generalized oedema and massive hepato-
splenomegaly. There is a very large friable placenta. All these fi nd-
ings are due to severe intrauterine anaemia. The Hb values are in 
the 60–80 g/L range, and there are gross thalassaemic changes of 
the peripheral blood fi lm with many nucleated red cells. The 
haemoglobin consists of approximately 80% Hb Bart’s and 20% 
of embryonic Hb Portland (ζ2γ2). It is believed that these infants 
survive to term because they continue to produce embryonic hae-
moglobin which transports oxygen functionally.

The syndrome is characterized also by a high incidence of toxae-
mia of pregnancy and considerable obstetric diffi culties due to the 
presence of the large, friable placenta. Both parents have minor 
thalassaemic red cell changes with normal HbA2 values, which is a 
characteristic fi nding of the heterozygous state of α0 thalassaemia.

Haemoglobin H disease

HbH disease usually results from the inheritance of doubly het-
erozygous α0 thalassaemia/α+ thalassaemia (− −/−α), or from the 
inheritance of α0 thalassaemia and Hb Constant Spring (− −/αcsα), 
or from the homozygous state for severe non-deletion form of α 
thalassaemia particularly common in Saudi Arabia.52,53

There is a variable degree of anaemia and splenomegaly, but it 
is most unusual to see severe thalassaemic bone changes or growth 
retardation. Affected patients survive into adult life as they have 
suffi cient HbA, but their course may be interspersed with severe 
episodes of haemolysis associated with infection, or worsening of 
the anaemia due to progressive hypersplenism. In addition, 
oxidant drugs such as sulphonamides, or pregnancy, may increase 
the rate of precipitation of HbH and exacerbate the anaemia. Iron 
overload is uncommon.

The Hb values range from 70 to 100 g/L and the blood fi lm 
shows typical thalassaemic changes. There is moderate reticulocy-
tosis, and on incubating the red cell with brilliant cresyl blue 
numerous inclusion bodies are generated by precipitation of the 
HbH under the redox action of the dye. Haemoglobin analysis 
reveals from 5% to 40% HbH, together with HbA and normal or 
reduced level of HbA2.

Consistent with the mild nature of the disease, treatment is 
primarily supportive.
Asymptomatic a thalassaemia
The silent carrier state (−α/αα) is due to the presence of a muta-
tion affecting the deletion of a single α globin gene. α Thalassae-
mia trait is commonly associated with two genotypes: (− −/αα) 
and (−α/−α). Point mutation affecting the α2 gene (αTα/αα) may 
also lead to α thalassaemia trait. Subjects develop mild hypochro-
mic, microcytic anaemia. At birth, Hb Bart’s contributes about 
2.5% of the total Hb in heterozygous α0 thalassaemia (− −/αα) 
and homozygous α+ thalassaemia (−α/−α), and may be seen in 
trace amounts in about 10% of heterozygous α+ thalassaemia 
(−α/αα). HbH is not detected.

α+ Thalassaemia is of some importance in Africa as, besides 
causing a slight anaemia, it ameliorates the severity of sickle cell 
disease as well as the anaemia of homozygous β+ thalassaemia, and 
is associated with a lower proportion of HbS in sickle cell trait.

Malaria

The strongest evidence that α+ thalassaemia has been selected for 
by malaria is epidemiological: for example, gene frequency is 
closely and positively correlated with endemicity of malaria in 
Papua New Guinea and in island Melanesia.66 As the disadvantage 
of α+ thalassaemia, or even α0 thalassaemia, is not great, only mild 
selective pressure would be required to achieve polymorphism. In 
fact, no increased fi tness or control of parasitaemia has been dem-
onstrated in heterozygotes. However, in α+ thalassaemia increased 
amounts of malaria-induced neoantigens are displayed on red cell 
surfaces, and rapid immune clearance of parasitized cells is one 
probable mechanism of advantage.60 Also, an increased incidence 
of mild P. falciparum malaria has been described in children with 
α thalassaemia, stimulating high levels of immunity.66

Screening for thalassaemia syndromes

Thalassaemia syndromes may be easily recognized from clinical 
presentation of anaemia, growth retardation, jaundice and sple-
nomegaly, and changes in the red cell morphology. However, 
carrier detection including genotype determination requires 
certain laboratory investigations.67

Usually, Hb levels of 100 g/L and below are considered as indi-
cations for the screening of thalassaemia for subjects without iron 
defi ciency. However, the Hb level may be normal in the carrier or 
heterozygous states. In all cases, iron defi ciency must be ruled out 
before the diagnosis is made since its interference can cause mis-
diagnosis (Table 13.15).

Routine haemoglobinopathy screening includes the measure-
ment of red cell indices, electrophoresis and measurement of 
haemoglobins, and analysis of globin chains. An MCV <80 fL, 
MCH <27 pg and/or Hct <36% suggest thalassaemia: the mean 
cell haemoglobin concentration (MCHC) generally remains 
within normal range. Although MCV, MCH and/or PCV are 
decreased in most cases of thalassaemia, the values are within the 
normal range for α thalassaemias, HbE and Hb Constant Spring.

Prevention

Thalassaemias produce severe public health problems and are 
serious drains on medical resources in many populations. Since 
there is no defi nitive treatment and supportive treatment is 
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extremely expensive, most countries in which the disease is 
common are putting a major effort into prevention.

There are two major approaches to the prevention of thalassae-
mia. Since the carrier states for β thalassaemia can be recognized 
easily, it is possible to screen populations and offer genetic coun-
selling about the choice of marriage partners. If a β thalassaemic 
heterozygote marries another carrier, one in four (on average) of 
their children will have the severe transfusion-dependent homo-
zygous disorder. It is well to remember that this risk applies to 
each pregnancy. Large-scale programmes of this type have had 
variable outcomes.

Most countries are developing screening programmes at ante-
natal clinics. When heterozygous carrier mothers are found their 
husbands are tested, and if they are also carriers the couple is 
offered the possibility of prenatal diagnosis and termination of 
pregnancies carrying fetuses with severe forms of thalassaemia.

In view of the considerable burden of the disease, most parents 
of children with thalassaemia major fi nd the 25% risk of recur-
rence to be unacceptable. They prefer to have prenatal diagnosis of 
the disease in the next pregnancy. It has been observed that where 
the prenatal diagnosis is not available, most of the couples at risk 
restrict family size subsequent to the birth of an affected child.

Prenatal diagnosis

Prenatal diagnosis is by DNA studies on chorionic villus sampling 
at 9–12 weeks of gestation or by testing the fetal blood obtained 
at 18–20 weeks of gestation. The preferred method is through 
DNA studies: the diagnosis is highly accurate, and in the event of 
an affected fetus preventive abortion can be undertaken early and 
easily.68

Chorionic villus sampling can be done as an out-patient inves-
tigation either transcervically or transabdominally with ultrasound 
guidance. There is a 2–4% risk of a miscarriage. There is always a 
1–2% chance of error of DNA diagnosis because of mixing with 
some maternal cells; therefore collection, cleaning and selection 
of villi is critically important. Prenatal diagnosis of thalassaemia 
is now well established in many countries, and in Sardinia, Greece 
and Cyprus has already reduced by up to 97% the number of new 
cases of thalassaemia major in the community.68

The control of thalassaemia in the community
In developing countries optimal management of all patients 
having β thalassaemia is extremely diffi cult, if not impossible, to 
provide. This is not to deny that there are many individual success 
stories where affected children have received the optimal manage-
ment, have excellent growth, and can even go on to marry and 
have children. However, the availability of blood for transfusion 
is always limited, while desferrioxamine and pumps for infusing 
are expensive and unaffordable by the vast majority.

Strategy for control involves: (1) educating the community to 
the problem, and making people aware of the burden of the 
disease and the desirability of control; (2) screening the commu-
nity to identify carriers of β thalassaemia genes, and to recognize 
couples at risk of having homozygous children. Carrier screening 
can be done at various times, such as at birth, in school, in college, 
before marriage, just after marriage or during pregnancy. Many 
scientists have suggested that carrier screening be done at high 
school or college, so that counselling may prevent marriage 
between carriers. In most Asian countries this strategy is not sat-
isfactory and it would be better to permit free choice of partner, 

and then to screen the couple. If they are carriers, they can be 
counselled appropriately.

It is essential for success that all the components of the pro-
gramme (health education, carrier screening and prenatal diagno-
sis) be in place for proper implementation. Such a community 
programme requires two other essential ingredients: a strong 
political will and active participation by the community and by 
parents and children with thalassaemia. People for their part must 
be motivated enough to accept a screening and control pro-
gramme. Health education to all sections of the population – pol-
iticians, bureaucrats, professionals and the community as a whole 
– is the key to success.

Sickle cell disease

A point mutation replaces glutamic acid with valine at position 6 
on the β globin. The combination of normal α chains with the 
abnormal βS chains forms sickle haemoglobin (HbS).53,69–71 Sickle 
cell disease is defi ned as the condition resulting from the inheri-
tance of two abnormal allelomorphic genes controlling β globin 
formation, of which at least one is the βS gene. Sickle cell disease 
includes the most common type, homozygous HbSS (referred to 
as sickle cell anaemia), and the compound heterozygous condi-
tions of HbS β thalassaemias, HbSC, HbSD, HbSOArab and others. 
Sickle cell trait (HbAS) is the condition arising from the inheri-
tance of one normal β globin gene and one βS gene.

There were about 78 million carriers of sickle cell trait in the 
world in 1992; of these, 65 million were in Africa south of the 
Sahara and north of the Zambesi River and Kalahari Desert. In 
tropical Africa βS gene frequencies reach to over 0.15; that is, >30% 
of the adult population have HbAS (Figure 13.16).72 The βS gene 
is found at polymorphic frequencies also in the tribal (scheduled) 
groups of India, in the Arabian peninsula and the Mediterranean 
region. High gene frequencies are encountered also in populations 
derived from the slave trade or voluntary emigration from Africa 
and the Mediterranean, such as in the Americas, the UK, other 
northern European countries and Australia.

DNA analysis of the β globin gene cluster has shown that the βS 
gene is linked to various β chain haplotypes, each with a distinct 

Figure 13.16 Areas of the Old World where haemoglobin S gene 
frequency is >0.02, and distribution of βs haplotypes. Heavy arrows 
indicate probable spread of the Benin haplotype to the Mediterranean 
and western Asia.

Anaemia
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geographical distribution (Figure 13.16). This implies that the sickle 
mutation arose independently at different times, linked to the dif-
ferent haplotypes. The Arab–India haplotype is found throughout 
the Indian tribal groups and in eastern Saudi Arabia. The Senegal 
haplotype is confi ned to the western seaboard of West Africa. The 
Benin haplotype is common in central West Africa, and would seem 
to have spread through the trans-Saharan slave trade to North Africa, 
the Mediterranean region and western Arabia. The Bantu haplotype 
(previously called Central African Republic or CAR haplotype) is 
found uniformly throughout the Bantu speakers of central and 
southern Africa. The fourth African βS mutation, linked to the Cam-
eroon haplotype, is restricted to the Eton ethnic group of central 
Cameroon.72 These distributions are of interest not only in our 
understanding of selective pressures and human evolution, but also 
because clinical expression is modifi ed by haplotype linkages.

Each year about 156 000 infants are born with sickle cell 
disease, of whom 130 000 are in Africa and 33 000 in Nigeria 
alone. Most have sickle cell anaemia (HbSS); HbSC is also common 
in central West Africa (Burkina Faso, Ghana, Benin and south-
western Nigeria); HbS β+ thalassaemia is seen in West Africa, 
especially Liberia; HbS β0 thalassaemia occurs in North Africa, the 
Mediterranean and mixed populations of the Americas; HbSD is 
seen most in the Punjab (see Figures 13.6, 13.16 and 13.18).

Pathophysiology

Valine is a hydrophobic amino acid, whereas glutamic acid is 
hydrophilic: as position 6 of the β globin is externally situated, the 
solubility of the HbS molecule is much reduced compared to HbA, 
especially in the deoxygenated state. Deoxy-HbS polymerizes the 
contact points between molecules involving the β6 valines. The 
polymers form long chains of haemoglobin molecules; in cross-
section, each chain consists of 14 molecules. The polymers align 
in parallel, and this is the probable mechanism for the 
distortion of red cells into the characteristic sickle cell shape (Figure 
13.17), as the polymers lie parallel to the long axis of the sickled 
cells. With alternating deoxygenation and oxygenation, the red cell 
sickles and unsickles, but eventually ill-defi ned losses and changes 
of membrane lipids and proteins lead to the membrane becoming 

rigid in the sickle form. The red cell is then an irreversible sickled 
cell, although within the membrane the haemoglobin is still 
capable of degelling on oxygenation. Failure of transmembrane 
ion exchange mechanisms leads to the loss of K+ and water from 
the cell, while intracellular concentrations of Na+ and Ca2+ rise.

Sickled cells are fragile and are phagocytosed by cells of the 
RES, so that there is both intravascular and extravascular hae-
molysis. Sickled cells adhere to each other and to the endothe-
lium, so causing blockage of small blood vessels, infarction and 
death of tissues. Important secondary effects include an increased 
susceptibility to infection, which has several mechanisms: (1) 
mucosal and skin integrity may be breached following infarction; 
(2) haemoglobinaemia activates and consumes complement, so 
that there is a chronic defect of the alternative pathway of activa-
tion and diminished opsonization and phagocytosis of, for 
example, pneumococci; (3) recurrent infarction in the spleen leads 
to destruction of the organ (autosplenectomy) and functional 
hyposplenism; and (4) post-infarctive tissue necrosis provides a 
microenvironment favouring bacterial growth, and precedes the 
development of osteomyelitis and pyelonephritis. Recurrent infec-
tions and chronic ill health are associated with retardation of 
growth and development: chronic haemolysis creates high 
demands for folate, and defi ciency contributes to the impaired 
growth and development besides leading to anaemic crisis.

Disease is worst in HbSS and HbS β0 thalassaemia, and is in 
diminishing order of severity in HbSC, HbSD, HbSOArab and 
HbSβ+ thalassaemia. Sickle cell trait (HbAS) and HbS/HPFH are 
essentially without clinical abnormality except when under 
extreme stress.

Clinical presentation

Infants with HbSS have complications only rarely in the early 
months of life, while HbF concentrations remain high. The disease 
is manifest clinically from the 3rd month onwards: the earliest 
presentation is frequently the ‘hand-foot’ syndrome of painful 
swelling of the dorsum of the hands or feet, often symmetrical, 
resulting from infarctions into the small bones. Due to parents 
coming late for advice and limited diagnostic skills at the fi rst 
levels of care, the diagnosis is commonly delayed in tropical Africa 
(where about fi ve out of six patients are born with sickle cell 
anaemia) with consequent morbidity and mortality, which could 
have been prevented.73 The diagnosis is made in the 1st year of 
life in only about 10% of Nigerian children with sickle cell anaemia 
receiving hospital care. The most common age is 1–3 years, but 
up to 20% of patients are over 10 years at the time of diagnosis.

Patients suffer from chronic ill health interspersed with acute 
anaemic, infarctive and infective crises.
The steady state
Height and weight are below average for age throughout child-
hood. There is little body fat. The limbs are long and thin, and 
much of the loss of height is in the spinal column; there is an 
exaggerated lumbar lordosis and the chest is often barrel shaped 
due to an increase in the anteroposterior distance. The bones of 
the vault of the skull and the face show bossing similar to that of 
β thalassaemia major (see Figure 13.10A): rounding of the fore-
head causes exaggeration of the supraorbital sulcus; the bridge of 
the nose appears sunken because of expansion of the bones 
around it; expansion of the maxilla causes the upper teeth to 
protrude. Bossing is much more pronounced in African than Figure 13.17 Peripheral blood fi lm in sickle cell anaemia.
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American patients; it is largely reversible with long-term antima-
larial prophylactics, which suggests that malarial haemolysis is a 
contributory factor.

There is pallor and usually clinically obvious jaundice. The liver 
is invariably enlarged. Gallstones can be demonstrated in about 
10% of African and 30% of American adult patients, but only 
rarely do they cause symptoms. The spleen is large in early child-
hood, but shrinks due to infarction, and is palpable in about 7% 
of patients only after puberty. In only the occasional patient is 
there hypersplenism. Moderate chronic cervical adenopathy is 
usual.

The heart is enlarged: the apex beat is displaced laterally and 
may be visible. The pulse rate is normal at rest but is rapid after 
minimal exertion or with apprehension and excitement. Mid-
systolic murmurs are heard in most patients, and third heart 
sounds are common. Patients complain of polydipsia and poly-
uria, related to renal medullary infarction and loss of ability to 
concentrate urine; enuresis in childhood and nocturia are usual.

Most patients are remarkably well adapted psychologically, and 
perform their schooling well, although achievement may be poor 
from loss of time through ill health.

After the age of about 11 years skeletal maturation is delayed. 
Fusion of the epiphyses is late, and growth may continue for 
longer than normal, so that post-pubertal HbSS subjects catch up 
on growth and a few even go on to reach well above average height 
(e.g. 190 cm). Puberty is delayed, and menarche occurs in girls 
on average 1 year later than in the normal population. Post-
adolescent patients, girls in particular, persist in a non-adult life-
style, so that fi rst sexual experience and marriage are often at a 
relatively late age; many men are impotent following priapism 
(see below). Rarely, growth and development are so retarded that 
the patient has the appearance of a pituitary dwarf.
Haematology in the steady state
The Hb is generally in the range 60–100 g/L; patients are not in 
distress, even with levels constantly lower than this range, as they 
are compensated by high levels of erythrocyte 2,3-DPG and effi -
cient oxygen delivery to the tissues. The red cells show great aniso-
cytosis, macrocytosis with microcytosis, sickle cell forms, target 
cells, poikilocytes, polychromasia and a variable number of nucle-
ated red cells (Figure 13.17); with hyposplenism the red cell 
appearance is more abnormal, and punctate basophilia and 
Howell–Jolly bodies may be seen. The reticulocyte count is raised 
up to 20%. The total white cell count is generally raised, showing 
a neutrophil leukocytosis with a shift to the left and toxic granula-
tion, or a lymphocytosis with activated forms, even in the absence 
of obvious infection. The platelet count is high, especially when 
there has been autosplenectomy and following an infarctive 
crisis.

Haemoglobin electrophoresis shows the major fraction in the 
position of HbS, with a variable proportion of HbF and normal 
HbA2. That the major haemoglobin is HbS can be confi rmed by 
the solubility test.1,67

The biochemical features of both intravascular and extravascu-
lar haemolysis are present (see Table 13.11); conjugated bilirubin 
is usually raised due to liver dysfunction.
Anaemic crises
Catastrophic declines of Hb are the result of (1) malaria, (2) acute 
splenic sequestration, (3) folate defi ciency and (4) aplastic 
crises.73

Acute P. falciparum malaria in subjects with sickle cell disease 
causes a severe haemolytic crisis and profound anaemia, often 
leading to anaemic cardiac failure, which used to be the most 
common observed cause of death in Africa. The most severe anae-
mias in acute illness are still associated with malaria, even in 
patients who are supposedly receiving prophylactics.

A sequestration crisis is characterized by an acutely enlarging 
spleen and a precipitate fall of Hb by more than 20 g/L, with a 
high reticulocyte count. It is most frequent in the second 6 months 
of life but can occur at older ages, even adulthood, in subjects who 
retain their spleens. Anaemic cardiac failure can develop, and it is 
the single most common cause of death in early life in non-
malarial areas, such as the West Indies.69

More than 10% of untreated African patients have megaloblas-
tic erythropoiesis from folic acid defi ciency when seen fi rst. Meg-
aloblastosis is almost inevitable during pregnancy unless prevented. 
Life-threatening anaemia develops rapidly.

During almost any acute infection erythropoiesis is depressed, 
and as patients with sickle cell anaemia are dependent on abnor-
mally high rates of erythropoiesis the Hb drops rapidly. Of greater 
severity is infection by parvovirus B19 (see below). ‘Aplastic’ crises 
occur in clusters in patients with sickle cell anaemia, associated 
with epidemic transmission of parvovirus B19 and outbreaks of 
erythema infectiosum in the population of normal children.
Infarctive crises
Sickling can lead to infarction in almost any organ or tissue in the 
body. The common sites of infarction crises are the bones, chest 
and abdomen.53,69,70,73

Up to 90% of African children seen with sickle cell anaemia 
between 6 months and 2 years of age have the hand–foot syn-
drome. If the swelling is hot, red and fl uctuant, a superimposed 
osteomyelitis must be suspected. After about 2 years of age the 
sites of bone pain crises shift to the long bones. Pain is frequently 
localized around the joints, may be in multiple sites, be sym-
metrical in its distribution, and move from site to site. Onset is 
sudden; severity is variable, but often intense; duration is also 
variable, but usually there is spontaneous resolution within 5 
days. Often there are no physical signs except warmth and tender-
ness over the affected bone, and the unwary physician is liable to 
underestimate the severity of the pain and overestimate the 
patient’s reaction. Malaria, other infections, cold or damp (in the 
rainy season) are recognized precipitating factors, but often crises 
start for no apparent reason. Necrosis can lead rarely to emboli of 
bone marrow fat or bone to the lungs, brain, kidneys or other 
tissues.

Acute severe pain in the chest can be due to (1) lower respira-
tory tract infection, (2) bone marrow fat embolism, (3) pulmo-
nary infarction, (4) acute pulmonary sequestration and (5) bone 
pain crisis in the thoracic cage.71,74 The fi rst four conditions are 
serious and often diffi cult to distinguish clinically or radiologi-
cally; as one may precede and precipitate the others, the phrase 
‘acute chest syndrome’ is used. Lobar pneumonia and infection by 
the pneumococcus are more likely in early childhood, and infarc-
tion to be the primary pathology in adults.

Patients commonly complain of recurrent mild abdominal 
pain, but this may be severe and require admission to hospital. 
Pain is usually localized centrally or in the epigastrium. The 
patient may be vomiting. There is a history of constipation; bowel 
sounds are reduced and fl uid levels can be seen radiologically. 
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Aetiology is obscure, but is thought to be due to mesenteric 
infarcts. The condition resolves spontaneously, usually within 5 
days. Other abdominal painful crises related to sickle cell disease 
are splenic infarction, infarction in lumbar vertebrae, duodenal 
ulceration, acute cholecystitis, obstruction of cystic or bile ducts 
and pancreatitis. Patients may also present with abdominal crises 
unrelated to sickle cell disease, for example acute appendicitis.

Sickling in cerebral vessels can cause obstruction, infarction 
and haemorrhage. The immediate consequences of stroke include 
convulsions, coma, paralyses of varying extent and depth, or 
death. The late sequelae are contractions of limbs if no physio-
therapy is available, faecal and urinary incontinence, speech 
defects and serious impairment of intellectual function. Two-
thirds of untreated children have recurrent clinical strokes.75

Older patients can complain of blurred vision: examination 
reveals tortuous retinal vessels, proliferation of the retinal vessels, 
intraocular haemorrhages and sometimes retinal detachment. 
Pathology can develop until there is severe or total loss of vision.

Leg ulceration is a most common complication in the West 
Indies and North America, starting most often between 10 and 20 
years of age. For reasons which remain obscure, ulcers are uncom-
mon (<10%) in Africa even in those above 12 years of age; males 
are affected six times more often than females. The ulcers are 
usually on the lower third of the leg above the medial or lateral 
malleoli. They start as infarcts into the skin which show as small 
blisters; these develop into necrotic sloughs after 2 weeks and 
ulcers in about 3 weeks. Small ulcers may heal or may spread to 
up to 10 cm in diameter, causing serious incapacity.

Infarction in the renal pelvis leads to papillary necrosis, often 
complicated by haematuria and bacteriuria. Priapism is seen in 
adolescent or young adult males, but can occur in childhood; 
severity can vary from mild and transient, to moderate which 
resolves with 24 h, to when the penis is hot and exquisitely tender, 
with pain referred to the perineum and lower abdomen. Untreated, 
severe priapism subsides over about 2 weeks but leads to fi brosis 
of the corpora cavernosa and permanent impotence.
Bacterial infections
The pneumococcus (Streptococcus pneumoniae) is the most common 
infectious cause of death in non-malarial areas; its frequency in 
Africa has been underestimated, and it is probably second only to 
malaria as a cause of morbidity and mortality.73 Pneumococcal 
pneumonia, septicaemia and meningitis are seen in children 
between 5 months and 5 years old, and most frequently under 
the age of 2 years; the children have high fevers (>39.5°C) and 
are liable to convulsions, coma, shock and the Waterhouse–
Friderichsen syndrome. Without appropriate treatment mortality 
is >50%.

Other organisms commonly associated with acute upper or 
lower respiratory tract infections and bacteraemia are Haemophilus 
infl uenzae, staphylococci, streptococci and various Gram-negative 
bacilli. Bone infarction is complicated by acute osteomyelitis in 
less than 10% of all patients; invading organisms in Africa are 
Salmonella (usually S. typhi) in about half, other coliforms in less 
than half and Staph. pyogenes in about one-fi fth.
Chronic degenerative disease
As more patients live into adult life, chronic and irreversible 
degenerative changes after the age of 20 years are becoming 
increasingly important. Irreversible organ damage leading to death 
includes hepatic failure, renal failure, stroke and pulmonary fi bro-

sis, pulmonary hypertension and respiratory failure.69–71 Major 
debilitation is the result of (1) avascular necrosis of bones, which 
can lead to loss of mobility when affecting the head of the femur 
or vertebral bodies, (2) retinopathy with loss of vision and (3) leg 
ulcers. Men over 25 years commonly present with duodenal ulcers 
(over 30% in Jamaica), which have complicated clinical courses, 
including pyloric stenosis.69 There can be a progressive bone 
marrow failure after the age of 40.76

Pregnancy
African women with sickle cell anaemia invariably become severely 
depleted of folic acid by mid-pregnancy if they are without medical 
supervision. About one-quarter may experience sequestration 
crises. Shortly before and shortly after delivery they are liable to 
severe bone pain crises, which may be complicated by marrow and 
bone embolus and systolic hypertension with albuminuria (‘pseu-
dotoxaemia’). They have high frequencies of urinary tract and 
other infections.

Obstetric delivery is often complicated by pelvic disproportion, 
the result of impaired growth during childhood. In Nigeria, about 
half are delivered by caesarean section. During the puerperium 
they are liable to infection, especially wound sepsis.

Maternal mortality rates depend largely on the obstetric care 
available: in early series it was about 33%, but this has been 
reduced to nearly zero in the USA. In Nigeria mortality remains 
around 12%.

There is fetal growth retardation, and one-third of infants are 
of low birth weight. Perinatal mortality can be as high as 33% but 
can be reduced to around 10% with good antenatal care and 
careful supervision of delivery and the puerperium.77

Prognosis

The pattern and severity of disease are governed by both environ-
mental and genetic factors.73 In Africa, the environmental factors 
are of far greater importance in determining prognosis; in the 
USA, the impact of the environment is largely controlled and the 
severity of disease depends more on the inherited factors.

In Jamaica, where there has been a long-running intensive, 
nationwide and successful programme of sickle cell care, calcu-
lated mean survival for men is 53 years and for women 58.5 
years.78 In contrast in rural tropical Africa, when there was inad-
equate nutrition, poor hygiene, no avoidance of mosquitoes and 
no practice of modern medicine, <2% of infants born with sickle 
cell anaemia survived beyond 4 years.79 The family are all-
important: when they are caring, intelligent, educated and wealthy, 
children with HbSS do much better, even without regular medical 
care. The principal role of the medical profession is to support the 
family in the maintenance of the good health of family members 
with sickle cell disease (see below). Since the 1960s, the provision 
of care has spread and improved throughout much of tropical 
Africa, so that it is now not unusual to see African patients with 
HbSS entering professional life (e.g. law, medicine, nursing) and 
achieving parenthood.

The expression of sickle cell disease is modifi ed by a range of 
other mutations on the β globin gene cluster, the so-called β 
globin haplotypes (Figure 13.16).72 The Arab–India and the 
Senegal haplotypes are linked to determinants of high levels of 
persisting HbF (means 20% and 12%, respectively) in subjects 
with HbSS. The Benin and Bantu haplotypes are associated with 
lower levels of HbF (means 8%), but for reasons which are not 
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yet understood disease is more severe with the Bantu than the 
Benin haplotype. Sickle cell anaemia with high levels of HbF, 
linked to Arab–India and Senegal haplotypes, is associated with a 
more normal body build, more subcutaneous fat, less dactylitis, 
less acute chest pain, less splenic atrophy and less major organ 
failure in adult life; Hb concentrations are higher, red cell survival 
is longer, there are fewer sickled cells, and reticulocyte and plate-
let counts are lower.

Coincidental inheritance of homozygous α+ thalassaemia 
(−α/−α) with HbSS results in less anaemia, less haemolysis, lower 
MCH and MCV, fewer sickled cells and lower reticulocyte counts. 
Values with heterozygous α+ thalassaemia are intermediate 
between those with −α/−α and αα/αα. α Gene deletions do not 
seem to have much infl uence on the severity of acute complica-
tions of sickle cell disease but do decrease the risks of chronic 
organ damage in adults.

Maintenance of health

Wherever the βS gene has high frequency, priority should be given 
to a system for maintaining patients in a steady state of good 
health through early diagnosis, supportive care at sickle cell clinics 
and obstetric units, easy access to appropriate care in crises, 
and education of the public, patients and health professionals 
(Table 13.17).73

To facilitate early diagnosis all pregnant women should be 
screened by Serjeants’ HbS solubility test, with confi rmation of 
positive results by haemoglobin electrophoresis; screening of 
fathers would identify couples at risk of having affected infants 

but it is more practical if a woman has HbS to test the newborn 
infant by electrophoresis (on citrate agar at pH 6–6.5). Other 
children at risk and to be screened are all with severe anaemia and 
the ill siblings of known patients with sickle cell disease. Serjeants’ 
HbS solubility test is preferable by far to the sickling test as it 
distinguishes heterozygotes from homozygotes and is simpler to 
perform; it is the test of choice in the primary healthcare setting. 
Haemoglobin electrophoresis should be set up in all hospitals of 
around 100 beds or more in tropical Africa and should be avail-
able for all clinicians.

Once diagnosed, sickle cell disease should be explained in 
detail to parents, guardians and patients in a language and phrase-
ology they can understand. Their knowledge and comprehension 
must be reinforced with the aid of pamphlets and further discus-
sions. The fi rst essential intervention is the prevention of malaria: 
patients should receive a curative course of antimalarials at fi rst 
attendance or following any break in attendance at the sickle cell 
clinic; they must be kept free from malaria through regular anti-
malarial prophylaxis, the choice of prophylactic depending on the 
prevailing pattern of resistance in P. falciparum strains and national 
policies. A regimen of once-daily folic acid supplement and once-
daily proguanil is easy to remember and comply with. Prophylac-
tic oral penicillin V potassium 125 mg twice daily up to the age 
of 5 years (or to adolescence) has substantially reduced the mor-
bidity and mortality associated with pneumococcal septicaemia 
in the USA and the UK.80 Controlled trials are needed in Africa 
but present problems of cost and logistics. Widespread immuniza-
tion against the pneumococcus is not an option for reasons of 
cost, diffi culties of the cold chain and the inadequate response of 

Table 13.17 Maintenance of health in sickle cell disease.

Early diagnosis Laboratory techniques

Screening

Clinical awareness

HbS solubility
Hb electrophoresis
pregnant women
newborn of mothers with S gene
anaemic children
siblings of patients

Education Parents and patients
Health professionals
General public

Sickle cell clinics Prevent infection

Nutrition

Advice

prophylactic antimalarials
immunization
prophylactic penicillin
folic acid supplements
general nutritional advice
avoid cold, fatigue, dehydration, excessive alcohol
no useless treatment
attend clinic regularly
report when ill
report when pregnant

Induction of fetal haemoglobin Hydroxyurea

Hospital Prompt treatment of crises

Obstetrics Supervision of pregnancy, delivery, puerperium
Family limitation to ≤3 viable children
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children under 3 years. On the other hand it is important for 
children with sickle cell disease to receive the expanded pro-
gramme of immunization against other common infections.73

The coincidence of the area of Africa where the βS gene has high 
frequency and where HIV is now epidemic makes it more impor-
tant than ever that the health of patients with sickle cell disease 
be maintained so as to avoid situations where it is necessary to 
transfuse blood. Where there are no programmes of healthcare for 
sickle cell disease sufferers, but merely treatment of crises, which 
often involves transfusions of blood (appropriate and inappropri-
ate), 20% or more of patients with sickle cell disease have been 
infected with HIV. In Africa 130 000 infants are born each year 
with sickle cell disease, and only 400 with haemophilia, who are 
at risk of infection by HIV through blood and blood products.73

Induction of fetal haemoglobin
Various agents have been tried for their effi cacy in raising the 
concentration of HbF in patients with sickle cell disease. The oral 
cytotoxic agent hydroxyurea is the only one to date which has an 
established place in the management of sickle cell disease.80

Treatment with hydroxyurea for 2 years: (1) increases the con-
centration of HbF up to 15–20% of the total haemoglobin; (2) 
decreases the number of granulocytes and monocytes, and hence 
the release of oxidative radicals; and (3) reduces the adherence of 
sickled cells to the endothelium. Clinically, hydroxyurea reduces 
the frequency of painful crises, of acute chest syndrome, of hospi-
talization and of the need for blood transfusion.

Treatment is started with hydroxyurea 500 mg per day (10–
15 mg/kg body weight). If this is tolerated, the dosage is increased 
to 1000 mg per day after 6–8 weeks; the dose can be increased 
further to 2000 mg (20–30 mg/kg body weight). The full blood 
count HbF renal function and hepatic function need to be 
monitored.

Short-term toxicity is minimal, but the long-term effects of 
hydroxyurea are not known, and it may be mutagenic. In Africa, 
hydroxyurea is available at present only to those who are able to 
purchase it.

Management of the patient in crisis

Prompt treatment is essential and arrangements should be made 
for patients in crisis to be able to report and receive attention 
without having to compete with the mass of sick people seen in 
the outpatient clinics of equatorial Africa. Regardless of the nature 
of the crisis it should be assumed that the patient has malaria, and 
treatment started without waiting for the results from a thick 
blood fi lm. Antimalarial prophylaxis and supplementary folic acid 
should continue.
Anaemic crises
In the great majority of patients the haematocrit will cease to fall 
and will rise rapidly following treatment with antimalarials, folic 
acid and antibiotics if indicated. Blood transfusion is necessary 
only if: (1) there is respiratory distress, or incipient or established 
heart failure, (2) there is a sequestration crisis, with Hb <60 g/L 
and falling rapidly, (3) obstetric delivery is imminent, with Hb 
<80 g/L, or (4) there are coincidental indications, such as haemor-
rhage or emergency surgery.17,73

Infarctive crises
Management is based on three principles: (1) the control of pain, 
(2) the restoration and maintenance of hydration and acid-base 
balance and (3) the treatment of infection.53,69,73,80

The physician should assess the severity of pain and prescribe 
appropriate analgesics to be given at determined dosage and inter-
vals; the physician must reassess pain at regular intervals and be 
prepared to increase or decrease the analgesics. Analgesic dosage 
should never be left to the judgement of different ward staff and 
the persuasive powers of the patients. Mild pain can be controlled 
with paracetamol, moderately severe pain with dihydrocodeine 
tartrate (DF118) and severe pain with opiates, such as diamor-
phine 10 mg at once, followed by an infusion, assessed by body 
size and the patient’s response.80

Hydration is maintained by encouraging the mildly affected 
patient to drink; a more severely ill patient may be treated with 
nasogastric fl uids if bowel sounds can be heard, or by intravenous 
fl uids.
Acute infections
Antibiotics should be withheld unless there are clear indications 
for their use. If there are indications, antibiotics should be given 
promptly and in adequate dosage. Treatment must be started 
before results of bacteriological investigations are completed when 
there is (1) fever of >39°C, unless due to malaria, (2) the acute 
pulmonary syndrome, or (3) suspected meningitis. Initial treat-
ment could be with cefuroxime sodium 150 mg/kg per 24 h, or 
alternatively ampicillin or penicillin plus chloramphenicol. Treat-
ment of acute osteomyelitis can commence with chloramphenicol 
and cloxacillin.73

Cerebrovascular accidents
Patients should be rehydrated immediately. Some physicians 
advocate exchange blood transfusion but it is not possible to give 
general advice on this question.75,80 Patients should be managed 
individually, taking into consideration the safety of blood transfu-
sion in the locality. Repeated transfusions, aimed at reducing HbS 
concentrations to <30%, largely prevent recurrent strokes, but 
such a regimen can only be embarked upon if there is an assured 
supply of safe blood.
Priapism
Treatment is aimed at relieving pain and preventing fi brosis of the 
corpora cavernosa. Mild or ‘stuttering’ priapism can be relieved by 
micturition, walking around, avoiding sexual arousal and bathing 
in cold water. Moderately severe priapism will respond, usually 
within 24 h, to bed-rest, sedation, analgesics, intravenous hydra-
tion, and cyproterone or stilboestrol. Initial therapy of severe pria-
pism should include opiate analgesics and rehydration; under 
general or spinal anaesthetic, a wide-bore needle is inserted into 
the lateral side of the base of the penis and the viscous blood 
aspirated; this is followed by repeated irrigation with adrenaline 
1 : 106 in saline and aspiration until fresh blood only is obtained.
Leg ulceration
Small and clean ulcers are treated successfully with daily antisep-
tic washing and dressing. Large ulcers will heal slowly with (1) 
prolonged bed-rest with the affected leg raised, (2) appropriate 
antibiotic therapy, (3) hydrogen peroxide lotion or surgical 
debridement to remove the slough, and (4) antitetanus prophy-
laxis. Larger ulcers or those which fail to heal require skin grafts. 
Once healed, the legs should be protected by crepe or elastic 
stockings.70

Management during pregnancy
Health must be maintained through careful antenatal supervision 
and the insistence on prophylactic antimalarials and supplemen-
tary folic acid.17 Prophylactic red cell transfusion has been advo-
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cated, but benefi ts are slight, if any, and are certainly outweighed 
by the risk of complications from transfusion in the tropics. Trans-
fusion of red cells is indicated if a patient approaches obstetric 
delivery with Hb <80 g/L.17 Patients should be assessed as to the 
danger of pelvic disproportion, and elective Caesarean delivery 
planned if necessary.

Prevention of sickle cell disease

Strategies for prevention of sickle cell disease include (1) screening 
to recognize couples at risk, (2) genetic counselling, and (3) pre-
natal diagnosis followed by termination of homozygous or doubly 
heterozygous fetuses. Postmarital screening and counselling are 
widely available for African couples who have had affected chil-
dren already: in Nigeria in particular, there have been attempts 
to educate the population and to make premarital counselling 
available.81

Prenatal diagnosis is technically possible and is becoming rela-
tively inexpensive to apply in a few centres.53 National programmes 
in Africa suffer restraints of low priority from government, lack of 
knowledge in the whole community, lack of trained staff, lack of 
facilities and the illegality or ethical non-acceptance of termina-
tion of pregnancy.

Haemoglobin SC disease

The compound heterozygous inheritance of HbS and HbC occurs 
often in West Africa and in populations derived from West Africa 
(see Figures 13.16 and 13.18). The pathophysiology and clinical 
features are similar to those of HbSS, but the severity is much less, 
and some patients are nearly asymptomatic.69 Age at presentation 
is generally later. Because many girls survive childhood, HbSC is 
the most common form of sickle cell disease to present with 
complications during pregnancy in West Africa.77 Eye disease is 
more frequent, related to the higher Hb concentration. Because 
the spleen is not destroyed, acute sequestration crises and splenic 

infarcts during fl ight, including in pressurized aircraft, occur 
during adult life.

The Hb concentration is intermediate between that of HbSS 
and normals. The MCV is lower than in HbSS; reticulocyte counts 
are moderately raised. The red cell appearance is of anisocytosis, 
some macrocytes, some microspherocytes, numerous target cells, 
occasional sickle cell forms but with rounded ends, and occasional 
intraerythrocytic crystals of precipitated HbC (Figure 13.19). Elec-
trophoresis shows two major fractions in the position of HbS and 
HbC.

The condition of combined inheritance of HbSS plus the α 
globin variant HbGPhiladelphia is commonly mistaken for HbSC in 
West Africa. On electrophoresis the subject with HbSS + G shows 
HbS and the hybrid HbS/G, which moves into the position of 
HbC; HbS solubility easily differentiates between the two, 
showing the heterozygous pattern (half precipitated) with HbSC 
and the homozygous pattern (all haemoglobin precipitated) with 
HbSS + G.

Haemoglobin S b0 thalassaemia

The inheritance of both HbS and β0 thalassaemia occurs most 
often in North Africa, Sicily and in the mixed population of the 
Americas (see Figures 13.6 and 13.16).69,70,72

Figure 13.18 Areas of the Old World where haemoglobins C, D 
(Punjab or Los Angles) and E reach polymorphic frequencies. 
(Reproduced with permission of the publishers, from Fleming AF. 
In: Strickland GT, ed. Hunter’s Tropical Medicine, 7th edn. Philadelphia: 
W B Saunders; 1991:36–64.)

A

B

Figure 13.19 Peripheral blood fi lms. (A) Haemoglobin C disease: 
there are numerous target cells and one red cell shows intracellular 
crystal formation. (B) G6PD defi ciency: red cells showing oxidative 
damage. The haemoglobin seems to be separated from the membrane 
of the cells in certain areas (‘blister’ cells) and ‘bite’ cells where the 
Heinz bodies have been removed in the spleen; the rest of the cell 
looks dense. These changes occur only during a haemolytic episode.
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The clinical course is very similar to that of HbSS. Haemato-
logically the two conditions are diffi cult to distinguish: the periph-
eral blood pictures are similar, the MCV and MCH are lower in HbS 
β0 thalassaemia; HbS is the only major fraction and the HbF is 
raised in both conditions, but HbA2 is raised only in HbS β0 thal-
assaemia. The diagnosis is made with certainty when one parent 
carries the βS gene and the other has β0 thalassaemia trait.

Haemoglobin S b+ thalassaemia

This doubly heterozygous condition is most common in Liberia 
and other parts of West Africa (see Figures 13.6 and 13.16). The 
clinical course is mild. Anaemia is often slight, and irreversibly 
sickled cells are seen rarely in the blood. Haemoglobin electro-
phoresis shows HbA 5–30%, and HbS >50%. It is important not 
to mistake HbS β+ thalassaemia for HbAS, in which the HbS is 
always <50%.

Haemoglobin S DPunjab

There are several HbDs, but only HbDPunjab interacts with HbS, 
leading to a disease similar to HbSS, and is seen amongst Sikhs 
and mixed populations (see Figures 13.16 and 13.18).69,70 There 
is moderately severe haemolytic anaemia; the peripheral blood 
picture resembles HbSS; electrophoresis at alkaline pH shows a 
single band in the position of HbS, but the HbS solubility test 
yields the heterozygous pattern, and electrophoresis on agar gel 
separates HbS from HbD (in the position of HbA).

Sickle cell trait

The inheritance of HbAS results in what is essentially a benign 
condition, which is not associated with decreased life expectancy 
or with any haematological abnormalities except for the presence 
of HbS. There are, however, some complications resulting from 
microinfarcts in the renal medulla and spleen.53,69,70

There is a progressive decrease in the ability to concentrate 
urine, which could lead to an increased tendency to dehydration 
during extreme exertion. This is the probable explanation for the 
relative risk of sudden unexplained death in enlisted recruits 
during basic training in the US Armed Forces being 28–40 times 
higher among those with HbAS as compared with black recruits 
or recruits of all races; the relative risk increases with age.82 These 
sudden deaths are rare, however, as there were only 12 deaths 
among 38 600 HbAS individuals in over 2 million recruits. Other 
renal complications include a doubling of the expected frequency 
of signifi cant bacteriuria during pregnancy, and rarely painless 
haematuria following renal papillary necrosis.

Incidents are reported of splenic infarcts following exertion at 
high altitudes. Earlier reports of splenic infarcts while fl ying at 
high altitudes in unpressurized aircraft have been largely dis-
counted as being before haemoglobin electrophoresis and differ-
entiation from HbS β+ thalassaemia or even HbSC was possible.

In the absence of other causes of anaemia, the Hb, red cell indices 
and reticulocyte count are normal. Electrophoresis shows HbA and 
HbS: the proportion that is HbS has a trimodal distribution associ-
ated with the coincidental inheritance of α-thalassaemia genes; 
HbS is 34–38% with αα/αα, 28–34% with −α/αα and 20–28% 
with −α/−α. HbS above 45% is suggestive of HbS β+ thalassaemia.

A partial protection against P. falciparum malaria has been 
more clearly demonstrated to be associated with sickle cell trait 
than it has with any other inherited abnormality of the red cells.35,72 

In the non-immune, parasite densities, the frequency of severe 
malaria (e.g. cerebral malaria or malarial anaemia) and the fre-
quency of death from severe malaria are all lower, and survival 
rates in childhood are higher. In areas of low endemicity female 
fertility is higher. In areas of stable malaria HbAS gives partial 
protection against HMS and severe anaemia associated with HMS 
during pregnancy.26,33 There appear to be several mechanisms by 
which the density of parasitaemias is controlled:35,72 (1) there is 
an increase of sickling of parasitized red cells, with subsequent 
removal of the parasitized and sickled cells by the spleen, so lim-
iting the number of early parasite forms; (2) the intraerythrocyte 
growth during schizogony is inhibited by HbS gelling during the 
last 12 h of the cycle spent in relatively hypoxic deep tissues; (3) 
enhancement of cell-mediated immune responses against P. falci-
parum antigens has been described, possibly related to a modifi ed 
expression of parasite antigens.83

Other haemoglobinopathies associated with 
haemolytic anaemia

The other common haemolytic haemoglobin disorders are Hbs C, 
D and E diseases (see Figure 13.18).53

HbC disease occurs commonly in West Africa, the carrier rate 
being highest in northern Ghana, with an incidence of 16–28%. 
The homozygous disorder is characterized by a mild haemolytic 
anaemia and splenomegaly. It can be recognized by examination 
of a blood fi lm which shows up to 100% target cell formation with 
intracellular crystals (Figure 13.19A). Mild microcytosis is a 
common but not universal feature of HbC trait and disease. Folic 
acid defi ciency and megaloblastic erythropoiesis frequently com-
plicate the course of pregnancy. The diagnosis can be confi rmed 
by haemoglobin electrophoresis.

HbD disease has been found in several racial groups. The clin-
ical picture is that of a moderately severe haemolytic anaemia with 
splenomegaly. The blood fi lm usually shows moderate numbers 
of target cells. There are several different types of HbD, all of which 
have the same rate of electrophoretic migration as HbS but do not 
precipitate with the HbS solubility test or result in sickling. 
HbDPunjab is the one which is associated with the most marked 
clinical symptoms.

HbE disease is extremely common in South-east Asia and also 
occurs in Burma, India, Sri Lanka and Pakistan.62 It is occasionally 
associated with splenomegaly, and is characterized by a mild 
haemolytic anaemia with hypochromic red cells. HbE migrates in 
the same position as HbC and HbA2.

Enzymopathies

Erythrocytes are non-nucleated but living cells dependent on 
several enzymatic pathways. They obtain energy from the break-
down of glucose, 95% of which is metabolized by anaerobic gly-
colysis to lactate and in the process adenosine triphosphate (ATP) 
is produced. About 5 per cent of glucose is metabolized via the 
hexose monophosphate (pentose phosphate) shunt, during which 
reduced nicotinamide adenine dinucleotide phosphate (NADPH) 
is produced. There are many enzymopathies or inherited defects 
of enzymes affecting the red cells, for example pyruvate kinase 
defi ciency, but of these only defi ciencies of G6PD, the fi rst and 
rate-limiting enzyme of the hexose monophosphate shunt, reach 
polymorphic frequencies in different populations.84,85
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G6PD defi ciency

Role of the enzyme

G6PD is vital to and occurs in all cells, but in the red cell this 
enzyme with the hexose monophosphate pathway is the only 
source of NADPH. Reduced glutathione (GSH) is synthesized at 
high concentration in red cells, and has the function of restoring 
oxidized SH groups and reducing superoxides and peroxides 
(through the actions of superoxide dismutase and glutathione 
peroxidase), but is itself oxidized to GSSG. NADPH is essential 
for the regeneration of GSH (with the enzyme glutathione reduc-
tase). G6PD defi ciency and a reduction of synthesis of NADPH 
expose the red cell to oxidation of haemoglobin with the intracel-
lular precipitation of globin as Heinz bodies, of several enzymes 
and of lipids and proteins of the membrane, with consequent 
haemolysis.

G6PD variants

Over 400 allelic variants of G6PD have been differentiated 
by electrophoretic mobility, kinetic properties and spectrophoto-
metric assay of enzymatic activity. They have been classifi ed 
according to their enzymatic activity and clinical manifestations 
(Table 13.18). Variants of class I, causing chronic non-spherocytic 
haemolytic anaemias, occur sporadically in all populations. Vari-
ants of class II (e.g. GdMediterranean) and of class III (e.g. GdA−) are 
associated with intermittent haemolytic crises triggered by oxidant 
stresses: all variants of major public health importance are in these 
two groups. Class IV includes GdB, the most common enzyme 
and referred to as the normal: other variants with normal activity 
achieve polymorphic frequency, for example GdA in Africa.

The gene controlling G6PD structure is carried on the X 
chromosome. Males who inherit an abnormal gene (¯XY) will 
have the variant enzyme in all their erythrocytes, as will homozy-
gous females (¯X¯X). Heterozygous females (¯XX) will have 
on average half of their red cells containing normal enzyme 
and half containing variant enzyme, due to the random suppres-
sion of one X chromosome in all female somatic cells. Clinically 
signifi cant enzyme defi ciency will be seen most often in hemizy-
gous males; homozygous females contribute about 10% of those 

genetically defi cient, and about 10% of female heterozygotes 
are also effectively defi cient due to unequal inactivation of 
their X chromosomes. Frequency in populations is usually 
expressed as a percentage of males who are hemizygotes.

World distribution

About 400 million of the world’s population carry one or two 
genes for G6PD defi ciency: the highest frequencies are in sub-
Saharan Africa (e.g. 32% of males among the Luo on the shores of 
Lake Victoria), Saudi Arabia and South-east Asia (Figure 13.20). 
There are populations, for example Sardinians and Kurdish Jews, 
in which the frequency of G6PD defi ciency in males exceeds 50%. 
The Old World can be divided into three zones according to which 
G6PD variants achieve polymorphic frequency. In zone I, covering 
the Mediterranean, North Africa, western Asia and the Indian sub-
continent, the severely defi cient (class II) GdMediterranean is prevalent. 
In zone II, covering South-east Asia, China, Korea and Oceania, 
two class II variants (GdMediterranean and GdUnion) and two moderately 
severely defi cient (class III) variants (GdMahidol and GdCanton) are 
common: Asia is remarkable for the number of variants, for 
example in the population of Taiwan there are at least nine differ-
ent defi cient enzymes, of which GdTaiwan-Hakka is the most preva-
lent.86 In the third zone, sub-Saharan Africa, the class III enzyme 
GdA− is frequent, the class II GdMali achieves local polymorphic 
frequency, and up to 40% carry the GdA variant with normal activ-
ity. G6PD defi ciency is not found in the indigenous populations of 
America or Australia, but defi cient variants occur commonly in the 
descendants of African, Mediterranean and Asian immigrants.

About 4.5 million infants born each year are at risk for the 
complications of G6PD defi ciency.

Clinical manifestations

Episodes of haemolysis and jaundice occur in four situations: (1) 
the neonatal period, (2) severe viral and bacterial infections, (3) 
following ingestion of certain foods and (4) following exposure 
to various drugs and chemicals (Table 13.19). These intermittent 
episodes tend to be more severe with class II (e.g. GdMediterranean) 
than class III (e.g. GdA−) variants.
Neonatal jaundice
Newborn infants are frequently jaundiced (defi ned as serum bili-
rubin >250 mmol/L (15 mg/dL) on about the 4th day of life in all 
parts of the world where G6PD defi ciency is common (see Figure 
13.20), and neonatal jaundice is recognized as a major public 
health problem in Greece, Saudi Arabia, tropical Africa, the Carib-
bean, South-east Asia and China, although incidence fi gures are 
not often available; in Hong Kong 12% and Singapore 10% of new-
borns were jaundiced before the introduction of successful control 
programmes.87 Jaundice is often multifactorial: common causes 
include sepsis, prematurity, G6PD defi ciency, fetomaternal ABO 
incompatibility, and haematomas from birth trauma. G6PD defi -
ciency contributes in 30–80% of patients. Globally, infant mortal-
ity due to jaundice associated with G6PD defi ciency is 0.7–1.6 per 
1000 births, with an equal number suffering lifelong morbidity.

Identifi ed variables which potentiate jaundice due to G6PD 
defi ciency are: (1) the severity of the enzyme defi ciency (e.g. Med-
iterranean vs African variants) and lower levels of G6PD in the 
liver; (2) prematurity; (3) genetically determined slower maturity 
of the liver in Asians; (4) infections, such as umbilical sepsis, 
septicaemia and pneumonia; (5) exposure of either the mother or 

Table 13.18 Classifi cation of variants of G6PD

Class G6PD activity Haematological 
manifestations

Polymorphic 
variants

I Nearly absent Congenital 
non-spherocytic 
haemolytic 
anaemia

–

II Severe <10% Intermittent 
haemolysis

Mediterranean, 
Mali, Union

III Moderate 
10–60%

Less severe 
intermittent 
haemolysis

A−, Canton, 
Mahidol

IV Normal 
60–100%

None B, A, Gambia

V Increased 
>150%

None

Anaemia
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the infant to oxidant drugs (Table 13.19), e.g. mothballs (in the 
preservation of towelling saved from an older infant), herbal med-
icines (e.g. Chinese hung lian), ‘mentholated’ powders applied to 
the umbilical cord, vitamin K analogues, sulphonamides and 
nitrofurantoins; and (6) breast-feeding, which, however, should 
not be discouraged unless there are exceptional circumstances. 
Jaundice results from both haemolysis and poor hepatic function. 
Anaemia is generally moderate (e.g. Hb 130 g/L), with red cell 
anisocytosis, spherocytosis, polychromasia and numerous nucle-
ated cells. Total unconjugated bilirubin levels are raised, and when 
above 300 mmol/L there is the danger of kernicterus and severe 
permanent brain damage.

While the serum bilirubin is in the range of 250–300 mmol/L 
in mature and otherwise healthy infants, treatment should be with 
phototherapy. In the absence of designed equipment, suffi cient 
irradiance can be obtained from a unit of at least seven 20-watt 
fl uorescent tubes placed 40 cm above the naked infant, whose eyes 
are shielded.85 Alternatively, exposure to the morning sunlight, 
with cooling of the body and shielding of the eyes, is effective. 
When the unconjugated bilirubin rises above 300 mmol/L, treat-
ment is by exchange blood transfusion with blood from G6PD 
normal donors compatible with both mother and infant, at a 
volume twice that of the infant’s blood volume (i.e. 2 × 85 mL/kg 
body weight), in 20 mL aliquots over 2 h. Phototherapy and 
exchange transfusion are indicated at lower bilirubin levels in 
low-weight and ill infants.85–88

Neonatal jaundice has been controlled and kernicterus virtu-
ally abolished in Singapore by a highly successful national cam-

paign in which (1) G6PD activity is screened in cord blood of 
all infants; (2) all those defi cient are observed in hospital for 2 
weeks, and treated promptly if jaundice develops; (3) both the 
general public and health professionals are informed and edu-
cated; (4) letters are given to parents with G6PD defi ciency 
addressed to the obstetrician who delivers the next baby; and (5) 
G6PD-defi cient infants are issued with cards warning against 
potentially haemolysing drugs.87 Other measures preventing neo-
natal jaundice include: (1) adequate prenatal care, so avoiding 
many premature deliveries; (2) non-traumatic delivery, so avoid-
ing extensive haematomas; and (3) hygiene in the puerperium, 
so avoiding sepsis.
Infection-induced jaundice
Viral infections, including hepatitis, infections of the respiratory 
and gastrointestinal tracts, and bacterial infections, including 
lobar pneumonia, typhoid, paratyphoid and septicaemia, may 
cause severe jaundice in G6PD-defi cient subjects.85 Possible mech-
anisms are the generation of H2O2 by activated neutrophils and 
macrophages triggering haemolysis of G6PD-defi cient cells, and 
liver dysfunction leading to hepatocellular jaundice. Anaemia will 
be more severe as a result of suppression of erythropoiesis by 
infection. The course may be complicated in adults, but only 
rarely in children, by renal failure, which can be the result of pre-
existing renal disease, nephrotoxic drugs, urinary tract infection, 
hepatic virus infection, renal ischaemia and tubular obstruction 
by haemoglobin. The administration of oxidant drugs may lead 
to further intravascular haemolysis and life-threatening renal 
failure.

Figure 13.20 World distribution of G6PD defi ciency. Superimposed are three zones where different G6PD variants reach polymorphic 
frequencies: Zone I, GdMediterranean; zone II, GdMediterranean, GdCanton, GdUnion, GdMahidol; Zone III, Gd A-. (Reproduced with permission of the World 
Health Organization from WHO Working Group 84.)
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Management is supportive: the treatment of the primary infec-
tion, the avoidance of oxidative drugs (Table 13.19) and a regimen 
for renal failure.
Food-induced haemolysis
Favism is a condition of severe intravascular haemolysis precipi-
tated by eating fava beans (Vicia faba) or inhalation of the pollen; 
it occurs commonly in G6PD-defi cient inhabitants of the Mediter-
ranean area, North Africa and western and eastern Asia. It had 

been thought to be associated only with class II variants (e.g. 
GdMediterranean ), but has been described with other variants includ-
ing GdA−.89 Favism occurs with the ingestion of fresh, dried or 
frozen beans, but fresh young beans in the spring are the most 
potent. Haemolysis in breast-fed infants may follow when 
mothers eat fava beans. Which ingredients trigger haemolysis is 
not proven.

Favism affects children under 5 years most commonly. Its 
pathogenesis is uncertain, as some G6PD subjects are spared alto-
gether, while others have attacks for the fi rst time after eating 
beans for years without trouble. There is intravascular haemolysis 
of sudden onset 24–48 h after ingestion of beans: patients show 
pallor and haemoglobinuria; jaundice is less pronounced than 
with the haemolysis triggered by infections or drugs. Anaemia may 
be profound and renal failure can develop.

There is no specifi c treatment: transfusion of G6PD normal 
blood may be required if there is incipient or established cardiac 
failure.

Haemolytic episodes are best prevented by screening of G6PD 
defi ciency in populations with high frequency, education and 
avoiding eating beans.

Milder acute haemolytic episodes have followed eating red 
suya, a peppered kebab-like roasted meat, in Nigeria; the offend-
ing substance was Orange RN (monosodium salt of 1-phenylazo-
2-naphthol-6-sulfonic acid) used as colouring. It can be predicted 
that other foods could have the same effect in developing coun-
tries where there is inadequate control of additives.90

Drug-induced haemolysis
Ingestion of a wide variety of drugs and chemicals induces hae-
molysis in G6PD-defi cient subjects (Table 13.19). The range of 
precipitating substances and the severity of the crises are greater 
with class II (e.g. GdMediterranean) than class III (e.g. GdA−) variants. 
There is also considerable intrapatient variability of severity 
between subjects with the same G6PD variant and drug 
exposure.84,85,88

Starting from between a few hours and 3 days after exposure, 
there may be only transient mild anaemia, or in some there is a 
rapidly progressive severe anaemia reaching a nadir at 7–8 days. 
Patients can complain of loin and abdominal pain; there is jaun-
dice, haemoglobinuria and transient splenomegaly. Recovery is 
marked by a reticulocytosis and a rise of haemoglobin after 8–9 
days.

Continued exposure to the drug can lead to fatal anaemia or 
renal failure in the case of class II variants. However, in the milder 
haemolysis of GdA− it is sometimes possible to continue with 
essential therapy, for example dapsone in the treatment of leprosy; 
patients have a transient haemolytic anaemia, followed by a state 
of compensated haemolysis.

Treatment is supportive and by withdrawal of the offending 
agent. Further attacks can be prevented by giving the patient a list 
of drugs to be avoided. Community strategies include screening 
and education.

Diagnosis

Haematology
During the steady state, subjects with the common forms of G6PD 
defi ciency have a very mild chronic haemolysis, with a red cell 
lifespan of around 100 days. With GdMediterranean the mean Hb in 
males is slightly decreased (141 vs 157 g/L in controls in one 

Table 13.19 Drugs and other agents commonly 
associated with oxidative damage to red cells

DRUGS AND CHEMICALS WHICH CAUSE OXIDATIVE 
DAMAGE TO RED CELLS IN NORMAL SUBJECTS AND MORE 
SEVERE HAEMOLYSIS IN G6PD-DEFICIENT SUBJECTS

  Phenylhydrazine

  Dapsone and other sulfones

  Naphthalene (moth balls)

  Phenacetin and acetanilide (in large doses only)

  Sulfasalazine (Salazopyrin)

DRUGS AND CHEMICALS WHICH ARE SHOWN TO CAUSE 
HAEMOLYSIS IN G6PD-DEFICIENT SUBJECTS

  Acetanilide and phenacetin (therapeutic doses)

  Henna dye

  Methylene blue

  Nalidixic acid

  Niridazole (Ambilhar)

  Nitrofurantoins

  Orange RN (red suya food colouring)

  Pamaquine

  Primaquine

  Pentaquine

  Sulfonamides: sulfacetamide
sulfamethoxale/co-trimoxazole
sulfanilamide
sulfapyridine

Thiazosulfone

Toluidine blue

Trinitrotoluene (TNT)

Vicia faba (broad beans)

DRUGS AND CHEMICALS THAT MAY CAUSE HAEMOLYSIS 
IN SOME TYPES OF G6PD-DEFICENT SUBJECT BUT NOT 
SHOWN TO BE HAEMOLYTIC IN GDA- TYPE

  Aspirin (in large doses)

  Chloroquine

  Quinine

  Quinidine

  Vitamin K analogues

  Chloramphenicol

  Dimercaprol (BAL)

Anaemia
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series). Red cell indices and appearance on blood fi lm are normal, 
but there is a slight reticulocytosis (±1.5%).

During a haemolytic crisis there are all the features of intravas-
cular haemolysis (see Table 13.11) and a characteristic peripheral 
blood fi lm appearance (see Figure 13.19B): supravital staining 
shows the presence of Heinz bodies.
G6PD screening and identifi cation
There are several screening tests available that depend on NADPH 
production and its detection by direct fl uorescence or by reduction 
of a coloured dye (e.g. methylene blue) to its colourless form.85 
These are simple, inexpensive and sensitive for the detection of 
hemizygous males and homozygous females when in the steady 
state. However, immediately following haemolytic crises, when 
there is a high population of young red cells, G6PD activity of 
whole blood may be normal, especially with class III (e.g. GdA−) 
variants; in this situation blood should be centrifuged and the 
older cells at the bottom of the column tested, or the test delayed 
for about 6 weeks.

G6PD activity can be measured quantitatively by the spectro-
photometric assay of NADPH formation by red cells: this requires 
a basic biochemistry laboratory. Male hemizygotes, female homo-
zygotes and more than 80% of female heterozygotes can be 
identifi ed.

The different G6PD variants are identifi ed by several tech-
niques, including electrophoresis and enzyme kinetic studies: 
these investigations are performed in reference or research labo-
ratories only.

G6PD and malaria

Evidence that G6PD defi ciency may confer advantage is derived 
from geography, parasitology of patients and in vitro cultures of P. 
falciparum.84,85 Globally, G6PD defi ciency reaches polymorphic fre-
quency only where P. falciparum is or was endemic (see Figure 
13.20), suggesting that in these areas defi cient subjects have a 
genetic advantage; this view is supported by micromapping, for 
example in Sardinia where defi cient gene frequency declines with 
increasing altitude and decreasing transmission of malaria. In a 
clinical study, female Nigerian children with GdB/GdA− had signifi -
cantly lower P. falciparum densities than normal children with 
malaria; furthermore, GdB (normal) red cells were much more 
often parasitized than GdA− (defi cient) red cells in the same indi-
vidual.85 It had been thought that limitation of malaria was con-
fi ned to female heterozygotes only and was not enjoyed by male 
hemizyotes, but large case-control studies of children in West and 
East Africa have shown that both female heterozygotes and male 
hemizygotes had signifi cant protection against severe malaria 
(about 46% and 58%, respectively), but protection against mild 
malaria was statistically signifi cant only in female heterozygotes.91 
In vitro cultures of P. falciparum have demonstrated that parasite 
growth is impaired in G6PD-defi cient compared with normal 
red cells, but in some studies additional oxidative stress was needed 
before the difference became apparent. Oxidant radicals in parasit-
ized red cells could lead to both impaired parasite development 
and to damage to the red cell membrane with early phagocytosis.92

Membrane defects

The red cell membrane is supported by a protein skeleton consist-
ing of a lattice of hexagons, the sides of which are spectrin tetra-

mers: these are linked at the corners of the hexagons by actin, 
tropomyosin and protein 4.1, and attached to the lipid bilayer by 
ankyrin and protein band 3 (the major transmembrane protein 
and anion transporter), as well as by glycoproteins such as gly-
cophorin C. Inherited variants of either the integral or skeletal 
proteins of the red cell membrane may be manifest as abnor-
malities of shape, such as hereditary spherocytosis, elliptocytosis 
and ovalocytosis.93 Membrane defects occur sporadically in all 
populations, hereditary spherocytosis being the most studied; 
only ovalocytosis in South-east Asia and Oceania achieves poly-
morphic frequency, but elliptocytosis is approaching polymorphic 
frequency in West and North Africa (see Figure 13.21).

South-east Asian ovalocytosis

The molecular basis of South-east Asian ovalocytosis (SAO) is a 
deletion of 27 nucleotides, resulting in the deletion of nine amino 
acids from band 3: the abnormal SAO band 3 has a higher than 
normal affi nity for ankyrin, resulting in increased membrane 
rigidity and the oval shape (Figure 13.22A).93,94 Inheritance is 
autosomal and dominant. Homozygotes have not been observed 
and this condition is probably lethal.

Ovalocytosis is seen at high frequency in populations of Malay-
sia, Indonesia, the Philippines, Papua New Guinea and the 
Solomon Islands, and possibly in Micronesian populations further 
out into the Pacifi c (see Figure 13.21). The distribution is extremely 
uneven within this area, but reaches up to 50% in Sulawesi 
(Celebes) and 27% in coastal Papua New Guinea.

A high proportion of red cells are ovalocytes (with a long axis 
less than twice the transverse axis), stomatocytes and knizocytes 
(with duplicated central pallor) (Figure 13.22A). Osmotic fragility 
is reduced. In otherwise healthy children, SAO is not associated 
with haemolysis or anaemia.

It had been reported earlier that in vivo both P. falciparum and 
P. vivax parasite rates were signifi cantly lower in subjects with 
ovalocytes than in those with normal red cells, and that in vitro 
there was reduced parasite invasion of the rigid membranes of 
ovalocytes. More recently, however, when the diagnosis was made 
by detection of the SAO band 3 and not by subjective microscopy, 
similar rates of densities of both P. falciparum and P. vivax parasi-
taemias have been observed in community controls with and 
without SAO. Malarial anaemia was exacerbated by ovalocytosis, 
the median Hb being 12 g/L lower during acute malaria in 

Figure 13.21 Areas of the Old World where ovalocytosis and 
elliptocytosis achieve (or approach) a polymorphic frequency.
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subjects with SAO than in controls. On the other hand, SAO pre-
vented cerebral malaria, being observed in none of 68 children 
with cerebral malaria and in six (8.8%) of 68 matched controls 
in Papua New Guinea.95 The mechanism of protection is likely 
to be related to differences of adherence of parasitized RBC to 
endothelium.

Elliptocytosis in West and North Africa

There are many mutations which result in elliptocytosis, and 
several have been described in West and North Africa.94 Two vari-
ants of spectrin (SpaI/65, SpaI/46–50a) are at least approaching poly-
morphic frequency. Spectrin aI/65 is the more common, but both 
are found throughout West Africa, the Maghreb (Tunisia, Algeria 
and Morocco), southern Italy and the Americas;96 Tuaregs who 
inhabit the Sahara between West and North Africa have elliptocy-
tosis, but this has not been characterized (see Figure 13.22). Up 
to 2–3% of both northern and southern Nigerians have an 
uncharacterized elliptocytosis. Inheritance is dominant. The con-
dition is usually symptomless, but there may be mild haemolysis, 
especially in homozygotes with the spectrin aI/65 variant. 
Red cells have a long axis more than twice the transverse axis 
(Figure 13.22B). There can be periodic episodes of slight jaundice 
and moderate splenomegaly following intercurrent infections; 
children with elliptocytosis and malaria sometimes develop pro-
found anaemia (personal observations). Some elliptocyte variants 
in vitro are resistant to invasion by P. falciparum,97 but there is no 
evidence at present as to whether there is selection for elliptocy-
tosis in West Africa.

Nutritional anaemias

Iron

Iron is essential for the formation of haemoglobin, myoglobin 
and various enzymes. Its defi ciency is the most common of all 
nutritional disorders: about 1000 million individuals suffer from 
anaemia due to iron defi ciency (see Table 13.10), while an even 
larger number have iron depletion which has not reached the stage 
of anaemia.98,99

Dietary iron and absorption

In early postnatal life iron is derived normally from breast milk, 
which contains 0.3–0.5 mg/L in a readily available form (50% 
absorbed). Iron in all other foods is in three forms: (1) haem iron, 
(2) non-haem iron and (3) contamination iron.

Haem iron is a constituent of haemoglobin and myoglobin in 
meat, poultry, fi sh and blood products; it is readily absorbed 
(20–30%) by the duodenal mucosal cells and utilized.

Non-haem iron is found in varying concentrations in all foods 
of plant origin, including cereals, tubers, vegetables and pulses. It 
is poorly absorbed (<5%) from common staples such as rice, 
maize, wheat, sorghum and millet when eaten alone. Absorption 
is inhibited by many vegetable ligands, including phytates in 
cereals, polyphenols in nuts and legumes, tannin in tea and soy 
protein, and by fi bre; other inhibitors are egg phosphoproteins, 
and in those with pica, ash and clay. Absorption may be enhanced 
to up to 20% by consumption during the same meal of (1) fresh 
fruits and vegetables rich in ascorbic acid (e.g. guava, citrus, pine-
apple, mango, green or red peppers, caulifl ower, some green leaves, 
potato, sweet potato, tomato and turnip), (2) amino acids from 
meat, poultry, fi sh and other seafoods, and (3) acids (e.g. lactic, 
citric).

Contamination iron is from two sources: dirt and iron cooking 
vessels. An adult male can take in 40–500 mg of contaminating 
iron on rice, sorghum or tef (Eragrostis abyssinica, a staple of the 
Ethiopian highlands) from the dirt picked up during threshing on 
earth fl oors and the dust of the marketplace; little of this is absorb-
able. Cooking food in iron pots may increase the iron content 
several-fold, especially with soups containing acid-rich vegetables 
which are simmered for a long time. Beer brewed in iron pots is 
rich in available iron, and nutritional iron overload can follow 
after years of steady consumption (see below).

Absorption is by duodenal mucosal cells and is regulated by 
the iron status of the individual, being more effi cient in the iron 
depleted than in the iron replete.

Iron balance

The iron in the body is in four compartments: (1) haemo-
globin iron 1.5–3.0 g, (2) storage iron 1.0–1.5 g as ferritin and 

A B

Figure 13.22 Peripheral blood fi lms. (A) 
South-east Asian ovalocytosis. A high 
proportion of cells have a long axis which is 
less than twice the transverse axis 
(ovalocytosis). Some have two areas of 
central pallor (knizocytes), e.g. on the 
horizontal midline, towards the right edge. 
Some have mouth-like slits of pallor 
(stomatocytes), e.g. near the lower edge 
towards the left. (Reproduced with 
permission of the author and publisher, 
from Dacie JV. The Haemolytic Anaemias 1, 
3rd edn. Edinburgh: Churchill Livingstone; 
1985.) (B) Elliptocytosis. The long axis is 
more than twice the transverse axis.

Anaemia
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haemosiderin, (3) ‘essential’ iron 300 mg in myoglobin and 
numerous enzymes, and (4) transport iron 3–4 mg as transferrin, 
all quantities relating to adult males. The turnover of iron is rapid, 
about 23 mg entering and leaving the haemoglobin compartment 
of an adult each day, but iron is highly conserved and basal losses 
by desquamation in faeces, urine and skin for adult men and 
postmenopausal women are only about 1 mg/day (Table 13.20). 
Infants have low requirements while the red cell mass diminishes 
during the fi rst 4–6 months, and these are met by breast-feeding. 
Iron needs are high relative to body size during growth in older 
infancy, childhood and the adolescent growth spurt. Menstruation 
approximately doubles the basal demand. Requirements are low 
during the fi rst trimester of pregnancy but rise rapidly in the 
second trimester, to reach around 6–7 mg/day; approximately 
1000 mg of iron is needed over the whole of one pregnancy. Lac-
tating women secrete about 0.3 mg of iron per day in breast milk, 
but while they have amenorrhoea daily requirements are relatively 
low.

Diets with high contents of bioavailable iron are eaten by most 
populations in industrialized countries, and also, until recently, 
surviving communities of hunter- gatherers, pastoralists who eat 
meat and blood (e.g. Masai in Kenya) and some groups with high 
ascorbic acid intake (e.g. Yoruba in Nigeria); physiological 

demands for iron are usually met, except during pregnancy when 
negative balance and some depletion of stores is inevitable. The 
majority of the world’s population eat food with intermediate, low 
or very low bio-available iron, from which it is impossible to meet 
the basic physiological requirements for iron (Table 13.20).99

Iron defi ciency

Aetiology

Iron defi ciency is commonly the result of inadequate intake of 
bioavailable iron not meeting physiological requirements. Ligands 
inhibiting iron absorption can be increased in special circum-
stances: food taboos applied during pregnancy; the replacement 
of traditional diets by convenience foods including wheat-bread 
and eggs; the drinking of tea (or coffee to a lesser extent) with the 
meal. Premature infants are a special case of nutritional defi ciency 
as the transplacental transport of iron to the infant takes place 
almost wholly in the last 4 weeks’ gestation.

Those with the greatest physiological demands for iron are at 
the highest risk of defi ciency; these are preschool children, ado-
lescents during the growth spurt, and especially menstruating girls, 
and pregnant women. Women who have many pregnancies, 
closely spaced, are especially liable to defi ciency.

Table 13.20 FAO/WHO recommended iron intakes (mg/day) to cover requirements of 97.5% individuals in each age/sex 
group for diets with different bioavailabilities.98

Age/sex group Absorbed iron 
required

BIOAVAILABILITY OF DIETARY IRON (% OF IRON ABSORBED)
Very lowa (<5%) Lowb (5–10%) Intermediatec (11–18%) Highd (>19%)

Children, both sexes

  0–4 months 0.5 e e e e

  4–12 months 0.96 24 13  6  4

  13–24 months 0.61 15  8  4  3

  2–5 years 0.70 17  9  5  3

  6–11 years 1.17 29 16  8  5

Adolescents

  12–16 years (girls) 2.02 50 27 13  9

  12–16 years (boys) 1.82 45 24 12  8

Adults

  Men 1.14 28 15  8  5

  Women

    Menstruating 2.38 59 32 16 11

    Pregnant

      1st trimester 0.8 – – – –

      3rd trimester 6.3 f f f –

    Lactating 1.31 33 17  9  6

    Postmenopausal 0.96 24 13  6  4

aVery low bioavailability. Diet composed almost entirely of cereals (e.g. in India).
bLow bioavailability. Monotonous diet based on cereals, roots and tubers, with a preponderance of foods which inhibit iron absorption (maize, rice, beans, wheat, 
sorghum) and with negligible quantities of meat, fi sh or ascorbic acid.
cIntermediate bioavailability diet. Similar to above, but including some foods of animal origin and/or ascorbic acid.
dHigh bioavailability. A diversifi ed diet containing generous quantities of meat, poultry, fi sh or foods rich in ascorbic acid: typical of most populations in industrialized 
countries. The regular consumption with meals of inhibitors of absorption (e.g. tea or coffee) can reduce bioavailability to the intermediate level.
eIron from breast milk is suffi cient for about the fi rst 6 months.
fSupplementation essential.
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As normal red cells contain iron as haemoglobin 1 mg per 
1 mL, chronic blood loss can lead easily to negative balance and 
depletion of iron stores. Common causes in the tropics are infec-
tion by hookworm, Schistosoma species and whipworm (Trichuris 
trichiura).98–100 Many conditions leading to chronic haemorrhage 
(e.g. menorrhagia, aspirin ingestion, peptic ulcers, carcinomas) 
occur in tropical as well as in non-tropical environments.
Hookworm
Infections with Ancylostoma duodenale and Necator americanus are 
widespread, and approximately 1200 million individuals, almost 
a quarter of the world’s population, are infected (see Chapter 
85).100 Prevalence of 80–90% in the population in the moist 
tropics is not unusual.

The adult worms ingest, detach and digest the host’s intestinal 
mucosa, causing bleeding. The daily loss of iron has been calcu-
lated as 1.2 mg and 0.8 mg per 1000 ova/g of faeces for A. duode-
nale and N. americanus, respectively, but as both species are now 
found more or less worldwide and mixed infections are common, 
the daily loss of iron of 1 mg per 1000 ova/g of faeces regardless 
of species is a good working fi gure.99,100

Depletion of iron stores depends on (1) the daily absorption 
of iron, (2) the size of the body’s iron stores and (3) the intensity 
of the hookworm infection. Subjects with diets poor in bioavail-
able iron and with low or no stores need only light infections to 
deplete them of iron; in contrast, adults in West Africa on tradi-
tional diets had a threshold of at least 20 000 ova/g of faeces, 
equivalent to an iron loss of 20 mg/day, above which they went 
into negative balance. Women have lower thresholds than men. 
Children expose their whole body surfaces to infection when 
playing on the ground, and have heavy hookworm loads in rela-
tion to their body weights; the resultant subacute hookworm 
anaemia has an element of acute haemorrhage in its aetiology.

Acute hookworm anaemia is rare but follows extremely 
heavy infections, usually in infants but sometimes in older 
children or even adults. A. duodenale is able to cross the placenta 
and infect the infant in utero. Anaemia is from acute blood 
loss, shows a normochromic picture and may be severe and 
life-threatening.21,100

Schistosomiasis
About 200 million people are infected by Schistosoma, and trans-
mission is increasing with the spread of irrigation (see Chapter 
82).

The haematuria from S. haematobium is short lived but can give 
rise to a loss of 30–40 mg of iron per day and contribute signifi -
cantly to iron defi ciency, especially in adolescent boys, for example 
in Somalia and coastal East Africa.

The mechanisms of anaemia caused by S. mansoni and S. japon-
icum infections are complex. Ulcers and polyps in the colon bleed 
and can result in a chronic loss of iron of 7–8 mg/day. Infection 
of the liver is followed by hepatic fi brosis and the anaemia of 
chronic disorders; portal hypertension leads to splenomegaly and 
the pancytopenia of hypersplenism; oesophageal varices may 
bleed acutely or intermittently, leading to iron loss.21,100

Trichuriasis
T. trichiura is one of the most prevalent helminths in the world, 
infecting about 1000 million people (see Chapter 85).100 Blood is 
lost from the infl amed colonic mucosa. Heavy infections in excess 
of 800 worms (16 000 ova/g of faeces) result in a blood loss of 
4 mL, or iron loss of 1.5 mg/day. Trichuriasis can contribute to 

iron defi ciency, or be a major cause in children, as has been 
reported from Central America and Malaysia.100

Stages of iron defi ciency

Iron defi ciency passes through three stages. In the fi rst stage, iron 
depletion, iron stores are reduced, but haemopoiesis remains unaf-
fected: plasma ferritin is below normal and staining for iron in a 
bone marrow aspirate shows scanty (1+) or zero iron in the mac-
rophages of a cellular fragment; plasma iron is low normal, plasma 
transferrin raised and its percentage saturation reduced within the 
normal range. In the second stage, iron-defi cient erythropoiesis, 
iron stores have been exhausted: plasma ferritin is reduced further, 
iron is absent from the bone marrow and there are no sideroblasts; 
plasma iron and transferrin saturation are below normal and red 
cell protoporphyrin is raised; the Hb is likely to be within the 
normal range or there may be a slight normochromic anaemia. 
With further depletion, iron is not available for haemoglobin 
synthesis, and iron defi ciency anaemia develops.

Iron defi ciency anaemia

Clinical
Patients present with symptoms and signs of anaemia from any 
cause; in addition they may show angular stomatitis, koilonychia 
and loss of melanin skin pigmentation.

Iron is essential for many metabolic processes, and its defi -
ciency even without anaemia has adverse effects on development 
during childhood, the outcome of pregnancy and work capacity. 
In practice it is not feasible to distinguish the results of iron defi -
ciency per se from those of anaemia. The consequences of iron 
defi ciency, and especially iron defi ciency anaemia are: in infants, 
children and adolescents, impaired motor development, coordi-
nation, language development and scholastic achievement, psy-
chological and behavioural effects (inattention, fatigue, insecurity, 
etc.) and decreased physical activity;101 in adults of both sexes, 
decreased physical work, earning capacity and resistance to fatigue; 
in pregnant women, increased maternal and infant morbidity and 
mortality, placental hypertrophy premature delivery, and risk of 
low birthweight.98,99,102,103 There is no convincing evidence that 
iron defi ciency either enhances or signifi cantly impairs resistance 
to infections, although there is some reduction of cellular immune 
responses.99

Haematology
Anaemia varies from mild to profound. The MCV, MCH and 
MCHC are all reduced; the peripheral blood fi lm shows microcytic 
hypochromic red cells and sometimes numerous target cells 
(Figure 13.23). In the bone marrow aspirate there are micronor-
moblastic red cell precursors and the total absence of storage iron. 
Plasma, for example in a microhaematocrit tube, is nearly colour-
less and water clear.

There are three considerations in confi rming the diagnosis of 
iron defi ciency anaemia: (1) limited laboratory facilities, (2) bio-
chemical measurements of iron status giving misleading results in 
patients with multiple pathology and (3) differentiation from the 
microcytic hypochromic anaemias of chronic disorders and β thal-
assaemia minor.

Within a limited laboratory, the diagnosis of iron defi ciency 
anaemia can be usually made with certainty from the blood fi lm 
appearance, colourless plasma and the absence of iron in the bone 
marrow. However, iron is immobilized in the RES in the anaemia 
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Figure 13.23 Peripheral blood fi lm. Iron defi ciency anaemia: there is 
variation in size of the red cells (anisocytosis) with many small cells 
(microcytosis), variation of shape (poikilocytosis) and hypersegmented 
neutrophil, suggestive but not diagnostic of folate or vitamin B12 
defi ciency; there are numerous platelets (thrombocytosis) which are 
likely to be a response to chronic haemorrhage.

of chronic disorders, megaloblastic anaemia and protein-energy 
malnutrition (PEM); although iron is seen in the bone marrow 
and iron defi ciency is not limiting erythropoiesis at the time, treat-
ment of the primary condition can lead to the mobilization of all 
iron and the uncovering of iron defi ciency.

Ferritin is an acute reactive protein and plasma ferritin levels 
are generally raised in rural populations in the tropics, and 
although levels correlate with the body iron stores, higher cut-off 
points have to be applied. Malaria, other recurrent infection and 
chronic hepatic disease can be accompanied by abnormally high 
plasma ferritins even in the face of severe iron defi ciency, making 
the measurement of plasma ferritin of limited diagnostic value, 
especially in children.

In iron defi ciency, the plasma iron is low and the plasma trans-
ferrin is raised, so that transferrin saturation is <16% in adults, 
<14% in children and <12% in infants. In contrast, in anaemia of 
chronic disorders and PEM, both plasma iron and plasma ferritin 
are reduced, and although the saturation of transferrin is decreased 
it remains >15%.

In β thalassaemia minor the red cell count is higher (>5.0 × 1012/
L), there is less anisocytosis (normal RBC distribution width 
(RDW)), greater microcytosis and less hypochromia than with 
iron defi ciency (Table 13.15). From these characteristics are 
derived several formulae to differentiate the two conditions; for 
example, the ratio MCV : RBC is >14 in iron defi ciency and <14 in 
thalassaemia.

Management

Oral treatment
Tablets of ferrous salts (e.g. exsiccated ferrous sulfate 200 mg, 
containing 60 mg of elemental iron) taken orally are the cheapest 
effective treatment.98,104 For adults and adolescents, the recom-
mended dosage is 60 mg of elemental iron per day for mild 
anaemia and 120 mg (plus folic acid 400 mg) per day for moder-
ate or severe anaemia. Absorption is best if the tablets are taken 
on an empty stomach. Treatment should continue until the Hb 
has reached normal limits and ceased to rise, and then for at least 
another 4–6 weeks in order to build up body stores.

Pregnant women should receive a combination tablet contain-
ing 400 mg of folic acid and 60 mg of iron twice a day; suitable 
tablets are supplied by UNICEF for US$1 per 1000 tablets.

Infants and children may be treated with liquid preparations 
in divided doses to provide 5 mg of iron per kilogram body weight 
(plus folic acid 100–400 mg) per day.

Oral iron can cause upper gastrointestinal side effects (epigas-
tric discomfort, nausea and vomiting), or lower gastrointestinal 
side effects (diarrhoea or constipation). The frequency of adverse 
reactions is related directly to the dosage of iron and not to the 
ferrous compound prescribed. Oral treatment must continue if 
possible: dosage should be reduced and then stepped up again 
slowly within the patient’s tolerance, or the tablets taken with 
meals (although this reduces absorption), or the formulation 
changed to a better tolerated but much more expensive slow-
release preparation.

Where folate intake is poor, defi ciency may develop during the 
response to iron therapy: folic acid 5 mg/day for 3 weeks should 
be given.
Parenteral treatment
A parenteral route is justifi ed when (1) oral treatment has not 
been tolerated, (2) there is persistent non-compliance, (3) it is 
nearly impossible for a patient to comply because of the severity 
of the iron defi ciency and the length of time required for oral 
therapy, and (4) an advanced period of gestation does not allow 
for full oral treatment before obstetric delivery. The extra cost of 
parenteral preparations is offset by savings on hospital bed occu-
pancy and staff time, and by the rapid return of the patient to 
productive life.100

Complementary parasite treatment
Where hookworm is endemic (prevalence >20%), those above 2 
years of age should receive albendazole 400 mg in a single dose 
as the simplest to administer effective anthelmintic; treatment 
should be withheld during the fi rst trimester of pregnancy. Where 
urinary schistosomiasis is endemic, any person over 5 years of age 
who has visible haematuria should be treated with oral praziqu-
antel 50 mg/kg body weight in a single dose. Recovery may be 
delayed by coincidental malaria: children under 5 years of age in 
malaria endemic areas should receive curative antimalarial therapy 
followed by prophylaxis for 3 weeks, appropriate to the area.104

Prevention

There are four strategies for the prevention of iron defi ciency: 
(1) iron supplementation; (2) fortifi cation of a staple food 
with iron; (3) measures to increase dietary intake of bioavailable 
iron; and (4) the control of hookworm and other helminthic 
infections.98,100

Supplementation
Supplementation with medicinal iron has the advantages of having 
immediate impact and of being targeted on specifi c groups which 
are known to be liable to defi ciency, including pregnant women, 
premature infants, preschool children and adolescent girls.104

Iron supplementation for pregnant women should be given the 
highest priority in all national programmes of prenatal care deliv-
ery.26,98,102 A successful programme must involve policy makers, 
planners, managers, educators, workers, midwives, obstetricians, 
the pregnant women themselves and their families, in order to 
ensure the utilization of antenatal services, the provision of med-
ication and compliance by pregnant women; administration of 
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iron supplements by traditional birth attendants reduced the prev-
alence of iron defi ciency and anaemia and increased the mean 
birth weight, without enhancing peripheral blood or placental 
malaria, in The Gambia.105 Pregnant women with sickle cell trait 
and their infants may not benefi t from iron supplementation, 
through mechanisms which are not understood.106 Recommended 
supplementation is the UNICEF combined tablet of elemental 
iron 60 mg (as ferrous sulfate) and folic acid 400 mg, taken twice 
daily without food throughout the second half of pregnancy; if 
compliance is poor or if there are unacceptable side-effects, the 
two tablets can be taken together, or taken with meals or reduced 
to 1/day. Where malaria is endemic, antimalarial prophylaxis 
should start from the time of fi rst antenatal attendance. Where 
women are exposed to heavy hookworm infestations, albendazole 
400 mg should be given orally on fi rst attendance after the fi rst 
trimester. Vitamin A (2.4 mg retinol/day) supplements dramati-
cally enhanced the effi cacy of iron in the prevention of anaemia 
in pregnancy in Indonesia.100

Breast-feeding for 6 months or more protects full-term infants; 
breast-fed pre-term infants require iron supplements by no later 
than 2 months of age. Recommended dosage is 2 mg/kg body 
weight, up to a maximum of 15 mg/day until iron-fortifi ed cereal 
foods can be introduced. Parents must be warned about the toxic-
ity of iron overdosage. Bottle-fed infants should receive formulae 
containing iron 12 mg/L and vitamin E 10 IU/L;2 unfortifi ed 
brands are still being sold by the unscrupulous in developing 
countries. Children aged 6–24 months of age can be given supple-
ments of 12.5 mg iron plus 50 mg folic acid daily.104 It is the 
consensus that this does not increase signifi cantly the risk of 
malaria.107

Food fortifi cation
The fortifi cation with iron of widely consumed and centrally pro-
cessed staple foods is the main strategy for anaemia control in 
many countries.11,99 Vehicles for fortifi cation have included acidi-
fi ed milk formulae and biscuits (with added bovine haemoglobin) 
in Chile, sugar in Guatemala, salt in India and fi sh sauce in Thai-
land. Fortifi cation has been followed by a slow but steady decrease 
of prevalence of anaemia at low cost. Fortifi cation programmes 
require industrial infrastructure and organized marketing which 
do not exist in many countries, particularly in Africa.
Dietary modifi cation
In the long term, the ideal is for people to eat food from which 
they can absorb suffi cient iron for normal physiological require-
ments.98 Improved iron status can be achieved by increasing 
enhancers of iron absorption (e.g. ascorbic acid and animal 
protein), decreasing inhibitors (e.g. tannin and phytic acid), or by 
increasing total food intake so that energy needs are met fully and 
total iron intake improved by up to 30%. Ethiopian children fed 
on food cooked in iron pots had lower rates of anaemia and 
improved growth compared with children whose food was cooked 
in aluminium pots: provision of iron pots may be a cheap and 
effective way of preventing iron defi ciency anaemia.108

Even when the value of ascorbic acid-rich foods is understood, 
there are restraints of cost if purchased, and of limited water 
supply and expense of fencing if grown in home gardens. As 
ascorbic acid is destroyed by heat, encouragement should be given 
to eating food raw or cooked only lightly and not reheated. Ger-
mination, malting and fermentation of grains both increase ascor-
bic acid and decrease tannin and phytates. Attempts to increase 

intake of animal protein are restrained by high costs and by reli-
gious objections, for example Hinduism.
Control of helminthic infections
It has been shown, for example in Korea, that transmission of 
hookworm can be reduced highly effectively and cheaply by 
simple sanitary measures, such as pit latrines, wearing plastic 
sandals and abandoning human faeces as fertilizer99 (see also 
Chapter 85 and Appendix II).

Iron overload

There are many congenital and acquired conditions leading to 
systemic iron overload, including hereditary haemochromatosis 
and thalassaemia.109 In sub-Saharan Africa, dietary iron overload 
is associated with drinking regularly for many years beers brewed 
from sorghum, millet and maize (Chapter 10). The beers are fer-
mented in iron pots or, in more recent times, steel (oil) barrels, 
and contain absorbable iron at a concentration of up to 80 mg/L; 
as acid and alcohol stimulate gastric acid secretion, absorption is 
enhanced further.110 Men especially commonly drink several litres 
at weekends.

Dietary iron overload, as defi ned as hepatic iron >360 mmol/g 
dry weight (normal <17 mmol/g), was present in 26% of male 
and 8% of female black South Africans over 40 years of age in 
necropsies at Baragwanath Hospital, Soweto, in 1959–1960. The 
‘liberalization’ of the drinking laws, allowing black South Africans 
to drink bottled beer, was followed by a substantial decline in 
prevalence of the condition. However, dietary iron overload 
remains common in rural areas of much of southern Africa; e.g. 
21% of Zimbabwean men aged 45 years or more had high serum 
ferritins and transferrin saturation >70% in 1986, and the condi-
tion is reported in several countries of East and West Africa. It 
seems probable that a high dietary intake is not the only factor 
but that it is interacting with an inborn error of metabolism in 
the causation of iron overload in Africa.111

Once the hepatic iron is above 360 mmol/g dry weight, portal 
fi brosis and cirrhosis develop. Other complications include pan-
creatic fi brosis and diabetes mellitus, cardiac fi brosis and heart 
failure, chronic scurvy and osteoporosis. Patients have a history of 
beer consumption over years, hepatomegaly with or without 
ascites and hyperpigmentation. The diagnosis is confi rmed by 
fi nding excessively high serum iron, transferrin saturation and 
ferritin, and excessive iron in a liver biopsy. Benefi t is described 
from repeated venesections; chelating agents have had no exten-
sive trials.

Folic acid

Normal metabolism

The vitamin folic acid is not found naturally in the form of the 
core molecule pteroylglutamic acid (PGA), but as active folates, 
which are reduced, conjugated and condensed forms of PGA.112 
The enzyme dihydrofolate reductase, found in mammalian liver 
cells, reduces PGA to dihydro- and tetrahydrofolates. Folates are 
transported and absorbed as monoglutamates, but intracellularly 
are often conjugated to form polyglutamates. Folates are meta-
bolically active when condensed with one-carbon radicals (e.g. 
methyl, methenyl, methylene, formyl); folates function as cofac-
tors for the transfer of these one-carbon radicals in the synthesis 
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of purines and pyrimidines (and hence nucleic acids) and in 
amino acid interconversions (e.g. histidine/glutamic acid, homo-
cysteine/methionine and glycine/serine). Folate is essential for the 
conversion of uridine to thymidine required for DNA synthesis; 
therefore, folate is necessary for normal cell division, and tissues 
with rapid rates of cell division, for example bone marrow and 
gastrointestinal mucosa, have the highest requirements.

Folates are found in a wide variety of both animal and vegeta-
ble foods. Good sources include liver, green vegetables, tubers (e.g. 
yams, sweet potatoes), bananas and plantains, mangoes, fresh 
green and red peppers, locust beans, eggs, cheese and yeast prod-
ucts (e.g. bread and beer). Red meat and poultry are moderately 
good sources. Poor sources are grains (e.g. rice, maize, sorghum, 
millet), roots (e.g. cassava), non-green vegetables and distilled 
alcohols. Folates are heat labile and water soluble, so that pro-
longed cooking, reheating or boiling in large volumes of water 
greatly reduces the available folate.

Polyglutamates are deconjugated and folates are absorbed 
actively as monoglutamates in the upper jejunum. Serum trans-
port is as N-5-methyltetra-hydrofolate. Storage is mainly in the 
liver, and is normally suffi cient to meet requirements for about 3 
months only. Folate is excreted in bile, but most of this is reab-
sorbed. There is a small loss in urine; faeces are rich in folate, but 
this is derived from bacterial synthesis in the colon and is extrane-
ous to the body’s metabolism. Folate is consumed in intermediary 
metabolism: requirements are highest during growth, pregnancy 
and lactation (Table 13.21).

Folate defi ciency

Aetiology

Despite folates being found in a wide range of commonly eaten 
foods, dietary defi ciency is common, often related to food short-
ages, destruction by cooking or eating of inappropriate foods 
(Table 13.22).112,113 In some communities of subsistence farmers, 
folate defi ciency is seen most frequently at the end of the dry 
season and in the early rainy season before the new harvest. Some-
times all the folate-rich foods are cooked in a soup or relish added 
to the bulky staple; this may be cooked for several hours and 
reheated many times before being fi nished, so destroying most of 

the folate. Individuals with highest requirements, especially preg-
nant women and premature infants, are the most likely to be 
severely defi cient.26

Malabsorption of folate results from tropical sprue and from 
acute or chronic intestinal infections (e.g. giardiasis), and may 
also complicate systemic infections, including acute pneumonias, 
tuberculosis and malaria.

Haemolysis leads to erythroid hyperplasia and high demands 
for folate: patients with severe chronic haemolytic anaemias (e.g. 
sickle cell disease, thalassaemia major, spherocytosis) are almost 
inevitably seriously defi cient if untreated. Recurrent malaria in 
childhood leads to dyserythropoiesis but not folate defi ciency; in 
contrast, the main pathology of malaria in partially immune preg-
nant women is haemolysis and an anaemia which is normocytic 
at fi rst but can progress to a profound folate defi ciency megalo-
blastic anaemia.26

Dihydrofolate reductase is inactive at 39°C: high or prolonged 
pyrexia can lead to acute megaloblastic arrest of erythropoiesis due 
to this block in folate metabolism. The 2,4-diaminopyrimidines 
(pyrimethamine and trimethoprim) are analogues of PGA and 
competitive inhibitors of dihydrofolate reductase. Their affi nities 
for the enzymes of protozoa or bacteria are high and for the 
enzymes of mammals low, but overdosage can lead to severe dis-
turbance of folate metabolism and megaloblastic anaemia. This 
has occurred in epidemics in China following the addition of 
pyrimethamine to table salt. Infants are liable to be overdosed, 
and individuals may overtreat themselves with antimalarial 
prophylactics (e.g. pyrimethamine daily instead of weekly), or 
with therapies containing pyrimethamine (e.g. Fansidar), or with 
simultaneous antimalarials and co-trimoxazole in high dose.

Aetiology is often multiple. In infancy and childhood, folate 
defi ciency commonly complicates prematurity, feeding with 
boiled cows’ milk or with goats’ milk (which contains only folate 
unavailable for man), poor weaning foods, diarrhoea, repeated 
systemic infections, and haemoglobinopathies;112 in West Africa, 
for example, about one-third of children with either PEM or mod-
erate to severe anaemia are folate defi cient. Factors leading to 
folate defi ciency during pregnancy are commonly low intake, high 
demands from pregnancy, especially multiple pregnancy, malarial 
haemolysis, especially in primigravidae, pyrexia and haemoglo-
binopathies; folate defi ciency is a major aetiological factor in 
severe anaemias in pregnancy in around three-quarters of West 
African patients and two-thirds of Indian patients.11,26 In southern 
Africa women present commonly about 6 months postpartum 
with megaloblastic anaemia due to a low intake of folate from a 
maize-based diet not meeting the high demands of repeated preg-
nancies and prolonged lactation.113

Clinical

Patients with folate defi ciency present with the symptoms and 
signs of anaemia. They have an increased susceptibility to infec-
tion related to neutropenia and immune defi ciency. Rarely, there 
is a history of purpura or menorrhagia associated with thrombo-
cytopenia. Mild splenomegaly is not unusual. Patients may have 
depression of mood and mental alertness, but not the major neu-
rological signs of vitamin B12 defi ciency. Long-standing folate defi -
ciency can cause hyperpigmentation of the skin, but this is not so 
obvious as with vitamin B12 defi ciency. Changes in the intestinal 
tract are glossitis, angular cheilosis, mild malabsorption and 

Table 13.21 Daily dietary requirements7 for folates and 
vitamin B12

Nutrient Group Daily dietary 
requirement (mg)

Folate 0–6 months
7–12 months
1–12 years
≥13 years
Pregnant women
Lactating women

40–50
120
200
400
800
600

Vitamin B12 0–12 months
1–3 years
4–9 years
≥10 years
Pregnant women
Lactating women

0.3
0.9
1.5
2.0
3.0
2.5
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delayed regeneration of liver cells. Chronic defi ciency causes steril-
ity in both sexes and retarded growth and development in child-
hood, for example in patients with sickle cell disease. Folate 
defi ciency in early pregnancy has an association with neural tube 
defects in the infants, and in later pregnancy with fetal growth 
retardation, premature delivery and low birth weight.114

Haematology

Anaemia varies in severity but may be profound. The MCV 
and MCH are raised, but the MCHC is normal. Macrocytosis 
may be masked if there is a coincidental cause for microcytosis, 
such as iron defi ciency or thalassaemia trait. The reticulocyte 
count is high if the underlying cause is haemolysis, but otherwise 
is normal or low. The red cells show anisocytosis and macrocy-
tosis; there is a tendency to oval forms, but poikilocytosis is 
unusual unless the anaemia is long-standing; cells are normo-
chromic; there is polychromasia, punctate basophilia occasion-
ally, nucleated cells (which may be obvious megaloblasts) 
and Howell–Jolly bodies (Figure 13.24A). Macrocytosis and 
raised MCV may not be apparent in patients who have con-
comitant iron defi ciency or α thalassaemia. The total WBC and 
neutrophil counts are usually low, with hypersegmented neutro-
phils in the peripheral blood (Figure 13.24B); however, with 
complicating infections, as are common in the tropics, there 
may be leukaemoid reactions, with excessively high total WBC 
and neutrophil counts, showing a shift to the left as far as the 

promyelocytes or even blasts, and numerous giant metamyelo-
cytes. The platelet count is moderately reduced commonly, but 
sometimes severely. Bone marrow aspirates reveal megaloblastic 
haemopoiesis (Figure 13.25); iron stores tend to be raised due 
to immobilization, but in patients with dual defi ciencies mega-
loblastic changes can be masked and iron absent from the marrow. 
Serum lactate dehydrogenase levels are extremely high; serum 
bilirubin is moderately raised.

With many patients, for example pregnant women or patients 
with sickle cell disease, it is obvious that megaloblastic erythro-
poiesis is the result of folate defi ciency, but with others it is neces-
sary to distinguish folate from vitamin B12 defi ciency by assaying 
serum folate, red cell folate and serum vitamin B12 levels. If assays 
are not available, the two defi ciencies can be distinguished by a 
therapeutic trial of physiological doses of folic acid 50 mg/day: if 
there is no reticulocyte or haemoglobin response within 1 week, 
vitamin B12 1 mg/day intramuscularly is tried; coincidental infec-
tions suppress haematological responses, making results diffi cult 
to interpret.

Management

Folic acid 5 mg/day is followed by a reticulocyte response after 
about 5 days, and the slow restoration of normal haematology; 
treatment for 3 weeks is suffi cient to replace the body stores but 
should be continued if there are ongoing high demands or mal-
absorption. This dosage is in excess of requirements and there is 

Table 13.22 Some causes of folate and vitamin B12 defi ciencies

Folate Vitamin B12

Inadequate intake Boiling of bottle-feeds
Goats’ milk feeding of infants
Inappropriate weaning foods
Anorexia (recurrent infection, old age)
Seasonal shortage (end of dry season)
Prolonged cooking/re-heating
Prolonged storage of food
Famine
Taboos and food fads
Alcoholism

Breast-feeding by B12-defi cient 
women
Veganism

Malabsorption Diarrhoea in infancy
Acute enteric infections
Giardia lamblia
Ileocaecal tuberculosis
Systemic infections (pneumonia, tuberculosis)
Coeliac disease
Tropical sprue (acute)
Crohn’s disease

Pernicious anaemia
Gastrectomy
Chronic Giardia lamblia
Diphyllobothrium latum
Stagnant loop syndrome
Tropical sprue (chronic) (Chapter 10)
Crohn’s disease

High physiological demands Growth (prematurity, infancy, adolescence)
Pregnancy
Lactation

Pregnancy

Pathologically high demands Haemolysis (sickle cell, thalassaemia, etc.;
recurrent malaria)
Malignant disease
(Burkitt’s, choriocarcinoma)

Disturbed metabolism Pyrexia
Overdosage of antagonists (pyrimethamine, trimethoprim)

Nitrous oxide
Chronic cyanide intoxication (cassava)
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never any need to increase to 15 mg/day; parenteral treatment is 
indicated only rarely with severe malabsorption, and the reduced 
form folinic acid is needed only to counteract dihydrofolate reduc-
tase inhibitors.

Patients with a megaloblastic anaemia can be treated initially 
with both folic acid and vitamin B12 while awaiting the results of 
vitamin assays, provided all blood and marrow samples have been 
collected for necessary investigations.

Prevention

The same three strategies of supplementation, fortifi cation of food 
and dietary modifi cation apply as in the prevention of iron 
defi ciency.

Premature infants should be given supplements of 50 mg/day. 
Infants with diarrhoea should receive 50 mg in addition. Defi -

ciency in pregnancy is prevented with the combined iron (60 mg) 
and folic acid (400 mg) tablets twice a day. Preconceptional sup-
plements of folic acid are required to prevent recurrence of neural 
tube defects.114 Patients with chronic haemolytic anaemias (e.g. 
thalassaemia, sickle cell disease, congenital spherocytosis) are gen-
erally given folic acid 5 mg/day, this large dose being the pharma-
ceutical preparation usually available.

For populations with high frequencies of nutritional defi ciency 
there is a strong case for the fortifi cation of the staple with folic 
acid, for example maize fl our in southern Africa; however, this has 
not yet been enforced.113

The natural folate content of food can be enhanced by cultivat-
ing and eating folate-rich vegetables, which are generally those 
which are also rich in ascorbic acid (see ‘Prevention of iron defi -
ciency’). Encouragement should also be given to eating raw or 
only lightly cooked vegetables and fruit.

A B

Figure 13.24 Peripheral blood fi lms. (A) 
Macrocytic megaloblastic anaemia. Red cells 
show variation of size (anisocytosis) and 
large cells (macrocytes), some of which are 
oval. (B) Hypersegmented neutrophil of a 
patient with dietary vitamin B12 defi ciency.

A B C

Figure 13.25 Bone marrow. (A) Normoblastic erythroid hyperplasia from a patient with haemolytic anaemia, to show the normal stages of 
maturation of erythroblasts. (B) Megaloblastic bone marrow: the erythroblasts are large; the nuclei are grainy (defi cient in chromatin); the nuclei 
remain immature whereas the cytoplasm continues to develop (nuclear-cytoplasmic dissociation); there are bizarre-shaped nuclei and Howell–Jolly 
bodies; there is a high proportion of early forms which do not develop to late forms, but suffer intramedullary destruction. (C) Giant 
metamyelocytes: these are about twice the size of normal metamyelocytes and characteristic of megaloblastic bone marrows, but may be seen 
also following cytotoxic therapy.
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Vitamin B12

The natural forms of vitamin B12 in mammals are: (1) deoxyadeno-
sylcobalamin, which accounts for about 80% of intracellular 
vitamin B12; (2) methylcobalamin, which is the main form in 
plasma; and (3) hydroxocobalamin, which occurs in small quanti-
ties both intracellularly and extracellularly.112 Cyanocobalamin 
occurs naturally in trace amounts only, but is stable and so fi nds 
diagnostic and therapeutic applications. There are only three bio-
chemical reactions known to involve vitamin B12 in man: (1) the 
isomerization of methylmalonyl CoA to succinyl CoA; (2) the isom-
erization of α-leucine to β-leucine; (3) the methylation of homo-
cysteine to methionine, a reaction which results in conversion of 
methyltetrahydrofolate to tetrahydrofolate. Vitamin B12 is vital for 
normal folate metabolism and for the myelination of nerve fi bres.

Vitamin B12 is synthesized by microorganisms and is available 
to man in animal foods, especially liver, and animal products, 
including milk and its derivatives and eggs. Vitamin B12 is not 
found in vegetables: it is available, however, from faecally con-
taminated water, and this source is important in the poorest veg-
etarian societies.115 Requirements are extremely low, and are met 
by very small intakes of animal food (Table 13.21).

Vitamin B12 is released from food in the stomach, and then 
bound to intrinsic factor (IF), a glycoprotein secreted by parietal 
cells. The IF-B12 complex is adsorbed by means of a specifi c recep-
tor on to the mucosal cells of the terminal ileum; the vitamin B12 
is absorbed and transported to the liver by the plasma protein 
transcobalamin II (TC-II). Storage, mainly in the liver, amounts to 
3–5 mg and is suffi cient to meet requirements for 3–4 years. There 
is an enterohepatic circulation: there is a minimal loss in urine; 
faeces are rich in vitamin B12, but this is synthesized by colonic 
bacteria and not absorbed.

Serum vitamin B12 is bound about 80% to TC-I, derived from 
neutrophils; the function of this fraction is not understood. TC-II, 
derived from macrophages and hepatocytes, carries metabolically 
available vitamin B12 between tissues. The reference range of serum 
vitamin B12 is usually given as 150–900 ng/L, but higher levels 
(160–2250 ng/L) are normal in blacks, who have a genetically 
determined higher TC-II binding capacity.116 High serum vitamin 
B12 is associated also with PEM, hepatic disease and granulocytic 
proliferations.

Vitamin B12 defi ciency

Aetiology

Vitamin B12 defi ciency can be the result of (1) inadequate intake, 
(2) malabsorption due to a failure of IF secretion by gastric pari-
etal cells, (3) disease of the ileum, (4) competition by the fi sh 
tapeworm, Diphyllobothrium latum, and (5) disturbed metabo-
lism (Table 13.22).112,115 Demands are raised during pregnancy and 
lactation (Table 13.21), but this precipitates overt defi ciency only 
in those whose status was marginal before pregnancy.

Dietary inadequacy

The requirements for vitamin B12 are so low that nutritional defi -
ciency is rare. It is seen most commonly in infants born to and 
breast-fed by women who are vitamin B12 defi cient; the disorder 
occurs predominantly in Indians whose mothers have tropical 
sprue and/or inadequate nutrition, but can result from maternal 
pernicious anaemia.115

Strictly vegan diets, which exclude all animal products such as 
milk and eggs, contain inadequate vitamin B12 and defi ciency 
occurs in some impoverished Indian Hindu populations and 
other vegans such as Rastafarians. Indian immigrants in the UK 
seem to be at an increased risk of defi ciency, possibly because 
there is less bacterial contamination of water and food. Severe 
vitamin B12 defi ciency has been described in long-term prisoners 
of oppressive governments.

Malabsorption

Classical Addisonian pernicious anaemia (PA) is an autoimmune 
disease characterized by antiparietal cell and/or anti-IF antibodies, 
and a failure of IF secretion. It has the highest incidence in popu-
lations of northern European descent, but it is being diagnosed 
with increasing frequency in Arabs, Asians and blacks.116,117 Unde-
fi ned environmental factors appear to protect against the develop-
ment of PA in tropical Africa, as it is rare in Zambia (personal 
observations) and Nigeria.118 In contrast, PA accounts for about 
half of all megaloblastic anaemias in Soweto, South Africa,113,116 
and for 86% of megaloblastic anaemias not occurring in preg-
nancy in Zimbabwe.119

Sprue is the most common cause of malabsorption, probably 
as a result of interfering with adsorption of IF-B12 by ileal mucosal 
cells. Subnormal serum vitamin B12 is reported in up to 40% of 
people with AIDS; this may not be a true defi ciency but the result 
of neutropenia and low synthesis of TC-I.120 The fi sh tapeworm is 
a rare cause of defi ciency, even where the infestation is common.

Disturbed metabolism

Cassava fl our is an important staple in sub-Saharan Africa, especially 
in Mozambique, Tanzania and the Democratic Republic of Congo, 
and in Indonesia and Brazil.121 The peel of the roots of cassava con-
tains linamarin, a cyanogenic glycoside from which is released 
hydrocyanic acid. Cassava is usually prepared by peeling, washing 
and drying in the sun; this destroys the source of cyanide through 
fermentation. Chronic cyanide intoxication can follow drought, for 
example in Mozambique, when the linamarin content is excessively 
high, or from imperfect preparation, for example in refugees during 
the Nigerian civil war. Patients suffer from chronic cyanide intoxica-
tion, leading to tropical amblyopia. Urinary thiocyanate excretion 
is high, serum cyanocobalamin is raised but total serum vitamin B12 
is low. The neurological complications have been linked to dis-
turbed metabolism of vitamin B12, but megaloblastic anaemia has 
not been reported. Tobacco amblyopia has a similar pathogenesis.

Exposure to nitrous oxide for 5–6 days or recurrent exposure 
induces megaloblastic anaemia through the oxidation of cobala-
mins to inactive forms.

Clinical

Vitamin B12 defi ciency has the same haematological and systemic 
consequences as folate defi ciency. In addition, the course can be 
complicated by peripheral neuropathy, optic atrophy, psychiatric 
disturbances and subacute combined degeneration of the cord, 
characterized by demyelination in the lateral and posterior 
columns. A common clinical fi nding is melanin hyperpigmenta-
tion, especially of palms, soles and across the small joints of the 
hands and feet.115 PA is seen at a younger age in blacks and Arabs, 
and the rate of progression of the disease may be more rapid than 
in other ethnic groups.116,117
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Neonatal defi ciency, as seen in Indian infants, shows as a failure 
of normal development, involuntary movements, loss of muscle 
tone, pallor and hyperpigmentation of skin and mucous mem-
branes; untreated the condition can progress to coma and death.115

Haematology

The peripheral blood and bone marrow fi ndings are identical to 
those of folate defi ciency, except that as vitamin B12 defi ciency is 
likely to be more long standing, there tends to be more poikilo-
cytosis and thrombocytopenia. Diagnosis is confi rmed by the 
serum vitamin B12 level being well below the reference range. 
Measurement of vitamin B12 absorption, without and with IF (the 
Schilling test), is cumbersome, expensive, involves radioactivity 
and is generally not available in developing countries. Both blacks 
and Arabs with PA have high frequencies of anti-IF antibodies.116,117 
A diagnosis of PA is established without resorting to the Schilling 
test, in a patient with megaloblastic anaemia, low serum vitamin 
B12 and anti-IF antibodies, a test shown to have high sensitivity in 
black South Africans.122

Management

Normal stores are restored with hydroxocobalamin 1000 mg intra-
muscularly, six times over 1–2 weeks; thereafter, 1000 mg is given 
every 3 months to all patients with permanent malabsorption. 
Vegans may be treated orally, or be encouraged to eat some vitamin 
B12-containing food. Infants should receive 0.1 mg per day orally, 
and defi cient mothers treated at the same time.

Cyanocobalamin is still used in some developing countries but 
is not as satisfactory because maintenance doses have to be given 
monthly, and it is useless in the treatment of cyanide intoxication.

Other defi ciencies

Vitamin A defi ciency

About 250 million children worldwide are at risk of vitamin A 
defi ciency. Vitamin A defi ciency has distinct haematological 
actions: (1) there is immobilization of iron in the reticuloendo-
thelial system; (2) there is increased susceptibility to infection, 
and hence anaemia and further immobilization of iron. Vitamin 
A may also have a role in red cell differentiation. Simultaneous 
supplementation with iron and with vitamin A results in greater 
haemopoietic benefi t than supplementation with iron alone to 
children, pregnant women and non-pregnant adults.

Vitamin A defi ciency in children should be improved by (1) 
breast-feeding, (2) dietary improvements, (3) food fortifi cation, 
(4) supplementation to the child, and (5) supplementation to the 
mother. It is recommended that children at risk of vitamin A 
defi ciency should receive vitamin A 100 000 IU at 9 months at the 
time of measles vaccination, and 200 000 IU between 15 and 21 
months. Women should receive 10 000 IU daily or 25 000 IU 
weekly while pregnant, and 200 000 IU once after delivery.123

Ribofl avin defi ciency

Low dietary intake and overcooking are the usual causes of defi -
ciency of ribofl avin: high prevalences of defi ciency have been 
reported amongst children and pregnant or lactating women in 
West Africa. Ribofl avin defi ciency is associated with erythroid 
hypoplasia and immobilization of iron.124 Supplementation with 

ribofl avin has enhanced the response to supplementation with 
iron in children, women who are pregnant or lactating, and men 
with anaemia in West Africa.125,126

Protein-energy malnutrition

PEM is a serious cause of disease, but not of anaemia. Anaemia is 
usually moderate (Hb 80–90 g/L), normocytic and normochro-
mic, although the MCV may be slightly elevated.124 The reticulo-
cyte count is low and the marrow shows a normoblastic erythroid 
hypoplasia. Erythropoietin levels are increased appropriately for 
the degree of anaemia but there is an impaired response by ery-
throid precursors. Red cell survival may be moderately shortened, 
especially in kwashiorkor. Anaemia is more severe when there is 
concomitant infection related to impaired cell-mediated immu-
nity, and defi ciencies of iron and folate, as occur commonly.

Vitamin C defi ciency

Severe scurvy is associated with normochromic normocytic 
anaemia.124 Vitamin C-defi cient diets are certainly defi cient in 
folate and bioavailable iron as well, and anaemia of multiple 
defi ciencies is usual.

Vitamin E defi ciency

Premature infants bottle-fed with milk rich in polyunsaturated 
fatty acids, defi cient in vitamin E and supplemented with iron, 
develop a haemolytic anaemia due to oxidation of the red cell 
membrane.

Pyridoxine defi ciency

Naturally occurring pyridoxine defi ciency is rare, but administra-
tion of pyridoxine antagonists, such as cycloserine and pyrazin-
amide, causes a failure of incorporation of iron into haemoglobin 
and sideroblastic anaemia.127

Copper defi ciency

Premature infants and infants or children with severe chronic 
diarrhoea and malnutrition may become defi cient of copper.124 
There is anaemia and severe neutropenia. The marrow shows 
vacuolated erythroid cells, megaloblasts and ringed sideroblasts; 
myeloid cells are also vacuolated and have an arrest of maturation 
at the myelocyte stage.

Anaemia due to marrow depression

Acute infections

Any acute infection may result in a temporary depression of eryth-
ropoiesis, which generally goes unnoticed. Signifi cant anaemia 
results if the patient is dependent on a rapid rate of erythropoiesis 
(e.g. sickle cell disease), or if the infection causes haemolysis as 
well; mechanisms of haemolysis may be: (1) specifi c to the infec-
tion (e.g. malaria, the lecithinases of Clostridium); (2) DIC and 
microangiopathic haemolysis following septicaemias or virae-
mias; (3) immune, for example complicating infection by Myco-
plasma pneumoniae; or (4) idiosyncrasies of the patient, for example 
G6PD defi ciency.
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Anaemia of chronic disorders

With chronic infections, and also malignant disease and some 
collagen diseases (e.g. rheumatoid arthritis), anaemia can progress 
over weeks to reach a constant state known as the anaemia of 
chronic disorders. There are at least four mechanisms: (1) there 
are factors which depress erythropoiesis and reduce the sensitivity 
to erythropoietin; (2) there is a depression of production of eryth-
ropoietin; (3) there is moderate reduction of red cell lifespan; (4) 
iron is sequestrated into the RES; possibly this is mediated at sites 
of infl ammation through the release from granulocytes of lactofer-
rin, a protein with a high affi nity for iron and for which there is 
a specifi c receptor on macrophages.

The anaemia is usually moderate (Hb >80 g/L, Hct >0.30) and 
normocytic, but may progress to being hypochromic and rarely 
microcytic. The plasma iron is reduced (<12 mmol/L), plasma 
transferrin is low (unlike iron defi ciency) and the saturation of 
transferrin is low (15–25%) but generally higher than in iron 
defi ciency; serum ferritin is raised (>200 mg/L) (unlike iron defi -
ciency). In the bone marrow, iron is seen in increased quantities 
in the macrophages (unlike iron defi ciency), but the number of 
siderocytic granules in normoblasts (sideroblasts) is low; erythro-
poiesis is normoblastic with occasional mild dyserythropoietic 
changes; there tends to be granulocytic hyperplasia and often an 
obvious increase in the number of plasma cells.

The haematological complications of three infections – tuber-
culosis, HIV and parvovirus B19 – need to be discussed in detail 
because they show certain features and because of their public 
health importance. The anaemias of protozoal and helminthic 
infections have already been discussed.

Tuberculosis

Approximately one-third of the world’s population is infected 
by Mycobacterium tuberculosis (see also Chapter 56). It is estimated 
that 8 million develop tuberculosis each year, of whom more 
than 4.5 million are in Asia, including China; 2.6–2.9 million 
die each year. The highest incidence (220/100 000 per year) was 
in sub-Saharan Africa, and this has now risen further to about 
400/100 000 per year, due to the pandemic of HIV. It is predicted 
that during the next decade the incidence of tuberculosis will 
continue to rise in Africa, and as it seems inevitable that the 
incidence of HIV infections in Asia will overtake that of Africa, 
the impact of AIDS on tuberculosis in Asia will be 
catastrophic.

Tuberculosis is one of the most common causes of anaemia 
in adult males and non-pregnant females in the developing 
world, probably the most common cause amongst adults requir-
ing hospital care, and in some communities, for example in south-
ern Africa, the most common underlying disease leading to the 
need to administer blood transfusions in the management of 
anaemia.127

The major mechanism is the anaemia of chronic disorders: 
anaemia is more common and tends to be more severe in patients 
with extrapulmonary and disseminated disease. Patients, espe-
cially vegetarians, are frequently undernourished, with specifi c 
defi ciencies of vitamin B12, folate, iron and protein, both as pre-
disposing factors through impairment of cell-mediated immunity 
and as complications of tuberculosis through anorexia and mal-
absorption, especially with abdominal tuberculosis. Metastatic 

fi brocaseous granulomas in the bone marrow give rise to a leuko-
erythroblastic picture and severe anaemia.

Abnormalities of the white cells are most pronounced with 
disseminated non-reactive miliary tuberculosis. These include: a 
neutrophil leukocytosis with a shift to the left and toxic granula-
tion, and this may amount to a leukaemoid reaction; eosinophilic 
reactions, which are likely to refl ect coincidental helminthic infec-
tions; increased basophils, which are suggestive of an underlying 
myeloproliferative disease; monocytosis and lymphocytosis. Many 
patients have reactive thrombocytosis, sometimes exceeding 
1000 × 109/L. Other patients have neutropenia, lymphopenia or 
thrombocytopenia due to inhibition of production related to 
tuberculosis, hypersplenism of tuberculous splenomegaly, or HIV 
infection.

The bone marrow is commonly normoblastic but may show 
micronormoblastic, dyserythropoietic or megaloblastic features; 
granulocytic and megakaryocytic hyperplasia and plasma cell 
excess are usual; there is an excess of iron in the macrophages 
unless the patient is iron defi cient. Some patients may show hypo-
plasia of one or more cell lines, associated with severe anaemia, 
neutropenia and thrombocytopenia.

The various therapeutic agents used in the management of 
tuberculosis can lead to haematological complications. These 
include: (1) the sideroblastic anaemia of pyridoxine inhibitors 
(isoniazid, pyrazinamide, cycloserine); (2) hypoplasia or aplasia 
of one or more of the cell lines; (3) disturbances of folate or 
vitamin B12 metabolism; and (4) immune haemolysis.127

Immune defi ciency states predispose to the reactivation of 
latent tuberculosis. For many years it has been known that tuber-
culosis is associated with lymphomas, leukaemias (especially 
chronic myeloid leukaemia), the myeloproliferative diseases and 
aplastic anaemia. Currently in Africa, one-third of patients pre-
senting with AIDS have active tuberculosis; where the HIV epi-
demic is mature, up to 60% of all patients newly diagnosed as 
having pulmonary tuberculosis and a higher proportion with 
extrapulmonary tuberculosis are anti-HIV seropositive.

Human immunodefi ciency virus (HIV)

The pattern of disorders of the blood, and the practice of haema-
tology as with other disciplines in medicine, has been changed 
profoundly in sub-Saharan Africa by the epidemic of HIV (see also 
Chapter 20). AIDS is now the commonest cause of anaemia, leu-
copenia and thrombocytopenia encountered both in patients and 
in the community.128

There is often an infectious mononucleosis-like illness 6–8 
weeks following infection by HIV, at the time of acute viraemia 
and seroconversion: the peripheral blood shows initially lympho-
penia, but after a few days there is a lymphocytosis with atypical 
mononuclear cells (virocytes); moderate neutropenia, thrombo-
cytopenia or anaemia can occur, but resolve over 2 weeks.129

During the asymptomatic period of HIV infection, which lasts 
on average 8–10 years, the only haematological abnormalities, 
which are commonly detected are thrombocytopenia in up to 
12% of subjects due to immune destruction and signifi cant neu-
tropenia in 5–10%.129

Patients who have progressed to AIDS commonly have an 
absolute lymphopenia; atypical lymphocytes and lymphocytes 
with lobulated nuclei are usual. Around half of patients have a 
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neutropenia from marrow dysfunction. There are two patterns 
seen: some neutrophils show the hypogranularity and non-seg-
mented forms typical of myelodysplasia; some neutrophils have 
toxic granulation, a shift to the left (sometimes with the presence 
of myelocytes, promyelocytes or blasts) and vacuolated and ragged 
cytoplasm in response to intercurrent infection.129

Anaemia becomes increasingly common (up to 95%) and 
more severe (Hb <50 g/L in terminal stages) with the progression 
of AIDS. Anaemia is not uncommonly the fi rst presentation of 
AIDS in Africa. The anaemia is normochromic and normocytic, 
but anisocytosis and macrocytosis are not infrequent. The main 
mechanism of anaemia is probably infection by HIV of bone 
marrow stromal cells, disturbed production of haemopoietic 
growth factors and hence dyserythropoiesis. Other mechanisms 
include (1) the anaemia of chronic disorders secondary to oppor-
tunistic infections or activation of latent infection such as tuber-
culosis, (2) chronic parvovirus B19 infection (see below), (3) 
folate defi ciency from inadequate intake, malabsorption and self-
medication with overdosage of trimethoprim (in co-trimoxazole) 
or pyrimethamine (in Maloprim® and Fansidar®) (Table 13.22), 
(4) vitamin A defi ciency, (5) microangiopathic haemolysis associ-
ated with DIC or a thrombotic thrombocytopenic purpura (TTP)-
like syndrome, and (6) autoimmune haemolysis, which is rare 
although the DCT is commonly positive. Serum vitamin B12 is low 
in up to 40% of people with AIDS, but this is thought not to refl ect 
a true defi ciency (see above).120,129

Up to 70% of people with AIDS develop thrombocytopenia as 
a consequence of immune destruction, low production and, in 
some, hypersplenism. Spontaneous haemorrhage or purpura is 
uncommon, but there can be excessive bleeding following trauma 
and surgery. Severe thrombocytopenia is seen when the rare TTP-
like syndrome develops.129

In early stages of HIV/AIDS, the bone marrow is hypercellular 
but there is a decline of cellularity as disease progresses, and 
hypocellularity is usual in the late stages. Red cell and granulocyte 
precursors and megakaryocytes are increasingly dysplastic with 
severity of AIDS. Macrophage numbers are commonly raised; hae-
mophagocytosis is often present. There is frequently a markedly 
increased number of plasma cells: this may lead to a mistaken 
diagnosis of myeloma, especially if there is also hypergamma-
globulinaemia. There may be heavy deposits of iron in macro-
phages as a result of immobilization of iron with infections and 
of high intake, for example from traditional beers. Tuberculosis 
of the marrow was diagnosed in about a half of South Africans 
with AIDS, either by culture or the presence of granulomas.130 
The bone marrow may be infi ltrated by AIDS-related Burkitt’s 
lymphoma.131

Patients with AIDS and haematological cytopenias should 
receive supportive management with red cell and platelet transfu-
sions when required, treatment of opportunistic infections, and 
antiretrovirals if these are available.

Treatment with nucleoside reverse transcriptase inhibitors, for 
example zidovudine or stavudine, causes dose-related macrocyto-
sis, megaloblastosis and pancytopenia, limiting their usefulness 
in the already anaemic patient. Overdosage of trimethoprim-
containing therapies can precipitate profound megaloblastosis 
and pancytopenia. Dapsone, in the management of pneumocystis, 
may precipitate haemolysis in G6PD-defi cient or, more rarely, 
G6PD-normal subjects.129

AIDS-related lymphomas

The increased risk of developing lymphomas is well documented 
in the industrialized countries.129,131 Non-Hodgkin’s lymphomas 
(NHL) are 60–200 times more common in HIV-positive patients 
than in the general population. The incidence of Hodgkin’s disease 
(HD) is increased by eight times.

AIDS-related NHL has been observed in Africans, but relatively 
infrequently. Possible reasons for the low frequency in sub-Saharan 
Africa are: (1) lack of diagnostic facilities, (2) a high death rate 
from infection early in the course of AIDS, (3) the absence of 
antiretroviral therapy which prolongs life until lymphomas 
develop, and (4) genetic factors. The chemokine stromal cell-
derived factor 1 (SDF-1) is polymorphic: 37% of Caucasians and 
only 11% of Afro-Americans carry the 31A variant; the risk of AIDS-
related lymphoma is doubled in heterozygotes for SDF1–31A and 
quadrupled in homozygotes.131

Over 90% of AIDS-related lymphomas are high-grade B cell 
tumours. About two-thirds are diffuse large cell lymphomas, and 
about one-third are Burkitt’s lymphomas. In these tumours there 
are two recognized factors associated with tumorigenesis: (1) reac-
tivation of latent EBV, contributing to 70% of diffuse large lym-
phomas and 30% of Burkitt’s lymphomas, and (2) HIV-induced 
production of cytokines that cause B cell stimulation, proliferation 
and activation. Causative factors in other rarer AIDS-related lym-
phomas are (1) the human herpes virus 8 (HHV8, also known as 
the Kaposi’s sarcoma-associated virus) plus EBV in body cavity 
lymphoma (also called primary effusion lymphoma), (2) HHV8 
and sometimes co-infection with EBV in multicentric Castleman’s 
disease, (3) HIV acting as an oncogenic virus in peripheral T cell 
lymphoma, and (4) EBV in HD.

Prognosis remains poor for all persons with AIDS-related 
lymphomas, despite management which involves cytotoxic 
and antiretroviral therapy, and the treatment of opportunistic 
infections.131

Parvovirus B19

Parvovirus B19 is a single-stranded DNA virus which is common 
and distributed worldwide.132 Transmission is by respiratory drop-
lets, but also transplacentally and by exchange of blood. In 
tropical countries children are usually infected in the fi rst 2 years 
of life, and protective antibodies are present in about 90% of 
adults. Between 7 and 10 days after infection there is a transient 
viraemia for not more than 2 weeks; this may be symptomless 
in up to 30%, or be accompanied by fl u-like symptoms, or cause 
self-limiting erythema infectiosum (fi fth disease) after 1 week, 
or in adults arthritis or arthralgia; vascular purpura is a rare 
complication.

The virus has a tropism for early erythroid cells: during virae-
mia there is an absence of reticulocytes, a great reduction of ery-
throid progenitors and the presence of giant pronormoblasts in 
the bone marrow. In subjects with previously normal erythropoi-
esis and normal immunocompetence there is only a transient 
depression of erythropoiesis coinciding with the viraemia, but this 
is tolerated and usually unnoticed. There are three situations in 
which parvovirus B19 has serious consequences: pregnancy, hae-
molytic anaemias and immune defi ciency.

When parvovirus B19 infection is acquired for the fi rst time 
during the fi rst half of pregnancy, there is transplacental transmis-
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sion which can cause spontaneous abortion or hydrops fetalis or 
congenital anaemia, increasing by 20 times the risk of fetal 
wastage.

Patients with a short red cell life are dependent on a compen-
satory rapid rate of erythropoiesis and suffer from ‘aplastic crises’ 
when infected by parvovirus B19; morbidity and mortality rates 
are high. This was described fi rst with sickle cell disease but has 
been observed with thalassaemia, spherocytosis, enzymopathies 
and acquired haemolytic anaemias.69 It has been suggested that 
concomitant infection with parvovirus B19 could be a cause of 
severe anaemia and death in children with malaria.133

Parvovirus B19 viraemia can persist in patients who are 
immunocompromised, including those with leukaemias, lym-
phomas and HIV disease. There is severe chronic anaemia due 
to erythroid hypoplasia; occasionally there is also neutropenia 
and thrombocytopenia. It is certain that parvovirus B19 infec-
tions are occurring frequently in infants and young children 
already infected transplacentally with HIV, and it is probable 
that this is a common cause of profound anaemia in Africa 
and elsewhere.

During epidemics of parvovirus B19, susceptible subjects, such 
as patients with sickle cell disease and non-immune pregnant 
women, can be protected with intravenous normal immunoglob-
ulin. Immunoglobulin therapy is curative of persistent viraemia 
and chronic anaemia in immunocompromised patients, but 
failures have been reported with AIDS. Vaccines are being 
developed.

Aplastic anaemia

Aplastic anaemia is a rare condition. The annual incidence is 
2–3/106 in the Western world, with peaks at 10–24 years and in 
old age, and a male predominance. High annual incidence is 
observed in Thailand, up to 5.0 × 106 in the north of the country; 
there is a male predominance, a peak incidence in young adults 
(15–24 years) and an association with low socioeconomic 
status.134 This high incidence is probably to be found also in 
Japan and other Far Eastern countries, for unknown reasons. No 
cause is found in the majority of patients, but in some exposure 
to antibiotics (e.g. chloramphenicol), non-steroidal antiinfl am-
matory drugs (e.g. indomethacin, butazones), paint, benzene and 
irradiation have proven aetiological associations. The easy avail-
ability of potent pharmaceuticals without prescription, and the 
constant exposure to benzene of unoffi cial vendors of petrol and 
sweatshop factory workers are serious, if unmeasured, risk factors 
in developing countries.135 The role of hepatitis and other viruses 
remains unclear.

Alcoholism

Excessive consumption of alcohol is a large and growing social 
and health problem in tropical communities whose traditional 
ways of life have been disrupted. The haematological consequences 
are anaemia, macrocytosis, vacuolation of the normoblasts and 
excess sideroblasts, as a direct result of the toxicity of alcohol on 
early red cell precursors (CFU-E and BFU-E). Thrombocytopenia 
is common, but leucopenia is unusual. Other results of alcohol-
ism include malnutrition leading to folate defi ciency and mega-
loblastic anaemia, and haemosiderosis (see ‘Iron overload’). 

Hepatic failure can be complicated by hypoprothrombinaemia 
(see below).

DISORDERS OF WHITE CELLS

The peripheral blood white cell counts of healthy individuals (see 
Tables 13.4, 13.5 and Figure 13.2) and the causes of reactive leu-
kocytosis (see Table 13.6) have been discussed under ‘Reference 
ranges’.

Leucopenia

The number of circulating WBCs may be abnormally low as a 
result of failure of production, inhibition of release, increased 
margination in the circulation, pooling in an enlarged spleen or 
excessive consumption, and there is often a combination of these 
factors in one patient. Both neutropenia and lymphopenia are 
common in the tropics, usually as the direct or indirect result of 
infections (Table 13.23).

Lymphomas and paraproteinaemias

Only the epidemiological and possible aetiological factors in the 
tropics will be discussed; lymphomas are described in detail in 
Chapter 35 and in standard texts.

Table 13.23 Some causes of leucopenia in the tropics

NEUTROPENIA: <2.0 ¥ 109/L

  AIDS

  Viral infections in early stages

  Acute malaria

  Typhoid

  Brucellosis

  Overwhelming bacterial infections

  Megaloblastosis

  Hypersplenism

  Bone marrow infi ltration (e.g. leukaemia)

  Exposure to chemicals (e.g. benzene)

  Idiosyncratic reactions to drugs and herbal remedies

  Acute leukaemias

  Aplastic anaemia

  Felty’s syndrome

  Miscellaneous (racial, familial, cyclic, chronic, idiopathic)

LYMPHOPENIA: <1.5 ¥ 109/L

  AIDS

  Viral infections in prodromal stages

  Corticosteroids

  Lymphoma

  Acute leukaemias

Disorders of White Cells
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Burkitt’s lymphoma

The highest age-specifi c incidence of cancers (all types) in child-
hood has been reported from tropical Africa; there is a peak of 
incidence between the ages of 5 and 9 years, more marked in boys 
than girls and predominantly due to Burkitt’s lymphoma (BL) 
(Figure 13.26) (see also Chapter 43).136 There are three epidemio-
logical patterns: (1) BL is endemic in tropical Africa and Papua 
New Guinea, where annual incidence is 8–12/100 000, with a 
peak at 4–9 years of age; (2) intermediate incidence of 1–
2/100 000/year is found in North Africa, western Asia and South 
America; (3) BL occurs sporadically, <0.1/100 000/year, in the 
Western world.137

The causation of endemic BL may be summarized as follows: 
the majority of children in developing countries are infected by 
the EBV before the age of 1 year; infection by EBV immortalizes B 
cells, resulting in their proliferation; where P. falciparum is endemic, 

recurrent infections suppress T cell regulation of B cell prolifera-
tion, and also stimulate antigenically and mitogenically further B 
cell proliferation; somatic mutations are more probable the larger 
is the polyclonal pool of proliferating B cells; one such mutation 
is a translocation involving chromosome 8 at the site of the c-myc 
proto-oncogene, with its juxtaposition to an immunoglobulin 
heavy chain gene sequence on chromosome 14; BL is the result 
of the monoclonal proliferation of cells with t8 : 14 in 85% of 
cases, or in the minority of cases the juxtaposition of the chromo-
some 8 c-myc to immunoglobulin κ or λ light chain sequences on 
chromosomes 2 and 22, respectively. In areas of intermediate 
endemicity there are high rates of EBV transmission in early child-
hood, but no or low malaria transmission. Less than 20% of 
sporadic cases of BL are associated with EBV. BL also results as a 
complication of AIDS (see above).

Hodgkin’s disease

There are four histological types of Hodgkin’s disease (HD): 
nodular sclerosing (NS), mixed cellularity (MC), lymphocyte 
depleted (LD) and lymphocyte predominant (LP). The last form, 
LP, may be a distinct and separate entity. HD is not common, 
having a crude annual incidence of 2.4–3.0/100 000 in North 
America and Western Europe; overall, the male : female ratio is 
1 : 1.5. There are four epidemiological patterns. Pattern I: there are 
high incidences (or relative frequencies) of HD in childhood in 
Central and South America, North Africa, western Asia and sub-
Saharan Africa; there is a predominance of MC and LD, which 
carry poor prognoses.138 Pattern III: in developed countries, there 
is a peak of incidence in young adults (20–34 years), in whom NS 
is the predominant type; a second peak of HD in middle age has 
been described in the past, but this may have been due to overdi-
agnosis. Pattern II: this is intermediate between patterns I and III, 
and is found in rural areas of developed countries, including 
Eastern Europe and southern USA. Pattern IV: HD has a low inci-
dence in eastern Asia.139

EBV genomes are expressed by the malignant Reed-Sternberg 
cells from a high proportion (50–70%) of HD patients aged under 
15 or over 50 years, and it is most probable that EBV plays an 
aetiological role in these patients. In contrast, EBV genome posi-
tivity is rare in patients aged 15–34 years and with NS, suggesting 
a different aetiology.139 HIV-infected persons appear to be at 
greater risk of developing HD (see above).

Non-Hodgkin’s, non-Burkitt’s lymphomas

The remaining lymphomas, excluding BL and HD, are a heteroge-
neous group of tumours of B cell and T cell origin, the classifi ca-
tion of which is complex and not wholly agreed. The combined 
incidence of all non-Hodgkin’s lymphomas (NHLs) generally 
exceeds the incidence of HD, for example 4.9/100 000 per year for 
males and 4.1/100 000 per year for females in England and Wales; 
incidence rises with age to peak at 55–74 years.

In developed countries, follicle centre cell lymphomas with 
follicular pattern are the most common NHL, with increasing 
incidence with age. About 75% have a translocation of chromo-
somes 14 and 18, juxtaposing the immunoglobulin heavy chain 
locus and the bcl-2 putative proto-oncogene. In contrast, these low 
or intermediate grade tumours are relatively rare in developing 

Figure 13.26 Age-specifi c incidence of childhood cancer (all types) 
in (A) males and (B) females in US whites (°) and blacks (•) (Michigan) 
and Nigerians (Δ) (Ibadan).136
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countries.137 High-grade NHLs have higher frequencies in Asia and 
Africa: a strong association has been reported in Africa between 
frequency of high-grade NHLs and malarial endemicity, but as 
high incidence persists into the second generation of immigrants 
in Israel, there may be some inherited susceptibility.140–142

Immunoproliferative small intestinal disease

This is a condition which occurs at high incidence in children and 
young adults in North Africa, western Asia, eastern Asia and sub-
Saharan Africa. Sporadic cases have been reported in South, 
Central and North America, and Europe.137,143 It is associated with 
low socioeconomic status and recurrent or chronic enteric infec-
tions. Prolonged antigenic stimulation of intestinal lymphoid 
tissues and a genetic predisposition are proposed mechanisms. In 
its premalignant phase, there is steatorrhoea, malabsorption and 
weight loss; histologically there is a lymphoproliferation and 
plasma cell infi ltration of the small bowel mucosa and mesenteric 
lymph glands. The proliferating cells are IgA-producing B cells, 
which synthesize defective immunoglobulin α heavy chains (α 
heavy chain disease). The condition responds at this stage to 
ampicillin, metronidazole and anthelmintic agents, followed by 
long-term tetracycline. Untreated, the condition may progress to 
a high-grade malignant lymphoma of large cell immunoblastic 
plasmacytoid type (sometimes called ‘Mediterranean lymphoma’). 
The annual incidence of intestinal lymphoma used to be as high 
as 4.8/106 in Israel, but this has now dropped; the male to female 
ratio is around 2 : 1. The anaemia of chronic disorders is usual and 
is complicated in about 40% of patients by malabsorption of iron, 
folate or vitamin B12. The lymphoma responds to combination 
chemotherapy, e.g. cyclophosphamide, Adriamycin, vincristine 
and prednisolone (CHOP).

Adult T cell leukaemia/lymphoma

Epidemiology

The human T cell lymphotropic virus type 1 (HTLV-1) is a type C 
retrovirus which is causative of adult T cell leukaemia/lymphoma 
(ATL) and tropical spastic paraparesis/HTLV-1-associated myelop-
athy (TSP/HAM) in a small number of infected individuals.144,145 
HTLV-1 is transmitted by sexual intercourse, through breast-feeding 
and by the exchange of blood. Male to female transmission is more 
effi cient than female to male, and is enhanced by other concomi-
tant sexually transmitted diseases: female prostitutes have higher 
seroprevalence than the general population. Unidentifi ed recep-
tors for HTLV-1 are on surfaces of CD4 +ve T cells, CD8 +ve T cells 
and monocyte-derived cells. After invasion of cells and transcrip-
tion, proviral DNA is integrated into the DNA of host cells.

HTLV-1 is endemic in geographical clusters in Asia, Africa, the 
Americas, Australasia and Oceania. Seroprevalence is high (up to 
30%) in south-west Japan, especially on Kyusha and Shikoku 
islands. HTLV-1-associated ATL is encountered sporadically in other 
parts of Japan and on Taiwan, and only occasionally in other Asian 
countries.141 The largest pool of the virus is in sub-Saharan Africa, 
where there are probably about 10 million infected subjects. The 
highest rates of seropositivity are in the rainforests of west Central 
Africa: up to 15% has been reported in the Equateur region of the 
Democratic Republic of Congo, and 10% in Gabon and southern 
Cameroon; prevalence declines northwards into the savannah and 
Sahel. In West Africa seroprevalence is 3–6% in the savannah of 

Nigeria and Benin; rates are lower (1–2%) in coastal areas and 
further west as far as Senegal. HTLV-1 has low endemicity (about 
1%) in populations of East and Central Africa, except in the Sey-
chelles, where overall frequency is 6.2%. There is a geographical 
cluster in northern Kwazulu (3.5%), northern Transkei and Free 
State of South Africa. The virus is also endemic in populations of 
African descent in the Caribbean, Central America, southern USA 
and Britain (e.g. 3–6% among Jamaican adults). Clusters have been 
reported among Iranian Jews, Iraqis, Georgians of the Caucasus, 
Australian Aborigines and the inhabitants of Papua New Guinea 
and the Solomon Islands. Seroprevalence rises slowly with age, 
compatible with the slow rate of transmission in endemic areas.146

HTLV-1 is spreading epidemically amongst intravenous drug 
users and male homosexuals in North and South America and 
Western Europe.

The structurally similar HTLV-2 is endemic among groups of 
the aboriginal population of Central America, and is being spread 
epidemically amongst blood transfusion recipients and intrave-
nous drug users in the USA and Italy. Associations with disease, 
such as hairy cell leukaemia, cutaneous T cell lymphoma, chronic 
neurodegenerative disease or the chronic fatigue syndrome, remain 
indefi nite.

Pathogenesis

HTLV-1 (and HTLV-2) induces a latent infection in a small subset 
of cells predominantly CD4 +ve T cells. HTLV-1 does not possess 
oncogenes, but the regulatory gene tax has oncogenic potentials 
through inducing expression of both IL2 and IL2 receptor. The 
lifetime risk of developing ATL is about 5% in subjects infected 
by HTLV-1 before 20 years of age. The incubation period is decades: 
the mean age of onset is 40–45 years, but it can be seen rarely in 
adolescence; women are affected more often than men in Africa 
and the Americas. In contrast, in Japan the mean age at diagnosis 
is nearly 60 years, and men are affected more often than women. 
It is possible that HIV accelerates progression to ATL.

T cell function is defective; Strongyloides stercoralis hyperinfec-
tion and other opportunistic infections are associated with HTLV-
1 infection at any stage. The pathogenesis of TSP/HAM is discussed 
in Chapter 16.

Clinical

Five clinical phases are recognized: (1) asymptomatic, (2) acute 
ATL, (3) chronic ATL, (4) smouldering ATL, and (5) lymphoma 
type. Some asymptomatic patients show a preleukaemic condi-
tion, diagnosed from the incidental observation of lymphocytosis, 
with abnormal cells characterized by pleomorphism, multilobed 
nuclei (‘fl ower’ or ‘clover-leaf’ cells), or cytoplasmic vacuoles; pre-
ATL is transient in about half of patients, but may persist and 
progress to ATL.

About half of African and Caribbean patients have acute ATL. 
Predominant clinical fi ndings are lymphadenopathy, hepato-
splenomegaly and skin lesions, which include papules, nodules, 
plaques, tumours and ulcers.

Histology of the lymph nodes and of skin lesions is of a high-
grade NHL. The cells originate usually from helper T cells (CD4 
+ve, CD8 −ve) with functional suppressor activity. Radiology 
shows pulmonary infi ltration and osteolytic lesions which are 
associated with hypercalcaemia. Anaemia and thrombocytopenia 
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are rare. The WBC count is raised, 30–130 × 109/L, with a pre-
dominance of the characteristic abnormal lymphocytes; the bone 
marrow shows infi ltration, but less than would be expected from 
the leukaemic blood picture. The disease is generally resistant to 
aggressive cytotoxic therapy, and patients die within 12 months 
of diagnosis. The most effective treatment is IFNα in combination 
with zidovudine, but relapses are frequent.144 Patients should 
receive anthelmintic, antifungal, antibacterial, antimalarial and 
antiviral treatment and prevention, as indicated clinically or by 
assessment of risk.

Chronic ATL, seen in about one-fi fth of African and Caribbean 
patients, is associated with skin lesions, mild lymphocytosis only, 
and a prolonged course. Smouldering ATL, seen in about 5% of 
patients, shows as skin rashes and a low count of ATL cells, and 
remains stable for many years. The lymphoma type, seen in about 
one-fi fth of patients, is clinically like NHL, without the leukaemic 
manifestations; prognosis is poor.

ATL (and TSP/HAM) develops amongst individuals wherever 
HTLV-1 is endemic: the low reported frequency, for example in 
tropical Africa, refl ects a low rate of diagnosis.

Myeloma in black Africans

The age-adjusted incidence rates of myeloma have been reported 
to be 9.9/100 000 in blacks and 4.3/100 000 in whites in the USA. 
Similar high incidence is observed in black South Africans, and 
the diagnosis is made at high frequencies in the Caribbean 
and tropical Africa.147,148 The high incidence in black Africans 
and those of black African descent may be genetically determined. 
The disease is seen in sub-Saharan Africa not infrequently in 
patients of 30–39 years of age, and around 65% of patients are 
40–60 years old. Plasmacytomas are not uncommon.

Leukaemias

The crude incidence of all leukaemias is probably very much the 
same in tropical and non-tropical regions, but there are distinct 
differences in the age and gender distribution of the four main 
types: (1) acute lymphoblastic leukaemia (ALL), (2) acute myelo-
blastic leukaemia (AML), (3) chronic myeloid leukaemia (CML), 
and (4) chronic lymphocytic leukaemia (CLL). There are only a 
few clinical and haematological manifestations and diagnostic 
problems peculiar to the tropics, but there are severe limitations 
to their management, especially of the acute leukaemias, in the 
developing countries.

Acute lymphoblastic leukaemias

Immunophenotypic markers distinguish ALL according to the 
cells of origin of the blast cells, as precursor B-ALL (including 
null-ALL, common ALL (c-ALL) and pre-B-ALL), B-ALL and T-ALL. 
There are three epidemiological patterns of childhood ALL.149 
Pattern I: in countries with the poorest economic development, 
for example much of tropical Africa and Asia, the incidence of 
diagnosed ALL is low (<0.1/100 000 per year). Pattern II: in coun-
tries of intermediate economic development and where there has 
been the establishment of some haematological services, for 
example North Africa, Nigeria, Kenya and southern Africa, ALL 
remains uncommon (<1/100 000 per year), cALL is rare but there 
is a peak of T-ALL at 5–14 years of age. Pattern III: in the developed 
or Western countries, the incidence of ALL is 2–3/100 000 per year, 

with a marked peak of cALL at 2–4 years of age. ALL of all types 
is seen at low incidence in adults at all ages. The male to female 
ratio is generally 2 : 1. Pattern I is largely the result of the lack of 
medical facilities and diagnostic abilities. The rarity of cALL in 
pattern II is true; T-ALL has only a relatively high incidence, due 
to the absence of cALL, not an absolutely high incidence. It is 
unlikely that the defi cit of cALL in developing countries compared 
with industrialized countries is genetically determined, as the peak 
of cALL in childhood is now emerging in Arabia, South-east Asia, 
Afro-Americans, black South Africans and Zimbabweans.150–152 It 
is postulated that cALL is the rare consequence of an unidentifi ed 
virus, or other agent, of high infectivity but low pathogenicity. The 
risk of cALL is increased in the industrialized countries as a con-
sequence of delayed exposure to the infection, associated with 
reduced infection rates in childhood, defi cit of social contacts in 
infancy and possibly the absence of prolonged breast-feeding.153,154 
Small epidemics of cALL in childhood follow mixing of popula-
tions, which exposes a non-immune, often remote, population to 
infection introduced by another population, often urban, carrying 
the infection.155 The factors increasing the risk of cALL in child-
hood may be becoming prevalent in South Africa and Zimbabwe, 
but not yet in Zambia, where cALL is still rare.41 The children of 
immigrants (e.g. Asians and West Indians in the UK) have patterns 
of incidence similar to the population of their country of resi-
dence, illustrating the importance of the environment.

Clinical

The symptoms and signs of ALL are those arising from malignant 
infi ltration (lymphadenopathy, hepatosplenomegaly, bone pain), 
anaemia, haemorrhage or thrombosis, and infections from immune 
depression. Being uncommon in the developed countries, these 
symptoms and signs arouse the suspicion of leukaemia, but in the 
tropical world the diagnosis may be overlooked in the mass of 
children with anaemia, infection and hepatosplenomegaly.

Diagnosis

The total WBC count is raised in around two-thirds, but may be 
normal or low in one-third of patients. The leukaemic blast cells 
can be mistaken for activated or transformed lymphocytes in 
response to malaria, viral or other infections, and the diagnosis 
missed in the laboratory. The bone marrow is infi ltrated with 
blasts. ALL is classifi ed according to the French-American- British 
(FAB) criteria by the light microscopic appearance of the blasts: 
L1, the blasts are uniformly small and have little or no cytoplasm; 
L2, the blasts are pleomorphic with more abundant, agranular 
cytoplasm; L3, the blasts have dark-blue staining cytoplasm with 
vacuoles in both cytoplasm and nucleus. L3 often corresponds to 
B-ALL or the leukaemic presentation of BL.

Management and prognosis

Supportive treatment includes red cell transfusion for anaemia, 
platelet transfusion for haemorrhage from thrombocytopenia, anti-
biotics for infection, allopurinol for hyperuricacidaemia, and anti-
malarial therapy and prophylaxis. Specifi c treatment is with complex 
regimens of cytotoxic agents and radiotherapy of the central nervous 
system: it is highly effective, especially for cALL in childhood, but 
cannot be undertaken except in specialized units. Regrettably, 
patients in most of the developing world have not benefi ted from 
the strides made in leukaemia management during the last 30 years, 
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because of both social and biological handicaps. Patients, or parents, 
are not able to comply with therapeutic regimens because of their 
complexity, cost, distances of travel, lack of comprehension or 
distrust of modern medicine. Supplies of cytotoxic drugs are uncer-
tain and radiotherapy usually wholly unavailable. Patients often 
show indicators of poor prognosis, including late presentation, 
poor nutrition, high leukocyte counts, severe thrombocytopenia, 
L2 blasts, T cell markers and mediastinal masses.

Acute myeloblastic leukaemias

AML is classifi ed by FAB criteria as: M0 and M1, with malignant 
blast cells that have few or no granules; M2, with blasts that have 
granules and Auer rods; M3, promyelocytic leukaemia, of hyper- 
or hypogranular variants; M4, myelomonocytic leukaemia; M5, 
monocytic leukaemia; M6, erythroleukaemia; and M7, mega-
karyocytic leukaemia, the last two being rarities.

AML is diagnosed at equal frequency as ALL in childhood in 
tropical Africa, whereas in the Western world there are four cases 
of ALL to one of AML; this is due in part to the low incidence of 
cALL in Africa, but there is also a high frequency of AML in boys 
(male to female ratio as high as 3.8 : 1), associated with low socio-
economic status.41,149 AML in adults has about equal gender fre-
quency and no association with economic status. Recognized risk 
factors in adults include cigarette smoking, which may account for 
up to 20% of AML in some communities;156 a rising incidence of 
AML will be one part of the large increases of cancer, mostly 
tobacco related, predicted for developing countries during the next 
few decades. Exposure to chemicals and toxic or radioactive waste 
at work and in the environment is increasing and is uncontrolled 
in the Third World; factors related causatively to AML include 
benzene, to which are exposed informal petrol vendors and 
workers in the rubber, shoe, petroleum, leather, printing and 
chemical industries, asbestos, chemical fertilizers, pesticides 
and irradiation.135,155 As alkylating agents (e.g. cyclophosphamide) 
are associated causatively with AML and as they are used in the 
treatment of BL, NHL, HD, myeloma and CLL, all of which occur 
in the young or relatively young in the tropics, it may be antici-
pated that AML will be observed at higher than expected incidence 
in patients who have received cytotoxic therapy.149 The myelodys-
plastic syndromes are not diagnosed often in tropical countries, 
but are signifi cant causes of anaemia, have the same environmen-
tal risk factors as AML (tobacco, benzene, myelotoxic agents) and 
are preleukaemic conditions.135,153,156,157

Clinical

AML is indistinguishable from ALL clinically, except that in tropi-
cal Africa between 10% and 25% of all patients and about one-
third of boys may present with a chloroma.149 Chloromas are solid 
tumours usually arising in the orbit but occurring at other sites: 
the freshly cut surface is characteristically green (hence the name); 
histologically the tumour is a myeloblastic deposit.41

Diagnosis

Monocytic and myelomonocytic leukaemoid reactions from 
tuberculosis may be mistaken sometimes for M4 and M5 AML.127 
L2 ALL and M1 AML are differentiated by the myeloperoxidase 
and Sudan black reactions, which are positive with AML. The non-
specifi c esterase reaction is strongly positive with M5 and positive 
with M4 AML.

Management and prognosis

Supportive treatment should be given as with ALL (see above). 
Survival without specifi c treatment is about 2 months. Cytotoxic 
therapy should be undertaken in specialist centres only: conven-
tional chemotherapy allows for a median survival of about 9 
months. Marrow ablation followed by bone marrow transplant 
carries much better prognosis and the possibility of cure, but 
needs sophisticated and expensive facilities.

In promyelocytic leukaemia (M3) there is a specifi c transloca-
tion which fuses the retinoic acid receptor α gene on chromosome 
17 to a locus, PML on chromosome 15. All-trans-retinoic therapy 
has been followed by differentiation of M3 blasts down the neu-
trophil pathway, a treatment which it is possible to administer and 
control with limited resources.

Chronic myeloid leukaemia

Over 90% of CMLs have cells with the Philadelphia (Ph1) chromo-
some, which is a chromosome 22 that has lost much of its long 
arm in reciprocal translocation with chromosome 9. The translo-
cation juxtaposes the Abelson proto-oncogene (Abl) from the 
long arm of chromosome 9 with a breakpoint cluster region (bcr) 
on chromosome 22. Bcr/Abl may be detected by polymerase chain 
reaction in many patients in whom the Ph1 chromosome cannot 
be demonstrated. The combination produces a chimeric mRNA, 
which translates a protein with tyrosine kinase activity able to 
confer independence from control by growth factors on several 
cell lines.

Annual incidence is about 1/100 000 throughout the world, 
with a slightly higher rate in male blacks; males are affected more 
often than females. Age-specifi c incidence rises progressively with 
age from childhood; frequency peaks in the industrialized coun-
tries in the fi fth decade, but in the developing countries with 
younger populations more patients are seen under 40 years than 
over. CML is the third leukaemia of childhood, and in Africa 
between 10% and 20% of cases occur in patients below the age of 
15 years.41,149 Environmental factors associated with CML are 
excessive exposure to ionizing irradiation and benzene.149

Clinical

Patients complain most often of abdominal discomfort from gross 
hepatosplenomegaly. They may be emaciated, have generalized 
lymphadenopathy, and be anaemic. African patients have on average 
larger spleens and more severe anaemia than European patients.

Diagnosis

The WBC count is raised up to 500 × 109/L; all stages of granulo-
cyte development are present in increasing proportions from 
blasts to mature granulocytes, with neutrophils predominating 
usually, but eosinophils and basophils are also present. Tubercu-
losis, meningococcal meningitis, septicaemia, megaloblastosis in 
pregnancy, eclampsia, acute liver necrosis, amoebic liver abscess, 
burns, mercury poisoning from skin-lightening ointments, and 
severe haemorrhages may give leukaemoid reactions resembling 
CML. CML and leukaemoid reactions can be distinguished by: (1) 
a gap in the progression of granulocyte development in CML, e.g. 
relatively few metamyelocytes; (2) a high basophil count in CML; 
(3) toxic granulation and other reactive features in leukaemoid 
reactions; and (4) the neutrophil leukocyte alkaline phosphatase 
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reaction, which is strongly positive with leukaemoid reactions and 
negative with CML.

Management and prognosis

Supportive therapy should include initial antimalarial treatment 
and prophylaxis for life in endemic regions, and allopurinol. There 
are fi ve therapeutic options. (1) Oral busulfan reduces the WBC 
and splenomegaly, improves the quality of life, but does not prolong 
survival. Median survival is 40–47 months from diagnosis, with the 
most usual cause of death being transformation of CML to AML or 
ALL. Busulfan is wholly superseded in the developed countries, but 
it still has a place in the tropics as it is inexpensive and the control 
of WBC is easy, so allowing patients to travel long distances to their 
homes and to have long intervals between blood counts and reas-
sessment. (2) Oral hydroxyurea reduces the WBC more rapidly and 
may prolong life slightly, but it is more diffi cult to control myelo-
toxicity; it is to be preferred to chlorambucil when the patient has 
easy access to the hospital and laboratory monitoring. (3) Subcu-
taneous IFNα, in combination with hydroxyurea or cytosine arabi-
noside, has resulted in defi nite prolongation of life, and rarely in 
the elimination of detectable bcr/abl. This represents an advance 
in the management of CML, but IFNα is too expensive for use in 
most developing countries. (4) Imatinib is a recently synthesized 
inhibitor of the bcr/abl tyrosine kinase.158 Oral administration is 
impressively effective against CML, including blastic crisis, and also 
bcr/abl-positive ALL. It is well tolerated. It promises to be an agent 
which could be administered with a minimum of laboratory mon-
itoring, as in the developing world. The cost is very high. (5) Bone 
marrow transplant, which if successful is curative.

Chronic lymphocytic leukaemia

In 90–95% of CLLs the cells are of mature B cell origin; other 
variants are hairy cell leukaemias (5–10%) usually of B cell origin, 
T-CLL (about 1%) and B- or T-prolymphocytic leukaemias (<1%). 
Age-adjusted incidence rates differ more than 10-fold among pop-
ulations, showing greater variation than any other major leukae-
mia type. There are three main epidemiological patterns.

Pattern I: the highest age-adjusted rates (>3/100 000 per year 
for males) are in Canada and Scandinavia; the rest of the Western 
world has intermediate rates (>2/100 000 per year for males); 
lower rates (about 1/100 000 per year for males) are found in 
Central and South America. CLL is rare under 40 years of age, and 
thereafter incidence rises rapidly with age. The male to female 
ratio is about 2 : 1.

Pattern II: in tropical Africa, CLL occurs from the age of about 
17 years, with equal numbers of men and women affected.149,159 
There is a bimodal distribution. About half the patients are aged 
<45 years; in these younger adults CLL is associated with low 
socioeconomic status and rural habitation; females predominate 
by about 2 : 1 in most West African series, but not in some East 
and Central African series; frequency rises with age in females to 
peak at the end of reproductive life. Over the age of 45 years the 
male to female ratio is 2 : 1, as in pattern I.

It is hypothesized that the probability of somatic mutation in 
B cells is increased in an enlarged pool of proliferating B cells 
resulting from recurrent malaria and other infections; probability 
is greatest in individuals of low socioeconomic status and high 
rates of exposure to infection, and in women whose cell-mediated 
immunity has been depressed repeatedly during pregnancies; the 

probability is further enhanced in individuals with HMS (see 
above). A second genetic event could follow infection by a virus, 
whose transmission is more likely in poor communities and 
whose proliferation may be more rapid with depression of immu-
nity by malaria and pregnancy; HTLV-1, EBV, HCV and HHV8 have 
been excluded as likely causative agents.159,160 The condition is 
referred to variously as ‘tropical splenic lymphoma’ or ‘African 
CLL’. Analysis of VH genes showed that the cells have an origin 
from naive B cells which have not undergone somatic mutation 
in the germinal centres; this is not consistent with the lymphoma/
leukaemia being splenic lymphoma with villous lymphocytes as 
had been suggested.161 Immunophenotyping of cells in Zambian 
patients was consistent with B cell prolymphocytic leukaemia.41

Pattern III: CLL is rare throughout the Indian subcontinent, 
South-east Asia and the Far East. Genetic factors are important 
determinants, as Asian immigrants to Hawaii, North America and 
Europe have continued low incidence.

Clinical

Onset is insidious. Patients present with hepatosplenomegaly and 
lymphadenopathy. Spleens tend to be larger where malaria is 
endemic and may reach across to the right iliac fossa.

Diagnosis

The WBC count is commonly >40 × 109/L, with the majority of 
cells mature lymphocytes. Following acute malaria, cells are mar-
ginated and the count in the peripheral blood falls temporarily. It 
is common to see two populations of lymphocytes in the blood: 
one representing the malignant clone, the other reactive to recur-
rent malaria or other infections. The bone marrow is infi ltrated 
with the malignant clone only.

The only condition which can give a CLL leukaemoid reaction 
is HMS (see above); the differentiation of the two conditions has 
been discussed.

Management and prognosis

Initial curative antimalarial therapy followed by long-term pro-
phylaxis, for example with proguanil, is followed by a partial 
reduction of spleen size and peripheral lymphocyte count, sup-
porting the view that patients with CLL have a loss of acquired 
immunity to malaria. In mild disease this may be the only neces-
sary treatment. Most patients will require reduction of tumour 
mass by chlorambucil or chlorambucil plus prednisolone, follow-
ing standard regimens. Response can be monitored and treatment 
controlled wherever there is a minimum of laboratory support. 
Median survival is about 8 years, but is dependent on the stage of 
disease, and is certainly shorter in tropical countries. Infections 
are often the terminal events.

Haemato-oncology services

Most patients with leukaemias in tropical countries have not ben-
efi ted from the great advances in management which have occurred 
in the past 30 years. Diagnostic facilities are often not developed; 
supplies of cytotoxic agents are insuffi cient for the protocols which 
are now standard; radiotherapy units are few, and liable to break 
down; staff in all disciplines have not received appropriate train-
ing. Sustainable haemato-oncology services can be established 
through the twinning of centres in the developing world with 
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centres in the industrialized countries, as shown by the successful 
Italian-Swiss cooperative with Nicaragua in the La Mascota Pro-
gramme.162 The developing country benefi ts from (1) rational 
treatment of patients, (2) training of different cadres in oncology 
practice, and (3) training in research methods. The centre in the 
developed country gains advantage from (1) the experience in the 
range of malignant disease seen in the tropics, (2) research oppor-
tunities, (3) the intellectual stimuli derived from living in a differ-
ent community and environment and (4) a sense of fulfi lment.41

DISORDERS OF HAEMOSTASIS

Abnormal bleeding can arise from disorders of: (1) the initiation 
of haemostasis, involving the vascular endothelium and platelets, 
and manifest as purpura and haemorrhage from or into superfi cial 
surfaces; and (2) the consolidation of haemostasis, involving the 
coagulation and fi brinolytic pathways, and showing clinically as 
uncontrolled haemorrhages from or into deeper tissues. The 
pathogenesis of haemorrhage is often multiple; for example, a 
viraemia can cause damage to both endothelium and platelets, 
and this can lead to the consumption of platelets and coagulation 
factors, and the activation of fi brinolysis.

Purpuras

Disorders of the initiation of haemostasis result from (1) abnor-
malities of the endothelium, (2) abnormalities of platelet func-
tion or (3) thrombocytopenia.

Vascular purpuras

Damage to endothelium is a common cause of purpura and 
haemorrhage in the tropics (Table 13.24). Infections are impor-
tant, leading to haemorrhage through either direct toxicity to the 
endothelium (the haemorrhagic fevers), or to an immune damage 
during convalescence from several of the common childhood dis-
eases, or to late immune damage as in Henoch–Schönlein purpura. 
The viral haemorrhagic fevers include dengue, yellow fever, Lassa 
fever, Rift Valley, Argentinian, Bolivian, Venezuelan, Crimea–
Congo, Omsk, Kyasanur Forest, Korean, Marburg and Ebola 
haemorrhagic fevers. In immunocompromised individuals, herpes 
viruses (simplex and varicella) and arboviruses (O’nyong-nyong, 

African chikungunya) can cause haemorrhages which are some-
times fatal. Dengue is the most common of the haemorrhagic 
fevers, being hyperendemic in South-east Asia and spreading epi-
demically, especially to the Americas and China: the annual inci-
dence in Thailand was 345/100 000 in 1987.

Defective platelet function

Purpura resulting from disordered platelet function (thrombopa-
thy) can complicate the course of some of the haemorrhagic fevers 
(Lassa, dengue, Marburg, Ebola), alcoholism, hepatic cirrhosis, 
uraemia, paraproteinaemias, leukaemias and myeloproliferative 
disorders, or can result from ingestion of non-steroidal antiin-
fl ammatory agents (aspirin, indometacin) and other drugs. The 
bleeding tendency of patients with uraemia can be corrected tem-
porarily by cryoprecipitate (see under ‘Haemophilia’).

Thrombocytopenia

An abnormally low platelet count may result from defective pro-
duction, destruction or consumption in the peripheral blood, 
splenic pooling, or a combination of these mechanisms. Many of 
the common causes in the tropics have been discussed already 
(viral, bacterial and protozoal infections, AIDS, hypersplenism, 
megaloblastosis, alcoholism, overdosage with pyrimethamine and 
trimethoprim, benzene exposure) (Table 13.25). Other condi-
tions, such as idiopathic thrombocytopenic purpura (ITP), have 
no epidemiological or clinical features peculiar to the tropics, 
except that patients tend to have splenomegaly and anaemia.22

Onyalai

The word onyalai means blood blister in the language of the 
Kimbundu in western Angola.163 It is an acquired immune throm-
bocytopenia which differs epidemiologically, immunologically 
and clinically from ITP.

Epidemiology

Onyalai has been described only in Africa south of the equator. 
The geographical area of distribution has shrunk over the last 60 
years, due partly to the discontinuation of the habit of calling any 
thrombocytopenia an African onyalai, and probably because 
changing lifestyles have removed unknown aetiological factors. 
Onyalai is encountered commonly in Kavango and Ovambo ter-
ritories of northern Namibia and in neighbouring southern 

Table 13.24 Some causes of haemorrhage due to vascular endothelial disorders in the tropics

Infections direct toxicity:

early immune damage:
late immune damage:

viraemias (dengue, yellow fever, Lassa fever, other haemorrhagic fevers) 
bacteria (typhoid, Gram-negative septicaemia, meningococcal septicaemia)
measles, scarlet fever, chickenpox, rubella, tuberculosis
Henoch–Schönlein purpura, purpura fulminans

Drugs idiosyncratic reactions: streptomycin, isoniazid, penicillin, sulphonamides, aspirin, quinine, etc.

Uraemia

Scurvy

Dysproteinaemias (e.g. myeloma)

Fat embolism (e.g. marrow embolism in sickle cell disease)

Congenital (Ehlers–Danlos, Osler–Rendu–Weber, etc.)

Miscellaneous (purpura simplex, senile purpura, factitious bleeding)

Disorders of Haemostasis
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Angola. Onyalai accounts for over 1% of all hospital admissions 
in Kavango, where the minimum annual incidence has been cal-
culated to be 151/100 000. There is no signifi cant seasonal varia-
tion of frequency. Over half of all patients are aged under 20 years, 
which may not differ from the age structure of the whole popula-
tion. The male to female ratio is 1 : 1.5.

Aetiology is linked clearly to some factor(s) in rural life in the 
Okavango valley, where millet is the main staple, and mycotoxins 
from fungal contamination of grain are suspected. Recently, auto-
antibodies to glycoprotein (GP) IIb/IIIa of platelets have been 
demonstrated in 12 out of 14 patients with onyalai; both IgG and 
IgM antibodies were present. In contrast, anti-GPIIb/IIIa is found in 
only about one-third of patients with ITP, and it is mainly IgG.163

Clinical

The clinical hallmark is the acute appearance of haemorrhagic 
bullae in the mucous membranes of the mouth, tongue and 
palate, and less frequently on the skin, including the soles of the 
feet. Epistaxis is often present and may be severe. Blood loss can 
lead to haemorrhagic shock. The median duration of haemor-
rhage is about 8 days, but the condition may persist for months 
and tends to recur.

Haematology

Patients have profound thrombocytopenia, and many are anaemic 
from blood loss. The bone marrow shows hyperplasia of the ery-
thron and megakaryocytes. Platelets are morphologically normal.

Management and prognosis

Mortality in the acute phase used to be about 10%: patients 
dying of haemorrhagic shock or from cerebral haemorrhage. 
Treatment with transfusions of whole blood for haemorrhagic 
shock and of platelets, and supportive measures including oral 
hygiene, has reduced mortality to <3%. Prednisolone is not effec-
tive. Splenectomy is indicated for otherwise uncontrollable bleed-
ing, and is followed by a return to normal platelet counts, but 
the condition has recurred fatally in some splenectomized 
patients. Intravenous immunoglobulin has been effective in 
four patients, but the cost is prohibitive. Vincristine may benefi t 
some patients.

Coagulation disorders

The disorders of blood coagulation may be acquired or congenital. 
The acquired disorders occur more commonly in clinical practice, 
but have not attracted the intense medicoscientifi c interest given 
to the congenital diseases such as haemophilia.164

Acquired coagulopathies

Hypoprothrombinaemias

Vitamin K defi ciency

Haemorrhagic disease of the newborn
The newborn, especially the premature, have normally low levels 
of vitamin K and somewhat prolonged PTs (see ‘Reference ranges’ 
and Table 13.7).165 Classical haemorrhagic disease of the newborn 
(HDN) is the result of vitamin K defi ciency: premature infants and 
infants of mothers receiving antituberculous therapy, anticonvul-
sants or warfarin are at increased risk; bleeding is usually into skin, 
mucosal surfaces, the gastrointestinal tract, or from the umbilical 
stump or from circumcision. Infants may present between 1 and 
3 months with intracranial haemorrhage of late HDN due to 
vitamin K defi ciency: they are exclusively breast-fed and may have 
received antibiotics.

The incidence of HDN is not known, but is obviously high 
where premature infants are breast-fed exclusively; late HDN has 
been estimated to occur in 3/1000 Thai infants. The diagnosis is 
confi rmed by a prolonged PT. HDN is prevented by prophylactic 
vitamin K, 1 mg intramuscularly on the fi rst day of life; in treat-
ment, vitamin K should be given intravenously.
Malabsorption
Patients with biliary obstruction or small bowel disease become 
defi cient of the fat-soluble vitamin. Gut sterilization by antibiotics 
can contribute to but does not cause defi ciency alone. Diagnosis 
is based on a prolonged PT, which reverts rapidly to normal fol-
lowing vitamin K, 10 mg intravenously; the response will be 
partial only if there is liver disease.
Vitamin K antagonism
Warfarin is a competitive inhibitor of vitamin K. Haemorrhage 
follows inadvertent overdosage, self-administration by the 
psychiatrically disturbed, the simultaneous administration of 
medications which potentiate warfarin (e.g. co-trimoxazole, chlor-
amphenicol), or the eating by children of warfarin laid out as rat 
poison. Patients remain anticoagulated for several days after war-
farin has been stopped, so that severe overdosage or poisoning 
has to be reversed by intravenous vitamin K.

Table 13.25 Some causes of thrombocytopenia in the 
tropics

PRIMARILY LOW PRODUCTION

  Infections (e.g. typhoid, brucellosis)

  Megaloblastic anaemia

  Alcoholism

  Marrow infi ltration (e.g. leukaemia)

  Aplastic anaemia

  Drugs and chemicals cytoxic drugs
overdosage (e.g. pyrimethamine, 
trimethoprim)
idiosyncratic reactions
occupational exposure (e.g. benzene)

  Miscellaneous (cyclic, congenital)

PRIMARY INCREASED CONSUMPTION OR DESTRUCTION

  Infections (e.g. acute malaria, trypanosomiasis, dengue)

  Hypersplenism (see Table 13.12)

  Chronic hepatic disease

  Disseminated intravascular coagulation (see Table 13.26)

  Immune idiopathic thrombocytopenia (ITP)
acute viral infections
drugs (e.g. quinine, penicillin)
AIDS
onyalai
other autoimmune diseases
lymphomas, CLL
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Hepatic disease
Bleeding in liver disease is multifactorial. During acute infectious 
hepatitis, a mild disorder of haemostasis, consisting of reduced 
levels of V, VII and X and a prolonged PT, is not unusual. In 
association with liver failure, there is severe factor defi ciency, afi -
brinogenaemia and DIC (see below). Patients with chronic hepatic 
disease or cirrhosis show impairment of synthesis of all vitamin 
K-dependent factors and fi brinogen and reduced platelet function; 
some patients show a reduced clearance of FDPs, which contrib-
utes to chronic DIC.

The PT is prolonged and vitamin K has little or no effect. If the 
PT is four times the normal or more, it is hazardous to perform a 
percutaneous liver biopsy. Bleeding with liver disease should be 
treated by transfusion of cryosupernate (residual plasma following 
removal of cryoprecipitate), or fresh frozen plasma or factor 
concentrates (if available).17

Disseminated intravascular coagulation

The widespread or uncontrolled deposition of fi brin in the cir-
culation may be triggered by a large range of conditions 
(Table 13.26).164,166 Pathogenesis starts with (1) damage to the 
endothelium, often from infectious causes in the tropics or (2) 
the release of tissue factor from traumatized tissues with the 
activation of platelets and coagulation or (3) the injection of 
procoagulants of various snake venoms (Table 13.27) or contact 

by South American rubber-tappers with caterpillars of the moths 
Lonomia achelous and L. obliqua, which feed on the leaves of 
rubber trees. During pregnancy there is normally a potential 
hypercoagulable and hyperfi brinolytic state (see ‘Reference 
ranges’) and a wide range of obstetric disorders can trigger severe 
DIC (see Table 13.26).

The dominant feature of acute DIC is haemorrhage, which is 
multifactorial (Figure 13.27): there is endothelial damage, and 
consumption of platelets, coagulation factors and fi brinogen, ren-
dering the blood incoagulable; plasmin is activated, both fi brin 
and fi brinogen are degraded, and FDPs are released into the cir-
culation; FDPs have antithrombin activity and are incorporated 
into clot, rendering it friable. In subacute and chronic DIC red 
cells are ruptured by being forced through fi brin networks in small 
blood vessels, resulting in microangiopathic haemolytic anaemia. 
The obstruction of small blood vessels can cause ischaemia, tissue 
necrosis and renal failure; pituitary and suprarenal failure are rarer 
complications.

Clinical

Patients have the clinical features of their primary condition. DIC 
can range from a minor derangement of coagulation without 
bleeding to a severe haemorrhagic state. It is a dynamic condition 
which can progress rapidly, so that attention must be paid to 
minor abnormalities of clotting tests. The most usual presentation 

Table 13.26 Main causes of DIC encountered in clinical practice in the tropics

Acute Subacute Chronic

INFECTIONS OBSTETRIC METABOLIC

  Viraemias   Pre-eclampsia/eclampsia   Liver disease

  Septicaemias (Gram-negative, typhoid, meningococcal)   Retention of dead fetus   Renal disease

  Protozoan (African trypanosomiasis)   Hydatidiform mole

OBSTETRIC DISORDERS MALIGNANCY MALIGNANCY

  Septic abortions   Acute leukaemias (M3)   Prostatic carcinoma

  Abruptio placentae OTHERS OTHERS

  Ruptured uterus   Purpura fulminans   Purpura fulminans

  Amniotic fl uid embolus

SHOCK

  Accidental trauma (birth trauma or anoxia, head injuries, 
thoracic, fractured femur)

  Surgical trauma (thoracic)

  Burns

  Heat stroke

ENVENOMATION

  Snake bites (see Table 13.27)

  Lonomia achelous caterpillars

OTHERS

  Acute hepatic necrosis

  Cytotoxic therapy

  Incompatible blood transfusion

Disorders of Haemostasis
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is bleeding from mucous membranes, skin, venepuncture sites or 
from the uterus.

Diagnosis

The platelet count is reduced, kaolin-cephalin clotting time 
(KCCT), PT and thrombin times are prolonged, and the plasma 
FDPs are raised. In severe DIC the simple clotting time is pro-
longed or the blood may be incoagulable or nearly so, allowing 
for confi rmation of the diagnosis in the absence of other labora-
tory tests. Microangiopathic haemolytic anaemia shows the 
features of intravascular haemolysis (see Table 13.11); in the 
peripheral blood there are many small fragmented red cells with 
bizarre shapes (schizocytes).

Subacute or chronic DIC is confi rmed when there are throm-
bocytopenia, raised plasma FDPs, moderate decreases in coagula-
tion factors and evidence of microangiopathic haemolysis.

Management

The fi rst principle is to treat the primary cause. If the underlying 
disease responds rapidly (e.g. meningococcal septicaemia to anti-
biotics, snake envenomation to specifi c antivenom, or abruptio 
placentae to the completion of obstetric delivery), DIC will correct 
spontaneously in most instances.

Second, the blood volume must be restored and maintained 
with the transfusion of whole blood (or if not available, concen-
trated red cells plus saline, or saline and colloids).

Third, if haemorrhage cannot be controlled, platelets, fresh 
frozen plasma and cryoprecipitate may have to be transfused to 
restore the missing factors.17

Fourth, in subacute or chronic conditions in which the primary 
cause cannot be cured, the patient may be heparinized, with the 
aim of keeping the clotting time just above 15 min, in order to 
break the chain of pathogenesis.

Snake envenomation

Snake bites (see also Chapter 31) are of major public health 
importance in many communities as causes of haemorrhage, 

other morbidity and mortality, but are largely neglected in health-
care planning (Table 13.27).164 Those at highest risk of envenom-
ation include: (1) farmers working in paddy fi elds, or at the 
beginning of the rains in dryer climates, when small rodents and 
reptiles attract the snakes to the fi elds at the same time as farmers 
are digging; (2) nomadic herdsmen; (3) hunter-gatherers; (4) 
workers on development sites. Epidemics of snake bites follow 
fl oods, when human and snake populations are concentrated 
together. Snake venoms contain up to about 20 components with 
a wide range of toxicity (see Chapter 31); only snake venoms 
causing haemorrhage through procoagulant activities are briefl y 
discussed here (Figure 13.28).

Africa

Echis ocellatus
The carpet or saw-scale viper is probably the most dangerous 
snake in the world, and is found throughout Africa north of the 
equator, as well as in the Middle East, the Indian subcontinent 
and South-east Asia. The snake is particularly prevalent in West 
Africa, where in rural areas during the early rains up to one-third 
of adult male hospital beds may be occupied by envenomed 
farmers. The annual incidence in the Bambur area of the Benue 
valley, Nigeria, has been estimated to be 600/100 000; mortality 
is 10–20% in those who attend hospital but do not receive appro-
priate attention; this has been projected to an estimated 23 000 
deaths annually in West Africa.

The venom contains an activator of thrombin (Figure 13.28), 
causing consumption of coagulation factors, but not usually of 
platelets, and high levels of FDPs. The blood is incoagulable, 
which is diagnostic of severe E. ocellatus envenomation where this 
is common. Death follows intracranial haemorrhage after 1 or 2 
days, or haemorrhagic shock and renal failure after 1 week.

Therapy is with an antivenom, which must be known to be 
effective in the locality because antigenic specifi city of venoms 
varies, for example between East and West Africa. Both Pasteur 
Paris Echis and South African Institute for Medical Research 
(SAIMR) antivenoms are reliable in West Africa.

Activation of
intrinsic pathway

Activation of
extrinsic pathway

Microvascular
obstruction

Activation of
plasmin

Thrombocytopenia,
diminished coagulation
factors and fibrinogen

Disseminated
intravascular
coagulation

Tissue factor

Fibrinolysis

FDP Haemolysis

Necrosis

Haemorrhage

Endothelial damage

Figure 13.27 The pathogenesis of 
disseminated intravascular coagulation (DIC). 
(Reproduced with permission of the publishers, 
from Fleming AF. In: Parry EHO, ed. Principles of 
Medicine in Africa, 2nd edn. Oxford University 
Press; 1984:733.)
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Table 13.27 Species of snake commonly responsible for morbidity or death from haemorrhage (see also Chapter 32)

Area Latin name Vernacular names

AFRICA

Echis ocellatusc

Bitis arietans
Naja nigricollis
Dispholidus typus

Carpet or saw-scale viper
Puff adder
Spitting cobra
Boomslang

ASIA

  Middle East; South-east E. ocellatusc

Daboia russeliia

E. carinatus
Calloselasma rhodostomab

Trimeresurus species

Carpet or saw-scale viper
Russell’s viper
Carpet or saw-scale viper
Malayan pit viper
Green pit viper

AUSTRALIA

Notechis scutatus
Oxyuranus scutellatus
Pseudonaja textilis

Tiger snake
Taipan
Eastern brown snake

AMERICA

  North Crotalus adamanteus
C. atrox

Eastern diamond-backed rattlesnake
Western diamond-backed rattlesnake

  Central C. durissus durissus
Bothrops asper

Central American rattlesnake
Terciopelo, caissaca

  South B. atrox
B. jararaca
C. durissus terrifi cus

Fer-de-lance, barba amirilla
Jararaca
South American rattlesnake

aFormerly Vipera russellii.
bFormerly Agkistrodon rhodostoma.
cFormerly Echis carinatus.

Factor X

Ca2+ PL

Xa

Some Bothrops and Echis species
Daboia russelii (Stypven)

Some Bothrops and Echis species
Some Australian Elapids
Some Colubrids

Calloselasma rhodostama (Arvin, Ancrod)
Trimeresurus species
Some Bothrops, Crotalus, Agkistrodon species

Prothrombin II Thrombin
IIa

Fibrinogen Fibrin

XIIIa XIII

Cross-linked fibrin

Ca2+

IIa

Va V

Figure 13.28 Sites of action of some snake procoagulants. (Reproduced with the kind permission of D A Warrell.)
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Naja nigricollis
The spitting cobra is common throughout sub-Saharan Africa, 
except in the central African forest and the temperate south. 
Besides spitting, the snakes bite, and about one-fi fth of system-
atically envenomed victims have spontaneous haemorrhages, 
which may be fatal.

Procoagulant activity has been shown in vitro, but is probably 
not important. FDPs can be raised from about the fi fth day, asso-
ciated with tissue necrosis, but DIC is not a serious feature. One 
specifi c action is the destruction of platelet actin and a failure of 
clot retraction. In the clotting time test, clot forms normally 
(unlike with E. carinatus), but fails to retract on standing.

Polyvalent antivenoms are not effective.
Bitis arietans
The puff adder is found throughout sub-Saharan Africa except in 
dense forest, and occurs also up the west Atlantic seaboard to 
Morocco and in western Arabia. The main effects of envenomation 
are cytotoxic on the heart, the automatic nervous system and the 
kidney. Some patients have spontaneous haemorrhages, usually of 
gums and nose, as a result of endothelial damage, consumption of 
platelets and thrombocytopenia; DIC is not usual, but may occur 
and be complicated by microangiopathic haemolytic anaemia.

Bites by the Gaboon viper (B. gabonica) found throughout sub-
Saharan Africa, and by the rhinoceros-horned viper (B. nasicornis) 
found in a belt between West Africa and western Kenya, have 
similar effects.

Treatment includes specifi c polyvalent antivenom.
Dispholidus typus
The green African tree-snake or boomslang is widespread in 
wooded areas of sub-Saharan Africa, except in the dense central 
African forest. It is not aggressive and is ineffi cient in envenom-
ation as it is back-fanged. Only those who handle snakes are liable 
to be bitten. Envenomation is followed after 1–2 days by sponta-
neous haemorrhage, due to the activation of factors II, X and XIII 
leading to DIC. The course may be complicated by microangio-
pathic haemolysis and renal failure. Mortality without treatment 
is high, but antivenoms are effective.

Asia

Daboia russelii
Russell’s viper is widely but discontinuously distributed in South-
east Asia; it is a major health problem in the rice-growing areas of 
the Indian subcontinent, Myanmar (Burma) and Thailand. Annual 
incidence of fatal snake bites in Sri Lanka is 6/100 000 and in 
Myanmar 3.3/100 000, of which about three-quarters are due to 
D. russelii.

Venom is cytotoxic for endothelium, platelets, red cells, muscles, 
nerve cells and liver; there is vasodilatation and increased capillary 
permeability. Two major procoagulants activate factors X and V 
(Figure 13.28), causing consumption coagulopathy, DIC, deposi-
tion of fi brin in the kidneys and other organs, and fi brinolysis. 
With severe systemic envenomation there are widespread sponta-
neous haemorrhages. Causes of death include: (1) early shock 
from haemorrhage, vasodilatation and increased capillary perme-
ability; (2) intracerebral and subarachnoid haemorrhages; (3) late 
shock from massive gastrointestinal bleeding; (4) late shock from 
pituitary-adrenal insuffi ciency following haemorrhage or infarc-
tion; and (5) acute renal failure. Blood is usually incoagulable, 
FDPs are high and there is often thrombocytopenia.

Antivenom restores haemostasis but does not prevent the com-
plications of renal failure.
Asian pit vipers
Calloselasma rhodostoma, the Malayan pit viper, is the second most 
important cause of envenomation in South-east Asia. There is 
more local swelling, pain, lymphadenopathy and tissue necrosis 
than with D. russelii bites. The proteolytic enzyme ‘arvin’ or 
‘ancrod’ cleaves fi brinogen (Figure 13.28), defi brinating the victim 
in about half an hour: platelets are damaged, fi brinolysis is acti-
vated and the FDPs raised. Haemorrhage may be local, spread up 
the bitten limb or become generalized.

Many species of Trimeresurus, the green pit vipers, bite fre-
quently but with less serious effects than with the Malayan pit 
viper.

Central and South America

About 200 deaths in Brazil and 100 in Venezuela each year are due 
to bites by Crotalus species (rattlesnakes) and Bothrops species 
(Table 13.27). Envenomation causes (1) extensive tissue necrosis, 
(2) defi brination from cleavage of fi brinopeptide A from fi brino-
gen (Figure 13.28), (3) intravascular haemolysis, (4) renal failure, 
and (5) neurotoxicity.

Antivenom should be administered in all cases of rattlesnake 
bite, even before there is evidence of systemic envenomation.

Congenital disorders

The prevalence of haemophilia A (congenital defi ciency of factor 
VIII) is about 10/100 000, that of von Willebrand’s disease (con-
genital defi ciency or abnormality of factor VIII-related antigen) is 
>10/100 000, and that of haemophilia B (congenital defi ciency of 
factor IX) is about 0.1/100 000 population.164 All other congenital 
disorders of coagulation are rarities. Except in consanguineous 
communities, there is probably little true variation of incidence 
between populations in the world, although the rate of diagnosis 
may be low in developing countries due to early death, low clini-
cal suspicion and lack of laboratory facilities.167

The clinical presentation of these disorders is much the same in 
the tropics as in the temperate zones. Boys present not infrequently 
following circumcision, and cerebral haemorrhages can result 
from the raised intracranial pressure of persistent coughing.

The specifi c treatment of choice for haemophilia A is factor VIII 
concentrate, but this is costly and not available in many develop-
ing countries. Cryoprecipitate, which is rich in factor VIII, can be 
prepared simply with a minimum of equipment. Donor blood is 
collected into a multipack plastic blood collection set: the unit is 
centrifuged or allowed to sediment, and the plasma separated into 
the second pack, which is separated and frozen at −20°C or colder 
for 24 h; the plasma is thawed at 4°C and centrifuged; the cryo-
precipitate is retained in the second bag and the cryosupernate 
separated into a third bag; both are stored at −20°C until used. 
Because factor VIII coagulant activity is high in normal subjects in 
the tropics (e.g. Africans have >150% activity of pooled European 
plasma), cryoprecipitate of high activity can be produced with no 
more than a domestic deep-freezer.

During the fi rst half of the 1980s a large number of haemo-
philiacs treated with factor VIII concentrates were infected with 
HIV through this product. Patients escaped infection when they 
were treated only with locally produced cryoprecipitate from 



225

donors in communities which were not yet infected by HIV, for 
example in Nigeria. The present situation (2002) is that factor VIII 
concentrates are non-infective if the virus is correctly inactivated, 
whereas cryoprecipitate is potentially infective. In the future, many 
haemophiliacs in tropical Africa, America and Asia are liable to 
be infected through contaminated cryoprecipitate, unless virus-
inactivated concentrates or the more expensive recombinant 
factors VIII and IX are made available.

Haemophilia B is best treated with virus-inactivated factor IX 
concentrate; cryosupernate and fresh frozen plasma can be given 
in the absence of the concentrate, but are potentially infectious 
for HIV.

Wherever possible, von Willebrand’s disease should be managed 
with desmopressin, but cryoprecipitate may be necessary.

All blood products which are not heat inactivated are poten-
tially infectious for HIV, HBV (if donors are not screened for 
HBsAg), HCV and other micro-organisms. Blood and blood prod-
ucts should be used appropriately: that is, only when there are 
defi nite indications for which the advantages are judged to out-
weigh the risks of infection.17

Haemophilia care in developing countries

Only about 25% of people with haemophilia in the world are 
receiving adequate comprehensive care. National programmes for 
haemophilia care can be launched and be successful, with the 
guidance and support of the World Federation of Hemophilia 
(Contact: Executive Director, WFH Secretariat, 1310 Greene Avenue, 
Suite 500, Montreal, Quebec, Canada H3Z 2BZ. Tel: 1-514-933-
7944; Fax: 1-514-933-8916; e-mail: wfh@wfh.org).168

Components of a national programme of comprehensive care 
include (1) the establishment of centres for care, (2) the training 
of care providers, (3) diagnosis and registration of people with 
haemophilia, (4) the education of patients and their families, (5) 
education of the whole community, (6) the provision of safe and 
effective therapeutic products, and (7) the prevention of haemo-
philia through counselling and antenatal diagnosis.
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Section 3 System-oriented Disease

Chapter 14 Imelda Bates and Shirley Owusu-Ofori

Blood Transfusion

Only 39% of the global blood supply is donated in the poorest 
countries where 82% of the world’s population lives.1

Blood transfusion is a vital component of every country’s health 
service (Table 14.1). It can be a life-saving intervention for severe, 
acute anaemia, but mistakes in the transfusion process can be 
life-threatening, either immediately or years later through trans-
mission of infectious agents. It is imperative that clinicians have 
a good understanding of how blood is acquired and prepared for 
transfusion, and when it should be used, and that governments 
put in place quality assurance mechanisms to guarantee that 
blood for transfusion is safe.

BLOOD TRANSFUSION SERVICE AT 
THE NATIONAL LEVEL

Transfusion medicine is critical to the success of most clinical 
specialties and should be incorporated into all national health 
plans and budgets. Only 16% of member states meet all the World 
Health Organization’s (WHO) recommendations for a national 
quality blood transfusion system.1 At the national level the trans-
fusion service should have a director, an advisory committee and 
clear transfusion policies and strategies (Table 14.2). Blood col-
lection, testing and distribution need to be standardized. Although 
centralization of these services may offer the best guarantee of 
quality, it is often not practical in countries with poorly developed 
communications and transport infrastructure. In such countries, 
each hospital organizes its own blood transfusion service and it 
is then diffi cult to ensure national standardization and quality. 
Hospital-based transfusion services place an enormous burden on 
laboratory resources and on the families of patients because they 
are responsible for fi nding suitable blood donors. In a typical 
district hospital in Malawi, the overall cost of the transfusion 
service, including consumables, proportional amounts for capital 
equipment, staff time and overheads, was 53% of total laboratory 
costs and each unit of whole blood cost the laboratory approxi-
mately £10 to collect and process.2

In wealthy countries with nationally or regionally centralized 
transfusion services, blood donor recruitment, and screening and 
processing of donated blood, are carried out in purpose-built 
centres which are separate from the hospitals where the blood is 
transfused. These centres operate to good manufacturing stan-

dards similar to those laid down for the pharmaceutical industry. 
After donation and exclusion of potentially infected units, the 
blood is separated into components and fi ltered to remove white 
cells. Computerization enables individual components to be bar-
coded so they can be tracked back to the original donor. Hospitals 
are profi cient at predicting how much blood they will require and 
they receive regular consignments through a well-established 
delivery network. The effi ciency of the system means that one 
donor centre may provide blood to many hospitals and cover a 
population of several million. This process is expensive and one 
unit of blood currently costs over £100.3

Separation of whole blood into components

In wealthy countries it is standard practice to optimize the use of 
each donation of blood by separating it into individual compo-
nents. These components, which may include plasma, platelets 
and cryoprecipitate, are prepared by centrifugation using a closed, 
sterile system. Each component has different storage requirements. 
Plasma and cryoprecipitate are kept frozen, red cells are stored at 
1–5°C, and platelets at 18–22°C with constant agitation. Separa-
tion of blood, even into simple components such as cells and 
plasma, requires equipment and expertise, so in the poorest coun-
tries blood components may only be accessible to those living 
close to a central hospital with blood separation facilities.

Ensuring safety of blood for transfusion

An unsafe blood supply is costly in both human and economic 
terms. Transfusion of infected blood causes morbidity and mortal-
ity in the recipients, and has an economic and emotional impact 
on their families and communities. Those who become infected 
through blood transfusion are infectious to others and contribute 
to the spread of disease throughout the wider population. This 
increases the burden on health services and reduces productive 
labour.

Selecting low-risk blood donors

Strategies for recruiting blood donors have to balance supply with 
demand, and yet ensure that the blood is as safe as possible. In 
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general, the safest sources of blood are altruistic voluntary unpaid 
donors who should be anonymous to the recipient. Only 32% of 
WHO member states report having at least 90% of their blood 
supply from voluntary donors, and developing countries have not 
shown any improvement in recruitment of voluntary donors for 
several years.1

In countries without a national transfusion service, each hos-
pital is responsible for fi nding its own donors and processing 
blood for transfusion. Recruiting voluntary donors from the 
community is expensive and logistically complicated, requiring 
resources such as a local education programme, dedicated vene-
section team, vehicles and cold storage. Paid donors or ‘loan’ 
systems, where family members are responsible for providing 
blood for their relatives in the hospital, are therefore widespread 
in poorer countries. Cultural taboos and misinformation about 
donating blood (e.g. ‘men will become impotent if they donate 
blood’; ‘HIV can be caught from the blood bag needle’) mean that 
relatives may be reluctant to donate. Families are open to exploi-
tation by ‘professional donors’ who charge a fee to donate in place 
of a family member. By the time a donor has been found, screened 
and venesected, and the blood is transfused into the patient, 
several hours or even days can elapse, especially if blood of a rare 
group is required. Because patients in poorer countries often 
present late in the course of their disease, severely anaemic patients 
may die in hospital without ever receiving a blood transfusion. It 
is unfortunate that in many countries where the majority of trans-
fusions are performed as an emergency and where it is imperative 
to have a well-stocked blood bank, the ‘loan’ system, with its 
inherent delays, predominates.

Potential ‘high-risk’ donors, such as commercial sex workers or 
those having frequent contact with these individuals, intravenous 

drug abusers, or persons with itinerant or fl uctuating activities 
such as traders, drivers and military personnel, should be perma-
nently deferred from the donor pool.4 Even in areas where HIV 
infection rates in the general population are high, donor deferral 
can be effective in excluding HIV-infected donors.5 The whole 
donation process, including tests for HIV and other infections, 
should be explained to the donor before blood is collected and 
donors should have the option of knowing the results and receiv-
ing counselling. It is imperative that complete confi dentiality is 
maintained throughout all procedures.

Screening for transfusion-transmitted infections

Infections with organisms that are common in tropical countries, 
such as HIV-1 and -2, hepatitis A, B, C and D, cytomegalovirus, 
syphilis, lyme borreliosis, malaria, babesiosis, American trypano-
somiasis (Chagas’ disease) and toxoplasmosis, can all be acquired 
through blood transfusions. There have also been recent reports 
of transmission of variant Creutzfeldt–Jakob disease through 
blood transfusion and there is a theoretical risk of acquiring severe 
acute respiratory syndrome (SARS) through transfusion of labile 
blood products.6,7 WHO recommends that all donated blood 
should be screened for HIV, hepatitis B and syphilis and, where 
feasible and appropriate, for hepatitis C, malaria and Chagas’ 
disease.

Between 5% and 10% of HIV infections worldwide are thought 
to have been transmitted through the transfusion of infected 
blood and blood products. HIV testing of blood donors needs to 
be highly sensitive, and blood which tests positive should be 
rejected. Before informing the donor of the outcome, all positive 
results should be confi rmed using a test with a high degree of 
specifi city. Where blood donation is organized locally, the confi r-
matory test is often performed at a central laboratory, so there may 
be delay in informing the donor of the result.

Malaria can be transmitted by transfusion and has an incuba-
tion period of between 7 and 50 days, depending on the species. 
In areas of low or no malaria transmission, screening for the 
parasite is important, as recipients are likely to have no immunity. 
In countries with high malaria transmission, exclusion of parasi-
taemic donors could result in deferral rates exceeding 30% and 
consequently would have a major impact on blood supply.8 It is 
unclear whether malaria screening is necessary in regions where 

Table 14.1 Global facts about blood transfusion

80% of the world’s population has access to 20% of the world’s 
safe blood supply

Transfusion or injection of unsafe blood accounts for 8–16 million 
hepatitis B virus infections, 2.3–4.7 million hepatitis C virus 
infections, and 80 000–160 000 HIV infections each year

25% of maternal deaths from pregnancy-related causes are linked 
with blood loss

Table 14.2 Elements and national strategies for blood safety1

Essential element Supporting strategy
Well-organized, nationally coordinated blood transfusion service Government commitment; specifi c, adequate budget; 

implementation of national blood policy and plan; legislative and 
regulatory framework

Quality systems covering all aspects of activities Organizational management; quality standards; documentation 
systems; staff training; quality assessments

Blood collection only from voluntary, non-remunerated donors Effective donor recruitment programmes; stringent donor selection 
criteria; donor care programme

Quality assured testing of all donated blood Testing for transfusion-transmissible infections; accurate blood group 
serology and compatibility testing procedures

Reduction in unnecessary use of blood Use of appropriate component therapy; safe administration of blood 
and blood products
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the disease is common, particularly because most of the blood is 
given to hospitalized children with malaria who are likely to be 
receiving antimalarial drugs, or adults who are clinically immune. 
Further research to assess the risks and benefi ts of screening blood 
for malaria is needed, particularly in relation to pregnant women 
and patients with HIV infection.

Screening for hepatitis B surface antigen should be carried out 
on all donated blood, as hepatitis B-infected blood is almost 
100% infectious. Fresh blood is potentially infectious for syphilis, 
but storage at 4°C can inactivate Treponema pallidum. Globally, the 
prevalence of hepatitis C, HTLV-1 and -2 and Chagas’ disease is 
variable and the decision to introduce donor screening for these 
infections will be based on local assessments of the risks, benefi ts, 
feasibility and costs. Blood should not be separated into compo-
nents if the residual risk of infection is high, as this will increase 
the number of potentially infected recipients. In some wealthy 
countries nucleic acid amplifi cation techniques (NAT) have been 
introduced to improve the safety of blood. Although NAT may not 
be cost-effective where infection prevalence is low, it has reduced 
the residual risk for HIV, hepatitis C virus (HCV) and hepatitis B 
virus (HBV) infection in Germany to 1 in 5 540 000, 1 in 4 400 000 
and 1 in 620 000, respectively.9

Blood is usually taken from donors and stored in a blood bank 
until screening tests for infections have been completed. This 
system has several drawbacks: potentially infected blood may be 
mixed up with units that have already been screened, and the 
whole process of venesection with wastage of blood collection 
bags is costly. Pre-donation screening, by which potential donors 
are tested for HIV, hepatitis B and possibly hepatitis C at the site 
of donation before being venesected, may be a more cost-effective 
way of ensuring safe blood.10

CLINICAL USE OF BLOOD

Reasons for transfusion in poorer countries

In wealthy countries the majority of transfusions are planned and 
carried out electively. By contrast, in poorer countries, and par-
ticularly those where the malaria transmission rate is high, most 
transfusions are given for life-threatening emergencies. In these 
countries 50–80% of transfusions are administered to children, 
predominantly for malaria-related anaemia. Transfusion can sig-
nifi cantly reduce the mortality of children with severe anaemia 
but it may not have any benefi t unless it is given within the fi rst 
2 days of hospital admission.11 In areas of high HIV prevalence, 
young children have a relatively low risk of being infected with 
HIV and potentially have a long life expectancy. However, this is 
the age group that is predominantly affected by severe malaria-
related anaemia and so they are particularly at risk of transfusion-
acquired HIV infection.12 Pregnant women are the second most 
common recipients of blood, particularly for haemorrhagic emer-
gencies.13 Other specialities which are signifi cant users of blood 
are surgery, trauma and general medicine.

Avoiding unnecessary transfusions

Whether a patient needs a blood transfusion or not is ultimately 
a clinical decision. Emergency transfusions can be life-saving for 

patients in whom the anaemia has developed too quickly to allow 
physiological compensation. Examples of such emergencies 
include severe malaria-related anaemia in children, and sudden, 
severe obstetric bleeding. In contrast, if the anaemia has devel-
oped slowly, for example due to hookworm infestation or nutri-
tional defi ciency, patients can generally be managed conservatively 
by treating the cause of the anaemia and prescribing haematinic 
replacements. These should be continued for at least 3 months 
after the haemoglobin has returned to normal, so that body stores 
can be replenished.

Guidelines for transfusion practice

It is possible to avoid unnecessary transfusions through the use of 
clinical transfusion guidelines, and most institutions or organiza-
tions have developed guidelines to help clinicians make rational 
decisions about the use of blood transfusions (Table 14.3).14 Strict 
enforcement of a transfusion protocol in a Malawian hospital 
reduced the number of transfusions by 75% without any adverse 
effect on the mortality rate.15 While the details may vary, the prin-
ciples underlying most transfusion guidelines are similar and 
combine a clinical assessment of whether the patient is developing 
complications of inadequate oxygenation, with measurement of 
their haemoglobin. The haemoglobin level is used as a surrogate 
measure for intracellular oxygen concentration. Increasingly, 
transfusion guidelines are making use of evidence which shows 
that adequate oxygen delivery to the tissues can be achieved at 
haemoglobin levels that are signifi cantly lower than the normal 
range.16

Table 14.3 Prescribing blood: a checklist for clinicians14

Always ask yourself the following questions before prescribing 
blood or blood products for a patient:

1. What improvement in the patient’s clinical condition am I 
aiming to achieve?

2. Can I minimize blood loss to reduce this patient’s need for 
transfusion?

3. Are there any other treatments I should give before making 
the decision to transfuse, such as intravenous replacement 
fl uids or oxygen?

4. What are the specifi c clinical or laboratory indications for 
transfusion in this patient?

5. What are the risks of transmitting HIV, hepatitis, syphilis or 
other infectious agents through the blood products that are 
available for this patient?

6. Do the benefi ts of transfusion outweigh the risks for this 
particular patient?

7. What other options are there if no blood is available in time?
8. Will a trained person monitor this patient and respond 

immediately if any acute transfusion reactions occur?
9. Have I recorded my decision and reasons for transfusion on 

the patient’s chart and the blood request form?
Finally, if in doubt, ask yourself the following question:
If this blood were for myself or my child, would I accept the 

transfusion under these circumstances?

Clinical Use of Blood
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It is easier to develop guidelines than to ensure that they are 
used in routine practice. Implementation of transfusion guidelines 
is particularly diffi cult if clinicians do not have confi dence in the 
quality of haemoglobin measurements. It has been shown that 
when doubtful of the quality of haemoglobin result, clinicians 
rely entirely on clinical judgement to guide transfusion practice. 
This may lead to signifi cant numbers of inappropriate transfu-
sions.17 In a typical district hospital in Africa, the cost of providing 
a unit of blood through the family ‘loan’ system is approximately 
30 times the cost of a quality-assured haemoglobin test. A lack of 
investment in assuring the quality of a basic but critical test such 
as haemoglobin measurement can result in a signifi cant waste 
of resources downstream in the transfusion process, with the 
additional unnecessary exposure of recipients to the risk of 
transfusion-related infections.

Haemoglobin thresholds for transfusion

In resource-poor countries, the recommended haemoglobin 
threshold for transfusions is often well below that which would 
be accepted in more wealthy countries. For example, American 
anaesthetists suggest that transfusions are almost always indicated 
when the haemoglobin level is less than 6 g/dL,18 whereas in 
Malawi transfusions are recommended for children with haemo-
globin levels less than 4 g/dL, provided there are no other clinical 
complications.19 Complications such as cardiac failure or infection 
may necessitate transfusion at a higher haemoglobin level. Trans-
fusion should be combined with adequate iron and folate replace-
ments and treatment of any underlying conditions that contribute 
to anaemia, so that a normal haemoglobin count can be achieved 
during the weeks following transfusion.

Any transfusion service must be able to guarantee the quality 
of haemoglobin results. These results are crucial in donor selection 
and are also used to guide the decision to transfuse patients. 
Although it is the most commonly performed test, accurate 
haemoglobin estimation is diffi cult to achieve in laboratories 
without automated blood analysers.20 The reference technique for 
haemoglobin measurement is the haemiglobincyanide method. 
Not only does this method need a constant electricity source for 
the spectrophotometer, but also technicians need arithmetic 
expertise to calibrate the equipment and automatic pipettes for 
accurate measurements. In under-resourced countries, district 
hospitals may use simpler, cheaper and less accurate methods of 
haemoglobin measurement, many of which are based on visual 
colour comparisons. While a few individual laboratories in 
resource-poor countries may be registered with an external system 
to monitor the quality of laboratory tests, almost no country has 
a nationwide programme. This means that for many laboratories 
and their users, the quality of tests, including haemoglobin and 
those used for screening and determining blood groups, is 
unknown.

COMPLICATIONS OF BLOOD TRANSFUSION

Complications can occur immediately during transfusion, within 
a few hours of its completion, or be delayed for many years, as in 
the case of viral infections. See Table 14.4.

Acute and delayed haemolysis due to 
red cell incompatibility

Transfusion of blood into a recipient who possesses antibodies to 
the donor’s red cells can cause an acute, and occasionally fatal, 
intravascular haemolysis. This could occur, for example, if group 
A cells are transfused into a group O recipient who has naturally 
occurring antibodies to group A cells. The profound haemolysis 
induces renal vasoconstriction and acute tubular necrosis. Treat-
ment involves stopping the transfusion, cardiorespiratory support 
and inducing a brisk diuresis. In addition to abnormalities indicat-
ing renal failure, laboratory fi ndings include haemoglobinuria 
and haemoglobinaemia. Proof of the diagnosis involves recheck-
ing the whole transfusion process including all documentation 
stages, regrouping the donor and the recipient, and screening for 
antibodies on red cells with a direct antiglobulin test. These tests 
are usually available in any hospital laboratory capable of provid-
ing a transfusion service. Delayed haemolysis has a similar physi-
ological basis to acute intravascular haemolysis but tends to be 
less severe. The antibody–antigen reaction develops 7–10 days 
after the transfusion and it is less likely than acute haemolysis to 
present as a clinical emergency.

Bacterial contamination

Bacteria can enter the blood bag during venesection or if the bag 
is perforated at a later stage, perhaps to reduce the volume for a 
paediatric recipient or during component preparation. Gram-
negative bacteria, including Pseudomonas and Yersinia, grow opti-
mally at refrigerator temperatures and infected blood may not 
necessarily appear abnormal. Reactions following infusion of 
infected blood are often due to endotoxins and may occur several 
hours after the transfusion has fi nished. Although these reactions 
are rare, they can be severe and fatal. If bacterial contamination is 
suspected, the transfusion should be stopped and samples from 

Table 14.4 Complications of blood transfusion 

• Febrile non-haemolytic transfusion reactions. Haemolytic 
reactions include chills, headache, backache, dyspnoea, 
cyanosis, chest pain, tachycardia and hypotension

• Risk of severe bacterial infection and sepsis

• Transmission of viral infection (hepatitis B, HIV or hepatitis C)

• Transmission of blood-borne trypanosomes, fi laria, malaria, 
etc.

• Cardiac failure

• Air embolism

• Transfusion-associated acute lung injury (TRALI) – a syndrome 
of acute respiratory distress, often associated with fever, non-
cardiogenic pulmonary oedema, and hypotension, which may 
occur as often as 1 in 2000 transfusions

• Other risks: volume overload, iron overload (with multiple red 
blood cell transfusions), transfusion-associated graft-versus-
host disease, anaphylactic reactions (in people with IgA 
defi ciency), and acute haemolytic reactions (most commonly 
due to the administration of mismatched blood types)
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the patient and the blood bag sent to the laboratory for culture. 
Cardiorespiratory support may be needed and broad-spectrum 
antibiotics should be started immediately and continued until 
culture results are available.

Non-haemolytic febrile reactions

These are episodes of fever (i.e. ≥1°C rise in temperature) and 
chills for which no other cause can be found. They are due to the 
recipient’s antibodies reacting against antigens present on the 
donor’s white cells or platelets. These reactions are most common 
in patients who have received multiple transfusions in the past 
and have therefore been exposed to a broad range of antigens. 
Mild febrile reactions usually respond to simple antipyretics such 
as paracetamol. More severe reactions may be the fi rst indication 
of a haemolytic transfusion reaction or bacterial contamination 
and should be investigated and managed accordingly.

Allergic reactions

These are due to infusion of plasma proteins and manifestations 
include erythema, rash, pruritus, bronchospasm and anaphylaxis. 
The transfusion should be stopped and the patient treated with 
antihistamines. If the reaction is mild and the symptoms and signs 
completely disappear, the transfusion can be restarted. If this type 
of mild reaction occurs repeatedly with more than one unit of 
blood, the red cells can be washed before transfusion. This should 
only be done if absolutely necessary, as it carries the risk of 
introducing potentially fatal bacterial infection. Severe allergic 
reactions with evidence of systemic toxicity should be managed 
as acute anaphylaxis.

Circulatory overload

Blood should always be transfused slowly, to avoid overloading the 
circulation, unless the patient is actively and severely bleeding. 
Overload may be a particular problem when paediatric blood bags 
are not available, as children may be over-transfused due to miscal-
culation of the required volume, lack of accurate infusion devices 
or inadvertent administration of an adult-sized unit of blood.

Transfusion-transmitted infections (see above)

In tropical practice, blood transmission of hepatitis B, HIV-1 and -2, 
and, in some areas, American trypanosomiasis (Chagas’ disease) is 
of particular concern. In general, transfusions are not the major 
route of transmission of these infections and they may not cause 
clinical problems until many months or years after the transfusion.

Haemosiderosis

Four units of blood contain the equivalent of the amount of iron 
stored in the bone marrow (approximately 1 g). Repeated transfu-
sions for chronic haemolytic anaemia, as in thalassaemia major 
and sickle cell disease, lead to iron deposition in parenchymal 
cells. Eventually, failure of the heart, liver and other organs super-
sedes. Adequate doses of iron chelators, such as injectable desfer-
rioxamine or the newer oral chelator, deferiprone, are able to 

maintain acceptable iron balance in patients with chronic anaemia 
receiving regular transfusions.

Hypothermia

It is not usually necessary to warm blood unless rapid transfusion 
of large quantities is needed. This may lower the temperature of 
the sino-atrial node to below 30°C, at which point ventricular 
fi brillation can occur. If blood needs to be warmed, an electric 
blood warmer specifi cally designed for the purpose should be 
used. This keeps the temperature below 38°C, thereby avoiding 
the haemolysis associated with overheating blood.

Graft-versus-host disease

Graft-versus-host disease occurs when donor lymphocytes engraft 
in an immune-suppressed recipient. The lymphocytes recognize 
the recipient’s bone marrow as foreign and induce aplasia. Graft-
versus-host disease is almost universally fatal and can be pre-
vented by irradiating the donor blood, which inactivates the donor 
lymphocytes.

REDUCING THE USE OF BLOOD TRANSFUSIONS

Minimizing surgical blood loss

Where blood is in short supply, it is particularly important to 
ensure that the best anaesthetic and surgical techniques are used, 
to minimize blood loss during surgery. Drugs which improve 
haemostasis or reduce fi brinolysis, such as aprotinin and cyklo-
kapron, and fi brin sealants, can be effective in reducing periop-
erative blood loss and hence the need for blood transfusion. Cost 
is a major limiting factor to the use of these therapies in poorer 
countries, and surgical blood loss is generally not a major con-
tributor to the overall transfusion needs.

Preoperative autologous blood deposit

Patients undergoing planned surgery who are likely to require a 
blood transfusion can have units of their own blood removed and 
stored prior to surgery for use by themselves only, if signifi cant 
intraoperative blood loss is anticipated. Preoperative autologous 
donation can reduce the need for allogeneic transfusions by 46–
74%21 but it requires careful organization: the surgeon needs to 
predict how much blood will be required, the patient has to be 
fi t enough to withstand removal of one or more units of blood 
over the weeks preceding the surgery (preoperative haemoglobin 
will drop by about 1 g/dL), and the surgery must take place within 
the shelf-life of the blood. As the blood has to be stored in the 
blood bank there is still a risk that the patient may receive blood 
which is not his or her own or that the blood may become infected 
with bacteria during the process.

Intraoperative blood salvage

This involves collecting blood lost during the operation and rein-
fusing it into the patient either during or after surgery. Although 

Reducing the Use of Blood Transfusions
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this technique is practical and safe, and reduces the need for donor 
blood by 27–53%,21 it requires specialized equipment and train-
ing and may be more expensive than routinely donated blood.22

Other methods

Normal saline or intravenous replacement fl uids can be used judi-
ciously in acute blood loss, and in certain circumstances may be 
as effective as whole blood, red cells or plasma. Erythropoietin, 
which stimulates endogenous red cell production, has well-
established uses in chronic anaemias such as those due to renal 
failure, cancer and HIV infection. Its delayed action makes it 
unsuitable for use in acute anaemias, the major reason for transfu-
sions in poorer countries. The development of synthetic oxygen 
carriers, generally perfl uorocarbons, has been fraught with prob-
lems and they are not routinely available.23

In under-resourced countries, especially those with a heavy 
burden of malaria, the most effective way to avoid the need for 
transfusions is to reduce the prevalence of anaemia in the com-
munity. More studies on the ability and cost of combined inter-
ventions such as the provision of bed nets, nutritional supplements 
and anthelmintic drugs to children to prevent anaemia and reduce 
transfusion requirements are needed. When resources are very 
limited, governments may need to make some diffi cult decisions 
in order to achieve an equitable balance between investing in a 
transfusion service and public health measures to reduce 
anaemia.

REFERENCES

 1. World Health Organization. Global database on blood safety 2001–2002. WHO/
EHT/04.09. 2004. Online. Available: http://www.who.int/bloodsafety/
GDBS_Report_200-2002.pdf.

 2. Medina Lara A, Kandulu J, Chisuwo L, et al. Laboratory costs of a hospital-
based blood transfusion service in Malawi. J Clin Pathol 2007; 60:1117–1120.

 3. Provan D. Better blood transfusion. BMJ 1999; 381:1435–1436.
 4. Gerard C, Sondag-Thull D, Watson-Williams EJ, et al. Safe Blood in Developing 

Countries. Brussels: European Commission; 1995:48.
 5. Schutz R, Savarit D, Kadjo J-C, et al. Excluding blood donors at high risk of 

HIV infection in a West African city. BMJ 1993; 307:1517–1519.
 6. Llewelyn C, Hewitt P, Knight R, et al. Possible transmission of variant 

Creutzfeldt-Jakob disease by blood transfusion. Lancet 2004; 363:417–421.

 7. World Health Organization. WHO recommendations on SARS and blood safety. 
15 May 2003. Online. Available: http://www.who.int/csr/sars/guidelines/
bloodsafety/en/.

 8. Kinde-Gazard D, Oke J, Gnahoui I, et al. The risk of malaria transmission by 
blood transfusion at Cotonou, Benin. Sante 2000; 10:389–392.

 9. Offergeld R, Faensen D, Ritter S, et al. Human immunodefi ciency virus, 
hepatitis C and hepatitis B infections among blood donors in Germany 
2000–2002: risk of virus transmission and the impact of nucleic acid 
amplifi cation testing. Euro Surveill 2005; 10:8–11.

 10. Owusu-Ofori S, Temple J, Sarkodie F, et al. Predonation screening of blood 
donors with rapid tests: implementation and effi cacy of a novel approach to 
blood safety in resource-poor settings. Transfusion 2005; 45:133–140.

 11. Lackritz E, Campbell C, Ruebush T, et al. Effect of blood transfusion on 
survival among children in a Kenyan hospital. Lancet 1992; 340:524–528.

12. Shaffer N, Hedberg K, Davachi F, et al. Trends and risk factors of HIV-1 
seropositivity among outpatient children, Kinshasa, Zaire. AIDS 1990; 4:
1231–1236.

13. Zucker J, Lackritz T, Ruebush T, et al. Anaemia, blood transfusion practices, 
HIV and mortality among women of reproductive age in western Kenya. Trans 

R Soc Trop Med Hyg 1994; 88:173–176.
14. World Health Organization. Blood safety  .  .  .  for too few. Press release WHO/25. 

7 April 2000. WHD/3 Information sheet for clinicians. Online. Available: 
www.who.int/inf-pr-2000/en/pr2000-25.html.

15. Craighead I, Knowles J. Prevention of transfusion-associated HIV 
transmissions with the use of a transfusion protocol for under 5s. Trop Doc 
1993; 23:59–61.

16. Leung J, Weiskopf R, Feiner J, et al. Electrocardiographic ST-segment changes 
during acute, severe isovolemic hemodilution in humans. Anesthesiology 2000; 
93:1004–1010.

17. Bates I, Mundy C, Pendame R, et al. Use of clinical judgement to guide 
administration of blood transfusions in Malawi. Trans R Soc Trop Med Hyg 
2001; 95:510–512.

18. American Society of Anesthesiologists Task Force. Practice guidelines for blood 
component therapy. Anesthesiology 1996; 84:732–747.

19. Ministry of Health and Population, Malawi. AIDS control programme. 
Recommended guidelines for the practice of safe blood transfusion in Malawi, 
1997.

 20. Lara A, Mundy C, Kandulu J, et al. Evaluation and costs of different 
haemoglobin methods for use in district hospitals in Malawi. J Clin Pathol 
2005; 58:56–60.

 21. Carless P, Moxey A, O’Connell D, et al. Autologous transfusion techniques: a 
systematic review of their effi cacy. Transfus Med 2004; 14:123–144.

22. McMillan D, Dando H, Potger K, et al. Intra-operative autologous blood 
management. Transfus Apher Sci 2002; 27:73–81.

23. Spahn D, Kocian R. Artifi cial O2 carriers: status in 2005. Curr Pharm Des 2005; 
11:4009–4114.



235

Section 3 System-oriented Disease

Chapter 15 Raj C. Thuraisingham and Dwomoa Adu

Renal Disease in the Tropics

There are variations in the causes of renal diseases in different 
parts of the world and this is most marked between temperate 
and tropical regions. Even within tropical regions differences 
are seen in the pattern of renal diseases. The main factor that 
differentiates renal disease in the tropics from that in temperate 
regions of the world is the much higher frequency with an infec-
tious aetiology. Much renal disease in the tropics is, however, 
idiopathic and similar to renal disease found elsewhere in the 
world. Whether caused by infections or not, the principles under-
lying the understanding of renal disease are the same in all parts 
of the world.

ASSESSMENT OF KIDNEY DISEASE

Abnormalities in the kidneys are assessed by estimating GFR using 
serum creatinine levels and determining the presence of blood or 
protein in urine. This is complemented by imaging techniques and 
in particular ultrasound. The glomerular fi ltration rate (GFR) is 
generally considered the best measure of renal function. Inulin 
satisfi es all the criteria for an ideal fi ltration marker and is the 
‘gold standard’ for the measurement of GFR. But this remains a 
research tool.1 The normal GFR is approximately 130 mL/min per 
1.73 m2 in young males and 120 mL/min per 1.73 m2 in young 
females and these values decline with age.

SERUM CREATININE CONCENTRATION

Serum creatinine determination is widely used; however, its con-
centration is insensitive to detection of mild to moderate reduc-
tions in GFR due to the non-linear relation between concentration 
of creatinine in the blood and GFR. This means that GFR must 
decline to approximately half the normal level before the serum 
creatinine concentration rises above the upper limit of normal. 
Correspondingly many patients with chronic kidney disease (CKD) 
maintain serum creatinine levels in the normal range despite 
having signifi cantly impaired renal function. Serum creatinine 
levels are dependent on dietary protein intake, total muscle mass, 
and the use of medications such as cimetidine and trimethoprim 
which interfere with renal creatinine handling. Additionally, 
several substances can interfere with the laboratory measurement 

of creatinine. Glucose, uric acid, ketones, plasma proteins and 
cephalosporins may lead to falsely high creatinine values when the 
Jaffe reaction method is used. The effect of non-creatinine chro-
mogens in serum is markedly reduced in the kinetic rate Jaffe 
reaction, which is implemented in many autoanalyzers.

CYSTATIN C

Cystatin C, a non-glycosylated basic protein with a low molecular 
mass (13 kD) that is freely fi ltered by the glomerulus, is currently 
under investigation as a replacement for serum creatinine in 
estimating the GFR.1

GFR ESTIMATION USING 
PREDICTION EQUATIONS

In an attempt to overcome the drawbacks using serum creatinine 
alone, several equations have been developed to estimate GFR.1 
The most widely used equations for estimating GFR are the 
Cockcroft and Gault proposed equation and the Modifi cation 
of Diet in Renal Disease (MDRD) equation. The Cockcroft–
Gault (CG) formula is an estimate of creatinine clearance origi-
nally developed in a population of 236 Canadian patients, 209 
of whom were male, and has been tested widely in its prediction 
of GFR. The MDRD equation was developed on a large (n = 1785) 
database containing persons with various kidney diseases. These 
patients had been enrolled in the Modifi cation of Diet in Renal 
Diseases Study and had serum creatinine as well as isotopic 
GFRs measured. The equation was subsequently tested on a 
validation database containing more than 500 additional patients.2 
The MDRD equation has been widely validated in several other 
groups including African-Americans with hypertension (Table 
15.1).3

The equation is not valid in children. Most guidelines advocate 
the use of the MDRD equation to predict glomerular fi ltration rate 
in clinical practice. This is because the equation detects impaired 
kidney function more accurately than using serum creatinine con-
centration alone, and it also serves as a monitoring tool for patients 
with known renal disease.
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PROTEINURIA

Proteinuria4 is a marker of renal damage. Physiologically, the glo-
merular basement membrane provides both a mechanical and a 
charge barrier to the passage of plasma proteins into the glo-
merular fi ltrate. Nevertheless, some plasma proteins cross this 
barrier in the concentrations that are related to the protein’s size, 
charge, deformability and concentration in the plasma. Under 
normal circumstances, the mechanical barrier to fi ltration excludes 
large molecules like globulins from entering the glomerular fi l-
trate; only low molecular weight proteins, such as peptide hor-
mones, insulin, and derivatives of immunoproteins cross the 
glomerular basement membrane. Normal persons usually excrete 
very small amounts of protein in the urine. Increased excretion of 
protein is therefore a sensitive marker for chronic kidney disease 
due to diabetes, glomerular disease and hypertension. Proteinuria 
is not only a marker of kidney damage but also a strong predictor 
of clinical progression of kidney disease5 and can be of consider-
able value in assessing the effectiveness of therapy and the progres-
sion of the disease.6

The assessment of proteinuria in clinical practice is generally 
carried out using dipstick methods and/or quantifi cation of 
proteinuria. The quantitative methods widely used are the 
untimed (spot) urine and the timed (overnight or 24 h) urine 
specimen. The standard commercial dipsticks measure total 
protein or albumin, they are simple to use, and provide high 
specifi city. This is advantageous for clinicians because only 
a few false-positive results are identifi ed. The standard urine dip-
stick is insensitive for low concentrations of albumin that may 
occur in patients with microalbuminuria. In addition, the stan-
dard dipstick is also insensitive to positively charged serum pro-
teins, such as immunoglobulin light chains. Quantifi cation of 
proteinuria based on the timed urine collection over 24 h is a 
defi nitive measure of protein or albumin excretion. However, the 
24 h urine collection is time consuming, subject to collection 
error and requires good compliance. In recent years, the ratio of 
protein or albumin to creatinine ratio in an untimed (‘spot’) urine 
specimen has replaced protein excretion in a 24-h collection as 
the preferred method for measuring proteinuria.7 These ratios 
correct for variations in urinary concentration due to hydration 
and provide a more convenient method of assessing protein and 
albumin excretion than that involved with timed urine collec-
tions. Single void urine samples have been evaluated as a semi-
quantitative estimate of proteinuria. Many studies have found that 
values for urine protein/creatinine ratios measured in random 
urine samples correlate well with measurements of protein excre-
tion in 24-h urine collections from the same patients. While some 

authors may have a preference for early morning or random 
samples obtained during the daytime most guidelines recommend 
the use of a fi rst morning urine sample but when not available, a 
random urine sample to estimate protein creatinine ratio is accept-
able.

GLOMERULONEPHRITIS

Glomerulonephritis is more common in the tropics than in tem-
perate countries. It has been calculated that the incidence of 
nephrotic syndrome is 60–100 times higher in some tropical 
countries than in the USA and UK.8 In tropical areas, infections 
are a major cause of both acute and chronic glomerulonephritis. 
In most instances, infection-induced acute glomerulonephritis 
resolves when the infection is cured, although glomerulonephri-
tis resulting from chronic infection (e.g. malaria and schistoso-
miasis) is not reversed following measures that eradicate the 
infection.

Pathogenesis of infection-associated 
glomerulonephritis

The classical studies of Dixon et al.9 established that glomerulo-
nephritis could be induced in experimental animals following 
immunization with antigen. The development of glomerulone-
phritis coincided with the rise in specifi c antibody titres and 
the development of circulating immune complexes. Renal tissue 
studied by immunofl uorescence showed glomerular mesangial 
or capillary wall deposits of immunoglobulin (Ig), complement 
and antigen. These studies provided the theoretical basis for 
the concept of immune complex-mediated glomerulonephritis. 
Subsequent studies, however, showed that it was diffi cult to induce 
a glomerulonephritis by the injection of preformed antigen-
antibody complexes in ‘naive’ animals. It therefore seems unlikely 
that circulating immune complexes are important in the patho-
genesis of glomerulonephritis. Other factors are likely to be 
responsible for the development of nephritis.10 Cationic antigen 
or antibody is more likely to bind to the anionic surface of 
glomerular basement membrane and induce a glomerulonephri-
tis. In situ antigen-antibody complexes formed following prior 
fi xation of antigen or antibody to glomerular structures have been 
shown experimentally to lead to the development of a glomeru-
lonephritis. Finally, some antibodies formed in response to non-
renal antigens have been shown to bind to glomerular structures. 
Only a minority of individuals with a given infection develop 
a glomerulonephritis, demonstrating the importance of host 
factors in pathogenesis. Often with a single infecting organism, a 
variety of glomerulonephritides is seen in different individuals 
(Table 15.2).

Classifi cation

The most helpful classifi cation is one based on aetiology and 
histology. The histological changes may be of unknown aetiology 
(idiopathic), or secondary to well-defi ned aetiological factors. The 
types and clinical features of idiopathic glomerulonephritis have 
been reviewed elsewhere.11

Table 15.1 MDRD equation for GFR

GFR = 186 × (Creatinine/88.4)−1.154 × age−0.203

Women = Multiply × 0.742

Black = Multiply × 1.210

Creatinine μmol/L

MDRD, Modifi cation of Diet in Renal Disease; GFR, glomerular fi ltration rate.
Calculator on: http://www.renal.org/eGFRcalc/GFR.pl
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Clinical presentation

The ways in which glomerulonephritis may present are fairly 
limited and are summarized in Table 15.3. Patients with glomeru-
lonephritis can present with asymptomatic proteinuria and/or 
haematuria, with proteinuria that is heavy enough to cause a 
nephrotic syndrome, with an acute nephritic syndrome, which 
may be severe enough to cause acute renal failure (ARF), or with 
chronic renal failure.

Diagnosis

Defi nitive diagnosis of most forms of glomerulonephritis is 
dependent on a renal biopsy with careful interpretation of the 
renal histology in the light of clinical, biochemical and immuno-
logical features of the disorder.

Overview of management of glomerulonephritis

Conservative management of the nephrotic syndrome is with salt 
restriction, careful use of diuretics and of angiotensin converting 
enzyme inhibitors (ACEI) or angiotensin receptor blockers. There 
is now good evidence that a reduction in blood pressure and in 
urine protein retards the rate at which renal function deteriorates. 
ACE inhibition is more effective than other hypotensive drugs in 
reducing proteinuria and the rate of decline in renal function in 
patients with a glomerulonephritis and proteinuria.12–14 There 
have been real improvements in the long-term prognosis of 
patients with a glomerulonephritis although the evidence base in 
terms of randomized controlled trials of therapy is small. The 
trials that have been done are few and often the numbers of 
patients in each trial are small. The treatment of glomerulonephri-
tis is often with steroids and immunosuppressants and these drugs 
have major toxicities which need to be offset against any benefi t. 
The aims of treatment of glomerulonephritis are the induction of 
remission, the maintenance of remission and the prevention of 
progression of glomerular injury. Choice of treatment is based on 
the clinical syndrome as well as on the acuteness and hence poten-
tial reversibility of the glomerular lesion and the extent of scarring, 
which is irreversible.

Pattern of glomerular disease in the tropics

This has been reviewed by Jha and Chugh.15 In most tropical 
countries primary glomerular diseases are more common than 
secondary glomerular disease. In Jamaica, however, 54% of 
patients with a nephrotic syndrome have secondary glomerular 
disease, usually lupus nephritis.16 In Zimbabwe, 80% of children 
with a nephrotic syndrome have hepatitis B or streptococcal infec-
tion,17,18 although in a later study these aetiologies were uncom-
mon.19 This emphasizes the point that the aetio-pathogenesis of 
glomerulonephritis in tropical countries does seem to be chang-
ing. Over the last two decades there have been only infrequent 
reports of quartan malarial nephropathy, which had been a 
common cause of the nephrotic syndrome in children in Nigeria 
and Uganda.20 In Ghana, Kenya, the Indian subcontinent and 
South-east Asia, however, 70–90% of adults and also children with 
a nephrotic syndrome have a primary glomerular disease.21–27 
Indeed there is now increasing evidence that idiopathic glomeru-
lonephritis is common in tropical countries, making the diagnosis 
and treatment of these disorders important. The wide range of 
causes of the nephrotic syndrome in children in the tropics means 
that renal histology is usually required to determine whether treat-
ment with steroids or immunosuppressants is appropriate. This is 
a particular problem as the facilities for renal biopsy are rarely 
available.

Idiopathic glomerulonephritis

Minimal change nephropathy

In this condition, the glomeruli are normal on light microscopy 
and there are no glomerular deposits of immunoglobulin and 
complement. This is uncommon in tropical Africa, where it is 
found in between 4% and 46% of cases.17,20,25,26,28,29 In India, 32% 

Table 15.2 Infection-associated glomerulonephritis

Glomerulonephritis Infection
Membranous 
nephropathy

Hepatitis B

Schistosoma mansoni

Leprosy

Loa loa

Syphilis

Mesangiocapillary 
glomerulonephritis

Schistosoma mansoni

Leprosy

Loa loa

Onchocerciasis

Tuberculosis

Candidiasis

Focal segmental 
glomerulosclerosis

HIV

Schistosoma mansoni

Proliferative 
glomerulonephritis

Streptococcus spp.

Staphylococcus spp.

Schistosoma mansoni

Leprosy

Wuchereria bancrofti

Onchocerciasis

Syphilis

Amyloid Leprosy

Schistosoma mansoni

Table 15.3 Clinical presentation of glomerulonephritis

Persistent microscopic haematuria

Persistent proteinuria

Nephrotic syndrome

Acute nephrotic syndrome

Acute renal failure

Chronic renal failure

Glomerulonephritis
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of children with a nephrotic syndrome have minimal change 
nephropathy.30

Management31–33

Children

Steroids
Meta-analysis showed that treatment with prednisolone for three 
months or more during the fi rst episode of a nephrotic syndrome 
in children signifi cantly reduced the risk of relapse at 12–24 
months as compared with treatment for 2 months (RR 0.70; 95% 
CI 0.58–0.84). It is therefore recommended that children receive 
at least 6 weeks of treatment with daily oral prednisolone 60 mg/
m2 followed by 6 weeks of alternate day prednisolone 40 mg/m2.
Treatment of frequent relapsers
Approximately 30–50% of children with steroid sensitive nephrotic 
syndrome have frequent relapses. An eight week course of cyclo-
phosphamide (2–3 mg/kg per day) or chlorambucil (0.2 mg/kg 
per day) signifi cantly reduced the risk of further relapse as com-
pared with prednisolone alone, RR 0.44, 95% CI 0.26–0.73 and 
RR 0.13; 95% CI 0.03–0.57, respectively. Approximately 50% of 
treated children are in remission at 2 years and 40% at 5 years. 
Cyclophosphamide has been carefully evaluated in these children 
and is the drug of choice. Ciclosporin (6 mg/kg per day) was as 
effective as cyclophosphamide or chlorambucil but the effect was 
maintained only during treatment. Levamisole has also been used 
and is more effective in reducing relapses than prednisolone 
alone (RR 0.60; 95% CI 0.45–0.79) but again the effect was only 
restricted to the period of treatment. Levamisole can cause a 
reversible neutropenia.
Steroid resistant nephrotic syndrome in children
In children presenting with a fi rst episode of nephrotic syndrome 
about 90% go into remission with steroid treatment. Steroid resis-
tant children will, if biopsied, have minimal change nephrotic 
syndrome, mesangioproliferative glomerulonephritis or focal 
segmental glomerulosclerosis. In these patients ciclosporin is 
more effective in inducing complete remission than placebo or no 
treatment (RR for persisting nephrotic syndrome 0.64; 95% CI 
0.47–0.88). The long-term prognosis for renal function in 
minimal change nephropathy is excellent.

Adults

Minimal-change nephropathy in adults
About 20% of adults with a nephrotic syndrome have minimal-
change nephropathy. The mean age of onset is 40 years but the 
condition can occur at any age. The histology is identical to that 
found in children, with the exception of a higher incidence of 
globally sclerosed glomeruli that are a feature of ageing.
Clinical presentation
As in children, the clinical presentation is with a nephrotic syn-
drome, although this is not generally as severe. Profound hypoal-
buminaemia (serum albumin level under 10 g/L) is rare in adults. 
The disease is slightly more common in men than in women, with 
a male to female ratio of 1.3 : 1. More adults than children are 
hypertensive (30%), have microscopic haematuria (28%), and 
have renal impairment at diagnosis (60%). These abnormalities 
are more severe in patients aged over 60 years who are also at 
particular risk of developing acute renal failure.

Diagnosis
A renal biopsy is essential to make the diagnosis in adults with a 
nephrotic syndrome.
Treatment of minimal-change nephropathy in adults
Treatment is with prednisolone at an initial dose of 60 mg/day: 
response occurs slightly less often than in children and also more 
slowly. Response to steroid treatment takes longer and is also less 
complete in adults at 75% at 6 months. Up to 60% of patients 
who go into a remission have a relapse and 39% have frequent 
relapses. In frequent relapsers treatment with cyclophosphamide 
induces a sustained remission of 60% over a fi ve year period. 
Ciclosporin is also of benefi t in frequent relapsers but most 
patients relapse when this is discontinued. Patients who are 
steroid-responsive or multiple relapsers are more likely to respond 
with complete or partial remissions (70–80%) than patients who 
are resistant to steroids (40–50%). Ciclosporin should be consid-
ered in those patients who develop steroid toxicity because they 
have multiple relapses or who are steroid-dependent. However, 
relapses appear to recur with the same frequency after ciclosporin 
A has been discontinued as before, and for that reason it is still 
advisable to use cyclophosphamide as the fi rst-choice treat-
ment in patients with a multiple relapsing or steroid-dependent 
minimal-change nephropathy in the hope of inducing a sustained 
remission. Ciclosporin A appears to be effective at blood levels of 
between 100 and 200 ng/mL, and at these levels signifi cant short-
term nephrotoxicity and hypertension are uncommon. In this 
author’s view, ciclosporin A can best be viewed as a steroid-sparing 
agent in patients with minimal-change nephropathy.
New treatments
More recently, mycophenolate mofetil and also tacrolimus have 
been reported in uncontrolled trials to be effective in inducing 
and maintaining remission in patients with steroid resistant or 
relapsing minimal-change disease and in focal segmental glo-
merulosclerosis.
Long-term outcome
Some 6% of adult patients are still nephrotic after a mean follow-
up of 7.5 years. The survival in patients over 60 years of age has 
been reported to be 50% at 10 years, and in those aged 15–59, it 
was 90%.

Focal segmental glomerulosclerosis

This is particularly common in Ghana,26 Senegal,34 Zaire24,35 and 
South Africa.29 Renal biopsies from the patients described in Senegal 
had an unusual fi brillary splitting of glomerular capillary walls with 
interposition of basement membrane-like material. Immunohisto-
chemistry reveals deposits of IgM and C3 in sclerosed areas.

Focal segmental glomerulosclerosis

Focal segmental glomerulosclerosis (FSGS) was fi rst described by 
Rich in 1957 at autopsy in children who died from a nephrotic 
syndrome. Fewer terms have generated more disagreement 
amongst pathologists and nephrologists: it is not a disease entity 
but a histological lesion that is often of unknown aetiology.

Secondary FSGS

Segmental scarring of glomeruli is the end product of a variety 
of pathological processes. These include, for example, sickle cell 
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anaemia, reduced renal mass, HIV infection, inherited mutations 
of podocyte related genes and immune complex nephritis. 
Some of these causes lead to well defi ned glomerular lesions, 
e.g. collapsing glomerulopathy in HIV-associated nephropathy 
and prominent hilar segmental lesions in reduced renal mass. 
Mutations in genes encoding slit diaphragm proteins are found 
in up to 20–30% of children with steroid resistant nephrotic 
syndrome but not in patients with steroid sensitive nephrotic 
syndrome and are uncommon in adults. Importantly, patients 
with a genetic cause for their nephrotic syndrome show no 
response to steroids or immunosuppressants and these should not 
be used.

Pathology

The histological lesions of FSGS comprise segmental areas of glo-
merular sclerosis with hyalinization of glomerular capillaries, the 
segmental areas usually being adherent to Bowman’s capsule.36 In 
childhood FSGS, these lesions predominantly affect juxtamedul-
lary glomeruli. One suggested classifi cation is the Columbia FSGS 
classifi cation.37 Several variants have been described based on the 
site of the segmental sclerosing lesion (perihilar variant and glo-
merular tip lesion), the presence of glomerular collapse (collaps-
ing variant) and endocapillary cellularity with visceral epithelial 
cell hyperplasia (cellular variant). Having excluded these variants, 
this leaves FSGS (not otherwise specifi ed). This latter lesion is 
equivalent to classical nephrotic associated FSGS. Typically, the 
areas of segmental sclerosis are randomly distributed within the 
glomerular tuft with a predilection for the hilar regions (Figure 
15.1). Focal areas of tubular atrophy and interstitial nephritis are 
prominent. On immunofl uorescent microscopy, deposits of IgM 
and C3 may be seen in the sclerotic areas. Electron microscopy 
shows diffuse foot-process effacement in apparently unaffected 
glomeruli.

Management

Steroids

There have been no randomized controlled trials of steroid therapy 
in FSGS. Cohort studies report that 40–60% of patients treated 
with a 6-month course of prednisolone go into complete or partial 
remission.38 Complete as well as partial remissions are associated 
with a signifi cant reduction in the risk of developing end-stage 
renal failure as compared with no remission. Adult patients who 
achieve a complete remission have a 5-year survival off dialysis of 
94% as compared with 53% of those who do not achieve remis-
sion. Children who achieve a complete remission have a 100% 
renal survival as compared with 92% with a partial remission and 
47% with no remission. Relapses are, however, common and 
found in 40–56% of patients. All patients with idiopathic FSGS 
and a nephrotic syndrome should be treated with prednisolone 
for 6 months. Children are treated with prednisolone at an initial 
dose of 60 mg/m2 per day and adults with a dose of 60 mg/day 
with tapering of the steroid dose.

Ciclosporin

Patients whose nephrotic syndrome is resistant to 6 months treat-
ment with prednisolone should receive ciclosporin for 26–52 
weeks.39 A meta-analysis of three studies in patients with FSGS 
who were resistant to an 8-week course of prednisolone indicates 
that ciclosporin was more effective than prednisolone or placebo 
in inducing remission (RR for persisting nephrotic syndrome 0.34; 
95% CI: 0.18–0.69) and in preventing end-stage renal failure (RR 
0.45; 95% CI: 0.21–0.97).40

Other immunosuppressants

There is no evidence that cyclophosphamide or chlorambucil are 
of benefi t in the treatment of FSGS.

ACE inhibition/ARB

Children

Angiotensin converting enzyme inhibitors have been shown to be 
of benefi t in reducing proteinuria in patients with a steroid resis-
tant nephrotic syndrome.41

Prognosis

There is no difference in prognosis between adults and children. 
Adverse prognostic factors include tubulointerstitial fi brosis, renal 
impairment and a failure of remission with treatment.

Membranous nephropathy

This is common in children in Zimbabwe,17 Namibia42 and South 
Africa,43,44 and also in adults in Sudan28,45 and Pakistan.45 In both 
Africa and Asia it is frequently a complication of hepatitis B infec-
tion. The glomerular basement membranes are uniformly thick-
ened in membranous nephropathy, with regular spikes on the 
epithelial side when stained with periodic acid-methenamine 
silver. Immunohistology shows uniform granular deposition of 
IgG and complement on the epithelial side of glomerular base-
ment membranes.

Figure 15.1 Early focal segmental sclerosing glomerular disease. 
(Courtesy of Professor A. J. Howie.)
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Renal vein thrombosis in membranous nephropathy46

Patients with membranous nephropathy appear to be at particular 
risk of developing renal vein thrombosis, although this is not as 
high as originally suggested. Most such patients are asymptomatic, 
but they may present with pulmonary emboli. Detection is by 
Doppler ultrasound of the renal veins, computed tomography 
(CT) or magnetic resonance (MRI) imaging. In practice, a renal 
vein thrombosis should be looked for if there is a sudden dete-
rioration of renal function in a patient with membranous nephrop-
athy. It is now known that renal vein thrombosis is a consequence 
of the hypercoagulable state of the nephrotic syndrome and is not 
a cause of membranous nephropathy.

Management

About 70% of patients with membranous nephropathy and a 
nephrotic syndrome survive free of end-stage renal failure at 10 
years.47 Therefore any therapy that benefi ts the 30% of patients 
who develop renal failure exposes the other 70% to unnecessary 
toxicity. The twin aims of treating membranous nephropathy are 
fi rst to induce a remission of the nephrotic syndrome and second 
to prevent the development of end-stage renal failure. Despite 
several careful studies using steroids and immunosuppressants, 
there is still no agreement that these aims can be achieved.

Meta-analysis of the treatment of 
membranous nephropathy48

There have been several meta-analyses on the treatment of idio-
pathic membranous nephropathy. These show that steroids alone 
are of no benefi t in inducing remission or preventing end-stage 
renal failure. Treatment with cyclophosphamide or chlorambucil 
together with prednisolone leads to more complete remissions 
(RR 2.37; 95% CI 1.32–4.25) and more partial remissions (RR 
1.22; 95% CI 0.63–2.35) than prednisolone alone. No benefi cial 
effect was seen on end-stage renal failure (RR 0.56; 95% CI 0.18–
1.68). In this meta-analysis ciclosporin as compared with pred-
nisolone or no treatment did not appear to be associated with any 
important clinical benefi t. Our own analysis indicates that ciclo-
sporin as compared with prednisolone or placebo increases the 
likelihood of remission but does not reduce the risk of developing 
end-stage renal failure. Between 40 and 60% of patients with a 
membranous nephropathy and a nephrotic syndrome go into 
spontaneous remission. Our current strategy is to wait for 12–18 
months and then only treat those patients who are still nephrotic 
with ciclosporin or with prednisolone and cyclophosphamide. An 
ongoing MRC randomized controlled trial is testing the effi cacy 
of this approach.

Mesangiocapillary (membranoproliferative) 
glomerulonephritis

This has been described in Indonesia,49 India,30 Ghana,22 Nigeria50,51 
and South Africa52 and may be idiopathic but is also commonly 
seen in post-infectious glomerulonephritis.53 Most cases of mesan-
giocapillary glomerulonephritis (MCGN) in the tropics are of the 
Type I (subendothelial) variety. Here immunohistology reveals 
subendothelial deposits of IgG and less frequently of IgM and IgA 

and C3. In Type II MCGN (dense-deposit disease), basement 
membrane and mesangial deposits of C3 are found.

Management

Randomized controlled trials of steroids in MCGN showed no 
benefi t. At time of writing, treatment with angiotensin blockade 
and diuretics is recommended.

IgA nephropathy

This is common in Singapore, Malaysia, Hong Kong and Taiwan; 
in Singapore 75% of patients with more than 1 g of proteinuria 
per 24 h have IgA nephropathy.54 IgA nephropathy is, however, 
uncommon in blacks in Africa,55 although it has been recently 
reported in patients with HIV infection. Renal histology is charac-
terized by the presence of mesangial proliferation and diffuse 
mesangial deposits of IgA and C3.

Management

Between 20% and 30% of patients with IgA nephropathy will 
develop end-stage renal failure by 20 years. Adverse prognostic 
features for renal function include proteinuria in excess of 
1.0 g/24 h, renal impairment at the time of diagnosis and possibly 
hypertension. The options for treatment of patients with IgA 
nephropathy, and proteinuria >1.0 g/24 h and serum creatinine 
<250 mmol/L are (a) supportive treatment only with ACE inhibi-
tors, (b) prednisolone (methylprednisolone 1 g i.v. daily for 3 
days at 0, 2 and 4 months and oral prednisolone 0.5 mg/kg on 
alternate days for 6 months, or (c) fi sh-oil (MaxEPA) 6 g twice 
daily for 2 years. Further randomized clinical trials are necessary 
to establish the effectiveness of these treatments.

Mesangial IgM proliferative glomerulonephritis

Mesangial IgM proliferative glomerulonephritis is a major cause 
of the nephrotic syndrome in Thailand and other parts of 
South-east Asia56 and in parts of Africa.19 This type of glomerulone-
phritis can also present with asymptomatic proteinuria and hae-
maturia.

Secondary glomerulonephritis

Systemic lupus erythematosus

Lupus nephritis is common in Malaysia and Singapore and other 
parts of South-east Asia, and in these areas is found mostly in 
people of Chinese origin.57 Lupus nephritis is also common in 
Jamaica16 and also in black Americans but is relatively uncommon 
in blacks in Africa.22,58 Clinically apparent nephritis develops in 
about 40–75% of patients with systemic lupus erythematosus. The 
renal manifestations of lupus nephritis are heterogeneous both in 
clinical presentation and in histology. Patients with minimal 
changes or mesangial glomerulonephritis usually have an inher-
ently low rate of progressive renal failure. Patients with membra-
nous nephropathy have an intermediate prognosis for renal 
function. In contrast, patients with focal or diffuse proliferative 
glomerulonephritis have a high risk of progressive renal failure.
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Management

Lupus mesangial proliferative glomerulonephritis

In the absence of controlled trials to guide treatment, it is reason-
able to treat such patients with corticosteroids in the hope that 
this will prevent progression to a more severe glomerulonephritis, 
although that is not certain.

Lupus membranous nephropathy

Here again, there are no controlled trials of treatment and thus 
there is no consensus on treatment. Patients with pure lupus 
membranous nephropathy will respond to treatment with pred-
nisolone only and azathioprine or mycophenolate mofetil may be 
used as a steroid sparing agent in these patients. Patients with 
lupus membranous nephropathy and proliferative glomerulone-
phritis lesions are at high risk of developing progressive renal 
failure and should be treated as for patients with a proliferative 
lupus nephritis.

Focal and diffuse lupus proliferative glomerulonephritis

Cyclophosphamide for remission induction

The careful randomized controlled studies from the NIH made 
intravenous cyclophosphamide and oral prednisolone the accepted 
method for the management of severe lupus nephritis (WHO 
Classes III and IV).59 A recent study60 showed that a shorter 12-
week course of i.v. cyclophosphamide every two weeks at a dose 
of 500 mg followed by azathioprine was as effective as an abbrevi-
ated NIH regime (6 monthly pulses of 0.5 g/m2) followed by 2 
quarterly pulses. In a recent meta-analysis of randomized con-
trolled studies,61 when compared with prednisolone, cyclophos-
phamide and prednisolone reduced the risk of doubling of the 
serum creatinine (RR 0.59; 95%CI 0.4–0.88) while azathioprine 
did not (RR 0.98; 95% CI 0.36–2.68). However, azathioprine 
reduced the risk of death (RR 0.60; 95% CI 0.36–0.99), while 
cyclophosphamide did not (RR 0.95; 95%CI 0.53–1.82). Lupus 
affects predominantly women of childbearing age and the docu-
mented gonadotoxicity of cyclophosphamide (RR 2.18 95%CI: 
1.10–4.34) makes it an inherently unattractive agent for therapy 
and one that could only be justifi ed by its effectiveness in reducing 
the risk of renal failure. The search for more effective and less toxic 
treatments for remission induction led to studies of mycopheno-
late mofetil. Mycophenolate mofetil (MMF) is a powerful immu-
nosuppressant that is licensed for renal transplantation. Pilot 
studies suggested that it might be effective together with steroids 
in the induction treatment of lupus nephritis and this has now 
been tested by randomized controlled trials.62,63 These indicate 
that mycophenolate mofetil is probably as effective as and less 
toxic than cyclophosphamide in patients with new onset mild to 
moderate lupus nephritis. MMF may also have a role as remission 
maintenance therapy in lupus nephritis.

Crescentic glomerulonephritis

Most renal biopsy series from the tropics report that between 4% 
and 7% of patients have a crescentic glomerulonephritis with 
extracapillary proliferation. This is seen in a wide variety of disor-
ders, including post-streptococcal glomerulonephritis, hepatitis B 

and C-associated glomerulonephritis, microscopic polyarteritis 
(polyangiitis), Wegener’s granulomatosis and lupus nephritis. The 
importance of crescentic glomerulonephritis is that it is usually 
associated with a rapid decline in renal function. Treatment is 
usually with prednisolone and cyclophosphamide.

Infection-associated glomerulonephritis

Acute endocapillary proliferative glomerulonephritis

The most common cause of acute proliferative glomerulonephritis 
(APGN) is an infection with group A streptococci. This is common 
in Africa,17 the Caribbean countries64 and in India.65 A similar type 
of glomerulonephritis has been reported with other bacteria in 
patients with infective endocarditis, shunt nephritis and visceral 
abscesses. APGN commonly develops 1–2 weeks after a strepto-
coccal pharyngitis and 3–6 weeks after a skin infection (impetigo). 
With both sites of infection the risk of an ensuing glomerulone-
phritis is higher in children aged between 2 and 12 years. APGN 
has become quite rare in Western countries but epidemic out-
breaks following skin infections with streptococci still occur in 
tropical countries.66

Pathogenesis67

Only certain M types (cell wall protein antigens) of Lancefi eld 
group A streptococcal infections are followed by the development 
of glomerulonephritis. This is an immune-mediated nephritis and 
would by convention be termed an immune complex nephritis. 
The frequent observation of hypocomplementaemia fi ts in with 
antigen-antibody-mediated nephritis. The candidate ‘nephrito-
genic’ antigen is as yet not known. Some studies have suggested 
that this is a soluble water-extractable antigen called ‘endostrep-
tosin’. Other studies have suggested that M proteins or M-
associated proteins may be pathogenic antigens, and in yet others 
a cationic streptococcal proteinase has been suggested. The sera of 
patients with post-streptococcal glomerulonephritis also contain 
rheumatoid factors and antinuclear antibodies and the role of 
these autoantibodies in the pathogenesis of the nephritis is 
unclear.

Pathology

This is the classical endocapillary proliferative glomerulonephritis. 
There is increased hypercellularity of glomeruli from mesangial 
proliferation and an infl ux of polymorphonuclear leucocytes, 
monocytes and T lymphocytes (Figure 15.2). Subepithelial humps 
on electron microscopy are characteristic of this disorder. Extra-
capillary proliferation (crescents) is infrequent. Renal biopsies 
show deposits of C3, IgG and sometimes IgM in the glomerular 
mesangium and also large subepithelial deposits (humps) on 
immunofl uorescence and electron microscopy.

Serology

Antibodies to various streptococcal antigens form the basis of 
diagnosis in culture-negative cases: after pharyngitis 95% of chil-
dren will have an antibody response to streptolysin O, deoxyribo-
nuclease, deoxyribonuclease B, hyaluronidase and streptokinase. 
After pyoderma antibody responses to deoxyribonuclease B are 
found, while responses to streptolysin O are infrequent.

Glomerulonephritis
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Clinical

The clinical presentation ranges from asymptomatic haematuria 
and proteinuria, through an acute nephritic syndrome, at times 
accompanied by a nephrotic syndrome, and rarely a rapidly pro-
gressive glomerulonephritis. The patient with an acute nephritic 
syndrome presents with oliguria, reddish-brown urine due to hae-
maturia, proteinuria, a puffy face and ankle oedema, and this is 
often accompanied by hypertension. Hypertension and cardiac 
failure are usually due to salt and water overload. Headache, vom-
iting and fi ts may complicate the rise in blood pressure. A full-
blown nephrotic syndrome is infrequent and acute renal failure 
from extracapillary glomerulonephritis is rare, being found in less 
than 2% of affected children.

Management

All patients should be given a 10-day course of penicillin or 
erythromycin to eradicate the organism and prevent secondary 
spread, although this treatment has no effect on the outcome 
of the renal illness. The management of the acute nephritic illness 
is based on conventional treatment, with meticulous attention 
to fl uid balance, together with diuretics and hypotensive drug 
therapy as necessary. Rarely there may be the development of a 
crescentic glomerulonephritis and if renal failure is severe then 
treatment with prednisolone and cyclophosphamide should be 
considered.

Outcome

The long-term prognosis of post-streptococcal glomerulonephritis 
is good and there are few reports of end-stage chronic renal failure 
as a long-term sequel. Long-term prospective studies of epidemic 
post-streptococcal glomerulonephritis following skin infection 
showed little evidence of progressive chronic renal failure or 
hypertension. Other studies of sporadic post-pharyngitic glomeru-
lonephritis, however, showed that up to 50% of patients have 
some evidence of chronic renal damage.20

Eosinophilic proliferative glomerulonephritis 
in Uganda

An eosinophilic diffuse proliferative glomerulonephritis was 
reported by Walker et al.68 from Uganda, in children with protein-
uria. Immunostaining showed granular deposits of C3 and IgG 
and electron microscopy revealed subepithelial and intramembra-
nous dense deposits. The eosinophilia raised the possibility of a 
parasitic contribution to the cause of the glomerulonephritis. 
There was no clear association with streptococcal infection or 
evidence of malaria or HIV infection in the whole series.

Hepatitis B infection and renal disease

The renal complications of hepatitis B infection are found mainly 
in individuals who are chronically infected. The observation by 
immunological techniques of hepatitis B antigen or its antibody 
in glomeruli strongly suggests that the renal injury is immune 
mediated, although the precise mechanisms are unknown. The 
major renal lesions of hepatitis B infection are membranous 
nephropathy, which is more common in children, and less com-
monly a mesangiocapillary glomerulonephritis, IgA nephropathy 
(more common in adults) and polyarteritis.69,70

Hepatitis B-associated membranous nephropathy

This is seen particularly in children who are chronic carriers of 
hepatitis B virus. The frequency of hepatitis B as a cause of mem-
branous nephropathy parallels the general carrier rate of this virus 
in the population. Between 60% and 100% of children with mem-
branous nephropathy in Japan, Hong Kong, South Africa and 
Zimbabwe have HBsAg,5,7,16,21,22,32,43,44,53,70 and by contrast this is 
infrequent in the USA and the UK. In children the age of onset is 
between 2 and 12 years, and over 80% of affected children are 
male. The clinical presentation is usually with a nephrotic syn-
drome. Most affected children have no clinical evidence of liver 
disease; this is more common in adults.

Serology

Sera from almost all patients with hepatitis B-associated mem-
branous nephropathy show evidence of infection in the form 
of HBsAg, HBc antibodies, HBeAg, and HBe antibodies.

Pathology

The histological lesion of hepatitis B-associated membranous 
nephropathy differs from the idiopathic variety in that in addition 
to subepithelial immune deposits there are often subendothelial 
and mesangial deposits of immunoglobulin. (Figure 15.3A,B). 
Glomerular capillary deposits of the hepatitis B antigens HBsAg, 
HBcAg and HBeAg have been demonstrated in renal biopsies.

Management and outcome

There is no evidence that corticosteroids are benefi cial and indeed 
their use and withdrawal may lead to rebound hepatitis. The antivi-
ral agents interferon α and lamivudine may be of benefi t in this dis-

Figure 15.2 Acute post-infective glomerulonephritis. Solid looking 
glomeruli fi lled with neutrophil polymorphs. (Courtesy of Professor 
A. J. Howie.)
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order but there are no controlled trials of treatment. In a recent 
study, Tang et al.71 treated 10 patients with hepatitis B-associated 
membranous nephropathy with lamivudine. As compared with 
historical controls, lamivudine increased the proportion of patients 
going into complete remission from 25% to 60% and reduced renal 
failure from 60% to nil (0). There was a need for long-term treat-
ment as cessation of this at 2 years led to a relapse of the nephrotic 
syndrome. The prognosis in children is good, with reported sponta-
neous remissions of the nephrotic syndrome in up to two-thirds of 
cases. Approximately 5% of children progress to end-stage renal 
failure, while adults fare worse with 10% developing renal failure. 
Vaccination of all neonates has been shown to reduce the rate of 
hepatitis B carriage and hepatitis B-associated glomerulonephritis.

Hepatitis B-associated polyarteritis nodosa

HBsAg has been reported in 10–40% of patients in the USA, 
18–50% of patients in France and 4–8% of patients in the UK 
who have classical polyarteritis. This association is uncommon in 
tropical countries.

Hepatitis C-associated nephropathy

Hepatitis C virus infection is found in less than 0.6% of the 
population of North America and Northern Europe but is more 
common in southern Europe and Africa and has a high prevalence 
in haemophiliacs and intravenous drug abusers. Hepatitis C infec-
tion may lead to chronic active hepatitis and cirrhosis. Hepatitis 
C infection is the main cause of mixed essential cryoglobulinae-
mia. The clinical presentation is with a fever, purpuric rash, 
arthralgia and peripheral neuropathy. The renal presentation is 
with proteinuria or a nephrotic syndrome often accompanied by 
mild to moderate renal impairment.72–74

Pathology

The renal lesion in cryoglobulinaemic glomerulonephritis is a 
type of membranoproliferative glomerulonephritis characterized 
by intraluminal and subendothelial deposits but other types 
of glomerulonephritis, e.g. a mesangioproliferative glomerulone-
phritis, have been reported and rarely there is a renal arteritis. 
Immunofl uorescent microscopy shows subendothelial as well as 
mesangial and capillary wall deposits of IgM, IgG and C3. On 
electron microscopy these deposits may show the characteristics 
of cryoglobulins.

Management

Treatment with interferon α improves proteinuria and possibly 
renal function in patients with hepatitis C-associated mesangio-
capillary glomerulonephritis although renal disease and viraemia 
mostly relapse after cessation of therapy. There is some evidence 
that the addition of ribavirin to interferon α confers additional 
benefi t.75 Treatment of acute cryoglobulinaemic glomerulonephri-
tis and vasculitis has usually been with prednisolone and cyclo-
phosphamide. Interpretation of these studies of treatment is 
complicated by the lack of controlled studies and also by the fact 
that many of these studies were performed prior to the recognition 
of the role of HCV infection in the pathogenesis of mixed 
cryoglobulinaemia. Plasma exchange reduces cryoglobulin and 
immune complex levels and has been reported to lead to an 
improvement of renal function. However, the effects are usually 
temporary, since depletion of cryoglobulins leads to rapid rebound 
immunoglobulin synthesis.

Human immunodefi ciency virus-associated 
glomerulonephritis76,77

Renal complications of HIV could become a large burden on the 
healthcare systems in Africa as 3–12% of Black Africans with 
HIV are likely to develop chronic kidney disease. A variety 
of renal disorders occur in patients with HIV infection. Acute 
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Figure 15.3 (A) Glomerulus showing thickening of the basement 
membrane in hepatitis B-associated membranous nephropathy 
(Courtesy of Professor A. J. Howie.); (B) Immunoperoxidase staining 
showing sub-epithelial deposits of IgG in hepatitis B-associated 
membranous nephropathy. (Courtesy of Professor A. J. Howie.)
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deterioration of renal function may develop as a result of volume 
depletion from renal salt wasting or from diarrhoea and vomiting. 
In addition, some of the antiviral drugs used in therapy are poten-
tially nephrotoxic, as are some of the drugs used to treat oppor-
tunistic infections. In addition, there may be renal disease from 
coexistent hepatitis B or C infection, post-infectious glomerulone-
phritis or an IgA nephropathy. A major clinical problem in these 
patients is the development of proteinuria, a nephrotic syndrome 
and renal impairment.78–80 In Africa, in addition to HIVAN (HIV- 
associated nephropathy), a collapsing variant of focal and seg-
mental glomerulosclerosis, other lesions are commonly found.79 
In a recent study from South Africa HIVAN was found in only 27% 
of cases.80 An immune complex deposition disease (HIVICK) with 
a characteristic ‘ball in cup’ appearance was found in 21% of cases 
and other glomerular lesions such as membranous nephropathy 
and IgA nephropathy were also frequently seen.80

Clinical presentation

The clinical presentation of HIVAN and HIVICK is usually with 
a nephrotic syndrome and renal impairment. Hypertension is 
uncommon and ultrasound examination shows large echogenic 
kidneys. Without antiretrovirals, these lesions carry a poor prog-
nosis with at least a 50% mortality within 2 years and it is now 
clear that antiretrovirals markedly improve the prognosis.

Pathology

Collapsing glomerulopathy was initially described in patients 
with HIV-associated nephropathy (HIVAN), where it was associ-
ated with a severe nephrotic syndrome and rapid progression to 
end-stage renal failure. There are now two characteristic histo-
logical lesions in HIV. The fi rst, HIVAN, is a type of focal segmen-
tal sclerosing glomerulonephritis characterized by segmental or 
global collapse of glomerular capillaries with basement mem-
brane wrinkling and crowding of glomerular epithelial cells 
(Figure 15.4A).78 There is often a marked interstitial infi ltrate of 
lymphocytes and plasma cells and dilated tubules with casts 
(Figure 15.4B). In addition there are endothelial tubuloreticular 
inclusions. On immunofl uorescent microscopy mesangial and 
capillary wall deposits of IgM and C3 are seen. Collapsing glo-
merulopathy may also be seen in patients without HIV infection 
and may be idiopathic or associated with parvovirus B19 infec-
tion. The second lesion, HIVICK, results in mesangial proliferation 
and immune complex deposition. Large subepithelial deposits are 
present, often with a mesangial reaction, giving a ‘ball in cup’ 
appearance. IgA, IgM and IgG may be present along with C3 and 
in some cases the immunohistochemical appearances may be 
similar to those seen in lupus.80

Management

There is increasing evidence to suggest that treatment with highly 
active antiretroviral drugs improves both the renal and overall 
prognosis of affected patients.77,81 As with other proteinuric renal 
diseases there is evidence that treatment with ACEI may be of 
long-term benefi t. Patients with HIV infection and end-stage renal 
failure have been treated with chronic haemodialysis with benefi t. 
Haemodialysis is safe in patients with HIV-associated renal failure 
and in those patients with undetectable viral loads and preserved 

CD4 counts transplantation can also be considered if the patient 
is stable on antiretrovirals.

Highly active antiretroviral drugs and nephrotoxicity82,83

Some of the antiretroviral drugs used in the treatment of HIV are 
nephrotoxic and these effects are summarized in Table 15.4.

Schistosomiasis

Schistosomiasis (see also Chapter 82) is widespread in the tropics. 
Schistosoma haematobium affects the urinary tract, and S. mansoni 
and S. japonicum the intestine(s) and liver. Signifi cant glomerular 
disease has been mostly in patients with S. mansoni infection and 
hepatosplenic disease84–86 but also rarely in patients with hepato-
intestinal disease.87 Overall, just under 5% of patients with S. 
mansoni infection have hepatosplenic disease, and of these about 
10–15% develop glomerular lesions over a period of up to 10 
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Figure 15.4 (A) HIV-associated nephropathy: glomeruli have 
changes of collapsing glomerulopathy (Courtesy of Professor A. J. 
Howie.); (B) Renal cortex in HIV nephropathy. Tubules are dilated and 
contain casts. (Courtesy of Professor A. J. Howie.)



245

years. The clinical presentation is with proteinuria or nephrotic 
syndrome. In Egypt there is evidence that schistosomal glomeru-
lonephritis is more common in individuals with concomitant 
chronic infections with Salmonella species.88,89

Pathology

A mesangial proliferative glomerulonephritis is seen in mild or 
early cases and the most common histological change in advanced 
cases is a mesangiocapillary (membranoproliferative) glomerulo-
nephritis, seen in about 50% of patients. The next most frequently 
seen histological lesion is a focal segmental glomerulosclerosis. 
There are also infrequent reports of a membranous nephro-
pathy and a proliferative glomerulonephritis. Immunofl uorescent 
microscopy of renal biopsies shows granular deposits, predomi-
nantly of IgM but also of IgG, IgA, IgE and C3 in the mesangium 
and the subepithelial and subendothelial sites. Co-existing infec-
tion with hepatitis B and hepatitis C should be excluded in patients 
with S. mansoni infection and glomerulonephritis.90 Renal amyloi-
dosis has been described in patients with S. mansoni infection in 
Sudan and in Egypt91,92 but not in Brazil.93

Management

Treatment of schistosomal glomerulonephritis with antischisto-
somal drugs, prednisolone and cyclophosphamide has been of no 
benefi t and progression to renal failure is usual.

Leprosy

The major renal lesions found in leprosy (see also Chapter 58) are 
amyloidosis and glomerulonephritis, although chronic interstitial 
nephritis has also been described.

Amyloidosis

Renal amyloid is a complication of long-standing leprosy and has 
been most often described in patients with lepromatous leprosy 
and rarely in patients with tuberculoid leprosy.94,95 In earlier 
autopsy studies, renal amyloid was described in up to 30% of cases 
in North and South America, but is relatively uncommon (<10% 
of cases) in India, Papua New Guinea and Africa. The amyloid 

fi brils in leprosy are of the AA variety, which is derived from the 
acute-phase reactant serum amyloid A (SAA). Serum levels of SAA 
rise in patients with erythema nodosum leprosum (ENL) reactions 
and there are suggestions that amyloidosis is more common in 
patients with recurrent ENL.94 The clinical presentation is with 
proteinuria, microscopic haematuria and the nephrotic syndrome, 
and progression to renal failure is common.

Glomerulonephritis

Glomerulonephritis is found in up to 10% of patients with leprosy 
at autopsy. It tends to be more common in patients with lepro-
matous than with tuberculoid leprosy, and the onset of glomeru-
lonephritis may coincide with an episode of ENL. The most 
common glomerular lesions are a mesangial proliferative glo-
merulonephritis and a focal or diffuse proliferative glomerulone-
phritis. Rarely a membranous nephropathy or mesangiocapillary 
glomerulonephritis is seen. Immunofl uorescent microscopy shows 
granular glomerular deposits of IgG, IgM and C3 in the mesan-
gium or on capillary walls.95,96 The renal disease progresses to renal 
failure and it is unclear whether treatment for leprosy infl uences 
progression.

Filariasis

There are several reports of an association between fi lariasis and 
glomerulonephritis from India and Cameroon.97,98 The clinical 
presentation is usually with nephrotic syndrome and rarely with 
an acute nephritic syndrome. Patients with Wuchereria bancrofti 
infection may develop a mesangial proliferative or a diffuse pro-
liferative glomerulonephritis.98 In patients with Loa loa infections 
a membranous and a mesangiocapillary glomerulonephritis have 
been reported. Onchocerciasis infections have been reported to be 
associated with a nephrotic syndrome due to minimal-change 
nephropathy, mesangial proliferative glomerulonephritis or a 
mesangiocapillary glomerulonephritis.98

Pathology

On immunofl uorescent microscopy glomerular deposits of IgG, 
IgM and C3 are seen in the mesangium and capillary walls, and 

Table 15.4 Nephrotoxicity of highly active antiretroviral drugs

Antiretroviral class Name Renal abnormalities Histology
Protease inhibitors Indinavir Renal calculi, crystalluria, ARF, CRF Tubulointerstitial nephritis with crystals

Nelfi navir Renal colic

Ritonavir ARF

Nucleoside reverse 
transcriptase inhibitors

Abacavir ARF Interstitial nephritis

Didanosine Proximal tubular dysfunction

Lamivudine Proximal tubular dysfunction

Stavudine Proximal tubular dysfunction

Nucleotide reverse 
transcriptase inhibitors

Tenofovir Proximal tubular dysfunction, ARF 
Nephrogenic diabetes insipidus, 
Nephrotic syndrome

HIV-1 fusion inhibitor Enfuvirtide Glomerulonephritis Membranoproliferative nephritis

Glomerulonephritis
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in one study onchocercal antigens were identifi ed on glomerular 
capillaries.

Management

Treatment with diethylcarbamazine probably hastens recovery in 
those patients with an acute nephritic presentation but has no 
effect in patients presenting with nephrotic syndrome.

Malaria

Malaria (see also Chapter 73) is widespread in the tropics and is 
a major cause of death. In the 1930s in British Guyana, Giglioli 
established the long-suspected association between Plasmodium 
malariae infection and a nephrotic syndrome. Proteinuria, nephri-
tis and deaths from nephritis were common in British Guyana. 
Patients with nephrotic syndrome in this area had a higher inci-
dence of P. malariae parasitaemia than unaffected individuals, who 
more often had P. vivax and P. falciparum infection. In 1962, 
Giglioli99,100 summarized his observations that following eradica-
tion of malaria from British Guyana there was a reduction in the 
incidence of proteinuria and nephritis and deaths from malaria.

Quartan malarial nephropathy

The association between P. malariae infection and glomerulone-
phritis was confi rmed by clinicopathological studies from Nigeria 
and Uganda in children with nephrotic syndrome. These children 
mostly had an incidence of P. malariae parasitaemia (up to 88% of 
children) that was signifi cantly higher than in healthy controls 
(20%).8,101,102 There have, however, been few recent reports of 
quartan malarial nephropathy from tropical Africa.

Sickle cell disease103

Patients with sickle cell disease often have an impaired ability to 
concentrate and acidify urine and to excrete a potassium load but 
these changes are minor and usually of no clinical signifi cance. 
Glomerular fi ltration rate (GFR) and effective renal plasma fl ow 
are increased in children with sickle disease and it is suggested 
that the increased GFR may lead to glomerular damage in later 
life.

Haematuria

Microscopic haematuria is common in patients with both sickle 
cell disease and trait, and less commonly macroscopic haematu-
ria, that may be persistent, is seen. The management is with con-
servative measures only. It is worthwhile screening for other causes 
of haematuria in these patients, e.g. schistosomiasis.

Renal papillary necrosis

This is found in both sickle cell disease and sickle cell trait. The 
clinical presentation is with haematuria that on occasion may be 
complicated by clot colic. Diagnosis is confi rmed by intravenous 
pyelography, showing changes ranging from clubbing of calyces 
to a ring sign in which an often calcifi ed, partly attached papilla 
is surrounded by a ring of contrast.

Glomerulonephritis

Focal segmental glomerulosclerosis104

This is the most frequently described lesion. It is found in older 
patients, usually aged over 30 years. The incidence of this lesion 
is unclear. Histologically the glomeruli are larger than normal and 
show segmental areas of glomerular sclerosis. Because the GFR is 
raised in early life in patients with sickle cell disease, it has been 
suggested that the segmental sclerosis is a consequence of hyper-
fi ltration and intraglomerular hypertension. The clinical presenta-
tion is with proteinuria and the clinical course is with progressive 
renal impairment. The proteinuria reduces with treatment with 
angiotensin converting inhibitors and it is possible that these 
agents, by reducing intraglomerular pressures, might reduce the 
rate at which renal function declines.

Mesangiocapillary glomerulonephritis105,106

The second most commonly described lesion in patients with 
sickle cell anaemia and proteinuria is a mesangiocapillary glo-
merulonephritis. The pathogenesis of this is unclear and sugges-
tions that it is caused by the glomerular deposition of renal tubular 
epithelial cell antibodies and antigen await confi rmation.

Acute proliferative glomerulonephritis107

An increased predisposition to post-streptococcal glomerulone-
phritis from infected leg ulcers has also been reported in older 
patients with sickle cell anaemia.

End-stage renal failure in sickle cell anaemia

Both continuous ambulatory peritoneal dialysis and haemodialy-
sis have been successfully used in these patients. Anaemia is a 
major problem and can be helped by the cautious use of erythro-
poietin. It is necessary to perform exchange transfusion with AA 
blood prior to transplantation to prevent sickling of the renal 
graft.

ACUTE RENAL FAILURE108–111

Acute renal failure complicates a wide variety of diseases. The 
abrupt cessation of renal function leads to uraemia, with abnor-
malities of fl uid and electrolyte balance. The persistently high 
mortality in these patients leaves no room for complacency in 
management. Patients with acute renal failure do not necessarily 
present in neat diagnostic categories but more often as unex-
plained acute uraemic emergencies. Investigation, diagnosis and 
initial management must often be compressed into a few hours. 
The priorities in this early phase are to manage acute uraemia and 
electrolyte abnormalities, in particular hyperkalaemia, to establish 
the reversibility of the renal failure and to defi ne its cause.

Causes of acute uraemia

The main cause of acute renal failure in the tropics is acute tubular 
necrosis, often as a result of infection, with glomerulonephritis 
presenting less commonly. Of all cases of acute renal failure in the 
tropics, 60% have a medical cause, 25% a surgical cause and 15% 
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an obstetric cause.109,112,113 In the more developed areas the pattern 
is akin to that found in the West, where medical and surgical 
causes predominate and obstetric cases are rare.109 The differences 
in aetiology are largely dependent on socioeconomic factors and 
the availability of therapeutic pregnancy termination services. The 
classifi cation of the causes of acute renal failure into pre-renal, 
intrinsic and post-renal categories remains clinically useful in that 
it allows a structured approach to diagnosis and management. In 
an Egyptian series, 38% had pre-renal, 24% post-renal and the rest 
intrinsic renal disease as a cause of their acute renal failure.114 The 
major causes of acute renal failure are summarized in Table 15.5. 
This list is not exhaustive and is meant to emphasize the impor-
tance of seeking an aetiology in a patient with unexplained acute 
renal failure.

Clinical syndromes

Acute tubular necrosis

A variety of infections and hypovolaemia may lead to renal isch-
aemia with renal vasoconstriction and tubular cell damage with a 
reduction in GFR. In addition there may be tubular obstruction 
and back-leakage of fi ltrate. A similar outcome may be the result 

of nephrotoxic drugs, such as aminoglycosides, and also tradi-
tional herbal remedies. There has been considerable research into 
the mediators involved in this injurious process. Nitric oxide, 
oxygen radicals, endothelin and free iron have all been implicated. 
To date there have been few convincing data to suggest that 
manipulation of these systems improves outcome, although some 
studies do suggest benefi cial outcomes with N-acetylcysteine in 
preventing acute tubular necrosis secondary to radio contrast-
induced acute renal failure.
The clinical consequence of acute tubular necrosis is uraemia, 
which is usually associated with oliguria, although some patients 
may be non-oliguric, producing urine volumes of 1–2 L or higher. 
In the vast majority of cases acute tubular necrosis is self-limiting 
and with spontaneous recovery occurring between 10 days and 6 
weeks, provided the initial insult is treated. When the initial insult 
is very severe, cortical necrosis may occur, leading to irreversible 
renal failure.

Renal parenchymal causes

Acute glomerulonephritis, especially when accompanied by extra-
capillary proliferation (crescent formation), may lead to acute 
renal failure. Acute interstitial nephritis is seen in leptospirosis and 
may also be a complication of drugs such as the penicillins, sul-
fonamides, thiazide diuretics and frusemide as well as non-
steroidal antiinfl ammatory drugs.

Obstructive uropathy

Obstruction to the urinary tract is important because it is a 
common and potentially reversible cause of acute renal failure. 
The most common site of obstruction is at the bladder outlet due 
to prostatic hypertrophy or cancer, and urethral stricture. Urethral 
stricture is particularly common in tropical Africa. Pelvic tumours 
in women (cervical and disseminated ovarian tumours), and in 
both sexes bladder cancer and less commonly retroperitoneal 
fi brosis or malignancy, may also obstruct the urinary tract. Obstruc-
tion at the level of the ureters or higher must be bilateral, unless 
there is a solitary functioning kidney, to cause acute renal failure. 
This is usually due to renal calculi or schistosomal-induced ure-
teric stenosis.115,116 Renal tubules may become blocked by uric acid 
crystals, particularly in patients with hyperuricaemia following 
chemotherapy for lymphoma, leukaemia or myeloma. Prophylac-
tic treatment with allopurinol, hydration and alkalinization of 
urine in these patients now make this an infrequent cause of acute 
renal failure. Other causes of renal tubular obstruction include 
sulfadiazine therapy, antiretrovirals (outlined above) and high-
dose methotrexate treatment.

Causes of acute renal failure in the tropics

Acute renal failure in pregnancy

Acute renal failure from obstetric causes is common in the tropics. 
In the West, 3% of all causes of acute renal failure have an obstet-
ric aetiology, whereas this fi gure is much higher in the tropics: 
25% in Ghana112 and 9–15 % in India.113,117 The actual cause varies 
according to the different stages of pregnancy. In the fi rst trimester, 
septic abortions account for the vast majority of cases. This is 
common because of the lack of legal abortion services in many 

Table 15.5 Causes of acute renal failure

PRE-RENAL

Renal hypoperfusion (leading to acute tubular necrosis)

Hypovolaemia

Septicaemia

Obstetric accidents

Massive intravascular haemolysis

Rhabdomyolysis

RENAL

Acute tubular necrosis

Acute interstitial nephritis

Diffuse extracapillary glomerulonephritis

Acute pyelonephritis

Nephrotoxins

Haemolytic–uraemic syndrome

POST-RENAL

Obstructive uropathy

Renal tubule blockage

Myeloma (light chains)

Uric acid, sulfadiazine

Bilateral urinary tract blockage

Calculi

Schistosoma haematobium

Urethral stricture

Prostatic hypertrophy

Pelvic malignancy

Posterior urethral valves

Acute Renal Failure
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tropical countries, resulting in a high prevalence of ‘back street’ 
abortions. In the third trimester the causes include pre-eclampsia 
and eclampsia, HELLP syndrome, puerperal sepsis, haemorrhage 
and abruption placentae. The most common histological lesion 
found is acute tubular necrosis, although cortical necrosis is found 
more frequently in the tropics. The striking decline in the inci-
dence of acute renal failure during pregnancy in some developing 
countries can be attributed to improved obstetric care and also to 
liberalization of abortion laws.118

Massive intravascular haemolysis

Glucose-6-phosphate dehydrogenase defi ciency

Glucose-6-phosphate dehydrogenase (G6PD) defi ciency is a red 
cell abnormality which is inherited as a sex-linked gene of partial 
dominance. The gene abnormality is widespread in tropical Africa, 
India and South-east Asia and world wide affects more than 400 
million people. The product of the G6PD reaction is NADPH, 
which is essential for the function of enzymes that protect against 
oxidants (catalase and glutathione peroxidase). Hence in G6PD 
defi ciency, erythrocytes are susceptible to the effects of oxidant 
stress. The major clinical consequence of this is haemolysis due 
to infections and drugs. Acute renal failure has been reported in 
G6PD-defi cient individuals following haemolysis due to drugs119,120 
and infections such as typhoid fever, malaria and hepatitis.121,122

Malaria

Acute renal failure is a well-recognized complication of malarial 
infection by Plasmodium falciparum.123,124 The prevalence of acute 
renal failure is of the order of 1% but in cases of severe infection 
can be much higher.124–126 The major causes of acute renal failure 
are volume depletion, severe parasitaemia and blackwater fever 
from massive intravascular haemolysis.127–129 The latter may be a 
consequence of severe infection alone, but is often triggered by 
drugs such as quinine, or caused by G6PD defi ciency. The acute 
renal failure seen in P. falciparum infection usually occurs 4–7 days 
after the onset of fever. It can be of the oliguric or non-oliguric 
type and most patients are hypercatabolic. Cholestatic jaundice is 
often seen and there have been reports of disseminated intravas-
cular coagulation. Jaundice, oliguria, hypotension and multiple 
organ failure signify a poor prognosis.

The mechanism of acute renal failure involves erythrocytes 
containing P. falciparum becoming adherent to capillaries and 
venules and being sequestered in organs such as the kidney, 
causing alterations in the microcirculation. The infected red cells 
also display reduced deformability, which results in predomi-
nantly extravascular haemolysis. The combination of these two 
phenomena causes renal vasoconstriction, renal tubular toxicity 
and activation of intravascular coagulation.130 Activation of cyto-
kines also contributes to the increased adhesion and alteration of 
the renal microcirculation.

The histological changes are those of acute tubular necrosis, 
more marked in the distal tubule, and there may be casts of haemo-
globin and malarial pigment. Quinine was the drug of choice in the 
treatment of severe P. falciparum malaria; however, a recent study 
has shown Artemisinin compounds to be safer and perhaps more 
effective.131 The renal failure should be treated along standard lines 
with either peritoneal dialysis or haemodialysis, although continu-

ous haemofi ltration is probably more effective than peritoneal 
dialysis. Of those patients who develop acute renal failure, 60% will 
require dialysis but the overall mortality is less than 10%.

Diarrhoeal diseases

The acute renal failure that occurs with diarrhoeal disease is 
usually due to volume depletion. This is common in tropical 
countries.109–111

Typhoid fever

Renal complications occur in around 10% of cases of typhoid 
fever. Acute renal failure may be caused by massive intravascular 
haemolysis and this is particularly common in patients with G6PD 
defi ciency.121,122 There have been reports of haemolytic–uraemic 
syndrome in association with Salmonella species infections,132 and 
also of a transient mesangial proliferative glomerulonephritis.

Shigella species

Shigella dysentery may also lead to childhood acute renal failure 
in the tropics.133 In severe Shigella species infection, volume deple-
tion and toxaemia can lead to acute renal failure from acute 
tubular necrosis. Acute renal failure may also occur from a hae-
molytic–uraemic syndrome during the diarrhoeal phase of the 
illness.134 The mortality from this condition is high at 70%, with 
14% of the survivors going on to develop chronic renal impair-
ment as a result of chronic interstitial nephritis and cortical necro-
sis.135 There are some promising developments, however, with the 
development of neutralizing antibodies to the A subunit of 
the Shiga toxin molecule that have shown promise in animal 
studies.136

Cholera137

The WHO received reports of over 131 943 cases of cholera world-
wide in 2005, of which there were over 2200 deaths. Though this 
represents a signifi cant fall since 1999 (250 000 cases and 2200 
deaths) this was an increase from the fi gure in 2004. The vast 
majority of deaths are due to renal failure secondary to volume 
depletion as a result of the profuse diarrhoea. Given the degree of 
diarrhoea in cholera, hypokalaemia is frequently present, and in 
addition to acute tubular necrosis there may also be evidence of 
vacuolation of the proximal tubular epithelium. These complica-
tions can usually be prevented by adequate fl uid replacement in 
most cases, using oral rehydration solutions. An oral cholera 
vaccine is now available but its use in preventing and treating 
outbreaks is yet to be fully evaluated.

Leptospirosis138,139

Leptospirosis is contracted following exposure to contaminated 
water, either in rivers or sewage. The clinical presentation is with 
myalgia, pyrexia, conjunctival congestion, headache and jaundice. 
There may be a bleeding diathesis with gastrointestinal and pul-
monary haemorrhage. Acute renal failure occurs during the acute 
leptospiraemia stage and is usually accompanied by jaundice 
(Weil’s syndrome). All patients with leptospirosis will have a tubu-
lointerstitial infi ltrate if biopsied, but approximately 50% of 
patients go on to develop acute renal failure, the major histologi-
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cal lesion being tubulointerstitial nephritis with acute tubular 
necrosis. Minor glomerular mesangial proliferation may be seen. 
Characteristic features of the acute renal failure are that it is hyper-
catabolic and that hyperuricaemia, hyperkalaemia and the rise in 
blood urea are disproportionate to the serum creatinine. Dark-
fi eld microscopy of urine may reveal leptospires and they may also 
be grown from blood culture specimens. The diagnosis may also 
be established by serological tests. Treatment of leptospirosis 
when there is renal failure is with penicillin or erythromycin 
although data suggest that cephalosporins can also be used and 
indeed the treatment failure rate may be lower with these drugs. 
The use of penicillin may be complicated by a Jarisch–Herxheimer 
reaction and in certain studies has been ineffective in preventing 
the need for dialysis.140 Patients with severe renal failure require 
treatment with haemodialysis or peritoneal dialysis.

Post-streptococcal glomerulonephritis

Beta haemolytic streptococcal infections of the throat or skin can 
be complicated by an endocapillary proliferative glomerulone-
phritis. In Ethiopia, 5% of children with these infections devel-
oped renal complications.141 There is evidence that the incidence 
is decreasing in some tropical countries; however, it still accounts 
for up to 13% of all paediatric acute renal failure cases.142 This 
disease is discussed in more detail above.

Heatstroke

Heatstroke143 occurs in hot climates, usually in association with 
exertion and poor fl uid input, and can lead to acute renal failure. 
The mechanism of the renal failure is rhabdomyolysis and dis-
seminated intravascular coagulation. Fulminant hepatic failure 
may also occur, contributing to the coagulopathy and renal failure. 
Investigations reveal evidence of haemoconcentration with a 
raised creatinine kinase, hyperuricaemia, myoglobinuria, hyperka-
laemia, hypocalcaemia, proteinuria and often microscopic haema-
turia. Renal failure is treated along standard lines.

Melioidosis

This infection is caused by Burkholderia pseudomallei, an organism 
found in soil and water, and the infection is endemic in South-east 
Asia, Central and South America and the West Indies.144 Patients 
with diabetes mellitus and tuberculosis have an increased suscep-
tibility to this infection. There is a marked seasonal variation in 
this disease, with the majority of cases occurring in the rainy 
season. In northern Thailand it accounts for 20% of all commu-
nity-acquired septicaemias. Patients can present with a localized 
form of the illness with discrete foci of infection or they can 
present with septicaemia without any obvious site of infection. 
Acute renal failure is more common in patients with septicaemia 
(60%) than in those with the localized form of the infection 
(35%). In the septicaemic form the presentation is usually one 
with a short history of a high temperature with diarrhoea, shock 
and a metabolic acidosis. There is usually radiological evidence of 
pneumonia, although there may be no symptoms or signs to 
support this. Microabscesses are sometimes seen in the skin. Other 
features include hypoglycaemia, hyponatraemia and a low white 
cell count. In patients with acute renal failure the mortality is high. 
The renal lesion is most often acute tubular necrosis but an inter-

stitial nephritis and renal microabscesses have been seen. Treat-
ment is with ceftazidime or a combination of ceftazidime and 
trimethoprim-sulfamethoxazole. Imipenem can also be used but 
this is not as readily available. The organism is resistant to genta-
micin and penicillin.

Snake bite

Snake bites (see also Chapter 31) are a relatively common event 
in the tropics. In Papua New Guinea, snake bite victims account 
for 60% of all ventilator bed-days in intensive care units.145 Acute 
renal failure is a well-recognized complication of snake bite. In a 
series from Chandrigah in India, out of 1862 patients with snake 
bites 3% developed acute renal failure.146 Acute renal failure has 
been reported in patients bitten by snakes of the viper, colubrid 
and sea snake class. Following the bite of a Russell’s viper, between 
3% and 30% of patients go on to develop renal failure; the fi gure 
following rattlesnake envenomation is around 15%. The risk of 
developing acute renal failure depends on the venom dose and 
the time between the bite and the administration of antivenom. 
Gastrointestinal bleeding and also bleeding into the muscle, 
viscera and subarachnoid space may develop. Acute renal failure 
develops within hours to 3 days after envenomation. The mecha-
nism for the acute renal failure differs among the various snake 
families. Vipers cause intravascular haemolysis and disseminated 
intravascular coagulation but there is also evidence for direct 
nephrotoxicity. The mechanism whereby sea snake bites cause 
acute renal failure is rhabdomyolysis and myoglobinuria. The 
most common renal histological change seen is acute tubular 
necrosis, but cortical necrosis may be seen in up to 3% of cases. 
Other renal lesions reported include proliferative glomerulone-
phritis (occasionally with crescents), arteritis and renal infarcts. 
The main aim of treatment is adequate volume replacement and 
the administration of as specifi c an antivenom as is available as 
soon as possible. Treatment of renal failure is along standard 
lines.

Nephrotoxins

A wide variety of plants used as herbal remedies in the tropics 
have been reported to be nephrotoxic56 (see also Chapter 32).147 
Renal failure has also been reported following multiple bee and 
wasp stings, spider bite and scorpion sting. In addition to direct 
nephrotoxicity the causes of acute renal failure include haemolysis 
and disseminated intravascular coagulation. Other causes of neph-
rotoxic acute renal failure include paraquat and copper sulphate 
poisoning. More recently, ingestion of the hair dye paraphenylene 
diamine has been reported to cause acute renal failure in North 
Africa and in India.148 This is associated with neck and upper 
respiratory oedema, rhabdomyolysis and respiratory failure.

Haemolytic–uraemic syndrome

This is a syndrome of thrombocytopenia, microangiopathic 
haemolytic anaemia with fragmented red blood cells and acute 
renal failure. The main cause of epidemic diarrhoea-associated 
haemolytic–uraemic syndrome (HUS) is Shiga toxin-producing 
Escherichia coli (STEC), although HUS can occur as part of many 
other disease processes including HIV infection. Mortality from 
this condition can be as high as 40% in some countries. The 

Acute Renal Failure



15. Renal Disease in the Tropics

250

clinical syndromes of STEC infections include mild diarrhoea, 
haemorrhagic colitis and HUS in 7–24% of patients. Sporadic 
cases of HUS also occur and this is more common in adults. In 
the Indian subcontinent HUS may complicate Shigella dysenteriae 
type I infection.133 Rare infective causes of HUS include neur-
aminidase-producing pneumococci and also Salmonella typhi 
infection.132 Most cases of endemic HUS occur in infants and 
young children. There is usually a prodromal bloody diarrhoeal 
illness followed by renal failure and bleeding from the gut. Hyper-
tension is common and focal neurological abnormalities such as 
fi ts and strokes may develop.

The pathological lesion is believed to be caused by the trans-
port of Shiga toxin by neutrophils to the kidney.149 This binds to 
receptors on glomerular endothelial and tubular epithelial cells, 
whereby the toxin is internalized via receptor mediated endocyto-
sis. This process leads to endothelial swelling and detachment and 
secondary activation of platelets and the coagulation cascade. The 
end result of this process is the characteristic microangiopathic 
haemolytic anaemia. Histological abnormalities on renal biopsy 
include glomerular changes, such as endothelial swelling, prolif-
eration and capillary loop thrombosis. Afferent glomerular arteri-
oles may show fi brin deposition and may be thrombosed. The use 
of antibiotics in preventing patients with E. coli infection from 
developing HUS, however, is more controversial, with some 
studies showing benefi t and others a detrimental effect.150

Investigations in acute renal failure

These are aimed at establishing the presence and severity of acute 
renal failure and its aetiology, together with the history and phys-
ical examination; it is then possible to plan rational management 
for these patients.

Urine

Microscopic haematuria with red cell casts in the presence of 
proteinuria points strongly to a glomerulonephritis, while eosin-
ophiluria suggests a drug-induced acute interstitial nephritis. The 
presence of urinary myoglobin is diagnostic of rhabdomyolysis.

Haematology

In acute renal failure an elevated neutrophil count usually suggests 
underlying sepsis. In STEC or Shigella-associated HUS the neutro-
phil count also correlates with disease severity. Anaemia with 
thrombocytopenia and fragmented red cells in the presence of 
normal clotting indices is also indicative of HUS, whereas the 
presence of a coagulopathy and raised serum levels of fi brinogen 
degradation products suggests disseminated intravascular coagula-
tion. In severe drug-induced interstitial nephritis there may be an 
increase in the circulating peripheral blood eosinophil count. 
Blood should also be examined for the presence of malarial 
parasites.

Chemistry

An elevation of blood urea and creatinine will be found in acute 
renal failure. An inappropriately elevated urea compared with 
creatinine, however, may suggest volume depletion and a pre-renal 
aetiology. Gastrointestinal haemorrhage in the presence of acute 

renal failure will also produce a similar picture. If rhabdomyolysis 
is suspected the blood creatinine phosphokinase concentrations 
should also be measured as these are grossly elevated in this 
condition.

Radiological investigations

A chest radiograph should be performed in all patients with acute 
renal failure and a plain abdominal radiograph may reveal renal 
or ureteric calculi. An ultrasound examination of the kidneys helps 
to exclude obstruction and determine renal size. In patients with 
an obstructive uropathy, percutaneous antegrade pyelography 
allows visualization of the pelvis and ureter, defi nes the site of 
obstruction and allows both drainage and decompression, allow-
ing recovery of renal function. If access to the renal pelvis is not 
achieved the site of the obstruction may be determined using 
retrograde pyelography. Computed tomography is another useful 
tool for defi ning the nature and the level of obstruction in obstruc-
tive nephropathy. Radionuclide scanning with DTPA or DMSA 
demonstrates renal perfusion.

Renal biopsy

Renal histology is useful in all patients with unexplained acute 
renal failure and normal-sized unobstructed kidneys, especially if 
they have features suggestive of glomerulonephritis or other sys-
temic diseases.

Management

Prevention of acute tubular necrosis

Many patients develop acute tubular necrosis after a severe infec-
tion. It is likely that many of these cases can be prevented by 
paying careful attention to fl uid balance and avoiding nephrotoxic 
drugs. In this early phase acute renal failure may be potentially 
reversible. Oliguria, with a low urinary Na+ (<10 mmol/L), a low 
fractional excretion of Na+ and urine that is more concentrated 
than plasma, is indicative of incipient or pre-renal acute renal 
failure. The ability of these urinary indices to differentiate revers-
ible from established renal failure is imprecise and is invalidated 
by loop diuretics. We and others fi nd them of little value in prac-
tice. In patients with oliguria the fi rst step is to correct hypovolae-
mia and a low cardiac output. The use of central venous pressure 
monitoring may be helpful in diffi cult cases. A potential pitfall is 
that if the patient remains oliguric pulmonary oedema may be 
precipitated. Low-dose dopamine does not improve the outcome 
of patients with acute renal failure and may adversely affect 
outcome. Frusemide may make fl uid overload easier to manage 
and avoid the need for dialysis but some studies suggest a poorer 
outcome for patients treated in this way.

Fluid balance

A daily weight chart is valuable in assessing the fl uid balance of 
patients with acute renal failure. Volume depletion is usually 
present if the jugular venous pressure is not visible; there is a 
resting tachycardia and a postural drop in blood pressure. Skin 
turgor is more diffi cult to interpret as it depends on other factors 
such as age. The amount of fl uids given to a patient in acute renal 
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failure is based on: (1) measured fl uid losses; (2) insensible losses 
minus metabolically produced water (about 600 mL/day in an 
adult); and (3) fl uid removed by dialysis. Crystalloids such as 
either normal saline or isotonic sodium bicarbonate should be 
used unless there has been blood loss, in which case blood trans-
fusions are required.

Hyperkalaemia and acidosis

Serum potassium can rise rapidly in patients who are hypercata-
bolic or acidotic or who have rhabdomyolysis. Hyperkalaemia is 
cardiotoxic and the electrocardiographic features include tall 
peaked T waves, prolongation of the PR interval, broadening of 
the QRS complex, which merges into the T wave, and ventricular 
arrhythmias with cardiac arrest. The serum potassium must be 
measured daily in patients with acute renal failure and more fre-
quently in patients who are hypercatabolic. With milder degrees 
of hyperkalaemia (K+ <6.0 mmol/L) cation exchange resins may 
be used to increase faecal potassium excretion, although these can 
lead to severe constipation and should be administered with lax-
atives. Serum potassium levels higher than 6.0 mmol/L are an 
indication for urgent dialysis. Intravenous glucose and soluble 
insulin are often helpful in reducing serum potassium pending 
dialysis. Most patients with acute renal failure have a metabolic 
acidosis and this can be severe in patients who are hypercatabolic. 
Intravenous isotonic sodium bicarbonate is useful in that it can 
be administered peripherally, corrects the acidosis and by doing 
so also lowers serum potassium. It should only be used in patients 
who are volume depleted and should not be used in the presence 
of hypocalcaemia as it will lower ionized calcium and provoke 
tetany and convulsions.

Dialysis

There are now a variety of techniques for treating uraemia and 
removing fl uid from patients with acute renal failure. These 
include haemodialysis, peritoneal dialysis, haemofi ltration, con-
tinuous arteriovenous haemofi ltration, and continuous veno-
venous haemodialysis (CVVHD).

Peritoneal dialysis

This has the advantage of being widely available, easy to set up 
and easy to run. The advent of percutaneous peritoneal dialysis 
catheter insertion techniques has made this procedure safer. It is 
effective in patients with milder degrees of renal failure who are 
not hypercatabolic. It has the advantage of not needing specialized 
equipment, avoids anticoagulation and is carried out at the 
bedside. Because it is a continuous process it is suitable for patients 
who are cardiovascularly unstable. The main complication of peri-
toneal dialysis is peritonitis.

Haemodialysis

Haemodialysis is now the mainstay of treatment for acute renal 
failure in the non-ITU setting. Access to the circulation is achieved 
by means of temporary or semi-permanent central venous cathe-
ters. Ideally these should be placed in the internal jugular vein. 
The femoral vein can be used if the patient is unable to lie fl at but 
this route is prone to infective complications. Tunnelled semi-

permanent venous catheters should be employed if prolonged 
dialysis is likely to be required.

Patients are usually dialysed for between 3 and 4 h either daily 
or every other day. This is an extremely effi cient form of treatment 
as it has the ability to clear large quantities of catabolic products 
and fl uid over a relatively short period of time. Its intermittent 
nature also means that patients do not require the continuous 
anticoagulation needed for the other forms of haemodialysis (dis-
cussed below). The disadvantages of intermittent haemodialysis 
are that patients who are hypotensive or cardiovascularly unstable 
are often not able to tolerate the procedure.

In the unstable patient continuous forms of dialysis are better 
tolerated. Peritoneal dialysis has been discussed above. Continu-
ous forms of haemodialysis are also available but require intensive 
care. The standard mode of continuous haemodialysis is continu-
ous veno-veno haemofi ltration with fl uid replacement. A dual-
lumen venous catheter is required and blood is pumped through 
an artifi cial kidney. It requires continuous anticoagulation. Fluid 
removal takes place constantly, making this suitable treatment for 
unstable patients.

Nutrition

Patients with acute renal failure should be given adequate nutri-
tion in an attempt to minimize muscle catabolism and reduce 
malnutrition with the added risks of delayed wound healing and 
impaired resistance to infection.

Sepsis

Sepsis is important both as a cause and as a complication: most 
studies show that sepsis is still a major cause of death in patients 
with acute renal failure. The major sites of sepsis are intra-
abdominal and pulmonary, and septicaemia is a frequent compli-
cation. Antibiotic doses may need to be adjusted as many are 
cleared by the kidney. More importantly, if drugs such as genta-
micin and vancomycin are required, strict monitoring of trough 
levels is required almost on a daily basis.

Drugs

Many drugs used in patients with acute renal failure are excreted 
by the kidneys and, unless their dose is modifi ed, will accumulate 
with potentially toxic effects. It is therefore essential to know the 
precise pharmacokinetics of any drug before it is given to a patient 
with acute renal failure. Detailed guidelines of drug treatment in 
these patients are available.

CHRONIC RENAL FAILURE

Defi nition

Chronic renal failure results from the progressive and irreversible 
loss of kidney function. When the GFR is <10 mL/min then 
uraemic symptoms develop and dialysis and/or transplantation is 
required for survival. It may be staged based on the level of GFR 
as shown in Table 15.6. Chronic Kidney Disease (CKD) is common 
in the tropics but there are very few data on the prevalence of this 
condition.

Chronic Renal Failure
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Aetiology

There are many causes of chronic renal failure in the tropics 
and these are summarized in Table 15.7. In tropical countries, 
glomerulonephritis, hypertension and diabetic nephropathy are 
major causes of chronic renal failure, as are nephrolithiasis and 
obstructive uropathy.151–157

Diabetic nephropathy

The number of patients with type 2 diabetes is growing rapidly and 
the prevalence of diabetes in the general population of some tropi-
cal countries is high, with up to 23% of those between 30 and 64 
years being affected. This appears to be, in part at least, a problem 
related to urbanization. Diabetic nephropathy has been reported in 
tropical Africa, the Caribbean, the Indian subcontinent and South-
east Asia. In most areas the prevalence of diabetic nephropathy in 
patients with diabetes mellitus varies between 10% and 20%. The 
progressive nature of diabetic nephropathy makes this likely to be 
a major cause of end-stage renal failure in these areas.

Hypertension

Hypertension is a major cause of chronic kidney disease and 
an important determinant of progression regardless of the cause 

of renal disease. Worldwide, hypertension is common158 and 
this is a major cause of chronic renal failure in tropical 
countries.151,153–155

Prevalence of CKD

Population studies on the prevalence of CKD that estimate GFR 
using prediction equations in relation to the general population 
show that CKD is common. In studies from the USA and Europe 
the prevalence of chronic kidney disease is around 10%159,160 and 
it is likely that the prevalence of CKD in the tropics is at least as 
high as this. In the tropics the prevalence of patients receiving 
dialysis is largely governed by socioeconomic forces. In Singapore 
approximately 500 per million population are on dialysis, whereas 
dialysis prevalence rates are lower in countries such as Eygpt 
(264 per million population), the Philippines (40 per million 
population), and Pakistan (15 per million population).98 There 
is little dialysis availability in many tropical countries and in 
low income societies, patients with end-stage renal failure die 
as dialysis is unavailable or unaffordable.

Pathophysiology

When a critical proportion of functioning nephrons is lost, glo-
merular hypertrophy is accompanied by glomerular hyperperfu-
sion, hyperfi ltration and hypertension and these in turn lead to 
progressive glomerular sclerosis, tubulointerstitial atrophy and 
scarring.161 In rats, reduction of intraglomerular pressures, either 
by a low protein diet or by an angiotensin-converting enzyme 
inhibitor (ACEI) (which reduces intraglomerular pressures by 
afferent arteriolar vasodilatation), slowed down the rate at which 
renal failure progressed. A common consequence of hyperfi ltra-
tion injury is proteinuria, which is associated with the develop-
ment of tubulointerstitial injury. Patients with proteinuria are 
more likely to progress to end-stage renal failure independent of 
initial diagnosis.162

Early detection and management

Recent guidelines and public health campaigns have focused 
on early detection and treatment of CKD as treatments that 
are initiated early in the disease course will slow the progression 
of kidney disease and delay the onset of kidney failure. In deve-
loping countries without the resources or infrastructure to 
provide for universal renal replacement treatment this is an 
important strategy. Detection of CKD is generally based on 
renal function and proteinuria. Serum creatinine levels and 
glomerular fi ltration rate (GFR) are used as markers for renal 
function. Due to the diffi culties of measuring GFR using radio-
isotopic techniques, derived prediction equations, in particular 
the MDRD equation, are used to estimate renal function. As 
described in the introduction, proteinuria is a marker of renal 
damage and also a strong predictor of clinical progression of 
kidney disease.

There are certain basic principles that can be applied to all 
patients to retard the rate of progression of chronic renal failure. 
Specifi c treatment for CKD should depend on the cause of 
kidney disease and a thorough search for reversible causes, 

Table 15.6 KDOQI stages of chronic kidney disease

Stage Description GFR (mL/min 
per 1.73 m2)

1 Kidney damage with normal or 
increased GFR

>90

2 Kidney damage with mild decrease 
in GFR

60–89

3 Moderate decrease in GFR 30–59

4 Severe decrease in GFR 15–29

5 Kidney failure (ESRD) <15 or dialysis

The stages of chronic kidney disease are set out above. Stage 1 refers to patients 
with known proteinuria or haematuria or structural abnormalities, e.g. polycystic 
kidneys.
KDOQI, Clinical Practice Guidelines and Clinical Practice Recommendations for 
Diabetes and Chronic Kidney Disease.

Table 15.7 Causes of chronic renal failure in the tropics

Cause Africa India Malaysia
Hypertensive renal disease 
(nephrosclerosis)

32–49 5–23 ?

Glomerulonephritis 25–62 35–65 30

Pyelonephritis 2–29 7–18 2

Diabetic nephropathy 3–9 7–23 9

Obstructive uropathy ? 3–14 6

Renal calculi 12 7 ?

Tuberculosis ? 1–5 ?

Polycystic kidney disease ? 1–6 0.5
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e.g. obstruction to the renal tract. Nephrotoxic drugs such as 
non-steroidal antiinfl ammatory drugs should be discontinued. 
There is now compelling evidence that inhibiting the effects 
of angiotensin using angiotensin-converting enzyme (ACE) or 
angiotensin-II- receptor blockers slows the progression of diabetic 
as well as non-diabetic CKD.12,163–168 Caution, however, needs 
to be exercised in patients with both large and small vessel renal 
disease as in this setting these drugs may cause an acute but 
usually reversible deterioration in renal function. Because of this, 
high-risk patients require close monitoring of renal function 
after the initiation of therapy. Good blood pressure control also 
reduces the rate at which renal failure progresses.169 The blood 
pressure target aimed for is 130/80 or 125/75 mmHg in patients 
with proteinuria (Table 15.8). A low salt intake reduces blood 
pressure and probably slows progression of renal failure.170 In 
patients with diabetes good glycaemic control has been shown to 
slow down the progression of renal failure.171,172 A low-protein diet 
reduces the progression of renal damage in rats and possibly in 
humans. We advise against excessive protein intake in patients 
with renal impairment.

The maintenance of GFR in advanced renal failure is critically 
dependent on salt and water balance. Salt and water overload 
leads to heart failure, a reduction in cardiac output and worsening 
of renal function. Salt and water depletion leads to volume deple-
tion, a reduction in cardiac output and a reduction in GFR. Each 
patient must have careful regular assessments of their fl uid status 
and salt and water intake and this is then optimized, if necessary, 
using diuretics. Once the GFR falls below 20 mL/min plasma 
potassium tends to rise, justifying a reduction in dietary potassium 
intake. Expert dietetic help adjusted to the local foods is invalu-
able in the management of these patients.

Consequences of CKD

Hyperkalaemia and acidosis

These are not marked until the GFR falls below 20 mL/min. Excep-
tions to this are patients with tubulointerstitial disorders.

Salt and water handling

In most patients, salt and water balance is maintained until the 
GFR falls below 15% of normal, although in diabetes this may 
occur earlier. Nevertheless some individuals with tubulointersti-
tial disease are salt and water losers and tend to dehydration at a 
higher GFR. Others with glomerular disease and hypertension, 
especially with hypertensive heart disease, may retain salt and 
water and develop heart failure.

Bone173

Increased blood levels of parathormone are found in very early 
renal failure when GFR falls below 50–60 mL/min. This is due 
to inappropriately low levels of 1,25-dihydroxycholecalciferol, 
hyperphosphataemia and consequent hypocalcaemia. With 
advanced renal failure there is impaired renal synthesis of 1,25-
cholecalciferol from its precursor 25-cholecalciferol. A reduction 
in intestinal absorption of calcium and also hyperphosphataemia 
increase the tendency to hypocalcaemia. This stimulates parathy-
roid glands to hyperplasia and in severe cases to adenoma forma-
tion. The consequence of this is renal osteodystrophy. Vitamin D 
defi ciency leads to osteomalacia, and hyperparathyroidism to the 
development of bone erosions and osteitis fi brosa.

Renal osteodystrophy is becoming more of a problem as more 
patients are now receiving maintenance dialysis. Key principles in 
management include control of hyperphosphataemia with phos-
phate binders which bind ingested phosphate and the use 
of 1a-hydroxycholecalciferol or 1,25-dihydroxycholecalciferol in 
patients who are (1) hypocalcaemic, (2) have a raised alkaline 
phosphatase, and/or (3) have a raised parathormone. Available 
phosphate binders include calcium carbonate, calcium acetate and 
sevelamer. The dose of calcium carbonate must be adjusted to 
avoid hypercalcaemia and subsequent vascular and soft tissue 
calcifi cation.

Anaemia174,175

Haemoglobin concentrations tend to be maintained until the 
GFR falls below 30 mL/min. At this time anaemia ensues. There 
are several reasons for the anaemia of chronic renal failure. Perhaps 

Table 15.8 Management of chronic kidney disease

1. Maintain blood pressure <130/80 mmHg and 
125/75 mmHg for patients with signifi cant proteinuria

2. ACE inhibitors (ACEI) and Angiotensin II receptor 
blockers (ARBS)are effective in slowing progression of 
renal failure and should be used when there is 
proteinuria

3. Check creatinine and potassium 2 weeks after starting an 
ACE inhibitor or Angiotensin II receptor blocker and after 
any increase in dose. There is usually a slight decline in 
GFR. Discontinue drugs only if GFR drops by more than 
20 mL/min and exclude renal artery stenosis

4. In patients with impairment of renal function who are on 
ACEI or ARBS do not use potassium sparing diuretics 
(spironolactone/amiloride) or NSAIDs because of the risk 
of hyperkalaemia

5. Treat hyperkalaemia (K+ 5.5–6.0) with frusemide and 
recheck in 2 weeks. Discontinue angiotensin blockade if 
K+ still ≥6.0 mmol/L

6. Discontinue non-steroidal antiinfl ammatory drugs in 
patients with renal impairment

7. Annual mortality from cardiovascular disease is 10–100 
times higher with kidney failure so monitor and treat risk 
factors

8. Patients with type 2 diabetes mellitus and 
microalbuminuria or proteinuria should be managed 
according to current guidelines (National Institute for 
Clinical Excellence 2002). Pending publication of NICE 
guidelines, patients with type 1 diabetes mellitus and 
microalbuminuria or proteinuria should be managed 
according to SIGN guidelines

9. Arrange urgent ultrasound of kidneys and bladder in 
patients with urological symptoms

Chronic Renal Failure
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the most important is the failing kidney’s inability to produce 
suffi cient quantities of erythropoietin, the hormone that drives the 
bone marrow to produce red blood cells. Other factors, such as 
reduced red cell survival are also important. In addition, the 
uraemic environment renders the bone marrow relatively resistant 
to the action of erythropoietin, especially if infl ammation and 
infection are present. Recombinant human erythropoietin is now 
readily available but at considerable cost. Careful monitoring of 
anaemia is also required so that treatment can begin early. The use 
of subcutaneous recombinant human erythropoietin on a regular 
basis can be initiated in order to achieve a haemoglobin level of 
11 g/L. Normalization of haemoglobin should be avoided as this 
increases mortality. Adequate utilizable iron is required to mini-
mize erythropoietin dosage and many centres in the West now 
administer regular intravenous iron to dialysis patients.

Aluminium intoxication

This arises from dialysis against fl uid containing aluminium and 
to a lesser extent absorption of aluminium-containing phosphate 
binders. The bony consequence is osteomalacia. Aluminium 
intoxication can also cause an encephalopathy. This is now less of 
a problem as pure aluminium free dialysate is routinely used and 
aluminium-containing phosphate binders are now not routinely 
used.

Dialysis and transplantation

Once the GFR falls below 10 mL/min, renal replacement with 
either dialysis or a renal transplant is necessary if life is to be 
maintained. The costs of dialysis – both continuous ambulatory 
dialysis and haemodialysis – are substantial, but increasingly 
tropical countries are providing chronic dialysis facilities. In the 
more developed tropical countries the level of dialysis provision 
approaches that of the West. Singapore, for instance, has 500 
dialysis patients per million population and neighbouring Malay-
sia has 253 dialysis per million population; however, other coun-
tries lag far behind, with fi gures of between 15 and 40 per million 
population (Pakistan and Philippines). Renal transplantation 
once set up is less costly in the long term.

Haemodialysis

This is the most popular method for the delivering of long-term 
dialysis worldwide. In the USA, nearly 90% of all patients on 
dialysis receive haemodialysis. In the UK the proportion receiving 
haemodialysis is somewhat lower at 60%. In tropical countries the 
majority of chronic dialysis programmes have more patients on 
haemodialysis. This method of dialysis delivery has the advantage 
of being able to treat a large number of patients and is fast and 
effi cient. Technique survival is only limited by vascular access. It is, 
however, limited by staff, space and availability of machines. Also 
patients have to travel to centres to have this treatment as very few 
tropical countries have home haemodialysis programmes.

Peritoneal dialysis

Several techniques are now on offer: continuous ambulatory peri-
toneal dialysis (CAPD), automated peritoneal dialysis (APD) and 
intermittent peritoneal dialysis (IPD). Both CAPD and APD are 

domiciliary treatments and hence are less dependent on staff or 
space. Patients living far from dialysis centres may benefi t from 
these modalities although provision and delivery of dialysate may 
prove diffi cult. Unfortunately, most commercially produced dialy-
sates are expensive and hence render this treatment no cheaper 
than haemodialysis. Because of membrane failure median tech-
nique survival for CAPD is 7–8 years.

Transplantation

This form of renal replacement therapy provides patients with the 
best long-term outlook, with living donation providing the best 
graft survival fi gures. Many tropical countries have established live 
donor programmes but cadaveric programmes are also being 
established in some. The previous practice of ‘organ trade’ is now 
illegal in countries such as India following the passage of Act 42. 
The Transplantation of Human Organs Act. Transplantation pro-
vides patients with a near-normal lifestyle, most of the complica-
tions occurring as a result of side-effects of the immunosuppressive 
therapy. The mainstay of immunosuppression is steroids, azathio-
prine, mycophenolate mofetil and calcineurin inhibition with 
ciclosporin and tacrolimus. The patent on ciclosporin has recently 
expired, resulting in numerous cheaper generic forms. This will 
hopefully afford greater access to this drug. This is especially 
important when graft failure secondary to poor compliance, for 
economic reasons, is common.

OBSTRUCTIVE UROPATHY

Renal tuberculosis176

Tuberculosis can affect the urinary tract in many ways. Most com-
monly there is parenchymal renal involvement with ureteric and 
bladder involvement. Parenchymal renal involvement often leads 
to cavitation, seen on intravenous urography as papillary ulcer-
ation or cavities in the parenchyma, and these may communicate 
with the pelvicaliceal system. Advanced parenchymal lesions lead 
to a non-functioning kidney – so-called autonephrectomy. On 
plain abdominal radiographs renal calcifi cation is often a clue to 
the diagnosis of tuberculosis. Bladder involvement leads to ulcer-
ation and there may be infl ammation of the ureters. In advanced 
disease, the bladder becomes obstructed and fi brosed and this, 
together with ureteric stricture or incompetence of the vesicoure-
teric junction, can lead to an obstructive uropathy. Extrarenal 
tuberculosis may lead to the late development of glomerular 
amyloid. The clinical presentation is that of renal amyloid from 
any other cause. Rarely tuberculosis has been associated with the 
development of a mesangiocapillary glomerulonephritis.

Renal calculi177

Renal and ureteric calculi tend to be uncommon in blacks in 
tropical Africa but are common in the Middle East, the Indian 
subcontinent and the rest of Asia. The overall probability of 
forming stones ranges from 1–5% in Asia to 20% in Saudi Arabia 
compared with 5–9% in Europe and 13% in North America. The 
Indian population of Fiji is noted for their high incidence of renal 
calculi, unlike their native Fijian counterparts.
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In areas with a high incidence of schistosomiasis, bladder 
stones may be common. It is suggested that a high temperature, 
inadequate fl uid intake and low urine volume predispose to stone 
formation in some areas. Bladder stones are common in Central 
Africa and parts of South-east Asia.

Schistosoma haematobium

S. haematobium86,178,179 infections are widespread in the tropics. 
Schistosoma-mediated infl ammation of the bladder and ureters can 
lead to fi brosis and to obstructive uropathy. The bladder and the 
juxtavesical ureter are initially involved by granuloma formation. 
Ureteric involvement leads to ureteric dilatation, stricture and 
vesicoureteric refl ux. Functionally these abnormalities may lead to 
renal failure. Diagnosis is by examining the urine for S. haemato-
bium ova. A calcifi ed bladder or ureters may be seen on abdominal 
radiographs (Figure 15.5). Intravenous urography shows a variety 
of changes including segmental dilatation of the ureter, ureteric 
stenosis and dilatation of the upper tracts. More recently, the ultra-
sonographic features have been described and this technique is 
gaining popularity. Treatment with praziquantel results in high 
cure rates and when used community-wide in endemic areas has 
been shown to reduce the prevalence of urinary tract abnormali-
ties. There is good evidence of an association between S. haemato-
bium infection and the subsequent development of bladder cancer. 
The majority of these tumours are squamous cell carcinomas.
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Section 3 System-oriented Disease

Chapter 16 Masharip Atadzhanov

Tropical Neurology

INTRODUCTION

Applying equally to other chapters in this book is the problem of 
a comprehensive yet pragmatic defi nition of tropical medicine – 
for which there appears to be no simple resolution. Even the 
nineteenth-century rubric – those diseases which prevail between 
the tropics of Cancer and Capricorn – was unsatisfactory because 
illnesses such as cholera, typhoid, typhus and malaria occurred 
widely in Europe until the beginning of the twentieth century. 
Now, when speed and facility of travel can dramatically infl uence 
presentation of disease, defi nitions must be appropriately elastic. 
No doubt controversy will continue concerning a more suitable, 
precise and contemporary name for this specialty. Maurice King’s 
term ‘the medicine of poverty’ is probably as succinct as can be 
presently contrived – to embrace affl ictions arising from primitive 
social conditions, malnutrition, high population growth, igno-
rance of ‘overly traditional societies’, high infant mortality rates 
and low life expectation, all fundamentally determined by major 
factors beyond the powers of physicians; only the economist, 
engineer, agriculturalist and those who can alter the distribution 
of global wealth can make a signifi cant impact.

Tropical neurology encompasses a wide range of infectious 
and non-infectious clinical presentations. It is not limited to 
bizarre manifestations of viral, bacterial and parasitic infections, 
but also refl ects the expression of many non-infectious diseases 
in a particular environment where malnutrition, trauma, perinatal 
injury, cerebrovascular, degenerative, and genetic diseases tend 
to show patterns of twentieth-century Western proportions; 
‘younger’ societies may show different disease distributions. These 
are among the many factors that must be taken into consideration 
when assessing and comparing epidemiological surveys. Consider, 
for example, epilepsy: this is a major neurological disorder in 
the tropics and has important medical and social implications 
(Table 16.1).1 Attempts to determine accurately the magnitude 
of the problem have encountered considerable diffi culties, includ-
ing differences in defi nition and methods of case detection. It 
is therefore diffi cult to determine what signifi cance should be 
attributed to the reported relatively low prevalence in India and 
the fact that certain regions of Africa and Latin America have 
a very high prevalence, sometimes as much as 10 times the average 
for industrialized countries. It would appear that rural prevalence 

is lower than in urban areas, partial seizures more common 
than primary generalized ones and mortality rates for epilepsy 
appear to be higher in tropical countries in comparison to those 
in industrialized areas. Known aetiological factors present a bewil-
dering spectrum.2 Cysticercosis accounts for about half the 
cases of epilepsy of late onset in several countries. Other parasitic 
infections known to cause epilepsy include schistosomiasis, para-
gonimiasis, sparganosis, hydatid disease, toxoplasmosis, trypano-
somiasis, cerebral malaria, cerebral amoebiasis and Gnathostoma 
spinigerum. Tuberculous, pyogenic, viral and fungal infections can 
also cause epilepsy as a late sequel as well as being a feature of 
the acute illness. Poor antenatal and perinatal care resulting in 
perinatal brain damage probably contributes to a higher preva-
lence. Despite these problems there have been impressive attempts 
to sharpen the epidemiological profi le of epilepsy. Thus a recent 
survey3 of a rural area in South Tanzania showed the active epi-
lepsy prevalence in a rural African population. The study con-
fi rmed a pattern toward higher prevalence of epilepsy in tropical 
countries compared to Western countries. The authors observed a 
higher prevalence of epilepsy in children and adolescents, fol-
lowed by a steady decline with increasing age. The epidemic of 
human immunodefi ciency virus (HIV) has had signifi cant effect 
on the epidemiology, clinical and pathological presentation of 
epilepsy. New-onset seizures are frequent manifestations of the 
central nervous system (CNS) disorders in patients infected with 
HIV.4 In some patients the HIV infection itself may be the cause 
of the seizure.5

On September 2005 the world’s population reached an 
estimated 6.5 billion6 and by the year 2050 is likely to be 9.3 
billion. ‘The growth of the earth’s population has been like a long 
thin powder fuse that burns slowly and haltingly until it fi nally 
reaches the charge and explodes’ (Kingsley Davis). To this poten-
tial explosion must be added the impact of global environmental 
change7 on disease patterns.8 Thus the effects of global warming 
on the distribution of parasitic and other infectious diseases – 
disequilibrium in physical and biological ecosystems – and the 
potential impact of climate changes on world food supply indicate 
that the developing countries are likely to bear the brunt of 
the problem. The disparity between developed and developing 
countries may become even more conspicuous. Famine is as 
old as humanity and ‘tropical diseases’ and their neurological 
complications are likely to increase. The past three decades 
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have seen the rapid spread of the HIV epidemic throughout the 
tropics and neurological manifestations of infection with HIV are 
common.

NUTRITIONAL AND TOXIC FACTORS

The clinical features of the major classical nutritional disorders of 
the central and peripheral nervous systems are well known, as is 
the importance of the vitamin B complex for the development and 
functioning of the nervous system. Thus beriberi (‘I can’t, I can’t’, 
depicting profound weakness), usually due to the discarded ger-
minal layer of polished rice, presents clinically in the wet or dry 
form: the salient neurological features are painful polyneuropathy 
with tender calves and sensitive soles. Pellagra, due to a similar 
dietary defi ciency mainly involving the nicotinic acid obtained in 
white maize, presents clinically – often in endemic spring attacks 
– with diarrhoea, a light-sensitive erythematous rash progressing 
to thickening and atrophy with glossitis, diplopia, dysarthria, 
myelopathy and neuropathy with psychological and behavioural 
changes. Wernicke’s encephalopathy may be acute or insidious, 
with vomiting, nystagmus, diplopia, confusion, ophthalmoplegia, 
retinal haemorrhages, polyneuropathy, and a dramatic Korsakoff’s 
syndrome with amnesia and confabulation. Alcoholism is the 
most frequent predisposing factor for Wernicke’s encephalopathy. 
High levels of alcohol consumption and abuse were found in 
some tropical countries.9 The effects of excessive alcohol con-
sumption, and its relationship to current neurological practice, are 

a potentially important area of future research in these countries. 
It will be appreciated that even in communities known to be 
thiamine defi cient from the consumption of processed rice, or in 
maize-eating populations known to be vulnerable to pellagra 
from niacin defi ciency, it is common to see the consequences of 
the lack of thiamine, pyridoxine and niacin and perhaps also 
pantothenic acid in combination, necessitating appropriate blun-
derbuss therapy. The manner in which thiamine depletion pro-
duces neurological disorders is unknown.

It will also be appreciated that there are numerous local and 
usually well-recognized (yet to appear in classical textbooks) 
nutritional syndromes. For example, among certain hill tribes in 
north-east Burma it is traditional for women to consume only 
polished rice while pregnant; their infants may develop an unusual 
pattern of beriberi with congestive heart failure, hepatospleno-
megaly and aphonia due to bilateral recurrent laryngeal nerve 
lesions which respond promptly to parenteral pyridoxine. Stra-
chan’s syndrome (visual failure, painful neuropathy and oral, peri-
anal and scrotal dermatitis and ulceration) has been described in 
several parts of the world and is another probable consequence of 
multiple nutritional defi ciencies including ribofl avin, thiamine, 
niacin and pyridoxine. The painful burning feet described in pris-
oner-of-war camps was probably another example of multiple 
nutritional defi ciency.

Clinically and epidemiologically it is often diffi cult to separate 
the consequences of nutritional defi ciency from environmental 
toxins because they tend to occur in similar settings and the 
manifestations may be indistinguishable. The problem is further 
compounded by increasing quantities of chemicals, often indis-
criminately used in industry and agriculture as well as medicine. 
Toxic pesticides merit particular attention and many of the hazards 
arise from the lack of precautions and facilities for handling and 
storing these neurotoxic products safely.

The peripheral nervous system is commonly affected and has 
been frequently studied because it is easier to recognize clinically 
and to investigate electrodiagnostically and by nerve biopsy. While 
the pathophysiology may vary according to the putative toxin, 
distal axonal degeneration – so-called ‘dying back’ phenomenon10 
– is the most common mechanism; initially, longer or larger nerve 
fi bres are involved, then degeneration begins in the distal regions 
of the nerve fi bres, progressing proximally with time. However, 
mechanisms are probably more complex: experimental evidence 
suggests that many toxic agents act at the level of the axon rather 
than the cell body,11 impairing axonal transport; others may 
disturb anabolic mechanisms in the region of the neuronal peri-
karyon. Whatever the precise mechanism, clinical features are 
similar. Early symptoms are usually sensory with paraesthesiae, 
suprasensitivity, hyperalgesia and pain, followed later by periph-
eral weakness and wasting. Impairment of tendon refl exes occurs 
early and all sensory modalities may be variably affected. Some 
have associated myelopathic disturbances with spasticity and 
extensor plantar responses. Involvement of the autonomic nervous 
system with defective sweating and vasomotor disturbances com-
monly occurs.

The list of known aetiological agents is legion (Table 16.2). 
Heavy metals such as arsenic, lead and thallium are often found 
in traditional folklore medications.12 For example, arsenical 
polyneuropathy (acute, or more commonly chronic) occurs very 
widely. Acute symptoms may include vomiting, diarrhoea, burning 

Table 16.1 Causes of fi ts/convulsions

Infections

 Meningitis

 Encephalitis

 HIV/AIDS

 Cerebral malaria

 Tuberculous meningitis/tuberculoma

 Neurocysticerosis

 Schistosomiasis

 Cerebral hydatid diseases

 Paragonimiasis

 Cerebral toxoplasmosis

 Cerebral amoebiasis

 Tetanus (pseudoepilepsy)

Alcohol

Trauma (cerebral concussion, contusion, laceration, extradural or 
intracerebral haemorrhage)

Cerebrovascular accident (thrombosis, haemorrhage, embolism)

Aneurysm

Metabolic (hypoglycaemia, hyperglycaemia, insulinoma, uraemia)

Drugs (opiates, overdose)

Space-occupying lesions (primary and secondary tumours, cysts, 
abscesses, tuberculoma, hydatid)

Hydrocephalus
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discomfort in the eyes, excessive tears, photophobia, congestion 
and facial swelling, followed by a predominantly sensory neu-
ropathy. Mees’ lines (transverse white bands across the fi nger-
nails) frequently occur, as does increased pigmentation of the 
extremities with patches of depigmentation, hyperkeratosis and 
desquamation of palms and soles. Here the diagnosis may be 
confi rmed, if facilities permit, by demonstrating high concentra-
tions of arsenic in scalp hairs and nail clippings. Illicit liquor, 

crude abortifacients and well water deliberately contaminated by 
an enemy have all been reported.13 It will also be recalled that 
certain ocean fi sh and marine crustacea, such as the pomfret, 
plaice, halua and hilsa, may contain relatively high concentrations 
of arsenic. Another source of arsenical poisoning is said to be 
contaminated opium. The mechanism is thought to be direct reac-
tion of arsenical compounds with the sulfhydryl group of pro-
teins; electrophysiologically the signs of distal axonal degeneration 
and nerve biopsies show loss of myelinated fi bres and degenera-
tion of myelin into rows of myelin ovoids;14 segmental demyelin-
ation and infl ammatory changes do not occur. In the acute stages 
dimercaprol and/or penicillamine must be given early; when there 
is a delay, response may be poor.

Lead may cause a peripheral neuropathy in adults and an 
encephalopathy in children. Lead neuropathy tends to be pre-
dominantly motor, more evident in the upper limbs where 
the extensors of the wrists and fi ngers are affected early and 
asymmetrically, tending to affect the dominant hand.15 Proximal 
involvement is slow and occurs later, and sensory disturbances are 
minimal or absent. Associated abdominal colic and the character-
istic anaemia with punctate basophilia, when present, may suggest 
the diagnosis. Potential sources include reconditioning of car bat-
teries and burning lead-containing batteries for cooking, illicit 
liquor distillation by means of lead pipes or radiators, and con-
taminated water.

Thallium may induce both neuropathy and encephalopathy. 
The acute painful neuropathy may be associated with gastrointes-
tinal symptoms – non-specifi c signs – but the occurrence of alo-
pecia within 3 weeks should suggest the diagnosis.16 Potassium 
ferrocyanide, given orally, is the present treatment of choice.

Of the many conventional medications that may provoke 
peripheral neuropathy brief mention will be made of those drugs 
widely used in the treatment of tropical bacterial and parasitic 
infections. Peripheral neuropathy, particularly in those genetically 
disposed to slow acetylation of isoniazid for the treatment of 
tuberculosis, is well known, as is the similar hazard of ethion-
amide, from sulfonamides widely used in bacillary dysentery and 
urinary tract infections; similarly the optic neuritis related to eth-
ambutol. Chloroquine, a standard antimalarial agent, may produce 
a neuromyopathy after prolonged use, with muscle fi bres showing 
vacuolation and peripheral nerves showing involvement of termi-
nal axons with Schwann cell defects.17 Clioquinol – previously 
widely used in the symptomatic treatment of diarrhoea and intes-
tinal amoebiasis – is now known to be the causative agent of 
subacute myelo-optic neuropathy;18 unfortunately clioquinol con-
tinues to be prescribed in certain countries and the complication 
is still sporadically encountered. The aromatic diamidines used in 
the treatment of leishmaniasis and trypanosomiasis have been 
associated with an odd, uncommon focal disturbance of sensory 
function of the trigeminal nerve.

Industrial chemicals of known potential neurotoxicity rarely 
cause hazards in developed societies; it is where appropriate safety 
measures and conditions are not practised that outbreaks con-
tinue to occur. Accidental contamination of food, particularly 
edible oils, may produce not only classical peripheral mixed neu-
ropathy, but also signs of cord involvement. Unfortunately, the 
damage is permanent and there is no curative or generally avail-
able protective agent. In unprotected environments, carbon disul-
fi de and acrylamide may produce similar hazards. Insecticides 

Table 16.2 Causes of neuropathy/weakness

INFECTIONS

Leprosy

HIV

Spinal schistosomiasis

Spinal tuberculosis

Spinal brucellosis

Tropical spastic paraparesis (HTLV-1)

Postinfectious ascending neuropathy (Guillain-Barré syndrome)

Diphtheria

Botulism

METABOLIC

Diabetes mellitus

Uraemia

Amyloidosis

Porphyria

TOXINS/METALS

Ciguatera fi sh

Snake (see Chapter 31)

Cassava (cyanide)

Lathyrism and cycad poisoning (plant toxins)

Heavy metals (lead, arsenic, thallium)

NUTRITIONAL DEFICIENCIES

Vitamin B complex

 Vitamin B12 defi ciency (subacute combined degeneration of 
 spinal cord)

 Thiamine (beriberi, alcoholism)

 Nicotinic acid (pellagra)

Pyridoxine defi ciency

DRUGS/CHEMICALS

Isoniazid, nitrofurantoin, vincristine, chloroquine

MECHANICAL

Trauma, compression, stretching

MISCELLANEOUS

Sarcoidosis

Rheumatoid arthritis

Malignancy

Hereditary neuropathies

Nutritional and Toxic Factors
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widely dispensed in tropical countries are a common cause. The 
most common culprit is the group of organophosphorus insecti-
cides;19 the defect is believed to be mainly at the postsynaptic 
border of the neuromuscular junction. Clinically the onset may 
be acute or delayed.

Particularly well documented in recent years are the toxic effects 
of the root crop cassava, a major crop sustaining millions of 
people in Africa.20 Flour made from cassava roots may contain a 
high concentration of linamarin, a cyanogenic glycoside, resulting 
in chronic cyanide intoxication and clinically ‘tropical ataxic neu-
ropathy’. The clinical features in addition to painful neuropathy 
and ataxia may include blurred vision and impaired hearing of 
cochlear type; occasionally upper motor neurone lesions are seen. 
This pattern of illness is usually slowly progressive.

Konzo is a clinically distinct pattern of the abrupt onset of 
non-progressive spastic paraparesis caused by long-term intake of 
cassava.21 It has been reported that linamarin is enzymatically 
converted to cyanide by bacteria in the intestine, and this is 
absorbed into the blood and then damages neural cells. However, 
a recent study22 was able to confi rm that linamarin can directly 
damage neural culture pheochromocytoma cells. Additional 
10 μM-cytochalasin B, an inhibitor of a glucose transporter, pre-
vented cell death. These results suggest that linamarin competes 
with cytochalasin B and glucose for binding to a glucose trans-
porter and enters into cells via glucose transporter.

Lathyrism and cycad poisoning are two other well-known 
examples of neurotoxic plant poisons affecting the CNS. Lathy-
rism, endemic in parts of India, Bangladesh and Ethiopia, is 
caused by excessive consumption of peas of the lathyrus family 
(chickpeas). It presents as a slowly progressive spastic paraparesis: 
neuropathological studies have shown selective atrophy of the 
pyramidal, spinocerebellar and dorsal columns of the spinal 
cord. The neurotoxin is an amino acid b-N-oxalylamino-L-alanine, 
which is thought to act by excessive and prolonged exhaustion 
stimulation – a so-called excitatory amino acid. Once damage 
has occurred there is no effective treatment. In a similar manner 
excessive consumption of the seed of the false-sago palm – either 
as a foodstuff or as a medicinal component – may have an excit-
atory neurotoxic effect and may be one of the constellation of 
factors responsible for the occurrence of amyotrophic lateral scle-
rosis and Parkinsonism-dementia complex in the Pacifi c Mariana 
Islands.23

Rarer plant toxins include that of Gloriosa superba (glory lily):24 
accidental ingestion may cause alopecia, aplastic anaemia and 
polyneuropathy due to colchicine, which impairs exoplasmic 
transport in peripheral nerves and also damages skeletal muscle. 
Podophyllin (from the dried rhizome and root of the mandrake) 
also has neurotoxic properties. A report from Hong Kong25 
described encephalopathy and sensorimotor polyneuropathy and 
autonomic changes after ingestion of a broth containing herbal 
guijiu. Another poisonous shrub of the buckthorn family (Karwin-
skia humboldtiana), which grows freely in Mexico and Texas, may 
cause a progressive polyneuropathy, terminating in respiratory 
and bulbar paralysis.26

All these essentially irreversible and disabling toxic distur-
bances of the central, autonomic and peripheral nervous systems 
are preventable and presumably will continue to be observed and 
reported in the developing world until nutritional, economic and 
educational disparities are resolved.

CNS INFECTIONS

The variety of infectious agents which can damage the nervous 
system is vast and their clinical manifestations are protean. Table 
16.3 lists those which cause meningitis and encephalitis, and 
Table 16.4 lists infectious and non-infectious causes of decreased 
consciousness and confusion. Symptoms related to CNS infec-
tions are (a) headache, (b) fever, (c) irritability, (d) confusion, (e) 
photophobia, (f) vomiting, (g) deteriorating consciousness levels 
and (h) fi ts; in addition, children may have listlessness and failure 
to feed.

In addition to the general predisposing factors mentioned 
above – poverty, ignorance, deprivation, inadequate education – is 
the prevalence and persistence of insect and other vectors which 

Table 16.3 Causes of meningitis and encephalitis

MENINGITIS

Bacterial

Neisseria meningitidis

Streptococcus pneumoniae

Haemophilus infl uenzae

Mycobacterium tuberculosis

Listeria monocytogenes

Escherichia coli

Brucella spp.

Viral

Enterovirus (polio, echo, Coxsackie)

Mumps virus

HIV (also Cryptococcus neoformans in AIDS)

Protozoal

Amoebae (Naegleria fowleri, Acanthamoebae)

Helminths

Strongyloides stercoralis (hyperinfection syndrome)

Angiostrongylus cantonensis

Gnathostoma spp.

ENCEPHALITIS

Acute

Arboviruses

Herpes simplex

Measles

Chickenpox

Yellow fever

Rabies

Trichinella spiralis

Subacute/chronic

African trypanosomiasis

AIDS (cryptococcal, toxoplasmosis)

Rickettsia spp.

Kuru



263

thrive in humid climates and which survive throughout the 
seasons. In a limited review it is possible to indicate only certain 
salient clinical features of some of these numerous disorders, 
which will be discussed under conventional categories.

Viruses

The acute exanthemas of childhood – measles, mumps and chick-
enpox – are still major killers, especially when epidemics occur in 
the presence of severe malnutrition (see also Chapters 20, 23, 47 
and 48). The clinical scene and the therapeutic possibilities have 
changed considerably in recent years. Thus acute poliomyelitis 
(see below) is now rarely seen – an impressive example of the 
power of truly effective preventive medicine. Similarly, subacute 
sclerosing panencephalitis (SSPE) is disappearing in many parts 
of the world where measles vaccination is available, but is still 
relatively common and fatal in many parts of the Middle East, Far 
East, India, Africa and South America; racial and ethnic factors 
have been implicated. Recently started studies genetic evolution 
of mutated measles virus called SSPE virus isolated from brain 
tissues of a patient.27,28 The introduction of therapy with intraven-
tricular interferon alpha and its later association with ribavirin 
aroused new expectations.29

Acute viral encephalitis

Acute viral encephalitis, due to direct invasion of the brain paren-
chyma, is indistinguishable clinically from the postinfectious 
encephalitides where perivenous demyelination is probably trig-
gered by allergic or immune reactions caused by a latent viral 
infection. Globally, viruses are by far the most common cause of 
encephalitis. The arboviruses cause epidemic encephalitides in 
many parts of the world. The majority is perpetuated by zoonoses, 
often inconspicuous infections obtained from birds and smaller 
vertebrates; transmission is by an arthropod vector such as a mos-
quito or tick. After replication and viraemia, encephalitis of unpre-
dictable gravity develops. Many patients recover spontaneously 
after a mild attack; others may deteriorate and die within days or 
weeks. The clinical features are common to all: prodromal myalgia, 
fever and malaise, then headache, mental changes, drowsiness, 
with or without signs of meningeal irritation; focal neurological 

abnormalities such as disturbances of behaviour, mood, disorien-
tation, deterioration of speech, level of consciousness, fi ts (focal 
or generalized), raised intracranial pressure and a deepening 
coma. Even when sophisticated diagnostic neuroimaging tech-
niques such as computed tomography (CT) or magnetic resonance 
imaging (MRI) are available, there may be no specifi c features and 
the EEG and cerebrospinal fl uid (CSF) may not be diagnostically 
helpful. The demonstration of sequential changes in antibody titre 
in samples of serum or CSF may be the only means of establishing 
the true agent in sporadic cases and usually the illness has taken 
its course by the time the agent is confi rmed.

Eastern equine encephalitis

Eastern equine encephalitis – mainly on the Atlantic and Gulf 
coasts of America – tends to occur in summer and autumn and 
the mortality may be as high as 70%;30 Western equine encepha-
litis, which despite its name occurs throughout the USA and 
eastern South America, tends to be less severe.

Japanese encephalitis (JE) is a mosquito-borne arboviral infec-
tion which still claims many lives in South-east Asia. The virus is 
antigenically related to the fl aviviruses of St Louis encephalitis and 
Murray Valley encephalitis and to the West Nile virus. The illness 
is usually severe, and fatal in about 25% of cases, with neuropsy-
chiatric sequelae in a further 30%. It mainly affects the young, but 
a shift now to the elderly may be due to early immunization. CT 
and MRI show thalamic involvement (Figure 16.1). Recently it was 
shown that a single dose of SA 14-14-2 vaccine was 98.5% effec-
tive 12–15 months after vaccination.31 Sporadic and epidemic 
attacks of encephalitis continue to be reported from different parts 
of the world and often the reasons for these fl uctuations remain 
obscure. For example, Rift Valley fever (RVF) caused two simulta-
neous outbreaks in Yemen and Saudi Arabia in 2000, 2001. Clin-
ical features included fever, nausea, vomiting, abdominal pain, 
diarrhoea, jaundice, encephalitis, haemorrhagic manifestations, 
symptoms of renal failure, retinitis and uveitis. Haemorrhagic 
fever, encephalitis and jaundice were independently associated 
with a high mortality rate.32 In spite of the danger of the virus, 
neither veterinary nor human vaccines are available, although a 
RVF virus reverse genetics system is developing.

Poliomyelitis

The progress of the Polio Eradication Programme has encountered 
a number of hurdles in the past 2 years as the virus has spread 
from northern Nigeria across much of central Africa and into the 
Middle East and as far as Indonesia.33 An outbreak of polio in the 
northern Indian states, which started in 2005, quadrupled in 
2006. Moreover, by mid-September 2006, cases of polio were 
confi rmed in Angola, Bangladesh, Congo, Nigeria, and Nepal.

Cases of vaccine-associated paralytic polio led to a switch 
from the oral polio vaccine (OPV) to inactivated vaccine (IPV) in 
Canada, USA, most European countries and New Zealand. 
However, Huang and colleagues34 recommend doing studies on 
vaccine virus persistence in tropical, developing countries where 
transmission of OPV viruses is likely to be more intense. They 
conclude that the fi ndings of such studies are vital to formulate 
polio immunization policies in the post-certifi cation era.

Wild poliovirus-causing disease is still a problem in small 
pockets of individuals in Western Europe who, for religious 

Table 16.4 Confusion/decreased consciousness level

Infective Non-infective
Meningitis
Encephalitis
Cerebral malaria
AIDS (e.g. HIV encephalopathy)
Viral haemorrhagic fevers, e.g. 
dengue
Legionnaires’ disease
Leptospirosis
Typhus
Relapsing fever
Septicaemia
Rabies
Neurocysticercosis

Drugs/alcohol/herbal 
medicines
Dehydration
Liver failure (acute 
fulminant hepatitis)
Hypoglycaemia (e.g. in 
malaria)
Hypertensive stroke
Head injury
Renal failure
Psychiatric illness 
(hysterical conversion)

CNS Infections
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reasons, refuse vaccination, as exemplifi ed by the 1992 outbreak 
in Holland. Apparent outbreaks are still reported worldwide.35,36

Dengue

Dengue, especially the haemorrhagic variety, still causes consider-
able morbidity and fatality in South-east Asia, and yellow fever 
similarly in Africa and South America. Dengue virus is a fl avivirus 
transmitted by the bite of the mosquito. Three distinct neuro-
logical syndromes have been reported during dengue infection: 
(1) Acute non-specifi c neurological symptoms (headache, retro-
bulbar pain, mood change, etc.). (2) Acute encephalitic or focal 
neurological symptoms (spastic paraparesis, seizures, mono-or 
polyneuropathy, etc.). (3) Post-infectious neurological complica-
tions (transverse myelitis, mononeuropathies).37

Lassa fever

Lassa fever, an acute haemorrhagic febrile illness occurring in West 
Africa, carries a fatality of up to 20%. It is caused by an arenavirus 
spread by a rodent (Mastomys natalensis) and causes a wide spec-

trum of clinical disease, from asymptomatic or trivial malaise to 
fatal illness, and is often associated with neurological manifesta-
tions during the acute disease or in early convalescence. Delirium, 
convulsions and coma occur in critically ill patients; deafness may 
occur towards the end of an acute illness and is believed to be the 
result of cochlear nerve damage. The importance of metabolic 
encephalopathy, severe tremor, self-limiting encephalitis, late 
ataxia and subacute or chronic neuropsychiatric sequelae has been 
emphasized.38

Rabies

Rabies is an acute, progressive, fatal encephalitis caused by viruses 
in the family Rhabdoviridae, genus Lyssavirus. Rabies is transmit-
ted usually by saliva from infected bites of dogs, foxes, bats and 
others.39 It remains a public-health threat in many parts of the 
world. After its onset, the disease presents as encephalitis (in 80%) 
with hydrophobia or a paralytic syndrome (in 20%), the outcome 
of which is always fatal and causes 30 000–70 000 deaths yearly, 
worldwide.40 Whereas vaccines derived from cell cultures are now 
much safer and more effective than animal-derived preparations, 
effective and less expensive reduced dose post-exposure vaccina-
tion regimens have helped eliminate nerve tissue vaccines in Thai-
land, Philippines and Sri Lanka. India and Pakistan, the major 
users of dangerous nerve tissue-derived Semple type vaccine, are 
now considering following suit.41 A cost analysis study of the 
system of oral vaccination implemented in France demonstrated 
that it is benefi cial compared to the traditional expenses of rabies 
control. However, if dog and other animals rabies control is pos-
sible by vaccination and population control, if oral vaccination 
demonstrated its potential to eliminate rabies from terrestrial 
wildlife reservoir, it is unrealistic today to clear lyssaviruses from 
bats, while bat rabies is a growing concern for both public and 
animal health.42 Srinivasan et al. recently reported on the trans-
mission of ‘bat’ rabies virus from an organ donor to transplant 
recipients.43

HIV

About 65 million people globally are living with HIV/AIDS. 
The UN announced that almost 5 million people in the world 
were newly infected by HIV in 2005. A total of 25–28 million 
people with HIV live in sub-Saharan Africa and it is changing 
the face of tropical medicine. One-third of HIV-infected patients 
have at least one neurological complication. It is well known 
that all parts of the CNS, peripheral nerves and roots and muscles 
may be involved in the course of HIV infection.44 However, HIV 
can have an impact on the nervous system in many ways, due 
to HIV itself, secondary viral infection, non-viral infection, neo-
plasms, cerebrovascular disease and complications related to 
antiretroviral treatment. It is not easy to create a simplifi ed clas-
sifi cation system of all neurological complications of HIV infec-
tion. One of the most useful classifi ed complication systems is 
according to the degree of advancement of HIV disease: early, 
moderately advanced and advanced.45 The introduction of highly 
actively antiretroviral therapy (HAART) has had a signifi cant 
impact on epidemiology and the neurological manifestations 
of HIV infection and poses new challenges in diagnosis and 
treatment. HAART can stop or reduce the process of destruction 

A

B

Figure 16.1 Japanese encephalitis. Brain scan (A) before and (B) 
after contrast showing thalamic lesions. (Courtesy of M. Gourie-Devi, 
National Institute of Mental Health and Neurosciences, Bangalore, 
India.)
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of the immune system induced by the virus, but cannot protect 
the brain from HIV. Preliminary data indicate that the brain 
may serve as a long-term reservoir for the virus, and neuroinfl am-
matory and neurodegenerative changes may continue despite 
HAART.46 Lawn et al. recently described immune reconstitution 
infl ammatory syndrome (IRIS) which results from the rapid 
restoration of immune function.47 IRIS is an increasingly recog-
nized complication of the initial weeks of HAART. HAART has 
also changed the incidence rates of neurological diseases and 
disorders; becoming mild, readily treatable or reversible or becom-

ing less common. In our experience neurological manifestations 
of HIV/AIDS at the University Teaching Hospital (Lusaka) 
have changed in pattern and incidence during the last 6 years. 
In particular, the incidence of cryptococcal meningitis and 
cerebral toxoplasmosis decreased, whereas the incidence of 
primary CNS lymphoma (Figure 16.2) and stroke (Figure 16.3) 
has increased.

Human T lymphotropic virus

The human T lymphotropic virus (HTLV)-1 was discovered in the 
USA, and published in 1980, followed closely by the discovery of 
HTLV-2. HTLV-1 is a human retrovirus and its dominant modes 
of transmission are blood-borne, sexual and mother-to-child. The 
geographical distribution of the virus shows Japan, Africa, the 
Caribbean Islands and South America emerging as the areas of 
highest prevalence.48 HTLV-1-associated myelopathy appears to 
correspond to human migrations that preceded recent European 
expansion. This suggests an ancient source. There are 3 types of 
HTLV-1 viruses based on envelope sequencing: ‘cosmopolitan’, 
‘central African’ and ‘Australo-melanesian’.49

Only a small proportion of the individuals carrying the virus 
show signs of HTLV-1-associated myelopathy. HTLV-1 is the aetio-
logical agent for HTLV-1-associated myelopathy/tropical spastic 
paraparesis (HAM/TSP) and adult T cell leukaemia/lymphoma 
(ATL). HAM/TSP appears in children and adults, but more often 
age of onset is between 30 and 60, and is characterized by slowly 
progressive spastic paraparesis with urinary disturbance.50 HAM/
TSP is associated with high levels of Th1 cytokines, interferon-γ 
and tumour necrosis factor.51 Many conditions have been recog-
nized as being closely associated with HTLV-1: uveitis, dermatitis, 
polymyositis, intestinal pneumonitis and autoimmune disorders. 
In the past two decades much initiative has gone into the develop-
ment of experimental vaccination and therapeutic strategies to 
combat HTLV-1 infection.52A

B

Figure 16.2 MRI of the brain showing primary multifocal right 
cerebellar (A) and left occipital part of the ventriculus (B) lymphoma in 
a Zambian patient with AIDS.

CNS Infections

Figure 16.3 CT image shows a left middle cerebral artery infarction 
in a 28-year-old HIV patient.
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Rickettsia

This group of illnesses,53 which usually present as acute meningo-
encephalitis, are transmitted to man via the bites of ticks or mites 
and occur throughout the world, except in Antarctica (see also 
Chapter 49). Mediterranean spotted fever (Rickettsia conorii) in 
Africa, Asia and the Mediterranean basin;54 scrub typhus (R. tsu-
tsugamushi) in Asia and the Pacifi c; typhus (R. prowazekii) and Q 
fever (Coxiella burnetii) are ubiquitous. Whereas the incubation 
period and clinical features vary between organisms, all patients 
manifest high fever, rash and headache, with meningoencephalitis 
developing during the second week of the illness.55 Non-focal 
neurological features include headache, neck stiffness and photo-
phobia, confusion, impairment of consciousness and fi ts. When 
present, the distinctive eschar at the site of the bite may suggest 
the diagnosis. CSF examination is rarely helpful and treatment 
should be started on clinical suspicion. The response to tetracy-
cline or chloramphenicol is usually gratifying.

Bacterial infections

The organisms that produce bacterial infections (see also Chapters 
54–71) of the nervous system in tropical regions are similar to 
those existing in the rest of the world. Despite the diagnosis of 
acute bacterial meningitis, which is an important cause of morbid-
ity and mortality both in children and adults, there remains dif-
fi culty in tropical countries due to inadequate laboratory facilities.56 
Timely detection of meningitis epidemics in the tropics is still a 
serious problem, which became obvious in 1996 when the worst 
recorded meningococcal epidemics in history occurred in Africa.57 
In view of fi eld experience and new evidence in 2000, WHO 
revised its guidelines for detecting meningococcal meningitis epi-
demics in highly endemic countries of Africa.58 Outbreaks of 
meningococcal meningitis (meningitis caused by Neisseria menin-
gitidis) remain a major public health problem in the African ‘men-
ingitis belt’.59 Neonatal meningitis may be caused by almost any 
organism but most frequently by Escherichia coli and other enteric 
bacilli.60 In the elderly, Gram-negative bacilli and Listeria species 
should be considered. Confi rmatory CSF examination should not 
delay treatment. In the search for an early appropriate antibiotic 
in a high-incidence part of Africa, long-acting chloramphenicol 
injections were found to be as effective as ampicillin 4 times a day 
for 8 days. Vaccination remains the only real hope for preventing 
epidemics of meningitis. Recently, data on the effectiveness of 
conjugate vaccine for Haemophilus infl uenzae type b and meningo-
coccus infection have been confi rmed.61

Tuberculosis

The HIV epidemic has had a major impact on the world wide inci-
dence of tuberculosis (see also Chapter 20 and 56).62 In some 
tropical countries where tuberculosis is endemic and HIV inci-
dence has markedly increased, tuberculosis has become the major 
opportunistic infection among HIV-infected persons, contributing 
to high mortality rates.63 Tuberculosis involvement of the nervous 
system remains common, and despite the now worldwide avail-
ability of effective antituberculous therapy, the classical syndromes 
– spinal cord compression from tuberculous osteitis, tuberculous 
meningitis and intracranial tuberculomas – continue to cause sig-

nifi cant morbidity and mortality.64 As far as tuberculous osteitis is 
concerned it is important to appreciate that this may occur at any 
spinal level and is not restricted to the dorsal vertebrae; whereas in 
the early stages of the granulomatous process involving adjacent 
vertebrae and the intervening disc the cord is usually compressed 
anteriorly, this is not invariably so. There may be one or more 
posterior compressive lesions arising from tuberculous osteitis in 
the laminae and pedicles, and epidural tuberculomas can easily be 
confused with epidural tumours and other focal pathologies.

Intracranial tuberculoma – single or multiple – remains the 
most common cause of a space-occupying lesion in many parts of 
the world. CT facilities are now more widespread and the most 
common fi nding is a hypodense lesion on an unenhanced scan 
with a ring or disc-like enhancement with contrast and surround-
ing hypodensity. Where tuberculosis is common, physicians fre-
quently promptly embark on a course of antituberculous therapy 
without histological verifi cation. After 3 months of treatment, a 
repeat brain scan should show clearing of the lesion. While there 
are regional differences in the optimal combination of antituber-
culous drugs, chemotherapy is usually given for 6–12 months, 
depending upon the severity of the disease and response to treat-
ment; corticosteroids are not given routinely, but dexamethasone 
in high doses during the acute phase of raised pressure may be 
helpful in reducing cerebral oedema. Obstructive hydrocephalus 
may develop at any stage of the illness, sometimes acutely; it is 
the most likely explanation for sudden neurological deterioration 
and should be treated promptly by surgical drainage.

Leprosy

Leprosy remains by far the most common cause of chronic mono-
neuritis multiplex in the world (see also Chapter 58).65 The WHO 
currently estimates that there are 5.5 million patients with leprosy 
worldwide; a fall of about 50% since the 1980s. Nevertheless, 
despite much publicity and public health measures, the disease is 
frequently overlooked or misdiagnosed, often neglected and still 
generally feared. Thus the extent of the illness in a community 
may be diffi cult to estimate, but all reasonable attempts to do so 
indicate that, despite the availability of effective treatments, prev-
alence throughout the world is essentially unaltered. It remains 
true66 that: ‘leprosy should be considered whenever confronted by 
a chronic and symptomless skin rash that does not correspond 
with a common dermatosis or which does not respond to stan-
dard treatment for similar lesions. Leprosy should be considered 
in all cases of transient, recurrent or persistent numbness of par-
aesthesiae especially when this is localized to a more or less well-
defi ned area of skin’. Hypopigmentation, with impaired sensitivity 
to light touch and pinprick, and particularly focal impairment or 
absence of sweating, should strongly suggest the diagnosis and a 
careful search should be made for thickening of peripheral nerves. 
Most commonly palpable are the great auricular nerve in the neck, 
the ulnar nerve just above the medial epicondyle, the median 
nerve at the wrist, the lateral popliteal nerve below the head of 
the fi bula and the sural nerve on the dorsum of the foot. Early 
thickening may be diffi cult to clinch. Trained paramedical staff 
often become expert in detecting and confi rming the presence of 
leprosy in suspects. Even those with advanced disease, severe neu-
ropathy, deformity and incapacity may be helped by skilled recon-
structive surgery.
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Brucellosis

Brucellosis occurs in many tropical and subtropical areas and the 
nervous system may be affected in up to 5% of patients in a variety 
of ways (see also chapter 59).67 It can cause an acute meningoen-
cephalitis with papilloedema, convulsions and coma. Spinal pre-
sentation is with spastic or fl accid paraparesis due to cord 
compression or myeloradiculopathy, and central involvement 
with hemiparesis and ataxia. Diagnosis depends on blood or CSF 
culture of brucella, or more commonly on enzyme-linked immu-
nosorbent assay (ELISA) of the blood and CSF.68 Treatment with 
rifampicin, tetracycline and streptomycin should be for 3 months 
in those presenting with the subacute or chronic forms.

Spirochaetes

Neurosyphilis is again on the march and is increasingly occurring 
in the wake of HIV infection (see also Chapters 68, 69 and 70). 
The old clinical adage remains true: ‘to know all the manifesta-
tions of syphilis is to know the whole of medicine’ – but even here 
there are new twists to perplex even experienced physicians. When 
a young and apparently otherwise healthy male presents with 
acute onset of unilateral neural deafness, who would immediately 
suspect secondary syphilis? Other frequently occurring spiro-
chaetal infections affecting the nervous system include borreliosis 
or relapsing fever (Borrelia recurrentis, louse-borne; B. duttonii, tick-
borne), usually presenting as a febrile meningoencephalitis. Lep-
tospirosis may affect any part of the nervous system, including an 
acute neuropathy.69 Lyme disease (B. burgdorferi) is spread to man 
by infected ticks. While there is very extensive literature70 on its 
diverse neurological and systemic manifestations – now recog-
nized as the leading vector-borne disease in the USA – this malady 
occurs mainly in temperate climates. The neural manifestations 
span from meningitis, encephalitis, focal cranial neuropathies, 
radiculitis neuropathy, encephalopathy and post-borreliosis syn-
dromes.

Protozoa

Cerebral malaria

The problems of malaria are considered in detail elsewhere in this 
book (see Chapters 14, 20 and 73). From the neurological aspect, 
cerebral malaria is a major life-threatening complication of Plas-
modium falciparum in humans. P. falciparum is the predominant 
species in tropical countries and over 80% of these cases occur in 
Africa.71 Despite over 100 years of research, mortality remains 
high.72 It is characterized by a marked elevation in body tempera-
ture, disturbances of consciousness and coma along with convul-
sions, acute delirium and symmetrical motor signs. Children, 
pregnant women and non-immune adults are more susceptible to 
cerebral malaria.73 Cerebral malaria-associated neurological 
sequelae and systemic complications, such as hypoglycaemia, 
hypovolaemia, hyperpyrexia, renal failure, bleeding disorders, 
anaemia, lactic acidosis and respiratory distress, may contribute 
to the pathogenesis of coma, and are responsible for high mortal-
ity.74 The mechanisms underlying the fatal cerebral complications 
of P. falciparum are still not fully understood. That humans in 
endemic areas become immune to malaria led to the idea of pro-
tective vaccines. However, natural immunity to malaria is rela-

tively ineffi cient.75 The annual mortality attributed to malaria is 
increasing due primarily to widespread resistance to currently 
used drugs. Despite introducing new antimalarial drugs to clinical 
practice an effective and practical vaccine is still urgently required.76 
The complete genome sequence of P. falciparum has been deter-
mined, which has brought new approaches to the treatment and 
control of this disease.77 The management of post-cerebral malaria 
syndromes (mental and physical retardation in young children, 
seizures, cranial neuropathies, encephalopathy, tremor and cere-
bellar dysfunction, sensory and motor defi cit and cerebrovascular 
disorders) remains a challenge for neurologists in the tropics.

Trypanosomiasis

Two major diseases have been identifi ed: human African trypano-
somiasis (HAT), known as sleeping sickness and American try-
panosomiasis, known as Chagas’ disease. HAT produces progressive 
CNS damage, which if untreated results in death. Involvement 
occurs within a few weeks in the case of Trypanosoma rhodesiense, 
but usually takes much longer in the case of T. gambiense, i.e. 
months or even years. Brain involvement is caused mainly by 
cytokines (interferon-γ, tumour necrosis factor-α, and IL-10), 
nitric oxide and endothelial cell apoptosis.78 The treatment for the 
early stage of HAT involves the drugs pentamidine and suramin. 
In the second stage of the disease, during which the trypanosomes 
reside in the cerebrospinal fl uid, treatment is dependent exclu-
sively on the arsenical compound melarsoprol, which crosses the 
blood–brain barrier. However, the drug is followed by a severe 
post-treatment reactive encephalopathy in 10% of cases, of which 
half die.79 There is no current consensus on the diagnostic criteria 
for CNS involvement and the specifi c indications for melarsoprol 
therapy also differ. The problems of early diagnosis and introduc-
tion of cheap, safe and effective therapy before irreversible cerebral 
damage occurs are immense; meanwhile the prognosis for estab-
lished sleeping sickness must remain grim.

Chagas’ disease (CD) exists only on the American continent. It 
is caused by a parasite, Trypanosoma cruzi, transmitted to humans 
by blood-sucking triatomine bugs and by blood transfusion. 
Chagas’ disease has two successive phases, acute and chronic. The 
acute phase lasts 6–8 weeks. Thanks to Chagas’ disease control, 
acute cases are now disappearing and the incidence of new infec-
tions by T. cruzi in the whole continent has decreased by 70%.80 
CD is a major cause of cardiomyopathy and irreversible damage 
to the heart can develop 10–20 years after chagasic infection. 
American trypanosomiasis caused by T. cruzi can involve the 
nervous system in the acute stage with trypanosomes in the CSF. 
CD is recognized as a risk factor for stroke, independent of systolic 
dysfunction or presence of cardiac arrhythmias.81 In its chronic 
stage, enlargement of hollow organs is the diagnostic hallmark. 
CD can reactivate in patients with HIV/AIDS and present as a 
brain mass lesion or an acute meningoencephalitis.82 However, a 
cerebral tumour-like lesion is a more common manifestation of 
CD reactivation in AIDS patients.

Amoebiasis

Infection of the CNS by amoebae is an unusual event (see chapters 
79 and 80). Entamoeba histolytica is an intestinal parasite and the 
causative agent of amoebiasis, which is a signifi cant source of mor-
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bidity and mortality in developing countries.83 E. histolytica can 
cause single or multiple cerebral abscesses which are noted on CT 
and may be clinically silent. Indirect haemagglutination antibody 
assay can be used for the diagnosis. Early treatment with metroni-
dazole followed by rifampicin and tetracycline may improve both 
symptoms and radiographic images. Persons with HIV/AIDS are at 
signifi cantly higher risk of E. histolytica infection.84

Three free-living amoebas: Naegleria fowleri, Acanthamoeba 
species and Balamuthia mandrillaris are recognized as causal agents 
for primary amoebic meningoencephalitis (PAM) (N. fowleri) and 
granulomatous amoebic encephalitis (GAE) (Acanthamoeba and 
Balamuthia). These amoebas are found in soil, water and air 
samples from all over the world. N. fowleri is a thermophilic 
amoeba that grows well in tropical and subtropical climates. PAM 
is characterized by an acute fulminant meningoencephalitis 
leading to death 3–7 days after exposure. GAE is usually seen in 
debilitated, malnourished individuals and in patients with AIDS. 
Clinical manifestations include headache, low fewer, seizures, 
hemiparesis and coma leading to death. A CT scan is non-specifi c. 
Clinical course is insidious and may mimic bacterial meningitis 
or tuberculous meningitis. Immunofl uorescence antibody stain-
ing can be successful when used in patients whose clinical, labora-
tory and radiological fi ndings suggest amoebic encephalitis.85

A sequential regime of anti-amoebic drugs, such as azithromy-
cin, pentamidine, itraconazole, and fl ucystone is recommended. 
A recently recognized new human pathogen of Sappinia diploidea 
may lead to the diagnosis of S. diploidea encephalitis.86

Helminths

The diversity and complexity of the life cycles of the numerous 
parasites that may affect the nervous system are considered else-
where in this book (see Chapters 82–87). Here, brief consider-
ation will be given only to the salient clinical features.

Cysticercosis

This is an infection caused by Taenia solium larvae (cysticerci), the 
most common parasite to invade the CNS. When the cysticercus 
is lodged in the CNS, the disease is known as neurocysticercosis 
(NC). Neurocysticercosis is the most frequent and most widely 
disseminated neuroparasitosis. It is endemic in many parts of the 
world, particularly in Latin America, Africa and Asia.87 Although 
neurocysticercosis is potentially eradicable, it remains neglected 
in most endemic countries and the infection has not been elimi-
nated from any region by a specifi c programme and no national 
control programmes are yet in place.88 Owing to massive emigra-
tion from endemic areas, frequency of NC has increased in devel-
oped countries.89 Many people are exposed to cysticercosis but few 
become infected and human NC develops due to interaction of 
genetic and environmental factors. No familial aggregation was 
detected in studied cases of NC;90 however, genetic heterogeneity 
of T. solium is signifi cant for epidemiology and transmission of 
the disease.

The life cycle of T. solium involves pigs and humans. NC devel-
ops when humans become the intermediate host. In about 95%, 
this infection occurs when the individual ingests undercooked 
food or water that is contaminated with T. solium ova. Beginning 
weeks after ova ingestion, the larva creates a small oedematous 

lesion in the brain. Several weeks later, the larva develops into a 
cyst with a protoscolex surrounded by a bladder wall. The living 
cyst evokes only a minimal surrounding infl ammation and 
remains viable from 2 to more than 10 years, before the osmotic 
barrier of the cyst wall breaks down. When the cyst wall begins to 
leak C. cellulosae antigens, an intense infl ammatory reaction devel-
ops in the adjusted brain. The immune response is both humoral 
and cell-mediated. The CSF is characterized by increased levels of 
IgG subclasses, IL6/IL5/IL10, proteins and eosinophilis.91

In NC cysts develop in the brain parenchyma, meninges or 
ventricular spaces. The clinical features of NC depend on the 
number, type, size, localization and stage of development of cys-
ticerci, as well as on the host immune response against the parasite. 
Cysticerci do not produce clinical symptoms until the cysts begin 
to degenerate (between 2 to 10 years).92 Patients with 1–22 cysts 
may never develop clinical symptoms. Seizures are the most 
common symptom, occurring in 70–90% of patients, while NC is 
considered one of the main causes of late-onset epilepsy in 
endemic areas. When cysticerci lodge within the ventricular system, 
acute intracranial hypertension secondary to hydrocephalus may 
develop. Cysts in the subarachnoid space may grow to large sizes 
(giant cysts) causing intracranial hypertension with hemiparesis, 
partial seizures or other focal neurological signs. Racemose cysts 
in the basal cisterns can cause an intense infl ammatory reaction 
at the base of the brain. Approximately 60% of the cases develop 
obstructive hydrocephalus. Some cases develop chronic cysticer-
cotic meningitis, with headache and stiff neck. Ventricular and 
basal cisternal locations are considered to be malignant forms of 
NC.93 About 1.5–3% of all cases develop spinal NC. Recent studies 
document signifi cant age-related radiological, clinical and infl am-
matory differences in Mexican NC patients.94

Because the clinical presentation of NC is non-specifi c, diagno-
sis has been diffi cult. The diagnosis of NC should be considered 
in young adults from countries endemic for cysticercosis who 
present with the new onset of focal or generalized seizures, 
obstructive hydrocephalus, unexplained strokes, headache and 
stiff neck or unexplained cerebral cystic mass. CT and MRI have 
greatly facilitated diagnosis (Figure 16.4). The cystic lesions may 
be seen to contain more dense nodules, corresponding to the 
scolex; calcifi cations where cysts have died and cysts on nodules 
may enhance with contrast material as the cysticerci degenerate. 
However, there may be no radiological evidence of parasitic lesions 
and a negative scan does not eliminate the diagnosis if other 
clinical evidence is persuasive.

Serological tests for cysticercosis are improving. A monoclonal 
antibody-based antigen detection enzyme-linked immunosorbent 
assay has been developed. The test is sensitive (85%) for detection 
of cysticercus antigen in CSF. Recently it has been demonstrated 
that the PCR diagnosis of T solium DNA in the CSF may be a 
strong support for the diagnosis of neurocysticercosis.95

It is clear that cysticercosis cannot be regarded as a single dis-
order; treatment needs to be modifi ed based on the location and 
number of cysticerci and the host response. The management of 
NC can be medical (anthelmintic drugs and corticosteroids) or 
surgical (removal of the cyst or replacement of CSF shunt). 
Optimal management depends on the location and the stage of 
the cysts.92 Albendazole and praziquantel are effective drugs for 
the treatment of NC. However, there is controversy about their role 
in several forms of the disease. There is a strong consensus between 
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experts that there is no role for antiparasitic drugs in patients with 
only calcifi ed lesions. Studies suggest that patients with single 
enhancing lesions will do well regardless of antiparasitic therapy. 
Antiparasitic drugs are contraindicated in patients with cerebral 
oedema (cysticercal encephalitis) and most experts strongly 
recommend antiparasitic therapy in patients with multiple sub-
arachnoid cysticerci or giant cysticerci. In patients with ventricular 
cysticerci, endoscopic removal is the preferred therapy but place-
ment of a ventricular shunt followed by antiparasitic therapy is 
an acceptable alternative.96 Standard treatment for localization-

related epilepsy is effective for seizures caused by cysticercosis. In 
general, seizures are easily controlled in NC: corticosteroid admin-
istration along with the anthelmintic drug is often shown to min-
imize transient worsening of the clinical symptoms that may occur 
early in the treatment. There are currently many differing opinions 
regarding the treatment of patients with NC and therapy of 
infected individuals must be individualized.

Filariasis

Human fi lariasis may be due to Loa loa, Dracunculus medinensis or 
Onchocerca volvulus. Loiasis can cause meningoencephalitis with 
microfi lariae in the CSF. Severe adverse events following ivermec-
tin treatment may occur in people harbouring high Loa loa, 
especially Loa encephalopathy.97 Pion et al. recently developed 
a semi-empirical model to predict the prevalence of heavy L. 
loa loads in a community, given its overall microfi lariae 
prevalence.98

W. bancrofti can cause Guillain–Barré syndrome. Three cases 
have been reported, in which microfi lariae were identifi ed in the 
cyst fl uid of tumours of the brain.99

Onchocerciasis

Onchocerciasis (river blindness) is a fi larial infection which causes 
blindness and debilitating skin lesions. The disease occurs in 37 
countries, of which 30 are found in Africa (the most affected in 
terms of distribution and the severity of the clinical manifestations 
of the disease), six in the Americas and one in the Arabian Penin-
sula.100 It has been reported that the reduction in prevalence and 
intensity of Onchocerca volvulus infection differs between ethnic 
groups and communities. Recent studies found signifi cant expres-
sion of prostaglandin E(2) in O. volvulus-infected patients which 
was independent of antifi larial and antiendobacterial treatment.101 
In rural areas of central Cameroon and West Uganda, it was 
found that epilepsy was closely linked to onchocerciasis.102 A 
higher incidence of epilepsy in zones of high endemicity of oncho-
cerciasis may be due to various risk factors including genetic factors 
and low socioeconomic status. The possibility of a relationship 
between epilepsy and onchocerciasis might explain the presence 
of O. volvulus in the CNS and immunological mechanisms involv-
ing cross-reactive immunization or cytokine production during 
infection. In many areas of Africa, where human onchocerciasis is 
endemic, there are now programmes for mass treatment with iver-
mectin. However, ivermectin is a microfi laricide and does not kill 
the adult worms. Since it does not cross the blood–brain barrier, 
the drug is unlikely to have direct pro- or anti-convulsive activity. 
Distribution of the drug will be needed for at least 25 years and 
latest estimates indicate that 90 million people will need annual 
treatment if onchocerciasis is to be eliminated.103

Nematode infections

The gender Gnathostoma includes many species, the most frequent 
being Gnathostoma spinigerum. Human gnathostomiasis is endemic 
in some countries of South-east Asia, and Latin America. Since the 
beginning of the 1980s, there has been an increasing number of 
cases of gnathostomiasis described in Western countries in travel-
lers returning from endemic countries.104 The disease develops due 
to the consumption of raw or insuffi ciently cooked meat or fi sh. 

A

B

Figure 16.4 Neurocysticercosis. (A) Cysts in different stages of 
maturation. (B) Two cysts containing scolices.
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Gnathostomiasis is a cause of cutaneous and/or visceral larva 
migrans syndrome. The commonest neurological manifestations 
include encephalitis, myelitis, radiculomyelitis, radiculitis and 
subarachnoid haemorrhage.105 The main laboratory fi nding is 
eosinophilia in blood and CSF. Some patients present with a 
curious and fatal multifocal neurological illness (Figure 16.5). It 
was recently reported that recognition of 21 kDa antigen in G. 
spinigerum advanced third-stage larvae crude extracts is the most 
specifi c diagnostic marker for human gnathostomiasis, with 100% 
sensitivity and specifi city.106 Angiostrongylus cantonensis (rat lung-
worm) similarly affects those in South-east Asia who consume 
poorly cooked snails, prawns and crabs. Neurological complica-
tions include meningitis, papilloedema and extraocular palsies 
with an eosinophilic CSF pleocytosis. Brain abscesses may occur 
and CT shows well-circumscribed enhancing lesions. Both these 
nematodes are treated with albendazole with steroid cover.

Strongyloides stercoralis is another nematode which affects the 
nervous system with an eosinophilic meningitis. HIV and tropical 
infections affect each other mutually. At present, there is a concept 
that strongyloides dissemination in endemic countries may be 
as a manifestation of HIV-associated immune reconstitution 
disease.107

Hydatid disease

Cerebral hydatid disease is very rare and usually secondary. The 
vast majority of patients affected are children. A cerebral hydatid 
cyst is always solitary unless the primary site is the brain; CT and 
MRI (Figure 16.6) may reveal diagnostic daughter cysts. Headache, 
vomiting and seizures are predominant symptoms in children, 

whereas focal neurological defi cits are most common in adults. 
Intracranial hydatid cysts should always be surgically removed 
without rupture; the outcome remains excellent in these cases. 
Treatment with albendazole is benefi cial both pre- and postop-
eratively. A spinal hydatid disease is a rarity. In spinal hydatidosis, 
the cysts are usually multiple and extradural, and paraplegia may 
result.108 In endemic areas, the clinician should include spinal 
hydatid disease as part of the differential list for paraplegia and 
consider performing neuroimaging.

Schistosomiasis

The longest-known parasite of man: the earliest case known to 
have occurred was 5000 years ago in an Egyptian adolescent from 
the pre-dynastic period. It continues to affl ict mankind and it is 
believed that at present more than 200 million people worldwide 
are affected. Of the Schistosoma species, S. mansoni, S. hemato-
bium and S. japonicum are the most important to man and the 
most widely distributed. Schistosomiasis is endemic in parts of 
South America, sub-Saharan Africa, the Middle East, and some 
Caribbean islands.109 Disorders of the liver and gastrointestinal 
tract are the most common clinical manifestations. The involve-
ment of the CNS by the infection may or may not determine 
clinical manifestations. Neuroschistosomiasis (NS) develops 
through eggs or by anomalous migration of the parasite. More 
common neurological manifestations of spinal NS are transverse 
myelitis and myeloradiculopathy. Cerebral NS usually manifests 
with symptoms of increased intracranial pressure associated with 
focal neurological signs. Betting et al. described NS manifested by 
partial epileptic seizures caused by a granulomatous lesion due to 

Figure 16.5 Gnathostomiasis. On the ventral surface of the lower 
medulla the nematodes can be seen emerging from a cavity (seen at 
autopsy). (Courtesy of Athasit Vejjajiva, Department of Neurology, 
Ramathibodi Hospital, Thailand.)

Figure 16.6 Brain scan showing large hydatid cyst with daughter 
cysts.
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S. mansoni.110 Antischistosomal drugs, corticosteroids and surgery 
are the resources for treating NC. The diagnosis of cerebral NS is 
established by biopsy of the nervous tissue and spinal NS is usually 
diagnosed according to a clinical criterion. The microscopic exam-
ination of excreta remains the gold standard for the diagnosis of 
schistosomiasis. Eosinophilia in the CSF and the CT and MRI 
fi ndings (Figure 16.7) may clinch the diagnosis of NC. Praziqu-
antel (PZQ) is active against all schistosome species. However, the 
drug has little or no effect on eggs and immature worms. More-
over, decreased susceptibility to PZQ has been observed in several 
countries and the prospects for developing an effective vaccine are 
encouraging.111 Studies published over the past decade led to the 
hypothesis that helminth infections such as schistosomiasis may 
exacerbate HIV-1 transmission or progression.112

Trichinosis

This parasitic disease, which develops after ingestion of under-
cooked meat contaminated with larvae of Trichinella spiralis, occurs 
both in tropical and temperate climates, and apparent outbreaks 
are still reported worldwide.113 The acute illness, with fever, 
headaches, myalgia, weakness and malaise, arthralgia, periorbital 
oedema, nausea and diarrhoea with a marked blood eosinophilia, 
increased serum muscle enzymes and specifi c antibodies, is well 
known. Turk et al.113 reported a benign course and a milder clini-
cal picture of trichinellosis in children than adults. Neurological 
manifestations occurred in 10–15% of the diseased. There could 
be a serious diagnostic problem in the absence of corresponding 
epidemiological data and typical symptoms and signs of the 
disease. Neurotrichinosis may manifest with clinical symptoms 
of meningitis, encephalitis, polyradiculoneuritis, myasthaenia 
gravis and diseases of the connective tissue involving the nervous 
system. Brain lesions in trichinosis have been defi ned on CT and 
MRI as multifocal small lesions located in the cerebral cortex 
and white matter.114 Early diagnosis and prompt treatment with 
anthelmintic therapy such as mebendazole with corticosteroids 
is mandatory.

Paragonimiasis

Paragonimiasis is a typical food-borne parasitic disease that is 
common in South-east Asia, the Far East, Latin American and 
Africa. Recently, however, this disease has been seen in many parts 
of the world, largely due to increases in the numbers of immi-
grants and overseas travellers.115 Paragonimiasis westermani is a 
typical digenetic parasite. Cerebral paragonimiasis (CP) is not 
rare, but pleuropulmonary manifestations are the most prevalent. 
CP cases are more frequent in the Far East, especially Korea. It 
presents as an intracranial space-occupying lesion. Brain MRI 
shows a single or multiple conglomerated lesions.116 The parasite 
is transmitted to man through ingestion of crab and crayfi sh; the 
metacercariae travel to the lungs and mature. The adult can live in 
the lung for several years and is usually asymptomatic. Neuro-
logical presentation is due to cerebral involvement as a result of 
the development of cysts in ectopic sites; various intracranial sites 
can be affected. The diagnosis is based on the identifi cation of 
parasite eggs in sputum, faeces and pleural fl uid and on ELISA 
serology. Studies suggest that Triclabendazole is the most effective 
and best tolerated drug for the treatment of food-borne trematode 
infections.

A

B

Figure 16.7 Schistosomiasis of the lower spinal cord and conus. 
(A) Before contrast. (B) After contrast with an irregular area of altered 
signal in surrounding oedema.
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CONCLUSION

This chapter has briefl y described an exceedingly diverse and fas-
cinating group of illnesses which affect the CNS in tropical patients. 
While the extent and somewhat idiosyncratic depth of this coverage 
will not be beyond the criticism of the specialist, there is suffi cient 
detail for clinical neurologists to be aware of CNS diseases that 
may affect many patients throughout the tropics and subtropics. 
Neurological manifestations are early and common in HIV-positive 
patients and early counselling and testing should be offered to the 
patient. For more specialist discussion of the subject, the reader is 
referred to a recently published book, Tropical Neurology.117
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Section 3 System-oriented Disease

Chapter 17 Alan Haworth

Psychiatry

Psychiatric disorders account for more morbidity than is often 
recognized. The World Health Organization’s 1999 World Health 
Report states that neuropsychiatric conditions make up an esti-
mated 11.5% of the global burden of disease and on average these 
conditions account for 28% of total years lived with disability. A 
large proportion of the burden is attributable to major depression. 
Five of the ten leading causes of disability worldwide are mental 
disorders and suicide is the tenth leading cause of death in the 
world. Natural disasters with their psychosocial consequences 
tend to occur with more frequency in tropical countries. Malnutri-
tion and its consequences affect both prenatal and postnatal 
growth in the child. Malnutrition and other physical stresses 
such as chronic anaemia, parasitic infections and the burden, for 
example, of trying to grow one’s own food in drought conditions 
make their contribution to the occurrence of psychiatric morbidity 
generally. There are higher levels of head trauma resulting in long-
term sequelae and of intracranial infections and especially in 
some countries of human immunodefi ciency virus and associated 
opportunistic infections. In the past, a simple dichotomy between 
urban and rural was described, although there is no clear defi ni-
tion applicable worldwide of the term ‘urban’. In many countries 
there is a lower limit of 20 000 and many tropical countries also 
have very large cities. Much emphasis was in the past put on the 
many stresses of living in an urban environment with somewhat 
simplistic conceptualizations of rural serenity but more recent 
studies show that the main social determinant of psychiatric dis-
order remains poverty and its concomitants. Many of the migrants 
to vibrant urban centres move there because of the poverty and 
other stresses of rural life.1

Systematic psychiatry is covered in the standard textbooks on 
the subject. The aim of this chapter is to consider those aspects 
which are particularly relevant to practitioners who have to deal 
with psychiatric problems in the tropics but who have not had 
special training in the subject. Although psychiatrists working in 
the tropics are scarce (about 1/million population in most of sub-
Saharan Africa, for example), some countries also employ profes-
sional psychiatric nurses or medical auxiliaries with experience in 
the fi eld who can be called upon to assist and advise in the man-
agement of the mentally ill.2 It should be stressed, however, that 
most mentally disturbed patients can be managed by the general 
medical offi cer in the wards of a district hospital or in the com-
munity. Most medical schools now give more time to psychiatry 

than in the past and doctors are better equipped to recognize 
psychiatric disorders. But most courses and many major general 
textbooks of psychiatry do not give suffi cient attention to the 
‘cultural’ element, which is so important in psychiatric practice. 
We use the word ‘culture’ in a very broad sense as referring to any 
socially determined infl uence impinging upon a person’s lifestyle, 
means of coping with problems and conceptualization of ill-
nesses. Table 17.1 lists some polar attributes of traditional and 
modern societies. These attributes vary in the extent of their appli-
cation to any particular society, and not all would apply in any 
particular location. The concept of cultural sensitivity concerns the 
differences, of which any doctor should be aware, between his 
own cultural background, including his values and attitudes, and 
those of any patient coming from a different background, even in 
his own country. While practitioners who are foreign to a particu-
lar culture should not be expected to ‘master’ the culture (one can 
speak of culture as well as language-learning), they should make 
themselves skilled in working with local staff who can evaluate 
puzzling symptoms and signs. Knowledge of a language must 
include an appreciation of idiom and of the emotional loading 
attached to particular words in different contexts. In multi-ethnic 
societies no single practitioner will be able to communicate 
directly with all patients in their own vernaculars and the rapid 
changes in usage of a dominant rural language adopted as a local 
lingua franca, for example, in a capital city must be appreciated. 
Hence the skilful use of interpreters becomes essential in practice, 
caution being employed in their selection, however.3

Alternative and complementary healing practices

Traditional healers are an important aspect of life in most tropical 
areas. The term ‘traditional healer’ is misleading, however, and it 
tends to lump all non-Western-trained healers together. Much 
depends on the part of the world – India has its great tradition of 
Ayurvedic practice, for example. A comprehensive classifi cation is 
impossible in a chapter of this length. The term ‘alternative med-
icine’ has come into more general usage and its techniques, suc-
cesses and failures are being scrutinized more closely; traditional 
healing should be looked upon as part of alternative medicine. If 
many patients consult local healers, it is wise to learn something 
of their techniques and ways of interpreting illness. Some healers 
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use trance states (spirit possession, sometimes called shamanistic 
healing) or other means of divination. Spiritual healing also 
includes activities taking place within a formal religious context 
– for instance, casting out of demons. It should not be assumed 
that the traditional healer can always communicate better with 
patients or their families than orthodox medical workers, espe-
cially in an urban setting where they might accept patients from 
any ethnic group. Because a healer may often look to interpersonal 
confl ict and jealousy as the cause of illness, some individual may 
be blamed, resulting in family or other social disruption. While a 
patient’s belief in having been bewitched or affected by a magical 
charm may be understandable in terms of ‘culture’, it may equally 
well be a symptom which needs assessment within the total clin-
ical context. The type of healer available for consultation, be he 
traditional or religious, is also part of the individual’s culture. 
Some traditional healers are men and women of experience and 
wisdom and some know of herbs that seem to have potent neu-
roleptic or tranquillizing effects. It is wise to ask a patient if they 
have consulted a healer, or are currently receiving treatment or are 
intending to do so. Some of the constituents of herbs given by 
traditional healers may interact with prescribed medications or 
have other toxic effects4 but it appears that the majority probably 
have only a placebo effect.5 Should the doctor encourage or allow 
his patients to consult traditional healers? Clinical judgement 
must determine the response. One cannot prevent a patient 
seeking alternative help but should at least warn where this is seen 
as inappropriate or dangerous. Patients with organic disorders and 
those with psychotic symptoms and the severely depressed should 
be advised not to seek such help. Many healers tend to avoid 
looking after such patients.

Terminology and classifi cation

There are currently two main systems of classifi cation used in 
psychiatry. Although the 4th edition of the American Psychiatric 
Association’s Diagnostic and Statistical Manual6 (DSM-IV) is 
comprehensive and detailed in its defi nitions the International 
Classifi cation of Diseases, 10th edition7 (ICD-10), has the advan-

tage of being truly international and of being concise in its defi ni-
tions while being very largely consistent with the larger American 
volume. All references to diagnostic categories in this chapter will 
be to ICD-10. Modern classifi cations have all but abandoned 
certain well-known but ill-defi ned terms. To merely diagnose ‘psy-
chosis’ can be dangerous since typical symptoms occur in condi-
tions having very different aetiologies and requiring very different 
management. The term ‘neurosis’ is not used in ICD-10 and the 
word ‘neurotic’ is found only in the title of a chapter. As an adjec-
tive, the word tends sometimes to carry a pejorative connotation 
and implies some form of innate weakness of character or inabil-
ity to cope. It should never be used in this sense. The word ‘hys-
teria’ has also been abandoned since it had become ambiguous 
in its meaning and ‘puerperal psychosis’ is also redundant since a 
diagnosis should almost always be possible under some other 
heading. There are in addition a number of culture-bound symp-
toms or symptom complexes which have been described in the 
past. Such terms should now be looked upon as essentially obso-
lete. Making a more specifi c diagnosis enables all factors to be 
taken into account (as with many psychiatric conditions, the 
aetiology may be multiple) and should lead to more focused 
management. However the use of local terminology in describing 
an illness can be justifi ed when it improves communication in 
increasing understanding of underlying social processes.

ORGANIC, INCLUDING SYMPTOMATIC 
MENTAL DISORDERS

Acute organic states

Although brief episodes of apparent clouding of consciousness 
may occur in psychoses such as schizophrenia or during an acute 
polymorphic psychiatric disorder (sometimes called a brief psy-
chotic episode), it is best to assume that all such states are caused 
by organic dysfunction. It is wise to avoid the term ‘confusional 
state’, often used for acute organic states, since the expression is 
also generally used to refer to muddled thinking, which is found 

Table 17.1 Polar attributes of traditional and modern societies

Traditional society Modern society
Group oriented Individual oriented

Extended family Nuclear family

Income-producing linked to kinship ties Income-producing independent of kinship ties

Economic functions non-specialized Economic functions specialized

High mortality, high fertility Low mortality, low fertility

Status determined by age and position in family Status achieved by own efforts

Relationships between kin obligatory Relationships between kin permissive

Relationships determined by role and position in family Relationships determined by individual choice

Arranged marriages Choice of marital partner

Individuals can be replaced by others fi lling same roles Individuals unique and irreplaceable

Extensive classifi cation terminology for distant relatives Restricted classifi cation terminology for close relatives only

Behaviour to specifi c kin prescribed Great variation in kin behaviour

Emotional relationships stereotyped Emotional relationships differentiated
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in other psychiatric disorders. Delirium may occur as a result of 
primary cerebral disorders or of systemic disease.

Common systemic conditions causing delirium in the tropics 
include:
• Heat: high fever, heat stroke, heat exhaustion
• Dehydration, electrolyte imbalance
• Infections, especially malaria, pneumonia, septicaemia, 

typhoid, typhus, urinary tract infection
• Poisons including carbon monoxide
• Vitamin defi ciency, thiamine, niacine, B12, folate
• Alcohol, drug intoxication or withdrawal
• Prescribed drugs, herbal remedies
• Endocrine and metabolic disorders, hypoglycaemia.
Disorders primarily affecting the central nervous system and 
causing delirium include:
• Infection: meningitis, encephalitis, brain abscess, tuberculoma, 

cerebral schistosomiasis, cysticercosis, hydatid disease, 
paragonimiasis

• Epilepsy and postepileptic states
• Head injury and its sequelae including cerebral haemorrhage, 

subdural haematoma
• Intracranial space-occupying lesions
• Raised intracranial pressure.
Since delirium refers to a constellation of psychiatric symptoms 
occurring in individuals suffering from some other underlying 
illness, the nature of this illness may also determine the presenta-
tion and may be a main feature; or the illness may present as a 
delirium and steps have to be taken to determine its cause. The 
main feature – impairment of consciousness – may be very mild 
and may vary, both according to the time of day (usually worse at 
night) and from moment to moment. It is characterized by dis-
orientation in time and place and by an inability to recognize 
familiar people. There are typically visual hallucinations and pos-
sibly illusions or other disturbances of perception; the mood is 
often anxious, irritable or simply one of perplexity but often very 
labile; thinking is slow and muddled and there may be some 
paranoid ideation and such a degree of suspiciousness that it 
is diffi cult to nurse the patient. The patient can give little in-
formation about himself and registration of new memories is 
impaired.

The treatment of any delirious episode needs to be both general 
and specifi c. The general treatment, as well as focusing upon 
the underlying cause, must include adequate nursing and this is 
best complemented by the presence of family members. Nursing 
should be done in an environment where the patient is neither 
under- nor over-stimulated and is rapidly able to recognize those 
who are caring for him. Drug treatment should not sedate during 
the day and should assist sleep at night. While chlordiazepoxide 
is often the drug of choice in delirium tremens it may sometimes 
prove to be too sedative with other types of delirium (e.g. in an 
individual recovering from unconsciousness due to head injury) 
and in this case a neuroleptic such as haloperidol may be preferred 
during the day. Since alcohol withdrawal and vitamin defi ciency 
states so often co-exist and may also be factors in a person who 
has been concussed after a road traffi c accident, it is wise to give 
the full spectrum of B vitamins to all delirious patients. Delirium 
tremens should be treated, if severe, as a medical emergency. There 
may be severe dehydration and disturbance of electrolyte balance, 
seizures may occur and there may be hepatic pathology and a 

cardiomyopathy. Infusing glucose without ensuring an adequate 
supply of thiamine can precipitate Wernicke’s encephalopathy. 
Other specifi c treatments will depend on the cause of the 
delirium.

Chronic organic mental disorders and dementia 
(chronic brain syndrome)

Dementia is a syndrome due to disease of the brain, usually of a 
chronic or progressive nature, in which there is a disturbance of 
multiple functions including memory, thinking, orientation, com-
prehension, calculation, learning capacity, language and judge-
ment. Consciousness is not clouded although episodes of clouding 
may occur during the course of a dementing process. Although 
there is no specifi c therapy for some forms of dementia it is impor-
tant to be able to recognize those cases in which effective treatment 
can be given. Because some of the main causes of dementia arise 
from degenerative conditions (such as Alzheimer’s disease, Hun-
tington’s chorea and cerebrovascular disease), they are more com-
monly seen in older patients and thus are less common in those 
countries with a lower life expectancy. As the population structure 
changes, so does the spectrum of diseases. It is likely that Alzheim-
er’s dementia will become more common, although in some coun-
tries HIV infection has taken over as one of the commonest causes 
of a dementing process. Especially in younger persons, however, 
treatable forms of dementia may occur, such as that due to chronic 
subdural haematoma or prolonged lack of vitamin B12. The demen-
tia of HIV infection (typically subcortical) tends to occur late in 
the disease when the patient is seriously ill from other manifesta-
tions of AIDS. Few tropical countries have been able to provide 
suffi cient drugs for the many needing antiretroviral (ARV) therapy; 
ARVs diminish the development of an AIDS encephalopathy but 
do not necessarily prevent it . Other opportunistic infections such 
as toxoplasmosis, tuberculous meningitis or cytomegalovirus may 
also lead to a dementing process and should also be kept in mind, 
especially with a view to possible treatment. In case one of these 
is found without any prior suspicion of HIV infection, the question 
of counselling and testing becomes part of the overall manage-
ment. Depression may be mistaken for dementia, especially when 
older patients are admitted to the foreign environment of a hos-
pital and their natural perplexity (perhaps confounded by inability 
to communicate well in the local lingua franca) gives a false 
impression of intellectual deterioration.

Mental and behavioural disorders due to 
psychoactive substance use

Alcohol remains the main substance of abuse in most countries. 
Since the consumption of alcohol is linked to so many forms of 
morbidity, it is advisable for practitioners in any tropical country 
to make themselves acquainted with the terminology related to 
consumption of local beverages (including usual alcohol content) 
and the consumption style of the population. Alcoholic beverages 
may be very cheap, especially grain-based opaque beers, whether 
commercial or home-brewed, which are drunk without previous 
fi ltration. While a country may have laws concerning the produc-
tion and distribution of alcoholic beverages, these laws may often 
not be enforced and in remote rural areas their enforcement is in 

Organic, Including Symptomatic Mental Disorders
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any case largely impractical. The defi nition of an illicit beverage is 
usually determined locally but the fact of being illicit seldom 
deters either producers or drinkers. More importantly, there is no 
formal quality control over such products and potency-enhancing 
contaminants may be added. Illicitly distilled beverages often 
contain about 20–30% or more alcohol by volume. When a spirit 
has been made, the most common and dangerous contaminant is 
methyl alcohol, which can lead to sudden death or bilateral optic 
neuritis and blindness. The drinking style of the population may 
be very heterogeneous in that different age and income bands may 
have different patterns, while there may be a sharp differentiation 
between the sexes. Consumption patterns are often related to cost 
as well as to availability. Many drinkers do not realize how much 
harm alcohol can do to the body but its social disruptiveness can 
often be mitigated by established customs in drinking.8

The concept of the alcohol dependence syndrome is now well 
established, but the common style of drinking may not usually 
lead to this particular complication. For a person to become 
dependent, it is usually necessary for there to be a high intake of 
alcohol on a daily basis over a long period. The main features of 
alcohol dependence include a strong desire or compulsion to take 
alcohol, diffi culties in controlling drinking behaviour in terms of 
its onset, termination or levels of use; a physiological withdrawal 
state; evidence of tolerance; neglect of alternative pleasures or 
interests; and persisting with drinking despite clear evidence of 
overtly harmful consequences. Disorders related to thiamine defi -
ciency (Wernicke’s encephalopathy and Korsakov psychosis) may 
occur less commonly than, for example, pellagra. In some coun-
tries pellagra is seen when a heavy-drinking man is deprived for 
a time of the food provided by his wife and he turns to a diet of 
bread and an illicit spirit. There is often a mixed vitamin defi ciency 
state, with either niacin or thiamine defi ciency the more promi-
nent. Although the features of Wernicke’s encephalopathy are well 
known, those of niacin defi ciency are not. The medical student’s 
triad of three Ds is incorrect. There is no dementia but an acute 
or subacute organic state. While the skin changes may be typical, 
there may be no history of gastrointestinal symptoms. The cloud-
ing of consciousness is usually very labile and within a matter of 
a minute or so a patient may be able to give some personal details 
and then become inaccessible. Neurological signs are commonly 
present, with a marked snout refl ex and increased deep-tendon 
refl exes but with (usually) down-going plantar refl exes. There may 
be features of a peripheral neuropathy from thiamine defi ciency. 
It is common for health workers to successfully treat the pellagra 
while ignoring the underlying cause. Following up the patient and 
helping him with his drinking problem is an example of how 
prevention should be incorporated into all health programmes 
and practice.

Cannabis is often implicated as a cause of acute mental disor-
der in countries where it is grown and used. The plant Cannabis 
sativa (Indian hemp) is easily grown in the tropics and is widely 
available. Besides the well-known synonyms for cannabis products 
there is a constantly changing list of new names invented by 
current users in any locality. The main active ingredient is tetrahy-
drocannabinol; it enters the body usually by being smoked or 
sometimes by being eaten, and induces in most people a pleasant, 
dreamy state of altered perception. However, some people experi-
ence a panic attack or feel depressed. An acute psychotic state may 
be induced by heavy intoxication but it is generally agreed that 

there is no cannabis psychosis as such. It seems likely, however, 
that cannabis use may be a factor in the development of schizo-
phrenia in especially vulnerable persons. In countries where there 
is widespread use of cannabis, mental illness is often attributed to 
its use in a very uncritical way. Careful history taking will more 
often reveal that there is no association. Longer-term psychologi-
cal effects include interference with memory and learning. Psycho-
logical dependence may occur in regular users. The concept of a 
cannabis amotivational syndrome has not been confi rmed. Can-
nabis slows down reaction time and hence when combined with 
alcohol can be a factor in traffi c or other accidents. Cannabis use 
is not especially associated with violence but this may occur when 
it is used at the same time as alcohol. There are no pharmaco-
logical effects producing fatal consequences.9

Alcohol and cannabis are widely available and relatively inex-
pensive. Many other drugs are much more expensive – but the 
scene is a constantly changing one. In countries swept by war, 
other drugs may be introduced (amphetamines for example) or 
tablets like diazepam looted from stores may be widely distrib-
uted. The taking of a drug like diazepam or an amphetamine may 
become fashionable in any country and particularly in schools 
and colleges. The drug ‘ecstasy’ is making its way round the world 
and other ‘designer’ drugs may well become widely available, 
especially in large cities. ‘Street children’ are especially prone to 
use volatile substances. Doctors should be aware of the effects of 
these drugs and be prepared to advise the authorities as well as 
treat individuals.

PSYCHOTIC STATES

Schizophrenia

The most characteristic symptoms of schizophrenia are remark-
ably consistent all over the world, whatever the culture. ICD-10 
states that although there are no strictly pathognomonic symp-
toms of schizophrenia, the following often occur together: thought 
echo, thought insertion or withdrawal, and thought broadcasting; 
delusions of control, infl uence or passivity clearly referred to body 
movement, specifi c thoughts action or sensations; hallucinatory 
voices, commenting on the patient’s actions, discussing the patient 
among themselves, or other types of voice coming from some part 
of the body; persistent culturally inappropriate or impossible 
delusions; breaks or interpolations in the train of thought, and 
incoherent or irrelevant speech or neologisms. Catatonic behav-
iour with excitement, posturing, waxy fl exibility, negativism, 
mutism or stupor is uncommon.

Negative symptoms may also be present, including marked 
apathy, paucity of speech, blunting or incongruity of emotional 
responses. They usually result in withdrawal and lowering of social 
performance, with a signifi cant change in the overall quality of 
personal behaviour, manifest in loss of interest, aimlessness, idle-
ness and a self-absorbed attitude. Paranoid schizophrenia is the 
commonest type in most parts of the world but many patients 
present with an undifferentiated form. A dilemma presents itself 
with regard to diagnosis. On the one hand, making an early diag-
nosis and instituting treatment early improves the prognosis but, 
on the other hand, one should not be too hasty in attaching this 
diagnosis to an individual. However, if the symptoms are quite 
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typical and there is no question of prior drug use or any other 
organic factor, a provisional diagnosis should be made and treat-
ment instituted. Schizophrenia can run a variety of different 
courses. Very roughly, it may be said that in one-quarter of patients 
the symptoms continue unremittingly. In one-third the symptoms 
remit after an initial episode but, following this, the condition 
may relapse periodically though most can manage a reasonably 
normal social life. In the remainder, the patients recover and 
remain well. Favourable prognostic factors include a negative 
family history, good premorbid personality, an acute onset with 
early treatment and a good response to treatment. Although prog-
nosis in the tropics is said to be better, it is possible that some 
patients with acute transient psychotic episodes, as described 
below, may be mis-diagnosed as schizophrenia. As much more is 
learnt about the underlying neurological mechanisms involved it 
is apparent that many neurotransmitters and neuropeptides have 
a role to play. Any drugs which are prescribed will inevitably have 
some unwanted effects and some may be dangerous. The patient’s 
tolerance for these unwanted effects will be an important factor 
in adherence, as will the cost of treatment. More previously expen-
sive later generation drugs such as risperidone and olanzapine are 
becoming available at an affordable price and these should be 
used for preference although there is as yet little evidence that they 
are more effective therapeutically.10 Otherwise the older neurolep-
tics such as chlorpromazine, trifl uoperazine and haloperidol 
should be used, keeping in mind the possible need for an anti-
parkinsonian drug such as trihexyphenidyl (benzhexol). For many 
patients the drug of choice will be a depot preparation, such as 
fl uphenazine decanoate. An injection may need to be given only 
once per month and sometimes even less frequently. This drug 
requires an antiparkinsonian. Specialist advice should be sought 
regarding cessation of therapy and, with prolonged therapy, a 
watch needs to be made for the symptoms of tardive dyskinesia. 
Attending to psychosocial factors is important in helping the 
schizophrenic patient. Counselling for the family is especially 
important; for instance, many patients cannot tolerate highly 
emotional situations and are unwilling to be pushed into strong 
social interaction. The patient and his family must understand 
why the drugs are being given and know the difference between 
those given for the illness and those given to prevent unwanted 
effects.

Acute transient psychotic episodes

The concept of the parasuicidal ‘cry for help’ has proved to be very 
useful in some cultures but it needs some modifi cation where a 
strong sense of group membership rather than self-identity is 
fostered (Table 17.1). Instead of violence directed against the self, 
it is directed towards the family and community. A young woman, 
quite often in the evening, begins to sing and dance and may 
exhibit destructive or other exhibitionistic behaviour. This behav-
iour may continue for many hours and even for 2 or 3 days; the 
patient may be taken to a traditional healer or church leaders. 
Admission or detention of such patients is usually desirable, not 
only because their behaviour is unacceptable at home but also 
because observation of the clinical course over the next few hours 
and days will provide essential information for future manage-
ment. Such episodes are often incorrectly diagnosed as mania but 

the typical elevation of affect, pressure of speech and fl ight of ideas 
are not seen. If sedation is required either a benzodiazepine or a 
neuroleptic may be used. The length of treatment is likely to be 
short. Once the patient is able to communicate, the psychological 
and social causes need to be explored. Not infrequently, symp-
toms of depression will be found to be present or there may be 
some history of an acute traumatic episode or of confl ict within 
the family. This is the point at which familiarity with the patient’s 
culture is especially important.

It is commonly assumed that violence is common in psychiat-
ric patients but this is wrong. It may be precipitated because 
people are fearful and attempt to restrain an already fearful patient, 
perhaps perplexed by what is happening to him; if the police are 
involved this may only make the situation worse. A struggling, 
seemingly violent patient can often be left in the capable hands 
of an experienced nurse who is ready to listen and reassure. Where 
a patient is manifestly violent and no communication can be 
established, suffi cient staff members experienced in working 
together should hold the patient so that intramuscular chlor-
promazine or haloperidol may be administered. It should be kept 
in mind that chlorpromazine tends to cause local tissue necrosis. 
Overactive or violent patients may benefi t from a cocktail of hal-
operidol and diazepam (given alternately) at three-hour intervals 
and withdrawn slowly over a period of 24–36 h.

Bipolar affective disorders

Mania is one pole of the affective disorder spectrum and its main 
feature is elevation of mood, often amounting to elation, although 
irritability may sometimes be present. There is reduced sleep – 
which others complain about, not the patient, and there is 
increased appetite. Behaviour is often socially inappropriate. On 
examination, there are expansive ideas or actual grandiose delu-
sions, pressure of speech with fl ight of ideas is present and 
hallucinations may occur. Insight is impaired and may not be 
fully recovered, even by a compliant patient receiving a mood-
stabilizing drug. There will often be a family history of similar 
episodes, or of depression and suicide, and the patient may have 
suffered from a previous episode or episodes, either of mania or 
depression. A fi rst episode should be differentiated from schizo-
phrenia or an acute transient psychotic episode, since long-term 
management differs in the three conditions. Even without treat-
ment manic episodes are self-limiting after a few weeks or months, 
and the patients are able to live normal sociable lives between the 
episodes. Haloperidol is the drug of choice in the acute phase. 
There is usually no need to guard against a recurrence after a fi rst 
episode of mania, but if two or more recur at relatively short 
intervals continuing medication with a ‘mood stabilizer’ will be 
advisable. While lithium may be best, its use requires experience 
and adequate blood lithium levels monitoring facilities. Carbam-
azepine and sodium valproate can also be used as mood stabiliz-
ers and besides being more readily available many families may 
be willing to take the burden of their cost rather than cope with 
further manic episodes. As with schizophrenia, careful counselling 
of the patient is required regarding continuing medication; one of 
the early signs of relapse is increasing reluctance to take the med-
ication by a patient who increasingly doubts whether he has ever 
been ill.

Psychotic States
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DEPRESSION

There have been numerous attempts at the classifi cation of depres-
sive disorders. The niceties of classifi cation in practice are less 
important than the ability to recognize depression in its milder as 
well as more extreme forms and the ability to offer appropriate 
therapy. While depression may form one pole of bipolar affective 
disorder, it may also be found as a component of many other 
disorders, including schizophrenia and dementia. Depression can 
have many causes and several may be operating at the same time 
– for example, in a woman who is at the menopause, is taking 
antihypertensive drugs, is just recovering from an attack of infl u-
enza and has a daughter with an unwanted pregnancy. While there 
may be multiple aetiologies, it can be taken that there is a fi nal 
common pathway infl uencing many symptoms involving mono-
amine neurotransmitters.

Depression is characterized by depressed mood or sadness, loss 
of interest and enjoyment, reduced energy, increased fatiguability 
and diminished activity. Some of the following may also be 
present: reduced concentration and attention, reduced self-esteem 
and self-confi dence, ideas of guilt and unworthiness, bleak and 
pessimistic views of the future, ideas or acts of self-harm or suicide, 
disturbed sleep, diminished appetite (including desire for sex). 
Some patients may feel worse at the end of the day and have dif-
fi culty getting off to sleep. Others feel worse on waking, some-
times linked with early-morning waking. Depression is often a 
hidden and unmentioned cause of distress and disability, particu-
larly in housewives. Although depression in the tropics is similar 
to that seen elsewhere, cultural factors seem to be especially 
important in its expression; for example, somatic symptoms (such 
as burning sensations on the top of the head, may be more prom-
inent. It has been noted that there is no exact translation for the 
word ‘depression’ into many African languages. Once the condi-
tion is suspected the presence of both typical psychological and 
vegetative symptoms of depression will rapidly confi rm the diag-
nosis. Often a single question about ‘thinking too much’ will give 
an initial clue.

Both drugs and psychosocial therapy may be benefi cial. As with 
the older neuroleptics, the older tricylic antidepressants are much 
less well tolerated than newer products such as the selective sero-
tonin re-uptake inhibitors. The antimuscarinic side-effects of the 
older tricyclics discourage many patients from continuing with an 
adequate dose – and too low a dose is one of the commoner 
causes for failure to respond to treatment. The newer drugs are 
better tolerated but more expensive. When only the older tricy-
clics, such as amitriptyline, are available, it is best to start with a 
relatively small dose and work up to the dose required while 
explaining and offering reassurance about the side-effects. The 
drug can be given in a single dose before going to bed and there 
is the double advantage of better sleep and less experience of side-
effects. Patients should always be informed that there will be a 
delay of up to 2 weeks in feeling the full antidepressant effect. 
Great care must be taken with potentially suicidal patients when 
a tricyclic antidepressant and especially amitriptyline (because of 
its cardio-toxicity) is prescribed – some other person should 
always have charge of the drug which is given to the patient as 
required.

Suicide

When an individual talks of or threatens suicide the risk must be 
assessed. Recognizing suicidal intent can be life-saving, since 
suicide is mostly preventable when its possibility is kept in mind. 
It is not always possible after a ‘failed attempt’ to determine 
whether an individual really wished to die or not but there are 
indicators of possible future intent. The patient who is depressed 
should always be asked about suicidal ideation or plans. There is 
never any risk in doing so. These days, with the wide availability 
of pharmaceutical and poisonous domestic products, carrying out 
a suicidal act is far easier than in the past, when resort might have 
been had to hanging, drowning or self-immolation. Indicators of 
risk include: if an individual talks of committing suicide or killing 
themselves, has made defi nite plans including writing a note, 
putting affairs in order, accumulating tablets (e.g. of an antidepres-
sant); the presence of a psychiatric disorder such as schizophrenia 
but especially severe depression; alcohol or drug dependence; 
being older, especially if suffering from any chronic illness or dis-
ability; and being socially isolated. Those who are more likely to 
carry out a ‘parasuicidal act’ are usually younger, female, less com-
monly suffer from a psychiatric disorder, have usually acted on 
impulse and used a less dangerous method.

Anxiety and stress-related disorders

In ICD-10 several groups of anxiety disorders are listed including 
phobic states, obsessive compulsive disorder, panic and general-
ized anxiety disorder, reactions to severe stress and adjustment 
disorder and dissociative (conversion) disorders. The term phobia 
refers to anxiety occurring in relation to specifi c situations. Since 
phobic states and obsessive compulsive disorders appear to be 
uncommon in tropical countries, and their management requires 
specialist training, they are not dealt with further. Panic attacks are 
brief episodes of severe anxiety, not associated with any precipi-
tant, when the patient suddenly experiences autonomic symptoms 
accompanied by a fear of being about to die or lose control or 
become mad. They are often associated with hyperventilation with 
its typical symptoms of dyspnoea, hyperpnoea, chest pain, dizzi-
ness, weakness, paraesthesia and carpopedal spasm. A combina-
tion of explanation and reassurance with pharmacotherapy may 
be necessary. A selective serotonin re-uptake inhibitor or a tricyclic 
antidepressant such as imipramine may be effective in suppressing 
attacks. Generalized anxiety disorder manifests with persistent 
autonomic symptoms as well as somatic complaints such as 
abdominal discomfort and constriction of the chest, and accom-
panied by vague fears, irritability and poor concentration. Some-
times there is a more specifi c complaint such as tension headache 
(which must be distinguished from migraine). Generalized anxiety 
may occur with depression and often in clinical practice it is 
unnecessary to distinguish between the two; the designation 
‘common mental disorders’ has been found useful for this group 
of disorders.11 In all patients with a provisional diagnosis of 
anxiety or depression, a thorough physical examination is an 
important procedure, which can be reassuringly therapeutic. Anx-
iolytic drugs such as the benzodiazepines are only suitable for the 
relief of acute anxiety in the short term. Since many patients also 
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have depressive symptoms, an antidepressant may prove helpful. 
Symptomatic treatment will not remove the need for intervention 
at the social level and counselling, but can be an important com-
ponent of treatment.12 Although it is often stated that the tradi-
tional healer can be especially helpful it will often be found that 
the patient has already visited several, with little practical help 
having been obtained.

Reference has been made to the strong pressure to conform in 
traditional society. In the modern world, there is also strong pres-
sure from parents for their children to fulfi l frustrated parental 
ambitions and many children are ambitious to go far in their 
schooling. This led in Nigeria to the naming of a syndrome which 
still merits attention, if not the special name (brain fag syn-
drome).13 The symptoms (complained of more often by boys) 
may be attributed diagnostically to a mild anxiety/depressive dis-
order with marked somatization and they include diffi culty in 
concentrating or retaining what has been read and blurred vision. 
Relating mainly to problems of study, symptoms tend to increase 
as examination time approaches. Medical intervention is rarely 
necessary and much distress can be prevented if the school can 
appoint a trained counsellor, able to give guidance on good study 
habits and deal with the problems of adolescence and of boarding 
school life, as well as giving guidance to parents.

Dissociative (conversion) disorders

The term ‘hysteria’ is no longer used. It formerly had many mean-
ings attached to it, often with a pejorative connotation, especially 
when referring to personality (the designation is now ‘histrionic’) 
or to a constellation of physical complaints having no organic 
cause. The mechanism of dissociation implies a loss of conscious 
(and therefore voluntary) control over the integration of memo-
ries, current experiences and current behaviour, which results in 
psychological or apparent neurological dysfunction – the latter 
being designated ‘conversion’. It is assumed that psychological 
discomfort has been converted to physical symptoms, thus allow-
ing relief of distress and secondary gain.14 Of psychological symp-
toms, dissociative amnesia and fugue states are most often seen 
and of conversion disorders, aphonia and paralysis, e.g. of a limb 
or even a particular movement. More dramatic manifestations are 
rare. The mechanism of dissociation is sometimes encountered in 
states of (spirit) possession, which often serve a useful function 
in allowing expression of psychosocial problems in socially accept-
able ways; such states are not considered to be pathological.

Epidemic hysteria

One type of disorder which a doctor may be called upon to deal 
with can still conveniently be called ‘epidemic hysteria’. Reports 
are regularly made of tens or even scores of school children being 
infl icted with a disease causing bizarre symptoms and defying 
immediate diagnosis in terms of any infectious agent, although 
the rapidity of spread of the symptoms suggests an ‘epidemic’. 
Usually there is some cause of common distress or concern in the 
establishment, e.g. regarding the quality of food, or dislike for a 
particular staff member. A prominent fi gure (such as a head girl) 
may provide an example of easily imitated symptoms. Rapid iso-

lation of the affl icted and an understanding that perpetuation of 
the symptoms will result in leaving school quickly cure the 
epidemic.

Stress-related disorders

Natural and man-made disasters (including war and civil confl ict) 
are common causes of stress to large numbers of people, including 
refugees, and many individuals are also subject to overwhelming 
stress in their personal lives, for example because of a serious 
traffi c accident, involvement in a fi re or being assaulted. Post-
traumatic stress disorder is a reaction that can affect anyone, and 
not only the especially vulnerable. It often appears after a delay 
of some days or weeks and then persists with anxiety, insomnia 
and nightmares. Although there is diffi culty in remembering 
details of the traumatic event, patients are troubled by intrusive 
and unwanted memories of what happened and try to avoid 
reminders of the event. There are also complaints of irritability, 
poor concentration and in some cases a feeling of detachment and 
of an inability to feel emotion. Early treatment is likely to be most 
effective and should be aimed fi rst at reducing severe anxiety and 
restoring sleep by use of appropriate drugs over a short period 
while increasingly enabling individuals to recall their experiences 
and express their emotions in a supportive relationship. Planners 
need to pay attention to training of workers with the necessary 
counselling skills in disaster-prone areas. It is probable that the 
spread of HIV infection has drawn attention to gender-based vio-
lence and especially to sexual assault, including widespread child 
physical and sexual abuse. The health worker must be alert to the 
possibility of injuries having been infl icted in an abusive situation. 
Changes in a child’s behaviour may be reported including: social 
isolation, sleep disturbances (nightmares, irrational fears, bed 
wetting, fear of sleeping alone), reluctance or refusal to participate 
in physical activities or to change clothes for activities, drug, 
alcohol, or solvent abuse, display of sexual knowledge beyond the 
child’s years, unusual interest in the genitals of adults, children, 
or animals, lack of trust in adults or over-familiarity with adults, 
fear of a particular individual, sexual promiscuity. In areas with 
limited resources, new techniques of using ‘group cognitive behav-
iour therapy’ have recently been shown to be feasable.15
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Section 3 System-oriented Disease

Chapter 18 David H. Yorston and D. D. Murray McGavin

Ophthalmology in the Tropics 
and Subtropics

WORLD BLINDNESS

The World Health Organization (WHO) Programme for the Pre-
vention of Blindness and Deafness estimates that the number of 
people blind in the world is now around 37 million.1 The fi gure 
does not take into account the many millions who have only 
partial sight, an estimated further 124 million.1 Over 90% of blind 
people live in the developing world and at least 70% of blindness 
could be ‘avoided’, that is, either prevented or cured.

WHO categories of visual impairment

At one time there were over 70 different defi nitions of blindness 
among United Nations member states. The WHO has now defi ned 
fi ve categories of visual impairment (Table 18.1).

Blindness is defi ned as a best-corrected binocular visual acuity 
of less than 3/60 (less than counting fi ngers at 3 m) or where the 
central visual fi eld is less than 10° around fi xation in the better 
eye. Agreed defi nitions allow comparisons between countries and 
regions, and between the main causes of blindness affecting dif-
ferent populations, which is essential for planning effective eye 
care services.

Patterns of blindness

The prevalence of blindness around the world is infl uenced by a 
number of factors, including age, gender, ethnic origin, environ-
ment and socioeconomic factors.

Age

Life expectancy is increasing in developing countries, and with the 
increase in numbers of old people there is a corresponding increase 
of those who are blind. The WHO estimates that 82% of global 
blindness is found in people aged over 50, although in most 
countries less than 20% of the population belong to this age 
group.1 In all countries, increased longevity has resulted in more 
older people with chronic blinding diseases. There is, however, a 
contrast in the common causes of blindness between the devel-
oped and the developing world (Table 18.2).1

Gender

Blinding eye disease throughout the world shows some differences 
between males and females (Table 18.3).2 Some of the variation 
is due to differing access to eye services. Trachoma trichiasis is four 
to fi ve times more common among women compared with men, 
due to the recurrent cycle of reinfection affecting children and 
mothers (Figure 18.1).3 Onchocerciasis (river blindness), as a 
blinding disease, is more common in men, who are more exposed 
to the bites of the black biting fl y.

Angle closure glaucoma in Inuit women is found three to four 
times more often when compared with Inuit men. Conversely, 
open angle glaucoma among Africans may be more common in 
men than women.

Climatic keratopathy, due to exposure to direct or refl ected 
ultraviolet light, is more common among men than women. This 
relates to the exposure to sunlight of men working out of doors, 
and is common in desert areas.

Ethnic origin

Glaucoma, in its two primary forms, shows considerable variation 
among broad ethnic regions around the world.4 Primary angle 
closure glaucoma is more common among the Inuit and Chinese. 
In contrast, primary open angle glaucoma is more common in 
people of African origin, often presenting in younger patients as 
compared with Caucasian races.

Environmental factors

Many environmental factors affect the prevalence of blindness in 
communities. Trachoma is found in communities with poor san-
itation and inadequate water supplies.5 Acute dehydration, which 
may be due to acute diarrhoeal disease, is a risk factor for the later 
onset of cataract.6

A village situated close to a river with turbulent, frothy water is 
more likely to have blinding eye disease due to onchocerciasis. 
The Simulium fl y, which carries the microfi lariae of the worm 
Onchocerca volvulus, breeds at the margins of these rivers – hence 
the name river blindness.

Poor environmental sources of fruits and vegetables, or lack of 
basic health education where these vitamin A-rich foods may be 
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Figure 18.1 A blind eye due to trachoma in a 44-year-old woman. 
(Courtesy of John D. C. Anderson.)

Table 18.1 Categories of visual impairment*

Categories* VISUAL ACUITY† WITH BEST POSSIBLE CORRECTION
Maximum less than: Minimum equal to; or better than:

1 Visual impairment 6/18
20/70
3/10 (0.3)

6/60
20/200
1/10 (0.1)

2 Severe visual impairment 6/60
20/200
1/10 (0.1)

3/60 (fi nger counting at 3 m)
20/400
1/20 (0.05)

3 Blindness 3/60 (fi nger counting at 3 m)
20/400
1/20 (0.05)

1/60 (fi nger counting at 1 m)
5/300 (20/1200)
1/50 (0.02)

4 Blindness 1/60 (fi nger counting at 1 m)
5/300 (20/1200)
1/50 (0.02)

Light perception

5 Blindness No light perception

*If the extent of the visual fi eld is taken into account, patients with a visual fi eld radius no greater than 10° but greater than 5° around central fi xation should be 
placed in category 3. Patients with a fi eld no greater than 5° around central fi xation should be placed in category 4, even if the central acuity is not impaired.
†For the fi rst four categories of visual impairment, the different fi gures in each box of the visual acuity columns represent the same level of acuity expressed according 
to different notations. The fi rst line gives the notation used with the Snellen 6-metre scale (and, where applicable, the corresponding ability to count extended fi ngers 
at a set distance); the second line gives the equivalent notation used with the 20-foot scale; the third gives the decimal notation.
Adapted from the International Classifi cation of Diseases, ninth (1975) revision.

Table 18.2 Major causes of blindness

United Kingdom Tanzania
Children 
(0–15 years)

Genetic diseases Vitamin A 
defi ciency (measles)

Retrolental fi broplasia Congenital cataract

Congenital anomalies Ophthalmia neonatorum

Adults 
(45 years +)

Age-related macular 
degeneration

Cataract

Chronic glaucoma Chronic glaucoma

Diabetic retinopathy Corneal scar

Table 18.3 Blindness and gender

More common in women More common in men
Trachoma Onchocerciasis

Acute glaucoma Chronic glaucoma

Cataract Climatic keratopathy

Diabetic retinopathy

available, place children, particularly between the ages of 1 and 6 
years, at risk of xerophthalmia.

Socioeconomic factors

Prevalence rates of blindness in the developing countries of the 
world are higher when compared with those in the developed 
world. Estimates of the number of blind people in different 
regions of the world (see below) refl ect population densities as 
well as available eye care services.

In richer countries, better perinatal care allows infants to 
survive, but with occasional eye abnormalities such as genetic 
defects and retinopathy of prematurity. In countries where obstet-
ric and neonatal care is less advanced, premature babies do not 
survive.

Low literacy rates and poverty are linked to a greater risk of 
blindness.7

Common causes of worldwide blindness

We have briefl y discussed the defi nition of blindness and some 
signifi cant factors which infl uence blindness in the world. 
Table 18.4 gives estimates of world blindness from the WHO.1
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Examination of the Eyes

Eye care services

There is a huge disparity in the provision of eye care services 
between the developed and the developing world. In Europe 
and North America, there is one ophthalmologist for popula-
tions ranging from 20 000 up to 100 000. In sub-Saharan 
Africa, on average, there is one ophthalmologist for 1 million 
people.8

A universal feature of eye care services throughout the world 
is the ‘urbanization’ of ophthalmologists – drawn to major cities 
by the attractions of lifestyle and fi nancial reward. Even where 
there are adequate numbers of ophthalmologists, this skewed 
distribution means that rural areas consistently suffer from 
inadequate eye care facilities and expertise. Some of those who 
have specialized in ophthalmology do contribute generously, 
giving their time and resources to visit distant and impoverished 
communities.

If we consider that over 90% of the world’s blindness is in 
developing countries and that 70% of this blindness could be 
either prevented or cured, then the message of need and respon-
sibility is clear.

To meet the needs of the huge numbers of cataract blind 
patients in Africa, surgeons are being trained who may not be 
medically qualifi ed. Ophthalmic medical assistants (ophthalmic 
clinical offi cers) who have an interest and aptitude, possessing the 
hand and coordination skills required for eye surgery, make excel-
lent surgeons.8,9 Good hands and surgical skills are not confi ned 
only to those who are medically trained!

The most effective organization of eye care services, in develop-
ing countries, is a structure of primary healthcare workers, trained 
in the recognition of eye disease, who provide basic treatment and 
advice for patients and recognize those who should be referred to 
secondary eye care units. Secondary eye care facilities provide 
routine eye surgery, but have the option of referring patients to 
tertiary eye care centres, where more specialist services and tech-
nologies are concentrated.

At all levels of expertise and experience, ongoing training must 
be given high priority. Training materials such as textbooks, 
manuals, videos, CD ROMs, teaching slide sets and posters are 
widely available. These eye healthcare workers can in turn 

develop their own programmes to provide health education for 
the general public.

Eye camps

Where there are no established eye care facilities, eye services 
may be provided by eye camps (Figure 18.2). These ophthalmic 
outreach programmes may be described in two broad 
categories:
• Screening/diagnostic eye camps with referral to the base hos-

pital
• Traditional surgical eye camps.

Although eye camps can deliver services to populations who 
would otherwise have no access to eye services, the results of 
surgery are worse in eye camps than in static units.10,11 The provi-
sion of free surgery may undermine local attempts to achieve 
sustainable cost-recovery. It is now recommended that eye camps 
should be used primarily for screening/diagnosis rather than 
surgery.

EXAMINATION OF THE EYES

One of the advantages of ophthalmology is the opportunity to 
visualize eye abnormalities of both the anterior and posterior seg-
ments of the eye. With a focal light and magnifi cation, the anterior 
eye can be examined, and, with an ophthalmoscope, the vitreous, 
optic nerve, retina and blood vessels can be seen.

Basic equipment and diagnostic materials

For effective examination of the eyes, only a few basic items are 
required:
• Test chart, e.g. Snellen’s E chart
• Pin-hole disc to screen for refractive errors
• Hand torch (fl ashlight)
• Magnifying lens or loupe-uniocular or binocular
• Direct ophthalmoscope
• Lid speculum or retractor(s) (suitably shaped paper-clips may 

be used)

Figure 18.2 A screening/diagnostic eye camp in a school near Pune, 
India. (Courtesy of Murray McGavin.)

Table 18.4 Major causes of blindness worldwide: estimates 
in millions

Cause of blindness No. blind (millions) %
Cataract 17.5 47.8

Glaucoma 4.5 12.3

Age-related macular 
degeneration

3.2 8.7

Corneal opacity 1.9 5.1

Diabetic retinopathy 1.8 4.8

Childhood blindness 1.4 3.9

Trachoma 1.3 3.6

Onchocerciasis 0.3 0.8

Others 4.8 13.0

Total 36.7
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• Schiotz tonometer
• Eye drops: local anaesthetic drops, e.g. amethocaine 1%, ben-

oxinate 0.4%; short-acting mydriatics (to dilate the pupil), e.g. 
tropicamide 1%, cyclopentolate 1%; fl uorescein dye, e.g. 
minims (very small, disposable); paper strips. (Do not use 
fl uorescein eye drops from bottles as pathogenic organisms 
may contaminate these bottles.)

Other equipment and medicines for 
treatment of eye patients

A few basic requirements for the removal of conjunctival or corneal 
foreign bodies, corneal abrasions, eyelid and periorbital lacera-
tions, and infection of the eyelids, conjunctiva and cornea are as 
follows:
• Sterile hypodermic needles
• Fine suture material, needle-holding forceps, plain forceps
• Cotton-wool ‘buds’
• Eye pads, adhesive tape, bandages
• Scissors
• Antibiotic eye drops and ointments, e.g. tetracycline 1% eye 

ointment, chloramphenicol 0.5% eye drops; vitamin A cap-
sules (200 000 IU).

Clinical examination of the eyes

This chapter on eye diseases in the tropics and subtropics cannot 
describe the methods of examination in detail, which are best 
taught by demonstration. However, a systematic approach to 
examination should always be followed.

1. History of the complaint

Symptoms should be elicited and described. What is the nature of 
the complaint? How long has the condition been present? Is 
vision affected? Is there pain, irritation, itching or discharge? What 
is the nature of the discomfort? Is the condition improving or 
worsening? Is there a family history of a similar complaint?

2. Measurement of visual acuity

Visual acuity should be assessed both for distance and near. Dis-
tance visual acuity should be recorded for each eye separately at 
a distance of 6 m (Figure 18.3). If spectacles are worn, visual acuity 
should be recorded with the spectacles. If vision is reduced and 
there is no clear evidence of any eye disease, the pin-hole disc 
should be used. An improvement in vision in one or both eyes 
using the pin-hole indicates a likely refractive error – spectacles 
should improve vision.

3. Observe the general health of the patient

Note any obvious signs of systemic disease, e.g. malnutrition, 
Hansen’s disease, rheumatoid arthritis.

4. Examine the periorbital region of each eye

Is there swelling or infl ammation – for example in the region of 
the lacrimal sac? Are the eyelids in the normal position, or are 
they everted (ectropion) or inverted (entropion)?

5. Examine both eyes together

Is there any squint (strabismus)? Is there evidence of proptosis of 
either eye?

6. Examine the anterior segment

Use a torch and a magnifi er to examine the anterior segment 
systematically – the conjunctiva (bulbar and tarsal), cornea, ante-
rior chamber, iris and pupil. Evert the upper lid to examine the 
tarsal conjunctiva.

7. Examine the posterior segment

Using the ophthalmoscope, examine the vitreous and the retina, 
optic nerve and retinal blood vessels.

8. Examine the intraocular pressure

A very crude estimate of the intraocular pressure can be obtained by 
gently palpating the eyeball through the upper eyelid, using the two 
index fi ngers, with alternating compression. This will indicate only 
a very hard eye with increased intraocular pressure, or a very soft 
eye. Much more accurate readings may be obtained using a tonom-
eter. Extreme care should be observed in manipulation should 
there be an eye injury, particularly if perforation is a possibility.

These simple procedures can be carried out very quickly by a 
primary healthcare worker trained to examine the eyes.

VISION 2020: THE RIGHT TO SIGHT

The Global Initiative for the Prevention of Blindness – VISION 
2020: The Right to Sight – was offi cially endorsed by Gro Harlem 
Brundtland MD MPH, Director-General, WHO, on 18 February 
1999.12

Recognizing that 100 million people will needlessly go blind 
by the year 2020 without joint global action, VISION 2020’s 
mission is ‘to eliminate the main causes of blindness in order to 
give all people of the world, particularly the millions of needlessly 
blind, the right to sight’.

This global partnership involves the WHO and the Task Force 
of the International Agency for the Prevention of Blindness and 

Figure 18.3 Testing the distance visual acuity of Afghan refugee 
children in Pakistan. (Courtesy of Murray McGavin.)
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incorporates the leading international non-governmental devel-
opment organizations.

VISION 2020 focuses on three areas requiring action:
• Disease control
• Human resource development
• Infrastructure development and appropriate technology.

Disease control

The priorities are those conditions which are easily treatable or 
preventable, and are major causes of blindness and visual impair-
ment. They include:
• Cataract
• Trachoma
• Childhood blindness
• Onchocerciasis
• Refractive errors and low vision.

Human resource development

More ophthalmologists will be trained, to achieve the following 
targets by 2020: in Africa, one ophthalmologist for 250 000 people; 
in Asia, from one ophthalmologist for 200 000 today to one per 
50 000. Of equal importance is the training of ophthalmic medical 
assistants and ophthalmic nurses, to reach a ratio of one per 
100 000 in Africa and one per 50 000 in Asia by 2020. Basic eye 
care must be taught in all medical schools worldwide by 2020. 
Other specialist personnel requiring training include refraction-
ists, managers and equipment technicians.

Infrastructure and appropriate technology

Standard lists of equipment and consumable materials that are 
affordable and effective have reduced the cost of eye care and 
increased access.13 Local production of instruments and consum-
ables for ophthalmic surgery and basic eye examination, spectacles 
and other optical devices, and eye drops has been encouraged. The 
price of a standard rigid intraocular lens has dropped from approx 
US$200 in 1990 to about US$2 today.

BLINDING DISEASES IN ADULTS

Cataract

Cataract is found worldwide and is the most common cause of 
blindness (Figure 18.4). About 17.5 million people are blind due 
to cataract. Many millions more have visual impairment due to 
cataract. Most of the backlog of blind people requiring surgery is 
in Asia (70%), followed by Africa (20%).

The number of cataract blind people is increasing worldwide 
because of:
• Population growth
• Increasing longevity.

The world population over 60 years old will double during the 
next 20 years to around 800 million by 2020, with a correspond-
ing increase in patients who are blind because of cataract.

The only treatment for cataract is surgical removal of the lens 
of the eye, usually with insertion of an intraocular lens implant.

Aetiology

Nutrition

A number of nutrients have been cited as playing a role in the 
development of cataract, based on animal and in vitro studies. 
These include: ribofl avin, total protein, amino acids (especially 
tryptophan), vitamin C, vitamin E, selenium, calcium and zinc. 
The question of whether malnutrition predisposes to the develop-
ment of cataract is diffi cult to elucidate. Researchers in Punjab 
associated a higher prevalence of cataract with inadequate diet of 
proteins, including beans, lentils, milk, eggs and curd. In this 
study, short height and low weight were also linked with a greater 
risk of cataract.14

The converse of this and other studies is the question of whether 
the regular taking of multivitamins provides protection against the 
development of cataract. A recent randomized trial in the USA 
found that vitamin supplements did not prevent progression of 
lens opacities.15

Diarrhoea/dehydrational crises

There is some evidence that episodes of acute dehydration, such 
as severe diarrhoea or heatstroke, increase the risk of cataract, at 
least in some localities. One of the authors was advised by a 
former professor of ophthalmology in Calcutta, India, that he 
recalled the ‘acute’ onset of cataract during epidemics of cholera. 
A history of severe diarrhoeal disease, suffi cient to confi ne a 
patient to bed or mattress for 3 days, greatly increases the risk of 
the onset of cataract.6 However, not all studies implicate acute 
dehydration so dramatically.16

Sunlight

There is some evidence for an association between exposure 
to sunlight and the development of cortical lens opacities. It is 

Figure 18.4 Bilateral cataract in a Somali woman. (Courtesy of 
Murray McGavin.)

Blinding Diseases in Adults
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very diffi cult to estimate lifetime exposure to ultraviolet light, 
which limits the reliability of these studies. A cross-sectional 
survey of 838 watermen in Chesapeake Bay area of the USA 
reported that lifetime sunlight exposure was associated with cor-
tical but not nuclear cataracts. Only ultraviolet B light (295–
320 nm) was associated with a weak increased risk of cortical 
cataract formation.

A further 168 patients who required surgery for posterior sub-
capsular cataracts during 12 months in Maryland were compared 
with controls without posterior subcapsular cataracts selected 
from the same area and matched for age, sex and referral patterns. 
An association which was statistically signifi cant was found 
between ultraviolet B and posterior subcapsular cataracts.

Smoking

A number of reports indicate an association between smoking and 
increased risk of nuclear cataracts and possibly posterior subcap-
sular cataracts.17,18 It is possible that smokers can reduce the risk 
by stopping the habit.

Diabetes

Diabetes is known to increase the risk of cataract. Conversely, tight 
blood sugar control reduces the risk of cataract surgery.19

Genetics

Twin studies have suggested that genetic factors are important in 
cataract formation.20

Primary prevention

It is diffi cult or impossible to modify most of the risk factors 
associated with cataract, apart from smoking. At present it is 
unlikely that the incidence of cataract can be signifi cantly reduced 
by public health measures.

Surgery

Barriers to cataract surgery

It has been shown that many patients remain cataract blind even 
if cataract surgery is available.21 There is increasing recognition that 
a number of factors provide barriers to effective cataract surgery. 
These include:
• Cost of surgery22

• Distance to the hospital
• Cultural and social barriers
• Knowledge of services
• Trust in the outcome of surgery
• Lack of eye surgeons, particularly in Africa.

These issues must be addressed to achieve effective cataract 
surgical services.23

Cataract surgical rate

In order to eliminate cataract blindness it is necessary to 
operate on at least the total number of eyes that become blind 
or visually impaired every year. The cataract surgical rate (CSR) 
is the number of cataract operations performed per year, per 

million population. In the industrialized countries of the world, 
the CSR is usually between 4000 and 6000. India has signifi cantly 
increased its CSR in the last 10 years, from less than 1500 to over 
4000 today. However, in most of Africa, the CSR remains below 
1000.

Cataract surgical coverage

Cataract surgical coverage (CSC) provides important information 
on the impact of cataract intervention programmes. CSC may be 
measured for both ‘persons’ and/or ‘eyes’. CSC indicates the extent 
to which services have covered the needs in communities/popula-
tions. It is estimated by taking a random sample of the population, 
and identifying all those who either have visually signifi cant cata-
ract, or have had cataract surgery. For example, CSC (eyes) can be 
calculated by the following equation:

Cataract surgical coverage = No. of operated eyes/
(No. of operated eyes + Eyes with operable cataract)

The CSC (eyes) and the CSC (persons) are given as a percent-
age, where the percentage fi nding for eyes will be lower than that 
found for persons. By examining postoperative eyes, visual 
outcome and causes of poor outcome can also be determined.10,24

Surgical technique

Currently, the most popular method for cataract operation in the 
developing world is extracapsular cataract extraction with an intra-
ocular lens implant (ECCE + IOL) (Figure 18.5).

Extracapsular cataract extraction (ECCE) leaves the posterior 
capsule of the lens intact, removing the nucleus and cortex of the 
lens. A posterior chamber intraocular lens (IOL) implant is then 
placed within the capsular bag. Optically, this is the best method, 
and restores normal vision with little distortion or magnifi cation. 

Figure 18.5 Extracapsular cataract surgery using a portable 
microscope in a refugee camp. (Courtesy of David Yorston.)
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Better optical correction leads to better surgical outcomes, which 
permit earlier intervention.10,24,25

In recent years, the unit cost of high-quality IOLs has fallen to 
less than US$5. The disadvantages of ECCE + IOL include the 
need for an operating microscope, and the retention of the poste-
rior capsule, which may opacify, causing loss of vision years after 
the cataract surgery.

Small-incision ECCE + IOL involves removal of the cataract 
through a self-sealing tunnel incision at the limbus. No sutures 
are required, and the procedure causes less astigmatism than a 
standard ECCE + IOL.26,27 The surgery is very cost-effective.28

In developed countries, and in some middle-income countries, 
phacoemulsifi cation is the technique of choice. Ultrasound energy 
is used to fragment and emulsify the cataract so that it can be 
removed through a 3 mm incision. A foldable IOL is then inserted. 
This technique is superior to ECCE, but much more costly and 
dependent on complex and fragile technology.29

Postoperative care

Community-based studies show that visual outcomes are fre-
quently poor.10,30,31 Outcomes may be improved by monitoring the 
results of surgery.9,32 Postoperative refraction and provision of 
glasses will reduce poor outcomes due to uncorrected refractive 
error.

The Glaucomas

Glaucoma is not a single disease entity and, therefore, the group 
of conditions with different mechanisms involved is best described 
as ‘the glaucomas’. The abnormal mechanisms involved may be 
the result of raised intraocular pressure which leads to optic nerve 
atrophy and corresponding visual fi eld defects.

Glaucoma presents in two primary forms:
• Primary open angle glaucoma
• Primary angle closure glaucoma.

A congenital form of glaucoma may also occur 
(buphthalmos).

There are a number of secondary forms of glaucoma. Examples 
are:
• Glaucoma due to iridocyclitis
• Glaucoma following trauma
• Lens-induced glaucoma
• Neovascular glaucoma
• Steroid-induced glaucoma
• Epidemic dropsy.

Epidemiology of the primary glaucomas

Glaucoma is found throughout the world. It is a blinding disease, 
with 4.5 million blind worldwide. By 2010 there will be 44.7 
million with open angle glaucoma and 15.7 million with angle 
closure glaucoma.4

Open angle glaucoma has a higher prevalence among 
people of African origin, in whom it occurs at a younger age, 
with a correspondingly serious prognosis if treatment is unavail-
able. The prevalence of open angle glaucoma among black 
Americans is 8–10 times higher than their white American com-
patriots.

Very late diagnosis of open angle glaucoma is the norm in most 
of the developing countries of the world. In one country in Central 
Asia, nearly 50% of patients diagnosed with glaucoma during one 
calendar year, were already completely blind in one eye, with 
vision at no light perception or only slightly better, and in the 
second eye the vision was commonly reduced to counting 
fi ngers.

Angle closure glaucoma is most prevalent in Asia, e.g. China, 
Myanmar and Singapore. It is also common among the Inuit.

It should be noted, however, that these separately described 
primary forms of glaucoma may occur among all races and there 
may be great variety in presentation.

Anatomy and physiology of aqueous fl uid circulation

Aqueous fl uid is produced by the ciliary body. It circulates around 
the lens and passes through the pupil, with most of the fl uid 
draining through the trabecular meshwork at the angle of the 
anterior chamber. Any form of obstruction, whether due to the 
root of the iris, blood, infl ammatory cells, pigment, etc., can 
reduce the drainage of aqueous from the eye, leading to raised 
intraocular pressure.

Open angle glaucoma

Known risk factors for open angle glaucoma include increasing 
age, ethnicity (see above), myopia, family history, evidence of 
vascular spasm elsewhere (e.g. Raynaud’s syndrome, migraine) 
and possibly diabetes and hypertension (in older age).

The onset of open angle glaucoma is asymptomatic, and many 
patients are undiagnosed. The anterior segments appear normal. 
The anterior chamber is deep, and the angles are open. The 
intraocular pressure may be raised, but in many patients the 
pressure is normal. Equally, raised intraocular pressure alone 
does not mean that the patient has glaucoma. Glaucoma with 
visual fi eld loss may be associated with normal pressure (normal 
tension glaucoma); and moderately raised pressures can occur 
in eyes that do not have fi eld loss (ocular hypertension). Visual 
acuity is only affected very late in the disease when most of 
the visual fi eld has been lost. Primary open angle glaucoma 
(POAG) is typically a bilateral condition, although it is often 
asymmetrical.

Examination of the optic nerve head is essential in the diagno-
sis of glaucoma. An abnormally cupped optic nerve head is highly 
suggestive of open angle glaucoma (Figure 18.6). Borderline 
cupping of the optic disc, when the cup : disc ratio may be between 
0.5 and 0.7, requires further investigation, with examination of 
central visual fi elds. The fi nding of typical ‘glaucomatous’ visual 
fi eld defects will often confi rm the diagnosis. In the developing 
world the diagnosis is usually obvious as patients present late with 
advanced disease.

Management

The treatment of open angle glaucoma is to lower the intraocular 
pressure,33 either by medication or by surgery. In developing coun-
tries, the approach should generally be surgical. Patients may use 
the antiglaucoma eye drops irregularly and may not replace them 
when fi nished. Eye drops must be instilled for the lifetime of the 
patient, and are costly.
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If medical therapy is given, the following eye drops may be 
used:
• Beta-blocker, e.g. timolol 0.25% or 0.5%, (alternatives: levobu-

nolol, carteolol or metipranolol)
• Prostaglandin analogue, e.g. latanoprost, travoprost or 

bimatoprost
• Topical carbonic anhydrase inhibitor, e.g. dorzolamide or 

brinzolamide
• Alpha-agonist, e.g. brimonidine.

Other topical medications such as pilocarpine or epinephrine 
may be used, but have more side-effects.

Topical treatment with eye drops may be supplemented with 
oral acetazolamide 250 mg, two to four times daily. However, 
acetazolamide should only be used as a short-term measure; if 
required for a longer period of time, the patient should also be 
given a potassium supplement. Side-effects of acetazolamide 
include paraesthesiae, gastrointestinal disturbance and kidney 
stones.

The most effective operation for open angle glaucoma is trab-
eculectomy. This procedure allows the aqueous fl uid to drain into 
the subconjunctival space. African patients may have an infl am-
matory postoperative response with consequent scarring and 
blockage of the fi ltering site. This can be dealt with by using anti-
metabolites (e.g. mitomycin C or 5-fl uorouracil) at the time of 
surgery. Beta-irradiation improves the effectiveness of trabeculec-
tomy in African eyes, but increases the risk of cataract.34

Angle closure glaucoma

Angle closure glaucoma occurs following occlusion of the angle 
by the iris in eyes with a shallow anterior chamber. It may be acute 
or chronic. Acute angle closure glaucoma is an ophthalmic emer-
gency – delay will result in permanent loss of vision. Furthermore, 
without treatment, the second eye has a greater than 50% chance 
of developing angle closure glaucoma within 5 years.

Clinical presentation

In acute glaucoma the patient is distressed with severe pain and 
headache. Visual acuity is usually considerably reduced. The 

affected eye is red. The cornea is hazy due to oedema. The anterior 
chamber is shallow or fl at, with the iris apposed to the peripheral 
cornea. The pupil is semi-dilated and unresponsive to light. The 
intraocular pressure is likely to be very high, over 40 mmHg. 
Using two index fi ngers and gently palpating the affected eye 
through the upper eyelid, will demonstrate the eye is hard com-
pared to the other eye.

The other eye appears normal. Close examination is likely to 
reveal a shallow anterior chamber, which can be detected by 
shining a light from the side of the eye across the anterior 
segment.

Chronic angle closure presents in the same way as open angle 
glaucoma. It is asymptomatic and painless. Visual acuity is lost 
only after the optic nerve has been severely damaged. Chronic 
angle closure is the most common presentation in Asia.35

Predisposing factors for angle closure glaucoma include ‘crowd-
ing’ of the anterior segment of the eye – a smaller corneal diam-
eter, an enlarged lens and a shorter axial length of the eye.

Risk factors for angle closure glaucoma are increasing age, 
gender (women are affected more often), ethnic origin (see 
earlier), refractive error (hypermetropia) and side-effects of drugs 
(e.g. mydriatics).

Management

In acute angle closure, treatment must be immediate. Acetazol-
amide 250 mg, four times daily, should be taken orally if possible. 
If the patient is vomiting, the drug may be given by slow intrave-
nous infusion. This systemic treatment is supplemented with 
gutt. timolol 0.5% and gutt. apraclonidine. Pilocarpine should 
be given when the intraocular pressure has started to come 
down.

The defi nitive treatment for angle closure is iridectomy, which 
can be performed with a laser or surgically. This procedure creates 
another opening through which aqueous fl uid can pass and 
deepens the anterior chamber of the eye. The second eye should 
have surgery as a prophylactic measure, as it is at high risk of 
developing angle closure.

Chronic angle closure glaucoma is usually treated in the same 
way as open angle glaucoma, by trabeculectomy or topical medi-
cation. If iridectomy is performed early, before the intraocular 
pressure rises, it may reduce the risk of developing chronic angle 
closure.

Central visual fi elds and medical treatment of glaucoma

If medical therapy is used, the central visual fi elds should be 
recorded at regular intervals, often every 6–12 months. Regular 
attendance at the glaucoma clinic must continue for the patient’s 
lifetime.

Secondary glaucomas

Glaucoma may occur as a consequence of other eye diseases. These 
include the following.

Iridocyclitis

Iridocyclitis can be a complication of a number of systemic disor-
ders, including leprosy, tuberculosis, syphilis, onchocerciasis and 

Figure 18.6 Cupping of the optic nerve head. (Courtesy of Gordon 
Johnson.)
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many others, but in most cases no underlying systemic condition 
is identifi ed. Infl ammation of the iris allows cells and protein to 
enter the aqueous. Using a focal light and magnifi cation, a ‘fl are’ 
may be seen in the anterior chamber – like a shaft of sunlight 
streaming into a room full of dust. The presence of cells and 
protein in the aqueous may lead to increased intraocular pressure. 
Because the iris is infl amed, adhesions may form between the 
pupil margin and the anterior lens surface (posterior synechiae) 
and/or in the angle of the anterior chamber (peripheral anterior 
synechiae). The pupil will dilate irregularly if posterior synechiae 
are present. Occasionally, the adhesions may involve the entire 
pupil margin. The iris bows forward as aqueous fl uid cannot pass 
through the pupil, leading to closure of the drainage angle and 
acute glaucoma. This may be prevented by dilating the pupil. If 
the pupil is already completely adherent, a peripheral iridectomy 
will allow aqueous to enter the anterior chamber, and reopen the 
angle.

Haemorrhage into the anterior chamber (hyphaema)

Erythrocytes may block the trabecular meshwork, leading to a 
raised intraocular pressure. If the haemorrhage has been the result 
of a severe blunt injury, with damage to the angle of the anterior 
chamber, later healing with fi brosis may cause a severe type of 
secondary raised intraocular pressure (post-traumatic angle reces-
sion). If the hyphaema fi lls the anterior chamber, it should be 
removed.

Lens-induced glaucoma

In phacomorphic glaucoma, a mature cataract becomes swollen 
(intumescent) which pushes the iris forward and closes the angle 
(Figure 18.7). In phacolytic glaucoma, lens proteins may leak 
through the capsule of a hypermature lens. Macrophages, attempt-
ing to remove this abnormal material, and the lens matter itself, 
block the trabecular meshwork. Urgent cataract surgery is required 
to control the intraocular pressure in both cases.

Neovascular glaucoma (rubeotic glaucoma)

Severe ischaemia of the retina, most often due to central retinal 
vein occlusion or diabetic retinopathy, leads to the formation of 
new vessels. If these new vessels grow in the angle of the anterior 
chamber, they lead to peripheral anterior synechiae, and complete 
closure of the angle. Early and aggressive pan-retinal laser treat-
ment may reverse the neovascularization, but treatment of estab-
lished rubeotic glaucoma is very diffi cult.

Corticosteroid-induced glaucoma

The use of topical corticosteroids can result in a rise of intraocular 
pressure in some patients. Usually, the raised intraocular pressure 
falls when the steroids are stopped.

Epidemic dropsy

This acute toxic disease is caused by the ingestion of Argemone 
mexicana oil, an adulterant of cooking oils. It has been reported 
in India, Mauritius, Fiji, Bangladesh and southern Africa. Rash, 
oedema of the lower limbs, and gastrointestinal and cardiovascu-
lar disturbances may be accompanied by a secondary form of 
glaucoma and retinal vascular abnormalities.

Congenital glaucoma (buphthalmos)

Congenital glaucoma is rare but occurs throughout the world. The 
trabecular meshwork does not develop normally, leading to a 
reduction in aqueous fl uid outfl ow. The intraocular pressure rises 
and in these small children, who have an elastic sclera, the eyeball 
enlarges. The optic disc may be cupped. Other clinical features 
include photosensitivity and corneal oedema.

If the condition is unilateral, the diagnosis is easy. However, 
bilateral buphthalmos may not be so immediately obvious. Man-
agement is surgical. Because of the rarity of the condition, children 
should be treated by a surgeon with specialist training in paediat-
ric ophthalmology.

Trachoma

Trachoma is one of the major blinding diseases of the world. It is 
the most common infectious cause of blindness. Active trachoma 
is believed to affect over 100 million people. About 3.6 million 
are blind or at risk of blindness as a consequence of trachoma.1 
This eye disease is a serious public health problem in many parts 
of Africa, the Middle East and Asia. However, the prevalence is 
declining in many communities.36

Trachoma is a recurrent, chronic eye infection. The infecting 
organism is Chlamydia trachomatis – one of a group of organisms 
which share characteristics of both viruses and bacteria. Like bac-
teria, they contain both RNA and DNA, and are sensitive to some 
antibiotics. Like viruses, they are obligate intracellular parasites. 
Serotypes A, B, Ba and C cause the eye infection. Serotypes D–K 
mainly cause urogenital infection, which can also involve the 
eyes.

Eye infection begins in early childhood. Recurrent episodes of 
infl ammation, together with secondary bacterial infection, may 

Figure 18.7 Secondary glaucoma caused by an intumescent 
cataract. A Schiotz tonometer is shown on the right. (Courtesy of John 
D. C. Anderson and David’s Studio.)
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lead to scarring of the tarsal conjunctiva. Typically, the upper 
eyelid turns inwards (entropion), and distortion of the eyelashes 
occurs. These rub on the eyeball (trichiasis), leading to distur-
bance of the corneal surface, infl ammation, corneal scarring and 
blindness.

Risk factors

Communities with a high prevalence of trachoma typically 
have a dry and dusty environment, a poor water supply, inade-
quate sanitation, overcrowding in the homes, and a large fl y 
population.

Flies carry the organism37 from child to child (Figure 18.8). 
They are attracted by discharging eyes and noses. Dirty, 
unwashed faces create an environment which predisposes to 
trachoma.

Exposed faeces will also attract fl ies. Well-designed ventilated 
pit latrines, which are properly used, will reduce the prevalence of 
trachoma within a community.38

An inadequate water supply is another risk factor for 
trachoma. There is a correlation between the distance travelled 
to collect water and the prevalence of trachoma within a com-
munity (Figure 18.9).

Poor education, especially of mothers, is yet another risk factor 
for trachoma. Health education emphasizing facial cleanliness 
reduces the transmission of trachoma.39

One can summarize the risk factors for trachoma by the six 
Ds:
• Dry
• Dusty
• Dirty
• Dung
• Discharge
• Density (overcrowding in the home).

The modes of transmission are summarized by the three Fs:
• Flies
• Fingers
• Fomites (contaminated material or objects such as clothing or 

towels).

Clinical examination

The eye should be examined with at least ×2.5 magnifi cation and 
a good light.
1. Look for evidence of any discharge, and to see if any eyelashes 

are touching the cornea.
2. It should be noted if any eyelashes have been removed 

(epilation).
3. The cornea is examined for evidence of infl ammation and/or 

corneal opacity.
4. Evert the upper lid by asking the patient to look down, but 

keep the eyes open. The eyelashes are gently grasped between 
fi nger and thumb, while the other hand places a glass rod or 
similar object on the skin at the upper border of the upper lid 
tarsal plate. The eyelid is rotated against the slim rod and 
everts, revealing the upper tarsal conjunctiva.

5. The tarsal conjunctiva is examined for evidence of follicles, 
intense infl ammation or conjunctival scarring.

Simple grading system

A simplifi ed grading classifi cation for trachoma looks for fi ve 
selected signs (Figures 18.10–18.15):40

• Trachomatous infl ammation – follicular (TF): the presence 
of fi ve or more follicles in the upper tarsal conjunctiva. Follicles 
are accumulations of lymphoid cells. They look like small 
lumps, yellowish or white and paler than the rest of the con-
junctiva. They should be at least 0.5 mm in diameter and situ-
ated on the fl at surface of the tarsal conjunctiva.

• Trachomatous infl ammation – intense (TI): pronounced 
infl ammatory thickening of the upper tarsal conjunctiva that 
obscures more than half of the deep tarsal vessels. In severe 
infl ammation, the tarsal conjunctiva will appear red, rough and 
thickened. There is diffuse infl ammatory infi ltration, oedema 
and vascular papillary hypertrophy. This is the most infective 
stage of trachoma.

• Trachomatous scarring (TS): the presence of scarring in the 
tarsal conjunctiva. White lines in the tarsal conjunctiva show 
early signs of the scarring stage of trachoma. The scarring may 
also appear as bands or sheets.

Figure 18.8 An eye-seeking fl y which carries the organism 
Chlamydia trachomatis. (Courtesy of John D. C. Anderson.)

Figure 18.9 Collecting water – at a distance. (Courtesy of Erika 
Sutter.)
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Figure 18.10 Normal upper eyelid. The area to be examined for 
infl ammatory changes is outlined. (Courtesy of the Journal of 
Community Eye Health, International Centre for Eye Health, London.)

Figure 18.11 Trachomatous infl ammation – follicular (TF): the 
presence of fi ve or more follicles (each of which must be >0.5 mm 
diameter) on the fl at surface of the upper tarsal conjunctiva. (Courtesy 
of John D. C. Anderson and the Journal of Community Eye Health, 
International Centre for Eye Health, London.)

Figure 18.12 Trachomatous infl ammation – intense (TI): marked 
infl ammatory thickening of the upper tarsal conjunctiva; this obscures 
more than half the normal deep tarsal vessels. (Courtesy of Allen 
Foster and the Journal of Community Eye Health, International Centre 
for Eye Health, London.)

Figure 18.13 Trachomatous scarring (TS): involving the tarsal 
conjunctiva. (Courtesy of Hugh Taylor and the Journal of Community 
Eye Health, International Centre for Eye Health, London.)

• Trachomatous trichiasis (TT): at least one eyelash rubbing on 
the eyeball. Evidence of removal of eyelashes (epilation) should 
also be included in this category.

• Corneal opacity (CO): visible corneal opacity obscuring at 
least part of the pupil. This leads to visual impairment.

Trachoma control and the SAFE strategy

A new strategy, with the acronym SAFE, provides an appropriate 
and focused approach in control measures which involve tertiary 
prevention (surgery), secondary prevention (antibiotic treatment) 
and primary prevention (facial hygiene and environmental 
change).41 These three elements are contained within the SAFE 
strategy:
• Surgery to prevent blindness in those who have trichiasis/

entropion

• Antibiotics (tetracycline eye ointment or azithromycin orally)
• Facial hygiene
• Environmental change.

Management

Medical treatment

Both tetracyclines and macrolides are effective against trachoma 
in its acute stages (TF and TI).42 Topical tetracycline 1% ointment 
may be given twice daily for 6 weeks. In practice, compliance with 
this regimen is poor. A single dose of oral azithromycin is as effec-
tive as treatment with topical tetracycline,43 and more convenient. 
Mass treatment of endemic communities may interrupt the trans-
mission of infection, but at present it is not known how frequently 
treatment must be repeated, nor which populations require mass 
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Figure 18.14 Trachomatous trichiasis (TT): evidence of one or more 
eyelashes rubbing on the eyeball. If one or a number of eyelashes 
have recently been removed, this should be graded trachomatous 
trichiasis. (Courtesy of John D. C. Anderson and the Journal of 
Community Eye Health, International Centre for Eye Health, London.)

Figure 18.15 Corneal opacity (CO): corneal scarring due to 
trachoma where the scarring is central and suffi ciently dense to 
obscure part of the pupil. (Courtesy of John D. C. Anderson and the 
Journal of Community Eye Health, International Centre for Eye Health, 
London.)

treatment. In some countries, azithromycin has been donated for 
use in trachoma control programmes.

Trichiasis and epilation

When an eyelash touches the cornea, causing extreme irritation, 
many patients remove it using forceps. Unfortunately, eyelashes 
will grow again in 4–6 weeks; however, epilation does provide 
temporary symptomatic relief.

Surgery for trachomatous entropion

Surgery to evert the lid margin and rotate the lashes away from 
the cornea may provide a permanent cure for trichiasis, and reduce 
the risk of visual loss. Several procedures have been described,44 
but there is a signifi cant risk of recurrence following any opera-
tion. Uptake of trichiasis surgery is poor, and most patients never 
have an operation. Access to surgery may be improved by using 
ophthalmic assistants to perform the surgery in the patient’s own 
village.

Surgery after corneal opacity

The outcome of corneal transplantation is usually poor, as there 
is an associate ocular surface disorder, with an unstable tear fi lm, 
and possible corneal epithelial stem cell defi ciency.

Prevention

Systemic treatment with azithromycin, if delivered to an entire 
community, may eliminate transmission of trachoma; however, 
reinfection is likely. Without additional preventive measures, anti-
biotic treatment will not have a permanent effect.

Communities must be educated in the prevention of trachoma. 
The following advice should be given:
• Secure a suitable water supply.
• Keep children’s faces clean.
• Build and use well-designed ventilated pit latrines.

• Rubbish lying in the open should be burned or buried.
• Animals, especially cattle, should be housed some distance 

from the family home.
In many countries of the world, blinding trachoma has been 

eradicated due to improved environmental and socioeconomic 
conditions.36 However, foci of severe disease remain, particularly 
in the most marginalized and disadvantaged groups. Trachoma 
will only be eradicated when we improve the quality of life of 
these communities.

Age-related macular degeneration

Age-related macular degeneration (AMD) is the most common 
cause of blindness in the industrialized world (Figure 18.16), 
where it accounts for about 50% of blindness. It is rare in people 
under 70 years old. As more people survive into old age, AMD 
prevalence is increasing.

Figure 18.16 Age-related macular degeneration. (Courtesy of David 
Yorston.)
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Aetiology

There is a strong association between a single nucleotide polymor-
phism in complement factor H and AMD, possibly accounting for 
up to 50% of cases.45 Smoking is another important risk factor 
that may be responsible for one-third of AMD.

Clinical appearance and treatment

AMD is a degenerative disorder of the central retina. The initial 
symptoms include distortion and loss of reading vision. In the 
early stages there are changes in the retinal pigment epithelium. 
This may lead to a slowly progressive atrophy of the photorecep-
tors (atrophic or dry AMD), or to choroidal neovascularization, 
leading to subretinal haemorrhage and scarring (CNV or exudative 
AMD). Choroidal neovascularization can be treated with intra-
ocular injections of anti-VEGF drugs. These inhibit the formation 
of new blood vessels, and are effective, but must be given every 
month. They are also very expensive. Without treatment, central 
vision is lost. However, peripheral navigational vision remains 
intact.

Prevention

The most important measure is to stop smoking. Dietary supple-
ments with high doses of antioxidant vitamins and zinc reduce 
the risk of progression in patients with early AMD in both eyes, 
or advanced AMD in one eye.46

Diabetes mellitus

The number of adults with diabetes is projected to rise from 135 
million in 1995 to 300 million in 2025. Most of this increase will 
occur in developing countries. Certain ethnic groups have a very 
high prevalence of diabetes. In the USA, the prevalence of diabetes 
is highest among native Americans, followed by African-Ameri-
cans and Hispanics.

Earlier estimates by the WHO indicate that about 1.8 million 
people are blind due to diabetic retinopathy, and it is still the 
leading cause of blindness in people under 65 in rich countries.

Diabetic retinopathy

Twenty years after the onset of diabetes, nearly all patients 
with type I diabetes (insulin-dependent) and more than 60% of 
those with type II diabetes (non-insulin-dependent) will have 
retinopathy.

Retinal changes which cause visual loss are:
• Oedema or ischaemia of the macula
• Proliferative diabetic retinopathy, leading to vitreous haemor-

rhage, traction retinal detachment or rubeotic glaucoma.
Diabetic retinopathy was classifi ed by the Early Treatment of 

Diabetic Retinopathy Study (ETDRS). The detailed classifi cation 
uses standard photographs, but this is beyond the scope of this 
chapter. However, a brief description of the classifi cation is given 
below.

Non-proliferative retinopathy

1. Mild non-proliferative retinopathy: at least one microaneu-
rysm and also dot, blot or fl ame-shaped haemorrhages in all 
four fundus quadrants.

2. Moderate non-proliferative retinopathy: intraretinal microan-
eurysms and dot and blot haemorrhages in one to three quad-
rants. Cotton-wool spots and venous calibre changes, including 
venous beading, may be seen.

3. Severe non-proliferative retinopathy: at least one of the follow-
ing should be present:
•  Haemorrhages and microaneurysms in all four quadrants 

of the fundus
•  Venous beading in at least two quadrants
•  Intraretinal microvascular abnormalities in at least one 

quadrant.

Proliferative diabetic retinopathy

New vessels grow from the retina along the posterior surface of 
the vitreous, in fi brovascular bands and sheets (Figure 18.17). 
These may bleed, causing vitreous haemorrhage, or contract, 
leading to traction retinal detachment. Treatment of proliferative 
retinopathy is urgent.

Diabetic maculopathy

This is the most common cause of visual loss in diabetes mellitus. 
Retinal oedema or exudates within 1 mm of the fovea threaten 
central vision and require laser treatment (Figure 18.18). Macular 
ischaemia is harder to recognize clinically. The visual acuity is 
reduced and there is no macular oedema or exudate, but there is 
moderate/severe non-proliferative or proliferative retinopathy.

Treatment of diabetic retinopathy

Intensive control of blood sugar (in type I and type II diabetes) 
and tight control of blood pressure (in type II diabetes) delay the 
onset of retinopathy and slow the progression of the disease.47

Photocoagulation

Pan-retinal laser photocoagulation destroys the peripheral retina, 
reducing the stimulus to new vessel formation. Laser treatment of 

Figure 18.17 Proliferative diabetic retinopathy. (Courtesy of Gordon 
Johnson.)
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macular oedema is less reliable, but still halves the risk of moder-
ate visual loss.48 Both forms of photocoagulation are most effec-
tive if delivered early, before there is a decrease in visual acuity.

Pars plana vitrectomy

Vitrectomy is indicated for persistent vitreous haemorrhage, or if 
the macula is detached or threatened by traction detachment. 
Endolaser photocoagulation is given at the same time. Relatively 
few eye clinics in developing countries have the expertise and 
equipment to perform this complex surgery.

Screening for diabetic retinopathy

Because laser treatment is most effective before vision is 
lost, retinopathy must be detected by screening. Everyone who 
cares for diabetics should be able to detect retinopathy with an 
ophthalmoscope.

Screening guidelines:
• Type I/juvenile-onset diabetes: dilated examination of the retina 

every year beginning after puberty and 5 years after diagnosis
• Type II/maturity-onset diabetes: dilated examination of the 

retina every year once diabetes is diagnosed.
Examinations should be more frequent if severe retinopathy is 

detected.

Onchocerciasis

Onchocerciasis is a parasitic disease caused by the fi larial worm 
Onchocerca volvulus. The worm is transmitted by a vector, one of 
several species of the Simulium blackfl y. The fl y breeds in rivers, 
with a preference for turbulent and highly oxygenated waters. 
Both the skin and the eyes are affected by the condition, com-
monly known as ‘river blindness’.

Epidemiology

The WHO Expert Committee has estimated that the number of 
people infected by O. volvulus is approximately 18 million, of 

whom 270 000 are blind. Once blind, affected individuals have a 
life expectancy only one-third that of the sighted. The disease is 
associated with poor school performance and a higher drop-out 
rate among infected children.

Of the 37 countries where the disease is endemic, 30 are in 
sub-Saharan Africa and 6 are in the Americas. Over 17 million of 
those infected with O. volvulus live in West and Central Africa. 
There are foci of infection in Yemen, and in Central America and 
northern countries of South America.

The social and economic consequences of this disease are huge. 
The prevalence of blindness in West African villages near fast-
fl owing rivers may reach 15%, leading to depopulation, and 
migration away from fertile land to areas with less risk of 
blindness.

The eye disease typically affects a relatively young man, 30–40 
years old, who has lived and worked near to a fast-fl owing river 
in West or Central Africa. During childhood and early adult life 
he will have been bitten many times by the Simulium fl y and has 
been repeatedly infected with the larvae of O. volvulus. The eye 
problems are insidious, beginning with chronic infl ammation that 
leads to scarring in both the anterior and posterior segments. 
Visual fi eld is gradually lost in each eye, and vision is severely 
reduced, leading to blindness.

The vector: the Simulium fl y

The disease is spread from person to person by the blackfl y of the 
genus Simulium. The female Simulium lays her eggs on rocks and 
vegetation, where rivers are fast fl owing and ‘white’ through tur-
bulence, because the eggs and larvae of the fl y need highly oxygen-
ated water for their development.

The female fl y can travel up to 80 km in one day, but she is 
more likely to fl y 5–10 km on either side of a river. During the 
rainy season the fl ies may travel to new breeding sites, but in the 
dry season they are restricted to permanent rivers.

The female fl y requires a blood meal to ensure development of 
her eggs, and she prefers to feed on human blood at dawn or 
dusk.

Life cycle of O. volvulus

When a person is already infected by O. volvulus and is bitten by 
the Simulium fl y, the small embryo worms (microfi lariae) present 
in the skin of the infected person enter the body of the fl y. There 
they pass through the gut wall and enter the thoracic muscles, 
After about 7 days, the larvae move to the head of the fl y, ready 
to be transmitted to the next human host when the fl y requires 
another blood meal.

They will take 1–3 years to develop into adult worms. One 
female worm can produce 0.5–1 million microfi lariae in 1 year. 
The cycle of transmission from person to person continues.

Clinical presentation

Skin complications

Itching is one of the fi rst symptoms of onchocerciasis, and this 
can be very severe, disturbing sleep. There is a rash which may 
occur on most parts of the body but often affects the buttocks. 
Obvious scratch marks may indicate the severity of the itching. 

Figure 18.18 Diabetic maculopathy. Hard exudates close to the 
fovea. (Courtesy of David Yorston.)
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Repeated episodes of dermatitis associated with the death of 
microfi lariae lead to depigmentation, described as ‘leopard skin’. 
There is subcutaneous fi brosis, skin atrophy and pigmentary 
changes. The skin may look and feel like the skin of a very old 
person. This has been described as ‘lizard skin’.

Lymphoedema results in chronic thickened skin. Lymph node 
enlargement in the inguinal areas can lead to folds of skin known 
as the ‘hanging groin’ of onchocerciasis.

Subcutaneous nodules are found in different parts of the body, 
often over bony prominences. They are fi rm, discrete and painless. 
A nodule is formed by a fi brous reaction around coiled adult 
worms. Surgical removal of nodules (nodulectomy) may be con-
sidered, particularly where nodules are situated in the region of 
the head or shoulders.

Eye complications

Most of the symptoms and signs of onchocerciasis, including 
those affecting the eyes, are caused by the microfi lariae of O. vol-
vulus. Typically, both eyes will be involved. As with the skin 
changes, it is the dead microfi lariae which cause most infl amma-
tory reaction within the eye. Live microfi lariae may be seen in the 
anterior chamber with a slit lamp microscope.

Eye infl ammation can affect both the anterior and posterior 
eye.
• ‘Snowfl ake’ keratitis – White-grey spots may be seen in the 

superfi cial cornea, indicating a reaction to dead microfi lariae 
within the cornea. The eye may be infl amed and photophobic. 
Topical corticosteroids may be used, but should only be pre-
scribed by an eye specialist as they may cause glaucoma and 
corneal ulceration.

• Sclerosing keratitis – Sclerosing keratitis is a common feature 
of onchocerciasis which can cause blindness (Figure 18.19). 
Typically, it begins at the nasal and temporal aspects of the 
cornea, and the opacity then extends throughout the lower part 
of the cornea. Advanced sclerosing keratitis can result in com-
plete corneal opacifi cation. There is no specifi c treatment.

• Iridocyclitis – Infl ammation of the iris (iritis) and of the ciliary 
body (cyclitis) can contribute to reduced vision. The pupil may 
be dragged inferiorly, like an inverted tear drop, due to infl am-

mation caused by accumulated dead microfi lariae. Iridocyclitis 
should be treated with topical atropine sulphate 1% eye drops 
and antiinfl ammatory agents. Iritis may lead to cataract, which 
may require surgery, when the eye is quiet and there is no active 
infl ammation.

• Optic neuritis and chorioretinitis – In the posterior segment, 
onchocerciasis causes optic nerve atrophy and chorioretinal 
atrophy. In severe optic atrophy, the optic disc is white, whereas 
the normal optic disc is a faint pink colour. Areas of the 
retina may be pale, with scattered clumps of pigmentation 
(Figure 18.20). There is no treatment for these conditions, 
which are the leading causes of blindness in onchocerciasis.

Diagnosis

The clinical signs are often suffi cient to make a diagnosis: oncho-
dermatitis, signs of scratching, depigmentation of the skin, ‘lizard’ 
skin and subcutaneous nodules. Characteristic eye changes and 
microfi lariae in the anterior chamber will confi rm the diagnosis.

The skin snip

A small piece of skin may be removed, often from the iliac crest 
or the shoulder, using a sterile needle and blade, or a purpose-
designed skin punch. The fragment of skin is placed on a micro-
scope slide and a drop of saline is added. After at least 30 minutes, 
and preferably even later, the slide is examined microscopically. 
Mobile microfi lariae can be seen moving in the fl uid when using 
×40 magnifi cation. Skin snips are used less frequently today, as 
treatment is largely based on community prevalence rather than 
individual diagnosis.

Control

Vector control

Vector control uses larvicides to kill the Simulium larvae. This has 
been most effectively carried out by the Onchocerciasis Control 
Project (OCP) in 11 countries of West Africa. Unfortunately, vector 
control is very expensive, as selective larvicides must be delivered 
to all breeding sites, including the most remote and inaccessible.

Figure 18.19 Sclerosing keratitis in onchocerciasis. (Courtesy of Pak 
Sang Lee.)

Figure 18.20 Chorioretinal atrophy and optic nerve atrophy after 
onchocerciasis. (Courtesy of Ian Murdoch.)

Blinding Diseases in Adults
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Nodulectomy

Removing the adult worms within the fi brous nodule which forms 
the subcutaneous lump may reduce the number of microfi lariae. 
However, not all adult worms are in superfi cial nodules, so it is 
unlikely that nodulectomy can effect a complete cure.

Macrofi laricides

In the past, suramin has been used, given in weekly intravenous 
injections. However, suramin is toxic and can cause serious sys-
temic and ocular reactions. It is not routinely recommended.

Diethylcarbamazine

Diethylcarbamazine (DEC) was the mainstay of treatment for 
many years. However, the sudden death of millions of microfi -
lariae caused by diethylcarbamazine leads to a severe systemic 
reaction with intense itching, a skin rash, fever, headache and joint 
pains. This is known as the Mazzotti reaction, and it causes further 
ocular infl ammation and loss of sight.

Ivermectin (Mectizan®)

Ivermectin kills the microfi lariae but usually causes only mild 
reactions, and, unlike diethylcarbamazine, it does not cause addi-
tional ocular infl ammation. In 2005, over 250 million tablets were 
distributed.

Ivermectin has the following advantages:
• It kills microfi lariae.
• It reduces the risk of blindness due to optic atrophy by 50%.
• The production of microfi lariae by the adult female worm is 

inhibited for some months.
• A single dose every 6–12 months eliminates microfi lariae.
• It is suffi ciently safe for mass distribution to entire 

communities.
• The oral route provides easy delivery of the drug.

A benefi cial side-effect is the elimination of other parasites, 
including hookworm and scabies. Ivermectin has been donated 
free of charge by Merck & Co.

Because ivermectin is safe, effective and free, treatment is aimed 
at the whole community, in order to reduce the prevalence of the 
infection, rather than targeting symptomatic individuals. Rapid 
epidemiological mapping techniques identify the communities at 
greatest risk. The usual strategy is community-directed treatment 
with ivermectin (CDTI). This involves the affected communities 
in the planning, implementation and monitoring of treatment 
activities. Local people are trained to distribute the ivermectin, and 
to monitor its use. CDTI is the approved strategy used throughout 
Africa by both the OCP and the African Programme for Oncho-
cerciasis Control (APOC).49

Ivermectin, 150 mg per kg by weight, is given every 6–12 
months by mouth. A simplifi ed dosage schedule uses patient 
height as a proxy for weight. It should not be given to the follow-
ing groups of patients:
• Children under 5 years old or weighing less than 15 kg or less 

than 90 cm in height.
• Pregnant women
• Women breast-feeding a child under 1 week old
• Severely ill patients.

Although ivermectin is generally safe, there have been neuro-
logical reactions, some fatal, in patients who have a severe infec-
tion with Loa loa (>30 000 mf/mL). Ivermectin should be used 
with great caution where loiasis is endemic.

Side-effects of ivermectin include mild itching, fever, rash, 
headache, oedema, lymphadenopathy, myalgia and generalized 
body aches (Table 18.5). More severe reactions, which are rare, 
include hypotension, asthma attacks in known asthmatics, and 
bullous skin lesions after 1–2 weeks. Most reactions occur within 
2 or 3 days of the fi rst dose. Aspirin or an antihistamine may be 
given.

There has been a signifi cant expansion of onchocerciasis control 
activities due to the combined efforts of WHO, the World Bank, 
the pharmaceutical industry, and non-governmental development 
organizations. Three regional programmes have been established, 
one in Central and Latin America, and two in Africa, the OCP and 
the APOC. Millions of people are being treated annually. However, 
external funding for the APOC may not continue beyond 2010, 
and its future is uncertain.

Toxins and the optic nerve

In patients with nutritional defi ciency, particularly of the vitamin 
B complex, the optic nerve is susceptible to toxic damage.

Tobacco smoking, combined with excess alcohol consumption 
and relatively poor nutrition, can result in a toxic optic neuropa-
thy. Methanol is sometimes drunk with disastrous effects, includ-
ing optic neuropathy and subsequent blindness. Methanol 
poisoning can be treated with fomepizole.50

Inadequately prepared cassava can cause optic neuropathy and 
peripheral nerve abnormalities due to cyanide toxicity. Cyanide is 
found particularly in the skin of the tubers. Water used for soaking 
cassava must be discarded, together with any fermenting cassava.

Drugs which may cause a toxic optic neuropathy include eth-
ambutol, quinine and isoniazid.

An epidemic of bilateral optic neuropathy has affected people 
aged between 10 and 40 years in Dar es Salaam, Tanzania. The 
condition has an acute onset with accompanying impairment of 
colour vision and temporal pallor of the optic discs. There may be 
associated peripheral neuropathy and sensorineural hearing loss.51

The pigment beneath the macula was dispersed and clumped, 
sometimes forming a small ring. The cause is currently unknown, 
although the history and clinical appearance suggest a toxic agent.

Table 18.5 Adverse reactions to ivermectin (Mectizan®) 
therapy

Mild Severe
Pruritus Hypotension

Fever Asthma attacks (in known patients)

Rash Bullous skin lesions (after 1–2 weeks)

Headache

Oedema

Lymphadenopathy

Myalgia

Generalized body aches
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An epidemic of neuropathy occurred in Cuba during 1992–
1994. More than 50 000 cases were reported. Most patients were 
middle-aged and males were slightly more often affected (3 : 2). 
Painful paraesthesiae, mainly in the legs, with ataxia were reported. 
The number of patients with optic nerve involvement is uncertain, 
but some estimates suggested nearly 50% of cases. The aetiology 
is obscure but may include poor nutrition, toxins such as tobacco 
or alcohol, or a virus. Patients did seem to benefi t by receiving 
B complex vitamins and the number of new cases declined 
dramatically.

BLINDING DISEASES IN CHILDREN

Although the exact number of blind children in the world is not 
known, it is estimated that the fi gure is approximately 1.4 million.52 
Approximately 75% of these children live in Africa and Asia. Up 
to 60% die within 1–2 years of becoming blind. Children have a 
much lower prevalence of blindness than adults, and there are few 
surveys large enough to estimate the prevalence of childhood 
blindness with any precision. However, there is a close correlation 
with childhood mortality.

Major causes and strategies for prevention

The major causes of blindness vary from region to region 
(Table 18.6), and accurate data are diffi cult to obtain. In industri-
alized countries, blind registers are one source, although these 
records may be incomplete. Indications of the common causes 
of blindness in children can be obtained from schools for the 
blind, although this information is likely to be biased as it only 
includes children who are in education.

A form developed by the International Centre for Eye Health, 
London, and the WHO provides a classifi cation of blindness in 
children, with coding instructions, defi nitions, description of 
methods and guidelines.

Vitamin A defi ciency disorders 
(VADD) and the eye

Vitamin A defi ciency is an example of a condition with a simple 
remedy, which, however, blinds thousands of children.

The impact of subclinical vitamin A defi ciency on the health of 
the young child is well known. Morbidity and mortality, immune 
status, growth and haemopoiesis can be signifi cantly affected.

Magnitude of VADD worldwide and blindness

Vitamin A defi ciency affecting the eye, also known as xerophthal-
mia (‘dry eye’), is a common cause of blindness in children in very 
poor countries. In many cases, this acute nutritional defi ciency is 
associated with measles.

The magnitude of VADD worldwide is indicated in Table 18.7.
Malnourished children are found in many countries of Asia 

and Africa, as well as in some areas of the Americas. There are 
encouraging signs that countries with a history of widespread 
VADD have shown distinct improvement in vitamin A status in 
recent years, particularly India, Indonesia and Bangladesh.

Vitamin A (retinol)

Defi ciency results in an impaired immune response with decreased 
resistance to infection. Squamous metaplasia of epithelial surfaces 
allows, for example, a greater susceptibility to lung infection.

Stores of vitamin A are found in the liver, where 90% of the 
body’s vitamin A is retained. Vitamin A defi ciency is typically 
associated with other nutritional defi cits, which make the young 
patient vulnerable to systemic disease.

Measles infection is particularly important in vitamin A defi -
ciency. The measles virus affects all epithelial surfaces. Following 
an acute infection with measles, the body stores of vitamin A are 
quickly exhausted and corneal necrosis (keratomalacia) may 
occur.

In older children and adults who have chronic vitamin A defi -
ciency, a history of night blindness is common. Vitamin A is 
required for the photosensitive pigment of the rods of the retina.

Eye changes in vitamin A defi ciency

The following are the eye symptoms and signs of xerophthalmia 
(Figure 18.21 and Table 18.8):
1. Night blindness (XN). Vitamin A is an essential part of rho-

dopsin – without vitamin A, rod photoreceptor function is 
seriously impaired, leading to night blindness.

2. Conjunctival xerosis (X1A). The conjunctiva appears dry and 
wrinkled. This dry appearance provides the term xerophthal-
mia, which is commonly used to describe the condition of 
vitamin A defi ciency affecting the eye.

3. Bitot’s spots (X1B). Bitot’s spots are foamy triangular patches, 
usually found on the temporal bulbar conjunctiva. They are 

Table 18.6 Leading causes of childhood blindness

Poor countries Middle-income 
countries

Rich countries

Corneal scar Retinopathy of 
prematurity

CNS disorders

Cataract Inherited retinal 
disease

Inherited retinal 
disease

Retinal disorders Cataract Retinopathy of 
prematurity

Table 18.7 Magnitude of VADD worldwide

•  Approximately 300 000 preschool-age children are blind from 
xerophthalmia and up to 60% of these die within 1 year

•  About 3 million children are blind worldwide

•  Approximately 3 million children have clinical xerophthalmia 
which includes night blindness and Bitot’s spots

•  In the region of 250 million preschool-age children are 
subclinically vitamin A defi cient, with the corresponding 
consequences of morbidity and mortality

•  Around 500 000 women die in childbirth annually and an 
unknown percentage of these die because of impaired vitamin 
A status

Blinding Diseases in Children
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Figure 18.21 (A) Bitot’s spot; 
(B) corneal xerosis with early ulceration; 
(C) corneal ulceration/keratomalacia; 
(D) corneal scarring. (Courtesy of: (A) 
Simon Franken; (B) Allen Foster; (C) Donald 
McLaren; (D) Gordon Johnson.)

Table 18.8 Eye changes and vitamin A status

Eye lesion Vitamin A status* Comments
Night blindness (XN) Mild–moderate decrease (over 1 per 100) Sensitive sign of low body vitamin A stores; still 

associated with increased illness and mortality

Prevalence often increases into early school-age 
years

Boys may be more affected than girls

Cause is chemical defi ciency in retina

Conjunctival xerosis (X1A) Mild–moderate decrease (not used in 
WHO classifi cation)

Dryness of conjunctiva due to decrease in goblet 
cells and epithelial change

Diffi cult to diagnose reliably by clinical 
examination

Bitot’s spots (X1B) Mild–moderate decrease (over 5 per 1000) White ‘foamy’ or ‘cheese-like’ spots on the 
conjunctiva: usually bilateral and temporal

Caused by change in squamous epithelium with 
underlying xerosis

In older children may not disappear with vitamin 
A treatment

Active corneal changes (X2/X3) Severe decrease (over 1 per 10 000) Danger signs of permanent loss of sight

Cornea may ‘melt’ (keratomalacia) in a few hours

Most common at age 2–4 years

No sex differences

Corneal scars (XS) Depends on examination timing (over 5 
per 10 000)

End-stage of malnutrition eye damage

Scarring (leukoma) often allows some residual 
vision

Blinded eyes may be protuberant (anterior 
staphyloma) or shrunken (phthisis)

*Public Health problem criteria as defi ned by the WHO in children aged between 6 months and 6 years.
Source: WHO Programme for Prevention of Blindness.
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an unreliable sign of vitamin A defi ciency, as they may 
persist long after the vitamin A levels have been restored, and 
they can occur in other conditions (e.g. with contact lens 
wear).

4. Corneal xerosis (X2). The cornea appears dry and dull, indi-
cating changes in the corneal epithelium due to vitamin A 
defi ciency.

5. Corneal ulceration with xerosis (X3A). The damaged epithe-
lium breaks down, leading to a corneal ulcer which may prog-
ress to involve the deeper layers of the cornea. A central corneal 
ulcer will profoundly affect vision.

6. Corneal ulceration/keratomalacia (X3B). The cornea may melt 
dramatically (keratomalacia), with an acute onset, sometimes 
over a few hours. Young children, aged 1–3 years, are particu-
larly at risk. Sadly, keratomalacia is often bilateral, and usually 
leads to irreversible blindness.

7. Corneal scarring (XS). The healed state following severe 
vitamin A defi ciency, with corneal ulceration and keratomala-
cia, can result in marked corneal scarring which will often 
affect both eyes. Vision is greatly reduced. Many children who 
have severe vitamin A defi ciency will die because they are 
particularly susceptible to intercurrent infections, such as 
respiratory infections and diarrhoea. For those who survive, 
both their eyes, and their lives, will be scarred.

If a child has vitamin A defi ciency, others in the same family 
and community are also at high risk.

Treatment of vitamin A defi ciency

The recommended treatment of vitamin A defi ciency affecting 
all age groups except women of reproductive age is given in 
Table 18.9.

If there is vomiting, an intramuscular injection of 100 000 IU 
of water-soluble vitamin A (not an oil-based preparation) may be 
used instead of the fi rst oral dose.

When vitamin A treatment is started, a topical antibiotic (e.g. 
chloramphenicol 1%) is also given four times daily, to prevent 
bacterial infection, and the patient should be referred immediately 
to an eye specialist.

Prevention of xerophthalmia

A high-dose schedule for prevention of vitamin A defi ciency is 
given in Table 18.10.

High doses of vitamin A are contraindicated in pregnancy, as 
there have been concerns about the effects of vitamin A on the 
unborn child.

Breast milk contains vitamin A, and this provides an adequate 
supply for the newborn child.

Communities which have endemic vitamin A defi ciency should 
receive nutritional education as well as vitamin A supplements. 
Vitamin A-rich foods are often available, but for cultural or other 
reasons are not consumed by children (Figure 18.22).

The following should be emphasized:
• Encourage breast-feeding.
• Supplement the feeding of infants by 6 months with fruits such 

as mango or papaya. Children aged 1 year or older can be given 
dark-green leafy vegetables, which are rich in vitamin A. Health 
workers, and parents, should know which local foods have a 
high content of vitamin A. Examples are spinach, carrots, sweet 
potatoes, papaya, mango, eggs and green leafy vegetables. Red 
palm oil, which is widely used in West and Central Africa, has 
a very high content of vitamin A.

• Families should be encouraged to plant appropriate crops, 
whether in small gardens or in larger plantations.

Interventions by the health authorities

• Foods which are widely used – for example, sugar, fl our or milk 
– may be fortifi ed with vitamin A.

• Vitamin A supplementation may be combined with 
immunization.

• Public awareness of vitamin A defi ciency should be increased 
by health education at mother and child health clinics and in 
schools.

Table 18.9 Treatment schedule for xerophthalmia for all 
age groups except women of reproductive age*

Timing Vitamin A dosage†

Immediately on diagnosis:

• <6 months of age 50 000 IU

• 6–12 months of age 100 000 IU

• >12 months of age 200 000 IU

Next day Same age-specifi c dose‡

At least 2 weeks later Same age-specifi c dose§

*Caution: women of reproductive age with night blindness or Bitot’s spots 
should receive daily doses ≤25 000 IU. However, all women of child-bearing age, 
whether or not pregnant, who exhibit severe signs of active xerophthalmia (i.e. 
acute corneal lesions) should be treated as above.
†For oral administration, preferably in an oil-based preparation.
‡The mother or other responsible person can administer the next-day dose at 
home.
§To be administered at a subsequent health service contact with the individual.

Table 18.10 High-dose universal-distribution schedule for 
prevention of vitamin A defi ciency

Age Vitamin A dosage
Infants <6 months of age*

•  Non-breast-fed infants 50 000 IU orally

•  Breast-fed infants whose mothers 
have not received supplemental 
vitamin A

50 000 IU orally

Infants 6–12 months of age 100 000 IU orally, every 
4–6 months*

Children >12 months of age 200 000 IU orally, every 
4–6 months†

Mothers 200 000 IU orally, 
within 8 weeks of 
delivery

*Programmes should ensure that infants <6 months of age do not receive the 
larger dose intended for mothers. It may therefore be preferable to dose infants 
with a liquid dispenser to avoid possible confusion between capsules of different 
dosages.
†Evidence suggests vitamin A reserves in defi cient individuals can fall below 
optimal levels 3–6 months following a high dose: however, dosing at 4–6-month 
intervals should be suffi cient to prevent serious consequences of vitamin A 
defi ciency.
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Measles and the eye

Measles is a serious infection, especially in the developing world. 
Up to 1 million children die from measles annually. Measles infec-
tion has been associated with the onset of eye problems in chil-
dren who present with corneal scarring.53

Clinical presentation

Measles virus causes conjunctivitis, so children with measles will 
often have photosensitivity (sensitivity to light), watering and red 
eyes. There may be evidence of a punctate keratitis. However, 
measles conjunctivitis is self-limiting and it is the complications 
of measles which can cause blindness.

In a child with low reserves of vitamin A (mostly in the liver), 
acute vitamin A defi ciency can result in corneal ulceration and 
keratomalacia (X3B).

The immune response may be depressed by measles infection, 
which may lead to severe herpes simplex keratitis.

A seriously ill child may be listless and fail to close the eyelids 
adequately. Corneal drying due to exposure can result in corneal 
ulceration. Antibiotic eye ointment should be used at least four 
times daily during the illness.

The use of traditional eye medicines may complicate the clini-
cal picture. Often the mother will be reluctant to admit to attend-
ing a traditional healer.

Treatment of measles and its eye complications

Vitamin A 200 000 IU orally should be given at least once. If there 
is a known risk of vitamin A defi ciency in the community or if 
there are any symptoms or signs of vitamin A defi ciency affecting 
the eyes of the child, the full regimen of three doses of vitamin A 
should be prescribed.

A topical antibiotic should be given to each eye at least four 
times each day.

Supportive treatment should be given as appropriate, for 
example for gastroenteritis or respiratory infection.

Prevention

A programme of immunization should be instituted as soon as 
possible for the community or communities at risk. The WHO 
Expanded Programme on Immunization is promoting increased 
coverage of immunization around the world. Improved measles 
immunization is associated with a reduction in severe vitamin A 
defi ciency.54

Newborn conjunctivitis 
(ophthalmia neonatorum)

By defi nition, newborn conjunctivitis occurs in a child within the 
fi rst 28 days of life. Infection occurs during the birth of the child. 
It presents as a severe conjunctivitis, with purulent discharge. 
There is a danger of corneal ulcer and perforation.

Two organisms commonly cause newborn conjunctivitis: Neis-
seria gonorrhoea and Chlamydia trachomatis. Between 25% and 50% 
of infants exposed to N. gonorrhoea or C. trachomatis during birth 
develop the corresponding eye infection, if no eye prophylaxis is 
given.

The WHO has estimated a yearly adult incidence of 62 million 
cases of gonorrhoea and 89 million of genital chlamydial infec-
tion. The prevalence of gonorrhoea among antenatal attenders in 
African countries is disturbingly high, at between 4% and 15%. 
However, the global incidence of newborn conjunctivitis is not 
known.

Newborn conjunctivitis due to N. gonorrhoea typically has a 
dramatic onset with bilateral purulent conjunctivitis and profuse 
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Figure 18.22 (A) Breast-feeding; 
(B) vitamin A-rich fruit and vegetables; 
(C) vitamin A capsule; (D) milk fortifi ed with 
vitamin A. (Courtesy of: (A, B, D) Murray 
McGavin; (C) Christoffel Blindenmission.)
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discharge of pus, associated with tense and swollen eyelids 
(Figure 18.23). The condition usually presents within the fi rst few 
days of birth. This is an emergency and treatment must be started 
immediately with hourly topical antibiotic drops (e.g. ofl oxacin 
or gentamicin), intensive cleaning of the eyes, and systemic anti-
gonococcal treatment.

Newborn conjunctivitis due to C. trachomatis has similar 
clinical features, but does not lead to corneal ulceration. It may 
present later than gonococcal infection. Treatment for newborn 
conjunctivitis due to C. trachomatis is systemic erythromycin or 
azithromycin.

Treatment for these conditions should include systemic 
antimicrobial therapy because the infection is not confi ned to 
the eyes alone. Systemic treatment must also be given to both 
parents, who may be at high risk of other sexually transmitted 
diseases (Table 18.11).

Other bacteria which may cause newborn conjunctivitis include 
Haemophilus, Streptococcus pneumoniae, Staphylococcus and 
Pseudomonas.

To prevent newborn conjunctivitis, the eyelids should be care-
fully cleaned with sterile saline as soon as the child is born, and 
prophylactic treatment instilled (Table 18.12). Povidone iodine, 
2.5% solution, is more effective than either silver nitrate drops or 
erythromycin ointment, and considerably cheaper than both.55 As 
it is self-sterilizing, it may be used safely by traditional birth atten-
dants as well as hospital midwives.

Retinitis pigmentosa

The hereditary dystrophies of the retina can be sporadic, recessive, 
dominant or X-linked. They are characterized by progressive loss 
of photoreceptor and retinal pigment epithelium function.

Symptoms include night blindness (nyctalopia) and gradual 
loss of peripheral vision. Dark adaptation is affected, a ring 
scotoma or severe constriction of the visual fi elds may be found, 
and characteristic ‘bone corpuscle’ pigment is seen in the periph-
eral retina. The blood vessels become attenuated and the optic 
disc is pale. The condition may be associated with other disorders 
or syndromes. It may also present with atypical forms.

The visual prognosis is variable. Dominantly inherited forms 
generally preserve central vision into the sixth or seventh decade. 
Recessive and X-linked forms are much more severe.

There is no specifi c treatment. Close intermarriage (consan-
guinity) in many countries increases the risk of this disorder, and 
genetic counselling should be offered to affected families.

Sickle cell disease

Ocular manifestation of sickle cell anaemia include conjunctival 
vascular abnormalities, focal iris ischaemia, peripheral retinal vas-
cular disturbance with new blood vessel formation, haemorrhages, 
fi brosis and sometimes a detached retina. These lesions are due to 
focal ischaemia caused by sickling. The most severe eye disease is 
found not in homozygous patients with haemoglobin SS, but in 
heterozygotes with haemoglobin SC.

Laser photocoagulation should be used to treat peripheral 
ischaemic retina causing neovascularization. Late-stage disease 

Figure 18.23 Newborn conjunctivitis due to Neisseria gonorrhoeae. 
(Courtesy of John D. C. Anderson.)

Table 18.11 Management of newborn conjunctivitis

GONOCOCCAL

A. Admission to hospital
Penicillin i.m. or i.v.
Topical antimicrobial therapy, e.g. tetracycline 1% 
ointment, intensively at fi rst (hourly) then reducing to three 
times a day for 14 days

B. If PPNG* prevalence more than 1%
Single i.m. injection of cefotaxime 100 mg/kg or kanamycin 
25 mg/kg plus tetracycline 1% ointment or erythromycin 
0.5% ointment as indicated in (A)

Chlamydial: systemic treatment
Erythromycin estolate orally (syrup) 5 mg/kg per day for 14 days

Non-gonococcal, non-chlamydial
Tetracycline 1% ointment or erythromycin 0.5% ointment four 
times a day for 14 days

Treatment of Parents

Table 18.12 Prevention of newborn conjunctivitis

Detection and treatment of infected pregnant women
Screening of all pregnant women is diffi cult in most countries 
and expensive
May be possible to screen high-risk groups

Eye prophylaxis in the neonate at birth
Mechanical cleaning of the eyelids immediately at birth, plus 
povidone iodine 2.5%, tetracycline 1% ointment or silver nitrate 
1% drops

Treatment of the neonate as an index case
Only applicable where:
• prevalence of gonococcal infection low
•  main sexually transmitted disease causing newborn 

conjunctivitis is Chlamydia trachomatis
• all infected infants can be detected and treated
• facilities exist for diagnosis of C. trachomatis
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with vitreous haemorrhage may require surgical removal of the 
vitreous (vitrectomy). Retinal detachment surgery may also be 
necessary.

Congenital cataract

In adults, cataract does not require urgent treatment, as the prog-
nosis remains good even if the cataract has been present for years. 
In children under the age of 5, cataract leads to amblyopia (lazy 
eye). If surgery is delayed, the amblyopia may be irreversible, and 
the vision will not recover despite successful surgery.56

Congenital cataract may be the result of maternal infection 
with rubella during the early months of pregnancy. The most 
common cause is rubella; but chickenpox, cytomegalovirus and 
toxoplasmosis have also been implicated. Congenital cataract may 
be dominantly inherited and affect entire families. Down’s syn-
drome, and other chromosomal abnormalities, are associated 
with congenital cataract.

Other causes of cataract include metabolic disorders with 
abnormal biochemical functions, for example, galactosaemia. 
However, in most cases no cause is found, and exhaustive inves-
tigations are unnecessary.

Congenital rubella syndrome may be prevented by immuniza-
tion. If only a small proportion of the community is immunized, 
however, this may reduce the risk of infection in childhood, 
leading to more infections in early adulthood and an increase in 
congenital rubella syndrome.

A child with bilateral cataract (Figure 18.24) should be referred 
as soon as the diagnosis is made. Surgery should be carried out in 
a specialist children’s eye centre, which has the necessary equip-
ment and expertise.57

In most developing countries, the child who has had surgery 
for bilateral congenital cataract will be provided with aphakic 
spectacles or an intraocular lens. Refraction should be carried out 

every 6 months as the child’s eye is growing rapidly. Despite 
surgery and adequate refractive correction, the child often has 
residual mild visual impairment, and will require additional 
support for schooling. Low-vision services are an integral part of 
the management of childhood cataract.

Unilateral congenital cataract causes profound amblyopia, and 
surgery is not justifi ed. An exception is traumatic cataract, in which 
prompt surgery with an intraocular lens can have good results.58

Congenital glaucoma (buphthalmos)

Glaucoma in childhood may be present at birth or can develop 
during the fi rst few years of life. In a young child the sclera is more 
elastic, and increased intraocular pressure stretches and enlarges 
the eye. For this reason the description of buphthalmos, or ‘ox 
eye’, is used. Congenital glaucoma may be unilateral or bilateral. 
The unilateral enlarged eye is usually more quickly recognized.

The condition causes discomfort, with photophobia, and 
infl ammation. On examination the cornea is enlarged (>11 mm 
diameter) and may be hazy.

Treatment requires surgery to allow the aqueous fl uid to drain 
out of the eye. Unfortunately, the prognosis for vision is fre-
quently poor, as the diagnosis is often delayed.

Retinopathy of prematurity

Retinopathy of prematurity (RoP) is a leading cause of childhood 
blindness throughout the world apart from sub-Saharan Africa. 
Better neonatal care has increased the survival of premature babies 
who are at risk of this condition. In rich countries, blinding RoP 
is rare in babies with a birth weight over 1000 g or a gestational 
age greater than 28/40. However, in middle-income countries 
of Asia and Latin America, heavier and more mature babies are 
at risk.59

RoP is a proliferative retinopathy in babies with immature 
retinal blood vessels. Spasm of the retinal vessels is followed by 
dilated vessels, new vessel formation, vitreous haemorrhage, vit-
reoretinal traction, and retinal detachment.

Early detection, by screening all babies at risk, followed by 
prompt photocoagulation or cryotherapy of ischaemic retina has 
been shown to reduce the risk of blindness, and is one of the most 
cost-effective interventions in medicine. All premature babies at 
risk of RoP should be examined by an ophthalmologist with 
experience of the condition. Local guidelines must be developed 
to identify babies at risk. In middle-income countries, examining 
all babies weighing under 1750 g may be a reasonable strategy.

Retinoblastoma

This malignant tumour of children arises because of mutations in 
the RB1 tumour-suppressing genes situated on the long arm of 
chromosome 13. Two-thirds of children with retinoblastoma 
develop the tumour because of random somatic mutations. These 
children present with a single tumour, typically at a relatively 
older age than other children with retinoblastoma. If they survive, 
these children do not pass on a genetic defect to their offspring.

The remaining one-third of children who develop retinoblas-
toma have a mutation in the RB1 gene in every cell in the body. 

Figure 18.24 Bilateral congenital cataract. (Courtesy of David 
Yorston.)
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Either the defect is inherited or the mutation occurs at the time 
of conception. A sporadic mutation will then occur affecting the 
second RB1 gene, often in more than one retinal cell. This causes 
multifocal, bilateral tumours, which occur at a younger age. These 
children are also at risk of other tumours if they survive the 
retinoblastoma.

Retinoblastoma may present with a white pupil, but many 
children in developing countries present late, with advanced fun-
gating tumour, commonly extraocular and often extraorbital 
(Figure 18.25). The tumour extends along the optic nerve to the 
brain. In the later stages, metastases occur to other parts of the 
body. Other complaints which may lead to a discovery of retino-
blastoma include a squint, glaucoma, visual loss, a painful red eye 
and proptosis. The tumour may present at any time during the 
fi rst 5 years of life.

Following the discovery of a single tumour, both eyes must be 
examined carefully. Examinations must continue regularly, every 
3–6 months, until at least the age of 5 years.

Adults who have had multiple retinoblastomas, and survived, 
must be advised that there is a 50% chance of their children being 
affected.

The differential diagnosis of this tumour (when still intraocu-
lar) includes infections such as toxocariasis and toxoplasmosis, 
vascular disorders such as retinopathy of prematurity and Coat’s 
disease, and many other conditions. Investigations should include 
ultrasonography or computed tomography, if available.

Management

Effective treatment of retinoblastoma is largely dependent on 
early recognition of the tumour while it is still contained within 
the eye. The patient must be referred immediately to the specialist. 
In developing countries, most eyes will require enucleation, 
removing as much of the attached optic nerve as possible. Some 
specialist centres will be able to provide chemotherapy for these 
children, which is very effective. For smaller intraocular tumours, 
cryotherapy can be applied directly to the tumour. Radioactive 
plaques sutured to the sclera adjacent to the tumour may also be 
used.

HARMFUL TRADITIONAL EYE MEDICINES

Many patients will go to the local traditional healer before con-
sidering attendance at a health centre or eye clinic. It should be 
recognized that traditional healing can provide benefi t to patients. 
However, some applications to the eyes used by these local healers 
can cause severe adverse reactions.

The clinical features of the original condition may be confused 
by the application of harmful eye medicines into an eye that is 
already abnormal. The patient, or the parent who has brought a 
child, may be very reluctant to admit that traditional eye medicine 
has been used.

A variety of harmful medications may be used: the juice of 
squeezed plant leaves, lime juice, kerosene, toothpaste and urine 
(either animal or human). A chemical or caustic keratoconjuncti-
vitis may occur, or infection, such as with N. gonorrhoea from 
human urine. Infectious keratitis is common after the use of tra-
ditional eye medicines.60 Topical therapy with an antibiotic every 
2 to 6 hours, and a cycloplegic such as atropine sulphate once 
daily, should be used. The underlying eye disease should be 
treated as usual.

Programmes to develop a constructive approach of dialogue 
and cooperation with traditional healers have been developed in 
Zimbabwe, Malawi and Nepal, where it has been demonstrated 
that traditional healers can have a role in the prevention of blind-
ness. These programmes have encouraged the following:
• Change specifi c practices that may be harmful and encourage 

those that are not harmful
• Improve the ability of healers to recognize and refer patients 

with cataract
• Build upon existing respect given to healers by the 

community
• Develop programmes in collaboration with healers, using their 

pre-existing knowledge and skills
• Maintain interaction between healers and eye care providers, 

establishing collaborative activities.

Couching

Couching is a traditional procedure for the treatment of cataract 
in parts of the developing world, in which the opaque lens is 
displaced from the visual axis. The procedure often leads to blind-
ing complications.

Two methods of couching are reported:
1. ‘Sharp’ method: the eye is perforated and the lens is pushed 

backwards by a sharp instrument, for example a long thorn.
2. ‘Blunt’ method: the lens is pushed into the vitreous by massage 

or by blunt injury. In this method the eye is not perforated 
and it has been assumed to be safer.

The following example of a blunt method comes from Sudan. 
The coucher places the spent cartridge of a bullet fi lled with sand 
or gravel against the patient’s closed eye. The end of the cartridge 
is struck sharply and the ‘bolus’ of sand or gravel hits the eye. This 
is repeated until the patient describes better vision because the 
cataractous lens is dislocated into the vitreous. There was no 
mention of the other injuries which may have occurred due to 
blunt trauma!

Figure 18.25 Bilateral retinoblastoma (left). Advanced 
retinoblastoma (right). (Courtesy of Volker Klauss.)

Harmful Traditional Eye Medicines
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REFRACTIVE ERRORS

It is beyond the scope of this chapter to discuss refractive errors 
in detail. However, the recognition of refractive needs and the 
provision of spectacles are vital to most populations. Refractive 
error can affect the performance of a child in school. Programmes 
to detect refractive error in schoolchildren have been implemented 
in India. A pin-hole disc can indicate if poor vision is due to a 
refractive error. People aged 40 or more need presbyopic glasses 
– for reading, for sewing, or for picking stones out of rice! Aphakic 
spectacle corrections are required for aphakic patients.

It is estimated that 2.3 billion people worldwide have refractive 
errors. The vast majority of these could have their sight improved 
by spectacles, but only 1.8 billion people have access to eye exam-
inations and affordable glasses. Therefore, around 500 million 
people, mostly in developing countries, have uncorrected refrac-
tive errors.

Vision 2020 includes refractive errors and low vision. The 
Vision 2020 strategy seeks to develop the following:
• Create awareness and demand for refractive services through 

community-based services/primary eye care and school 
screening

• Develop accessible refractive services for individuals identifi ed 
with signifi cant refractive errors, which will require training in 
refraction and dispensing

• Ensure that affordable spectacles are made available to indi-
viduals with signifi cant refractive errors

• Develop and make available low-vision services and optical 
devices for all those in need, including children in blind schools 
and integrated education.

ACUTE RED EYE

The differential diagnosis of the acute painful red eye includes 
infl ammations of the eyelids, conjunctivitis, uveitis, corneal ulcers, 
trauma and acute glaucoma. Conjunctivitis is the most common 
condition, and rarely causes loss of vision. As a rule, unilateral red 
eye is less likely to be conjunctivitis, and is more likely to cause 
blindness in the affected eye.

Disorders of the eyelids

Blepharitis

Blepharitis is common and usually chronic. Seborrhoeic blepha-
ritis presents with redness of the lid margins with crusts on 
and at the base of eyelashes. Meibomitis is caused by blockage 
and infl ammation of the meibomian glands in the tarsal plate. 
Staphylococcus aureus may be involved. Treatment of this chronic 
condition can be diffi cult and the infl ammation will often recur. 
The eyelids should be massaged daily with hot compresses. If there 
is a severe blepharitis, systemic tetracycline 250 mg orally, four 
times daily for 1 week and then twice daily, for 6–12 weeks, may 
be used.

Infl ammation of the eyelid skin or margins may be due to a 
virus such as papillomavirus, herpes simplex, herpes zoster or 
molluscum contagiosum.

Stye (hordeolum)

A localized staphylococcal abscess may form at the base of an 
eyelash. Epilation of the eyelash may speed resolution of the 
infection.

Chalazion (meibomian cyst)

The meibomian glands, which are situated in the tarsal plates of 
each eyelid, open along the lid margins. Ducts may become 
blocked, resulting in a retention cyst with ensuing infl ammatory 
reaction. If present for more than 3 months, the cyst may require 
incision. Following local anaesthetic injection, the eyelid is everted 
with a chalazion clamp, and the cyst is incised vertically and curet-
ted. A topical antibiotic eye ointment is given for 1 week.

Ectropion and entropion

Abnormal positions of the eyelids, such as an eyelid which turns 
out (ectropion) or turns in (entropion), may cause discomfort and 
infl ammation.

Ectropion, which usually involves the lower eyelid, results in 
exposure of the tarsal conjunctiva. Ectropion can follow facial 
nerve paralysis. Injury or infection with associated scarring can 
cause a cicatricial ectropion.

Entropion can commonly affect both upper and lower eyelids. 
The scarring of trachoma is often associated with upper eyelid 
entropion. In older age, the lower eyelid may turn in, causing 
irritation due to eyelashes rubbing on the cornea.

Eyelid tumours

Both basal cell carcinoma and squamous cell carcinoma may 
cause nodular or ulcerating lesions on the eyelids. These occur in 
fair-skinned people who have prolonged or intense exposure to 
sunlight.

Other eyelid infl ammations

Infl ammation and scarring of the eyelids may be caused by condi-
tions such as anthrax, actinomycosis, Leishmaniasis and yaws.

Orbital cellulitis

Infection within the orbital cavity leads to swelling of the eyelids, 
and proptosis. Eye movements are reduced. The patient usually 
has a fever and is unwell. Complications of orbital cellulitis 
include meningitis, cerebral abscess, and cavernous sinus throm-
bosis. Patients should be admitted and treated with high-dose 
intravenous antibiotics.

Dacrocystitis

Blockage of the nasolacrimal duct prevents drainage of the lacri-
mal sac, which may lead to infection causing a painful swelling at 
the side of the nose below the medial canthus of the eye. This can 
present as an acutely infl amed abscess or as a chronic watery and 
discharging eye.

The infection will recur unless the lacrimal sac is emptied by 
re-establishing drainage to the nose. This can be accomplished by 
dacyrocystorhinostomy.
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Infl ammation of the conjunctiva

Infectious conjunctivitis

Both bacteria and viruses may cause suppurative conjunctivitis, 
characterized by foreign body sensation, conjunctival injection 
and a purulent discharge.

Most bacterial conjunctivitis is self-limiting and does not affect 
vision. Gonococcal conjunctivitis may affect adults, particularly 
young men who may inadvertently transfer genital gonorrhoea to 
their conjunctiva. This causes a very severe conjunctivitis, with a 
profuse purulent discharge, and may lead to corneal ulcers and 
perforation.

Viral conjunctivitis may be associated with transient corneal 
opacities, which can affect the vision. It is also associated with 
subconjunctival haemorrhages, which look dramatic but are 
harmless. Viral conjunctivitis is highly infectious and tends to 
occur in epidemics.

Allergic conjunctivitis

Allergic conjunctivitis is characterized by a slightly red eye, itching, 
and a watery or mucous discharge. This may be associated with 
other atopic conditions such as hay fever, eczema or asthma.

Vernal keratoconjunctivitis

This disorder, which mostly affects children and teenagers, is 
common in the more temperate parts of the tropics (e.g. highlands 
of East Africa). The precise aetiology remains obscure but IgE and 
cell-mediated immune mechanisms play an important role. It 
affects the upper tarsal conjunctiva and the bulbar conjunctiva at 
the corneoscleral junction. The eyes are red, irritable, and dis-
charge mucus. Severe itching is typical. Papillae may be large and 
often have an appearance like ‘cobblestones’.

The most effective treatment of vernal keratoconjunctivitis is 
topical corticosteroids; however, these should only be used under 
strict specialist ophthalmic supervision. Topical corticosteroids 
can have blinding side-effects, such as steroid-induced glaucoma. 
They also cause local immunosuppression, which may be cata-
strophic if a red eye is caused by infection, e.g. herpes simplex. 
Although the symptoms of vernal catarrh are troublesome and 
irritating, they are self-limiting, as the condition goes into remis-
sion as the patient enters adulthood, and it very rarely affects the 
sight. Topical steroids relieve the symptoms, but prolonged treat-
ment may cause blindness.

Alternative treatments for vernal conjunctivitis include topical 
or systemic antihistamines. Mast cell stabilizers, such as sodium 
cromoglicate 2% (Opticrom®, Aarane®, Intal®) or nedocromil 2% 
may alleviate symptoms if used continuously over several weeks. 
Symptomatic relief may be obtained with cold compresses and 
artifi cial tears to irrigate the conjunctiva.

Subconjunctival haemorrhage

Subconjunctival haemorrhage usually occurs spontaneously and 
is evident as a dramatic red area over the white sclera. This will 
resolve in 2–3 weeks. Unless the patient has similar haemorrhages 

elsewhere, it is likely to be an isolated episode of no consequence. 
Occasionally it may be a manifestation of a bleeding disorder.

Pinguecula

The accumulation of yellow-white fatty deposits at the nasal or 
temporal conjunctival limbus is a common fi nding in middle or 
older age. Occasionally the pinguecula may become infl amed, 
when a topical antiinfl ammatory agent may be used. The best 
form of treatment is to leave them alone.

Pterygium

A pterygium is a ‘wing’ of conjunctival and fi brovascular tissue 
which grows across the cornea from either the temporal or the 
nasal side (Figure 18.26). Although poorly understood, it is asso-
ciated with exposure to sunlight and dust. Most pterygia cause few 
problems, and do not encroach on the visual axis. If they are 
excised, they are likely to recur, and behave much more aggres-
sively. If surgery is required, a conjunctival autograft should be 
used to reduce the risk of recurrence.

Phlyctenulosis

A phlycten appears most commonly at or near to the limbus and 
is evidence of a hypersensitivity reaction to staphylococci or other 
bacterial allergens. A phlycten is a microabscess which appears as 
a raised, pale nodule. It responds quickly to topical corticoste-
roids. Again, the diagnosis should be certain and any use of topical 
corticosteroids should be carefully monitored. Any patient with a 
phlycten should be examined for possible systemic disease, par-
ticularly tuberculosis.

Keratoconjunctivitis sicca (dry eye)

Keratoconjunctivitis sicca (KCS) is a common condition where 
dryness of the eyes causes symptoms of irritation, with grittiness 
and burning. It is more common in patients over 50 years of age. 
There is a recognized association with rheumatoid arthritis 
(Sjögren’s syndrome: KCS, dry mouth and rheumatoid arthritis). 

Figure 18.26 Nasal pterygium. (Courtesy of Murray McGavin.)

Acute Red Eye
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Dry eyes can follow trachoma, in which the lacrimal gland ducts, 
and conjunctival goblet cells, are damaged.

A Schirmer’s test uses strips of fi lter paper which are hooked 
over the lower eyelid and the length of wetting of the strip is 
measured after 5 minutes. However, this test is unreliable. A drop 
of Rose Bengal 1% eye drops will reveal punctate staining of the 
cornea and conjunctiva and fi laments of epithelium on the cornea 
(fi lamentary keratitis). In a dry eye, Rose Bengal will cause con-
siderable discomfort.

Treatment is with artifi cial tear preparations such as hyprom-
ellose 0.3% eye drops.

In extreme cases of dry eyes, temporary occlusion of the lacri-
mal canaliculi (using plugs) or permanent occlusion (using 
cautery) can be very effective. However, permanent occlusion 
should only be done in patients who have severe symptoms, and 
are willing to accept a possible watering eye.

Trachoma

See pp. 291–294.

Suppurative keratitis

Suppurative corneal ulceration, due to either bacteria or fungi, is 
a common problem (Figure 18.27).61 Central ulceration involving 
the stroma will leave a corneal scar when it heals. The treatment 
of this condition can be further complicated by lack of antibiotics 
and antifungal agents.

Epithelial ulceration, without stromal involvement, will heal 
without scarring. However, breached epithelium permits the entry 
of microorganisms, which leads to destruction of the stroma and 
scarring. If the infection penetrates the eye, it can result in endo-
phthalmitis and phthisis.

Many organisms cause suppurative keratitis. The most frequent 
causes of bacterial keratitis are Streptococcus pneumoniae, Pseudomo-
nas and Staphylococcus aureus. The most common fungi are Aspergil-
lus, Fusarium and Candida albicans. Fungal keratitis is more frequent 

in humid tropical areas such as coastal West Africa and South-East 
Asia. Agricultural accidents and injuries with vegetable matter 
predispose to fungal infection.

Clinical appearance

The eye will be red, painful and photophobic, with profuse lacri-
mation. A corneal opacity, which stains with fl uorescein, is visible. 
A hypopyon, which appears as a white fl uid level in the anterior 
chamber, is the characteristic feature of suppurative keratitis.

It is not easy to determine whether a corneal ulcer is due to 
bacterial or fungal infection on clinical grounds alone. However, 
serrated margins, a raised slough, and coloured infi ltrate suggest 
infection due to a fungus.62

Laboratory diagnosis

Gram staining and microscope examination are possible within 
half an hour. The procedure for obtaining and examining material 
from a corneal scrape is shown in Table 18.13. This may demon-
strate the presence of bacteria or fungi. Bacteria will be identifi ed 
as Gram-positive or Gram-negative, and as rods or cocci. The 
examination and interpretation of corneal scrapes requires skill 
and experience, and it is often impossible to detect any organism.

Management

The treatment of suppurative keratitis is urgent. Initial treatment 
may be guided by Gram stain results, and knowledge of the locally 
common causes of infectious keratitis. For example, fungal kera-
titis is common in South India, so an antifungal should be given 
when the organism is unknown. Treatment can be modifi ed if 
culture and sensitivity results become available later.

Figure 18.27 Corneal ulceration with hypopyon formation. 
(Courtesy of Allen Foster.)

Table 18.13 Materials and procedure for a corneal scrape

Material
Topical anaesthetic (ideally preservative-free if culture is to be 
performed)
Scalpel blades, needles or platinum spatula
Alcohol or gas burner
Matches or lighter
Clean glass microscope slides (labelled)
Wax or diamond marker
Culture media (labelled)

Procedure
Put nothing in the eye except anaesthetic until the specimen is 
taken
Explain the procedure to the patient
Children require sedation
Apply topical anaesthetic if required
Use sterile, cooled blade or needle to sample representative areas 
of ulcer (a spirit lamp may be used for sterilization)
Avoid touching lids and lashes
Use each scrape to prepare one smear or culture
Spread material thinly on to microscope slides
Re-sterilize and cool instrument between scrapes
Fix slides for microscopy with gentle heat (or alcohol)
Label slides and cultures with name and date
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Different regimens of treatment are given in Table 18.14.
Fluoroquinolones, such as ciprofl oxacin or ofl oxacin, have 

good activity against all Gram-negative organisms, including 
Pseudomonas. They are also effective against many Gram-positive 
species and are recommended as monotherapy.

Natamycin or an imidazole, such as econazole, are the antifun-
gals of choice. Natamycin has limited corneal penetration, but has 
been shown to be effective in randomized clinical trials.

Any eye with corneal ulceration should also be given a cyclople-
gic, such as atropine sulphate 1%, used at least once daily.

Any bacterial ulcer will be sterilized within 48 hours of inten-
sive treatment, but healing may take much longer. Bacterial ulcers 
should be healed in 10–14 days, and fungal ulcers within 21–28 
days. If the ulcer does not heal, a central tarsorrhaphy should be 
performed. If perforation is imminent, a conjunctival fl ap can save 
the eye.

Herpes simplex keratitis

The herpes simplex virus (HSV) is distributed worldwide and can 
have severe effects on the eye. Most individuals will have experi-

Table 18.14 Topical treatment of suppurative keratitis according to results of Gram stain

Ideal circumstances Practical alternatives
Gram-positive cocci Cefuroxime 50 mg/mL or fl uoroquinolone Gentamicin 8 mg/mL

Gram-negative rods Fluoroquinolone or gentamicin 8 mg/mL              

Fungal elements Econazole 1% or natamycin 5%

Unknown organism Fluoroquinolone + antifungal if indicated Gentamicin 8 mg/mL

All antibiotics should be given hourly for 48 hours and then reduced to every 6 hours.

A B

C D

Figure 18.28 Herpes simplex keratitis. 
(Courtesy of: (A, C) John Sandford-Smith; 
(B) Allen Foster; (D) David Yorston.)

enced a ‘cold sore’ on the face, but a similar lesion on the cornea 
is much more signifi cant. Combined with the inappropriate use 
of topical corticosteroids (which are contraindicated in this infec-
tion unless used by an eye specialist), the results can be disastrous 
for the eye. Most HSV keratitis is caused by type I infection, 
although occasionally type II infections occur, particularly in the 
newborn – when infection occurs in the mother’s birth canal.

The virus can remain latent within the nervous system, particu-
larly the ganglion of the 5th cranial nerve. HSV infection is more 
severe in immunocompromised individuals and may, for example, 
complicate the picture of measles keratitis and malnutrition.

In one study in Tanzania, HSV was responsible for 36% of 
corneal ulcers found in children (1981–1985).53

Although HSV keratitis may be immediately obvious if there is 
a classical dendritic ulcer, the infection often has an atypical 
appearance in developing countries.63 The ulcer may be larger and 
geographic or amoeboid in appearance (Figure 18.28). These pre-
sentations may relate to reduced host immune response, delay 
before treatment is sought, or to the effect of inaccurate diagnosis 
and inappropriate treatment, particularly with corticosteroids or 
traditional eye medicines.

Acute Red Eye
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Eye complications

Herpes simplex ulceration of the cornea is often recurrent. Should 
the infection and infl ammation affect the corneal stroma, it will 
lead to scarring and opacity. Recurrence may be stimulated by a 
number of factors, including fever (particularly malaria), exposure 
to ultraviolet light, minor trauma, measles and psychological 
factors.

Symptoms of HSV keratitis include pain and photosensitivity. 
A valuable sign is diminished corneal sensation in the affected 
eye. This can be tested with a wisp of sterile cotton wool. Other 
signs (Table 18.15) include lacrimation, circumcorneal injection 
and photophobia. In the classic presentation, the ulcer forms a 
branching dendritic fi gure. This appearance is clearly delineated 
by fl uorescein dye. The same dye will also outline a larger ulcer, 
such as the geographic ulcer. An intense host immune reaction to 
the virus in the cornea can lead to severe infl ammation, and 
destruction of the stroma. Blood vessels may invade the cornea, 
particularly with ulcers close to the limbus. When healing occurs, 
a scar remains and loss of corneal stroma causes an irregular 
corneal surface. Corneal hypoaesthesia may cause a chronic neu-
rotrophic ulcer. Deep infl ammation of the cornea due to HSV 
infection provides a complicated problem in treatment. A uveitis 
may develop and sometimes the evidence of previous corneal 
epithelial infection can only be found with careful examination 
under magnifi cation.

Management

Previously, treatment of superfi cial HSV keratitis affecting only the 
corneal epithelium was mechanical removal of the infected cells 
of the epithelium.

Other forms of treatment are now more commonly used. These 
include aciclovir 3% eye ointment, which should be given fi ve 
times daily, or trifl uorothymidine 1% solution, fi ve times daily. 
Aciclovir is also available for systemic treatment, either orally or 
intravenously. Cycloplegic eye drops should be given while the eye 
is painful.

Topical corticosteroids may be required when there is an 
immune response resulting in a deep stromal keratitis. The weakest 
effective dose of steroid should be used, and must be given with 
an antiviral agent.

Eye health workers should refer any patient with geographic or 
stromal HSV keratitis to an ophthalmologist, after beginning treat-
ment with a topical antiviral agent, if this is available.

An unhealed HSV ulcer may require a conjunctival fl ap or a 
tarsorrhaphy to effect healing. (A tarsorrhaphy is a surgical proce-
dure, in this situation usually temporary, in which the eyelids are 
partially sutured together.) Corneal scarring may require a corneal 
transplant, which has a poor prognosis in HSV keratitis, as the 
infection recurs in the graft, and may provoke graft rejection.

Infl ammation of the episclera and sclera

Episcleritis

Episcleritis is a self-limiting condition, characterized by localized 
conjunctival and subconjunctival hyperaemia. It has been associ-
ated with herpes zoster ophthalmicus, gout and rheumatoid 
arthritis and is a recognized complication of leprosy, but in most 
cases no cause is found. Topical corticosteroids can be used when 
required.

Scleritis

Infl ammation of the sclera is more serious than episcleritis. It 
causes severe pain and redness. Occasionally, scleritis may lead to 
scleral necrosis and perforation. It is most commonly associated 
with rheumatoid arthritis and systemic vasculitis. Infective condi-
tions associated with a scleritis are leprosy, tuberculosis and herpes 
zoster ophthalmicus.

Scleritis requires systemic treatment, either with non-steroidal 
antiinfl ammatory agents or systemic corticosteroids. Other immu-
nosuppressive agents may also be used. Subconjunctival injections 
of corticosteroids are contraindicated as they may cause focal 
scleral necrosis.

When the scleral infl ammation has settled, the area of sclera 
may be thin and faintly translucent.

Infl ammation of the anterior uvea 
(anterior uveitis, iridocyclitis)

Infl ammation of the iris (iritis) and of the ciliary body (cyclitis) 
may be described as iridocyclitis or anterior uveitis.

Iridocyclitis presents typically with pain, redness and photo-
phobia. The condition may be unilateral or bilateral. Examination 
with magnifi cation will reveal a haziness of the aqueous fl uid in 
the anterior chamber of the eye due to the presence of circulating 
proteins and infl ammatory cells. Deposits of cells may be found 
on the inferior endothelium of the cornea (keratic precipitates). 
If there is very severe infl ammation, the white cells may form a 
fl uid level in the inferior anterior chamber (hypopyon). Infl am-
mation of the iris and its pupil margin may result in adhesion of 
the pupil to the anterior lens surface (posterior synechiae). Syn-
echiae may also occur at the base of the iris, across the angle of 
the anterior chamber to the cornea (anterior synechiae). Both 
posterior and anterior synechiae can lead to secondary glaucoma 
and, in some instances, secondary cataract formation.

The causes of iridocyclitis are many, but in most cases no cause 
will be identifi ed. Systemic diseases which present with a classical 
granulomatous type of iridocyclitis with large keratic precipitates 
include sarcoidosis and tuberculosis.

Injury to an eye can occasionally result in a ‘sympathetic’ 
infl ammation of the undamaged eye. This may occur weeks, 

Table 18.15 Distinguishing signs of herpetic corneal ulcers

Typical, narrow branching dendritic ulcer

Large, irregular geographic ulcer

Intense corneal vascularization

Dense stromal infi ltrate

Stromal necrosis and/or facetting

Reduced corneal sensation

Scarring/facetting/vascularization from previous attacks

Central corneal oedema, with keratitic precipitates (disciform)
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months or even years after the original injury. Topical and systemic 
corticosteroid therapy is required.

There are a variety of factors infl uencing the onset of iridocy-
clitis which may relate to genetic characteristics. For example, the 
HLA-B27 antigen is often associated with ankylosing spondylitis 
and uveitis. Males are more likely to develop ankylosing spondy-
litis or Reiter’s syndrome. Reiter’s syndrome is recognized by non-
specifi c urethritis, polyarthritis and iridocyclitis. Certain racial 
factors infl uence uveitis in conditions such as Behçet’s syndrome, 
which is more common in eastern Mediterranean people and the 
Japanese. Behçet’s syndrome typically presents with recurrent 
ulcers of the mouth and genitalia associated with a severe uveitis. 
Sarcoidosis is more common in African-Americans than in Cau-
casians in North America.

Acute angle closure glaucoma

See pp. 290.

Infl ammation of the eyeball

Endophthalmitis

Infection can develop inside the eye, for example when a bacterial 
or fungal corneal ulcer perforates, or following a penetrating 
injury or intraocular surgery. This causes a severe intraocular 
infl ammatory reaction which may destroy the eye. There is fi brin 
in the anterior chamber, and a hypopyon may be visible. Vigorous 
treatment is required with systemic and intravitreal antibiotics. If 
the organism is unknown, intravitreal amikacin and vancomycin 
are given.

Staphyloma

A staphyloma occurs when there is thinning and ectasia of the 
corneoscleral coat of the eye, leading to protrusion of uveal tissue 
with a thin covering of cornea or sclera. The eye is usually severely 
infl amed initially, leading to a weakened cornea or sclera. This 
appearance may follow vitamin A defi ciency (Figure 18.29), nec-
rotizing scleritis, or corneal ulceration.

Phthisis bulbi

Severe infl ammation, such as endophthalmitis, or injury may 
damage the ciliary body, and reduce aqueous production. This 
leads to low intraocular pressure (hypotony), and the eye becomes 
shrunken. If the patient is not complaining, no treatment is neces-
sary. However, the appearance can be greatly improved by insert-
ing an artifi cial eye either on top of the phthisical eye or following 
surgical removal of the eye.

Eye injuries

Trauma is a common cause of uniocular red eye and sometimes 
blindness. Injuries to the eye are classifi ed as ‘closed globe’, which 
includes contusions and partial depth lacerations, and ‘open 
globe’, which includes globe ruptures, penetrating injuries and 
intraocular foreign body.

Corneal abrasion

Although this is a superfi cial injury involving only the corneal 
epithelium, it causes acute pain, lacrimation and photophobia.

Management

Instil topical antibiotics for 5 days. Give a cycloplegic, e.g. cyclo-
pentolate 1%, once. If vegetable matter caused the injury, it may 
be complicated by fungal infection.

Superfi cial retained foreign body

These are often metallic but may also be stone, wood or an eyelash. 
The foreign body may lie on the upper tarsal conjunctiva, where 
it will be revealed by everting the eyelid.

Management

Instil local anaesthetic drops. Remove the foreign body with a 
cotton-wool bud or a sterile hypodermic needle. If the foreign 
body is ferrous, there may be some surrounding rust. Do not 
attempt to remove this without a microscope, as the cornea is only 
about 0.5 mm thick. Give topical antibiotics for 5 days, and a 
single dose of a cycloplegic.

Penetrating injuries

A penetrating injury may be due to any sharp object, such as a 
thorn, which penetrates the eye.

The evidence of injury is not always obvious. In some instances, 
only careful examination will reveal the track of a retained intra-
ocular foreign body. There is no substitute for careful examination 
of the injured eye, using magnifi cation. A retained foreign body 
which is radio-opaque will be seen on X-ray.

Management

As soon as a penetrating injury is recognized, the patient should 
be given antibiotic cover, both topically and systemically, and 
referred immediately to the eye specialist for surgical repair. 
Further examination is unnecessary, and may even harm the eye. 
The damaged eye should be protected with a shield.

Figure 18.29 Gross staphyloma after measles and vitamin A 
defi ciency. A blind unsightly eye will usually be enucleated. (Courtesy 
of Simon Franken.)

Acute Red Eye
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Blunt injury

A blunt, or non-penetrating, injury may be caused by large slow-
moving objects such as a stone or a fi st.

Following a blunt injury, examine the eye systematically from 
the front to the back, beginning with the periorbital region and 
eyelids. Fractures may involve the orbital margin or the bony fl oor 
of the orbit (a blow-out fracture), which leads to adherence of the 
inferior rectus muscle. Bruising may occur affecting the eyelids, 
making it diffi cult to open the eye. There may be bleeding into 
the anterior chamber of the eye (hyphaema); if the hyphaema 
occupies more than 50% of the anterior chamber, there is a high 
risk of secondary glaucoma. Intraocular tissues such as the root of 
the iris may be torn (iridodialysis). The lens may be dislocated. 
Bleeding in the posterior segment of the eye may result in vitreous 
haemorrhage. Retinal oedema and haemorrhages may be apparent 
on ophthalmoscopy.

Management

In most instances the correct treatment of a blunt injury is obser-
vation until the condition resolves. Should there be a large hypha-
ema, the intraocular pressure must be monitored carefully. A 
hyphaema with a high pressure forces blood into the corneal 
stroma, leading to corneal blood staining. Raised intraocular pres-
sure should be treated intensively, and, if medical treatment is 
insuffi cient, the patient should be referred urgently for surgical 
removal of the hyphaema.

It is advisable to give a topical antibiotic and cycloplegic eye 
drops. A topical steroid may be given. Any moderate intraocular 
pressure rise can be controlled by oral acetazolamide.

Chemical burns of the eye

Chemical injury may be caused by acid or alkali. Alkali burns are 
generally more serious.

Management

When a chemical injury has occurred, immediately irrigate the eye 
with water. Keep washing for 15–20 minutes, until all traces of the 
chemical have been washed out. Remember to irrigate under the 
eyelids as well. Any fragments of cement or solid material may be 
picked off with forceps. Antibiotic and steroid drops should be 
applied hourly for 2 days, and then reduced in frequency. Eyelids 
should be kept mobile with deliberate movement of the lids a 
number of times each day. Severe alkali burns should be urgently 
referred to the eye specialist, but most acid burns will heal within 
a few days.

Snake venom conjunctivitis

In regions of the world where the spitting cobra is found, snake 
venom can cause a conjunctivitis. Severe damage is rare, and is 
more likely to be caused by frantic attempts to remove the venom 
than by the toxin itself.

Solar burn (eclipse retinopathy)

Our natural precaution is to avoid the direct glare of the sun’s rays, 
but in certain situations this does not happen. An eclipse of the 

sun should only be viewed with adequate fi lters, otherwise a 
macular burn will follow because sunlight will focus on the retina. 
This leads to a permanent central scotoma.

Caterpillar hair conjunctivitis (ophthalmia nodosum)

Caterpillar hairs in the conjunctiva provoke an unusual foreign 
body reaction known as ophthalmia nodosum. A granuloma 
forms around each caterpillar hair. Treatment requires removal of 
the hair, or deeper invasion may occur.

Landmine injuries

Antipersonnel landmines (APLs) infl ict horrifi c injuries and often 
kill or maim civilians who have little or no part in any confl ict. 
The problem is particularly serious in Afghanistan, Angola, Cam-
bodia, Mozambique, Iraq and Somalia, but it is also present in 
more than 50 other countries. One estimate gives a fi gure of more 
than 100 million mines laid worldwide. Ophthalmic injuries typ-
ically occur when children play with ordnance, which then 
explodes in their faces.

Climatic droplet keratopathy

Climatic droplet keratopathy is a degenerative condition in which 
translucent droplets accumulate in the superfi cial stroma of the 
lower part of the cornea (Figure 18.30). It is caused by a high level 
of exposure to refl ected ultraviolet light.

Treatment can involve sector iridectomy, debridement (scrap-
ing) of the central cornea, lamellar or penetrating keratoplasty 
and, more recently, ablation by excimer laser.

VIRAL INFECTIONS AND THE EYE

Measles

Measles and the eye, and its association with vitamin A defi ciency 
disorders, are discussed on p. 302.

Figure 18.30 Climatic droplet keratopathy. (Courtesy of Gordon 
Johnson.)
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Rubella

The disease is frequently subclinical and is most often diag-
nosed when it appears in epidemics. The disease presents with 
an erythematous maculopapular rash on the face, trunk and 
extremities. The infection is self-limiting and harmless in chil-
dren and males. However, maternal infection during the fi rst 
trimester of pregnancy has an 80% chance of affecting the 
unborn child. The congenital rubella syndrome ranges from 
minimal to severe effects. Apart from eye complications, the 
child may be deaf or mentally retarded and there may be 
cardiovascular abnormalities. There is intrauterine growth retar-
dation, and the most severe cases may cause spontaneous abor-
tion or stillbirth.

Eye complications

Cataract may occur in around half of all children affected by 
rubella in utero. The virus may remain in the lens for some years 
after birth, and surgical removal of the cataract causes uveitis. 
Other eye defects include congenital glaucoma (buphthalmos), 
rubella retinopathy, which can have a ‘salt and pepper’ appear-
ance, optic atrophy, squint, nystagmus and microphthalmos. Con-
genital cataract due to rubella has a poor prognosis.

Management

The treatment of rubella is preventive. Young females should be 
immunized; immunization may be carried out at 1 year of age or 
before puberty. This provides lasting immunity. However, immu-
nization programmes must achieve at least 80% coverage of the 
population. Partial coverage may reduce the incidence of the 
disease in childhood, leading to a greater number of women 
reaching child-bearing age with no immunity.

Chickenpox (varicella)

This common virus infection of childhood is caused by the herpes 
zoster virus. The illness is characterized by fever, malaise and rash, 
which appears 12–16 days after infection has occurred. The rash 
is erythematous with vesicles occurring in groups which are wide-
spread over the body surface. It may, however, occur at any age 
and can be a serious disease in adults. The patient has immunity 
to varicella following infection.

Eye complications

Vesicles may occur on the eyelids, conjunctiva and at the corneo-
scleral margin(s). Superfi cial punctate keratitis, deeper infl amma-
tion of the corneal stroma (interstitial keratitis) and iridocyclitis 
have been described. Occasionally, extraocular muscle involve-
ment, pupil abnormalities and optic neuritis have occurred.

Management

Antibiotic ointment can prevent secondary bacterial infection of 
skin lesions. Any systemic complication, such as a pneumonia, 
will require suitable antibiotic cover for secondary bacterial 
infection.

Herpes zoster ophthalmicus

The herpes zoster virus lies dormant in sensory nerve ganglia after 
a previous infection with chickenpox (varicella). A variety of 
stimuli may precipitate herpes zoster (shingles). Herpes zoster 
most commonly affects older people and immunocompromised 
individuals. In Africa the development of shingles is often the fi rst 
evidence of infection with the HIV/AIDS virus. Most often shingles 
affects the trunk, but herpes zoster ophthalmicus, affecting the 
periorbital region and eye, occurs in less than 10% of patients 
who develop shingles. In these patients the ophthalmic division 
of the 5th cranial nerve is affected. A distressing characteristic of 
the infection is post-herpetic neuralgia, which can persist for a 
year or more.

Eye complications

The clinical features of herpes zoster ophthalmicus include a red 
vesicular rash, which develops crusts and later resolves with mul-
tiple tiny scars. The rash is typically unilateral, respecting the 
midline of the forehead. In severe cases the rash may cause scar-
ring, with cicatricial ectropion and exposure.

Eye involvement occurs in around 50% of patients and can be 
expected if the nasociliary branch of the ophthalmic division of 
the 5th nerve is affected, with vesicles on the side of the nose. There 
may be conjunctivitis, episcleritis, scleritis, keratitis and loss of 
corneal sensation (neuroparalytic keratitis), anterior uveitis, sec-
ondary glaucoma, extraocular nerve and muscle involvement, and 
optic neuritis. The virus can also infect the retina, causing acute 
retinal necrosis. Herpes zoster keratitis may take a variety of forms, 
including punctate epithelial erosions, fi lamentary keratitis and 
disciform keratitis. In patients with HIV/AIDS, the disease is par-
ticularly severe, and over 50% of eyes become blind.64

Management

The patient requires rest, adequate fl uids and analgesia to allow 
relief of the often severe pain. Antiviral drugs should be given 
systemically, especially if a patient is immunocompromised. Alter-
natives include aciclovir, valaciclovir or famciclovir. A topical 
cycloplegic, such as atropine sulphate 1% eye drops, should be 
given. A topical corticosteroid may also be given if there is kerati-
tis or anterior uveitis, but this should be under supervision of an 
eye specialist.

Corneal anaesthesia should be treated with a tarsorrhaphy. 
Acute retinal necrosis will require intravenous antivirals, and 
should be referred to a retinal specialist as these eyes often develop 
retinal detachment.

Cytomegalovirus

In recent years, infection with this virus has been particularly 
associated with the HIV/AIDS epidemic. Thus, it is a relatively 
common infection in the immunocompromised host. ‘HIV/AIDS 
and the eye’ is discussed further below.

Eye complications

Eye changes associated with the infection include anterior uveitis, 
retinitis with widespread necrosis, haemorrhages and sometimes 

Viral Infections and the Eye
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retinal detachment. The optic nerve may be involved, with pro-
gressive optic atrophy.

Infection affecting a woman who is pregnant can result in fetal 
abnormalities. These include low birth weight, purpura, deafness, 
mental retardation, pneumonitis, and an enlarged liver and spleen. 
Ocular abnormalities include cataract, uveitis, optic nerve atrophy, 
chorioretinitis and microphthalmos.

Epstein-Barr virus and Burkitt’s lymphoma

The Epstein-Barr virus may cause a mild keratitis. It has been 
implicated in lymphoma, although no conclusive proof is 
available. The tumour is endemic in sub-Saharan Africa, but 
occurs sporadically elsewhere, particularly in immunosuppressed 
patients.

Most commonly found in children under 10 years old, the 
maxillary region and orbit are often involved. The abdomen and 
the central nervous system may also be affected. A cranial nerve 
palsy can occur. Periorbital infi ltration may lead to proptosis, 
limitation of eye movements and exposure.

Treatment is by surgery, radiotherapy and chemotherapy (see 
Chapters 35 and 43).

Mumps

An acute fever with parotitis is the typical presentation, sometimes 
involving other organs, causing orchitis, oophoritis and pancreati-
tis. Following infection, the patient has long-term immunity.

Eye complications are uncommon but include dacryoadenitis, 
conjunctivitis, keratitis, iridocyclitis, scleritis, retinitis and optic 
neuritis. Treatment is supportive with analgesics and appropriate 
treatment of any eye complications.

Molluscum contagiosum

Molluscum contagiosum is caused by a DNA virus which usually 
infects children. Infection in adults, especially in Africa, may be a 
sentinel lesion for HIV infection. A small papule with a central 
umbilicus is typical. The lesion may be isolated or in clusters. 
Lesions on the eyelid may cause a follicular conjunctivitis or 
sometimes a keratitis. Curetting of the lesions, under local anaes-
thesia, with the application of chemical cautery using iodine or 
carbolic acid is usually successful.

HIV/AIDS and the eye

HIV infection is most often a sexually transmitted disease 
caused by the human immunodefi ciency virus. It can also be 
transmitted by transfusion of infected blood and by contami-
nated needles.

HIV infection in industrialized countries occurs particularly 
in homosexual populations and among intravenous drug 
users. In Africa it is transmitted mainly by heterosexual activity. 
Seropositivity is signifi cantly linked with a history of sexually 
transmitted disease, genital ulcer disease, contact with prostitutes 
and lack of male circumcision. Age-specifi c peaks of HIV infection 
are found among children under the age of 5 and among young 
adults.

Epidemiology of HIV/AIDS

HIV/AIDS emerged in the late 1970s and spread in America, 
Europe and Australia, mainly among homosexual and bisexual 
man and intravenous drug users. At the same time, an epidemic 
occurred in East and Central Africa and in the Caribbean, but in 
these regions the infections have been mainly among heterosexual 
men and women with multiple sexual partners. It is estimated that 
in 2006 there were approximately 40 million people living with 
HIV. Twenty-fi ve million of them live in sub-Saharan Africa. Over 
four million new infections occurred in 2006, of which nearly 
75% were in sub-Saharan Africa.

Modes of transmission

HIV has been isolated from most body fl uids. Semen, vaginal 
secretions and blood are the most important in transmission of 
the disease.

HIV has also been found in the tears, conjunctiva, cornea, 
aqueous humour and the vascular endothelium of the retinal 
vessels. These fi ndings may be important in relation to potential 
transmission of the infection, for example when examining 
patients with an applanation tonometer. However, there is no 
report of transmission occurring through tears. Isopropyl alcohol 
swabbing of the tonometer tip is an adequate means of steriliza-
tion. The possible transmission of HIV by corneal transplantation 
is an obvious concern.

Herpes zoster ophthalmicus

Herpes zoster ophthalmicus is a marker for HIV infection in 
Africa.64 The course of this disease is more severe in HIV-positive 
patients, with more subjective discomfort. It also occurs in a 
younger age group. Intravenous or oral antiviral drugs, such as 
aciclovir, valciclovir and famciclovir, are the preferred treatments. 
Acute retinal necrosis may occur in association with herpes zoster, 
and in HIV/AIDS patients is typically fl orid, causing rapidly pro-
gressive outer retinal necrosis (PORN), with large areas of pale, 
necrotic retina and eventual retinal detachment. Treatment is with 
high doses of aciclovir or foscarnet intravenously, but the prog-
nosis is very poor.

Molluscum contagiosum and papillomata

The eyelids may have multiple warts or the umbilicated papules 
of molluscum contagiosum, both suggestive of HIV/AIDS 
infection.

HIV-related retinopathy

The most common ocular manifestation of HIV-infected patients 
is abnormalities of the small vessels of the retina. These can be 
found in around one-third of AIDS patients, and are associated 
with a high viral load. These lesions consist of small nerve fi bre 
layer infarcts (‘cotton-wool’ spots), microaneurysms and telangi-
ectasia. HIV retinopathy does not cause visual loss.

AIDS and cytomegalovirus (CMV) retinitis

In HIV patients with severe immunosupression (CD4 count less 
than 50/mm3), reactivation of earlier infection with CMV may 
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cause gastrointestinal disease, pneumonitis, encephalitis and reti-
nitis. CMV retinitis affects up to 30% of AIDS patients in the 
industrialized world, while in developing countries the prevalence 
seems to be much lower. AIDS patients in developing countries 
will often die from other diseases, such as tuberculosis, before 
they develop CMV retinitis.65

The classical appearance of CMV retinitis is that of a haemor-
rhagic retinal necrosis – sometimes described as tomato ketchup 
on cottage cheese, with extension of the lesions along the vascular 
arcades (Figure 18.31). There is surprisingly little vitritis or infl am-
mation, as the patient is unable to mount an immune response. 
The disease is bilateral in about 50% of patients. It is slowly pro-
gressive, and, if no treatment is provided, the whole retina may 
be destroyed within 6 months.

The optimum treatment of CMV retinitis is daily intravenous 
ganciclovir or foscarnet. Ganciclovir suppresses the bone 
marrow, while foscarnet is nephrotoxic. An alternative drug to 
ganciclovir and foscarnet is cidofavir, which does have the 
advantage of once-weekly treatment, but causes severe uveitis. 
These drugs are very expensive and daily intravenous injections 
are inconvenient. An option is to use weekly intravitreal injec-
tions of 2 mg of ganciclovir. These stabilize the disease, and 
maintain the vision, provided central vision has not already 
been affected.66

The use of HAART (highly active antiretroviral therapy) leads 
to an improvement in the patient’s immune system. Paradoxically, 
this can lead to a worsening of vision, as the cytomegalovirus 
provokes an immune response that may cause uveitis and macular 
oedema.

HIV/AIDS and syphilis

All patients with syphilis should be tested for HIV and vice versa. 
Ocular manifestations of syphilis and HIV-seropositive patients 
include uveitis, retinal vasculitis and optic nerve disease.

The recommended treatment for ocular syphilis in HIV-sero-
positive patients is 12–24 million units of aqueous crystalline 
penicillin G intravenously per day for 10–14 days.

HIV/AIDS and tuberculosis

Because of the profound depression of cell-mediated immunity in 
HIV/AIDS patients, there is rapid dissemination of the infection 
to multiple organs (miliary disease). The alarming rise in the 
prevalence of tuberculosis parallels the spread of the HIV pan-
demic. In developing countries, 30–50% of adults have latent 
tuberculosis that may be reactivated in the presence of HIV infec-
tion. In patients with profound immunosupression, the presenta-
tion may be atypical, with extrapulmonary involvement and a 
negative tuberculin test. In patients with HIV/AIDS, massive cho-
roidal invasion may lead to secondary retinal necrosis and blind-
ness. Most patients die within a few months.

The treatment of tuberculosis is the same as in patients who 
are not HIV infected.

HIV/AIDS and tumours

Squamous cell caricinomas of the conjunctiva have been reported 
with greater frequency in HIV-infected individuals.

Kaposi’s sarcoma is a malignant vascular tumour which occurs 
in 15–24% of patients with AIDS in the developing world. This 
tumour can present on the skin or mucous membranes. It may 
develop on the eyelid skin, on the eyelid margins, on the conjunc-
tiva and, rarely, within the orbit. The clinical presentation of the 
tumour appears as a deep purple-red nodule (Figure 18.32). Typ-
ically, multifocal skin lesions appear which later ulcerate. They are 
usually slow-growing and rarely invasive. The tumours can be 
excised or given focal radiation therapy.

Figure 18.31 AIDS and cytomegalovirus (CMV) retinitis. (Courtesy 
of Philippe Kestelyn.)

Figure 18.32 HIV/AIDS and tumours: Kaposi’s sarcoma. (Courtesy of 
Philippe Kestelyn.)

Viral Infections and the Eye
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Squamous cell carcinomas have been reported with greater 
frequency in HIV-infected individuals. It may be that the onco-
genic potential of the human papillomavirus acts as a co-factor.67 
The presence of a greyish-white keratinized mass surrounded by 
a blood supply of engorged conjunctival vessels, sometimes with 
pigmentation, is typical of the tumour. The tumour is often aggres-
sive. Prompt and complete surgical excision is required. Topical 
treatment with mitomycin C or 5-fl uorouracil may also be 
effective.68

CHLAMYDIAL AND RICKETTSIAL 
INFECTIONS AND THE EYE

Trachoma

Infection with Chlamydia trachomatis is described on pp. 291–294.

Lymphogranuloma venereum

Lymphogranuloma venereum is caused by an organism of the 
Chlamydia (or Bedsonia) group of infective agents. It is transmitted 
by sexual contact. The organism is widespread geographically.

The initial lesion, the primary sore, is usually in the genital 
region, and within days there follows a regional lymphadenitis, 
with fever, headache and malaise.

Eye complications

Eye changes include a follicular conjunctivitis with pre-auricular 
lymphadenopathy. These are the clinical features of Parinaud’s 
oculoglandular syndrome. A keratitis may be associated with 
corneal infi ltration and new vessel formation. Iridocyclitis has 
been described. Posterior eye changes include dilatation of the 
retinal veins, retinal haemorrhages and optic disc oedema.

Management

Tetracyclines are the drugs of choice. The treatment of lympho-
granuloma venereum is described in Chapter 21.

Typhus

Typhus fever may be louse-borne, where the infecting organism is 
Rickettsia prowazeki, or tick-, mite- or fl ea-borne.

Eye complications

Eye complications associated with typhus fever include conjunc-
tivitis, iridocyclitis, retinal haemorrhages and optic nerve oedema, 
which may lead to optic atrophy.

Management

See Chapter 49.

Rocky Mountain spotted fever

This rickettsial disease is caused by R. rickettsii and is found in the 
Western Hemisphere. The vector is the tick – carried by wild 
rodents and dogs.

A conjunctivitis with photosensitivity and petechial haemor-
rhages of the bulbar and tarsal conjunctivae are described.

Treatment is with doxycycline.

Cat-scratch disease

This is caused by the rickettsial organisms of the genus Bartonella. 
Patients develop a regional lymphadenopathy.

Eye complications

Uveitis has been reported. Bartonella is a well-recognized cause of 
neuroretinitis, in which the optic disc is swollen, and macular 
oedema leads to the deposition of exudates in a characteristic 
star-shaped pattern.

Bartonella is sensitive to tetracyclines and to macrolides such as 
erythromycin and azithromycin.

SYSTEMIC BACTERIAL INFECTIONS 
AND THE EYE

Leprosy and the eye

Epidemiology

At the beginning of 2000, 640 000 leprosy patients were being 
treated for active disease with multi-drug therapy (MDT) world-
wide. Around 680 000 newly detected patients were registered in 
1999. More than 10 million previous leprosy patients had been 
released from treatment (RFT). It is estimated that around 100 000 
leprosy patients are blind due to the disease. However many thou-
sands more are blind due to non-leprosy-associated eye disease.

Clinical presentation

Leprosy is a chronic bacterial disease caused by Mycobacterium 
leprae, which is an acid-fast bacillus of low-grade infectivity, and 
a preference for cooler temperatures. Thus, the slightly cooler 
anterior segment of the eye is particularly affected.

The clinical picture of leprosy is determined by the immune 
response of the individual.

If the cellular immune response is strong, the corresponding 
bacterial count will be low, and so-called paucibacillary (PB) 
leprosy will develop.

If the cellular immune response is weak, the corresponding 
bacterial count will be high, and so-called multibacillary (MB) 
leprosy will develop (more than fi ve skin lesions).

MB leprosy patients may spread the disease. PB leprosy patients 
do not spread the disease.

The type of leprosy is important for both the treatment regi-
mens and the type of systemic complications which may occur.

Two mechanisms are responsible for nerve damage and various 
disabilities in leprosy. These are described as type I and type II 
reactions.

Type I reaction (reversal reaction)

A type I reaction occurs as a result of a sudden increase in cellular 
immunity (paucibacillary leprosy patients) (Table 18.16).
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Acute infl ammation in the skin lesions and the peripheral 
nerves can cause both motor and sensory defi cits. Involvement of 
the 5th and 7th cranial nerves leads to corneal hypoaesthesia (5th 
nerve) and lagophthalmos (7th nerve). The facial skin patch may 
be red and raised (in reaction) – or hypopigmented.

Damage to the 7th cranial nerve leads to paresis of the orbicu-
laris oculi and lagophthalmos. The patient is unable to close the 
eyes. This can be detected with both gentle and attempted forced 
closure of the lids. Lagophthalmos is a common eye complication 
of leprosy and may be associated with all forms of the disease 
(Figure 18.33). However, lagophthalmos and corneal hypoaesthe-
sia are the expected complications found in association with a 
type I reaction.

Involvement of the 5th cranial nerve causes corneal hypoaesthe-
sia which may occur in association with lagophthalmos. The com-
bination of inadequate lid closure and corneal insensitivity poses 
a grave risk to the eye through exposure and the effects of minor 
trauma.

The management of eye complications associated with a type 
I reaction is recorded in Table 18.17.

Type II reaction (erythema nodosum leprosum: ENL)

ENL reactions occur only in multibacillary leprosy patients and 
are caused by antigen–antibody interaction leading to immune 
complex deposition.24

The typical clinical presentation is fever, subcutaneous nodules, 
swelling of nerves and infl ammatory foci. A type II reaction affect-
ing the eye can cause acute iridocyclitis, episcleritis and scleritis. 
Massive infi ltration with M. leprae can cause secondary atrophy of 
the involved tissues, leading to madarosis, collapse of the nose 
and thin earlobes.

Eye complications associated with a type II reaction

• Acute iridocyclitis – Treatment of acute iridocyclitis is the same 
regardless of the cause. Atropine sulphate 1% eye drops and 
corticosteroid eye drops should be given. Systemic corticoste-
roids are not required.

• Episcleritis and scleritis – An episcleritis will respond quickly to 
topical corticosteroids. The deeper infl ammation of scleritis, 
particularly severe bilateral scleritis, is a well-recognized com-
plication of severe type II reactions. Topical treatment should 
be given as described above, with atropine sulphate 1% and 

Table 18.16 Eye complications in leprosy, related to classifi cation*

Cause of complications Complications Paucibacillary Multibacillary
Type I reaction Lagophthalmos + +

Corneal hypoaesthesia + +

Type II reaction Acute iritis − +

Scleritis − +

Chronic iritis − +

Bacilli in high numbers Madarosis − +

Blepharochalasis − +

Blocked lacrimal sac − +

Limbal leproma − +

Leprous keratitis − +

Iris pearls − +

Neuroparalytic iritis − +

Iris atrophy − +

*Exceptions may occur due to variations in the grading of patients.

Figure 18.33 Bilateral facial paralysis due to leprosy. Temporal 
tarsorrhaphies have been carried out, but the left eye has severe 
corneal ulceration. (Courtesy of John D. C. Anderson.)

Table 18.17 Treatment of lagophthalmos

Duration Treatment
<6 months Prednisolone (30 mg/day), 

decreasing over 6 months
Blinking exercises
Protective spectacles

>6 months
No exposure keratitis
Normal corneal sensation
With exposure keratitis/
ectropion and/or corneal 
sensation reduced

Eye health education

Protective spectacles and 
other protective measures

‘Think-blink habit’

Permanent tarsorrhaphy

Ectropion surgical correction

Systemic Bacterial Infections and the Eye
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corticosteroids, but short courses of systemic corticosteroids – 
together with clofazimine – will be required. There is a risk of 
scleral staphyloma (bulging of the infl amed sclera with adher-
ent choroid and ciliary body), associated with scleral thinning.

• Chronic iridocyclitis – This chronic infl ammation presents 
with slight haziness in the anterior chamber due to cells and 
protein in the aqueous fl uid (Figure 18.34). Although posterior 
synechiae are uncommon, the pupils may become small (miosis) 
and fi xed. Keratic precipitates (foci of cells adherent to the back 
of the cornea) may be found on the corneal endothelium. When 
treating chronic iridocyclitis, keep the pupil as dilated and active 
as possible, using phenylephrine 2.5–5% eye drops.
There are other features which do not affect vision but can 

confi rm the diagnosis of leprosy with eye complications.
• Madarosis – There is loss of the eyebrows which may be asso-

ciated with loss of eyelashes. A hair-bearing skin graft may be 
used to provide a ‘new’ eyebrow. Alternatively, a dark pencil 
may be used.

• Blepharochalasis – Excessive folds of the skin of the upper 
eyelid can occur after swelling due to infl ammation has 
resolved. The treatment is surgical.

• Lacrimal duct obstruction – This results in excessive watering 
of the affected eye (epiphora) and may occur following infl am-
mation of the nasal mucosa and sometimes collapse of the 
nasal cartilage. Surgery to bypass the obstruction (dacrocysto-
rhinostomy) may be indicated.

• Limbal leproma – A painless pinkish or yellowish nodule may 
present at the corneoscleral margin (limbus). This should 
resolve slowly with supervised multiple drug treatment.

• Leprous keratitis – Chalky corneal deposits may occur, often in 
both eyes at the upper temporal quadrant of the cornea. These 
usually do not affect visual acuity and are evidence of corneal 
invasion by M. leprae.

• Iris atrophy – In long-standing multibacillary leprosy, the iris 
stroma and pupil dilator muscle may become thin and atro-
phic, leading to a fi xed miotic pupil. Irregular atrophy of the 
iris may result in pupil distortion.

• Iris pearls – Small white nodules may appear on the surface of 
the iris. These are pathognomonic for leprosy and are formed 
by calcifi ed foci of dead leprosy bacilli.

Age-related cataract in leprosy patients

Management of cataract in leprosy patients can be complicated by 
intraocular infl ammation and small rigid pupils. Surgery should 
be delayed until the patient has had 6 months of systemic anti-
leprosy treatment, without any recognized reaction. Intraocular 
lenses may be used provided there is no active infl ammation.

Raised intraocular pressure may occur in association with iri-
docyclitis. However, the intraocular pressure is often slightly lower 
than average (ocular hypotension) owing to atrophy of the ciliary 
body.

Summary: examination of the eyes in 
leprosy and eye health education

In examining the patient with leprosy, take particular note of the 
following:69

• Visual acuity of each eye
• Lagophthalmos and corneal sensation
• Red eye
• Facial skin patch
• Cataract.
1. Record the visual acuity in each eye. Where visual acuity is 

reduced below 6/12 in either eye, refer to the eye specialist.
2. Note if the patient blinks regularly. Ask the patient to close 

the eyes gently. If necessary, ask the patient to close the eyelids 
forcibly. If there is evidence of a lid-gap >5 mm, the patient 
should be referred for surgery.

3. The patient with lagophthalmos or corneal hypoaesthesia 
should be taught to think-blink – many times each day. This 
patient requires referral to the eye surgeon.

4. Note any redness of either eye. Any patient who has a red eye 
should be referred to the eye specialist.

5. Test the corneal sensation with a fi ne tip of ‘rolled’ cotton 
wool.

6. Examine, with magnifi cation, the anterior chamber for evi-
dence of iridocyclitis.

7. Note any evidence of cataract.
8. Dilate the pupil with cyclopentolate 1% eye drops. Posterior 

synechiae or a miotic pupil suggests current or previous 
iridocyclitis.

9. Confi rm that each patient is on the correct systemic treatment 
for their leprosy.

The success of leprosy control has resulted in the closure of 
some specialized leprosy programmes and leprosy workers moving 
to other employment. In India, Tamil Nadu was the fi rst state to 
integrate leprosy control fully into the general health services. 
Other states and countries are following this example. This poses 
a risk that new cases will be missed and disabilities in leprosy 
patients will not receive adequate care. This means that the guide-
lines and responsibilities of general health workers must be clari-
fi ed and appropriate training provided.

Close collaboration between former leprosy control and pre-
vention of blindness programmes will be required, at national, 
regional and local levels.

Tuberculosis

Tuberculosis is widespread and the prevalence is increasing. The 
WHO estimates that there are over 7 million new cases each year, 

Figure 18.34 Chronic iridocyclitis in leprosy. (Courtesy of Hans 
Limburg.)
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with nearly 3 million deaths. In countries where HIV/AIDS is 
endemic, tuberculosis is spreading rapidly.

Eye complications

The disease may affect all systems of the body, including the 
eyes. Infection of the skin (lupus vulgaris) can result in eyelid 
scarring and secondary corneal involvement due to exposure. 
Phlyctenular keratoconjunctivitis is due to a hypersensitivity 
reaction to the tuberculoprotein, presenting as small yellow/pink 
nodules, often on the corneoscleral margin. This nodule is a 
microabscess, and any patient presenting with this allergic 
response should be examined for tuberculosis. Scleritis may 
be either anterior or posterior. Posterior scleritis may be asso-
ciated with marked thickening of the sclera due to granuloma 
formation.

A granulomatous anterior uveitis (iridocyclitis) with large 
keratic precipitates (described as ‘mutton fat’) may occur. Exami-
nation with magnifi cation may reveal small white nodules at the 
pupil margin (Koeppe nodules). Miliary choroidal tubercles can 
be present as part of widespread disease. Both optic neuritis and 
optic atrophy are described.

Management

The systemic treatment of tuberculosis with isoniazid, together 
with rifampicin or ethambutol and other medications, in a variety 
of regimens, is described in Chapter 56.

A phlycten responds quickly to topical corticosteroid therapy.

Retinal vasculitis

In developing countries, retinal vasculitis is often associated with 
systemic tuberculosis. However, association with other systemic 
diseases (e.g. sarcoidosis, Behçet’s disease, systemic lupus erythe-
matosus and multiple sclerosis) is well recognized. The vascular 
disturbance may vary from mild vascular sheathing in the retinal 
periphery, to new vessel formation, traction retinal detachment 
and bilateral vitreous haemorrhages. Eales’ disease is a form of 
retinal vasculitis affecting mostly the retinal veins, and occurring 
in young men. It is particularly common in South Asia. Other 
causes of retinal neovascularization and vitreous haemorrhage 
must be excluded.

Brucellosis (undulant fever; Mediterranean fever)

Brucellosis is caused by infection with organisms which are Gram-
negative bacilli: Brucella abortus, B. melitensis or B. suis. The disease 
is widespread throughout the world.

Eye complications

These include a chronic granulomatous uveitis which may involve 
the posterior segment. Keratitis may occur with epithelial opaci-
ties. An optic neuritis is rare. Extraocular muscle abnormalities can 
appear, as a result of either local infl ammation or 6th cranial nerve 
paralysis due to a basal meningoencephalitis.

Management

Treatment of the eye disease is that given for an anterior uveitis, 
with topical mydriasis/cycloplegia, using eye drops such as atro-
pine sulphate 1%, and topical corticosteroids.

Treatment of the systemic disease is described in Chapter 59.

Tularaemia

Tularaemia is caused by a small Gram-negative bacillus, Francisella 
tularensis (Pasteurella tularensis). The human infection is found in 
Europe, Japan and North America.

The systemic disease and its transmission from animals such 
as rabbits and other rodents are described in Chapter 62.

Eye complications

Ocular infection with tularaemia causes a severe conjunctivitis. 
After an incubation period of up to 2 weeks, the eye becomes 
itchy and photosensitive. The conjunctiva is red and oedematous, 
with granulomas, and the regional lymph nodes become 
enlarged. This clinical picture is known as Parinaud’s oculoglan-
dular syndrome.

Treatment

Details of systemic treatment are given in Chapter 65.

Meningococcal meningitis

Epidemics of meningococcal meningitis (cerebrospinal meningi-
tis) occur in tropical countries, although the disease is found 
worldwide. The organism is the Gram-negative N. meningitidis, 
which typically is seen on microscopy as pairs of cocci or as a 
single coccus.

Eye complications

Extraocular muscle imbalance can occur due to involvement of 
the cranial nerves, in particular, the 6th nerve, although a partial 
3rd nerve paralysis is not uncommon. Encephalitis with optic neu-
ritis may result in post-neuritic atrophy.

Conjunctivitis and anterior uveitis can occur due to meningo-
coccaemia. Petechial haemorrhages may be visible in the conjunc-
tiva and are a valuable aid to diagnosis.

The pupils react in a variety of ways according to the particu-
lar site of infl ammation intracranially. In the early stages there 
may be miosis, but mydriasis will occur with the onset of 
coma.

Involvement of the visual cortex can result in loss of vision with 
entirely normal ocular features and reactions.

Management

The treatment of the systemic disease with penicillin or chloram-
phenicol is described in Chapter 55.

Local infl ammation involving the eye or eyes should be treated 
appropriately.

Systemic Bacterial Infections and the Eye
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Diphtheria

Diphtheria is caused by infection with a Gram-positive bacillus, 
Corynebacterium diphtheriae.

The disease is a public health problem in some developing 
countries, for example Sudan and India. Due to immunization, 
there has been a worldwide reduction in incidence.

Eye complications

Infection of the conjunctiva causes a membranous conjunctivitis 
with eyelid oedema, discharge and local lymph node enlargement. 
Corneal ulceration can occur. The classical sign of infection with 
the bacillus is a grey membrane which forms where infection has 
occurred. On removal of the membrane, the surface uncovered is 
raw with petechial haemorrhages.

The exotoxins formed by the organisms are particularly damag-
ing to the heart, kidneys and central nervous system. Cranial nerve 
paralysis can occur, affecting the extraocular muscles, particularly 
the 6th cranial nerve, but with the 4th and 3rd nerves sometimes 
also affected.

Membranous conjunctivitis may be caused by other infections, 
such as Streptococcus, Pneumococcus or adenovirus.

Management

Diphtheria antitoxin should be given as well as antibiotics. Treat-
ment of the disease is given in Chapter 67.

Anthrax

Cutaneous anthrax can involve the eyelids and periorbital regions. 
Infection is by direct contact with contaminated skins and other 
animal products, most often among those who work with live or 
dead animals. The organism may also be transmitted by insects. 
A red papule forms at the site of inoculation with the organism, 
Bacillus anthracis. The area becomes black (eschar) and gangre-
nous. The woman from Central Asia shown in Figure 18.35 said 

that an insect had bitten her forehead, and a dark eschar can be 
seen at the site. Typically, the patient is very ill.

Eye complications

Eschar formation affecting the eyelids can progress to severe scar-
ring, resulting in dramatic cicatricial ectropion – the eyelid can 
turn inside out. Exposure keratitis may cause corneal scarring and 
blindness.70

Management

Systemic treatment with the penicillins is described in Chapter 
63.

Correction of the ectropion requires division of the scar tissue, 
and a full-thickness skin graft – to allow the eyelid to resume its 
original position.

Cholera

Cholera is a gastrointestinal disease caused by the bacillus Vibrio 
cholerae. The disease is widespread in tropical countries. Profuse 
watery diarrhoea and vomiting result in acute dehydration. The 
disease is described in Chapters 10 and 51.

Eye complications

The severely dehydrated patient will present with ‘sunken’ eyes. In 
a severely ill patient the eyelids may be left open, leading to expo-
sure keratoconjunctivitis and corneal ulceration. There may be an 
increased risk of cataract due to acute systemic dehydration, and 
acute onset of cataract, which has been described during cholera 
epidemics in India.

Management

Treatment details are given in Chapters 10 and 51.

Typhoid fever

Infection with Salmonella typhi causes fever, abdominal pain and 
prostration. The bacilli may be harboured by a carrier of the infec-
tion, and the organism is also found in water, milk, ice-cream and 
other foodstuffs.

Eye complications

Rose spots may be found on the conjunctiva of patients 
with typhoid. They are found in association with similar rose 
spots on the trunk and limbs. During epidemics, cataract may 
form, possibly related in part to associated dehydration. Involve-
ment of the nervous system may result in a variety of complica-
tions, including extraocular muscle involvement and pupillary 
abnormalities.

Management

For a full description of treatment options in typhoid fever, see 
Chapter 52.

Figure 18.35 Anthrax in Central Asia. Notice the black eschar on 
the forehead. (Courtesy of Murray McGavin.)
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SPIROCHAETAL DISEASES AND THE EYE

Syphilis

Syphilis is caused by the spirochaete Treponema pallidum, which 
may be transmitted by venereal contact or across the placenta to 
the unborn child. An annual incidence of 12 million with a world-
wide prevalence of 28 million is reported by the WHO.

Congenital syphilis

The ocular manifestations of congenital syphilis include infl amed 
eyelids, dacryocystitis, conjunctivitis, extraocular muscle paresis, 
interstitial keratitis, iridocyclitis, pupil abnormalities (an Argyll 
Robertson pupil may be seen occasionally), chorioretinitis with 
the classical appearance of pigment granules and yellow/red spots 
(the ‘salt and pepper’ fundus), and optic neuritis and optic atrophy. 
Typically, congenital syphilis becomes latent and then reactivates, 
often during the teenage years, and may reappear as an interstitial 
keratitis. The patient complains of severe discomfort with photo-
sensitivity and a red eye. The affected area of the cornea may attract 
new blood vessels and the oedematous and infl amed area appears 
pink, which has been described as a ‘salmon patch’. The keratitis 
can lead to corneal scarring. The empty blood vessels in the cornea 
are described as ‘ghost vessels’. Associated infl ammation can 
include an iridocyclitis.

Adult acquired syphilis

Eye changes are associated with the secondary stage of syphilis, 
and can include iridocyclitis, retinal vasculitis and optic neuritis. 
Infl ammation of the iris (iritis) may be obviously hyperaemic 
(roseolae). Tertiary syphilis may ensue after a variable period of 
time and can have similar clinical features. Also, the classical Argyll 
Robertson pupil may occur, with small irregular pupils which 
do not react to either direct or consensual light stimulation but 
will constrict on accommodation. Optic atrophy may be found.

Management

Treatment of the infl ammatory disease of the anterior eye will 
require mydriasis and cycloplegia using eye drops such as atropine 
sulphate 1%, together with topical corticosteroids.

A description of the general treatment of syphilis, using penicil-
lin, is given in Chapter 21.

Leptospirosis

Leptospirosis is caused by spirochaetes of the genus Leptospira. 
Man is infected by contact with a variety of domestic and 
wild animals, mostly due to contact with urine-contaminated 
water and soil. After an incubation period of 8–12 days, the 
patient develops fever and chills with general malaise and 
photosensitivity.

Eye complications

The conjunctival vessels may be dilated and there may be subcon-
junctival haemorrhages. An iridocyclitis can occur, although the 

onset of the intraocular infl ammation may be weeks or some 
months after the initial infective phase has passed.

See Chapter 70 for details of appropriate treatment. Antibiotics 
in high doses are indicated.

Relapsing fever

Relapsing fever is caused by the spirochaetes Borrelia recurrentis 
and Borrelia duttonii, which may be louse-borne or tick-borne, 
respectively. The patient has a recurring fever with severe head-
ache, photosensitivity, muscle and joint pains, upper respiratory 
tract infl ammation, nausea and vomiting. A rash is common.

Eye complications

Eye complications of louse-borne relapsing fever include anterior 
uveitis, which may be acute or chronic in character. Haemorrhages 
and exudates of the retina have been described. A meningitis may 
result in ptosis and extraocular muscle abnormalities due to 
cranial nerve paralysis.

Management

A full description of the systemic disease, diagnostic tests and 
treatment is given in Chapter 69.

Lyme disease

This infection is caused by Borrelia burgdorferi, and is spread by the 
bite of an infected tick. The best-known systemic manifestation is 
erythema migrans; however, the infection can cause arthritis, neu-
rological and cardiac problems as well as skin lesions.

Eye complications

Uveitis, optic neuritis, and cranial nerve palsies have all been 
described.

Yaws

Yaws is caused by the spirochaete Treponema pertenue, which is 
found in many geographical locations, including Asia, Africa, 
South America and the Caribbean. An ulcerating papilloma forms 
the primary lesion.

During later stages, the characteristic lesion is an ulcerating 
granuloma (gumma) which heals with scarring. This lesion can 
destroy tissue around the nose or orbit.

Eye complications

Periorbital gumma may cause severe scarring and deformity of the 
eyelids, with cicatricial ectropion, and possibly exposure.

FUNGAL INFECTIONS AND THE EYE

Over 100 fungal species, whether fi lamentous fungi, yeasts or 
dimorphic organisms, have been associated with eye infections. 
Diffi culties in management of the oculomycoses relate to prob-
lems in diagnosis and inadequate antifungal agents. Suppurative 

Fungal Infections and the Eye
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keratitis may be due to bacteria or fungi but this cannot be fi rmly 
decided on clinical grounds alone. Gram staining is the simplest 
method of distinguishing bacterial and fungal infection.

Fungi causing eye infections are most commonly fi lamentous 
fungi and yeasts.

Filamentous fungi are multicellular organisms with projections 
known as hyphae. Hyphae may have divisions or be non-septate. 
Septate fi lamentous fungi include the most common causes of 
fungal eye infections: Fusarium and Aspergillus. Non-septate fi la-
mentous fungi, for example Rhizopus and Phycomycetes, less com-
monly involve the eye.

Candida albicans and Cryptococcus neoformans are species of 
yeasts that may be involved in eye infections. They are unicellular 
organisms that reproduce by budding.

Dimorphic fungi such as Blastomyces dermatitidis may be respon-
sible for ocular and orbital disease following blood and lymphatic 
spread.

Oculomycoses are found worldwide but particularly in hot and 
humid climates. The geographical pattern of these infections is 
gradually emerging as the literature on mycotic infections of the 
eye increases. In some parts of the tropics, between a third and a 
half of adult corneal ulcers are caused by fungi.71

The most signifi cant anatomical site of fungal eye infections is 
the cornea, where suppurative keratitis, ulceration, hypopyon for-
mation and possible corneal perforation mean that early diagno-
sis and prompt treatment are vital.

A fungal corneal ulcer is suggested by a raised slough, with 
serrated margins, and a coloured infi ltrate, particularly if the ulcer 
fails to respond to antibiotic treatment.62 However, these signs are 
not consistently present.

Fungi are associated with vegetable matter, so abrasions of the 
cornea with twigs, thorns and husks must raise suspicion of a 
possible fungal infection.

Fungi may also involve the lacrimal canaliculi.

Aspergillosis

The genus Aspergillus contains over 300 identifi ed species and is 
common in warm and humid climates. The nose and paranasal 
sinuses are often infected, which can lead on to ocular involve-
ment with extraocular muscle palsies. Intracerebral abscess forma-
tion can cause eye complications due to a space-occupying 
lesion.

Fusariosis

Fusarium spp. may cause a suppurative keratitis. As with any sup-
purative keratitis, corneal scarring is likely when the area of infec-
tion and infl ammation heals. At a later time, corneal grafting may 
be indicated.

Candidiasis (moniliasis)

Candida albicans is an organism commonly found in the mouth, 
throat and vulva.

The fungus may affect the eyelids, lacrimal system, conjunctiva 
and cornea. Often, infection will follow injury to the eye, whether 
accidental or (sometimes) surgical. Candida endophthalmitis is 

associated with intravenous drug abuse or long-term intravenous 
catheters. There are characteristic spherical ‘puff balls’ in the vitre-
ous. A vitrectomy is required to clear the visual axis and to provide 
specimens for diagnosis.

Cryptococcosis

Cryptococcus neoformans is a yeast-like fungus which may have 
systemic effects involving the skin, lungs and meninges. It may 
cause a suppurative keratitis. Endogenous spread through the 
bloodstream results in infective uveitis. Infection of the meninges 
may cause raised intracranial pressure with papilloedema and 
subsequent optic atrophy. Cranial nerve abnormalities also 
occur.

Blastomycosis

Blastomyces dermatitidis is found in the Americas and Africa and 
affects the skin, lungs and various other organs. The infection is 
characterized by suppurative granulomas which may be found in 
the mouth, nose and also sometimes involving the eyelids. The 
orbit, lacrimal canaliculi, conjunctiva and cornea may be affected.

Coccidioidomycosis

Infection with Coccidioides immitis usually begins with inhalation 
of the organism, causing a pneumonitis. The disease may also 
involve skin, subcutaneous tissues, bone and meninges. Eye 
involvement can include a hypersensitivity response, manifest as 
a phlyctenular conjunctivitis. The eyelids may be affected, and 
intraocular involvement has been recorded, causing a posterior 
uveitis.

Histoplasmosis

Infection by the fungus Histoplasma capsulatum is widespread. The 
organism is found in the soil and is inhaled. The eye changes 
associated with this infection are described as ‘presumed ocular 
histoplasmosis syndrome’ (POHS), and based on evidence of 
infection elsewhere, but no organism has been isolated from the 
eye. It is presumed that histoplasmosis has a predilection for the 
posterior uvea and the characteristic lesions are multifocal areas 
of choroidal atrophy. If one of these lesions is close to the fovea, 
it may be associated with a choroidal neovascular membrane, 
which often leads to subretinal scarring and loss of central vision. 
The membrane can be treated with photodynamic therapy, intra-
vitreal injections of VEGF antagonists, or it may be surgically 
removed.

Treatment of fungal infections

If possible, immediate empirical antifungal treatment should be 
avoided until a Gram stain of a corneal scrape is available. If fungal 
keratitis is suspected when there has been no response to antibiot-
ics after 48 hours, an antifungal agent should be used.

Natamycin 5% eye drops are most effective against fi lamentous 
fungi, including Aspergillus and Fusarium.72 Dosage is one drop 
half-hourly, then six to eight times per day after 3–4 days.
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Amphotericin B is most effective against yeasts, particularly 
Candida and Cryptococcus. It may be given intravenously and 
topically.

Flucytosine 1% is effective against yeasts, including Candida 
and Cryptococcus, although some strains are resistant. It must 
therefore be given with an imidazole. It may be given in oral form 
and topically.

The imidazoles have a broad spectrum of antifungal activity. 
All are used topically. Clotrimazole 1%, miconazole 1%, ketocon-
azole 2% and econazole 1% have all been used in treatment of 
fungal keratitis.

Antifungal treatment has to be continued for at least 3 weeks, 
and about two-thirds of fungal ulcers will heal within 1 month. 
Bacterial ulcers respond more rapidly.

Systemic antifungal treatment will be necessary in endogenous 
infections, such as with Candida, where fl ucytosine orally 200 mg/
kg per day or ketoconazole orally 200 mg once per day for 2 weeks 
may be given. Alternatively, amphotericin B can be administered 
intravenously over several days.

DISEASES CAUSED BY PROTOZOA

Toxoplasmosis

Toxoplasmosis is caused by Toxoplasma gondii. The distribution of 
toxoplasmosis is worldwide, although there is some geographical 
variation related to the dietary habits of populations, particularly 
consumption of undercooked or raw meat, and the presence of 
cats, which are recognized hosts of the organism.

Eye complications

Retinochoroiditis is the common ocular manifestation of the 
disease. It is most often seen while quiescent, as a pigmented scar 
affecting the posterior segment of the eye (Figure 18.36).

If the scar involves the macula, the patient may complain of 
poor vision. However, the typical scarring is also found during 
routine eye examinations in asymptomatic teenage or adult 
patients.

The acute infection is characterized by focal, necrotizing retini-
tis, often arising at the border of a previously healed scar. The 
patient may complain of blurred vision, and fl oaters. In the acute 
phase, the foci of infl ammation are ‘fl uffy’ white with hazy 
margins. The vitreous is hazy due to vitritis, and there is an ante-
rior uveitis. Cystoid macular oedema can develop. In patients with 
HIV/AIDS, the disease is multifocal and more aggressive.

Treatment

Anterior uveitis may be treated with mydriatics and topical ste-
roids. Because of potential bone marrow toxicity, systemic 
treatment should only be given if the infection is close to the 
macula or optic nerve, and there is a reasonable prospect of pre-
serving vision. A full description of systemic treatment is given in 
Chapter 78.

Leishmaniasis

Leishmaniasis is a protozoan disease caused by parasites of the 
genus Leishmania. The insect vector which transmits the parasite 
is the sandfl y. It is found in many developing countries, with up 
to 2.5 million cases of ‘visceral’ disease and 9.5 million of the 
cutaneous form estimated.

Eye complications (visceral leishmaniasis)

The visceral form of leishmaniasis is known as kala-azar and eye 
disease is uncommon with this condition. Retinal haemorrhages 
have been described, typically bilateral and multiple in distribu-
tion. Iridocyclitis has been reported, with occasional descriptions 
of keratitis.

Eye complications (cutaneous leishmaniasis)

Cutaneous leishmaniasis has been described as tropical sore (ori-
ental sore), mucocutaneous leishmaniasis (espundia) and dis-
seminated anergic cutaneous leishmaniasis.

Eye changes commonly affect the eyelids, with occasional 
involvement of the lacrimal ducts or conjunctiva. The cutaneous 
lesion has a variety of appearances, with ulcer formation after the 
initial appearance of nodules or papules, often situated on the 
face, sometimes affecting the eyelids. Skin involvement leaves a 
characteristic scar.

Treatment

Details of treatment regimens are given in Chapter 77.

Amoebiasis

Amoebiasis is an intestinal protozoal disease due to the organism 
Entamoeba histolytica.

The disease is found worldwide, with possibly 500 million 
infected and an incidence of 48 million new cases each year. It is 
found in deprived communities, being associated with poverty 

Figure 18.36 Old toxoplasmic retinochoroidal atrophy. (Courtesy of 
Gordon Johnson.)

Diseases Caused by Protozoa
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and inadequate sanitation. It is a major health problem in parts 
of Africa, Asia and Latin America, where highly virulent strains 
may exist. Around 70 000 deaths probably occur each year.

Eye complications

In many populations where infection with Entamoeba histolytica is 
endemic, or even epidemic, it is diffi cult to determine whether eye 
changes are specifi cally associated with the systemic infection. A 
relatively uncommon but well-recognized complication of amoe-
biasis is a cerebral focus of infection, and reports of improvement 
in eye lesions, for example keratitis, associated with systemic treat-
ment of amoebiasis do suggest an occasional association. Cysts 
close to the macula with associated small retinal haemorrhages 
and disturbance of the retinal pigment epithelium have been 
described.

Management

A description of systemic treatment is given in Chapter 79.

African trypanosomiasis

Trypanosomiasis in Africa is caused by Trypanosoma brucei gam-
biense and T. b. rhodesiense, which are transmitted by the tsetse fl y 
of the genus Glossina.

The disease, commonly known as ‘sleeping sickness’, is found 
in Africa, between latitudes 15°N and 15°S. It is estimated that 
400 000 people have active disease.

Eye complications

A variety of clinical eye abnormalities have been reported. Eyelid 
oedema with conjunctival redness and photosensitivity may occur. 
Interstitial keratitis and iridocyclitis are reported. In the severe 
form of the disease, with the onset of meningoencephalopathy, 
there may be widespread neurological changes, ptosis, extraocular 
muscle involvement, optic neuritis and papilloedema.

Management

A description of the treatment of African trypanosomiasis is given 
in Chapter 75.

American trypanosomiasis

Also known as Chagas’ disease, American trypanosomiasis is 
caused by a protozoan parasite, T. cruzi.

The disease is found in Central and South America, extending 
from Mexico to Argentina.

Eye complications

Characteristic evidence of Chagas’ disease is unilateral oedema of 
the eyelids (Romana’s sign), which typically occurs when the 
inoculation site is close to the eye. The lacrimal gland can be 
involved in the infl ammation.

Management

Please see Chapter 76 for details.

Malaria

Malaria is caused by infection with one of the four Plasmodium 
spp. – P. falciparum. P. vivax, P. ovale and P. malariae. Most eye 
complications are associated with P. falciparum, which causes the 
most severe disease.

Eye complications

Retinal signs are particularly common in cerebral malaria, where 
they are of diagnostic importance.73 The retinal signs refl ect the 
changes taking place in the cerebral circulation. The retinal fi nd-
ings include haemorrhages, oedema and papilloedema. White 
centred retinal haemorrhages may be associated with higher 
mortality.

In severe cerebral malaria there may be extraocular muscle 
pareses, optic neuritis and cortical blindness due to brain 
damage.

A rare complication associated with the treatment of malaria is 
chloroquine retinopathy. Chloroquine can damage the central 
retina, disturbing the retinal pigment epithelium around the 
macula and producing a ‘bull’s eye’ maculopathy. The disturbed 
retinal pigment epithelium forms a ring or oval which provides 
the reason for the descriptive term. Chloroquine may be given at 
a dose of 6.5 mg/kg/day for some years with negligible risk of 
toxicity.

Management

The treatment of malaria is described in Chapter 73.

Pneumocystosis

Pneumocystis causes pneumonia in immunosuppressed individu-
als, particularly in HIV/AIDS.

Eye complications

Pneumocystis choroiditis is characterized by pale subretinal infi l-
trates that may be associated with exudative retinal detachments. 
These appearances are non-specifi c, and the diagnosis may be 
made postmortem. The condition responds to treatment with co-
trimoxazole or atovaquone.

DISEASES CAUSED BY NEMATODES

Onchocerciasis

Onchocerciasis and its effects are discussed elsewhere in this 
chapter.

Toxocariasis

Toxocariasis is caused by Toxocara canis; it results from contact with 
the host, especially puppies. Toxocariasis is found in both devel-
oping and industrialized countries. The systemic disease is 
described as visceral larva migrans, which is further discussed in 
Chapter 85.
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Eye complications

Ocular toxocariasis may present as a squint or a white pupil (leu-
cocoria). The typical abnormality is an isolated granuloma at the 
posterior pole, although the lesion may occur peripherally and 
more than one focus may be evident. Granulomatous infl amma-
tion may lead to other clinical features, including severe uveitis, 
chronic endophthalmitis, detached retina and optic neuritis. In 
the ‘quiet state’ the retina and choroid may show atrophic 
scarring.

It is important to differentiate ocular toxocariasis from the 
malignant intraocular tumour of childhood, retinoblastoma. Both 
these conditions may present with leucocoria.

Management

Most eye lesions are quiescent and no therapy is indicated. Infl am-
mation should be treated appropriately. If severe uveitis is present, 
systemic or periocular corticosteroids may also be required. Intra-
ocular infl ammation can result in endophthalmitis, membrane 
formation and traction retinal detachment. Expert surgical inter-
vention can involve vitrectomy, division of membranes and retinal 
detachment surgery.

Treatment details are also described in Chapter 85.

Loiasis

Loiasis is found in West and Central Africa and is caused by the 
fi larial helminth Loa loa. The insect vector of the worm is the fl y 
of the genus Chrysops.

Eye complications

The most typical ophthalmic presentation of loiasis is a subcon-
junctival worm. There may be conjunctival redness and some 
discomfort. The more dramatic presentation shows considerable 
swelling due to oedema of the eyelids (Calabar swelling), caused 
by the presence of the worm subcutaneously. Usually this swelling 
will settle in a few days.

Other eye features described include worms in the anterior 
chamber, uveitis and retinopathy. Loiasis complicates the treat-
ment of onchocerciasis, as treatment of a mixed infection with 
ivermectin can be associated with severe neurological adverse 
effects.

Management

The regimen of treatment is described in Chapter 74.
The removal of a subconjunctival worm requires topical anaes-

thesia. A suture is passed under the worm and tied tightly and the 
worm is dissected out. Alternatively, cryotherapy may immobilize 
the worm before surgical removal. The worms can move with 
surprising agility!

Thelaziasis

The oriental eye worm, Thelazia callipaeda, has principally been 
reported in patients from Japan and other countries in the Far 
East.

Eye complications

Typically, the patient complains of irritation and watering with a 
congested eye, often associated with pain. The worm may be seen 
within the conjunctival sac.

Management

Any worm present on the surface of the eye can be removed after 
the application of a local anaesthetic.

Bancroftian and Brugian fi lariasis

Filariasis caused by Wuchereria bancrofti has a widespread distribu-
tion in Africa, Asia and Latin America, with 119 million infected 
(WHO). Brugia malayi occurs principally in South-East Asia, while 
Brugia timori is found in Indonesia. These lymphatic fi lariases have 
a wide variety of clinical presentations. Transmission is by 
mosquitoes.

Eye complications

Adult worms have been isolated in the conjunctiva, with associ-
ated pain and redness. A subretinal adult worm has been found 
and larvae can infi ltrate the anterior chamber, iris, lens capsule, 
retina and choroid. Worms have been found in the eyelid and also 
the lacrimal gland.

Management

An adult worm may be removed from beneath the conjunctiva 
after the application of topical anaesthetic to the bulbar 
conjunctiva.

The preferred treatment is described in Chapter 84.

Dracunculiasis

Dracunculiasis due to the guinea worm, Dracunculus medinensis, is 
widely distributed, mainly in sub-Saharan Africa but also in south-
ern Asia. It is estimated by the WHO that the number of people 
infected is now around 70 000.2 Few die of the disease. Water 
which is contaminated with the small crustacean Cyclops is ingested 
and the patient becomes infected. After an incubation period of 
up to 1 year, a worm emerges through the skin. This may involve 
the orbit. Emergence of the worm is associated with swelling, pain 
and fever.

Management

A description of treatment is given in Chapter 84.

Trichinosis

Trichinosis is caused by infection with the larvae of Trichinella 
spiralis.

Trichinosis is commonly the result of eating uncooked meat, 
most often pork. Many other animals are also infected, including 
dogs, rodents, bears and jackals. The disease is found worldwide, 
including both Europe and America, where raw meat may be 
eaten.

Diseases Caused by Nematodes
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Eye complications

The most common ophthalmic presentation is bilateral eyelid 
oedema. This may follow invasion of the extraocular muscles 
by the organism, and pain on eye movement can be a 
feature. There may be associated oedema of the conjunctiva 
(chemosis).

Photosensitivity and blurring of vision can occur. Small haem-
orrhages may occur. These may present subconjunctivally and also 
within the eye, for example as a retinal haemorrhage. There may 
be an optic neuritis and optic nerve oedema.

Management

Treatment of the eyes is with a cycloplegic, such as atropine sul-
phate 1%, and topical corticosteroids. Swelling may be reduced 
with the application of cold compresses.

The systemic treatment of trichinosis with thiabendazole is 
described in Chapter 85.

Gnathostomiasis

Most reports of gnathostomiasis have come from Asia, but the 
disease has also been reported in Mexico.

Infection is caused by eating uncooked fi sh, chicken or pork.

The human disease has been mainly due to infection with 
Gnathostoma spinigerum, the infl ammatory consequences being 
caused by the larvae, with hypersensitivity reactions within the 
tissues.

Eye complications

The eyelids, the anterior surface of the eye, and intraocular tissues 
may be involved, and there may be an orbital cellulitis. Uveitis, 
worms in the anterior or posterior chambers, cataract and second-
ary glaucoma are described. The worm may cause retinal distur-
bance and infl ammatory changes can occur along the track made 
by the moving worm.

Management

The only form of treatment is the removal of the worm after 
anaesthesia. It has been suggested that cryotherapy could be used 
to immobilize the worm before surgery.

Diffuse unilateral subacute neuroretinitis

Diffuse unilateral subacute neuroretinitis (DUSN) was fi rst 
described in the USA in the late 1970s; however, it is also found 
in Latin America, Asia and Africa.74 It presents with loss of vision 

Table 18.18 Essential eye drugs*13

Topical antimicrobial agents Antibiotic† 0.5% Chloramphenicol eye drops

Antiherpetic† 0.1% Idoxuridine eye drops

Pan antiinfective† 5% Povidone-iodine

1% Tetracycline eye ointment (enriched with polymyxin B)

This last, being an ointment, has to be purchased in bulk

Local anaesthetic Topical† 0.5% Amethocaine hydrochloride eye drops

Mydriatic Diagnostic† 1% Cyclopentolate hydrochloride

Therapeutic† 1% Atropine sulphate

Topical steroids Weak† 0.1% Prednisolone

Normal† 0.5% Prednisolone

Strong† 1.0% Prednisolone

Corneal stain Fluorescein paper strips

Subconjunctival drugs Antibiotic Gentamicin 40 mg/mL

Steroid Hydrocortisone succinate 100 mg ampoule
Methylprednisolone 40 mg/mL (Depo-prep)

Mydriatics Atropine sulphate 1 mg/mL
Adrenaline hydrochloride 1/1000

Oral agents Tab. Acetazolamide 250 mg

Tab. Prednisolone 5 mg

Tab./Amp. Vitamin A 200 000 IU

Tab. Ivermectin (in areas where onchocerciasis occurs)

*Many of these can be locally made and are already in use by some National Prevention of Blindness programmes.
†These drops can be locally prepared from raw materials.
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in the affected eye, which may be accompanied by subretinal 
infi ltrates, infl ammation and vitritis. Later there is optic atrophy 
and diffuse subretinal pigmentary changes, with attenuation of 
the retinal vessels. A motile subretinal worm may be seen. Attempts 
have been made to remove the worm surgically, but the preferred 
treatment is to kill it with laser photocoagulation. Drugs such as 
thiabendazole are ineffective.

DISEASES CAUSED BY CESTODES

Cysticercosis

Cysticercosis is associated with the encysted form of the larvae of 
the tapeworm Taenia solium, and occasionally T. saginata. Faecal 
contamination of food and water is the most common cause of 
the acquired form of the disease, although the consumption of 
raw pork or beef means that the infection is widespread through-
out the world.

T. solium cysticerci have been found in many tissues, including 
brain, spinal cord, muscles, lungs, subcutaneous tissues and eyes.

Eye complications

Ophthalmic cysticercosis is commonly intraocular and usually 
affects the posterior segment, either subretinally or within the 
vitreous. T. solium cysticerci may also occur in the anterior chamber 
and other eye tissues. The typical form of the intraocular cyst may 
show movement and the protoscolex may move ‘in or out’ of the 
cyst.

Symptoms and signs include pain, double vision, blurring of 
vision and sometimes fl ashes of light.

Management

The systemic treatment of cysticercosis with praziquantel is 
described in Chapter 87. Corticosteroids may be used in associa-
tion with praziquantel. The intraocular cyst should be surgically 
removed if possible.

Echinococcosis

Also described as hydatid disease, this infection is most often due 
to the larvae of the tapeworm Echinococcus granulosus. The disease 
is widespread and other species are found in particular geograph-
ical locations. Most cysts are found in the liver and lungs.

Eye complications

Typically, echinococcosis causes a space-occupying lesion within 
the bony orbit. The most common sign is proptosis. There may 
be associated conjunctival chemosis, congestion and exposure 
keratitis. However, cysts may also be found within the eye.

Management

Treatment of the orbital cyst is by surgical removal.
The treatment of the systemic disease is described in 

Chapter 86.

Sparganosis

Sparganosis, due to infection with larvae of the cestode of the 
genus Spirometra, is found worldwide, but particularly in the Far 
East.

Humans can develop sparganosis by drinking contaminated 
water or eating infected snakes, birds or mammals. The fl esh of 
an infected frog may be placed on ulcers, and eye problems are 
usually caused by direct contact. For example, in China, raw fl esh 
may be applied to the eyes of patients who have fever.

Eye complications

The application of the fl esh of a frog to infl amed or painful eyes 
can result in infection with the parasite, and eyelid oedema, water-
ing and extreme irritation may develop. A worm may be found 
subconjunctivally and retrobulbar invasion can occur. The larva 
has been identifi ed in the anterior chamber of the eye.

Management

The worm or nodule should be removed surgically.

DISEASES CAUSED BY TREMATODES

Paragonomiasis

A number of lung fl ukes of the genus Paragonimus have been 
implicated in this infection, which is particularly prevalent in the 
Far East but is also found in Africa and Latin America. The organ-
ism is carried by many animals, and human infection may follow 
the consumption of uncooked meats, including crab and other 
crustaceans.

Eye complications

Typically, the onset of eye infl ammation is characterized by severe 
pain which is intermittent in nature. There is a uveitis leading to 
considerable intraocular infl ammation. The immature worm may 
cause anterior segment infl ammation with hypopyon formation. 
There may be vitreous and retinal haemorrhages.

Management

In ocular paragonomiasis, the helminth should be removed 
surgically.

Treatment of the systemic disease is described in Chapter 83.

Schistosomiasis

Schistosomiasis (bilharzia) probably affects around 200 million 
people, with as many as 600 million at risk and 20 000 deaths 
each year. This infection is caused by Schistosoma japonicum, S. 
mansoni and S. haematobium. Dams and irrigation canals have 
increased the prevalence because these waters contain the snail 
which is the intermediate host for the worm.

Diseases Caused by Trematodes
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Eye complications

Egg granulomas are found on the conjunctiva but also in the 
choroid and in the lacrimal gland. The most frequent infecting 
agent is S. haematobium.

An S. mansoni adult has been found in the anterior chamber of 
an eye.

There are records of uveitis and retinal haemorrhages that have 
been observed in patients with schistosomiasis.

Management

Systemic treatment regimens are given in Chapter 82.

DISEASE CAUSED BY ARTHROPODS

Myiasis

The larvae (maggots) of certain fl ies may cause ocular myiasis. 
These infestations are found in the Mediterranean region, Central 
America and Africa, but also in temperate regions. Orbital involve-
ment has been reported in many countries around the world.

Eye complications

External ocular myiasis can affect the eyelids, nasolacrimal ducts, 
lacrimal sac and conjunctiva. There is acute redness with irritation 
and discharge. This extremely unpleasant infection requires surgi-
cal removal of the larvae.

Internal ocular myiasis may result in uveitis, which can be 
severe. Usually the infl ammation is due to a single larva and the 
prognosis is relatively good.

Orbital myiasis is often found in patients with poor personal 
hygiene; maggots invade the periorbital regions.

Management

External ocular myiasis requires the careful removal of the larvae 
after applying local anaesthetic eye drops.

Internal ocular myiasis requires treatment of any infl ammation 
with topical therapy, including corticosteroids. Occasionally it 
may be necessary to remove the larvae surgically.

Orbital myiasis requires removal of the maggots with the appli-
cation of antiseptic solutions and the likely need of systemic 
antibiotics to deal with secondary bacterial infection.

Nairobi eye

The blister beetle – a red and black beetle of the genus Paederus 
– can occur in large numbers in Kenya and Tanzania.75 Contact 
with the beetle leads to dermatitis with vesicle formation. Indirect 
contact with the eye causes an intense periorbital dermatitis and 
keratoconjunctivitis. Although the appearance is dramatic, the 
condition is self-limiting and resolves over a few days.

ESSENTIAL EYE DRUGS

Table 18.18 gives details of medications routinely used in oph-
thalmic practice. Many of these drugs can be locally manufactured 
from ready-prepared materials.76

GLOSSARY

Abrasion: injury to the cells lining the surface of the anterior 
eye, often describing superfi cial injury of the corneal 
epithelium.

Amblyopia: also described as a ‘lazy’ eye; the result of 
inadequate stimulus to the retina in the child, often in an eye 
that squints.

Anterior uveitis: infl ammation of the anterior uveal tract.

Aphakia: an eye in which the lens has been removed.

Band keratopathy: deposition of calcium between the 
epithelium and Bowman’s membrane across the middle and 
lower part of the cornea.

Bitot’s spot: an often triangular foam-like plaque on the 
bulbar conjunctiva associated with vitamin A defi ciency.

Blepharitis: infl ammation of the eyelids.

Blepharospasm: tonic contraction of the eyelids.

Bowman’s membrane: the interface between the corneal 
epithelium and the corneal stroma.

Buphthalmos: congenital glaucoma (‘ox eye’).

Cataract: opacity in the lens of the eye.

Chalazion: a cyst in the region of the meibomian glands 
of the eyelid.

Chemosis: oedema of the conjunctiva.

Chlamydia: the genus of microorganisms that includes those 
causing trachoma.

Choroiditis: infl ammation of the choroid.

Chorioretinitis: infl ammation of the choroid and retina.

Climatic keratopathy (solar keratopathy, Labrador 
keratopathy): corneal changes and opacities caused 
by excessive exposure to ultraviolet light.

Cobblestones: a descriptive term used for the papillae of the 
tarsal conjunctiva found in vernal (spring) catarrh.

Conjunctivitis: infl ammation of the conjunctiva.

Corneal anaesthesia: loss of corneal sensitivity.

Corneal grafting: the surgical technique used to 
replace a centrally scarred cornea with a donor graft.

Corneal stroma: the main thickness of the cornea 
(9/10) between Bowman’s and Descemet’s membranes.

Cryotherapy: treatment by freezing.

Cycloplegia: paralysis of the ciliary muscle of the eye.

Dacryocystectomy: surgical removal of the lacrimal sac.

Dacryocystitis: infl ammation of the lacrimal sac.

Dacryocystorhinostomy (DCR): surgery to create a new 
opening from the lacrimal sac into the nose to allow tears to 
drain into the nose.

Dendritic ulcer: the typical appearance of a primary 
corneal ulcer caused by the herpes simplex virus.

Descemet’s membrane: the membrane in the cornea 
between the stroma and the corneal endothelium.



329

Ectasia: outward bulge of thinned tissue.

Ectropion: outward turning of the eyelid.

Endophthalmitis: extensive infl ammation inside the eye.

Entropion: inward turning of the eyelid.

Enucleation: removal of the eyeball, most often as a 
surgical procedure.

Epilation: removal of an eyelash.

Epiphora: overfl ow of tears.

Episcleritis: infl ammation of the episclera.

Evert: turning inside out; for example, turning the upper 
eyelid to examine the tarsal conjunctiva.

Evisceration: removal of the contents of the eye by 
curettage, leaving the sclera, optic nerve and extraocular 
muscles.

Extraocular: outside the eye.

Facial nerve palsy: paralysis of the facial (7th cranial) 
nerve.

Filtration angle: the region between the base of the 
iris and the cornea where aqueous fl uid drains through the 
trabecular meshwork.

Fluorescein: a dye used topically on the surface of the eye 
to stain an area of corneal ulceration. The dye is also used 
by injection to view vascular and other abnormalities of the 
retina and choroid (fl uorescein angiography).

Follicles: small yellow/white lumps on the conjunctiva 
which vary from 0.2 to 2 mm in diameter. Histologically 
they consist of lymphoid tissue.

Foreign body: usually a tiny fragment causing eye injury; 
it may be metal, dust, wood, stone, etc.

Gonioscopy: examination of the fi ltration angle of the 
anterior chamber of the eye with a contact lens 
(gonioscope).

Goniotomy: a surgical procedure with a goniotomy knife 
used in congenital glaucoma.

Gram stain: a stain used to identify organisms, both bacteria 
and fungi, microscopically.

Halo: a diffuse circle of rainbow-like colours around a light 
when corneal oedema is present.

Hypermetropia: long sight.

Hyphaema: blood in the anterior chamber of the eye.

Hypopyon: pus in the anterior chamber of the eye.

Hypotony: low intraocular pressure.

Intumescent: swollen; often used to describe an enlarged 
hypermature cataractous lens.

Iridocyclitis: infl ammation of the iris and the ciliary body.

Keratic precipitates (KP): clumps of cells and/or pigment 
on the corneal endothelium due to infl ammation of the iris 
and possibly ciliary body.

Keratitis: infl ammation of the cornea.

Keratoconjunctivitis: infl ammation of the cornea and the 
conjunctiva.

Keratoconjunctivitis sicca: dry eyes due to a reduced and 
abnormal precorneal tear fi lm.

Keratomalacia: destructive melting of the cornea associated 
with vitamin A defi ciency.

Keratomycosis: fungal infection of the cornea.

Lacrimation: secretion and fl ow of tears.

Lagophthalmos: inability to close the eyelids; may be 
associated with facial nerve paralysis, e.g. in leprosy.

Laser iridotomy: the creation of a hole in the iris using 
the laser.

Lens-induced uveitis: infl ammation of the uvea due to 
leakage of protein through the lens capsule.

Leucoma: a white scar of the cornea.

Madarosis: loss of eyebrow hair and/or eyelashes.

Mazzotti reaction: systemic reaction following the 
use of diethylcarbamazine and suramin for onchocerciasis.

Miosis: constriction of the pupil.

Molluscum contagiosum: a virus-induced small 
papilloma.

Mydriasis: dilatation of the pupil.

Myopia: short sight.

Night blindness: poor vision at night.

Nodulectomy: surgical removal of nodules (onchocercomas) 
in onchocerciasis.

Onchocercomas: nodules formed by the encapsulated mass 
of adult worms in onchocerciasis.

Ophthalmia neonatorum: infection of a newborn child’s 
eyes within 28 days of birth.

Optical iridectomy: surgical enlargement of the pupil to 
improve vision.

Optic neuritis: infl ammation of the optic nerve.

Orbit: the bony skeleton (part of the skull) which contains the 
eye and extraocular muscles, nerves, blood vessels and fat.

Pannus: a superfi cial fi brovascular membrane of the upper 
cornea, associated with trachoma.

Panretinal photocoagulation: multiple small burns of the 
retina with the laser photocoagulator; commonly used for 
proliferative diabetic retinopathy.

Papilloedema: oedema of the optic nerve head.

Peripheral anterior synechiae (PAS): infl ammatory 
adhesions in the angle of the anterior chamber of the 
eye.

Peripheral iridectomy: the surgical removal of a small 
piece of peripheral iris.

Phacolytic glaucoma: raised intraocular pressure due to 
macrophages and lens protein blocking the fi ltration angle, 
often associated with hypermature cataract.

Phlycten: a microabscess, usually at the corneoscleral margin, 
often associated with an allergic reaction to the tubercle 
bacillus.

Photophobia: fear (dislike) of light.

Glossary
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Phthisis bulbi: shrunken eye.

Pinguecula: fatty deposit on the bulbar conjunctiva.

Pin-hole disc: a tiny aperture or multiple apertures in a 
card or plastic disc; used to assess visual acuity.

Posterior synechiae: infl ammatory adhesions between the 
pupil margin and the anterior surface of the lens.

Proptosis: forward displacement of the eye.

Pseudoexfoliation: the accumulation of white particles 
within the anterior segment of the eye, collecting on the 
anterior lens capsule, pupillary margin, ciliary body and 
zonule.

Pterygium: fl eshy growth which grows across the cornea 
from the conjunctiva and subconjunctiva.

Ptosis: drooping of the eyelid.

Refractive error: a variation from the accepted normal 
optics of an eye, usually corrected by suitable spectacles.

Retinoblastoma: a malignant tumour of the retina found 
in young children.

Rhodopsin (visual purple): a substance required by the 
rods of the retina to allow some vision at night.

Schiotz tonometer: an instrument designed to measure 
intraocular pressure.

Scleritis: infl ammation of the sclera.

Sclerosing keratitis: scarring of the peripheral cornea in 
association with infl ammation.

Snellen ‘E’ chart: a standard chart to measure visual acuity.

Staphyloma: outward bulge of the cornea or the sclera 
with the uvea adherent behind.

Stye: infection at or near an eyelash follicle.

Subconjunctival haemorrhage: bleeding under the 
conjunctiva.

Subluxated: partial dislocation, usually describing a lens 
which is out of position.

Tarsal conjunctiva: conjunctiva lining the inner surface of 
the eyelids.

Tarsorrhaphy: stitching together of the eyelids, usually 
partial and often a temporary measure.

Trabecular meshwork: a connective tissue network in the 
angle of the anterior chamber through which the aqueous 
fl uid drains out of the eye.

Trabeculectomy: a surgical fi ltering procedure, usually for 
open angle glaucoma.

Trabeculotomy: a surgical procedure for congenital 
glaucoma.

Trachoma: eye infection caused by the microorganism 
Chlamydia trachomatis.

Traditional eye medicines (TEM): medicines used by 
traditional healers in developing countries.

Trichiasis: eyelashes turning inwards and scratching the 
external surface of the eyeball.

Vernal catarrh (spring catarrh): a type of allergic 
conjunctivitis.

Visual acuity: the measurement of vision.

Xerophthalmia: ‘dry eye’; used to describe the eye changes 
associated with vitamin A defi ciency.

Xerosis: dryness of the surface of the eye, often associated 
with vitamin A defi ciency.
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FURTHER READING

Eye Disease in Hot Climates, by Dr John Sandford-Smith, is an excellent short 
textbook of ophthalmology that is particularly relevant to the developing 
world.

The Journal of Community Eye Health is freely accessible on the internet at 
www.cehjournal.org, and it contains a wealth of useful articles. The paper 
edition is sent free of charge to health workers in developing countries.
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Section 3 System-oriented Disease

Chapter 19 Sunil Chopra, Mario A. Knight and 
Francisco Vega-Lopez

Dermatological Problems

INTRODUCTION

Skin diseases are highly prevalent in the general population and 
represent one of the main causes of consultation for the general 
practitioner and other members of the health team. The skin also 
manifests as a sign of cryptic systemic diseases. In tropical regions 
of the world a high prevalence of skin diseases is in sharp contrast 
with the paucity or absence of specialist dermatologist services.

Poverty and disability are two main characteristics of the indi-
vidual patient and the community affected by skin disease in the 
tropics. A number of quantitative and qualitative epidemiological 
studies as well as individual observations by clinicians support the 
aetiological role of poverty in skin conditions such as fungal dis-
eases, leprosy, scabies and impetigo. The vicious circle is closed as 
chronic or recurrent skin disease results in further disability and 
loss of economic activity. Clear examples of this complex problem 
are overtly manifest in those individuals suffering from superfi cial 
pyogenic infections, cutaneous leishmaniasis, leprosy, scabies and 
fungal diseases, among others.

Skin infections and tropical diseases may present as a primary 
condition or as a secondary manifestation of illness elsewhere in 
the body. Madura foot, cutaneous larva migrans and localized 
cutaneous simple leishmaniasis are examples of the former, 
whereas the latter can be exemplifi ed by systemic conditions such 
as leprosy, disseminated leishmaniasis secondary to kala-azar, and 
coccidioidomycosis. The clinical approach to a patient with skin 
tropical disease involves a thorough exercise in history-taking that 
leads to establishing a morphological and topographical diagno-
sis. The identifi cation of primary and secondary elementary skin 
lesions as well as the anatomical region affected score high in 
terms of diagnostic sensitivity and specifi city. Table 19.1 shows 
examples of lesions and symptoms that suggest or establish a 
particular diagnosis in clinical practice.

The dermatological history must include detailed information 
on previous skin disease, travel history, activities while travelling, 
occupation, drugs, duration of signs and symptoms, evolution of 
clinical signs, symptoms in relatives or household contacts, wild 
or domestic animal contacts, and a fast practical assessment of the 
patient’s immune status. The identifi cation of extracutaneous 
signs such as fever, enlarged lymph nodes, hepatosplenomegaly 
and general malaise indicates systemic illness and these fi ndings 

should prompt immediate action for further investigations or an 
appropriate referral. Particular epidemiological settings in the 
tropics determine exposure and attack rates from specifi c diseases 
and, hence, an in-depth understanding of the global geographical 
pathology and living conditions of the overseas population is 
required in the practice of tropical dermatology.

SKIN DISEASES CAUSED BY BACTERIA

Pyogenic infections

Aetiology and pathogenesis

Common skin bacterial infections in the tropics are caused by 
Staphylococcus and Streptococcus spp. These infectious agents are 
ubiquitous in both urban and rural environments and are capable 
of causing disease in all age groups. Healthy and immunocom-
promised hosts develop pyogenic infections of the skin following 
direct inoculation of bacteria. Less often, haematogenous dis-
semination and even a septicaemic state may develop as a result 
of a minor skin injury. The port of entry for these pathogenic 
organisms is often unnoticed by both the patient and doctor, but 
minor injuries, insect bites, friction blisters or super fi cial fungal 
infection are the commonest found in clinical practice. Other 
clinical circumstances such as burns, use of indwelling catheters 
in children and minor surgical procedures also play a role as risk 
factors for these infections.

Pyogenic bacteria cause damage in the infected tissue by the 
pathogenic action of proteases, haemolysins, lipoteichoic acid and 
coagulases. Erythrogenic toxins are responsible for the erythema 
commonly observed in infections by Streptococcus spp.1

Clinical fi ndings and diagnosis

The clinical spectrum of skin pyogenic infections includes follicu-
litis, furuncle and carbuncle formation on areas with hair follicles. 
Plaques of impetigo (Figure 19.1) and infi ltrated thickened dermis 
commonly affect the lower limbs (Figure 19.2) and are respec-
tively caused by Staphylococcus and Streptococcus spp. Abscess 
formation, cellulitis and necrotic ulceration represent the more 
severe end of the spectrum.
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By far, the perimalleolar regions are more commonly affected 
than other areas of the lower limb as they are exposed to mechan-
ical trauma; however, other common pyogenic infections may 
present on the upper limbs, face (Figure 19.3) and trunk. Common 
clinical signs of pyogenic infections include a variety of manifesta-
tions such as erythema, infl ammation, pus discharge, abscess 
formation, ulceration, blistering, necrotizing lesions and gan-
grene. Severe scarring may result from pyogenic ulcers caused 
by friction injury or else in cases of ecthyma (Figure 19.4). 

Most pyogenic skin infections are painful and the diagnosis 
is based on the clinical history and fi ndings. Bacteriological 
investigations and sensitivity profi le to antibiotics must be 
carried out if available. Disseminated, chronic or severe infections 
require an immediate referral to a dermatologist or to an infec-
tious disease specialist. Uncommon cases of streptococcal 
infection of the throat may express clinically with a sudden 
eruption of guttate psoriasis as a result of bacterial superantigen 
stimulation.

Table 19.1 Skin lesions and symptoms suggesting a variety of diagnoses

Clinical features Working diagnosis
Itchy papules in clusters Arthropod bites

Asymptomatic palmoplantar papules Syphilis

Single ulcerated nodule on exposed skin Cutaneous leishmaniasis

Asymptomatic chronic verrucous plaque Tuberculosis or chromoblastomycosis

Dysautonomic changes and ulceration Leprosy

Hyper/hypopigmented patch/plaques with 
atrophy and ulceration

Leprosy

Erythematous or hypopigmented plaques 
or nodules with peripheral neuropathy

Leprosy

Excoriated papules and burrows Scabies

Ulcerated nodule and lymphangitis Sporotrichosis or cutaneous leishmaniasis

Chronic scarring and sinus tracts Mycetoma

Itchy serpiginous track Cutaneous larva migrans

Haemorrhagic eschar, rash and fever Tick typhus, Lyme disease

Pruritic lichenifi cation, nodules and 
dyschromic changes

Onchocerciasis

Recurrent swellings Loa loa or gnathostomiasis

Patchy alopecia and boggy infl ammation Scalp ringworm

Acute urticaria, fever and abdominal pain Acute schistosomiasis (Katayama fever)

Painful, pruritic, plantar blisters Acute tinea pedis or acute eczema

Furunculoid painful lesions Myasis

Erythema, or urticaria, or exfoliative skin 
lesions with/without mucosal involvement

Drug reactions

Figure 19.1 Erythematous plaque of superfi cial impetigo with 
satellite lesions.

Figure 19.2 Pyogenic superfi cial lesions with purpuric plaques of 
cellulitis and proximal dissemination.
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Management

Mild infections are successfully treated with bathing or soaking of 
the affected skin in potassium permanganate solution (1 : 10 000 
dilution in water) for 20 minutes daily. Other mild superfi cial 
infections such as isolated plaques of impetigo or impetiginized 
eczema respond well to antiseptic or antimicrobial creams and 
ointments containing cetrimide, chlorhexidine, fucidic acid or 
mupirocin. Acute or chronic eczema requires treatment with 
potent topical steroids in order to eliminate risk factors for infec-
tion. Infections with multiple lesions or those involving larger 
areas of the skin require a complete course of systemic β-lactam 
or macrolide antibiotics in addition to the above topical treat-
ments. Recurrent episodes of cellulitis require longer courses of 
these antibiotics, and hospitalization followed by surgical debride-
ment is mandatory in necrotic lesions, gangrenous plaques and 
deeper infections with severe fasciitis. Superfi cial infections of the 
foot skin complicated by deeper involvement with necrosis of soft 
tissues carry a high mortality rate up to 25%.2 Necrotizing soft 

tissue infections (NSTIs) are highly lethal and pose one of the few 
dermatological emergencies, with early diagnosis being crucial. 
Although the optimum treatment is surgical debridement com-
bined with antimicrobial therapy, there are novel therapeutic mea-
sures that are currently being trialled with much success, including 
hyperbaric oxygen and intravenous immunoglobulin.3

Treponemal infections

These spirochaetal infections mainly consist of endemic syphilis, 
yaws and pinta.

Syphilis

Primary syphilis

This is characterized by the appearance of a painless papule 
(chancre) at the point of infection, usually the genital or oral 
mucosa.

Secondary syphilis

If the primary form is untreated, this may result in the secondary 
form from 20 to 60 days after infection, resulting in a maculo-
papular rash which is red to reddish brown in colour with common 
palmoplantar involvement. There may be a scarring alopecia, 
ulceration of mucous membranes and characteristic condylomata 
lata in the fl exures. Condylomata lata are whitish grey and, due 
to their presence in fl exures, tend to be moist. Systemic symptoms 
include fever, lethargy, myalgia and arthralgia.

Tertiary syphilis

This may develop approximately 3–5 years after infection. Tuber-
ous syphilids with grouped red-brown papules occur on the skin. 
Such lesions develop with central regression and atrophy. Associ-
ated peripheral progression results in a serpiginous morphology. 
Gummata may be localized on the forehead, scalp, lips, tongue, 
genitals (Figure 19.5) or any part of the body. Morphologically, 
the gummata are various shades of red and may ulcerate and heal 
with extensive scarring.

Treatment

The treatment of choice is penicillin, but allergic individuals 
respond to erythromycin or tetracyclines.4

Yaws

This is a condition that tends to begin in childhood and is associ-
ated with overcrowding, as the main vector of transmission is 
skin-to-skin contact. Propagation of the causative organism 
Treponema pertenue is dependent on a hot humid climate and is 
seen in Africa, South-east Asia and parts of South America. The 
clinical presentation is divided into four stages: primary, second-
ary, latent and tertiary. The primary stage is characterized by a 
single papule, which enlarges to become a papilloma at the site 
of inoculation. The average incubation period is 20 days, during 
which the epidermis and cutaneous lymphatics are infected, 
leading to blood-borne infection. Deceptively, this papilloma 
resolves spontaneously, only for the same papillomas to appear 

Figure 19.3 Circular plaque of staphylococcal pustular impetigo on 
the chin, with satellite lesions.

Figure 19.4 Localized ecthyma with surrounding cellulitis on the 
lower limb.

Skin Diseases Caused by Bacteria
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6 months later in a disseminated distribution in the secondary 
phase. These secondary stage papillomas tend to heal spontane-
ously, leading to an asymptomatic latent phase with sporadic 
appearance of papillomatous skin lesions which also spontane-
ously heal. Both secondary and latent phases may be associated 
with characteristic palmoplantar hyperkeratosis which makes it 
painful for the patient to walk and hence the associated ‘crab gait’. 
The tertiary stage may occur in up to 10% of patients, with scarring 
of the skin manifesting in:
• juxta-articular nodules, which are hard nodules around joints, 

mainly on the extensor side of elbows and wrists and also on 
hips, ankles and sacrum

• the appearance of gummata on the nose, palate and upper lip, 
causing soft tissue destruction that results in scarred areas called 
gangosa.
There can also be infl ammation of the bones of the nose and 

upper jaw, leading to destruction of bone and cartilage that results 
in scarred mutilated areas called goundou.5

Treatment

The prognosis of primary and secondary yaws is excellent, with a 
single dose of penicillin causing healing of cutaneous lesions 
within weeks. Alternative antibiotics are tetracyclines and erythro-
mycin. Unfortunately, once the scarring lesions of tertiary yaws 
have been established these remain permanent.

Pinta

This is endemic and caused by Treponema carateum. It is character-
ized by chronic skin lesions only, with no systemic involvement, 
and occurs mainly in young adults. There are four stages: primary, 

secondary, latent and tertiary. Three weeks after inoculation, a 
papule or verrucous plaque appears on the periphery of the limbs, 
which enlarges and becomes gradually hyperkeratotic. Secondary 
pinta is said to occur 9 months later, when there is dissemination 
of such lesions throughout the skin. Years later, the tertiary form 
may develop, with hypo- and hyperpigmented scarred areas 
throughout the skin (Figure 19.6).

Treponemal organisms can be found in the early dyschromic 
lesions and cross-reactive positive serology is very helpful in estab-
lishing the diagnosis. Benzylpenicillin is the treatment of choice, 
with tetracyclines and erythromycin being useful alternatives.6

Mycobacterial infections

The main disease-causing mycobacteria are M. tuberculosis and 
M. leprae. However, there are several other relevant mycobacteria 
that cause skin disease:
• M. marinum
• M. ulcerans
• M. chelonae and M. abscessus.

Clinical fi ndings and diagnosis

M. marinum

The fi sh tank granuloma more commonly affects the fi ngers or 
hand dorsum, but it has also been described on the foot and other 
anatomical sites. M. marinum frequently infects freshwater fi sh 
and, hence, individuals handling fi sh tanks represent the main 
population at risk.7 The disease manifests as a localized progress-
ing swelling with variable pain, and the appearance, within a few 
weeks, of nodular or verrucous skin lesions on the affected area 
(Figure 19.7). These lesions can show ulceration and bleeding 
from the disease process itself but also from mechanical trauma. 
The nodular lesions, measuring a few millimetres up to 2 or 3 cm, 
may resolve spontaneously after a few months, but they can also 
disseminate proximally by haematogenous or lymphatic spread. 
The dorsal aspects of the hand, foot and the malleolar regions are 
exposed to trauma and therefore direct inoculation commonly 

Figure 19.5 Asymptomatic exudative gummata of the penis in 
syphilis.

Figure 19.6 Circumscribed patches of hypopigmented truncal skin 
in ‘mal del pinto’.
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takes place on these regions. Once the condition is suspected, 
microbiological and histopathological investigations represent 
the most sensitive tests to confi rm the clinical diagnosis.

M. ulcerans

This causes the Buruli ulcer which affects mainly young individu-
als in rural Africa and particularly in West Africa, where an increase 
in incidence has been reported.8 More than two-thirds of the total 
of cases present in children below age 15. The initial lesions 
present as papules or small nodules that slowly increase in size to 
the point of causing an area of infl ammation and subsequent 
ulceration of the skin. The ulcer characteristically presents with 
undermined edges and manifests as active indolent phagedenism 
often involving large areas of the affected limb. A single ulcer or 
else smaller coalescing ulcers present more frequently on the 
lower leg above the ankles but other regions of the foot can be 
involved as well. Oedematous forms may progress rapidly and 
cause a panniculitis with destruction of underlying tissues such as 
fascia and bone. In cases where a large ulceration is followed by 
healing, contractures of the affected limb result from scarring.9 
Severe scarring and contractures have been identifi ed as a high 
morbidity factor for disability and a signifi cant percentage of them 
require amputation of the deformed limb.10

M. chelonae and M. abscessus

These can cause local cutaneous disease after trauma. Dissemi-
nated skin and soft tissue lesions only occur if the patient is 
immunocompromised.

Iatrogenic infections due to M. chelonae are well documented, 
with the source of contamination commonly tap-water and con-
taminated medical instruments. Lesions can be varied, with ulcer-
ative lesions, subcutaneous nodules and fi stula formation.

Tuberculosis of the skin

Aetiology

Tuberculosis of the skin is caused by M. tuberculosis. Those infected 
usually come into contact with the bacteria during childhood, 

transmission occurs between susceptible individuals, and those 
who become infected have usually been in direct contact with 
people who are bacteriologically positive.

Primary tuberculosis

This form of tuberculosis is found in patients who are non-
primarily infected. The initial infection can take place as a result 
of the bacteria coming into contact with a patient’s skin but 
this is unusual.

This form of the disease manifests itself 3 to 4 weeks after infec-
tion, appearing as a papule, becoming a plaque (Figure 19.8), 
or in a nodular infl ammatory form which evolves into an 
ulceration.

The tuberculin test starts negative; however, as the develop-
ment of the disease progresses, the test will eventually become 
positive.11

Secondary tuberculosis

This form of tuberculosis occurs in patients previously infected. 
The patient will have given a positive result to a tuberculin test 
and will also have a suffi cient level of immunity.

Types of skin tuberculosis

Lupus vulgaris

Indolent, erythematous nodules form plaques that may be scaly, 
ulcerated or crusted. It is most commonly found on the face, nose 
and ears, but may occur anywhere on the body. It is common to 
fi nd the development of squamous cell carcinoma on the surface 
of the lesion; this will invariably be in a chronic form.

The diagnosis is made by undertaking a clinical examination, 
biopsy or culture.

The tuberculin test is strongly positive.

Scrofuloderma

This is the most common form of skin tuberculosis. The infection 
is localized to chains of lymph nodes (usually on the neck and 
chest) with sinuses draining onto the surface of the skin.

Figure 19.7 Nodular verrucous violaceous lesions with proximal 
dissemination caused by Mycobacterium marinum.

Figure 19.8 Circumscribed large verrucous plaque with 
erythematous islets in chronic tuberculosis verrucosa cutis. (Courtesy 
of Professor Amado Saúl, Mexico.)

Skin Diseases Caused by Bacteria
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The diagnosis is made by clinical examination, biopsy, a posi-
tive tuberculin test and culture.

Acute haematogenous miliary tuberculosis

This form of tuberculosis is very rare. It normally occurs in children 
on account of the haematogenous dissemination. It is also seen in 
immunocompromised patients, presenting as multiple papules, 
plaques or nodules (Figure 19.9). The presence of these severe 
symptoms can be a basis upon which a diagnosis can be made.

Orifi cial tuberculosis

This is a rare form of tuberculosis of the mucous and periorifi cial 
skin as a result of self-infection; this takes place in patients with 
progressive visceral tuberculosis. This usually occurs in patients 
with advanced tuberculosis. The tuberculin test will give a posti-
tive result.

Patients with tuberculosis of the lungs will also have lesions in 
their mouth and on their lips.

Patients with intestinal tuberculosis will have lesions in the 
anus and patients with urogenital tuberculosis will have lesions 
in the genital areas.

It is easier to diagnose this form of the disease if the doctor is 
aware that the patient has visceral tuberculosis. The diagnosis is 
arrived at after undertaking the standard clinical tests.

The clinical appearance of the lesions is dependent on the route 
of entry of the organism and the state of immunity of the patient. 
A hypersensitivity state may occur in patients with good immu-
nity. Erythema induratum, lichen scrofulosorum and papulone-
crotic tuberculid are the skin manifestations.

Papulonecrotic tuberculid

This hypersensitivity reaction presents as crops of indolent papules 
with central pustules, which develop necrotic centres and fi nally 
atrophic scars. Lesions are found characteristically in acral areas 
such as the elbows, knees and ears.

The diagnosis is confi rmed by a positive tuberculin test and 
biopsy.

Erythema induratum

This form may resemble erythema nodosum, but in contrast 
tends to be seen on the calves rather than the shins. The 
lesions are tender red nodules that break down and ulcerate, 
discharging onto the surface of the skin and healing with atrophic 
scars.

The diagnosis is confi rmed with a biopsy, a positive tuberculin 
test and culture.

Lichen scrofulosorum

This is a rare form, occurring in children and teenagers with 
organic tuberculosis, primary tuberculosis or tuberculosis after 
vaccination.12

This form normally appears in the lateral part of the chest in 
the form of erythematous plaques, and sometimes can be fol-
lowed by peeling.

Treatment

All forms of skin tuberculosis respond to standard antituberculo-
sis regimens (see Chapter 56).

Leprosy

Leprosy is a disease with chronic development, caused by M. leprae 
(see Chapter 58). The bacterium is transmitted from individual to 
individual; for example, the bacillus can be easily dispersed by 
individuals when they exhale.

Leprosy is endemic in many areas of the globe. The disease 
results in sufferers having either mild or severe dermatological and 
neurological lesions. The lesions may, if the patient is not treated, 
result in the patient suffering from severe deformity and becoming 
incapacitated (Figure 19.10). Infection is likely to result in patients 
being both stigmatized and ostracized.

Aetiology

M. leprae is a Gram-positive, alcohol–acid-resistant bacillus. Anal-
ysis using the Ziehl–Neelsen staining method will show that the 
bacilli are arranged in globi, and this is the only bacterium that 
displays this kind of characteristic.

Transmission and evolution

M. leprae can be spread by non-infected individuals coming into 
contact with either nasal or throat mucus from an infected person. 
In most cases, the bacteria will have entered the body as a result of 
coming into contact with an area of skin that has become damaged.

The Hansen bacillus is a germ that is highly infectious and has 
a low pathogenicity and as a result this can give rise to serious 
concern among healthcare professionals that a large percentage of 
a defi ned population might become infected in endemic areas. 
Widespread infection is likely to commence very quickly after the 

Figure 19.9 Erythematous papules, nodules, and scarring caused by 
MAIS complex infection in a patient with AIDS.
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bacillus has initially been detected. However, while it is of concern 
that a large percentage of a defi ned population might become 
infected, it is of equal concern that only a small number of those 
infected will show any immediate signs of sickness as a result of 
the infection. The reason for the latter is due to the fact that the 
incubation period varies from 2 to 5 years.

Research has shown that the majority of the population in 
those geographical areas where the disease is prevalent are in fact 
resistant to infection by M. leprae. Individuals can easily be tested 
for resistance by implementation of a programme to undertake 
testing of individuals using the Mitsuda test.13 The test will show 
the level of resistance that the patient has to the disease. In essence, 
the test is carried out by giving the patient an intradermic injection 
of dead bacillus.

A positive Mitsuda reaction to the test is an indication that the 
patient has developed immunity to the disease. This is likely to be 
as a result of cellular maturation after being stimulated by M. 
leprae. The same result can also be ascertained by the use of other 
bacteria. It is possible that people in endemic countries can also 
have a positive result to the Mitsuda test.

Classifi cation

The World Health Organization (WHO) classifi cation, for pur-
poses of treatment, divides leprosy into two groups:
• Paucibacillary cases – negative bacilloscopy. This group includes 

indeterminate leprosy and tuberculoid leprosy.
• Multibacillary cases – positive bacilloscopy. This group includes 

borderline leprosies and lepromatous leprosy.
WHO has adopted certain policies and developed protocols to 

be followed when administering multi-drug therapy to infected 
patients. Countries in which the disease is endemic are strongly 

advised to adopt those policies and protocols, details of which can 
be found on the WHO website.

Clinical manifestations

Neurological lesions

M. leprae has a specifi c tropism in the manner in which it affects 
the peripheral nervous system of those infected by the disease. It 
will be obvious that the peripheral nervous system has been com-
promised in all forms of the disease. The disease is initially diag-
nosed as a result of the patient experiencing sensitivity disorders.

As a result of the effect of the bacteria on the peripheral nervous 
system the patient will fi rstly lose the ability to detect heat, cold or 
a change in temperature. This will be followed by the patient losing 
the ability to feel pain and fi nally the patient will lose the ability 
to experience the usual sensations associated with touching.14

After the damage to the nerve branches there will be an imme-
diate increase in the damage to the secondary branches and the 
peripheral nerves: palpably enlarged cutaneous nerve, great 
auricular nerve in the neck, the superfi cial branch of the radial 
nerve at the wrist, the ulnar nerve at the elbow, the lateral popliteal 
nerve at the knee, and the sural nerve on the lower leg.

When the nerve is percussed and the patient gets the sensation 
of shock, the condition is known as ‘Tinel’s sign’. It is possible that 
a patient may experience neurological disorders before any signs 
of there being any damage to the patient’s skin, which can be a 
factor in causing late detection of the disease, especially when 
those who treat the disease have a lack of practical experience in 
recognizing its symptoms.

Skin damage

Indeterminate leprosy

Indeterminate leprosy is the fi rst manifestation of the disease in a 
patient. It is characterized by macular or circumscribed areas with 
sensitivity disorders, sweat disorders and vasomotory disorders.

A patient may also suffer partial or total alopecia. Normally the 
macules are hypochromic or erythematous. Indeterminate leprosy 
has fewer than fi ve lesions and no bacilli on smear testing.

Tuberculoid leprosy

This type of leprosy is characterized by macules or plaques with 
raised borders. Generally the disease in this form will appear as a 
single individual lesion; however, it is possible for the disease to 
manifest itself by the appearance of a number of lesions asym-
metrically distributed over the patient’s body. Negative bacillos-
copy will be seen and also give rise to an extremely positive result 
to a Mitsuda test.

Borderline leprosy

See Chapter 58

Lepromatous leprosy

This form of the disease is characterized by a polymorphism of 
lesions; the skin and the nervous system are both severely affected 
by multiple lesions which are bilateral and symmetrically 
distributed.

Nerve damage occurs late in the progression of the disease and 
the skin lesions result in the patient suffering from a total loss of 

Figure 19.10 Pigmentary atrophic changes of the skin and 
mutilation in severe bilateral leprosy neuropathy.
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sensitivity. The effects of the disease result in the patient suffering 
from epistaxis and nasal obstruction.

The patient may develop leonine facies, hair loss from the 
eyebrows and eyelashes, misshapen nose, thickened deformed ear-
lobes, ichthyosis of the calves, glove and stocking anaesthesia 
with skin ulcers, and deformity of fi ngers and toes.

Reactions in leprosy

There are two distinct types of reaction that a patient will have 
after becoming infected with M. leprae.

They have been classifi ed as type 1 and type 2 symptoms. Type 
1 appears in patients who have some level of cellular immunity 
such as in tuberculoid and borderline leprosy. These lesions 
become both more erythematous and oedematous. New acute 
lesions may appear with the same characteristics in other parts of 
the body. This reaction may appear before or after the course of 
treatment has been completed.

Type 2 is known as leprosy nodosum erythema, and can appear 
before the course of treatment has been completed; however, it is 
more common for this type of the disease to appear during the 
course of treatment.

The characteristics of type 2 leprosy are fever, sickness, neck 
pain, lymphadenomegaly, plaques, erythema nodosum, arthropa-
thy, orqui-epididymitis and painful hepatosplenomegaly.

Diagnosis

There is a range of tests that a clinician can undertake in order to 
assist in the diagnosis of leprosy. These include: skin sensitivity 
testing, histamine test, pilocarpine test, Mitsuda test, bacilloscopy, 
biopsy, PCR and serology.

PCR helps to detect M. leprae before there are any visible symp-
toms present in the patient, making it extremely useful to detect 
minimum quantities of M. leprae.15

Treatment

WHO recommends the following multi-drug therapy regimens 
for adults:
• Paucibacillary leprosy: give at least 6 months of treatment 

within a 9-month period; treat with rifampicin 600 mg once a 
month (supervised) and dapsone 100 mg daily.

• Multibacillary leprosy: give at least 12 months of treatment 
within a period of 18 months; treat with rifampicin 600 mg 
once a month (supervised), clofazimine 300 mg once a month 
(supervised) and 50 mg daily, and dapsone 100 mg daily.

Management of mycobacterial infections

All mycobacterial diseases require highly specialized diagnostic 
investigations that in many cases can only be carried out in a 
tertiary hospital setting. Most mycobacterial diseases affecting the 
skin represent public health priorities not only for the endemic 
countries where they occur, but also at an international level as 
established by the WHO. Following the diagnosis of individual 
cases a long-term multi-drug therapeutic regimen can be pre-
scribed only by specialized physicians. Mycobacteria are known to 
develop resistance to antibiotics and it is imperative that all cases 
are treated with combinations of at least two drugs. The main 
drugs with antimycobacterial activity are rifampicin, ethambutol, 

pirazinamide, clofazimine, sulfone, isoniazid, macrolide anti-
biotics, tetracyclines and quinolones. Established combinations 
for particular infections are routinely administered according to 
international and local guidelines. The management of all myco-
bacterial diseases must consider not only the medical treatment 
but also a full range of educational initiatives aimed at the 
patient, the community and health personnel. Early lesions of fi sh 
tank granuloma, skin tuberculosis and particularly those caused 
by Buruli ulcer require surgical excision.

Bacterial mycetoma

Aetiology and pathogenesis

Nocardia, Actinomadura and Streptomyces spp. are the common 
aetiological agents of ‘Madura foot’ or actinomycetoma. This form 
of mycetoma occurs in tropical countries and the main case series 
have been reported from Sudan, Senegal, Nigeria, Saudi Arabia, 
India and Mexico. The infection is acquired by direct inoculation 
of bacteria into the skin and does not seem to represent a risk for 
travellers. Young male individuals living in endemic regions and 
dedicated to agricultural activities have been reported with the 
highest incidence of actinomycetoma. Bacteria causing actinomy-
cetoma have a thick wall surrounding the cytoplasmic membrane 
which is rich in lipid and carbohydrate compounds.16 Some of 
these compounds such as lipoarabinomannan and mycolic acids 
have been identifi ed as virulence factors. These bacteria are capable 
of blocking the adequate killing mechanisms by the cells of the 
infected host; however, it is considered that they have a low patho-
genic potential and most of them live as saprophytes in the soil.

Clinical fi ndings and diagnosis

The clinical disease is characterized by a chronic course with 
infl ammation, formation of sinus tracts discharging ‘grains’ and 
progressive deformity of the affected foot. Healing of discharging 
sinus tracts throughout years determines scarring with atrophic 
skin plaques and secondary pigmentary changes. Asymptomatic 
nodular or verrucous lesions can also be found and in a few cases 
a variable range of symptoms is present. These include pain that 
often results from superimposed pyogenic infection, acute infl am-
mation and bone involvement. The chronic infection with de-
formity of the foot determines periosteal involvement and 
subsequently osteomyelitis. Variable but often severe degrees of 
disability complete the chronic course of actinomycetoma (Figure 
19.11). The clinical picture manifested on one foot is highly sug-
gestive of the diagnosis. The main differential diagnosis includes 
mycetoma caused by fungi (see ‘Eumycetoma’ below) but other 
forms of ‘cold abscess’ formation, histoplasmosis, chromoblasto-
mycosis, cutaneous tuberculosis and sarcoidosis are the other 
main conditions to consider. Direct microscopy to disclose the 
‘grains’ discharged from sinus tracts confi rms the diagnosis and 
the culture of this material also provides a defi nite diagnosis of 
actinomycetoma.

Management

The current treatment of actinomycetoma is trimethoprim–
sulfamethoxazole 7.5–40 mg/kg daily in three oral doses for 
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several months or years. In certain anatomical sites, extensive 
lesions, or cases resistant to this therapy, amikacin 15 mg/kg intra-
muscularly daily should be added.17 However, treatment with co-
amoxiclav represents an alternative or rescue treatment for cases 
that have previously failed standard therapies.18 The treatment for 
mycetoma has to be administered for several months and the 
therapeutic response is variable. Early cases with small single 
lesions can be cured by surgical excision. In contrast, advanced 
cases with periosteal involvement and those with osteomyelitis do 
not respond to medical treatment and radical surgery of the foot 
represents the only therapeutic option.

Other bacterial infections

Tropical sea-borne infections by halophilic Vibrio vulnifi cus can 
produce localized or systemic disease manifested by acute and 
painful erythema, purpura, oedema and necrosis, particularly 
affecting the lower limbs. Cases of returning travellers presenting 
in inland metropolitan areas can be very diffi cult to diagnose and 
these patients carry a high mortality risk. Fatal septicaemia mani-
fests with coalescing purpuric patches on one or both lower limbs 
that subsequently spread to the periumbilical region. The infec-
tion is acquired by direct traumatic inoculation in estuaries and 
seawater, or by ingestion of raw seafood, particularly oysters. Male 
individuals with a history of liver disease and iron overload states 
are the group at highest risk for this infection.19 Severe cases 
require immediate referral to a specialist hospital physician as 

intravenous antibiotics and early surgical debridement represent 
the treatment of choice.

Exfoliation of the face, truncal and palmoplantar skin is part 
of the complex and severe picture in cosmopolitan cases with 
staphylococcal scalded skin syndrome (SSSS),20 whereas necrotic 
ulceration on a limb can result from tropical cutaneous diphtheria 
caused by Corynebacterium diphtheriae.21 Cutaneous diphtheria 
commonly manifests as a non-healing single ulcerated lesion on 
the toe or toe cleft lasting between 4 and 12 weeks.

SKIN DISEASES CAUSED BY PARASITES, 
ECTOPARASITES AND BITES

Cutaneous larva migrans

Aetiology and pathogenesis

This dermatosis results from the accidental penetration of the 
human skin by parasitic larvae from domestic canine, bovine 
and feline hosts. Animals pass ova of these helminths with the 
stools and larval stages develop in the soil or beach sand. A close 
contact with human skin allows the infective larvae to burrow 
into the epidermis and cause clinical disease. The main aetiologi-
cal agents are Ancylostoma braziliense, A. caninum, A. ceylanicum and 
Uncinaria stenocephala but other species affecting ruminants 
and pigs can also cause human disease. Following penetration into 
the skin, the larvae are incapable of crossing the human epider-
modermal barrier and stay in the epidermis, creeping across spon-
giotic vesicles until they die a few days or weeks later. Multiple 
infections can, however, last for several months. Cases of systemic 
invasion with a Loeffl er’s syndrome have been exceptionally 
described.

Clinical fi ndings and diagnosis

The plantar regions of one or both feet represent the main ana-
tomical site affected by cutaneous larva migrans (Figure 19.12), 
but any part of the body in contact with infested soil or sand can 
be involved. Individuals of all age groups and both sexes can be 
affected and the disease is a common problem for tourists on 
beach holidays where they walk on bare feet or lie naked on the 
infested sand. A report of 44 cases presenting in returning travel-
lers attending our specialized clinic in London revealed that 70% 
of the lesions were located on one foot, but the buttocks were also 
commonly affected.22 The initial lesion is a pruriginous papule at 
the site of penetration that appears within a day following the 
infestation. An erythematous, raised larval track measuring 1–
3 mm in width and height starts progressing in a curved or looped 
fashion. New segments of larval track reveal that the organism can 
advance at a speed of 2–5 cm daily. Commonly, the larval track 
measures between a few millimetres up to several centimetres in 
the region adjacent to the penetration site, but uncommon cases 
may present long larval tracks surrounding large areas of the foot 
with a well-defi ned perimalleolar distribution. Localized clinical 
pictures on the toes may present with only papular lesions but 
other presentations include eczematous plaques, blisters and 
urticarial wheals. Secondary complications to the presence of 

Figure 19.11 Sinus tract formation and severe scarring in chest 
actinomycetoma. (Courtesy of Dr Ruben López, Mexico.)
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the parasite in the epidermis include an infl ammatory reaction, 
eczematization, impetiginized tracks or papules and even deeper 
pyogenic infections. Variable in severity, but most commonly, 
intense pruritus and burning sensation are the main symptoms.

The diagnosis is based on the clinical history and physical fi nd-
ings on the affected skin. The histopathological investigation has 
little if any value in the diagnosis of cutaneous larva migrans. The 
study of 332 cases in central Mexico throughout 10 years in the 
1980s (Orozco, personal communication, 1993) revealed that 
haematoxylin–eosin (H&E) preparations of affected skin show a 
spongiotic acute or subacute dermatitis with a variable presence 
of larval structures. A mild perivascular lymphocytic infi ltrate was 
frequently observed in the dermis, and a low proportion of cases 
may develop peripheral eosinophilia, but this is not a constant 
fi nding.

Management

Thiabendazole is currently considered the agent of choice: oral 
thiabendazole, 500 mg four times daily for 5 days, has been shown 
to be effective.23

Topical thiabendazole application is used for early localized 
lesions. Liquid nitrogen cryotherapy can be used on the end of the 
larval burrow.

Leishmaniasis

See Chapter 77.

Introduction

Aetiology and pathogenesis

Leishmania spp. parasites are protozoan organisms transmitted to 
humans and other vertebrates by the bite of female sandfl ies of 
the genera Phlebotomus or Lutzomya. Most Leishmania spp. can 
cause skin or mucocutaneous disease, but a few of them affect 
internal organs as well. It is estimated that 12 million individuals 
are infected by Leishmania in 88 countries and 1.5 million new 

cases of cutaneous leishmaniasis occur every year (WHO 2006). 
The main endemic foci are found in Asia, the Middle East, India, 
Northern Africa, Southern Europe, Mediterranean basin and Latin 
America. A hot and humid environment such as that found in 
rainforest jungles provides adequate habitat for the animal reser-
voirs and vectors in Latin America. In contrast, desert conditions 
favour breeding sites for the vectors in the Middle Eastern and 
North African endemic regions.24

Following the bite from a Leishmania-infected sandfl y the 
human skin can heal spontaneously or else develop localized or 
disseminated disease. Sandfl y and Leishmania spp. causing skin 
disease in humans have been classifi ed in geographical terms as 
Old World and New World cutaneous leishmaniasis. Both can 
affect one area of exposed thin skin, but multiple infective bites 
or disseminated forms may present with lesions on several ana-
tomical regions. Common inoculation sites include facial bone 
prominent regions, external aspects of the wrists and malleolar 
regions. The bite of the sandfl y commonly targets exposed areas 
such as the external ankles during sleep or else medial regions of 
the foot when the host is at rest. Leishmania parasites can resist 
phagocytosis and damage by complement proteins from the host 
by the action of lipophosphoglycan and glycoprotein antigens. 
Following phagocytosis, the intracellular forms of Leishmania 
parasites induce a delayed-type hypersensitive granulomatous 
reaction which adds to the tissue damage.25

Clinical fi ndings and diagnosis

The bite of a sandfl y may induce an infl ammatory papular or 
nodular lesion that slowly progresses for several weeks. The incu-
bation period can be as short as 15 days but commonly it is 
estimated at around 4–6 weeks. Certain forms may take longer to 
develop clinically. A non-healing papule with surrounding ery-
thema and pain may also indicate superimposed bacterial infec-
tion that subsequently develops ulceration. On average 6–8 weeks 
after the sandfl y bite a violaceous nodule starts enlargement and 
ulceration. The ulcer is partially or completely covered by a thick 
crust that following curettage reveals a haemorrhagic and vegetat-
ing bed. Cutaneous leishmaniasis can be clinically manifest as 
nodules covered with crust, ulceration with a raised infl amed solid 
border, tissue necrosis and lymphangitic forms. Advanced late 
forms present with scarring, skin atrophy and pigmentary changes. 
A particular localized form caused by L. mexicana or L. braziliensis 
is called ‘chiclero ulcer’ (Figure 19.13) and affects the helix of one 
ear; however, L. braziliensis more commonly manifests as a single 
destructive violaceous ulceration of the skin (Figure 19.14).

Other regions of the body surface may be affected by pig-
mented and hyperkeratotic lesions in patches and plaques in the 
clinical form named post-kala-azar dermal leishmaniasis (PKDL). 
This clinical form presents after an episode of visceral leishmani-
asis by L. donovani in cases originating from India and Africa. 
Other common and characteristic clinical pictures include dry, 
single oriental sore by L. tropica (Figure 19.15), wet destructive 
single ulcer by L. major, diffuse anergic cases by L. aethiopica or 
L. mexicana, and cases of mucocutaneous leishmaniasis by 
L. braziliensis or L. mexicana.

The clinical picture of cutaneous leishmaniasis and the history 
of exposure in an endemic region of the world strongly suggest 
the diagnosis and the species involved. Complementary tests 

Figure 19.12 Erythematous larval track and papulovesicular 
eruption in unilateral cutaneous larva migrans of the plantar region.
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include histology of lesional skin, slit skin smears stained with 
Giemsa for direct microscopy, tissue samples for culture in NNN 
medium, and genetic analysis by PCR techniques. In our experi-
ence at the Hospital for Tropical Diseases we have found that in 
the context of a positive history of exposure and a typical clinical 
picture, the sensitivity for the histopathological diagnosis with 
dermal granulomata is 100%.

Management

Antimonials such as meglumine antimoniate and sodium stibogluco-
nate are the conventional forms of treatment. In India, resistance 

has now become common,26,27 and the treatment of choice for 
Indian-acquired visceral leishmaniasis is now Ambisome®,28 Abelcet®, 
Amphocil®,29 which are various forms of amphotericin B.30

The fi rst oral treatment for this condition was miltefosine 
(Impavido®). Miltefosine had a 95% cure rate in phase III clinical 
trials; Ethiopian studies showed that it was also effective in Africa. 
In immunosuppressed HIV-positive patients who are coinfected 
with leishmaniasis, it has been shown that, even in resistant cases, 
two-thirds of the people responded to this new treatment in clin-
ical trials. Miltefosine was approved by the Indian regulatory 
authorities in 2002 and in Germany in 2004. Its usage is now 
registered in many countries. The drug is generally better tolerated 
than other drugs. The main side-effect is gastrointestinal distur-
bance in the fi rst or second day of treatment (a course of treatment 
is 28 days) which does not affect the effi cacy. Because it is available 
as an oral formulation, the expense and inconvenience of hospi-
talization is avoided, which makes it a drug of choice.

The Institute for OneWorld Health, a non-profi t organization, has 
developed the drug paromomycin, which is claimed to be effective 
and cheap.

Onchocerciasis

Aetiology and pathogenesis

This fi larial disease is acquired through the inoculation into the 
skin of Onchocerca volvulus by black fl ies of the genus Simulium. 
This infection, also named ‘river blindness’ and ‘Robles disease’, 
is highly prevalent in Africa within latitudes 15°N and 15°S, and 
affects tropical countries in Central and South America. Fast-
fl owing brooks and small rivers provide breeding sites for the 
black fl y vectors and only the female individuals are haematoph-
agous. They can bite potential hosts throughout the day and prin-
cipally those pursuing outdoor activities. Holiday-makers as well 
as those travelling for professional reasons have a risk of acquiring 
this parasitic disease, but it is the local population that suffers the 
highest toll from both clinical disease and subsequent disability.

Following an incubation period of approximately 1 year, the 
adult worms live freely in the skin or within fi brotic nodules or 

Figure 19.13 Chiclero ulcer in American cutaneous leishmaniasis 
caused by Leishmania braziliensis.

Figure 19.14 Erythemato-violaceous nodular ulceration with 
surrounding cellulitis caused by Leishmania braziliensis.

Figure 19.15 Single scarring erythematous sore with crusting in Old 
World leishmaniasis caused by Leishmania tropica.
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cysts named onchocercomata. The female adult worm releases 
microfi lariae into the dermis and they are disseminated by the 
lymphatic system. Adult worms may live and reproduce for up to 
15 years in the human host.

Clinical fi ndings and diagnosis

The main clinical manifestations include pruritus and skin lesions 
with lichenifi ed plaques, papular or prurigo eruptions, nodules, 
atrophic changes and pigmentary abnormalities. Early symptoms 
include fever, arthralgia and transient urticaria affecting the face 
and trunk. Pruritus and scratching lead to eczematization revealed 
as patches of lichenifi ed and excoriated skin on the trunk and 
lower limbs. The buttocks are commonly involved (Figure 19.16) 
and oedematous plaques are characteristic in Latin American 
cases, locally named ‘mal morado’. Late skin lesions show atrophy 
with hyper- and hypopigmented patches giving the appearance of 
‘leopard skin’ described in African cases. The presence of fi lariae 
in the ocular anterior chamber causes acute symptoms and late 
ocular lesions lead to blindness.

The parasitological diagnosis includes the identifi cation of 
microfi lariae in samples taken from skin snips from the back, hips 
and thighs, specimens for histopathological investigation and 
serology. Most patients develop peripheral hypereosinophilia.

Management facets

The treatment of choice for onchocerciasis is a single dose of oral 
ivermectin every 6 months. However, this treatment does not cure 
the disease as ivermectin is a microfi laricide and does not kill 
adult worms. However, it signifi cantly reduces the microfi larial 
load, which affects several aspects of the disease, especially reduc-
ing transmission and the prevalence of onchodermatitis and 
blindness. Recent research has shown that the combination of 
doxycycline plus ivermectin may be more effective as a long-term 
treatment.31 The surgical excision of nodules is indicated and all 
patients require specialized attention in tertiary medical centres, 
including a comprehensive ophthalmological assessment. An 
active programme of mass therapy for individuals living in 

endemic regions of the world has been in place for more than a 
decade and other control strategies include the rotational spraying 
of breeding sites with insecticides.

Gnathostomiasis

Aetiology and pathogenesis

Several Gnathostoma spp. live as adult worms in the intestine of 
domestic cats, and humans can acquire the disease by eating con-
taminated fi sh that have ingested small crustaceans acting as inter-
mediary hosts in this condition. The larval stages do not reach 
maturation in the human body; however, they are capable 
of causing disease in several internal organs as well as in the 
skin. The disease is prevalent in South-east Asia, China, Japan, 
Indonesia, Australia and Mexico.

Clinical fi ndings and diagnosis

Episodes of migrating intermittent subcutaneous oedema with 
pruritus constitute the main clinical picture and cases can adopt 
a chronic protracted course for years. The trunk and proximal 
limbs are commonly affected. The episodes of oedema can be 
quite infl ammatory and painful and the larvae can erupt out from 
the affected skin. Peripheral eosinophilia and positive serology 
support the clinical diagnosis.

Management

The surgical extraction of the larva from the skin results in 
cure.32

Tungiasis

Aetiology and pathogenesis

Tungiasis is a localized skin disease commonly affecting one foot 
and caused by the burrowing fl ea Tunga penetrans. This is also 
known as chigoe infestation, jigger, sandfl ea, chigoe and puce 
chique (Fr). It has been reported that this fl ea originated in Central 
and South America33 and was subsequently distributed in Africa, 
Madagascar, India and Pakistan. It is a very small organism, mea-
suring approximately 1 mm in length, and lives in the soil near 
pigsties and cattle sheds. Fecundated females require blood and 
their head and mouthparts penetrate the epidermis to reach the 
blood from the superfi cial dermis. After nourishment through 
several days, eggs are laid to the exterior and the fl ea dies.

Clinical fi ndings and diagnosis

These fl eas commonly affect one foot, penetrating the soft skin on 
the toe-web spaces, but other areas of toes and plantar aspects on 
the foot can be affected.34 The initial burrow and the fl ea body can 
be evident in early lesions, but within 3–4 weeks a crateriform 
single nodule develops with a central haemorrhagic punctum 
(Figure 19.17). Superimposed bacterial infections may be respon-
sible for impetigo, ecthyma, cellulitis and gangrenous lesions.

The diagnosis is clinical, but skin specimens for direct micro-
scopy and histopathology with H&E stain reveal structures of the 
fl ea and eggs.

Figure 19.16 Pruritic papules and nodules on the buttocks in a 
patient with eosinophilia caused by onchocerciasis.
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Management

Curettage, cryotherapy, surgical excision, or else careful removal 
of the fl ea and eggs are the curative choices. Medical management 
in the form of drugs such as ivermectin has proved unsuccessful.35 
Early treatment and avoidance of secondary infection are of the 
utmost importance in all infested hosts, and particularly in indi-
viduals with diabetes mellitus, leprosy or other debilitating condi-
tions of the feet. A haemorrhagic nodule by Tunga penetrans may 
pose a diagnostic diffi culty with an infl ammed common wart or 
a malignant melanoma, but the short duration of the lesion and 
the history of exposure indicate the acute nature of this parasitic 
disease.

Myiasis

Aetiology and pathogenesis

Several dipteran species in larval stages (maggots) are capable of 
colonizing the human skin. The infestation mechanism involves 
direct deposition of eggs, contamination by soil or dirty clothes, 
other insects acting as vectors, or else actual penetration of larvae 
into the skin. Drying clothes on a line can be a common target 
where eggs become attached and subsequently reach contact with 
human skin. Species of Dermatobia and Cordylobia are the com-
monest found in the tropics, respectively in the Americas and 
Africa, whereas European cases originate from Hypoderma spp.36 A 
local infl ammatory reaction to the larvae with secondary infection 
is responsible for the signs and symptoms of disease.

Clinical fi ndings and diagnosis

Elderly and debilitated individuals of both sexes with exposed 
chronic wounds or ulcers are at a higher risk of suffering from this 
infestation; however, most affected hosts are in good general 
health. Furunculoid and subcutaneous forms may affect any part 
of the body, but in children the scalp is a commonly affected site. 
Chronic ulcers of the lower legs and feet represent a predisposing 
factor and myiasis can complicate severe infections by bacteria or 

fungi. Larvae feed on tissue debris and may not cause discomfort 
or symptoms at all; however, cases with secondary local or sys-
temic pyogenic infections can result from myiasis. Cases are 
observed throughout the year in tropical regions where the stan-
dards of hygiene, nutrition and general health are poor. The diag-
nosis is based on clinical suspicion and physical fi ndings.

Management

The treatment of choice is the mechanical removal or surgical 
excision of the larvae.37 Single furunculoid lesions can be covered 
by thick Vaseline® or paste to suffocate the larvae, which, follow-
ing death, can subsequently be extracted. Superfi cial infestations 
respond to repeated topical soaks or baths in potassium perman-
ganate at a 1 : 10 000 dilution in water carried out for a few days. 
Cases with secondary pyogenic infection require a full course of 
β-lactam or macrolide antibiotics. Recent research has shown that 
it is possible to perform chemotherapy of myiasis with the anti-
biotic ivermectin.38

Scabies

Aetiology and pathogenesis

Scabies is a cosmopolitan problem but individuals in poor tropi-
cal countries with low standards of hygiene and particularly over-
crowding suffer from cyclical outbreaks of severe and chronic 
forms.39 This infestation is acquired by personal direct skin contact. 
The human scabies mite Sarcoptes scabiei commonly affects the 
skin of both feet of infants and children. Adults rarely manifest 
scabies on the lower limbs below the knees (Hebra lines), but 
exceptional cases of crusted scabies may present with lesions on 
both feet. The scabies mite burrows a tunnel of up to 4 mm into 
the superfi cial layer of the epidermis, where eggs are laid. The eggs 
hatch and reach the stage of nymph and subsequently become an 
adult male or female mite. Female individuals live up to 6 weeks 
and lay up to 50 eggs. A new generation of fecundated females 
penetrates the skin in adjacent regions to the nesting burrow, but 
the mite infestation can also be perpetuated by clothes or by 
reinfestation from another host in the household.

Clinical fi ndings and diagnosis

Papules, with or without excoriation, and S-shaped burrows are 
the elementary classical lesions of scabies. Infants and young chil-
dren present with papular, vesicular and/or nodular lesions on 
both plantar regions, but other parts of the feet can be affected. 
In contrast, adults present with bilateral lesions on fi ngers, fi nger 
web spaces, anterior wrists, upper limbs, anterior axillary lines, 
periumbilical region, external genitalia and buttocks.40 A high 
proportion of males suffer involvement on prepuce and scrotum 
(Figure 19.18). Patients of all age groups suffering from chronic 
crusted scabies may present with eczematization, impetiginized 
plaques and hyperkeratosis masking the typical clinical signs of 
this infestation. Large crusts (Figure 19.19) covering infl ammatory 
papular lesions contain a high number of parasites and a careful 
examination is required to prevent health personnel from acquir-
ing the infestation.

The clinical fi ndings and intense pruritus support the diagnosis. 
Confi rmation is obtained by direct microscopy of skin scrapings 

Figure 19.17 Single nodular lesion with central haemorrhage 
caused by Tunga penetrans acquired in Tanzania.
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from a burrow revealing the structures or faecal pellets of the mite. 
This test is carried out on a glass slide under low power and has 
a low sensitivity if carried out by non-experienced hands (potas-
sium hydroxide should not be used since it can dissolve mite 
pellets). However, in vivo standard dermascopic mite identifi ca-
tion with a handheld dermascope can also be used as a useful tool 
for diagnosing scabies, with high sensitivity. It greatly enhances 
clinical skills for making treatment decisions, reducing the number 
of cases of scabies left untreated.41

Management

Topical permethrin appears to be the most effective treatment for 
scabies. Ivermectin appears to be an effective oral treatment.42 The 
patient should apply permethrin cream from head to toe before 
washing off after 12 hours. A second application 7 days after the 
original treatment must be prescribed and all the affected members 
of a household or community require treatment at the same time 
to prevent cyclical reinfestations. Recently, oral ivermectin is being 

increasingly used as a fi rst-line treatment.43 Severe outbreaks require 
a second dose of ivermectin at a 2-week interval (150–200 μg/kg 
body weight). Other therapeutic measures are directed to control 
the symptoms, infl ammation and secondary bacterial infection. 
Clothes and bed linen require washing at high temperature to kill 
all young fecundated females; however, a number of authors have 
demonstrated that this is not necessary, as the mites die from dehy-
dration normally within 48 hours after losing a niche on human 
skin. In the right epidemiological context, scabies may represent a 
venereal disease. Pruritus may last for several weeks after cure and 
may be partially alleviated with an oral antihistamine.

Ticks

Aetiology and pathogenesis

Ticks are cosmopolitan ectoparasites capable of transmitting 
severe viral, rickettsial, bacterial and parasitic diseases. The trans-
mission of infectious agents takes place at the time of taking a 
blood meal from a human host that becomes infested acciden-
tally. Soft ticks of the Argasidae family are more prevalent in the 
tropics and subtropical regions of the world and transmit agents 
of tick-borne relapsing fever. The main genera of hard ticks are 
Ixodes, Dermacentor, Haemaphysalis and Amblyomma and these can 
transmit arboviral, bacterial and rickettsial diseases.

Clinical fi ndings and diagnosis

The bite of a tick is painful and the patient is aware of this 
episode. The bite produces a local infl ammatory reaction suggest-
ing initially an ordinary papular insect bite that subsequently 
causes localized superfi cial vascular damage with necrosis. The 
characteristic clinical picture manifested as an eschar can be easily 
recognized on careful physical examination (Figure 19.20). This 
area of circular scaling of the skin surrounding the original 
haemorrhagic bite can be seen after 7–10 days. Residual chronic 
lesions may leave hyperpigmented patches with a central 
induration.

Figure 19.18 Pruritic erythematous papules of scabies on the 
prepuce and scrotum.

Figure 19.19 Disseminated crusted scabies in an immunodefi cient 
child. (Courtesy of Dr Edmundo Velázquez, Mexico.)

Figure 19.20 Small erythematous patch surrounding a 
haemorrhagic ulceration characteristic of an eschar produced by tick 
bite.
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Management

Careful removal of the tick can be carried out by grabbing the tick 
as close to the skin as possible with a very fi ne forceps and pulling 
it fi rmly out from the skin. The bite site should then be thoroughly 
disinfected with a skin antiseptic solution. Squeezing of the tick 
during removal should be avoided as this may inject infectious 
material into the skin. Use of chloroform, petroleum and other 
organic solvents to suffocate ticks should be avoided.44

A careful follow-up and self-surveillance are indicated, as sys-
temic illness may start a few days or weeks following the tick bite. 
Symptoms such as a fever, skin rash, lymph node enlargement, 
fatigue and night sweats indicate systemic disease and the patient 
requires referral to a hospital physician or to a specialist in tropi-
cal or travel medicine.

Fleas

Aetiology and pathogenesis

The common human fl ea Pulex irritans is cosmopolitan but a 
number of other species show preference for tropical climates. 
Such is the case of the tropical rat fl ea Xenopsylla cheopis. Fleas bite 
humans in order to obtain a blood meal and in doing so produce 
a localized infl ammatory reaction.45 History of exposure can reveal 
an individual host or family members recently moving house or 
acquiring a second-hand piece of wooden furniture where fl eas 
can live for months without taking blood meals.

Clinical fi ndings and diagnosis

A clinical picture of prurigo with papules, vesicles or small nodules 
on both feet and lower legs is characteristic and the lesions are 
often found in clusters (Figure 19.21). The papular discrete lesions 

may reveal a central haemorrhagic punctum and the lesions in 
clusters often show a remarkable asymmetry. Modifi cation of the 
initial pruriginous lesions may result from intense scratching and 
superimposed secondary bacterial infection.

Management

Fumigation can be successfully achieved by using common insec-
ticide products approved for domestic use. Severe reactions of 
prurigo require a topical steroid cream and impetiginized cases 
topical or systemic antibiotics. Antihistamine lotions or tablets 
may provide symptomatic relief. Severe cases are treated with a 
single dose or short course of systemic corticosteroids.

SKIN DISEASES CAUSED BY FUNGI

Dermatophytes and malasseziosis

Aetiology and pathogenesis

Superfi cial fungal infections by dermatophytes are cosmopolitan 
and affect any anatomical site, including scalp and nails; however, 
one of the commonest presentations occurs in one or both feet. 
Dermatophyte infections involve keratin only and do not pene-
trate living tissue, so the resultant infl ammation is due to delayed 
hypersensitivity or due to metabolic products that are produced 
by the fungi. These fungi are transmitted to humans by direct skin 
contact from their habitat in the soil, vegetation, animals or other 
individuals. Local conditions on the skin such as a moist and hot 
environment are predisposing factors and therefore these infec-
tions are highly prevalent in tropical climates. The main genera 
involved in human infections are Trychophyton, Epidermophyton and 
Microsporum, and there are more than 25 pathogenic species. 
Common infections of the foot and toenails are particularly 
caused by T. rubrum, T. mentagrophytes and E. fl occosum, whereas 
Microsporum and Trychophyton spp. are responsible for scalp infec-
tions. E. fl occosum is the causative organism of tinea on the trunk, 
groin, hands and feet. Dermatophytes are keratinophilic organ-
isms and exert their pathogenesis through attachment to the skin, 
nail or hair surfaces by the action of acid proteinases, keratinase, 
elastase and lipolytical enzymes.

Clinical fi ndings and diagnosis

Individuals of both sexes and all age groups are affected by der-
matophytes; however, children under the age of 10 rarely present 
with tinea pedis. The main clinical pictures are those of localized 
tinea pedis (Figure 19.22), intertriginous, plantar hyperkeratotic, 
and onychomycosis. Common names for these conditions include 
ringworm and athlete’s foot. Dermatophyte infections can mani-
fest as localized single (Figure 19.23) or multiple coalescing circi-
nate plaques with erythema and variable degrees of scaling on the 
body in cases of tinea corporis (Figure 19.24). Athlete’s foot can 
involve the dorsum or perimalleolar regions. Toe-web involve-
ment is commonly bilateral, presenting with erythema, burning 
sensation, pruritus and scaling, particularly of the fourth inter-
digital toe-web space. Severe acute forms present with painful 

Figure 19.21 Cluster of pruritic erythematous papules on a thigh 
caused by Pulex irritans.
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erythema and blistering in a similar pattern to that found in cases 
of acute eczema or pompholyx. Patients with a history of atopy 
are predisposed to superfi cial infections by dermatophytes, and in 
these cases erythematous infl ammatory fungal lesions co-exist 
with patches of eczematous skin. Chronic plantar lesions develop 
asymptomatic large hyperkeratotic plaques, and a particular form 
of toenail infection by T. rubrum manifests clinically as a subun-
gual white onychomycosis. Varying degrees of temporary disability 
may result from severe infections. Children manifest scalp infec-
tions under the kerion clinical form with patches of non-scarring 
alopecia and boggy infl ammation of the skin (Figure 19.25). 
Less commonly, adults manifest granulomatous infl ammation 
with varying degrees of scarring in pustular infections caused by 
other species of Trichophyton (Figure 19.26).

Discrete plaques of granuloma annulare have to be considered 
in the differential diagnosis of localized ringworm, whereas thick-
ened plaques of plantar psoriasis may pose diagnostic diffi culties 
with chronic hyperkeratotic infections by dermatophytes. Other 

Figure 19.22 Scaling and diffuse erythema in tinea pedis.

Figure 19.23 Pruritic erythematous and infl ammatory localized 
plaque of tinea corporis.

Figure 19.24 Coalescing small erythematous plaques with a 
microvesicular border in tinea corporis.

Figure 19.25 Non-scarring patchy alopecia and boggy infl ammation 
in Celsus’ kerion.

Figure 19.26 Erythematous plaque with nodules and pustules in 
tinea barbae caused by Trichophyton mentagrophytes.
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superfi cial skin and nail infections of the foot such as those caused 
by Candida and Scytalidium spp. may also represent a diagnostic 
diffi culty. The returning traveller from the tropics is often referred 
to our specialized clinic with severe or recurrent superfi cial yeast 
infections by Malassezia furfur called pityriasis versicolor (Figure 
19.27). This is characterized by small coalescing patches or plaques 
on upper truncal skin and shoulders showing hyper- or hypopig-
mentation and furfuraceous scaling.

The diagnosis of dermatophyte infection on the skin is 
made on clinical grounds. Additional diagnostic measures include 
direct microscopy of skin scrapings in 10–12% KOH solution,46 
and the identifi cation by culture in Sabouraud’s medium of 
the causative organism. A similar strategy is recommended for 
the laboratory diagnosis of pityriasis versicolor (malasseziosis) 
that requires special oily additives for a successful isolation in 
culture.

Management and treatment

The therapy of choice includes the use of topical and/or systemic 
azole or allylamine antifungal compounds. Localized infections 
require topical therapy for 3–4 weeks but cases with intertriginous 
athlete’s foot may require up to 6–8 weeks. Topical steroids are 
often required to control the infl ammatory picture, but are admin-
istered only when effective antifungal treatment is already in place. 
Oral therapy with antifungals is indicated in severe or dissemi-
nated skin infections, scalp ringworm and onychomycosis. Tri-
azole and allylamine compounds have a similar effi cacy in the 
treatment of tinea skin and nail infections; however, reports indi-

cate that triazoles induce less adverse side-effects and serious com-
plications. Drug resistance rarely occurs with both groups of 
antifungals. Malassezia furfur infection responds to selenium sulfur 
topical preparations, ketoconazole shampoo, and other imidaz-
olic or allylamine topical compounds applied for 6 weeks. Cases 
also respond to oral triazoles; however, recurrence is common. 
Other therapeutic measures should address the control of symp-
toms, secondary eczematization and superimposed bacterial infec-
tion. Measures of general hygiene and appropriate footwear can 
be useful to treat and prevent infections; however, the frequency 
of reinfections, particularly onychomycosis and athlete’s foot, is a 
common problem in the tropics. Superfi cial lesions and broken 
skin on the lower limbs can be the port of entry for pyogenic or 
other bacteria and this is particularly dangerous in patients with 
diabetes and/or leprosy.

Sporotrichosis

Aetiology and pathogenesis

This infection is acquired by direct inoculation into the skin or 
subcutaneous tissue of mycelia or conidia from Sporothrix schenckii. 
Inhalation of infective organisms can also produce clinical disease 
and the accidental exposure takes place outdoors as a result of 
an accidental or professional contact involving splinters, thorns, 
straw, wood shavings or other sharp objects. This dimorphic 
fungus is ubiquitous in nature and lives in the soil, bark of trees, 
shrubs and plant detritus. This is a disease of temperate humid 
and tropical areas and represents a risk for travellers. S. schenckii 
has a low pathogenic potential and causes disease by virulence 
factors that include extracellular enzymes and polysaccharides as 
well as thermotolerance. The infective structures display a strong 
acid phosphatase activity and mannan compounds are capable of 
inhibiting phagocytosis by macrophages.

Clinical fi ndings and diagnosis

Sporotrichosis may manifest as a systemic illness in pulmonary 
forms but in most cases the disease is limited to the skin, subcu-
taneous and lymphatic tissues. The upper and lower limbs are the 
usual sites of inoculation. Following the traumatic episode, the 
disease manifests with a localized skin nodule involving only 
the affected limb. This inoculation chancre develops a suppurative 
and granulomatous infection that remains fi xed, or else dissemi-
nates proximally via the lymphatic system. Superimposed 
bacterial infection may occur and verrucous lesions show a ten-
dency to ulceration. The gold standard of laboratory diagnosis is 
the identifi cation of the fungus in culture, but direct microscopy 
and histopathological investigations also have some diagnostic 
value. Recently, enzyme-linked immunosorbent assay (ELISA) 
using mycelial-phase S. schenckii exoantigens has been demon-
strated as being a very sensitive diagnostic tool for the serodiag-
nosis of sporotrichosis and can be used in combination with 
traditional methods of diagnosis, especially in cases where cross-
reactions or false-positive results are seen with the serodiagnosis.47 
Outbreaks in parties of travellers require full epidemiological 
investigation.

Figure 19.27 Hypo- and hyperpigmented small coalescing patches 
of pityriasis versicolor.
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Management

Potassium iodide in increasing daily oral doses from a saturated 
stock solution is the treatment of choice in the tropics; 
however, oral itraconazole or intravenous amphotericin B have 
also resulted in cure in a hospital context.48 In view of the fact 
that the disease is acquired by direct inoculation into the 
skin, preventive measures are of the utmost importance. Protective 
footwear, clothing and avoidance of skin contact with splinters, 
rough bark, plant detritus and soil are the most effi cient 
methods to prevent the disease. Activities such as tree-planting, 
gardening, hay-handling and soil removal carry a risk for infection 
either by direct skin inoculation or by inhalation of the infective 
forms.

Eumycetoma

Aetiology and pathogenesis

Madurella mycetomatis, Pseudallescheria boydii and Leptosphaeria 
senegalensis are the main aetiological agents of true fungal myce-
toma, also known as eumycetoma. A generic term, ‘Madura foot’, 
is currently used to describe all forms of bacterial and fungal 
mycetoma (see ‘Bacterial mycetoma’ above). Madura foot is 
divided into eumycetoma caused by fungi and actinomycetoma 
caused by fi lamentous bacteria. Even though the term mycetoma 
suggests a fungal tumor, fi lamentous bacteria cause the majority 
of disease cases. The classic clinical triad is the presence of a 
subcutaneous mass, sinus tract formation, and granular discharge 
affecting particularly the foot (80% of cases) as well as other 
parts of the body.49 Eumycetoma occurs in Sudan, Senegal and 
Saudi Arabia, particularly in arid or semi-arid regions. Cases 
also occur in India, Central and South America and in the 
south of the United States. Infective organisms penetrate the skin 
of the foot or other exposed regions by direct traumatic inocula-
tion and in the host’s tissue the agents multiply and infect 
adjacent structures. Changes in the fungus cell wall and 
melanin production are the main virulence factors involved in 
local pathogenesis.

Clinical fi ndings and diagnosis

Eumycetoma affects predominantly young males between 20 and 
50 years of age. It has been estimated that more than 70% of cases 
with eumycetoma manifest on one foot (Figure 19.28). Other 
anatomical regions for the accidental, professional or traumatic 
inoculation include the trunk, face and scalp. The perimalleolar 
region and the foot dorsum are the most commonly affected sites, 
but any region of the foot can suffer the direct inoculation of 
infective organisms. The characteristic clinical signs include a 
nodule or irregular swelling followed by sinus tract formation and 
discharge of purulent material containing the characteristic grains. 
Pigmentary changes of the skin and scarring result from the per-
sistent and chronic infl ammatory process over months or years. 
Periosteal involvement is the starting point of bone resorption, 
osteolysis and irreversible osteomyelitis.

The epidemiological context and characteristic clinical picture 
are diagnostic. This is confi rmed by direct microscopy revealing 
pale or black grains that measure between 0.5 and 1 mm contain-

ing fungal structures measuring 2–4 mm. This material grows in 
agar containing glucose and peptone, and the histological sections 
of deep skin specimens reveal the characteristic and in many cases 
pathognomonic grains of particular fungal species. Radiological 
investigation of the affected region discloses periosteal involve-
ment, cortical resorption and osteolysis.

Management and treatment

In eumycetoma, a combination of medical and surgical approaches 
should be used. Surgical debridement together with medical 
therapy both before and after surgery is often the preferred 
therapeutic strategy.50 Amputation carries the best chance of cure; 
however, this is disfi guring. Ketoconazole and itraconazole are 
the mainstays of therapy for eumycetoma.51 A new azole, posacon-
azole, though not yet FDA-approved for this indication, has shown 
promising results in refractory cases.52 Severe cases with 
bone involvement can only be cured by radical surgery. Education 
and use of protective footwear are the main strategies for 
prevention.

Chromoblastomycosis

Aetiology and pathogenesis

This is a chronic infection caused by pigmented fungi of Fonsecaea, 
Cladosporium and Phialophora spp. The disease is widely distributed 
in the tropics and affects predominantly agricultural workers, who 
acquire the infection through direct inoculation into the skin. 
Numerous cases have been reported mainly from Costa Rica, 
Cuba, Brazil, Mexico, Indonesia and Madagascar.

Clinical fi ndings and diagnosis

The initial lesion starts as a papular or nodular infl ammatory 
reaction that subsequently develops a warty appearance. In time, 
this lesion enlarges at a slow rate and becomes characteristically 

Figure 19.28 Deformity, atrophy, sinus tract formation, scarring and 
pigment disorder in fungal mycetoma.
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a large verrucous asymptomatic plaque. The commonest site 
affected in sporadic infections is the foot and the chronic verru-
cous plaque appears on the dorsum or the perimalleolar region. 
The plaque may become very thick in several years, and cause gross 
deformity of the affected foot. Varying degrees of disability and 
recurrent secondary infections and/or infestations are a common 
problem for the foot with chromoblastomycosis. Less characteris-
tic clinical forms include psoriasiform, rupioid and sporotrichoid 
localized pictures.

The diagnosis is made on clinical–epidemiological grounds 
and confi rmed by direct microscopy and mycological culture in 
glucose–peptone agar. The histopathology of skin specimens is 
characteristic, showing acanthosis with a granuloma formation 
and the presence of typical fungal structures known as fumagoid 
or muriform cells. ELISA has proved to be a valuable tool for the 
diagnosis and follow-up of patients with chromomycosis (due to 
C. carrionii).53

Management

Several months’ treatment with itraconazole is the treatment of 
choice, often in combination with surgery as it is recognized that 
chromoblastomycosis is not easy to treat medically.54 Localized 
and early cases respond successfully to complete surgical excision 
of the lesion, and thermosurgery has also been reported of benefi t. 
A new antifungal compound, voriconazole, has shown effi cacy in 
chromoblastomycosis.55 All patients affected by chromoblastomy-
cosis require follow-up by specialists in mycology, infectious dis-
eases and/or dermatology.

Systemic mycosis manifesting on the skin

Infections by Coccidioides immitis, Histoplasma capsulatum and 
Paracoccidioides brasiliensis commonly manifest with disease of 
the lungs, but haematogenous dissemination results in the 
appearance of skin lesions.

Coccidioidomycosis is acquired through inhalation of infective 
spores in tropical but also subtropical desert regions of the 
world, particularly in the American continent. South and western 
states in the USA and north-western regions of Mexico represent 
well-recognized endemic regions, and the disease is acquired 
most commonly in urban areas. Travellers acquire the infection 
in urban areas where a high proportion of the resident population 
manifest a positive intradermal reaction on skin testing using 
coccidioidin. This systemic mycosis presents a risk particularly 
for the immunocompromised traveller. The skin becomes involved 
in a small proportion of cases and lesions manifest as erythema-
tous, verrucous, scarring or scaling nodules on the face, trunk 
(Figure 19.29), upper or lower limbs. A history of exposure 
in endemic regions followed by an episode of erythema nodosum 
supports the diagnostic possibility. Other investigations such 
as serology, chest X-rays and culture for the isolation of the organ-
ism confi rm the diagnosis. Culture of agents causing systemic 
mycoses should only be carried out in specialized laboratories as 
they represent a serious biological hazard. Systemic therapeutic 
options for coccidioidomycosis include amphotericin B and 
triazole compounds such as fl uconazole and itraconazole, with 
surgical intervention sometimes being required as an adjunctive 
measure.56

Histoplasmosis is highly prevalent in the American continent 
but species occur as saprophytes in other parts of the world. This 
fungus is found in birds’ and bats’ excreta (guano) and is highly 
prevalent in caves and abandoned mines. This infection is caused 
by the dimorphic fungus Histoplasma capsulatum var. capsulatum 
(American) or var. duboisii (African), acquired by inhalation. Most 
cases have been reported from the USA, Mexico, Colombia, Ven-
ezuela, Argentina and the Caribbean; however, the disease also 
occurs in the Far East, South-east Asia, India, Middle East, central 
and southern Africa, Europe, Australia and the South Pacifi c. Acute 
or chronic pulmonary forms may be asymptomatic or severe, with 
high mortality rates. The main differential diagnosis is pulmonary 
tuberculosis. A low proportion of chronic forms may result in 
haematogenous dissemination to the skin and mucosal regions, 
presenting as ulcerations or erythematous exudative nodules 
(Figure 19.30). Diagnosis is made by history of exposure, clinical 
picture, chest X-rays, direct microscopy and culture in Sabouraud’s 
medium. Preferred systemic therapeutic agents include itracon-
azole and amphotericin B.57 Immunocompromised individuals 
are at a higher risk for this infection.

Paracoccidioidomycosis occurs in Mexico, and Central and 
South America, predominantly affecting male individuals who 
live and acquire the infection in rural areas. Actual evidence of the 
mode of transmission is incomplete, but the respiratory route 
seems to be common in acquiring the infection. Following a 
chronic picture of lung involvement, weight loss and fatigue, the 
skin of the face, particularly periorifi cial, or else of other ana-
tomical location on lower limbs, becomes affected. Painful 
nodular, haemorrhagic, ulcerated and verrucous lesions can be 
observed covered by a thick crust (Figure 19.31), and severe dis-
ability results in advanced forms of the disease. The diagnosis is 
based on the history of exposure in an endemic region and the 
clinical picture, supported by investigations to reveal the presence 
of the typical large budding yeast cells. These can be observed in 
direct microscopy from skin lesions, bronchoalveolar lavage and 
H&E preparations for histology, and are easily identifi ed in culture. 
Effective systemic treatment has been reported with triazole 
compounds and amphotericin B.49

Figure 19.29 Ulcerated plaques and scarring of the trunk in 
coccidioidomycosis. (Courtesy of Dr Sergio González, Monterrey, 
Mexico.)

Skin Diseases Caused by Fungi
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Patients with foot involvement from systemic fungal disease 
require immediate referral to an experienced hospital physician or 
specialist in mycology, infectious diseases or dermatology.

DISEASES CAUSED BY VIRUSES

Most common viral skin diseases are cosmopolitan, but the onset 
may coincide with a trip to the tropics and pose problems in the 
differential diagnosis of the returning traveller. Viral infections 
that are prevalent in the tropics include molluscum contagiosum 
in children, plantar warts in adults, Kaposi’s sarcoma in patients 

with AIDS, and severe blistering forms by varicella (Figure 19.32). 
Severe cases require a full diagnostic protocol with specimens 
for culture, electron microscopy, serology and histopathology, 
followed by specialized treatment in tertiary referral centres.

For the last decade we have observed that 100% of our patients 
with HIV infection suffer from one or more skin conditions at 
some stage of their evolution. Severe forms of eczema, seborrheic 
dermatitis, recalcitrant viral warts (Figure 19.33) or worsening of 
psoriasis are commonly found in clinical practice. The frequency 
and number of skin problems increase with progressing AIDS- 
established illness. In the early to mid-1990s, prior to the introduc-
tion of new antiretroviral regimens, skin infections and vasculitis 

Figure 19.30 Nodular lesions and plaques with exudate on the face 
in a case with histoplasmosis. (Courtesy of Dr Alexandro Bonifaz, 
Mexico.)

Figure 19.31 Hyperkeratotic, verrucous, ulcerated and crusted 
lesions on the feet in a patient with paracoccidioidomycosis.

Figure 19.32 Disseminated blistering and crusting in a case of 
varicella infection.

Figure 19.33 Chronic warty plaques on the dorsum of the hand 
caused by human papillomavirus in a patient with AIDS.
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caused by cytomegalovirus were frequently observed. Severe der-
matophyte infections, cutaneous cryptococcosis (Figure 19.34) 
and Kaposi’s sarcoma (Figure 19.35) were more commonly diag-
nosed as well. However, in recent years where survival is approach-
ing fi gures found in the general population without HIV infection, 
skin malignancy is expected to increase, particularly in Caucasian 
individuals of developed countries (Figures 19.36 and 19.37).

NON-INFECTIOUS SKIN PROBLEMS IN 
THE TROPICS

Cutaneous disorders in the tropics may vary according to the 
ethnic background of the patient. It is well recognized that the 
clinical expression of tropical diseases is dependent on genetic, 
socioeconomic and environmental factors, leading to a different 
presentation of common skin diseases and also a different 
approach to treatment.

Acne vulgaris

Acne vulgaris is the most common skin disease and affects 80% 
of all people at some time between the ages of 11 and 30 years. It 
begins from age 10–13 at a time when a child is undergoing 
puberty. It therefore can have far-reaching psychosocial conse-
quences as well as result in permanent disfi gurement.

Aetiology and clinical manifestations

Acne is a multifactorial disorder of the pilosebaceous unit and 
four pathophysiological interrelated factors are involved: excess 
sebum production, blockage of the pilosebaceous duct, Propioni-
bacteriun acnes and infl ammation.

The role of genetic predisposition in the development of acne 
is uncertain, but it is well known that the number and size of 
sebaceous glands and their subsequent activity is inherited. In 

Figure 19.34 Erythematous lesions with central ulceration in 
cutaneous cryptococcosis.

Figure 19.35 Violaceous plaques and nodules of Kaposi’s sarcoma in 
a patient with AIDS.

Figure 19.36 Large nodular basal cell carcinoma in a Caucasian 
patient with AIDS.

Figure 19.37 Ulcerated and exophytic large squamous cell 
carcinoma in a Caucasian patient with AIDS.

Non-infectious Skin Problems in the Tropics
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addition, the concordance rate for the prevalence and severity of 
acne among identical twins is extremely high.

The adrenal glands mature in the prepubertal period and 
thereby produce increasing amounts of adrenal androgens. 
Gonadal development adds to this increased androgen produc-
tion still further. The sebaceous gland contains the enzyme 5α-
reductase, which converts testosterone to 5α-dihydroxytestosterone. 
There is good evidence to suggest that 5α-dihydroxytestosterone 
increases sebum production. Androgens may also have an impor-
tant part in controlling ductal hyperproliferation, leading to 
blockage of the pilosebaceous duct. In addition, patients with 
acne seem to have decreased sebaceous linoleic acid; such a 
decrease is known to cause scaling of the skin in animal models 
and therefore it is thought that abnormal levels of linoleic acid in 
sebum may enhance accumulation of scale in the pilosebaceous 
duct and also lead to blockage. Clinically, this excess sebum pro-
duction and blockage results in the formation of a microcome-
done that evolves either into a comedone or an infl ammatory 
lesion. The excess sebum and blockage of drainage is an ideal 
environment for the proliferation of Propionibacterium acnes, which 
results in the release of pro-infl ammatory mediators resulting in 
the clinical expression of an infl ammatory lesion. Therefore one 
can explain the clinical appearance of acne vulgaris with the com-
edones presenting as blackheads and whiteheads, and the infl am-
matory lesions presenting as infl amed papules, pustules and cystic 
nodules. A patient may have a mixture of all lesions or a pre-
dominance of either comedones or infl amed lesions. In the tropics 
the environment causes increased sebum production, and patients 
may fi nd either an exacerbation or the fi rst initial presentation of 
acne when they travel from a temperate zone to a tropical zone. 
There is a great deal of variation in the incidence of acne through-
out the world, with South-east Asians having less sebaceous gland 
activity and tending to show a decreased incidence of acne as well 
as it being less severe. Black-skinned patients are more likely to 
form comedones, and white-skinned patients more likely to have 
infl ammatory acne. It is thought that the pilosebaceous duct is 
more likely to respond by epidermal cell proliferation within the 
duct in black patients, whereas in white patients the pilosebaceous 
duct is more likely to disintegrate and rupture into the surround-
ing tissue and thereby produce an infl ammatory reaction. Patients 
with black skin may respond to infl ammatory acne by forming 
keloid scars which can result in gross disfi gurement. The distribu-
tion of acne occurs where the density of sebaceous glands is great-
est, namely the forehead, cheeks, chin (Figure 19.38), upper chest 
and upper back.

Management of acne vulgaris in the tropics

Early treatment of acne is essential for the prevention of lasting 
cosmetic disfi gurement associated with scarring.

For an appropriate and effective treatment plan, the physician 
should consider: typology of the lesions, skin colour, and type of 
skin. Patients with oily skin tend to prefer gels and lotions, whereas 
those with drier skin type may prefer creams.

Mainly comedonal acne

This form of acne is very common in pre-teenage or early teenage 
years. Treatment at this stage may prevent further development 

of the acne: topical tretinoin or adapalene used once daily 
at night.58 We prefer to use retinoids at night as they can photo-
sensitize the skin and therefore are best washed off in the morning 
before going into the tropical sunshine. Topical retinoids are 
effective against comedogenesis and may also benefi t patients 
with hyperpigmentation. If such retinoids are not available, 
salicylic acid up 2% in numerous formulations may be used as 
a comedolytic and mild antiinfl ammatory agent. Topical azelaic 
acid can also be effective. A specifi c form of comedomal acne 
that is very common in black patients is pomade acne, due to 
the application of waxes, greases and oils to the hair, resulting 
in pilosebaceous duct blockage and therefore comedogenesis. 
Ideally, the patient should cease from using such materials on 
the hair.

Mainly infl ammatory acne

Mild infl ammatory acne may be treated by either 5–10% benzyl 
peroxide on its own, or benzyl peroxide combined with erythro-
mycin. This treatment is ideal as it is the most effective topical 
antimicrobial therapy. Topical clindamycin and erythromycin are 
also effective and can be used twice daily. More severe infl amma-
tory acne will require systemic antibiotics such as erythromycin, 
tetracycline or its derivatives minocycline and doxycycline, or a 
combination of trimethoprim plus sulfamethoxazole. Systemic 
retinoids in the form of isotretinoin are the treatment of choice 
for severe cases. A 4–6-month course of 0.5–1.0 mg/kg per day 
causes complete remission in most cases.

Hormonal therapy can be very effective in female patients 
with acne, whether or not their serum androgens are abnormal. 
The most used is cyproterone acetate combined with an 
oestrogen.59

Figure 19.38 Papular, nodular and cystic facial late-onset acne.
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Eczema/dermatitis

It has to be appreciated that eczema is not a single disease, but 
rather a family of conditions. The hallmark of these conditions 
is epidermal oedema (spongiosis) and pruritus. This epidermal 
oedema may be caused by numerous factors, both endogenous 
and exogenous. Traditionally the eczemas have been classifi ed 
into the exogenous and endogenous forms, although there is a 
great deal of interaction between the various factors. The main 
exogenous eczema is contact dermatitis, either primary irritant or 
allergic contact dermatitis. Primary irritant dermatitis occurs due 
to the application of a normally irritant substance to the skin and 
is most often occupationally related. Individuals vary in their 
susceptibility to such irritation and the vast majority of cases of 
contact dermatitis/eczema are of the primary irritant type. About 
a quarter of all contact dermatitis is due to allergy to a specifi c 
substance. In this case, epidermal spongiosis occurs due to the 
occurrence of a type IV hypersensitivity reaction (DTH) to the 
allergen. In such cases, patch testing has to be performed to iden-
tify the appropriate antigen. Endogenous causes of eczema include 
atopic dermatitis, seborrhoeic dermatitis, varicose eczema, xerotic 
eczema, discoid eczema and endogenous hand eczema.

Pruritus leads to chronic scratching and the epidermis becomes 
hyperkeratotic, thickened and more scaly. Acute eczema may have 
epidermal oedema which clinically manifests as vesicles; if these 
vesicles rupture onto the surface of the skin, the extracellular fl uid 
accumulates and evaporation of water leaves protein behind, 
leading to crusting on the surface of the skin.

Atopic dermatitis

A typical atopic individual suffers from some combination of 
asthma, hayfever, atopic dermatitis and elevated serum IgE. The 
British prevalence of atopic dermatitis has been estimated to be 
from 10% to 15% of the population. Interestingly, migrant Asians 
or Africans tend to fi rst express their atopic dermatitis when they 
arrive in Britain. Therefore it is thought that the incidence of 
atopic dermatitis is higher in Asians and Africans living in Britain 
than the incidence in their original countries of residence. In addi-
tion it seems to be a condition of more affl uent groups and more 
common in urban environments than in rural environments.

Aetiology

Over 80% of patients with atopic dermatitis have a personal or 
family history of atopic disease. Twin and family studies have 
shown that the inheritance of atopic dermatitis is polygenic and 
that the clinical expression of atopy is dependent on the interac-
tion of genetic and environmental factors. Currently there is evi-
dence pointing to a genetic linkage between atopy and the IgE 
high-affi nity receptor gene at chromosome 11q13. It is well recog-
nized that there is an increase in both non-antigen-specifi c IgE 
levels and antigen-specifi c IgE levels in atopic dermatitis; there-
fore, it is postulated that genetic control is responsible for deter-
mining the overall risk for allergy and the total level of serum IgE, 
whereas environmental factors may be more important in deter-
mining antigen specifi city. However, the immunohistological fea-
tures of atopic dermatitis are more inconsistent with a type IV 
hypersensitivity reaction than a type I reaction. Indeed, epidermal 

Langerhans cells in clinically involved skin of atopic dermatitis 
patients have been found to bind IgE. It is therefore hypothesized 
that cutaneous antigens may bind to allergen-specifi c IgE on the 
surface of these Langerhans cells and thereby present such anti-
gens to T helper cells, leading to T lymphocyte activation and the 
eczematous reaction. The T cells that do proliferate have been 
found to have a Th2 predominance of clonal T cells, which produce 
cytokines such as IL-4, IL-5, IL-10 and IL-13. Such cytokines are 
meant to promote B cell proliferation and further IgE synthesis 
while at the same time suppressing the Th1 cell-mediated response. 
This diminished Th1-mediated response is expressed clinically by 
an increase in susceptibility of the atopic dermatitis patient to 
viral and bacterial infection. A particularly important bacterial 
colonization in exacerbations of atopic dermatitis is infection 
with Staphylococcus aureus. Staphylococcal superantigens have 
been implicated in stimulating a Th2 cell proliferation in the skin 
and also in inducing resistance to topical corticosteroid therapy. 
A small section of the atopic population may have reactions to 
Malassezia furfur, as specifi c IgE antibodies to such an organism 
have been found. Indeed, in some atopics, exacerbations may be 
controlled with oral ketoconazole or itraconazole. Trichophyton 
rubrum infection has been similarly implicated. Since fungal infec-
tions are extremely common in the tropics, fungal infection is an 
important factor in the exacerbation of atopic dermatitis and 
should not be overlooked. Much has been written about the role 
of food allergy in atopic dermatitis. Most cases of food allergy 
occur in children under 1 year of age, and almost certainly most 
children with dermatitis signifi cantly affected by food allergy have 
lost such an association by the age of 4. Indeed, data from dietary 
restriction trials have shown little benefi t from such manoeuvres 
in atopic dermatitis. This is important as the nutritional levels of 
patients in the tropics may already be low and dietary restriction 
may not only not help the atopic dermatitis but also further 
diminish the nutritional status of the patient.

Clinical manifestations

Presentation can be very varied or may be classic. When the lesions 
are characteristic and there is a personal or family history of atopy, 
a diagnosis is easily made. Most clinical manifestations of atopic 
dermatitis are a result of the secondary skin lesion caused by the 
patient continually scratching. The earliest manifestations of 
atopic dermatitis are dryness and transient redness of the skin. 
Acutely there is then the eruption of vesicles on an erythematous 
basis. These burst, leaving a honey-coloured crust on the surface. 
The accompanied scratching leads to thickening (lichenifi cation) 
of the epidermis and results in accentuation of the normal skin 
lines as a result of this scratching. The distribution of atopic der-
matitis is bilateral and symmetrical and varies with age at presen-
tation. Infants have involvement of areas that are in contact with 
the fl oor by crawling and in areas where the infant can reach to 
scratch, such as the extensor extremities, the scalp, neck and face. 
Once the child is over 4 years old, facial involvement is uncom-
mon and such children present with lesions in the antecubital and 
popliteal fossae, the neck, wrists and the ankles. Adult involve-
ment tends to be fl exural and less severe than in infants. In darker-
skinned patients constant scratching may produce follicular 
papules instead of lichenifi cation and it is important to note that 
in dark-skinned patients all the reaction may be follicular; such 
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follicular papules are commonly found para-umbilically and on 
the extensor surface of the elbows. Darker-skinned patients may 
also undergo postinfl ammatory hyperpigmentation, which may 
take several years to resolve. The patient should be warned and 
educated about such pigmentation as it is often a cause of great 
concern.

Complications

These include eyelid dermatitis, atopic keratoconjunctivitis, ante-
rior subcapsular cataracts, posterior cataracts (probably as a result 
of chronic corticosteroid usage) and retinal detachment. Abnor-
mal cell-mediated immunity may lead to ocular herpes simplex 
virus infection and corneal damage. Generalized infection with 
herpes simplex virus can occur and can be rapidly fatal if not 
treated. Such an infection is called eczema herpeticum; the patient 
is unwell with a fever and has the appearance of numerous 
punched-out erosions on the skin.60 Atopics are also more suscep-
tible to infection with molluscum contagiosum virus as well as 
the human papillomavirus. Acute exacerbations, as mentioned 
before, may be caused by infection with S. aureus, M. furfur and 
T. rubrum.

Management

Avoidance of precipitant factors for pruritus such as heat and 
perspiration is especially relevant in the tropical environment. 
Ninety per cent of patients are intolerant to wool and this should 
be avoided, with plain cotton being the cloth of choice. The most 
important foods which the patient may be intolerant to are eggs, 
cow’s milk, soya beans, nuts and wheat, but this is more likely to 
be relevant in a child under the age of 4. There is some evidence 
to suggest that measures to decrease the amount of house dust 
mite may be of relevance, but the measures required to decrease 
them are extreme and the benefi ts quite marginal.

Topical therapy

Emollients should be used as a soap substitute and to moisturize 
the skin several times daily. Topical steroids are the mainstays of 
therapy for atopic dermatitis. They are classifi ed into weak, moder-
ate and potent strengths.61 The patient is instructed to apply the 
required strength of topical steroid twice a day until the symptoms 
have subsided. Topical steroids are then slowly tapered to aim for 
treatment twice a week. In general, weaker steroids should be used 
on the face and fl exures, with stronger steroids being used on the 
more lichenifi ed areas. In adults, where fl exures are more likely to 
be colonized by fungi, it may be wise to use a preparation that con-
tains an antifungal component, such as Trimovate® or Daktacort®.

Unfortunately, steroids are associated with telangiectasias, 
striae, perioral dermatitis (when used on the face), cataracts and 
glaucoma (when used around the eyes). Tachyphylaxis and sys-
temic absorption can also occur.

In recent years, macrolactams such as tacrolimus (FK 506) and 
pimecrolimus have been used systemically for the prevention of 
organ transplant rejection and have proven to be potent immu-
nosuppressive and antiinfl ammatory drugs. Both agents have been 
tested topically for the treatment of atopic dermatitis.62

Tacrolimus and pimecrolimus are inhibitors of the phospha-
tase calcineurin enzyme, preventing the dephosphorylation activ-

ity crucial for the transcription of numerous cytokines involved in 
infl ammation.

Exacerbating factors such as secondary infections require 
therapy with antifungals and/or antibiotics.

Systemic therapy

Antihistamines are commonly prescribed in atopic dermatitis; 
however, there is no role for non-sedating antihistamines in this 
condition.

Phototherapy with UVA combined with psoralen is called 
PUVA.63 PUVA is very effective in atopic dermatitis but requires 
the use of specialized facilities often not available in the tropics. 
UVB therapies, both in a broad band and in a narrow band, have 
been used and are also effective, but these too require specialized 
equipment. However, one of the advantages of the tropics is that 
such radiation is freely available and, if cultural factors permit, 
the patient should be instructed to expose the body to sunlight, 
beginning with small periods of time such as 10–15 minutes 
and building up over weeks to 1 or 2 hours.

Azathioprine is reasonably safe and easy to monitor and is 
commonly used in the treatment of atopic dermatitis, although 
more extensive controlled clinical trials would aid understand-
ing.64 Doses of 50–150 mg per day are used and may, in very 
selected cases, be combined with systemic steroids in short 
courses.

Ciclosporin has been shown to be highly effective in both 
childhood and adult atopic dermatitis in clinically controlled 
trials. It is started at a dose of 2.5–5 mg/kg, and the dose adjusted 
according to clinical effi cacy and safety.

Chinese herbal medicine has been found to be highly effective 
in atopic dermatitis but it is expensive and is found to be highly 
unpalatable by many patients. In addition, liver toxicity has been 
reported.

A promising approch is the use of prebiotics and optimal com-
binations of probiotics and prebiotics (synbiotics) in the treat-
ment of atopic dermatitis.65 Probiotics are dietary supplements 
containing potentially benefi cial bacteria or yeast, with lactic acid 
bacteria (LAB). Some lactic acid bacteria, including Lactobacillus 
plantarum, L. rhamnosus, L. casei and L. bulgaricus, have demon-
strated immunoregulatory effects that might help protect against 
some allergic disorders. There is some evidence that some of these 
probiotic strains can reduce the intestinal infl ammation associ-
ated with some food allergies, including cow’s milk allergy among 
neonates. Breast-fed infants of nursing mothers given Lactobacillus 
GG had signifi cantly improved atopic dermatitis, compared with 
infants not exposed to this probiotic.

Contact dermatitis

This is divided into irritant and allergic contact dermatitis. All 
irritants when applied in suffi cient concentration in frequent-
enough applications should cause an irritant dermatitis. There-
fore, those in professions which require immersion of hands in 
detergents, chemicals or dyes are more likely to get such a reaction. 
The commonest irritants are strong acids or alkalis and detergents. 
In such cases, considered advice about careers has to be given and 
all measures taken to avoid further irritation. Treatment requires 
avoidance of irritant or allergen as well as using emollients instead 
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of soap, and topical steroids. A DTH reaction may occur in 
response to metal such as nickel (Figure 19.39), and fragrances. 
In Europe there is a standard battery of the commonest allergens 
in the form of a patch test. Patch tests are applied on a suitable 
anatomical location for a period of 48 hours and then removed. 
Any area of redness under each patch is graded as a positive result 
(Figure 19.40). Patches are then reviewed a further 48 hours later 
in order to identify a positive reaction. Latex products are com-
monly involved in contact dermatitis and a type I hypersensitivity 
reaction with urticaria and angio-oedema.

Pompholyx

This is very common in the tropics, being associated with sweating 
of the hands and feet. The initial pathophysiological process of 
epidermal oedema causes superfi cial vesicles and since the keratin 
layer of the palmoplantar skin is especially thick they do not burst 
or form crusts. The condition is variably itchy and begins on the 
sides of the fi ngers and may be associated with atopy and other 
forms of endogenous eczema. Treatment is to avoid sweating of 
the hands, use of emollients instead of soap, and potent topical 
corticosteroids. Calcineurin inhibitors have been shown to be 
effective as well.66 It should be noted that secondary fungal infec-
tion can be a complication.

Discoid eczema

This consists of a bilateral symmetrical itchy eruption. The lesions 
themselves are rather atypical of most eczemas in that they are 
well defi ned and up to 2 cm in diameter. When they fi rst present 
as solitary lesions they may be mistaken for cutaneous fungal 
infection. They are commonly found on the arms and legs and 
vary in the degree of pruritus. There have been no aetiological 
factors described in this condition and treatment consists of emol-
lients and topical steroids; it tends to respond to the same treat-
ments as atopic dermatitis.

Keloid

The aetiology of keloid formation is unknown, although trauma 
may play a major part. Keloids are likely to occur after surgical 
procedures and are defi ned by their extension beyond the area fi rst 
traumatized. Clinically, keloids are dense and hard with a shiny 
erythematous or hyperpigmented surface. The borders are usually 
smooth and they have claw-like extensions. The commonest sites 
are the earlobes, upper back, mid chest and shoulders. Symptom-
atically they can be painful and itchy.

Acne keloidalis nuchae is a chronic progressive keloidal scar-
ring process on the nape of the neck that affects mainly black men. 
Patients present in their twenties and thirties and often after a 
short haircut. It is not associated with acne vulgaris. The initial 
pathophysiological process is follicular infl ammation leading to a 
weak follicular wall and rupture of the hair follicle. This rupture 
elicits a foreign body infl ammatory reaction in the dermis, where 
scarring leads to keloidal formation. The process may be exacer-
bated by superimposed infection. Clinically, a follicular pustular 
eruption is found on the nape of the neck. Unlike acne, comedo-
nes and blackheads are not seen. Such a process may cause a 
scarring alopecia.

Treatment of keloids may be medical and/or surgical. Keloid 
scars may be excised as long as there is not too much tension on 
the postoperative wound; however, the patient should be warned 
that such a procedure has a 50% recurrence rate. They may be 
shaved down to follicular level and then injected with potent 
intralesional steroids postoperatively with a single dose, followed 
up by four weekly injections until control of the scar is attained. 
Intralesional steroids may be used on their own in order to induce 
atrophy of smaller scars. Lesions of acne keloidalis nuchae may 
be excised, injected with intralesional steroid, or shaved with the 

Figure 19.39 Acute allergic contact dermatitis to nickel from the 
metal button and buckle of blue jeans.

Figure 19.40 Erythema and induration of positive patch testing 
read at 96 hours.
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postoperative injection of intralesional steroid. Active infl amma-
tion may also be controlled by tetracyclines combined with a 
topical dose of a potent topical steroid twice daily.

Psoriasis

Psoriasis is a chronic hyperproliferative condition of the skin of 
unknown aetiology. It can present in numerous morphological 
forms and it can affect a few areas up to total skin surface 
involvement.

Epidemiology and aetiology

Psoriasis is said to affect up to 1% of the whole world’s popula-
tion. Although it was thought to be less common in Africans and 
Afro-Caribbeans, it is now known that this is not the case, but that 
psoriasis is often less severe due to the therapeutic effects of a 
tropical environment. One-third of patients have a positive family 
history of psoriasis and it is in association with HLA-B13 and 
HLA-B17. It tends to develop in two different age groups: between 
20 and 30 years, and between 50 and 60 years. It is postulated that 
activated T cells may play a major role in the pathogenesis of 
psoriasis and this is evidenced by the effi cacy of ciclosporin 
therapy.

Clinical features

In making a diagnosis of psoriasis one has to consider the mor-
phology of each lesion present as well as its distribution and 
extent of involvement. The condition tends to remit and exacer-
bate in a chronic manner throughout the patient’s life. In some 
patients it may go into complete remission, whereas in others it 
may continue in a chronic form. The classic psoriasis lesion is well 
defi ned and raised. It has a red colour with a thick white silvery 
scale on its surface. Clinically, psoriasis may be divided into four 
general forms:
• Plaque psoriasis (psoriasis vulgaris). This is the commonest 

form, with involvement of the scalp, trunk (Figure 19.41), 
elbows and knees, the sacrum and the nails.

• Erythrodermic psoriasis. The skin is red and has a fi ne scale 
over the entire surface. There may be small areas of uninvolved 
skin but the vast majority will be affected. This form commonly 
arises in a patient with pre-existent plaque psoriasis but may 
occur as a fi rst presentation. It may also occur as a result of 
medication with corticosteroids, lithium, β-blockers, non-
steroidal antiinfl ammatory drugs and antimalarials. The condi-
tion can be fatal and the patient should be hospitalized and 
kept warm, with particular attention paid to fl uid and electro-
lyte imbalance as well as the risk of infection and septicaemia. 
Etanercept has been demonstrated to be an effective treat-
ment, providing a safe and convenient alternative to current 
therapies.67

• Guttate psoriasis. This is characterized by the sudden onset of 
pink droplets or fl at papules, which appear in crops principally 
on the trunk (Figure 19.42) and proximal extremities. It is 
strongly associated with recent or active β-haemolytic strepto-
coccal infection.

• Pustular psoriasis. This may be a localized form on the palms 
and soles or it may be generalized. The palmoplantar form is 

relatively common, with the appearance of sterile yellow pus-
tules on an erythematous background on the palms and soles 
(Figure 19.43). The generalized form can be fatal and it may 
be precipitated by treatment with corticosteroids or potent 
topical steroids if they are withdrawn rapidly. In the generalized 

Figure 19.41 Circumscribed plaques of erythema, thickening and 
scale in plaque psoriasis.

Figure 19.42 Guttate erythemato-scaling small plaques of guttate 
psoriasis.
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form there are extensive sheets of sterile yellow pustules, which 
become painful and sore. The patient may have constitutional 
symptoms such as a fever and tachycardia.

Psoriatic arthropathy

There are fi ve clinical patterns of joint involvement:
• An arthritis similar in distribution to osteoarthritis, with distal 

interphalangeal joint involvement and the clinical manifesta-
tions of Heberden’s nodes.

• Rheumatoid arthritis distribution with involvement of the 
metacarpal and metatarsal joints.

• Mono- or oligo-arthropathy with one joint being involved, 
most commonly the knee or ankle.

• Arthritis mutilans. This is a particularly severe form of 
psoriatic arthritis where the phalanges are eroded leading 
to telescoping of the skin of the fi ngers and a destructive 
arthropathy.

• Sacroiliitis.

Treatment

It has already been mentioned that the tropical environment may 
be benefi cial to psoriasis and all that patients may really need is 
an extended period of sun exposure. However, there are numerous 
treatments for psoriasis, refl ecting the fact that none of them is a 
cure. Treatments are often used in combination and tailored to 
the anatomical distribution and extent of the disease and the 
availability of therapy. The patient should be instructed to stop 
using soap on the skin and to use an emollient instead. The 
patient is always instructed to moisturize the skin regularly with 
an emollient.

Tar has been used for several decades in a solution of 5%, 10% 
or 20% in some form of vehicle. A popular vehicle is Lassar’s paste. 
This is applied once or twice daily but has the disadvantage of 
being extremely smelly and also tends to stain clothing. It can 
be especially effective in combination with ultraviolet therapy or 
simple sun exposure. It may be combined with a topical steroid 
for added potency.

Topical potent steroids should only be used for very small 
periods of time in psoriasis as rapid withdrawal can lead to a 
rebound effect with a more severe psoriasis. They are especially 
indicated for the face or the fl exures, and scalp psoriasis.

Dithranol is derived from the bark of the aroroba tree. It has 
been used in psoriasis for several decades and is often made up 
in Lassar’s paste in different concentrations varying from 0.1% to 
1%, with higher concentrations being used for in-patients. The 
dithranol treatment may be applied for 24 hours and then washed 
off with arachis oil the next day. Other dithranol protocols require 
contact for 30 minutes and then the dithranol is washed off. This 
treatment has several disadvantages and causes erythema and 
burning, it stains clothing, and the patient’s skin tends to have a 
characteristic staining which lasts for up to 2 weeks. It cannot be 
used in fl exures or on pustular psoriasis.

Phototherapy with PUVA or UVB has been found to be effective 
in psoriasis. However, such treatment often is not available in the 
tropics and an alternative is graduated sun exposure if local tradi-
tions allow. If psoralens are available locally, a methoxypsoralen 
may be taken and the patient instructed to expose their skin to 
sunlight for 30–60 minutes three times weekly.

Calcipotriol is a vitamin D analogue and has to be used thickly 
twice a day on the psoriatic plaques. It may be combined with a 
weak topical steroid in order to increase its potency.

Systemic therapy for psoriasis involves the use of agents such 
as ciclosporin, methotrexate, hydroxyurea and micofenolate. 
Methotrexate has been highly effective in psoriasis for more than 
25 years and is considered the gold standard of systemic therapy. 
Doses are given weekly, ranging from 2.5 mg to up to 25 mg per 
week. Baseline liver function tests and levels of procollagen peptide 
should be performed and monitored throughout therapy. A full 
blood count has to be performed regularly as methotrexate can 
cause bone marrow aplasia. Ciclosporin has been shown in a 
clinical controlled trial to be highly effective in psoriasis but it is 
very expensive and often not available in the tropics. Systemic 
retinoids have been used successfully in the form of acitretin at a 
daily dose of 30–40 mg daily; however, these are expensive drugs 
that require close monitoring for renal and liver toxicity. Terato-
genesis is a main concern.

New developments in genetic engineering and biotechnology 
have allowed the creation of bioengineered molecules that target 
specifi c steps in the pathogenesis of psoriasis and psoriatic arthri-
tis. A number of these agents are currently in clinical trials for 
psoriasis.

Alefacept (a leukocyte function-associated antigen-3 [LFA3]–
IgG1 fusion molecule) and efalizumab (anti-CD11a) block T cell 
activation. Etanercept (a fully humanized fusion protein) and 
infl iximab (a chimeric [human–mouse] monoclonal antibody) 
bind tumour necrosis factor-α (TNFα).68

Photosensitivity disorders

The photosensitivity diseases are a group of dermatoses character-
ized by the development of cutaneous eruption after exposure to 
UVB, UVA and/or visible light. In practice, the results of sun expo-
sure are one of the commonest cutaneous disorders that patients 
will complain of after having visited a tropical environment. Pho-
todermatoses can be classifi ed into four main groups: idiopathic; 

Figure 19.43 Erythema, scaling, hyperkeratosis and pustules in 
pustular plantar psoriasis.
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those due to exogenous agents, such as phototoxicity and photo-
allergy; those secondary to endogenous agents, such as the por-
phyrias; and dermatoses that are made worse by sunlight. The 
classic photoreactive eruption occurs on exposed sites such as the 
forehead, nose, cheeks, the V of the neck (Figure 19.44), the fore-
arms and the dorsa of the hands.

Clinical evaluation in photosensitivity

Ask if the condition is photoexacerbated and ascertain the distribu-
tion of the eruption, the duration, the age of onset and whether the 
eruption occurs seasonally. It is also important to assess how much 
sun exposure is required to produce the eruption, how long after 
exposure the eruption occurs, and how long it lasts. Clues as to 
which wavelengths may be causing the photodermatosis may be 
sought as to whether the eruption occurs through window glass or 
in the presence of a UVB or broad-spectrum sunscreen. An occupa-
tional and social history should be taken to exclude any topical 
photosensitizers that have been applied. A family history is sought 
of autoimmune disorder, porphyrias or any genetic disorders. 
Physical examination has to obtain a description of the distribu-
tion of the rash. Morphology is a very good clue as to aetiology, 
with urticarial plaques being common in erythropoetic porphyria, 
and solar urticaria with papules, vesicles and plaques common 
in polymorphic light eruption. Vesicles, scarring and pigment 
disorder are commonly found in porphyria cutanea tarda.

Polymorphic light eruption

This is the most common idiopathic photodermatosis and it com-
monly occurs when patients go from a temperate environment to 
a tropical environment; it can also be caused by change in season 
within a temperate environment. Its onset is commonly from 
childhood to late adult life and is more common in women than 
in men. It is common in all races and skin types. It presents 
clinically with polymorphic lesions, including erythematous 
papules, vesicles, nodules, plaques, purpura and target-like lesions. 
Thankfully, only one type of lesion tends to predominate in any 
one patient. Unfortunately, it tends to recur indefi nitely on sudden 

exposure to sunlight. It is crucial that serology be performed to 
exclude systemic lupus erythematosus. Treatment includes photo-
protection by covering up and sunscreens; as topical corticoste-
roids are only partially effective, systemic corticosteroids may be 
used for severe fl ares. UVB phototherapy may be used prophylac-
tically and is to be preferred to PUVA therapy as it has fewer side-
effects.69 Antimalarials are disappointing and azathioprine has 
been used for severe cases.

Erythropoetic porphyria

This is an autosomal dominant condition with variable pene-
trance and presents in childhood with a burning and stinging 
sensation on exposure to sunlight. The photosensitive eruption 
consists of erythema, oedema and urticated lesions, with blisters 
only occurring rarely. The skin has a pebble-like appearance on 
the interphalangeal joint and there may be scar formation. There 
may be an associated anaemia and hepatic decompensation. The 
disorder is caused by a partial defi ciency of the enzyme ferroche-
latase, encoded by a single gene on chromosome 18. Investiga-
tions reveal elevated protoporphyrin in erythrocytes, with normal 
protoporphyrin in plasma, faeces and urine. The treatment is by 
photoprotection, β-carotenes, and liver transplantation in those 
who develop hepatic failure.

Porphyria cutanea tarda

This is the most common type of porphyria and is due to defective 
hepatic uroporphyrinogen decarboxylase activity. Most cases are 
sporadic, with a small amount being autosomal dominantly inher-
ited. Precipitating factors may include alcohol, exogenous oestro-
gens, iron and chlorinated hydrocarbons. It may also be associated 
with hepatitis C and HIV infection. Clinically it presents with skin 
fragility, vesicles, milia on sun-exposed areas, periorbital hypertri-
chosis, mottled hyperpigmentation, hypopigmentation and sclero-
dermatous changes of the hands. Investigations reveal an elevated 
neuroporphyrin in the urine, and elevated isocoproporphyrin in 
the stool. Treatment is with phlebotomy, low-dose hydroxychloro-
quine, colestyramine and erythropoietin.70

Drugs that cause photosensitivity

There is a large group of drugs that may cause photosensitivity; 
the commonest are the tetracyclines, thiazide diuretics and sulfa-
mide compounds.

SKIN MALIGNANCIES

Cutaneous cancer is rare in dark-skinned patients. Historical 
migrations of lighter-skinned peoples to the more tropical parts 
of the world have led to a large increase in the amount of skin 
cancer being diagnosed. Indeed, one of the major hazards of light-
skinned people travelling even for short periods to the tropics is 
in fact skin carcinogenesis. The various skin cancers are easy to 
diagnose, often by morphology alone, with histology being the 
gold standard. Most commonly, cutaneous cancers are not fatal; 
however, those that arise from melanocytes are highly invasive and 
aggressive and are called malignant melanoma. Therefore it is 
practical to divide skin cancer into non-melanoma skin cancer and 
malignant melanoma skin cancer.

Figure 19.44 Severe erythema and infl ammation on the neck ‘V’ 
following sun exposure in a case of photosensitive dermatosis.
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Non-melanoma skin cancer

The main and commonest groups are actinic keratoses, basal cell 
carcinomas and squamous cell carcinomas.

Actinic keratoses

These are poorly circumscribed erythematous macules and fl at 
plaques variable in diameter from several millimetres to a few 
centimetres (Figure 19.45). A scale on the surface is adherent and 
rough. Lesions arising from the ears, dorsum of hands and fore-
arms tend to be thicker and more hyperkeratotic than those on 
the face. Some actinic keratoses can be tender or hyperpigmented. 
Actinic keratoses arising on the lip present as confl uent scaliness 
with focal erosion and fi ssures and loss of defi nition of the ver-
milion border. The natural history of actinic keratosis is contro-
versial, but studies have shown that progression to squamous cell 
carcinoma is approximately 10%.71

Isolated lesions may easily be treated using cryotherapy, with 
two freeze/thaw cycles required for curative therapy. However, if 
the lesions are widespread, topical 5-fl uorouracil (Efudix®) may be 
used once or even twice daily to the rough areas for 3 weeks. The 
patient should be warned that there is an intense infl ammatory 
response as apoptosis of abnormal cells occurs and that this is a 
normal part of the treatment. The infl ammation can be so intense 
as to extremely distress the patient. The patient should be reassured 
and, if the areas are painful, a moderate topical steroid may be 
used in the mornings, with the Efudix® being used at night. A more 
recent therapy has been the introduction of imiquimod 5% cream, 
which is a topical medication that up regulates a number of cyto-
kines, which then invoke both a non-specifi c immune response 
and a specifi c immune response. It is applied two to three times a 
week for up to 4 months, although often 1 month is adequate.72

Squamous cell carcinoma (SCC)

This malignant tumour arises from epithelial keratinocytes whose 
cells usually show some degree of maturation toward keratin for-
mation. The epidemiology of actinic keratoses mirrors that of 

SCC. The incidence of actinic keratoses and SCC is dependent on 
the combination of cumulative sun exposure and photosensitivity. 
Most actinic keratoses and SCCs occur in areas that receive the 
most solar radiation, with the vast majority occurring on the upper 
limbs, head and neck. Those with an outdoor job and those living 
closer to the equator are also more severely affected. The classic 
SCC is a hyperkeratotic, skin-coloured erythematous papule, 
nodule or plaque arising on sun-damaged skin. Invasive lesions 
may have a soft cutaneous extension.

Aetiology

Most actinic keratoses and SCCs will contain mutations of the p53 
tumour suppressor gene. p53 is a negative cancer regulator and 
normally acts to prevent cells from proliferating uncontrollably. It 
is hypothesized that ultraviolet radiation causes mutations in the 
p53 gene, leading to clonal keratinocyte proliferation in an uncon-
trolled way. At the early stages of clonal expansion one would see 
the lesion clinically as an actinic keratosis. However, when the 
clonal proliferation advances, an SCC would develop.

Metastases and natural history

The actinic keratosis is the initial lesion in a disease continuum 
that progresses to in situ SCC (Bowen’s disease) and invasive SCC. 
Eighty per cent of SCCs will have a concomitant actinic keratosis 
giving rise to or in close proximity to the SCC. Such high preva-
lence of concomitant actinic keratosis and cutaneous SCC suggests 
a strong correlation between these two lesions. Invasive SCC may 
grow slowly or rapidly and may metastasize, usually to the regional 
lymph nodes, with a metastatic rate of 5%, an overall mortality 
of 3% and a 70% mortality in the metastatic group. Local 
recurrence and regional metastasis are dependent on treatment 
modality, previous treatment, location, size, depth, histological 
differentiation, histological evidence of perineural involvement, 
precipitating factors other than ultraviolet light, and host immu-
nosuppression. Lesions found on the ears and lip are known to 
be at higher risk of local recurrence and metastasis. SCCs present-
ing on the lip have an especially high local and metastatic rate, 
with 8% of patients presenting with clinically positive lymph node 
involvement with an overall 5-year mortality rate of 17%. Indeed, 
combined with poor histology the metastatic rate at presentation 
can be as high as 23%.

The surgical treatment of SCC requires a 4 mm margin; however, 
certain tumour characteristics are associated with a greater risk of 
subclinical tumour extension and include size of 2 cm or larger, 
aggressive histology – especially invasion of the subcutaneous 
tissue and perineural spread – and location in high-risk areas, in 
which case at least a 6 mm margin is recommended. However, 
carcinomas with a diameter of more than 20 mm involve a 
much higher risk of recurrence of 9.8%, because of local micro-
metastases, which require more generous local excision with 
a safety margin of about 10 mm.

Basal cell carcinoma (BCC)

This tumour is also called rodent ulcer or basal cell epithelioma 
and is a malignancy derived from the keratinocytes and stroma of 
the pilosebaceous follicle. BCCs are the most common human 
cancer, affecting an estimated 750 000 US inhabitants per year. 

Figure 19.45 Erythema, superfi cial ulceration and scaling in actinic 
keratosis.
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Estimates predict that 28% of Caucasians born after 1994 will 
develop a BCC in their lifetime.

Aetiology

Epidemiological data implicate UV radiation exposure in BCC 
tumorigenesis. Sixty-six per cent of BCCs occur on the head and 
neck. The incidence is much greater in those with fair skin and 
they occur only very rarely in Africans. Most BCCs present on the 
face and upper trunk. The inner canthus and eyelids, which are 
more shielded from sunlight than other parts of the face, are fre-
quently involved. Rare cases of vulval BCC also occur. This occur-
rence of BCCs in relatively sun-protected sites suggests that other 
co-factors may be important (Figure 19.46). Arsenic salts are a 
factor and arsenic-induced tumours are usually multiple and occur 
mainly on the trunk (see ‘Arsenism’, below). Molecular studies of 
the basal cell naevus syndrome and sporadic BCCs have led to 
the identifi cation of an important tumour suppressor gene – the 
patched (PTCH) gene – which is thought to be crucial in the 
pathogenesis of BCCs. Inactivation of patched is believed to be a 
necessary step in the evolution of BCCs.

Metastasis, progress and clinical features

The course of BCCs is slow but steady, and progression results in 
local destruction of structures if left untreated. In immuno-
suppressed patients, tumours may be more aggressive. Metastases 
are extremely rare, with an estimated risk as low as 0.1%. There 
are six main clinical types of BCC.
• Rodent ulcer commences as a small papule that subsequently 

becomes nodular and undergoes central ulceration. The margins 
of the tumour are well defi ned, slightly raised with a rolled 
border and with a pearly, shiny appearance. Blood vessels tra-
versing over the margin give it a telangiectatic appearance.

• Pigmented BCC is clinically similar to the rodent ulcer but the 
margins of the tumour are pigmented. Such pigmented BCCs 
may easily be mistaken clinically for malignant melanoma.

• Cystic BCC is a well-defi ned papule which attains a pearly-
coloured lobulated appearance with a telangiectatic surface 
earlier on, with the central part of the tumour ulcerating later 
on in its evolution.

• Morphoeic (sclerosing) BCC may be diffi cult to eradicate, as 
clinically it is often impossible to determine the margins. 
Indeed, the tumour may have the clinical appearance of a scar; 
however, the pearly colour is maintained in certain areas of the 
tumour and telangiectasia is often present.

• Superfi cial BCC often occurs on the trunk or limbs. It is a well-
defi ned, slightly raised red plaque with an adherent scaly 
surface. Most lesions are solitary and may be pigmented. Over 
many years, the lesion may thicken and appear more like the 
rodent ulcer; however, early on, the margin of the tumour does 
have a lightly rolled, pearly-looking border with the character-
istic telangiectasia present. Such tumours, when multiple, may 
suggest arsenic ingestion as an aetiological factor.

• Linear BCC is an uncommon variant, fi rst described in 1985. 
Clinically it is a linear, pearly and telengiectatic lesion and is 
located most often on the head and neck. On average this 
variant is thought to belong to a more aggressive subtype with 
subclinical dissemination.

Diagnosis and management of BCC

The diagnosis of BCC is based upon the clinical fi ndings; however, 
if clinical doubt exists, a preoperative biopsy is advised. There are 
four generally accepted methods for obtaining tissue for diagnosis: 
shave biopsy, punch biopsy, cytology or defi nitive surgery. Almost 
all BCCs begin as small, easily managed lesions that can be treated 
in several different ways, resulting in minimal morbidity and a 
highly favourable outcome. Treatment by curettage and cautery, 
surgical excision, radiotherapy, cryotherapy and Moh’s chemosur-
gery all have cure rates of well over 90%. Tumours in certain sites 
have a greater risk of recurrence, namely the nasae alae, nasolabial 
fold, tragus and retro-auricular area.

Follow-up

The main aims of follow-up are detection of tumour recurrence, 
and early detection and treatment of new lesions. Indeed, 36% of 
patients who have a previous BCC will develop a further BCC. 
Those especially at risk of BCCs are those with very fair skin and 
excess sun exposure. These patients with multiple BCCs are found 
in as many as 20% of such high-risk patients.

Most BCCs that will recur will do so within 3 years. It is a matter 
of the resources available, whether in an out-patient dermatology 
department or in general practice, as to how frequent or for how 
long the follow-up surveillance should be. Obviously, patients 
with multiple BCCs and at high risk of developing further BCCs 
should be followed up at least 6-monthly for the patient’s remain-
ing lifetime. However, it may not be economically justifi able to 
follow up every BCC, especially if it is a single isolated BCC in the 
older age group. One major advantage of regular follow-up is 
continued patient education regarding sun avoidance.

Malignant melanoma skin cancer

The incidence of malignant melanoma is increasing in developed 
countries and also in those fair-skinned persons who live in the 
tropics. Epidemiological studies suggest that sunlight is a major 
cause of melanoma. Worldwide the incidence of melanoma cor-
relates inversely with latitude, with high rates closest to the equator 

Figure 19.46 Nodular basal cell carcinoma on the chest.
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and lower rates closer to the poles. Although pale-skinned patients 
are most at risk, rare forms such as the acral lentiginous malignant 
melanoma are equally distributed throughout all skin types. Five 
per cent of patients with a melanoma have a family history of 
malignant melanoma. Other risk factors are the existence of 
numerous dysplastic naevi, higher than average number of benign 
naevi, the existence of a congenital naevus, previous cutaneous 
melanoma, immunosuppression, excessive sun exposure and 
excessive sun sensitivity. Experimentally, melanocytes demonstrate 
resistance to UVB-induced apoptosis and therefore are at a higher 
risk of incorporating UV-induced mutations. Mutations have been 
found in susceptibility genes such as the CDKN2A gene or in genes 
implicated in control of the cell cycle or maintenance of cell 
integrity. However, the molecular basis of malignant melanoma 
still remains to be elucidated.

Metastasis and natural history of 
malignant melanoma

There is an inverse relationship between tumour thickness and 
survival. Therefore, the more superfi cial the lesion at presentation, 
the more likely is a cure. The thickness of the tumour is defi ned 
by the Breslow scale, which is measured in millimetres from the 
granular cell layer of the epidermis to the deepest tumour cells. 
Those tumours that have a Breslow thickness of 1.5 mm or less 
have a 93% 5-year survival rate, whereas those with a Breslow 
thickness of more than 3.5 mm have a 5-year survival rate of 37%. 
Metastasis is fi rst to regional lymph nodes and then to lung, liver, 
brain, bone and peritoneum.

Clinical presentation

Most malignant melanomas appear de novo as pigmented lesions. 
A fi fth of malignant melanomas are thought to arise from pre-
existent naevi. Pigmented lesions that are asymmetric, have an 
irregular border, a variegated or dark colour, and a diameter of 
more than 0.6 cm and rapid elevation are all signs of malignant 
melanoma. Although most melanomas are typically asymptom-
atic, presentation may include itching and bleeding of existent 
naevi. There are four major types of malignant melanoma 
described clinically. These are superfi cial spreading malignant 
melanoma, lentigo maligna melanoma, acral lentiginous malig-
nant melanoma and nodular melanoma. Lentigo maligna occurs 
in patients who are over 50 years old and is found mainly on 
sun-damaged skin of the head and neck. Clinically it appears as 
an irregularly bordered tan or brown macule which enlarges 
slowly over many years (Figure 19.47). It is commonly mistaken 
for another similar-looking lesion that occurs on the head and 
neck called a seborrhoeic keratosis and may even be mistaken for 
a solar lentigo. The prognosis of lentigo maligna is extremely 
good; however, if palpable areas develop within it, this means that 
this relatively non-aggressive tumour may have developed into a 
nodular malignant melanoma, which has a far worse prognosis. 
The superfi cial spreading malignant melanoma occurs after the 
age of 40; the lesions often have diameters more than 1 cm and 
are palpable. There is a great variability in the colour of these 
lesions, from shades of pink, red, brown and black (Figure 19.48). 
Since the prognosis of malignant melanoma is dependent on 
tumour thickness, this tumour has a very good prognosis. However, 
the appearance of nodular areas signifi es the development of a 

more aggressive tumour. Nodular malignant melanoma appears 
as a papule or a nodule and in men commonly occurs on the trunk 
and in women on the legs. It grows rapidly and is seen to elevate 
over a few months. Unfortunately this form of malignant mela-
noma has the worst prognosis. Acral lentiginous malignant mela-
noma is found on the palms, sole and nail-beds. Although this is 
a rare tumour, it is of equal incidence in all races and therefore 
may be seen in the tropics. This form of malignant melanoma has 
the poorest prognosis and it is vital that it is recognized early.

Management

The defi nitive treatment for malignant melanoma is excision. This 
means that diagnosis has to be made early in order to ensure a 
cure. The margins for excision should be of at least 1 cm and 
should include subcutaneous fat for thin melanomas of less than 
1.5 mm. However, for the lentigo maligna a 2–5 mm margin of 

Figure 19.47 Chronic lentigo maligna melanoma on the upper 
eyelid of an elderly patient.

Figure 19.48 Superfi cially spreading malignant melanoma of the 
chest.
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clinically normal skin should be suffi cient. In cases of thick mela-
noma of 1.5 mm or more, it is suggested that a 2 cm margin of 
normal skin be used to ensure complete excision. Once the mela-
noma has metastasized there are no known therapies at present 
which affect long-term prognosis.

URTICARIA

This is a family of conditions characterized by the appearance of 
itchy wheals. Internationally, prevalence is thought to be as high 
as 20%. Clinically it can be divided into acute and chronic urti-
caria. The lesions themselves are transient and in the Caucasian 
patient they may be pink or red skin swellings surrounded by 
erythema. Such erythema and skin redness may not be apparent 
in the darker-skinned patient. The lesions vary considerably in 
shape and size and can occur anywhere on the body (Figure 
19.49). By defi nition, an urticarial attack will last less than 24 
hours. Another associated condition called angio-oedema may 
co-exist with urticaria and in this case the oedema is actually 
deeper in the dermis and subcutaneous tissues. The lesions last 
longer, resulting in swelling of the lips, eyelids, tongue and inter-
nal organs.

Acute urticaria

This is defi ned as urticaria occurring for less than 6 weeks. The 
commonest cause of acute urticaria is the ingestion or parenteral 
administration of drugs. The commonest involved drugs are anti-
biotics, sedatives, tranquillizers, analgesics, laxatives and diuretics. 
The pathogenesis of this process is thought to be IgE mediated, in 
which case they would need to be preformed IgE to the exposed 
allergen. However, drugs may cause acute urticaria in a non-immu-
nological way, with opioid-type drugs being thought to release 
mast cell histamine by a direct mechanism. Other drugs such as 
aspirin and non-steroidal antiinfl ammatory drugs may also cause 
an acute angio-oedema. A minority of patients may have a food 
allergy and the commonest substances are nuts, fi sh, shellfi sh, 
eggs, milk, chocolate, tomatoes and certain food additives such as 

tartrazine and benzoic acid derivatives. When a patient’s urticaria 
appears during spring and summer, the role of inhaled allergens 
such as pollens and spores should be considered as a cause of 
acute urticaria. Certain infectious agents such as viral infections 
and streptococcal pharyngitis in children may also cause a tran-
sient urticaria over weeks. The commonest acute contact urticarial 
reaction is to latex. This is especially a problem in healthcare 
workers, in which case non-latex gloves should be used.

Any possible precipitants or exacerbation factors such as drug 
therapy should be removed. The patient should be started on a 
non-sedating antihistamine and this is usually suffi cient to treat 
an acute urticaria. If the patient is non-responsive to treatment or 
the whealing attacks seem to last longer than 6 weeks, then the 
patient should be treated as if they have a chronic urticaria.

Chronic urticaria

This is said to occur when whealing attacks last more than 6 weeks. 
By far the largest group are of the chronic idiopathic form with 
no immediate cause found. However, a careful history and exam-
ination should be carried out and appropriate tests performed in 
order to elicit a possible cause. The chronic urticarias may be 
divided into the physical urticarias, chronic idiopathic urticaria, 
angio-oedema and urticarial vasculitis.

Physical urticaria

This may be caused by physical pressure (Figure 19.50), vibration 
during exercise, periods in a hot environment, periods of cold and 
cooling of the skin, in response to sunlight, or aquagenic urticaria, 
where the wheals occur in response to contact with water. In most 
cases the type of physical urticaria can be elucidated by the detailed 
history, with pressure urticaria occurring under tight clothing and 
cholinergic urticaria occurring at times of emotion and sweating. 
Patients with cold urticaria may complain of lesions as soon as 
they exit a hot bath. Solar urticaria is very rare and occurs in 
response to natural or artifi cial sunlight. Cold urticaria may be 
tested for by placing an ice cube on the skin for 10 minutes and 
then observing a wheal appearing 5–10 minutes later.

Figure 19.49 Pruritic urticarial wheals on the trunk. Figure 19.50 Pressure urticaria or dermographism.
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Chronic idiopathic urticaria

This is a diagnosis made once all the previous aetiological factors 
have been excluded. However, in the tropics, common causes of 
long-standing urticaria may be hookworm, tapeworms and round-
worms, and thus the stools should be examined in such patients. 
In addition the patient should be examined for evidence of trich-
inoses, dracunculosis, lymphatic fi lariasis and strongyloidiasis. A 
small minority of patients labelled as having chronic idiopathic 
urticaria may in fact have circulating histamine-releasing auto-
antibodies. In such patients, autologous serum injected intrader-
mally produces an intense whealing reaction. Recent associations 
have been found with Helicobacter pylori infection and its eradica-
tion can lead to dramatic improvement in such urticaria.73

Angio-oedema

This is a deeper form of urticaria and may be associated with 
urticarial wheals. It results in swollen lips, eyelids, tongue, hands 
and feet, with involvement of the upper airways causing respira-
tory arrest and fatal respiratory failure. Less than 1% of cases of 
angio-oedema may be hereditary, in an autosomal dominant 
fashion, in which case a plasma complement C4 should be mea-
sured; if this is low, more detailed investigations of C1 esterase 
activity should be instituted.

Urticarial vasculitis

The lesions in this case may be painful and last for several days. 
Such an urticarial vasculitis should be investigated histologically 
and the biopsy should include both lesional and non-lesional 
skin. Biopsy will show a vasculitis or a leukocytoclastic vasculitis. 
A leukocytoclastic vasculitis is more likely to be associated with 
systemic diseases such as the autoimmune connective tissue dis-
eases and the oral and parenteral administration of drugs.

Management of chronic idiopathic urticaria

Any identifi able causes should be removed and the patient should 
be educated to avoid drugs that may cause histamine release, such 
as aspirin, non-steroidal antiinfl ammatory drugs and the opioid 
drugs. The patient should be started on a non-sedating antihista-
mine; if there is a poor response, a further sedating antihistamine 
should be added at night. If the patient still has not responded, 
an H2 antagonist such as cimetidine may be added. Resistant 
forms of urticaria may need short courses of systemic steroids and 
patients with hereditary angio-oedema or severe angio-oedema 
may need adrenaline (epinephrine) pens for emergency situa-
tions. Refractory cases may require immunosuppression with 
ciclosporin, intravenous immunoglobulin and even, in extreme 
cases, plasmapheresis.

OTHER NON-INFECTIVE DERMATOSES MAINLY 
LIMITED TO THE TROPICS

Arsenism

Although arsenic was commonly used in medications in the past, 
this had stopped by the fi rst half of the twentieth century. Today, 

arsenic is widely used in its inorganic form in insecticides, fungi-
cides, herbicides, and in the manufacture of glass and fi reworks. 
Inorganic arsenic compounds exist in the form of arsenites and 
arsenates. Arsenites are thought to be the most toxic; such arse-
nites are normally detoxifi ed in the liver and excreted in the urine. 
However, this detoxifi cation process may be subject to genetic 
polymorphisms, resulting in the inability of a proportion of the 
population to detoxify arsenite, and thereby cause carcinogenicity 
and toxicity in humans. The commonest form of arsenism is now 
due to water contamination and cases have been reported in Chile, 
Taiwan, Mexico, Argentina, Thailand and the Ganges delta in 
India. Cutaneous changes begin with hyperpigmentation in the 
groin and areolae. These hyperpigmented areas may develop 
hypopigmented areas within them, giving rise to a characteristic 
raindrop appearance. As many as 30% of patients may have pig-
mentation in the oral cavity. Hyperkeratotic papules on the palms 
and soles occur in up to 70% of patients; patients may have an 
associated cutaneous malignancy such as Bowen’s disease, BCC, 
SCC or keratoacanthomas. These tumours mainly occur on sun-
exposed sites and suspicion of arsenism should be aroused as such 
tumours are rare in dark-skinned patients. The clinical manage-
ment of these patients needs careful long-term monitoring for the 
development of cutaneous neoplasms and also associated internal 
malignancy. The hyperkeratotic areas on the palms and soles 
may be treated by a 10% salicylate ointment twice daily. In more 
affl uent areas, systemic retinoids may be given to prevent the 
onset of cutaneous malignancy.

Brazilian pemphigus foliaceus 
(fogo selvagem – wild fi re)

This is an autoimmune bullous dermatosis. It is characterized by 
antibodies to the epidermal desmosomes, specifi cally desmoglein 
1 (Dsg1). It is clinically identical to the non-endemic form of 
pemphigus foliaceus, which is found throughout the world. Pem-
phigus foliaceus itself is a variant of pemphigus vulgaris, which is 
one of the commonest forms of blistering disease causing intra-
epidermal vesicles. Fogo selvagem, unlike the non-endemic form 
of pemphigus foliaceus, is endemic to certain regions of Brazil and 
some areas of Colombia, Bolivia, Paraguay and Argentina. It is 
associated with recent areas of colonization and cases tend to 
decrease with increasing urbanization. The sex and race incidence 
is the same within an endemic area. The vast majority of patients 
live near rivers and within fl ying range of black fl ies (Simulium 
pruinosum). Clinically, the lesions of fogo selvagem are superfi cial 
vesicles which can be mistaken for impetigo. The blisters rupture 
easily, leaving superfi cial erosions. The lesions begin on the face, 
scalp, upper chest and abdomen, and then spread to the limbs. 
Unlike in pemphigus vulgaris, oral or mucosal lesions are 
extremely uncommon in pemphigus foliaceus and fogo selvagem. 
The dermatosis evolves gradually over a period of several weeks 
or months. Fogo selvagem may present as a localized form of 
disease in which the seborrhoeic areas of the face and trunk are 
involved and this may lead to diagnostic confusion with discoid 
lupus erythematosus, but patients with fogo selvagem have no 
positive lupus serology and can be distinguished by skin biopsy. 
The localized form may stay localized or eventually become gen-
eralized. Patients with generalized fogo selvagem may present in 

Other Non-infective Dermatoses Mainly Limited to the Tropics



19. Dermatological Problems

366

one of three ways: an acute aggressive form; those with exfoliative 
erythroderma; and a more slowly aggressive form. Patients with 
the acute aggressive form have a predominance of blisters and it 
may be associated with fever, arthralgias and malaise. It is thought 
that patients who have this form of disease are susceptible to life-
threatening herpes simplex virus infections. In those patients who 
develop exfoliative erythroderma the main clinical lesions are 
superfi cial erosions and crusting. The third form includes those 
patients in whom localized fogo selvagem has become generalized 
and clinically consists of keratotic plaques and nodular lesions in 
the seborrhoeic and acral areas. There is a rarer, hyperpigmented, 
form of fogo selvagem which often occurs when the patient is 
recovering from fogo selvagem after treatment.

It is especially important that this condition is diagnosed early 
in childhood as delay in diagnosis can lead to dwarfi sm and azoo-
spermia as an adult. It is thought that fogo selvagem may also 
have psychiatric effects and may be associated with depression. 
This form may be differentiated from non-endemic pemphigus 
foliaceus by distinct epidemiological features. It may be distin-
guished from pemphigus vulgaris due to its lack of oral lesions. 
The gold test for diagnosis is indirect and direct immunofl uores-
cence for Dsg1. However, if such investigations are not available, 
a Tzank smear may show acantholytic cells suggestive of fogo 
selvagem. Skin biopsy may also suggest the diagnosis.

Management

Left untreated, 40% of patients die within 2 years. High-dose 
systemic steroid is the treatment of choice and is slowly tapered 
in dosage according to response. Steroid-sparing agents such as 
azathioprine are useful and cyclophosphamide has been used 
with good results. Useful adjunctive therapies include antimalari-
als and dapsone. An important consideration before starting sys-
temic corticosteroids is to rule out the possibility of concurrent 
tuberculosis. Fatal cases of disseminated strongyloidiasis have also 
been reported after steroid therapy for this condition.

Amyloid and amyloidosis

Amyloidosis is the abnormal extracellular deposition of a group 
of unrelated proteins that may show green birefringence on Congo 
red staining when viewed under polarized light. Light microscopy 
shows amyloid to be an amorphous homogeneous eosinophilic 
material. Electron microscopy shows it to be made of linear non-
branching paired fi brils of protein arranged in a loose meshwork. 
Cutaneous lesions are common in patients with primary amyloid 
and myeloma-associated systemic amyloidosis. They may occur in 
up to 40% of patients. Clinically, these consist of waxy purpuric 
lesions on the skin and mucosae and should result in an investiga-
tion for a plasma cell dyscrasia. Associated features include carpal 
tunnel syndrome, macroglossia and hepatomegaly.

Cutaneous involvement in secondary systemic amyloidosis is 
uncommon, but, when it does occur, presents with petechiae, 
purpura and ecchymoses occurring spontaneously after minor 
trauma and is the result of amyloid infi ltration of blood vessel 
walls. Purpuric lesions are likely to be found in fl exural regions 
such as the eyelids, nasolabial folds, neck, axillae, umbilicus and 
anogenital area, as well as orally. A third form of amyloidosis is 
the group of localized cutaneous amyloidosis. This may present 

as a nodular localized cutaneous amyloidosis, lichen amyloidosis 
or a macular amyloidosis.

Nodular localized cutaneous amyloidosis

This is uncommon and presents with single or multiple lesions 
on the limbs, face, trunk or genitalia. Clinically, the lesions may 
be identical to those of plasma cell dyscrasia and systemic amy-
loidosis. The lesions may vary in size from a few millimetres to 
several centimetres. Some patients develop a paraproteinaemia 
and overt systemic amyloidosis.

Lichen amyloidosis

This presents with an itchy eruption of multiple discrete hyper-
keratotic papules distributed on the shins that coalesce to form 
plaques (Figure 19.51). Rarely, lesions may be found on the calves, 
ankles, dorsa of the feet and the thighs. There has been a great 
deal of debate as to the aetiology of lichen amyloidosis, with some 
researchers fi nding Epstein-Barr virus using in situ hybridization 
within the keratinocytes. It is also thought that it may occur as a 
result of an abnormal reaction to scratching, as most people with 
lichen amyloidosis have concomitant lichenifi ed eczema around 
the plaques. Indeed, treatment with steroids, which decreases the 
itch, tends to improve the condition, although only minimally.

Macular amyloidosis

This is an itchy eruption of dusky brown-greyish macules, sym-
metrically distributed on the upper back and limbs. After constant 
scratching, the macules assume a rippled appearance. Macular 
amyloidosis and lichen amyloidosis may co-exist, leading to the 
hypothesis that they are the result of a single pathological process. 
Lichen amyloidosis is commoner among Chinese, whereas 
macular amyloidosis is commoner among Central and South 
Americans, Middle Easterners and South Asians. Familial cases 
have been described.

Treatment

Deposits of nodular primary localized cutaneous amyloidosis 
can be treated surgically, but they may recur locally. Lichen 

Figure 19.51 Pruritic plaque of lichen amyloid on the shin.
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amyloidosis and macular amyloidosis are treated with a topical 
steroid, mainly under occlusion, but results are disappointing. 
There has been some success using dermabrasion as well as topical 
dimethylsulfonamide and systemic retinoids. However, none of 
these treatment methods totally eradicates lesions, which can recur.

Lichen planus and lichenoid eruptions

Lichen planus is a relatively common disease with a worldwide 
dermatology referral prevalence of 1–2%. The classic lesion pres-
ents on both skin and mucosae. Cutaneous lesions present with 
fl at-topped, polygonal, pruritic shiny papules with a violaceous 
hue. In darker skin, purple, brown or black are more typical 
colours than violet (Figure 19.52). Postinfl ammatory hyperpig-
mentation is prominent and persistent in darker-skinned patients. 
It is thought that lichen planus itself is more common in darker-
skinned patients. Variants of classical lichen planus include hyper-
trophic, atrophic and linear lichen planus. Classical lichen planus 
begins most frequently on the limbs, especially around the ankles 
and wrists, and a quarter of cases have involvement of the oral 
cavity, which may present in the form of white Wickham’s striae 
or as erosive painful lesions (Figure 19.53). A quarter of patients 
have truncal involvement and a small number (5%) have face and 
neck involvement. The two types of lichen planus which are most 
relevant to the tropical physician are hypertrophic lichen planus 
and actinic lichen planus.

Hypertrophic lichen planus

This presents with red, brown or violaceous lichenifi ed verrucous 
plaques which are extremely itchy. The lesions primarily occur on 
the lower legs and ankles. It is especially common in inhabitants 
of southern India and Sri Lanka.

Actinic lichen planus

This occurs in a photodistribution (see section on ‘Photosensitiv-
ity disorders’, above) and is induced by sun exposure. In countries 
such as India, actinic lichen planus forms as little as 5% of all 

cases of lichen planus, whereas in the Middle East it can be as high 
as 30–40% of cases. The main group of patients that are affected 
are children and young adults. There are three clinical presenta-
tions: annular, dyschromic and pigmented. The commonest form 
is the annular type, which presents as brownish plaques with an 
annular confi guration, most commonly affecting the lateral aspects 
of the forehead, dorsum of the hands, forearms, lower lip, cheeks 
and the V-shaped area of the neck. With time, the annular lesion 
develops hypopigmentation centrally and some subtle atrophy. 
This form of lichen planus typically occurs in dark-skinned indi-
viduals, with women being affected more than men and occurring 
at a younger age of onset than classic lichen planus. It is not asso-
ciated with positive autoimmune serology.

Treatment

Spontaneous remissions of cutaneous lichen planus occur in up 
to 70% of cases after 1 year. However, oral lesions tend not to 
resolve spontaneously, with the erosive form remission rate being 
as low as 3%. Other forms of oral involvement may last about 
5 years and then resolve; however, such resolution only occurs in 
up to 40%.

Precipitant factors such as scratching or sun exposure should 
be avoided and patients advised to use a broad-spectrum, high-
factor sunscreen. Topical steroids, topical steroids with occlusion, 
and intralesional steroids are all used. Systemic steroids may be 
used when lichen planus is acute in onset and rapidly progressive. 
However, it is not recommended for long periods of treatment. 
Systemic retinoids have been used successfully in widespread 
lichen planus, as have ciclosporin, dapsone and antimalarials. 
Actinic lichen planus has been reported to respond particularly 
well to systemic antimalarials. Hypertrophic lichen planus can be 
treated with intralesional steroids and topical steroids under 
occlusion. The authors fi nd that a potent steroid combined with 
5% or 10% salicylate is particularly effective applied twice a day 
for a period of at least 4–6 weeks. Oral lichen planus, especially 
if it is erosive, will particularly require systemic treatments. Pho-
totherapy can be used to treat most cutaneous forms of lichen 
planus apart from actinic lichen planus.

Figure 19.52 Isolated papules and large plaque of lichen planus 
with Wickham’s striae.

Figure 19.53 Erosive oral lichen planus.
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Disorders of pigmentation

The majority of the world’s population is brown skinned and 
therefore hyper- or hypopigmentation is of major concern to der-
matologists worldwide and to tropical physicians. Infl ammatory 
disease of the skin is extremely common and therefore postinfl am-
matory hyperpigmentation is also common. The unfortunate and 
widespread use of depigmenting creams in Africa and parts of 
Asia in order to lighten the complexion has led to signifi cant 
morbidity and in some cases permanent disfi gurement. Treatment 
for hyperpigmentation disorders is diffi cult and prolonged and 
requires a great deal of patience and patient education.

Vitiligo

This is a condition characterized by the complete loss of pigment 
within skin. Initially it was thought that vitiligo was more common 
in dark-skinned patients, but it is much more likely that vitiligo 
is more clearly seen in such patients and therefore they are more 
likely to present. Males and females are equally affected and the 
condition most commonly occurs in the fi rst to third decades, 
with congenital cases being described. It is thought that the aetiol-
ogy of vitiligo is autoimmunity, because of its strong association 
with organ-specifi c autoimmune disease. Depigmentation starts 
suddenly, with the commonest sites being the hands, feet, genita-
lia, and periocular and perioral areas of the face. The pigmentation 
may form a generalized symmetrical pattern or a segmental pattern 
which follows a dermatome, and it ceases to progress after a year 
(Figure 19.54). The focal form may be an isolated lesion which 
progresses slowly. Vitiligo is usually symptomless but some 
patients may complain of pruritus. Diagnosis is clinical and 
confusion can sometimes be with pityriasis versicolor, post-

infl ammatory hypopigmentation, scleroderma and lichen sclero-
sus et atrophicus.

Management

Unfortunately, due to the slow mobility of melanocytes, treatment 
of vitiligo can last more than a year. Melanocytes migrate from the 
margins and also from hair follicles. Therefore, when repigmenta-
tion occurs, it is around hair follicles and the periphery of the 
lesion. Unfortunately, most of the therapies for vitiligo are largely 
unsuccessful. However, potent topical steroids may cause repig-
mentation in between 15% and 55% of patients. A commonly 
used treatment is an oral psoralen with exposure to UVA radiation; 
this is, however, a prolonged treatment and risks the development 
of skin cancers in the depigmented areas. A newly developed treat-
ment called narrow-band UVB has been found to be up to 60% 
successful in vitiligo.74 Surgical treatments include minigrafting 
with melanocytes.

Melasma

There are three patterns of melasma that are recognized clinically: 
centrofacial, malar and mandibular. The lesions themselves are 
often symmetrical, uniformly hyperpigmented, sharply defi ned 
macules and patches on the face. They mainly occur on areas that 
are sun exposed, such as the upper lip, cheeks and forehead. 
Rarely, melasma can be more widespread, affecting the chest, 
upper back and the sun-exposed side of the arms. The centrofacial 
variant consists of lesions on the cheeks, forehead, upper lip, nose 
and chin, whereas in the malar variant the lesions are found on 
the cheeks and nose. When lesions are found on the ramus of the 
mandible, this is described as the mandibular distribution.

Melasma may be further subdivided into three different histo-
logical types. An increase predominantly in the basal and super-
basal epidermis of melanin occurs in the epidermal type. In the 
dermal type there are melanin-laden macrophages in the superfi -
cial and deep dermis, with some of these melanin-laden macro-
phages being found in a perivascular distribution. The mixed type 
shows a histology that is a mixture of the previous two types. 
Clinically, the epidermal type of melasma is accentuated by 
Wood’s light examination of the skin. Wood’s light accentuation 
only occurs on the epidermal components in the mixed type. This 
examination is highly relevant to therapy, as the epidermal type 
is much more amenable to therapy than the dermal types. African 
women are more likely to have onset of melasma at an older age 
and to have the malar type distribution and this group of patients 
may also have a higher incidence of the dermal-type histology.

Epidemiology and aetiology

Ninety per cent of affected patients are women, although when 
men are affected the characteristics are identical in both sexes. The 
disease is most common in Hispanic, South Asian and South-east 
Asian people, and those who live in areas of high-intensity UV 
radiation. Black-skinned patients may be affected but melasma 
may not be easily noticed. Interestingly, up to 70% of patients can 
have a family history suggesting a predisposition, as well as UV 
exposure being of aetiological importance. The commonest causes, 
however, are oral contraceptives, hormone replacement therapy, 
pregnancy and, rarely, thyroid dysfunction. Some authorities have Figure 19.54 Segmental hypopigmentation of trunkal vitiligo.
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found elevated levels of luteinizing hormone in a small group of 
patients and have suggested that subclinical ovarian dysfunction 
may be of signifi cance.

Treatment

The most useful treatment is hydroquinone, which is a hydroxy-
phenolic chemical that inhibits the conversion of dopa to melanin 
by inhibiting the tyrosinase enzyme. Thankfully, this is widely 
available in the tropics and concentrations vary from 2% to 10%. 
It is suggested that the hydroquinone is used twice daily for 12 
weeks. The authors cannot help but warn the reader that mono-
benzyl ether of hydroquinone, which is a permanent depigmentat-
ing agent, should never be used to treat melasma, as it causes 
irreversible loss of pigment. It is important to be aware of the 
side-effects of hydroquinone as it may cause local skin irritation 
and thereby lead to postinfl ammatory hyperpigmentation, making 
the skin appear worse. However, this is uncommon. The patient 
should be warned that if the hydroquinone happens to go onto 
surrounding normal skin, this may lighten as well, and may give 
the patient a sort of leopard-skin appearance. Exogenous ochro-
nosis is thought to be a rare side-effect of hydroquinone therapy.

Hydroquinone may be combined with topical tretinoin and 
1% dexamethasone in an ointment form and this is applied once 
a day at night for a minimum of 4–6 months. There may be an 
irritant dermatitis about which the patient should be warned. 
Azelaic acid may be used twice daily for 6 months and is tolerated 
very well, with very few side-effects.

The most important treatment for melasma is to remove any 
exacerbating causes such as medication and contraceptives; 
patients should be advised to wear a broad-spectrum sun block 
when going out and to cover up thoroughly, wearing a hat in the 
sun. More recent therapy for melasma has included glycolic acid 
peels, tretinoin peels and laser treatment.75

Postinfl ammatory hyperpigmentation

This is an acquired excess of pigment in skin that develops after 
an infl ammatory dermatosis. The distribution of melanin synthe-
sis is determined by the distribution of the preceding infl amma-
tion. Such infl ammation may be caused by infections, allergic 
reactions, conditions such as eczema and psoriasis (Figure 19.55), 
reactions to medications, phototoxic eruptions and physical 
agents. The condition seems to be much worse in cases that disrupt 
the basement membrane layer, such as in discoid lupus erythema-
tosus and lichen planus. As in melasma, the melanin may be 
epidermal, dermal or mixed, in which case a Wood’s light exami-
nation is helpful. Treatment of postinfl ammatory hyperpigmenta-
tion may take 6–12 months and involves the use of hydroquinone, 
tretinoin cream, glycolic acid and azelaic acid.

Phrynoderma

This is a distinctive form of follicular hyperkeratosis, which was 
initially described in association with vitamin A defi ciency. The 
condition presents as small papules and nodules with central 
intrafollicular plugs to large papules. Some of the larger papules 
may have massive hyperkeratosis which, when shed, leaves large 
crateriform lesions. Clinically, the lesions fi rst appear on the exten-
sor surfaces of the extremities, shoulders and buttocks, and some-

times may spread to most of the body. The lesions are fl esh 
coloured but may be slightly hyperpigmented. Interestingly, the 
most recent and comprehensive study has shown that only 5% of 
patients have lower than normal serum vitamin A levels and these 
patients present with lesions localized around the knees and 
elbows only. Those patients with normal vitamin A levels had 
more widespread lesions. Unfortunately, there is no good evi-
dence that adults with vitamin A defi ciency respond to replace-
ment therapy. However, children with phrynoderma seem to show 
signs of defi ciency of both vitamin A and B; the B complex defi -
ciency is more signifi cant in Nigeria, whereas studies in India on 
affected children suggest an interaction of the vitamin B group 
and unsaturated fatty acids. Therefore it has been suggested that 
phrynoderma may be caused by a fat-soluble vitamin defi ciency. 
A study from Thailand has shown that those children with vitamin 
defi ciency respond well to vitamin A therapy. Those that do not 
have a vitamin A defi ciency can be treated with a 5–10% salicylate 
ointment twice a day, a potent topical steroid on its own or in a 
combination with salicylate; 10–20% urea in a cream base has 
been used effectively. Most of the lesions tend to disappear before 
age 18 without treatment.
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Section 3 System-oriented Disease

Chapter 20 Christopher J. Hoffmann and 
Richard E. Chaisson

HIV/AIDS and Opportunistic Illnesses

Introduction

Human immunodefi ciency virus type 1 (HIV-1, or HIV) has 
emerged as a major cause of morbidity and mortality in many low 
and middle income countries around the world. Africa has the 
highest prevalence of HIV infection and the greatest number of 
individuals living with HIV. Although Africa accounts for 14% of 
the population in the world, 68% of all HIV-infected individuals 
live in sub-Saharan Africa.1 In many hospitals in East and South-
ern Africa, over half of all in-patients are HIV infected, most 
suffering from complications of HIV.2 Generalized epidemics are 
also occurring in parts of South-east Asia and the Caribbean, while 
the epidemic in Eastern Europe, Central Asia, China and India is 
currently concentrated in sub-populations, such as injection drug 
users or commercial sex workers. This chapter describes patho-
physiology, epidemiology, complications and acute and chronic 
management of HIV disease.

Pathophysiology

The HIV virion is a 110 nm particle with a spherical lipid envelope 
and cone-shaped viral capsid.3 Because the lipid envelope is 
sensitive to environmental degradation HIV is rapidly inactivated 
outside of the host. The approximately 10 000 base pair genome 
is organized into three major regions: gag, pol and env. The gag 
region contains the structural genes for HIV (i.e. matrix, capsid, 
nucleocapsid and two small peptides), the pol region contains the 
genes for the viral enzymes needed to carry out the life cycle (i.e. 
reverse transcriptase, integrase and protease) and the env region 
encodes the genes for the viral envelope proteins (i.e. gp160, 
which is cleaved by host proteases to gp120 and gp41).

HIV-1 has six regulatory genes: tat upregulates genome tran-
scription; rev coordinates the expression of the regulatory and 
non-regulatory genes by facilitating the transport of spliced and 
unspliced RNA transcripts to the cell cytoplasm; nef helps with 
evasion of the host immune response by downregulating expres-
sion of CD4 and major histocompatibility complex (MHC) class 
I molecules on the cell surface; vpu reduces host cell CD4 expres-
sion; vpr is important for infection of quiescent cells by facilitating 
nuclear localization of the viral preintegration complex; and vif is 
important for virion assembly and inactivation of the host cell 
antiviral factor APOBEC3G.4,5

The fi rst step in the life cycle is the attachment of the virus to 
the host target cell via binding of the HIV envelope surface protein 
(gp120) to the CD4 receptor on the host cell. For infection to 
proceed, cellular co-receptors (either of the chemokine receptors 
CCR5 or CXCR4) must bind gp120, causing a conformational 
change in gp120 and the exposure of the other HIV envelope 
protein, gp41 to the cell surface. The gp41 protein mediates fusion 
of the virus lipid envelope and host cell membrane. Sexually 
transmitted HIV typically involves strains with a gp120 structure 
that preferentially bind to CCR5 (i.e. R5-tropic strains). Over time 
(generally years), mutations in the gp120 allow binding to CXCR4 
(X4-tropic strains). The shift to the X4-tropic phenotype is associ-
ated with more advanced HIV and more rapid progression of 
disease, although a causal relationship between X4-tropic and 
immune depletion has not been determined.

After the fusion of the viral and cellular membranes, the HIV 
reverse transcriptase enzyme, using host factors, converts the 
single-stranded HIV RNA into double-stranded DNA. The HIV 
reverse transcriptase is error-prone and produces mutations at a 
rate of approximately 1 in 104 base pairs, or about one mutation 
in every HIV RNA transcribed. In addition, during normal replica-
tion, the reverse transcriptase enzyme shifts from one strand of 
nucleic acid to another to complete the synthesis of daughter 
strands. This strand-shifting enables recombination between dif-
ferent viral strains infecting the same cell. Mutation and recombi-
nation generate a large pool of genetically related but distinct HIV 
strains called quasispecies. Most of these quasispecies have either 
fatal mutations or mutations that impair replication. However, 
strains with a mutation that provides a growth advantage in a 
particular environment (e.g. in the presence of specifi c antiretro-
viral drugs) will become the dominant strain.

After reverse transcription, the proviral DNA forms a complex 
with HIV integrase and localizes to the nucleus and becomes 
integrated as the HIV provirus into the host cell chromosome. 
Subsequently, cellular enzymes transcribe the provirus into spliced 
and non-spliced messenger RNA that encode the regulatory genes 
(tat and rev) and the structural genes. The late stages of viral rep-
lication involve assembly of the viral particles, with each viral core 
incorporating two copies of the viral RNA genome and the budding 
and release of the virions from the cell surface. The HIV protease 
enzyme plays an essential role by cleaving the gag polyprotein into 
smaller functional components required for the formation of a 
mature infectious virus.
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Within days to weeks of HIV infection, explosive expansion in 
HIV occurs in mucosal lymphoid tissue, especially within gut-
associated lymphoid tissue (GALT). Up to 60% of memory CD4+ 
T cells in GALT are infected and die within weeks of infection.6 
Cell mediated response to this hyper-proliferation of HIV leads 
to symptoms of acute retroviral syndrome.7 Within 6 months of 
primary HIV infection, the plasma level of HIV becomes fairly 
stable. This level, referred to as the ‘set point’, is determined by 
host and viral factors and varies from person-to-person, with the 
HIV-directed CTL response appearing to be among the most 
important factors.8

The second phase of CD4+ T cell depletion is marked initially 
by a steady state of both rapid T cell proliferation and rapid 
destruction, with the CD4 count maintained at relatively normal 
levels (800–1200 cells/mm3); this phase was formerly known as 
latent infection. Infected activated CD4 cells are quickly destroyed, 
with a half-life of 1–2 days. The paradox is that the total number 
of T cells infected with HIV is small compared with the total 
population experiencing rapid turnover.9 Depletion of uninfected 
CD4 T cells appears to be driven by immune activation, possibly 
through interaction with the HIV gp120, leading to programmed 
cell death.10 Eventually, CD4 cell destruction occurs faster than 
proliferation and the CD4 count declines rapidly (in the serum, 
20–100 cells/mm3 per year).

During all periods of HIV replication, a small subset of infected 
CD4 cells escapes death and returns to a quiescent state. These 
cells remain latently infected and persist, with a half-life of up to 
44 months,11 forming a latent reservoir of HIV that can reactivate 
even after years of suppressive antiviral therapy. The persistence 
of this reservoir is the major obstacle to complete eradication of 
HIV from the body. Current estimates suggest that it would take 
>70 years to deplete all the latently infected quiescent memory T 
cells.12 Because infected cells enter the latent reservoir whenever 
cycles of HIV replication are occurring, a genetic archive of all 
previous circulating HIV quasispecies is generated when HIV 
release and entry into uninfected cells is occurring. As a result, HIV 

replication during non-suppressive antiretroviral therapy may 
lead to generation of drug-resistant viruses that are archived in a 
permanent reservoir that can re-emerge under conditions of selec-
tive pressure.13,14

The hallmark of HIV infection is the relentless decline in CD4 
cells.10,15 However, the rate of CD4 decline among HIV-infected 
individuals is highly variable, ranging from a rapid decline over 2 
years to a slow decline over two decades. The rate of decline is 
dependent on multiple factors including HIV subtype,16 HIV RNA 
plasma level (‘viral load’), co-infections, nutritional status and 
other unidentifi ed factors.17–19 Studies of the natural history of 
HIV from Africa have suggested a similar rate of CD4 decline as 
in industrialized countries.20–23 However, considerable inter-
person variation exists in all regions. For example, a cohort study 
in Tanzania reported a range of progression from seroconversion 
to CD4 < 200 cells/mm3 between 4 and 13 years. The median CD4 
decline from that study ranged from 18 to 52 cells/mm3/year.24 
Multiple factors including environmental, viral and host factors 
likely contribute to the heterogeneity of CD4 decline.16,22 In 
low-income countries co-infection with malaria, Herpes simplex, 
tuberculosis and other endemic infections may also contribute to 
the rate of CD4 decline. While there is wide variation, the median 
time from infection to a CD4 of <200 cells/mm3 in the absence 
of treatment is approximately 8 years in both industrialized coun-
tries and low-income countries25 (Figure 20.1).

As the CD4 count declines, infections normally cleared by 
cell-mediated immunity increase in frequency and severity. 
Notable pathogens include Mycobacterium tuberculosis (TB), 
non-tuberculosis mycobacteria, Pneumocystis jiroveci, Cryptococcus 
neoformans, cytomegalovirus (CMV) and other herpesviruses, 
endemic mycoses, such as Histoplasma capsulatum and Penicillium 
marneffei and bacteraemia from Streptococcus pneumoniae and Sal-
monella spp. When the CD4 is <200 cells/mm3 the risk of infection 
by these and other organisms rises signifi cantly. Knowing the cor-
relation between CD4 count and presentation of each opportu-
nistic infection (OI) is especially useful in guiding diagnosis.26

Figure 20.1 Natural history of untreated HIV-1 
infection. WHO stage 2, minor symptoms and 
infections; stage 3, virulent and early 
opportunistic.
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EPIDEMIOLOGY

HIV subtypes and origin

AIDS was fi rst described in 1981 among a group of fi ve men who 
developed Pneumocystis jiroveci (then carinii) pneumonia and 
were found to have profound immunodefi ciency.27 Two years 
later, the causative agent of AIDS, human immunodefi ciency virus 
(HIV), was fi rst identifi ed and serologic tests for antibodies as well 
as virus isolation methods were subsequently developed, permit-
ting diagnosis of infection and identifi cation of viral subtypes. 
Since that time, testing of stored serum specimens and analysis of 
geographical distribution of genetic HIV variants have helped 
traced the likely origins of the HIV epidemic. HIV-1 is believed to 
have jumped species from chimpanzees to bush-meat hunters in 
West Africa (likely Cameroon) through several independent events 
in the early twentieth century.28,29 From there, it slowly spread 
along the trade routes to the cities of central Africa. The oldest 
identifi ed serum specimen containing HIV-1 RNA was obtained 
in 1959 from an individual in Kinshasa, Democratic Republic of 
Congo. However, it was not until the spread to East Africa and the 
USA in the 1970s that an epidemic developed. In the years since 
the species jump, genetic changes have led to 10 distinct sub-
groups (A–J) and multiple circulating recombinant forms (CRF) 
between subgroups. Subgroup B predominates in North America, 
Europe and Australia and is the most extensively studied sub-
group. However, more than half of all infections are from sub-
group C, the predominant subgroup in Southern Africa and India 
(Figure 20.2). As research increases on non-subtype B HIV, it is 
likely that variations in pathogenesis and drug resistance mutation 
patterns will be identifi ed. However, current evidence suggests 
similar natural history, development of opportunistic illnesses 
and response to antiretroviral therapy.

HIV-2, a retrovirus closely related to HIV-1, is believed to have 
jumped species from the sooty mangabey to humans early in the 
twentieth century.30 Distribution of HIV-2 has mostly remained 
confi ned to West Africa. It causes slower progression to immuno-
defi ciency. In addition, structural differences in the reverse tran-
scriptase enzyme of HIV-2 compared with HIV-1, make it naturally 
resistant to the non-nucleoside reverse transcriptase inhibitor 
(NNRTI) class of antiretroviral agents (e.g. efavirenz and 
nevirapine).

Transmission

HIV is transmitted person-to-person from sexual contact, by trans-
fusion of infected blood products, from women to their infants 
either in utero, intra-partum, or via breast milk, or by percutane-
ous injection with contaminated needles or other devices. Direct 
blood-to-blood contact, such as occurs with blood transfusion, 
venous puncture with a hollow-bore needle containing infected 
blood, or signifi cant mucosal disruption during sexual activities, 
carries the highest risk. A number of biological factors are also 
associated with the risk of transmission, including size of the 
infectious inoculum, higher HIV viral load in the index case, 
genital ulcer disease in either the index case or recipient, mucosal 
abrasions or trauma and, possibly, immune activation in the 

recipient. Overall, the risk of infection per exposure ranges from 
60% from transfusion with infected blood to 0.04% from recep-
tive oral sex (Table 20.1).

Global distribution

In 2007 UNAIDS estimated that 33.2 million people were alive 
with HIV, 2.1 million people died of AIDS-related causes that year 
and 2.5 million more individuals became infected.1 Sub-Saharan 
Africa has the highest prevalence of HIV; 68% of all HIV-infected 
adults, 90% of HIV-infected children and 76% of all AIDS deaths 
are in Africa. Southern Africa (Botswana, Lesothu, Mozambique, 
Namibia, South Africa, Swaziland, Zambia and Zimbabwe) has 
the highest prevalence of HIV, with the highest prevalence in 
Swaziland with 26% of the adult population (15–49 years) 
infected with HIV. South Africa is the country with the largest 
number of HIV-infected individuals with an estimated 5.5 million 
infected individuals. While several African countries reported 
declines in prevalence of HIV among women age 15–24 years 
seeking antenatal care, including Kenya, Cote d’Ivoire, Malawi and 
Zimbabwe, there was no evidence of a decline in South Africa, 
Mozambique, or Zambia.1

Most of the pandemic spread of HIV during the past decades 
has occurred through sexual exposure and injection drug use 
(IDU).2 Sexual spread has been through heterosexual sex, men 
who have sex with men (MSM) and commercial sex work. In 
many regions, HIV fi rst emerged among groups such as injection 
drug users, MSM, commercial sex workers (CSW), or migrant 
labourers.35 In some regions, the epidemic has remained concen-
trated among these populations, whereas in other regions the 
epidemic has become generalized among the entire population. 
Because of the importance in understanding these differences in 
regional epidemics, the WHO has created defi nitions for concen-
trated and generalized epidemics. A ‘concentrated epidemic’ is 
defi ned as a region with >5% of at least one subgroup infected, 
but <1% of the general population infected. A ‘generalized epi-
demic’ is defi ned as HIV infection among >1% of the general 
population. A ‘low level epidemic’ is defi ned as HIV prevalence 
<5% in high risk sub-populations and <1% in the general pop-
ulation.36 It is generally believed that an extensive transmission 

Table 20.1 Exposure and risk of HIV transmission31–34

Exposure route Cases per 10 000 exposures
Blood transfusion 8200

Mother-to-child 2400

Needle sharing with 
intravenous drug use

80

Needlestick injury 30

Anal intercourse

 Receptive 30–80

 Insertive 6

Vaginal intercourse

 Receptive 8–10

 Insertive 5

Receptive oral sex 4

Epidemiology
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network is needed to reach an HIV prevalence of 5% in either 
a sub-population or the general population. When the network 
within the general population is strong enough to support 
transmission throughout the population (and not just between 
sub-populations and their sexual partners in the general popula-
tion) a generalized epidemic emerges. This may occur initially 
from spread from bridge groups among sub-populations, fol-
lowed by spread within the general population. For example, in 
Southern Africa the early epidemic was likely concentrated among 
commercial sex workers, migrant labourers and long distance 
truck drivers.2 However, because of the fl uidity between 
these groups and the general population, HIV transmission 
began to be supported among the wider population, leading to 
the generalized epidemic. However, in central Asia, Eastern 
Europe and parts of South-east Asia, the majority of transmission 
continues to be among injection drug users and transmission 
among the general population has remained insuffi cient for a 
generalized epidemic. In parts of South-east Asia, however, most 
transmission has remained between commercial sex workers, 
their clients and other sexual partners, again, with insuffi cient 
transmission in the general population for a generalized epidemic 
to emerge.

It remains unclear why Southern Africa and East Africa have 
much higher HIV prevalence than other regions. However, several 
differences between Southern and East Africa and other regions of 

the world have been identifi ed that may explain the difference. 
For example, men in Southern Africa have lower rates of circumci-
sion and the population overall has higher prevalence of genital 
herpes infection, earlier sexual debut and greater gender inequal-
ity than West Africa.37 Furthermore, while men and women in 
southern Africa have the same or fewer number of lifetime sexual 
partners as individuals in Asia or South America, they are more 
likely to have concurrent regular partners, unlike the serial monog-
amy reported from Thailand, for example.38 Multiple concurrent 
sexual partners increases HIV transmission risk for two important 
and distinct reasons: (1) disease can spread rapidly through the 
extensive sexual network and (2) individuals are less likely to use 
condoms during sex with regular partners.39,40 Geographical 
mobility with migration and urbanization are also likely impor-
tant factors for the rapid spread in Southern Africa where migrant 
labour is common and transportation infrastructure is well devel-
oped. Specifi c heterosexual sexual practices have been implicated 
as contributing factors as well; these include the practice of 
so-called ‘dry sex’ and heterosexual anal intercourse.41

HIV PREVENTION

Very early in the AIDS epidemic it became clear that promotion 
of behavioural changes in individuals and groups at risk for the 

Figure 20.2 Global distribution of subgroups and circulating recombinant forms (CRF) of group M HIV-1. (From Francine E. McCutchan, Henry 
M. Jackson Foundation (Rockville, Maryland).)
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disease could be highly effective in prevention of transmission. 
Use of latex condoms during sex, reduction in the number 
of sexual partners, avoidance of high-risk sexual practices associ-
ated with mucosal trauma and stopping injection drug use or 
using sterile paraphernalia were all found to reduce the risk of 
transmitting and acquiring HIV. Community or national cam-
paigns to promote behavioural change have had varying degrees 
of success. In Thailand, the ‘100% Condom’ campaign, which 
included distribution of millions of condoms throughout the 
country and an emphasis on decreasing commercial sex transac-
tions, was extraordinarily effective in reducing the incidence and 
prevalence of both HIV and other sexually transmitted infections. 
The success was partially a result of the nature of the epidemic 
being driven by transactional sex, a setting in which condom 
promotion has been most successful. Similar approaches in Brazil 
and other tropical countries have also helped contain emerging 
epidemics.

Interventions and campaigns to prevent HIV transmission have 
generally targeted uninfected individuals. However, in recent 
years, the importance of targeting interventions at HIV-infected 
people has become apparent. With >30 million people living with 
HIV infection, opportunities to interrupt transmission from these 
individuals to susceptible contacts are both abundant and criti-
cally important. HIV-infected individuals should be counselled on 
safer sexual practices including condom usage, avoiding needle/
paraphernalia sharing, blood donation and other interventions. 
While modelling studies suggest that a large number of infections 
occur early in the course of HIV infection, before most individuals 
know they are infected,42 a large number of infections are trans-
mitted later, so that knowledge of serostatus accompanied by 
behavioural change can have a substantial impact on spread of 
the virus.43

Opportunities for prevention begin with local healthcare pro-
viders and rise to national and international levels. The best 
proven methods are prevention of mother-to-child transmission 
(PMTCT) and prevention of transmission via blood transfusion. 
Male circumcision has also been shown to reduce the risk of 
acquiring HIV in clinical trials, but scale-up is needed for a mean-
ingful public health impact. As described above, condom promo-
tion, behavioural change and reduction of multiple partners have 
had some success among certain sub-populations. Treatment of 
genital ulcer disease or chronic suppressive therapy of herpes 
simplex virus (HSV) have shown mixed results. Counselling and 
testing may also have a role in changing behaviour among indi-
viduals aware of being HIV infected. Among those who test nega-
tive, there is little evidence of impact on behaviour change.44 For 
occupational and other high-risk exposures (such as rape) post-
exposure prophylaxis (PEP) is a valuable means of prevention. 
Prevention methods such as vaccination, vaginal or rectal micro-
bicides and pre-exposure prophylaxis are still in early experimen-
tal stages. Whether current basic research will lead to effective 
products in the future remains uncertain. HIV treatment is also an 
important method of reducing transmission to HIV discordant 
long-term partners. However, from a public health perspective, 
the small proportion of total HIV-infected individuals diagnosed 
and on antiretroviral therapy makes antiretroviral therapy unlikely 
to substantially reduce HIV incidence. Below, we highlight three 
of the methods requiring active participation by local healthcare 
providers.

Prevention of mother-to-child transmission (PMTCT)

The majority of HIV transmission from mother-to-child occurs 
during labour and delivery and postpartum, through breast-
feeding. During these two periods, plasma HIV viral load is the 
strongest predictor of transmission. Other factors related to 
mother-to-child transmission are lower maternal CD4 count, 
acute HIV infection during pregnancy and presence of sexually 
transmitted diseases. Use of antiretroviral drugs can greatly reduce 
the risk of transmission during delivery, from 30% to <5%.45,46 
Diagnosis of HIV before or early in pregnancy can lead to the 
consideration of highly active antiretroviral therapy (HAART) for 
the mother. In general, initiation of HAART should follow guide-
lines for any HIV-infected adult (see below) with the exception 
that efavirenz should be avoided during the fi rst trimester. It is 
also generally recommended that HAART should be delayed until 
the second trimester to reduce the risk of teratogenicity.47

Among women who are not HAART candidates, multiple single 
and multi-drug ART combinations have been evaluated. The sim-
plest regimen is single dose nevirapine (nevirapine 200 mg once 
intrapartum followed by a single 2 mg/kg dose for the infant 
within 72 h of delivery). This regimen is convenient, can be insti-
tuted even if HIV is only diagnosed via rapid testing during labour 
and has a high rate of effi cacy. The signifi cant downside is that 
use of nevirapine as a single agent, even a single dose, can lead to 
the selection of and archiving of, resistant viruses due to the long 
serum half-life and low barrier to resistance of this agent. Although 
resistance develops rapidly, after removing the drug pressure, the 
majority of circulating HIV reverts to nevirapine sensitive forms 
and nevirapine would be expected to be equally effective for pre-
venting transmission during subsequent pregnancies.48,49 However, 
use of nevirapine is less likely to provide long-term success, espe-
cially if HAART is started within 6 months of single-dose nevirap-
ine.50 Several alternatives exist to single-dose nevirapine to reduce 
the risk of resistance. These include fully suppressive HAART con-
tinued indefi nitely, monotherapy with zidovudine and various 
forms of short-term combination therapy including: (1) zidovu-
dine 300 mg twice daily started at 14 to 36 weeks’ gestation with 
zidovudine 2 mg/kg i.v. during labour, followed by continuous 
infusion of zidovudine 1 mg/kg per hour until delivery, followed 
by zidovudine 2 mg/kg every 6 h to the infant for 6 weeks; (2) 
single dose nevirapine to mother and infant followed by 7–14 
days of zidovudine 300 mg and lamivudine 150 mg twice daily to 
the mother.

Following delivery, an uninfected infant has a 14% chance of 
infection via breast milk if the infected mother breast-feeds.51,52 
The risk of infection can be reduced by several strategies: (1) 
exclusive formula-feeding, (2) exclusive breast-feeding for the fi rst 
6 months followed by no further breast-feeding, (3) ART agents 
given to the infant to prevent infection (such as zidovudine and 
lamivudine) and (4) fully suppressive HAART to the mother.53 
Exclusive formula-feeding eliminates the chance of infection via 
breast milk but is logistically diffi cult in many low-income coun-
tries and increases the risk of diarrhoeal disease and malnutrition 
because of limited access to clean drinking water, use of diluted 
formula and the absence of maternal protective antibodies pro-
vided by breast-feeding. Exclusive breast-feeding appears to lower 
the risk of infection when compared with mixing breast-feeding 
with other foods.
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Male circumcision

Three recently completed randomized clinical trials have proven 
the effi cacy of circumcision to reduce HIV transmission during the 
fi rst 12 months after circumcision. Across the three trials from 
South Africa, Kenya and Uganda, new cases of HIV were 60% less 
among the circumcised group vs the uncircumcised control 
group.54–56 This effect appeared to become even larger over time 
from circumcision. Large scale male circumcision programmes in 
African countries with generalized epidemics and high prevalence 
of HIV could have a tremendous impact on reducing HIV 
incidence.

Post-exposure prophylaxis

Healthcare workers stuck by contaminated needles, and victims 
of rape, should be evaluated for post-exposure prophylaxis 
(PEP). Exposures considered to pose a risk of HIV transmission 
are percutaneous injury and contact of mucous membrane or 
non-intact skin with blood, tissue, semen, vaginal secretions, 
CSF, synovial fl uid, pleural fl uid, peritoneal fl uid, pericardial 
fl uid, or amniotic fl uid from an individual with HIV. The risk of 
transmission is approximately 0.3% for percutaneous exposure 
and 0.09% for mucous membrane exposure, but varies depending 
on the volume of infectious fl uid and the HIV RNA level of the 
source patient. The following are not considered infectious: 
faeces, nasal secretions, saliva, sputum, sweat, tears, urine and 
vomitus.57

Rapid implementation of PEP (from exposure via occupational 
exposure or rape) reduces the risk of transmission. Optimally, 
PEP should be initiated within 2 h of exposure and continued 
for 4 weeks. For lower-risk exposures, two-drug PEP is recom-
mended: either zidovudine (300 mg twice daily) and lamivudine 
(150 mg twice daily) or tenofovir (300 mg daily) and emtric-
itabine (200 mg daily). Three-drug therapy is recommended for 
high-risk exposures, such as a needle stick from a hollow bore 
needle into a vein, using either of the above two nucleoside reverse 
transcriptase inhibitor (NRTI) regimens above with a protease 
inhibitor such as ritonavir-boosted lopinavir. The NNRTI efavi-
renz may also be used if pregnancy is unlikely, although the early 
neuropsychiatric side-effects can be problematic. Nevirapine should 
be avoided because of the risk of hypersensitivity reactions and hepatic 
necrosis in patients with normal immune function.58 Frequent 
follow-up with laboratory testing and monitoring of side-effects 
is recommended, with HIV antibody testing repeated 6 months 
after exposure.

HIV CARE

HIV, laboratory medicine and clinical markers

HIV testing

HIV is diagnosed by detecting HIV specifi c antibodies with an 
enzyme linked immunoabsorbent assay (ELISA or EIA) or immu-
noblot, detection of HIV antigens (p24 or others), or detection of 
HIV RNA by polymerase chain reaction (PCR). Generally, the 
starting point to HIV testing is a laboratory based ELISA or a rapid 

immunoblotting detection kit. Rapid immunoblotting with point-
of-care tests using either fi ngerstick blood or oral swabs has the 
advantage of being quick and is also highly sensitive and specifi c 
for chronic HIV infection. However, results vary with conditions 
and operator training. For example, review of results from 
a testing programme in Uganda found higher sensitivity when 
individuals with weakly positive tests who had been classifi ed as 
‘HIV-positive’ were classifi ed as ‘HIV-negative’.59 To enhance the 
specifi city of HIV testing, use of a confi rmatory test following a 
positive immunoblot is recommended. When early or acute infec-
tion is suspected, ELISA and immunoblot tests may return false-
negative results because humeral immune response to HIV 
infection takes usually takes 2–6 weeks and up to 3 months before 
it can be reliably detected. Thus when acute HIV is suspected, HIV 
RNA assays are far more sensitive. When HIV RNA testing is 
unavailable and the diagnosis remains in question, the ELISA 
should be repeated after 3 months.

Immunological testing

The absolute CD4+ T-cell count is the most important criterion 
for predicting short-term risk of opportunistic disease or death 
and is used widely in guidelines for initiation of HAART and 
prophylaxis for opportunistic infections.60 Because CD4 testing is 
expensive and usually requires sophisticated laboratory facilities, 
efforts to identify surrogates of CD4 count have been intensively 
pursued. Despite a concerted effort, accurate clinical and labora-
tory surrogates have not been identifi ed. One technique is to use 
total lymphocyte count <2000 cells/mm3 as a cut-off for signifi -
cant immunodefi ciency. Unfortunately, this correlates poorly with 
absolute CD4 count. The sensitivity and specifi city of other 
markers, such as weight loss, OIs and haemoglobin are also 
poor.61–63 Large public health ART programmes need improved 
immunological testing to deliver on the promise of HIV care to 
all patients enrolled in their clinics. Fortunately, CD4 assay systems 
are becoming more widely available in many ART programmes 
and lower cost test systems are being developed.

Where CD4 count is unavailable, clinical staging by WHO stage 
should be used for decisions of prophylaxis and HAART initiation 
(see Table 20.7). However, this method has a major shortcoming 
because HAART is most successful when initiated before severe 
immune defi ciency and ill health from opportunistic illnesses. 
Once individuals reach symptomatic AIDS, the risk of death, even 
after initiating ART, is high.64

HIV concentration (viral load)

The plasma HIV RNA level is an important marker of viral activity 
and the best measure of response to HAART. In patients not receiv-
ing antiretrovirals, the viral load predicts the rate at which the 
CD4 count will fall over time. While viral load is often measured 
in developed countries, the CD4 count is more often used for 
staging and following patients prior to initiating treatment in 
the developing world. Once antiretrovirals are initiated, however, 
viral load is a useful test for determining response to treatment. 
Viral load will rebound quickly when patients are non-adherent 
with therapy or when viral resistance has emerged and is a more 
sensitive indicator of treatment failure than CD4 count. Three 
methods are widely used for assaying HIV RNA levels: reverse 
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transcriptase-polymerase chain reaction (RT-PCR; Amplicor HIV 
Monitor 1.5, Roche Diagnostics), nucleic acid sequence-based 
amplifi cation (NASBA; NucliSens HIV QT assay, BioMerieux Inc.) 
and branched-chain DNA (bDNA; Versant HIV RNA 3.0 HIV assay 
in the USA, Quantiplex HIV RNA 3.0 assay in Europe, Bayer Cor-
poration).65,66 Each of these tests has variability within the same 
test of log10 0.15 to 0.33 copies/mL; greater variability exists 
between tests. Because of variation between tests, the same test 
should be used consistently for monitoring a patient. All tests have 
been evaluated for all subtypes of genotype M and perform rea-
sonably well, although there is less experience with the NASBA 
technique with multiple clades.65,67,68 Research is ongoing to 
develop lower cost and more rapid testing for HIV viral load.

Resistance testing

HIV strains resistant to specifi c ART agents or classes of agents can 
emerge during non-suppressive therapy. Generally, mutations 
occur at characteristic locations in the HIV genome. Currently, 
resistance mutations are detected by sequencing regions of the 
HIV genome and identifying known mutations associated with 
resistance to specifi c ART agents. This test is costly, requires expert 
interpretation and is not available in most low-income countries. 
Lower cost alternatives such as real-time PCR and ELISA tests are 
under development. However, use of standard fi rst and second-
line therapies with predictable mutations at failure, reduces the 
importance of testing for specifi c HIV resistance mutations.

HIV Disease

Acute infection

Acute HIV presents as a mononucleosis-like syndrome with the 
most common presenting symptoms low-grade fever, malaise 
and headache. Symptoms usually last 1–4 weeks (median, 2 
weeks) and may evolve to include maculopapular rash, lymph-
adenopathy, anorexia and weight loss.69,70 Rarer fi ndings include 
pharyngeal erythema, oral ulcerations and oropharyngeal candi-
diasis, meningoencephalitis, neuropathy, radiculopathy and 
Guillain–Barré syndrome. A similar acute illness develops in 
approximately 5% of patients after the discontinuance of suppres-
sive HAART, as HIV RNA levels increase exponentially.71,72 Symp-
toms occur 4–28 days after infection, corresponding to the peak 
in HIV viraemia.73 In industrialized countries, symptoms occur 
among 20% to 90% of acutely infected individuals. However, a 
small study suggested a far lower rate of seroconversion illness 
(<20%) in Africa.74 The lower rate may be a result of competing 
illnesses overshadowing the symptoms of acute HIV, less of a 
symptomatic response, or limitations in study design.

Chronic HIV

Chronic HIV is characterized by life-long infection involving a 
gradual decline in CD4 count leading to eventual overwhelming 
opportunistic infection. Appropriate use of HAART can halt the 
decline, lead to immune reconstitution and provide a near normal 
lifespan to an HIV-infected individual.75–77 Unfortunately, many 
individuals with HIV are fi rst diagnosed after the disease has pro-
gressed to advanced immunodefi ciency and they present with 

opportunistic disease (AIDS). We begin by describing presenta-
tions of common opportunistic illnesses among individuals with 
HIV, organized by organ system involved.

Opportunistic Illnesses by organ system

The distribution of opportunistic illnesses is correlated with the 
CD4 count (Table 20.2). This relationship can be used to narrow 
a differential diagnosis when the CD4 count is known or to esti-
mate the CD4 count when the opportunistic illness is known. In 
building the differential diagnosis, it is essential to remember that 
HIV-infected individuals often have multiple simultaneous pro-
cesses. Thus, parsimony in developing an all-encompassing diag-
nosis is often not warranted. Furthermore, clinical deterioration 
despite appropriate therapy for known disease processes should 
lead to investigation for additional processes.

Systemic illness and fever

Fever with or without localization is a common presentation 
among individuals with HIV, especially among individuals with 
profound immunosuppression. The differential diagnoses of fever 
in an individual with HIV is long; however, a short and location-
dependent list represents many of the causes (Table 20.3) encoun-
tered in low-income countries. This differential is especially 
relevant for fever lasting longer than a few days. In most low-
income countries, TB is the most common cause of prolonged 
fever, followed by bacterial pneumonia, bacteraemia, malaria, 
cryptococcal disease, pneumocystis pneumonia and lymphoma 
(order of frequency varies by location).78–81 This chapter briefl y 
describes HIV-relevant aspects of diseases covered in greater depth 
in other chapters.

Tuberculosis (Mycobacterium tuberculosis complex 
and Mycobacterium kansasii)

TB is the leading cause of isolated fever or fever with respiratory 
symptoms among HIV-infected individuals in much of Africa, Asia 
and Latin America. HIV infection increases the risk of tuberculosis 
disease 100-fold,82,83 leading to >50% of patients presenting with 
fever to be diagnosed with tuberculosis in some settings. The 
incidence of TB rises with declining CD4 count. In addition, 
extrapulmonary and miliary TB are more common at lower CD4 
counts.84 Thus tuberculosis should always be suspected in an HIV-
infected individual with any of the following signs or symptoms: 
fevers, cough, weight loss, malaise, night sweats, chest pain, 
abdominal pain, or lymphadenopathy. Treatment must often be 
initiated empirically based on symptoms, examination, or radio-
graphic fi ndings because of diagnostic challenges in both extra-
pulmonary tuberculosis and pulmonary tuberculosis among 
HIV-infected individuals. However, even in areas with high TB 
prevalence and frequent use of empiric therapy for suspected 
TB, autopsy studies demonstrate that TB disease is often 
undiagnosed.85

Laboratory diagnosis of tuberculosis is a challenge. Sputum is 
<50% sensitive for diagnosis of pulmonary tuberculosis among 
HIV-infected individuals. Despite this limitation, 2 or 3 sputa 
should be obtained in any patient with a cough. In addition, 
HIV-infected patients with more advanced immunodefi ciency 
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(CD4 < 200 cells/mm3) very rarely develop cavitary lesions from 
pulmonary TB and are much more likely to have chest radiographs 
with atypical fi ndings of lymphadenopathy, effusions, mid- and 
lower zone infi ltrates, or miliary infi ltrates.86 Culture of sputum 
or other tissue in liquid media is far more sensitive than smear, 
but is expensive and results in diagnostic delays of up to several 
weeks. Nonetheless, the World Health Organization recommends 
that liquid cultures be obtained for HIV-infected patients with 

suspect TB whose sputum smears are negative. Defi nitive diagno-
sis of extrapulmonary tuberculosis often requires invasive proce-
dures to obtain fi ne needle aspirates or biopsies of lymph nodes 
or other organs. Pathology showing caseating granulomas and 
acid fast bacilli can confi rm the diagnosis, as can culture.

Treatment of TB is effective among HIV-infected individuals 
and follows the same guidelines as for HIV-uninfected, with the 
exception that thiacetazone should not be used because of an 
increased risk of severe adverse events among HIV-infected 
individuals. TB treatment can complicate HIV treatment and ART 
regimens; however, this should not discourage the initiation, even 
empirically, of TB therapy (see below). A growing problem in 
many nations is multi-drug resistance TB (MDR) and extensively 
drug resistant TB (XDR), both of which may be more common in 
HIV-infected individuals.87 MDR-TB is resistant to both isoniazid 
and rifampin. XDR-TB is resistant to isoniazid, rifampin and at 
least two classes of second-line drugs. Detection of drug-resistant 
TB requires culturing of the organism and performance of drug 
susceptibility tests, procedures often not performed in 
developing countries. Nevertheless, without such technology the 
diagnosis of MDR and XDR-TB is perilously unreliable.

In patients initiating treatment for TB who also receive antiret-
rovirals, approximately 5–20 % of individuals develop a para-
doxical reaction or immune reconstitution disease (IRD).88,89 IRD 
involves clinical or radiographic worsening of symptoms and 
signs and is often marked by fever, cough, lymphadenopathy and 

Table 20.2 Presenting CD4 range of opportunistic illnesses

CD4+ count (cells/mm3) Infectious complications Non-infectious complications
>500 Acute retroviral syndrome

Candidal vaginitis
Persistent generalized lymphadenopathy
Guillain–Barré syndrome
Myopathy
Aseptic meningitis

200–500 Pneumococcal and other bacterial pneumonias
Pulmonary tuberculosis
Herpes zoster
Oropharyngeal candidiasis
Kaposi sarcoma
Oral hairy leukoplakia

Cervical neoplasia and cancer
B-cell lymphoma
Anaemia
Mononeuropathy multiplex
Idiopathic thrombocytopenic purpura
Hodgkin lymphoma
Lymphocytic interstitial pneumonia

<200 Pneumocystis pneumonia
Disseminated histoplasmosis and coccidioidomycosis
Miliary, pulmonary and extrapulmonary tuberculosis
Progressive multifocal leucoencephalopathy 

Wasting
Peripheral neuropathy
HIV-associated dementia
Cardiomyopathy
Vacuolar myelopathy
Progressive polyradiculopathy
Non-Hodgkin’s lymphoma

<100 Disseminated herpes simplex
Toxoplasmosis
Cryptococcosis
Cryptosporidiosis, chronic
Microsporidiosis
Candidal oesophagitis

<50 Disseminated cytomegalovirus
Disseminated Mycobacterium avium complex 

Table 20.3 Common causes of febrile illness among 
HIV-infected individuals

Tuberculosis

Bacteraemia (Salmonella, Pneumococcal)

Malaria

Cryptococcus neoformans

Pneumocystis jiroveci

Lymphoma

Mycobacterium avium complex (MAC)

Penicillium marneffei (Asia)

Visceral leishmania (most localized to Bangladesh, India, Brazil, 
Nepal, Sudan, Ethiopia)

CMV
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new infi ltrates, pleural effusion, abscesses or central nervous 
system mass lesions.

Bacteraemia

Invasive bacterial infections are greatly increased among HIV-
infected individuals, especially from Streptococcus pneumoniae, 
Staphylococcus aureus and non-Typhi salmonella. For example, HIV-
infected individuals with pneumococcal pneumonia are also 
bacteraemic 95% of the time.90–92 Symptoms of bacteraemia range 
from low-grade fevers for days or weeks to rigors, chills and sweats, 
to septic shock. Petechial rashes may be seen in staphylococcal, 
meningococcal, or pneumococcal sepsis and abdominal rose spots 
in typhoid fever, but generally rash is not a prominent feature of 
bacteraemia. Similarly myalgia is uncommon with bacterial sepsis. 
Both rash and myalgia are more commonly associated with viral 
and rickettsial diseases. Blood cultures are important for diagnoses 
of bacteraemia; however, many individuals arriving for evaluation 
may have already taken antibiotics, reducing the sensitivity of 
blood culture for diagnosis. Local guidelines for treating systemic 
infection and bacteraemia should be used to determine antibiotics 
and care plan. However, relapse of infection should be considered, 
especially for Salmonella bacteraemia, as relapse occurs in nearly 
50% of Salmonella bacteraemia in some African settings.93

Malaria (focused on P. falciparum)

The symptoms of malaria in HIV-infected individuals are similar 
to those in the general population. However, HIV infection may 
increase risk for infection and severity of illness. Recent research 
has identifi ed an increased risk of malaria at lower CD4 counts 
(2–4-fold increased risk with CD4 < 200 cells/mm3 when com-
pared with CD4 > 500 cells/mm3)94 and an increased risk of severe 
disease and death. In a study from South Africa, HIV-infection 
increased the risk of death from malaria 5-fold when compared 
with HIV-uninfected individuals, possibly because parasitaemia 
levels are higher with lower CD4 counts.95 Common symptoms 
of malaria are similar to HIV-uninfected individuals: headache, 
malaise, myalgias, abdominal discomfort, anaemia, cough and, 
often, episodic rigors and fevers.96

Malaria should be suspected and managed as for the general 
population. However, as the immune system wanes, the compet-
ing risk from other infections including TB, invasive bacterial 
infection and cryptococcal disease rises much faster than malaria 
risk, making malaria a less common cause of febrile illness in 
individuals with advanced HIV. Among HIV-infected with fever in 
regions with high malaria incidence, malaria has been detected in 
<15%.94 Because of the seemingly low rate of malaria among HIV-
infected individuals, confi rmation of a suspected malaria by blood 
smear or antigen testing with ELISA is important to avoid missed 
or delayed diagnosis of another cause of fever. Treatment of 
malaria among HIV-infected individuals is the same as for HIV-
uninfected. Use of trimethoprim-sulfamethoxazole for PCP and 
bacterial pneumonia prophylaxis also effectively reduces the risk 
of malaria.

Mycobacterium avian complex

Mycobacterium avian complex (MAC) is a major cause of disease 
among profoundly immunosuppressed HIV-infected individuals 

in high-income countries. The incidence appears to be lower in 
Africa and Asia for unclear reasons. Environmental differences 
may play a role in different rates of exposure to high levels of the 
mycobacterium as may competing mortalities from other causes 
faced by individuals in low-income countries. Studies of hospital-
ized individuals with febrile illness in Africa have identifi ed MAC 
among 5–10% of blood isolates, lower than M. tuberculosis isola-
tion in those studies.97,98 MAC infection rarely occurs with CD4 > 
100 cells/mm3 and usually with CD4 < 50 cells/mm3. Symptoms 
are generally non-specifi c and usually include fever (78–84%), 
night sweats, weight loss, abdominal pain and diarrhoea.99 Diar-
rhoea from MAC can be profound and chronic, leading to sig-
nifi cant malabsorption and wasting. Diagnosis is made by 
mycobacterial culture from the blood, where available. In the 
many areas where mycobacterial culture is unavailable, there 
are few clinical or laboratory clues to suggest diagnosis. Anaemia, 
leucopenia and thrombocytopenia are common, but these may 
be normal. Alkaline phosphatase is often elevated, but this may 
also be normal and may be elevated in other disease states. In 
areas without mycobacterial culture facilities, some clinicians have 
used empiric therapy among individuals with CD4 count <50 
cells/mm3, fever and wasting (±diarrhoea) of unclear aetiology. 
However, response to therapy is generally slow (2–4 weeks for 
decrease in fever) and the treatment course is long; thus empiric 
treatment should be reserved for cases with high suspicion of 
MAC. Standard treatment is with either azithromycin (500–
600 mg daily) or clarithromycin (500 mg twice daily) plus etham-
butol (15 mg/kg daily) for at least 12 months. Success of therapy 
depends on immune reconstitution with antiretroviral therapy. 
Without antiretroviral therapy, survival, even with MAC treat-
ment, is often <6 months.99

Cryptococcal disease

Infection with Cryptococcus neoformans usually causes isolated 
meningitis, without fever (50% of cases). However, it can also 
cause a disseminated febrile disease with fungaemia and umbili-
cated skin lesions or pneumonia. Serum cryptococcal antigen 
testing is diagnostic of systemic infection; CSF cryptococcal antigen 
testing is diagnostic of meningitis. Thus a lumbar puncture is 
indicated to evaluate for the presence of meningitis. Systemic 
infection without meningitis can be safely treated with fl ucon-
azole (200–400 mg p.o. daily) until immune reconstitution (CD4 
> 200 cells/mL) has been achieved, while amphotericin B should 
be given for 10–14 days followed, by high dose fl uconazole if 
meningitis is present (see Neurological disease below).

Penicillinosis

Penicillium marneffei is endemic in South-east Asia, southern China 
and north-eastern India. Cases occurring outside this region have 
been reported among returned travellers. In endemic areas, it is 
an important opportunistic infection and among the top fi ve 
causes of subacute fever among individuals with CD4 < 100 cells/
mm3 (usually <50 cells/mm3).100,101 Symptoms are generally 
sudden onset of fever accompanied by anaemia, weight loss and 
characteristic skin lesions (a generalized papular rash with central 
umbilication, similar in appearance to molluscum contagiosum 
and cryptococcus). Individuals may also have a cough, generalized 
lymphadenopathy, hepatomegaly and diarrhoea.102 Chest radio-
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graphs may reveal a diffuse reticulonodular or alveolar infi ltrate. 
Diagnosis can be made based on characteristic skin lesions or by 
biopsy of skin lesions, liver, or bone marrow. Occasionally the 
intracellular organisms may be seen on blood smears. Standard 
therapy is amphotericin B (0.6 mg/kg daily) for 2 weeks followed 
by 10 weeks of itraconazole oral solution (200 mg twice daily). 
Secondary prophylaxis with itraconazole (200 mg daily) should 
be continued until immune reconstitution is achieved.

Lymphoma

Diffuse large B-cell lymphoma, primary effusion body lymphoma, 
Burkitt’s lymphoma and primary CNS lymphoma are all increased 
among HIV-infected individuals. Among individuals with pro-
found immunosuppression from HIV in industrialized countries, 
as many as 20% develop an AIDS-related malignancy. Reported 
rates of lymphoma in low-income countries are much lower, pos-
sibly a result of a combination of higher mortality from opportu-
nistic infections and under-ascertainment.103 Presentation is often 
a combination of B-symptoms (fevers (Pel-Ebstein), night sweats 
and weight loss). Peripheral lymphadenopathy may be present, 
but this fi nding is less common in HIV-associated lymphomas. 
However, visceral involvement is more common including pleural 
and peritoneal effusions. Detection often requires imaging and 
biopsies of affected organs. Treatment of lymphoma is based on 
locally available oncological care.

Visceral leishmaniasis

Visceral leishmaniasis is a disease caused by Leishmania donovani, 
Hodgkins lymphoma L. braziliensis, L aethopica, or L. chagasi, an 
organism transmitted by the bite of the Phlebotomus sand fl y. Some 
90% of cases occur in fi ve countries: Bangladesh, Brazil, India, 
Nepal and Sudan.104. The classic presentation is fever (classically, 
a double quotidian fever), hepatosplenomegaly and pancytope-
nia. The fever may be persistent or remitting, usually lasting more 
than 2 weeks. The incubation period is up to 6 months; thus 
exposure may have occurred months prior while an individual 
was in an endemic area.105 HIV-infected individuals have similar, 
although potentially more severe presentations than HIV-unin-
fected individuals that may also include weight loss, lymphade-
nopathy, diarrhoea, oesophagitis, splenomegaly and cutaneous 
lesions.106–108 HIV increases the risk of developing visceral leish-
maniasis 100–2000-fold, especially at CD4 < 200 cells/mm3. 
Diagnosis in HIV-infected individuals is best achieved by demon-
strating amastigotes in blood or tissue biopsy, generally spleen or 
bone marrow. Antibody testing is helpful when positive; however, 
antibody response is muted among HIV-infected individuals and 
<50% sensitive. Treatment should follow the same guidelines for 
HIV-infected and HIV-uninfected individuals (Chapter 77). 
However, relapse is the rule unless immune recovery is achieved 
via HAART. Relapse usually occurs 1–8 months following therapy.

Cytomegalovirus (CMV)

CMV disease occurs among HIV-infected individuals with CD4 
< 50 cells/mm3.109 Most CMV disease is limited to the retina and 
causes rapidly progressive vision loss without fevers. Gastrointes-
tinal and neurological involvement can also occur leading to 
colitis, polyradiculopathy, or encephalitis. Interstitial pneumonia 

from CMV among HIV-infected individuals is extremely rare. Fever 
may be associated with colitis or neurological disease. However, 
fever is rarely the dominant sign. Treatment with ganciclover or 
valganciclovir (900 mg twice daily for 4 weeks then daily).

Histoplasmosis

Histoplasma capsulatum is present on every continent except Ant-
arctica. However, it has a varied distribution, favouring damp soil 
and bird guano and is rarely reported from Africa or Asia.110 In 
individuals with low CD4 counts, disseminated histoplasmosis 
can present as weeks of malaise and fevers along with generalized 
lymphadenopathy, pancytopenia and pneumonia, with oral ulcers 
often present. Cutaneous fi ndings of papules, ulcers, or plaques 
are present in one-third of patients. Diagnosis is made on histo-
pathology of skin or organ biopsy or urine antigen test.111 Ampho-
tericin B (0.7 mg/kg daily) for 3–7 days is the treatment of choice 
for severe infection followed by itraconazole (200 mg twice daily 
followed by 200 mg daily until CD4 >150 for 6 months) or for 
12 weeks (Chapter 71).

Immune reconstitution disease (IRD)

IRD is an exaggerated immune response to antigens from active 
or past infections. It occurs during immune reconstitution after 
HIV viral suppression with HAART. It usually occurs during the 
fi rst 6 months of HAART as CD4 increases from a low nadir 
(usually <50 cells/mm3).112 The presence of the underlying infec-
tion may be known at the time of HAART initiation or may be 
diagnosed after HAART initiation as symptoms emerge on therapy. 
High rates of endemic illness, OIs and the low CD4 count at 
HAART initiation have led to high rates of IRD in low-income 
countries.113 Most troubling has been potentially fatal IRD associ-
ated with TB and cryptococcal meningitis. IRD with tuberculosis 
may present with fevers, lymphadenopathy or lymphadenitis, 
cold abscesses, worsening pulmonary status, or abdominal pain 
or bowel obstruction from abdominal lymphadenopathy. IRD 
associated with chronic hepatitis B infection may present as acute 
hepatitis, but is rarely fatal. There should be a high index of sus-
picion for IRD in patients recently started on ART who present 
with constitutional symptoms, lymphadenitis, soft tissue masses 
or abscesses, as IRD can be diffi cult to diagnose since there are no 
specifi c tests for it. Patients with severe presentation can be treated 
with a long, tapering course of systemic corticosteroids (e.g. pred-
nisone 40 mg twice a day; however no standard regimens have 
been tested) along with continued HAART and specifi c therapy 
directed against the OI.

Neurological disease

Central nervous system disease can present either primarily with 
headaches, altered mental status, focal neurological defi cits or 
seizures, or cognitive decline. Peripheral neurological disease can 
present with numbness, paraesthesias, or weakness.

Headache without focal neurological defi cits

In HIV-infected persons with a CD4 count >200 cells/mm3, as 
in those without HIV infection, headache is often a result of 
conditions such as muscle tension, migraine, or sinusitis.114 The 
differential diagnoses become broader if the CD4 count is 
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<200 cells/mm3 or if fever is present. Patients with CD4 < 200 
cells/mm3 and especially <100 cells/mm3 presenting with a new or 
worsening headache (with or without fever) should be evaluated 
for cryptococcal meningitis with a lumbar puncture.115 Cryptococ-
cal meningitis is the most common cause of meningitis among 
HIV-infected individuals in many low-income regions and one of 
the most common CNS infections.116–118 Among HIV-infected indi-
viduals cryptococcal meningitis generally has a subacute presenta-
tion with gradually worsening headaches from rising intracranial 
pressure because of debris from the cryptococcal polysaccharide 
capsule that interferes with normal cerebral spinal fl uid (CSF) 
resorption in the arachnoid plexus. As the intracranial pressure 
rises headache worsens and cranial nerves may become involved, 
including the eighth nerve, leading to decreased hearing. Fever is 
often a minor symptom or absent. Meningismus is generally absent 
because there is usually little infl ammation within the meninges. 
Patients with cryptococcal meningitis may also have disseminated 
disease with cutaneous lesions and choroiditis. Cutaneous lesions 
typically present as umbilicated lesions on the face and extremities 
with an appearance similar in appearance to molluscum contagio-
sum. However, shallow ulcerations may also be the primary cuta-
neous manifestation. Pulmonary involvement may cause a mild 
pneumonia. Cryptococcal meningitis is diagnosed by lumbar 
puncture. The opening pressure is usually high, the cell count 
normal (usually <20 white cells/hpf), glucose and protein normal 
and a cryptococcal antigen test positive. India ink can be used to 
stain CSF to identify organisms, but this has far lower sensitivity 
than antigen testing. Cryptococcus can also be cultured. Successful 
management of cryptococcal meningitis hinges on controlling 
intracranial pressure (ICP). This may require serial lumbar punc-
tures or, in severe cases, placement of an intraventricular drain 
(elevated ICP is not a contraindication for lumbar puncture in this 
setting). Patients with cryptococcal meningitis should be treated 
with amphotericin B (0.7 mg/kg per day i.v.) and fl ucytosine 
(100 mg p.o.) for 14 days followed by fl uconazole (400 mg p.o., 
q.d.) for 8 weeks and fi nally fl uconazole (200 mg p.o. q.d.) prophy-
laxis indefi nitely or until substantial immune recovery has occurred.

Other causes of headache include Toxoplasma encephalitis, 
primary CNS lymphoma, bacterial meningitis, viral encephalitis, 
coccidioidomycosis, histoplasmosis, tuberculosis meningitis, 
nocardiosis, neurocysticercosis and pyogenic brain abscess. TB is 
an important infectious cause of chronic headaches, usually 
accompanied by fevers, night sweats, weight loss, a CSF pleocyto-
sis (>50 white blood cells, usually mononuclear) and elevated CSF 
protein. AFB staining and culture of the CSF are unreliable for 
diagnosis. Imaging generally demonstrates basilar meningeal 
enhancement; however, this may be absent and may be present 
with other processes.119 Because of the diffi culty with defi nitive 
diagnosis, empiric therapy is warranted when the diagnosis of TB 
meningitis is strongly suspected (Chapter 56). Bacterial meningi-
tis, especially from Streptococcus pneumoniae and viral meningitis 
is also a common cause of fever and headache among HIV-infected 
individuals. These diagnoses may account for a third of meningi-
tis in some HIV-infected populations.120

Focal neurological defects

The focal neurological lesions are suggested by asymmetrical 
weakness or paraesthesias or seizure with or without headaches, 

fevers, or papilloedema. The most common causes in low-income 
countries are tuberculomas followed by CNS toxoplasmosis, neu-
rocysticercosis, primary CNS lymphoma, progressive multifocal 
leucoencephalopathy and cryptococcomas.119,121–123 Use of serol-
ogy for toxoplasmosis can help to refi ne the differential diagno-
sis, as a negative serum toxoplasmosis IgG makes the diagnosis 
of toxoplasmosis unlikely.124,125 Findings at additional sites, such 
as pulmonary infi ltrates on chest radiography or lymphadenopa-
thy suggestive of TB make tuberculomas the most likely diagno-
sis. Imaging, when available, can help to identify space occupying 
lesions and suggest diagnoses. TB, lymphoma, toxoplasmosis and 
cryptococcomas may all be ring enhancing, whereas, PML is not. 
A cystic mass is consistent with neurocysticercosis. Results from 
a lumbar puncture can also be helpful in guiding empiric therapy. 
If the CD4 count is <100 cells/mm3 and the CSF white count 
and protein are not highly elevated, empiric treatment for toxo-
plasmosis should be initiated (weight <60 kg: pyrimethamine 
50 mg daily, leucovorin 10–20 mg daily and sulfadiazine 1 g four 
times a day; weight >60 kg: pyrimethamine 75 mg daily, folinic 
acid 10–20 mg daily and sulfadiazine 1.5 g four times a day 
(where leucovorin is unavailable this may be excluded from the 
regimen) for 6 weeks followed by lifelong prophylaxis with 50% 
of the dose for acute management). Response is usually rapid 
(within 1 week); failure to respond suggests an alternative 
diagnosis.125 If the CSF has a pleocytosis and high protein, tuber-
culomas should be suspected and treatment of CNS TB initiated 
(Chapter 56). A positive cryptococcal antigen test should lead to 
treatment for cryptococcal disease. CSF positive for JC virus by 
PCR, lack of fever and focal neurologic defi cits help make the 
diagnosis of PML. HAART may help if PML is suspected; however, 
there is no known effective therapy for PML.

Cognitive decline or impairment

Altered mental status is common in HIV infection. The approach 
to evaluation follows that used in the general population, with 
recognition of an increased risk of infectious and neoplastic 
causes. All of the CNS processes discussed previously can present 
as a change in mental status and several other diagnoses should 
be considered in the patient with advanced HIV disease. The most 
common cause is HIV-associated dementia (HAD), a condition 
that occurs in patients with advanced immunodefi ciency. The 
incidence of HAD in low-income countries has not been well 
defi ned; however, in industrialized countries prior to the introduc-
tion of HAART, the annual incidence was nearly 10% and the 
lifetime prevalence was 15%.126 HAD usually develops over 
months (rarely faster, although it may go unnoticed) and is char-
acterized by cognitive, behavioural and motor dysfunction. In 
early stages, patients often present with fl uctuating memory and 
concentration loss, loss of interest in activities, slowing of motor 
skills and intermittent ataxia. The fi rst noted symptoms may be 
occasional loss of balance or stumbling. As HAD progresses, 
global dementia and paraplegia can develop. HAART may lead to 
partial reversal of HAD and some recovery of function.127

Extremity pain, numbness, or weakness

Peripheral neuropathy in HIV-infected patients may present as 
a distal sensory polyneuropathy, with symmetric numbness, 
tingling, burning, or pain in the feet or hands without motor 
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weakness.126 The two most common causes are toxic neuropathy 
from medications (usually stavudine, didanosine, or both) or HIV 
itself. Other causes or contributing factors can include alcoholism, 
thyroid disease, vitamin B12 defi ciency, syphilis, CMV, diabetes 
mellitus, including diabetes caused by protease inhibitors. In 
drug-induced neuropathy, early interruption of the offending 
agent gradually leads to complete or near complete resolution of 
symptoms. However, several months may pass before any improve-
ment is noted. CMV myelitis and polyradiculitis present as rapidly 
progressive weakness and numbness in the upper and lower 
extremities in patients with a CD4 < 50 cells/mm3 (and usually 
only among individuals who also have CMV retinitis). Myopathy 
related to HIV or to medications (e.g. zidovudine) presents as 
muscle pain, usually in the thighs and shoulders and proximal 
weakness. It is usually associated with an increased serum creatine 
phosphokinase (CPK) level and can be defi nitively diagnosed by 
muscle biopsy.

Pulmonary disease

Pulmonary TB and community acquired bacterial pneumonia are 
the two most common diagnoses among HIV-infected individuals 
admitted to hospital in Africa with pulmonary symptoms.110,128–131 
Pneumocystis jiroveci is a cause of pulmonary infection when the 
CD4 count is <200 cells/mm3, accounting for 5–10% of pulmo-
nary infections in Africa and Asia.128,132,133 Rarer pulmonary pro-
cesses include infections from Nocardia, Rhodococcus equi, M. 
kansasii, Cryptococcus and viral pathogens and malignancy includ-
ing Kaposi’s sarcoma, lymphoma and primary lung cancer. When 
a patient with profound immunodefi ciency develops a cavitary 
lesion, the differential diagnosis should be broadened to include 
pathogens such as M. kansasii and Nocardia. With the exception 
of lung cancer, TB and bacterial pneumonia, the processes listed 
usually occur at CD4 counts <100 cells/mm3.

Signs and symptoms that suggest pulmonary infections are 
cough, fevers and dyspnoea. Pleuritic-type chest pain and hae-
moptysis and productive cough may also be present and are sug-
gestive of either TB or pneumococcal pneumonia. Physical 
examination fi ndings of areas of consolidation may be present 
with pulmonary TB, bacterial pneumonia, as well as other infec-
tious pulmonary processes, but are rare with PCP. Rarer causes of 
dyspnoea include pleural effusions, pericardial effusions, conges-
tive heart failure, acute severe anaemia and symptomatic lactic 
acidosis. Effusions most commonly occur as a result of extrapul-
monary TB. Malignancy, including lymphoma and parapneu-
monic processes may also cause effusions.

Pulmonary TB (PTB)

The classic presentation of post-primary PTB is weeks to months 
of chronic cough (>2–3 weeks), weight loss, fatigue, fevers, night 
sweats and haemoptysis.134 Fever is classically diurnal with an 
afebrile period early in the morning and a gradually rising tem-
perature throughout the day, with a fever peak in the late after-
noon or evening. Night-time defervescence is often accompanied 
by diaphoresis leading to drenching night sweats. Immunosup-
pression with advancing HIV disease may alter the presenting 
symptoms. For example, fever and non-specifi c symptoms, such 
as wasting and malaise, are more common among individuals 

co-infected with HIV and pulmonary TB, while cough is less 
common.135 HIV-infected individuals with pulmonary TB are 
more likely to also have extra-pulmonary sites of infection than 
individuals without HIV: 60% also have extra-pulmonary sites of 
infection compared with 28% of pulmonary TB patients without 
HIV.84 The suspicion for pulmonary TB should be especially high 
among individuals with previously treated TB disease as both 
relapse and new infection are more frequent in this group.136–138 
However, diagnosis of recurrent TB can be complicated because 
pulmonary fi brosis and cavitary lesions from previous disease can 
obscure new infi ltrates and complicate interpretation of chest 
radiographs.

Pulmonary TB is ideally diagnosed by AFB positive sputum 
smears with culture for confi rmation. However, sputum smear is 
<50% sensitive for detecting pulmonary TB among HIV-infected 
individuals and mycobacterial culture, while far more sensitive, is 
slow and unavailable in much of the world. Clinical response to 
an empiric course of antibiotics for bacterial pneumonia has been 
used in some settings to exclude the diagnosis of TB. However, 
this approach is fl awed for two reasons: (1) the natural history of 
PTB involves waxing and waning of symptoms and (2) both bac-
terial pneumonia and PTB may be present simultaneously. Thus, 
if this strategy is used, follow-up evaluations with AFB smear are 
essential.139 However, failure to respond to a trial of antibiotics 
does indicate a high probability of pulmonary TB and can be used 
as a basis for an empiric diagnosis.

Bacterial pneumonia

Community-acquired pneumonia (e.g. from Streptococcus pneu-
moniae, Haemophilus infl uenzae, S. aureus, or Pseudomonas aerugi-
nosa) occurs at a rate 25–200 fold higher than in the general 
population and is far more commonly accompanied by bacterae-
mia.140,141 Classic signs and symptoms include abrupt onset, 
pleuritis chest pain, fevers, rigors and focal consolidation. Therapy 
should follow local guidelines for management of community 
acquired pneumonia. However, HIV-infected individuals may be 
sicker and progress in disease faster before responding to antibi-
otic therapy than non-HIV-infected individuals. Thus they warrant 
closer monitoring and follow-up.

Pneumocystis jiroveci pneumonia

Pneumocystis jiroveci pneumonia (PCP) can present as a subacute 
process of weeks to months of fevers, dry cough, worsening dys-
pnoea and weight loss in individuals with CD4 count <200 cells/
mm3. Fevers are usually a component of the presentation and may 
be the primary problem reported by a patient. Progressive dys-
pnoea, especially dyspnoea with exertion, is usually also present. 
On examination ronchi may be heard throughout the lungs. Chest 
radiography often reveals a bilateral diffuse interstitial infi ltrate, 
but may be normal 20% of the time.142 A history of adherence to 
trimethoprim-sulfamethoxazole or dapsone prophylaxis makes 
the diagnosis far less likely. PCP is very common in industrialized 
countries, but for unclear reasons it is less common in low-income 
countries. Diagnosis is based on the characteristics of fever for 
days or weeks, progressive dyspnoea on exertion and a dry (non-
productive) cough along with radiographic fi ndings. Optimally, 
the organism is identifi ed from sputum or bronchoalveolar lavage 
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with immunofl uorescent or Gomori–Methenamine silver stain-
ing. Standard treatment is trimethoprim-sulfamethoxazole 
15–20 mg/kg (of trimethoprim) daily in three divided doses for 
21 days. Oral therapy is two double strength tablets of trime-
thoprim-sulfamethoxazole three times a day. After initiation of 
treatment, an infl ammatory reaction can develop to dead organ-
isms, leading to a worsening of the respiratory status. The risk of 
severe decompensation can be reduced among individuals with 
baseline signifi cant hypoxia (resting PaO2 <70) by use of cortico-
steroids (prednisone 40 mg twice daily ×5 days, 40 mg daily ×5 
days, then 20 mg until therapy is completed).

Kaposi’s sarcoma

Kaposi’s sarcoma (KS) can present as a pulmonary syndrome with 
subacute progression of dyspnoea, dyspnoea on exertion, dry 
cough and wheezing. Fevers are usually absent.143 Chest radio-
graphic fi ndings are often bilateral nodular infi ltrates with or 
without pleural effusions; however, radiographic fi ndings are 
highly variable and can also appear as focal consolidation. Most 
individuals with pulmonary KS have cutaneous or oropharyngeal 
lesions; however, 15% present without lesions identifi able on 
physical examination.144 Diagnosis is by direct visualization of 
lesions via bronchoscopy. Biopsy is generally not necessary and 
risks signifi cant bleeding. As KS is common in many regions in 
Africa, pulmonary KS is possibly under-diagnosed.

Gastrointestinal disease

Oral Lesions

Oropharyngeal candidiasis (thrush) is common in patients with 
CD4 < 300 cells/mm3. Patients with thrush may complain of oral 
discomfort, pharyngeal dysphagia or odynophagia, or fi ssured 
lips. Physical examination generally reveals white curd-like 
plaques, which can be easily scraped off, on the buccal mucosa, 
palate, tongue, or posterior pharynx. Treatment with clotrimazole 
troches (fi ve lozenges a day for 7–14 days) or nystatin swish and 
swallow is usually effective.

Oral hairy leukoplakia (OHL) is found on the lateral margins 
of the tongue and appears as vertically oriented, white, linear 
plaques that cannot be scraped off with a tongue blade. OHL is 
associated with Epstein–Barr virus (EBV) infection and responds 
to effective HAART and immune restoration. Common aetiologies 
of ulcerative oral lesions include aphthous stomatitis and HSV, 
adenovirus and CMV infection. Oral lesions from syphilis, lym-
phoma and medications are less common.

Dysphagia and odynophagia

Dysphagia and odynophagia are very common symptoms in 
patients with advanced HIV disease and suggest oesophagitis. 
Candida is the most common cause when the CD4 is < 100 cells/
mm3; therefore, empiric treatment with fl uconazole (100–200 mg 
daily for 14–21 days) is appropriate. The likelihood of Candida 
oesophagitis is increased when oral thrush is also present, although 
thrush may be absent. The diagnosis of Candida oesophagitis is 
typically established by a response to fl uconazole within days of 
starting treatment. If there is no response to empiric therapy 
within 3 to 4 days, the dose of fl uconazole should be doubled. 

Continued therapeutic failure suggests fl uconazole resistant 
Candida spp. or alternative aetiologies (e.g. aphthous oesophagitis, 
CMV or HSV infection). Upper endoscopy with biopsy is helpful 
to evaluate for ulcerative diseases.125

Nausea and emesis

Nausea, vomiting and anorexia can be side-effects of medication 
(including antiretrovirals and antimicrobials) or may result from 
lactic acidosis, acute gastroenteritis, hypogonadism, pregnancy, 
depression (in the case of isolated anorexia), substance abuse, 
cholangitis, hepatitis, tuberculosis and lymphoma. Evaluation 
should include a detailed medication history and timing of onset 
of symptoms with respect to medication initiation. If the patient 
is taking stavudine, didanosine, or zidovudine, lactic acidosis 
should be considered and a serum lactic acid level should be 
obtained promptly. Additional signs and symptoms of lactic 
acidosis may include constitutional symptoms, nausea, dyspnoea, 
weight loss, myalgias and hepatitis.145 The mortality associated 
with severe lactic acidosis (levels above 10 mmol/L) approaches 
50%, so prompt withdrawal of combination antiretroviral therapy 
and institution of supportive care are critical. Normalization of 
serum lactic acid levels can take months. After recovery from lactic 
acidosis, patients should be treated with regimens that do not 
include stavudine or didanosine.

Diarrhoea

Diarrhoea is common in many low-income regions. HIV-infected 
individuals are at risk for diarrhoea from enteric viruses, Salmo-
nella spp, Shigella spp, Campylobacter jejuni, Enterotoxigenic Esche-
richia coli, Giardia lamblia, Entamoeba histolytica, Strongyloides 
stercoralis, Ascaris lumbricoides and malaria. When the CD4 count 
is <200 cells/mm3 and especially when it is <100 cells/mm3, 
chronic diarrhoea from Cryptosporidium parvum, Strongyloides 
stercoralis, Isospora belli, Microsporidia spp, MAC and CMV 
becomes more common. Generally, when a cause of chronic 
diarrhoea is identifi ed, Cryptosporidium is the most common fol-
lowed by Strongyloides, Isospora, Salmonella and Mycobacterial 
infection.146–150 One diagnostic approach is to assess carefully for 
systemic illness (malaria blood smears, TB sputum smears, blood 
cultures, mycobacterial blood cultures) and perform ova and par-
asite examination on stool. Patients who are acutely ill with blood 
or mucous in stool and negative ova and parasite examinations 
should be treated for bacterial gastroenteritis per local guidelines 
(for example ceftriaxone 1 g i.v. daily and metronidazole 500 mg 
orally three times a day). When no aetiology is identifi ed for 
chronic diarrhoea, symptomatic management with loperamide or 
tincture of opium can improve comfort. Immune recovery with 
HAART may be required for resolution of diarrhoea.

Hepatitis

Hepatitis may be suspected based on fi ndings of jaundice, abdom-
inal pain, anorexia, or nausea. However, often the results of serum 
transaminase testing, with a markedly elevated ALT and AST and 
occasionally elevated bilirubin with only moderate elevation in 
alkaline phosphatase, alert to the presence of hepatic infl amma-
tion. Acute hepatitis can be the result of medications, infections, 
or metabolic causes. Some antiretroviral agents cause liver injury 
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through direct toxicity; through inhibition of mitochondrial DNA 
polymerase gamma, leading to hepatic steatosis and lactic acido-
sis; and through idiosyncratic reactions, such as occur with nevi-
rapine and abacavir.151 Drug-induced hepatitis has been most 
strongly associated with nevirapine, especially when started in 
patients with higher CD4 counts (>250 for women and >400 for 
men).152,153 Nevirapine-related hepatoxicity is often associated 
with a rash and occurs a median of 30 days after starting nevirap-
ine.154 Most protease inhibitors can cause hepatitis, especially in 
patients with chronic viral hepatitis. Both atazanavir and indinavir 
can cause an asymptomatic and benign indirect hyperbilirubinae-
mia without elevation in transaminase levels. In the case of 
atazanavir, jaundice, scleral icterus, or both can occur; however, 
it is benign and does not require discontinuation of therapy. Acute 
hepatitis from hepatitis A virus (HAV), hepatitis B virus (HBV), or 
hepatitis C virus (HCV) can occur among HIV-infected patients. 
Other conditions that can lead to transaminase elevations are 
leptospirosis, tuberculosis, lymphoma, autoimmune hepatitis and 
toxins (including alcohol and naturopathic medications). A 
patient presenting with a febrile illness, moderately to severely 
increased transaminase levels and an increased bilirubin level will 
most likely have tuberculosis or acute HAV or HBV infection, 
although other aetiologies, including acute drug reaction and 
obstructive cholelithiasis, are also possible. When HAART induced 
hepatotoxicity is suspected, generally therapy can be continued 
(except for abacavir and nevirapine), even with ALT and AST 5 to 
10 times the upper limit of the normal reference range.155 Excep-
tions are patients who are symptomatic or have elevated bilirubin 
along with high ALT and AST.

A cholestatic profi le on serum chemistry raises the possibility 
of obstruction from stones or malignancy, lactic acidosis with 
hepatic steatosis, HIV cholangiopathy, infections such as tubercu-
losis or schistosomiasis, or medication-induced cholestasis (e.g. 
from TMP-SMX, amitriptyline, ampicillin, naproxen, or phenyt-
oin). HIV cholangiopathy is the term that describes constriction 
of the biliary tract through strictures, papillary stenosis, or a scle-
rosing cholangitis-like pathology that usually occurs only among 
individuals with CD4 < 100 cells/mm3. Most patients have sig-
nifi cant abdominal pain and a markedly elevated alkaline phos-
phatase.156 Low-grade fevers and diarrhoea are often present. It is 
believed biliary tract infection from Cryptosporidium, Microsporidia 
spp., Cyclospora cayetanensis, or CMV leads to ductal changes. 
Abdominal ultrasonography is useful to make a diagnosis of a 
cholestasis process; however, endoscopic retrograde cholangio-
pancreatography (ERCP) is the optimal diagnostic tool as well as 
therapeutic tool if papillary stenosis is present.

Abdominal pain

Abdominal pain may be caused by pancreatitis, lactic acidosis, 
AIDS cholangiopathy, non-Hodgkin’s lymphoma, abdominal 
tuberculosis, MAC lymphadenitis, CMV colitis and IRD.157 Acute 
pancreatitis is usually associated with nausea and vomiting, may 
be seen at any CD4 count and is associated with didanosine and 
stavudine, especially when these two agents are taken together.158 
Alcohol, obstructive gallstones and hypertriglyceridaemia, which 
can be caused or exacerbated by some protease inhibitors, should 
also be considered as causes of pancreatitis. Abdominal imaging 
and serum chemistry studies are important for diagnosis.

Renal disease

Renal disease is common in patients with high HIV RNA and low 
CD4 counts who are not receiving HAART; 2–10% of such patients 
in industrialized countries are affected.159 The prevalence in Africa 
and Asia has not been well described. The most common HIV-
related renal disease is HIV-associated nephropathy (HIVAN). 
HIVAN is characterized by proteinuria, often nephrotic range 
(i.e. >3 g/dL), polyuria, minimal oedema and echogenic kidneys; 
biopsy shows collapsing focal and segmental glomerulosclero-
sis.160 HIVAN is rare in patients with suppressed HIV RNA.161 
Complete suppression of HIV replication with HAART can reverse 
pathogenic changes and lead to recovery of renal function. In 
patients on HAART with suppressed HIV replication, hypertension 
and diabetes are important causes of kidney disease.

Dermatological disease

Dermatological complaints affected over 90% of HIV-infected 
patients in industrialized countries before the introduction of 
HAART. A common condition at lower CD4 counts is prurigo 
nodularis, characterized by highly pruritic, hyperpigmented and 
often excoriated papular lesions involving the extremities and 
torso. Over time, it may progress to lichen simplex chronicum. Emol-
lients and high-potency topical corticosteroids can break the cycle 
of pruritus and excoriation, but symptom control is often diffi cult. 
HAART and immune restoration may lead to gradual resolution 
of symptoms. Eczematous conditions including seborrheic derma-
titis, atopic dermatitis and xerotic eczema are also more common 
in HIV-infected patients.162–165 Seborrheic dermatitis is character-
ized by erythematous, often pruritic, plaques with greasy scales 
and indistinct margins on the scalp, face and post-auricular area. 
Mid-potency steroids may be used for control of a fl are; ketocon-
azole cream/shampoo or selenium shampoo may be effective for 
long-term management. Scabies should also be considered in the 
differential diagnosis of a pruritic skin rash and patients with 
more advanced immunosuppression are at risk for more severe, 
crusted (so-called Norwegian) scabies.

Papules may be caused by eosinophilic folliculitis, which pres-
ents as small, often pruritic, perifollicular papular and pustular 
lesions, usually on the upper body and proximal upper extremities 
and usually occurring with lower CD4 counts or during immune 
reconstitution.166,167 Treatment with mid-potency corticosteroids 
may control symptoms. Larger, diffusely distributed papules and 
pustules may be caused by S. aureus, Pseudomonas aeruginosa and 
dermatophytes. Larger skin-coloured papules with central umbili-
cation are caused by the pox virus, molluscum contagiosum, and 
are often distributed on the face and neck. Lesions can evolve into 
large disfi guring plaques. Disease is associated with advanced 
immunodefi ciency. Treatment is immune restoration with HAART. 
Conditions that can have similar skin fi ndings to molluscum con-
tagiosum are disseminated cryptococcosis, blastomycosis and 
penicilliosis.

Varicella zoster (shingles), a reactivation of herpes zoster in the 
ganglion of a nerve, is a common cause of skin disease when the 
CD4 is <500 cells/mm3 and during immune reconstitution. Zoster 
presents as a painful vesicular rash in a dermatomal distribution; 
more rarely it may involve multiple dermatomes or become dis-
seminated. Patients with advanced immunodefi ciency may also 
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present with extensive herpes simplex ulcerations appearing as 
painful, beefy red perineal and perianal ulcerations. Aciclovir or 
famciclovir are treatments of choice for both zoster and herpes 
simplex reactivation.

Violaceous plaques or nodules are caused by Kaposi’s sarcoma 
(KS) (see below) and bacillary angiomatosis. Bacillary angioma-
tosis usually appears as a red or purple nodular or pedunculated 
lesion, is caused by Bartonella species and is associated with dis-
seminated infection.168 Bacillary angiomatosis can be confused 
with KS; however, the distinction between the two should be 
made, because it can be effectively treated (erythromycin 500 mg 
four times a day or doxycycline 100 mg twice a day for >3 
months).

Drug reactions account for <5% of rashes in Africa.165,169,170 The 
most well-known reactions are to sulphonamides, notably TMP-
SMX and sulfadiazine. Other agents that commonly cause rash 
include abacavir (in the setting of a systemic hypersensitivity reac-
tion), efavirenz, nevirapine and fosamprenavir. Drug reactions 
typically present as pruritic maculopapular, morbilliform, or 
urticarial eruptions, but they may also appear as erythema 
multiforme, erythema nodosum, or exfoliative dermatitis (toxic 
epidermal necrolysis and Stevens–Johnson syndrome). Manifesta-
tions of systemic involvement may include fever, elevated trans-
aminase levels and interstitial nephritis. Management consists 
of symptomatic treatment, drug discontinuation and careful 
observation.

Malignancy

Major HIV-related malignancies are KS, non-Hodgkin’s lym-
phoma, Burkitt’s lymphoma and cervical cancer.103 KS is a malig-
nancy that can affect the skin, mucosal surfaces, lungs, 
gastrointestinal tract and internal organs, and remains the most 
common AIDS-defi ning malignancy, although most patients who 
develop Kaposi’s sarcoma have not yet started HAART.171 The 
incidence of cervical and anal squamous cell carcinoma is increased 
in HIV-infected persons and HIV-associated cervical cancer is 
more aggressive. For this reason, screening for cervical dysplasia 
with a Pap smear is important.

KS is among the leading opportunistic illnesses in many regions 
in Africa,172 although rare in Asia and Latin America. It occurs via 
neoplastic transformation mediated by infection with human 
herpes virus 8 (HHV-8, also known as KSHV). It can develop in 
the dermis, deeper within soft tissue, within mucosal surfaces and 
within the lungs and viscera. It is commonly recognized as non-
pruritic non-painful violaceous plaques or nodules on the pallet, 
groin, or lower extremities. As disease progresses, it can lead to 
obstruction of lymphatics and lymphoedema. KS of the lungs can 
lead to a respiratory syndrome and radiographic fi ndings consis-
tent with a bilateral pneumonia. KS of the gastrointestinal tract 
can lead to mild bleeding or obstruction. A diagnosis is either 
by visual inspection or biopsy and histopathology. Treatment 
response is poor with large lesions. Small lesions can resolve with 
immune reconstitution with HAART. Larger lesions may respond 
to a combination of HAART and chemotherapy (doxorubicin or 
daunorubicin are preferred, vinblastine, vincristine, or bleomycin 
may also reduce tumour burden). Radiation therapy may also 
help control tumour burden.

Long-term HIV care

Longitudinal HIV care begins at the time of HIV diagnosis. This 
should include a care package of psychological support, screening 
and prevention of opportunistic infections, nutritional support 
and planning for HAART. Each component of a care plan is impor-
tant for both reducing morbidity and mortality and for improving 
quality of life (Figure 20.3). Such a package of services needs to 
be tailored to local needs but may include provision of safe drink-
ing water, active screening for tuberculosis, TB prophylaxis among 
individuals without active TB (INH), micronutrient supplements, 
food packets, PMTCT, vaccinations, cotrimoxazole preventive 
therapy for PCP, malaria and bacterial infections, insecticide 
treated bed nets, psychological counselling, family HIV counsell-
ing and testing, management of opportunistic illnesses and 
HAART.173,174

Psychological support

Individuals infected with HIV may have higher rates of depression 
and increased social isolation and ostracism; furthermore, depres-
sion is likely under-appreciated in African HIV care programmes. 
However, it can impact on quality of life and medical adherence. 
Thus depression is optimally managed through a combination of 
psychiatric care, counselling and support groups. Inclusion of 
community leaders, religious fi gures and traditional diviners and 
healers in psycho-social support may reduce isolation and improve 
the sense of well-being. Antidepressants can be very valuable in 
controlling symptoms and improving quality of life.

Nutritional support

HIV infection is associated with increased resting energy expendi-
ture, weight loss and malnutrition.175 The combination of these 
underlying HIV factors and inadequate access to food makes nutri-
tion an important aspect of HIV care in many low-income coun-
tries. Furthermore, after health improves with HAART, many 
patients experience an increase in appetite and may return to pre-
HAART baseline weight if adequate nutrition is available. When 
food is scarce, an improved appetite can lead to hunger and com-
promise HAART adherence.176 Thus, the issue of food security and 
access to food should be addressed within an HIV programme. 
Use of food supplements can improve the nutritional status, may 
improve immune status and can contribute to HAART adherence 
and continuation with HIV care.

The overall impact of micronutrients among adults within HIV 
treatment remains uncertain. Some studies have suggested benefi t 
with supplementation of vitamins or minerals, whereas others 
have been equivocal.177 While vitamin supplementation may have 
a role in HIV care, assuring the combination of adequate protein, 
energy and micronutrients (vitamin A, vitamin B12, vitamin C, 
vitamin E, zinc) may be the best approach for HIV care for indi-
viduals living on the edge of food insecurity.

Screening for opportunistic infections

Initial and follow-up clinic evaluations of HIV-infected individu-
als are an opportunity to screen for opportunistic infections. A 
general review of symptoms can identify clues to suggest impor-
tant diagnoses. New onset of headaches may suggest cryptococcal 
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Figure 20.3 Evolving care needs with stage of HIV/AIDS disease. ART, antiretroviral therapy; HSV, herpes simplex virus; VCT, voluntary 
counselling and testing.

meningitis, odynophagia or dysphagia suggests candida oesopha-
gitis, progressive dyspnoea on exertion suggest PCP, weight loss 
suggests a systemic illness or lactic acidosis for patients on stavu-
dine and chronic productive cough and fevers suggests pulmonary 
TB.

Active case fi nding for TB is especially important during initial 
evaluation because of the complicated nature of co-treatment of 
HIV and TB and the high mortality from TB early after HAART 
initiation. Presence of one or more of the following symptoms 
should lead to further evaluation: cough for >2–3 weeks, sputum 
production, fevers, night sweats, or weight loss. If some of these 
symptoms are present, further investigation should include 
sputum smear and culture and chest radiography, where available. 
In individuals without evidence of active TB, use of isoniazid 
preventive therapy reduces developing TB disease.178

Prevention of opportunistic infections (Table 20.4)

Antiretroviral therapy

Although HAART is but one component of HIV care, it has proven 
to have the most signifi cant impact on long-term survival and 
quality of life among individuals infected with HIV. HAART has 
fundamentally altered the previously grim prognosis of HIV and 

has transformed it, in some settings, from a fatal disease to a 
chronic infection. As a result of effective HAART, the best predic-
tor of long-term survival among HIV-infected individuals is suc-
cessful long-term suppression of HIV replication.179,180 Prior to the 
development of HAART, the estimated median survival from 
AIDS-defi ning condition to death was approximately 1.5 years.181 
HAART has extended this to ≥14 years.75 Individuals able to main-
tain high levels of adherence to HAART have the potential for a 
life expectancy similar to that of uninfected individuals, especially 
when HAART is started at higher CD4 counts (around 350 cells/
mm3).182 Success with HAART requires a structured care pro-
gramme that can provide a continuous supply of medications, 
treatment monitoring and treatment support. When a structured 
programme is not in place, a patient should be referred to an 
established HAART programme. In places without established 
programmes a concerted effort should be made to put into place 
the infrastructure for HAART provision.

Principles of highly active antiretroviral 
therapy (HAART)

The goal of HAART is to inhibit replication of HIV to prevent 
further infection of uninfected cells. Success with this goal is 
refl ected by a plasma HIV RNA below the level of detection by 
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ultrasensitive assays (i.e. <50 copies/mL). However, successful 
HAART does not lead to the elimination of cells already infected 
at the time of HAART initiation. In these cells HIV persists and 
virions may be released, leading to low level viraemia (usually <10 
copies/mL) and occasional ‘blips’ of viraemia with HIV RNA levels 
between 50 and 400 copies/mL.183 Because some of the infected 
cells are long-lived memory T cells, some will survive for the life 
of the patient. These cells can be re-activated at any time leading 
to release of virions. If HAART is discontinued, HIV released from 
these cells will rapidly replicate leading to HIV levels often similar 
to pre-HAART levels. Thus HAART only provides benefi t while it 
is being administered but cannot lead to cure of HIV. After initia-
tion of HAART, if full HIV suppression is achieved, the absolute 
CD4 cell count typically rises and may return to normal levels.

Classes of antiretroviral agents

Each class of antiretroviral drug either targets a different step in 
the HIV life cycle or the same step via a different mechanism.184 
Currently, three classes of agents are generally available in low-
income countries: nucleoside reverse transcriptase inhibitors 
(NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs) 
and protease inhibitors (PIs) (Table 20.5). Additional newer 
classes of antiretroviral drugs available in industrialized countries 
include entry inhibitors, integrase inhibitors and maturation 
inhibitors; however, these are rarely available in low and middle 
income settings and will not be discussed.

Nucleoside and nucleotide reverse transcriptase 
inhibitors (NRTIs)

NRTIs are nucleoside or nucleotide analogues that, after phos-
phorylation by host enzymes, are incorporated into the growing 
HIV nucleic acid chain. However, they prevent further chain elon-
gation by HIV reverse transcriptase because they lack a 3′ hydroxyl 

group. NRTI affi nity for HIV reverse transcriptase is far higher than 
for human polymerases; nevertheless, inhibition of DNA synthe-
sis by mitochondrial polymerase-γ is believed to contribute to 
adverse effects of some of the NRTIs, especially didanosine, stavu-
dine and zidovudine. Most NRTIs are eliminated through the 
kidney and require dose adjustment in renal failure; the exception 
is abacavir, which undergoes hepatic metabolism.

Non-nucleoside reverse transcriptase 
inhibitors (NNRTIs)

NNRTIs act by directly binding HIV reverse transcriptase, causing 
a conformation change that inhibits its enzymatic activity. All 
current NNRTIs are metabolized via hepatic cytochromes P450 
3A4 and 2B6 and have half-lives of 25–30 h and serum levels that 
remain detectable for weeks.125 High-level resistance to fi rst-
generation NNRTIs develops rapidly because only a single point 
mutation is required to prevent NNRTI action.

Protease inhibitors

Protease inhibitors act by binding the active site of the protease 
enzyme, inhibiting the cleavage of viral peptides into structural 
proteins that required for mature virions. All protease inhibitors 
except nelfi navir are principally metabolized in the liver by cyto-
chrome P450 3A4 (Cyp3A4). Nelfi navir is metabolized by both 
cytochromes 3A4 and 2C19. Inhibiting metabolism by Cyp3A4 
has been harnessed as an important adjunct for maintaining 
higher trough serum concentrations of protease inhibitors. Rito-
navir, originally developed as a protease inhibitor, is the most 
potent known pharmacological inhibitor of Cyp3A4. Because of 
its toxicity and poor tolerability at high doses, ritonavir is no 
longer used at full antiviral doses; however, low doses of ritonavir 
are now given along with most other protease inhibitors to 

Table 20.4 Prevention of opportunistic infection

Disease When to initiate therapy Therapy
Tuberculosis (TB) After screening for active TB Isoniazid 5 mg/kg daily for 6 months178

BCG vaccination should not be given to HIV-
infected children because of the risk of 
disseminated BCG disease

Tuberculosis (TB) Always Isolation of individuals with active pulmonary TB 
and good infection control practices in clinics 
(ventilation and minimizing crowding)

Pneumocystis jiroveci pneumonia (PCP) 
and bacterial pneumonia

Symptomatic HIV or CD4 < 500 cells/mm3 TMP-SMX 400/80 2 tablets daily until immune 
restoration

Toxoplasmosis Secondary prophylaxis after treating CNS 
toxoplasmosis

TMP-SMX 400/80 2 tablets daily until immune 
restoration

Malaria Any CD4 Use of bed nets

Diarrhoeal disease Any CD4 Clean water supplies, safe water storage, and use 
of home water chlorination

Cryptococcal meningitis Secondary prophylaxis Fluconazole 200 mg daily

Penicillinosis Secondary prophylaxis Itraconazole 200 mg daily

Because of the lower incidence of MAC in low-income countries, MAC prophylaxis is not recommended.

HIV Care



20. HIV/AIDS and Opportunistic Illnesses

390

increase trough concentrations and prolong half-lives of the PIs 
that are metabolized by Cyp3A4 (boosted PI).

Adverse effects from antiretroviral agents

Resistance

Partially suppressive therapy with HAART creates evolutionary 
pressure to favour replication competent mutants with partial or 
complete resistance to one or more HAART agents. A single amino 
acid substitution can cause high level resistance to nevirapine or 
efavirenz (K103N and others), to lamivudine and emtricitabine 
(M184V) or to tenofovir (K65R). Resistance from a single muta-
tion coupled with the long half-life of nevirapine explains the risk 
of resistance emerging with a single dose of nevirapine (i.e. for 
PMTCT).185 Fortunately other agents have higher barriers to resis-
tance and require multiple mutations for high level resistance. For 
example, a collection of mutations known as thymidine analogue 

mutations (M41L, D67N, K70R, L210W, T215Y) lead to signifi -
cant resistance to zidovudine and stavudine and confer cross-
 resistance to other NRTIs.186 Most protease inhibitors also require 
multiple mutations for resistance and have considerable cross-
resistance within the class. Nelfi navir is an exception with a barrier 
to resistance. Protease inhibitors boosted with low-dose ritonavir 
have very high barriers to resistance especially if no protease 
inhibitor mutations are present when a boosted PI is initiated. 
However, even with a high barrier to resistance, incomplete adher-
ence to pills will lead to incomplete HIV suppression, creating the 
optimal environment for resistance to emerge and treatment to 
fail. Unfortunately, once resistance mutations begin to emerge, 
the pathway leads to increasing resistance unless the failing 
regimen is changed to a new and fully suppressive regimen. As 
described above, once drug resistant quasispecies emerge, they 
remain permanently archived in resting CD4 cells and can rapidly 
re-emerge if the same agents are restarted.14,183 The precise level of 
adherence required to maintain suppression of HIV varies by ART 

Table 20.5 Antiretroviral agents125

Name Dose Comments

NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS

Abacavir (ABC) 300 mg twice a day or 600 mg daily No food effect

Didanosine (ddI) >60 kg: 400 mg daily
<60 kg: 250 mg daily

Do not combine with tenofovir, stavudine, or 
atazanavir; Take 30 min before or 2 h after a meal

Emtricitabine (FTC) 200 mg daily Do not combine with lamivudine; No food effect

Lamivudine (3TC) 150 twice a day or 300 mg daily Do not combine with emtricitabine; No food effect

Stavudine (d4T) 30 mg twice a day Do not combine with didanosine or zidovudine; No 
food effect

Tenofovir (TDF) 300 mg daily Do not combine with didanosine; No food effect

Zidovudine (AZT) 300 mg twice a day Do not combine with stavudine; No food effect

NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS

Efavirenz (EFV) 600 mg daily Do not take with fatty meals

Nevirapine (NVP) 200 mg daily for 14 days then 200 
twice a day (this is because induction of 
hepatic metabolism occurs)

No food effect; do not start in a women not on 
HAART with CD4 > 250 cells/mm3 or men with 
CD4 > 400 cells/mm3

PROTEASE INHIBITORS

Atazanavir + ritonavir (ATV/r) 300 mg + 100 mg daily Take with food, do not use with proton pump 
inhibitors; take 2 h apart from histamine 2 inhibitors 
(requires an acidic environment for absorption)

Fosamprenavir + ritonavir (FPV/r) 700 mg + 100 mg twice a day No food effect

Indinavir + ritonavir (IDV/r) No food effect

Lopinavir + ritonavir (co-formulated as 
Kaletra or Stochrin) (LPV/r)

Tablets (200 mg/50 mg) 2 tablets twice 
daily (3 tablets twice daily if taken with 
EFV or NVP)
Capsules (133.3 mg/33.3 mg) 3 
capsules twice a day (4 capsules twice a 
day when taken with EFV or NVP)

No food effect (for tablet formulation); capsules are 
taken with food

Nelfi navir (NFV) 1250 mg twice a day Take with fatty food

Saquinavir + ritonavir (SQV/r) 1000 mg + 100 mg twice a day Take within 2 h of meal

Note special adjustments are required for specifi c combinations of some protease inhibitors. Discussion of use of dual PIs is beyond the scope of this chapter.
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regimen; however, adherence of 90–95% is generally accepted as 
a minimum requirement for most regimens available in low-
income regions.187,188

Failure of standard fi rst-line regimens (AZT or d4T plus 3TC 
plus EFV or NVP) leads to predictable progression of resistance 
patterns when failure occurs as a result of resistance. With a stan-
dard fi rst-line regimen of lamivudine, stavudine or zidovudine 
and nevirapine or efavirenz, the resistance pattern that emerges 
initially is a single mutation leading to lamivudine resistance 
(M184V) and one or more mutations leading to NNRTI resistance 
(to efavirenz or nevirapine, K103N and others). Resistance to 
stavudine or zidovudine develops more gradually and may not be 
present even after several months on a failing regimen. However, 
a long duration of treatment (>6 months) with a non-suppressive 
therapy will lead to gradual accumulation of thymidine analogue 
mutations and high-level resistance to zidovudine, stavudine and 
cross-resistance to all other NRTIs. During second-line therapy 
with a regimen of a boosted-PI, zidovudine and abacavir or teno-
fovir, resistance is most likely to develop initially against the 
NRTIs before failure of the boosted PI.

Transmitted resistance has the potential to undermine effec-
tiveness of a regimen. In industrialized countries approximately 
8% of individuals who are newly infected are infected with HIV 
with reduced susceptibility to at least one HAART agent.189 Cur-
rently in low- and middle-income countries there is little transmit-
ted resistance.190 The future impact of transmitted resistance is 
unclear; however, poorly managed ART programmes with fre-
quent interruptions to HAART delivery could lead to high levels 
of transmitted resistance, with NNRTI resistance likely to emerge 
fi rst.

Adherence and follow-up

Few therapies are as dependent on daily adherence to pill taking 
as is HAART. Failure to maintain adherence allows for ongoing 
cycles of HIV replication leading to CD4 decline and, more omi-
nously, the development of HIV escape mutants resistant to the 
HAART agents included in the regimen. When this happens, 
improving resistance will not lead to suppression. In regions with 
a limited selection of available HAART agents, often one or two 
regimens, loss of one regimen leaves an individual with but one 
HAART regimen to rely on. Loss of both regimens returns the 
individual to the position he or she was in prior to HAART, with 
the same grim prognosis. Thus, lifelong adherence is a must for 
HAART to help restore longevity.

Multiple factors affect adherence, including regimen simplicity, 
side-effects, social support, substance abuse, psychiatric illness, 
access to food, fi nancial status, lack of understanding of HAART 
or HIV, lack of a sense of self-effi cacy and other individual 
barriers.191,192 Requiring payment for treatment is another major 
barrier.

Specifi c interventions for supporting adherence need to be tai-
lored to local circumstances. A commonly used adherence strategy 
uses adherence counsellors to provide two or more education ses-
sions (either group sessions or one-on-one) on HIV and HAART 
prior to HAART initiation. These sessions are then followed-up 
with further adherence sessions at regular scheduled intervals after 
HAART initiation. It is also vital for other care providers including 

nurses, mid-level providers and physicians to reinforce the adher-
ence message as a team, identify individual barriers to adherence 
and implement interventions to help overcome these barriers. 
General strategies for enhancing adherence include the use of pill 
boxes, pharmacy support programmes, cell phone reminder 
alarms, cell phone calls by treatment supporters, treatment of 
side-effects or switching therapy to minimize side-effects, improv-
ing convenience, patient education and empowerment, enlisting 
family and community supporters, treatment of substance abuse 
and management of depression.193

In an effort to improve adherence, some programmes have a 
structure of directly-observed therapy (DOT), taken as a model 
from tuberculosis control programmes and provide ‘DOT-HAART’ 
with community health workers, family members, neighbours, or 
others monitoring the taking of each dose and providing emo-
tional support and reminders.169,194

The long-term success of HIV care requires lifelong ongoing 
contact between the HIV-infected individual and the healthcare 
system. Intermittent care or loss of contact with the healthcare 
system is associated with worse prognoses than routine follow-up. 
Unfortunately, loss to follow-up is very common in some HAART 
programmes in both industrialized and low-income countries. 
Published studies report loss to follow-up among 25–60% of 
individuals initiating HIV care.195–198 Individual factors that 
increase loss to follow-up in industrialized countries include 
unstable housing, mental illness, drug abuse, recent clinic enrol-
ment, not having an AIDS-defi ning illness at enrolment and 
personal beliefs regarding HIV.170,199

ART regimens

First- and second-line HAART regimens are selected based on 
toxicity profi le, potency, laboratory monitoring requirements, 
cost, availability and ability to tolerate temperature extremes 
during transportation and storage, drug–drug interactions with 
other commonly used medications and safety during pregnancy. 
As a general rule HAART regimens contain two distinct NRTI 
agents combined with either a PI or an NNRTI. A third option is 
a three NRTI combination of lamivudine, zidovudine and abaca-
vir. This has been advocated for use in some situations, such as 
pregnancy and during TB therapy; however, based on direct com-
parisons with NNRTI-based regimens, it is inferior. National 
guidelines should be adhered to when practical to facilitate trans-
fer of care between clinics and predictable resistance patterns 
among fi rst- and second-line HAART patients.

The fi rst fi rst-line regimen recommended by the WHO included 
stavudine, lamivudine and nevirapine. This regimen has been 
widely adopted and contributed to considerable increased sur-
vival. However, both stavudine and nevirapine can have signifi -
cant side-effects (Table 20.6). Thus there has been a shift toward 
use of zidovudine in place of stavudine and efavirenz in place 
of nevirapine. Zidovudine can also have signifi cant side-effects 
with suppression of bone marrow leading to anaemia and 
neutropenia.202,203 However, studies from low-income countries 
have shown an overall increase in haemoglobin during treatment 
with zidovudine.203

After a patient is started on a fi rst-line regimen, individual 
agents may need to be substituted in the setting of side-effects 
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Table 20.6 Adverse effects from antiretroviral agents125

Adverse effect ART agents Presentation and management
Abacavir hypersensitivity ABC Occurs 1 to 6 weeks after starting ABC. Fever and rash, often with 

respiratory symptoms that progressively worsen with continued ABC 
doses. Associated with HLA B*5701 (rare among Africans). ABC should be 
stopped and patient never rechallenged; on rechallenge may have fatal 
anaphylactic reaction

Anaemia AZT, dapsone May cause profound anaemia through bone marrow suppression, but 
investigate other causes. Can switch to d4T

Diarrhoea ddI, PIs Use symptomatic treatment after excluding infectious causes

Hepatotoxicity All ART agents, TMP/SMX Is higher in chronic HBV or with co-administration of TB therapy. It is also 
believed that some traditional remedies may cause hepatotoxicity; 
however, overall this has not emerged as a major problem. 
Hepatotoxicity likely also occurs commonly pre-HAART. If patient is 
asymptomatic and bilirubin is normal, may be able to continue therapy 
and monitor closely. Exceptions are NVP mediated hepatoxicity that 
occurs early after starting NVP (fi rst 6 weeks) and is often accompanied 
by rash. NVP should be discontinued

Hyperbilirubinaemia ATV, IDV Benign isolated indirect hyperbilirubinaemia; if scleral icterus is 
bothersome to patient, can switch to another PI

Lactic acidosis d4T, ddI (rarely with AZT and 
other NRTIs)

Caused by inhibition of mitochondrial DNA polymerase-γ. May present 
with abdominal pain, nausea, emesis, weight loss, dyspnoea. Up to 
2/100 person years of therapy.145 Point-of-care lactate testing can easily 
diagnose condition and reduce morbidity and mortality.200 Always 
monitor symptoms when patients are on d4T. Discontinue all HAART and 
do not rechallenge with d4T or ddI

Lipodystrophy (lipoatrophy 
and lipohypertrophy)

d4T (other NRTIs) and PIs Loss of subcutaneous fat, especially from extremities, increase in visceral 
fat in abdomen and breasts. Believed to be from mitochondrial toxicity. 
PIs associated with ‘buffalo hump.’ Switch to alternative agent (AZT, TDF, 
ABC) and increase physical activity201

Neuro-psychiatric EFV Sleep disturbances, vivid dreams, depression, fatigue, ataxia all may occur 
with EFV. These symptoms usually resolve within 12 weeks of HAART 
initiation

Neutropenia AZT Can cause profound neutropenia. Usually not associated with infections 
of neutropenia. Stop AZT and switch to another agent (d4T, TDF, ABC)

Pancreatitis d4T, ddI Nausea, emesis, left upper quadrant pain. Serum lipase or amylase or 
abdominal imaging helps to confi rm diagnosis. Discontinue HAART and 
provide supportive care

Rash and drug eruptions NVP, EFV, TMP/SMX NVP and EFV cause benign self-limited maculopapular (NVP) or 
morbilliform (EFV) rash on trunk, face and extremities. Treatment need 
not be interrupted unless mucosal involvement occurs or hepatotoxicity 
is present (ALT should be assayed if rash occurs with NVP). EFV rarely 
needs to be discontinued due to rash

Nephrolithiasis IDV, ATV Colicky fl ank pain and haematuria, often when dehydrated. Encourage 
increased fl uid consumption or switch PIs

Renal toxicity TDF Acute renal failure from renal tubular dysfunction. Usually occurs in 
setting of another renal insult

Peripheral neuropathy d4T, ddI Dysthaesia, hypersensitivity and decreased calcaneal tendon refl ex. Same 
symptoms also occur with HIV-associated distal sensory polyneuropathy 
(DSP). May have similar pathophysiology as individuals with DSP are at 
higher risk for drug induced neuropathy. Start with amitriptyline or 
nortriptyline at night. If no improvement switch from d4T or ddI to 
alternative agent (AZT, TDF, ABC). Neuropathy very gradually improves 
after stopping agent
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(Table 20.6). However, individual agents should not be substi-
tuted in the setting of virologic failure. If HIV is not suppressed 
and further adherence interventions have failed, it is time for a 
second-line regimen containing a new set of HAART agents.

The basic principle to selecting second-line regimens is to 
choose a potent regimen with limited cross-resistance with the 
fi rst-line regimen. This can be achieved by using a protease 
inhibitor boosted with ritonavir. Such examples include the co-
formulated lopinavir/ritonavir tablets and saquinavir, indinavir, 
or atazanavir boosted with ritonavir. There is some evidence that 
a fully active boosted PI may be suffi cient to suppress and main-
tain suppression of the HIV replication, but effi cacy is lower than 
for full HAART.204,205 Thus second-line regimens should also 
include two NRTIs along with a boosted PI. Such a regimen may 
include lopinavir plus ritonavir, saquinavir plus ritonavir, or 
atazanavir plus ritonavir and two NRTIs such as didanosine or 
tenofovir plus abacavir or lamivudine, or zidovudine.

Third-line regimens available in low-income settings are often 
inadequate to achieve full suppression of HIV replication. 
However, merely reducing HIV RNA levels may slow CD4 decline. 
Thus options for individuals failing the second-line therapy 
include a number of combinations of non-suppressive HAART. It 
is generally believed that NNRTIs contribute little to a failing 
regimen.206 However, NRTIs, especially lamivudine, do appear to 
slow CD4 decline.207 Thus an individual who has failed both fi rst- 
and second-line therapies remains a candidate for antiretroviral 
agents, only the goal must be shifted from full HIV suppression 
to slowing the CD4 decline. At a minimum, it is reasonable to 
include lamivudine in such a regimen. Adding a thymidine ana-
logue such as zidovudine or adding tenofovir may add additional 
benefi t due to the interactions between the lamivudine resistance 
mutation and TAMs or tenofovir resistance. Boosted PIs may also 
confer benefi t although they have higher cost and can have 
signifi cant toxicity.

Tuberculosis therapy and HAART regimen

Standard four-drug TB therapy includes rifampin, isoniazid, eth-
ambutol and pyrazinamide. Rifampin is a powerful inducer of 
cytochrome P-450 oxidases, including 3A4, leading to greatly 
accelerated metabolism of PIs. As a result, standard dosing of all 
PIs, including nelfi navir, is inadequate to achieve therapeutic 
levels in the presence of rifampin.208 When a PI is needed during 
therapy for TB, lopinavir plus ritonavir may be used with a 
double dose. However, drug levels are variable and this dose can 
be diffi cult to tolerate. Rifampin also induces metabolism of 
NNRTIs, reducing efavirenz levels by 25% and nevirapine levels 
by 50%.209 Based on pharmacokinetics, use of higher doses of 
NNRTIs during concomitant TB treatment is a reasonable 
approach (efavirenz 800 mg daily). However, reports from Africa 
and Asia of use of standard doses of either agent as part of 
HAART during treatment of both TB and HIV have shown similar 
HIV RNA suppression between individuals receiving TB therapy 
and not receiving TB therapy.210 When using this approach, it is 
important to consider local factors, such as body weight, when 
considering applicability to a specifi c setting. Based on this evi-
dence, in individuals <70 kg it is appropriate to use standard 
doses of efavirenz (600 mg daily) or nevirapine (200 mg twice 
daily) among patients also receiving rifampin. Where available, 

higher doses of efavirenz (800 mg daily) and avoidance of nev-
irapine when treating HIV and TB is prudent among heavier 
individuals.210,211 An inferior alternative with lower rates of HIV 
RNA suppression is a combination of the three NRTIs, zidovu-
dine, lamivudine and abacavir. This regimen should be consid-
ered when there are compelling reasons not to use efavirenz or 
nevirapine (possibly pregnancy).

Simultaneous use of TB medications and HAART increases 
risks for drug side-effects and reduced adherence.208 Furthermore, 
if adverse reactions do occur, discerning the responsible agent is 
complicated for a patient on seven or more different medications. 
Thus general recommendations are to initiate TB therapy when 
TB is diagnosed and continue HAART if a patient is already on 
HAART. Patients not on HAART should be managed according 
to CD4 count or degree of illness. If the CD4 count is >350 
cells/mm3, HAART should generally be deferred until after com-
pleting the 6-month TB therapy. Among individuals with CD4 
200–350 cells/mm3 and who are not severely ill from HIV, 
HAART initiation should generally be deferred until after com-
pleting the induction phase of TB therapy (2 months). Partly 
because of toxicity and partly because of concerns about immune 
reconstitution infl ammatory syndrome (IRD, see below), ART is 
often deferred, typically for two months, until the initial (inten-
sive) phase of TB treatment is complete. However, delay in ART 
initiation may lead to further immunological decline and poor 
clinical outcomes, including increased mortality.64,212 Severely ill 
individuals and those with CD4 counts <200 cells/mm3 are 
believed to have improved survival with earlier HAART initiation, 
although further study is needed. General recommendations are 
to delay HAART for 2 weeks to provide time to assess tolerance 
of the TB therapy. Monitoring, including clinical evaluation and 
liver enzyme tests, should be more frequent during TB and 
HAART co-administration. Bi-weekly monitoring of liver enzymes 
for the fi rst 6–12 weeks of therapy is reasonable if resources are 
available.

Pregnancy and HAART regimen

Treatment of HIV during pregnancy may preserve the health of 
the mother and reduce risk of transmission to the infant. Current 
evidence suggests that HAART is safe and of low risk to the fetus.213 
However, non-human primate studies of efavirenz and tenofovir 
have suggested increased risk for neural tube defects and bone 
defects, respectively.214 However, clinical experience with efavi-
renz has not identifi ed a marked increase in birth defects among 
infants born to women receiving efavirenz during pregnancy.215 
In addition, after the fi rst trimester, the neural tube has formed 
and use of efavirenz is likely to be as safe as any other HAART 
agent. If early pregnancy is detected in a women receiving efavi-
renz, it is prudent to switch to nevirapine. When HAART initiation 
is being considered, current guidelines recommend waiting until 
the second trimester for HAART initiation.

HIV RNA suppression with HAART close to the time of delivery 
greatly reduces the risk of mother-to-child transmission of HIV 
(2% risk vs 36% risk of transmission). Furthermore, HAART 
improves maternal health and survival. Thus HAART initiation is 
recommended during pregnancy in a women with a CD4 count 
<350 cells/mm3. Severely ill women with symptomatic HIV disease 
should have HAART initiated as soon as they are ready. For other 
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women, waiting until after the fi rst trimester is reasonable to 
reduce the teratogenic risk of HAART.

Hepatitis B co-infection and HAART regimen

Chronic hepatitis B (the persistence of hepatitis B surface antigen 
for more than 6 months) can lead to cirrhosis and hepatocellular 
carcinoma. Suppression of HBV replication among individuals 
with active chronic hepatitis B (evidence of liver disease, HBV 
DNA levels >104 copies/mL, or hepatitis e antigen positive) can 
reduce the progression of liver disease.216 Three widely available 
HIV agents, lamivudine, emtricitabine and tenofovir, are active 
against HBV. Thus individuals with chronic HBV-HIV co-infection 
are likely to have better long-term outcomes if an HBV active ART 
agent is included in the regimen. Ideally, the fi rst-line regimen of 
someone with chronic HBV includes lamivudine or emtricitabine 
and tenofovir. If the fi rst-line HAART therapy fails for HIV sup-
pression, an HBV suppressive agent should be continued in the 
subsequent therapy, even if it is unlikely to contribute substan-
tially to suppression of HIV. For example, lamivudine or tenofovir 
can be continued along with other HAART agents selected for a 
second-line regimen. In addition to improving HBV outcomes, 
this reduces the risk of a hepatitis fl are at the time of discontinu-
ation of the suppressive agent.217 Overall, tenofovir has the advan-
tage of a much higher barrier to HBV resistance than lamivudine, 
HBV develops resistance to lamivudine at a rate of 25% per 
year.218

When to initiate HAART

HAART should be initiated in any individual with WHO stage III 
or IV HIV (Table 20.7) irrespective of CD4 count or total lympho-
cyte count (TLC). In asymptomatic individuals, HAART initiation 
should be considered once the CD4 count is <350 cells/mm3 or 
total lymphocyte count is <1200 cells/mm3. This is consistent with 
recommendations in industrialized countries as well as the guide-
lines of some non-governmental organizations in Africa;47 however, 
the WHO current guidelines recommend starting HAART when the 
CD4 count is <200 cells/mm3.60 Given poorer success with HAART 
when starting at low CD4 counts and the cost of managing oppor-
tunistic illnesses, both the health of a patient and the overall 
fi nances of a healthcare system may be better with HAART initia-
tion before the CD4 count is <200 cells/mm3 (i.e. using <350 
cells/mm3 as a cut-off for HAART initiation in asymptomatic indi-
viduals).64,219–221 For reasons of medication cost, the WHO recom-
mends HAART initiation at CD4 < 200 cells/mm3.

Before starting HAART, appropriate patient education is essen-
tial to increase the chance of adherence to therapy (see section on 
adherence). An approach of multiple (1–3) structured education 
and counselling sessions that provide education regarding HIV 
and HAART at a culturally and educationally appropriate level is 
important.

Clearly, any decision to start HAART must also involve the 
patient’s desire and readiness for starting therapy. The WHO HIV/
AIDS Programme HAART recommendations are an excellent 
resource for current and rapidly evolving recommendations 
regarding details of ART (http://www.who.int/hiv/pub/
guidelines). National guidelines should be referred to for initia-
tion and monitoring of ART.

Monitoring HAART

The goals of monitoring HAART are to: (1) reinforce adherence, 
(2) assess for side-effects, (3) assess for emergence of opportunis-
tic illnesses, (4) assess success of HIV RNA suppression and (5) 
assess CD4 rise. Routine monitoring is vital for successful HAART 
therapy. Frequency of monitoring depends on local resources. The 
WHO recommends evaluation at least every 6 months. Table 20.8 
shows a schedule for minimum assessments to identify HIV-
related illness, treatment side-effects and treatment success or 
failure.

HIV suppression and determination of 
treatment success or failure

Treatment success and failure is best assessed by direct measure of 
circulating HIV. Direct testing usually means assaying viral load 
via PCR to measure serum HBV RNA levels. While this is the 
technique with which the most clinical experience has been 
amassed, assays of viral antigens (i.e. p24) are also reasonable 
measures of circulating HIV. Surrogate markers, such as CD4, 
weight change and new opportunistic illnesses lack sensitivity and 
specifi city for failure of HIV suppression and, when they do indi-
cate failure to suppress HIV, may lag behind the virologic failure 
by many months. For example, 5–10% of individuals without HIV 
suppression have initial increase in CD4 count.222 Thus, the poor 
sensitivity and specifi city of these techniques for monitoring leads 
to inappropriate switching to second-line regimens when there is 
no virologic failure, the development of potentially fatal oppor-
tunistic infections and the risk for the emergence of signifi cant 
cross-resistant HIV mutations while on non-suppressive therapy 
that appears to be working but is not suppressing HIV.

Within days of starting HAART the HIV RNA level declines; 
within 2 weeks, a 2 log10 decline in HIV RNA occurs.223 After this 
initial drop, there is a slower second phase of decline leading to 
an HIV RNA < 50 copies/mL by 24 weeks of HAART.

Failure to have an undetectable HIV RNA by 24 weeks or rise 
to detectable levels after achieving suppression is a result of inad-
equate adherence, malabsorption of HAART agents, drug resis-
tance, or a combination of resistance and inadequate adherence. 
Laboratory error may also lead to erroneous results. However, 
there is currently no consensus on a defi nition for virologic failure 
for use in low-income regions. Creating a defi nition is compli-
cated by ‘blips’ in HIV RNA that are likely clinically meaningless 
elevations in HIV RNA between 50 copies/mL and <400 copies/
mL. An HIV RNA > 1000 copies/mL is a meaningful rise and 
should be considered a viral breakthrough. The WHO has recom-
mended a cut-off of 10 000 copies/mL to defi ne virologic 
failure.

We recommend that if a patient has an HIV RNA elevation 
>1000 copies/mL, treatment failure should be suspected and a 
management algorithm initiated. The fi rst step is to reassess 
patient adherence and any illnesses occurring prior to HIV RNA 
testing that may have interfered with taking pills (e.g. acute gas-
troenteritis), to address barriers to adherence and to provide addi-
tional adherence counselling. We recommend follow-up testing 
1–3 months after the fi rst HIV RNA > 1000 copies/mL. A persis-
tently elevated HIV RNA > 1000 copies/mL is suggestive of either 
HIV resistance or continued inadequate adherence. As a clinical 
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Table 20.7 WHO clinical staging of HIV

Clinical Stage 1 Asymptomatic
Persistent generalized lymphadenopathy (lymphadenopathy >1 cm for >3 months without other explanation)

Clinical Stage 2 Unexplained weight loss (<10%)
Recurrent upper respiratory tract infections
Herpes zoster (shingles)
Angular cheilitis
Recurrent oral ulceration
Papular pruritic eruptions
Seborrheic dermatitis
Fungal nail infections

Clinical Stage 3 Unexplained weight loss (>10%)
Unexplained chronic diarrhoea (>1 month)
Unexplained persistent fever
Persistent oral candidiasis
Oral hairy leukoplakia
Pulmonary tuberculosis
Severe bacterial infections (pneumonia, empyema, pyomyositis, bone or joint infections, meningitis, bacteraemia, 
pelvic infl ammatory disease)
Acute necrotizing ulcerating stomatitis, gingivitis, or periodontitis
Unexplained anaemia (haemoglobin <8 g/dL), neutropenia (neutrophils <0.5 × 109/L), or thrombocytopenia 
(<50 × 109/L)

Clinical Stage 4 HIV wasting (>10% weight loss, plus either chronic diarrhoea or chronic fevers or night sweats without other 
explanation)
Pneumocystis jiroveci pneumonia (PCP)
Recurrent bacterial pneumonia (2+ episodes within 6 months)
Chronic cutaneous herpes simplex
Candida oesophagitis
Extrapulmonary tuberculosis
Kaposi’s sarcoma
Cytomegalovirus infection
CNS toxoplasmosis
HIV-associated dementia
Extrapulmonary cryptococcosis
Disseminated non-TB mycobacterial infection
Progressive multifocal leukoencephalopathy
Chronic cryptosporidiosis (>1 month)
Chronic isosporiasis (>1 month)
Disseminated coccidiomycosis or histoplasmosis
Recurrent septicaemia
Lymphoma
Invasive cervical carcinoma
Atypical disseminated leishmaniasis
Symptomatic HIV-associated nephropathy or cardiomyopathy

Table 20.8 HAART monitoring schedule

Entry into 
HIV care

Initiation of 
HAART

Week 2 Week 4 Week 6 Week 12 Every 6 
months

History and physical X X X X X X X

Haemoglobin X X X X X

ALT X X X X X

HIV RNA, CD4 X X X
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note, an HIV RNA > 100 000 copies/mL suggests minimal, if any, 
pill taking and a lower risk for resistance. After reassessing adher-
ence, it is appropriate to switch to a second-line HAART regimen. 
Because of the importance of achieving virologic success with this 
regimen, treatment supporters, an adherence programme, or 
‘DOT’-HAART should be considered when starting this second-
line regimen. We recommend repeat HIV RNA assay at three 
months. Persistent elevation after regimen change is strongly sug-
gestive of adherence problems; however, drug interactions and 
poor absorption can also contribute. Management can follow 
the same algorithm as for treatment failure with the fi rst-line 
regimen.

CD4 response

Suppression of HIV replication usually leads to CD4 rise. This rise 
occurs in two phases. The fi rst phase occurs during the fi rst 3 
months of HAART and represents a redistribution of memory 
CD4 cells from lymphoid tissue. Typical rise during this period is 
2.5–5.5 cells/mm3 per week.224–227 The second phase is slower and 
is driven by the expansion of naïve CD4 cells. During this phase, 
the average increase is 0.73–3.1 cells/mm3 per week.224–227 This 
second phase continues for at least 4–6 years during suppressive 
HAART.226,228

Multiple factors contribute to CD4 response including treat-
ment of other illnesses, such as TB, baseline CD4 count, nutri-
tional status and development of intercurrent opportunistic 
illnesses. Furthermore, a subset of individuals has a discordant 
HIV RNA-CD4 response. Virologic suppression without CD4 rise 
occurs among 10–20% of patients started on HAART. Studies 
from industrialized countries have identifi ed associations with 
older age, lower nadir CD4 count and lower baseline HIV RNA 
level.222,229 However, individuals with HIV RNA suppression, even 
without CD4 rise, have improved survival and fewer opportunis-
tic illnesses than those without HIV RNA suppression. Thus, the 
management strategy is to continue the HAART regimen, maxi-
mize nutrition and seek other infections, especially subacute or 
chronic illnesses such as TB. Some individuals have delayed 
recovery and continued HAART may lead to CD4 increase 
within 1 year among half of patients within initial discordant 
responses.

Stopping HAART

HAART should be stopped in the setting of severe HAART-related 
side-effects, patient desire to stop HAART, need to have nothing 
per mouth following major abdominal surgery and regimen 
failure. Stopping HAART in the setting of a suppressed HIV RNA 
level has specifi c considerations. NRTIs and PIs have a relatively 
short plasma half-life (0.5–17 h) and intracellular half-life (4–
40 h except for tenofovir which has a half-life of 150 h). The 
half-life of NNRTIs is much longer (40–160 h). As a result, thera-
peutic levels of NNRTIs may persist in the serum long after elim-
ination of co-administered agents. This leads to a risk of emergence 
of resistance to the NNRTI agent during the days to weeks it has 
signifi cant plasma levels. Staggered stopping of treatment has the 
potential to reduce the development of resistance.230 For example, 
the NNRTI component is stopped and the NRTI backbone contin-
ued for two additional weeks. Another option is to stop the NNRTI 

and add a PI to the NRTI backbone to continue for 2–4 weeks 
after halting the NNRTI.

There is no role at present for structured treatment interrup-
tions. Multiple studies have demonstrated worse outcomes among 
individuals in treatment interruption arms.231,232

Conclusions

The future success of HIV care in low-income countries depends 
on identifying a higher proportion of HIV-infected individuals 
and identifying them earlier in the disease course. This will allow 
earlier initiation of comprehensive HIV care. Currently in Africa, 
only an estimated 10% of HIV-infected individuals are aware of 
their HIV status.233 An even smaller proportion are engaged in HIV 
care. However, expansion of care will not be able to keep pace 
with need unless signifi cant successes are rapidly seen with pre-
vention. A renewed commitment to prevention with use of cir-
cumcision, innovative social interventions, condom promotion 
and increased PMTCT is essential.
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Section 3 System-oriented Disease

Chapter 21 John Richens and David C. W. Mabey

Sexually Transmitted Infections 
(Excluding HIV)

Sexually transmitted infections (STIs) are among the most 
common reasons for seeking medical care in developing countries, 
accounting for 10% or more of medical consultations in some 
parts of Africa.1 Nevertheless, and in spite of their serious con-
sequences (particularly for women and children), and extensive 
evidence that they facilitate the transmission of human immuno-
defi ciency virus (HIV) through sexual contact,2 they have often 
been accorded low priority by medical professionals and health 
planners. The consequent lack of good facilities for their manage-
ment has led many patients with these conditions to seek treat-
ment outside the formal health sector, with inadequate treatment 
regimens leading to increasing antimicrobial resistance among 
sexually transmitted pathogens. Because so few statistics are avail-
able for patients treated outside the formal health sector, the 
extent of the problem continues to be underestimated.

EPIDEMIOLOGY OF SEXUALLY 
TRANSMITTED DISEASES

Certain broad generalizations can be made about the epidemiol-
ogy of sexually transmitted diseases (STIs). Clearly, they are dis-
eases of the sexually active, although mother-to-child transmission 
also occurs. None of the sexually transmitted agents described in 
this chapter has an epidemiologically signifi cant non-human res-
ervoir. They are more common among young adults, among single 
people of both sexes, and among those who travel. Although no 
sexually active individual is immune, certain groups can be iden-
tifi ed whose behaviour places them at higher risk than others. 
Such groups include sex workers and their clients, bar workers, 
adolescents, the military, truck drivers and sailors.

The behaviour of STIs within populations, as with other infec-
tious diseases, can be predicted if information is available about 
the proportion of individuals who are susceptible to infection, the 
average effi ciency of transmission per contact, the rates of contact 
between infected and uninfected persons and the average duration 
of infection. This is commonly expressed as the basic reproductive 
number (R0), i.e. the average number of new cases arising from 
one infected person, with the equation R0 = β × c × d where β = the 
transmission effi ciency, c = the rate of partner change and d = the 
duration of infection. The viral STIs which are persistent maintain 
themselves with ease, whereas some bacterial STIs such as chan-

croid, which are usually short-lived and require high rates of 
partner change to maintain themselves, can be brought under 
control relatively easily. Each of these factors is amenable to public 
health intervention, e.g. improving access to treatment, promot-
ing delay in sexual debut and the use of barrier methods of 
contraception.

Accurate STI prevalence fi gures are not routinely available for 
any developing country, but much useful information has been 
gathered during limited surveys of antenatal women.3 In a recent 
large research study in rural Uganda, a community-based survey 
of adults aged 15–59 years found the prevalence of syphilis to be 
10%, of gonorrhoea 1.6% and of chlamydial infection 3%. A total 
of 24% of women had Trichomonas vaginalis infection, and 51% 
had bacterial vaginosis.4 Table 21.1 shows a number of factors 
which may explain the higher incidence and prevalence of STIs in 
developing compared with industrialized countries. Lack of access 
to effective treatment probably explains much of the difference in 
the case of the curable STIs.

The relative importance of certain STIs is much greater in devel-
oping countries. For example, chancroid remains a common cause 
of genital ulceration in many African countries but has almost 
disappeared from Europe. Sporadic outbreaks among impover-
ished communities in North America in the 1980s suggest that 
this has more to do with socioeconomic factors than with climate. 
Donovanosis (granuloma inguinale) is highly prevalent in certain 
parts of Papua New Guinea, India and South Africa but appears 
to be rare outside these areas. The lack of reliable and cheap diag-
nostic tests for the three classical ‘tropical STIs’ – chancroid, don-
ovanosis and lymphogranuloma venereum (LGV) – has hindered 
attempts to study their epidemiology.

Because of the lack of adequate diagnostic and treatment facil-
ities for STIs in many developing countries, complications are 
commonly seen, particularly among women and children. Pelvic 
infl ammatory disease (PID), due in the majority of cases to gonor-
rhoea or chlamydial infection, is the most common cause of 
admission to gynaecology wards in Africa.5 Ectopic pregnancy as 
a sequela of PID is up to three times as common in Africa as in 
Europe, and tubal infertility, another common sequela, is wide-
spread, with up to 20% of women affected in some regions of 
Africa.6 The incidence of carcinoma of the cervix is extremely high 
in many developing countries. Some 2–3% of infants born in 
some African cities develop gonococcal ophthalmia neonatorum. 
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Congenital syphilis has been an important cause of hospital 
admission among infants aged less than 3 months in Lusaka, 
Zambia,7 and a recent study in Tanzania showed that syphilis was 
responsible for 50% of all stillbirths.8

Table 21.2 lists organisms transmissible by sexual contact and 
the diseases they cause. In this chapter, only those responsible 
for major morbidity in developing countries will be considered 
further.

CONTROL OF STIs

Strategies for the control of STIs include primary and secondary 
prevention, and, in the case of bacterial and protozoal infections, 
improving access to curative treatment. Primary prevention is 
health education given to young people before they are exposed 
to the risk of STIs, emphasizing the importance of delaying the 
onset of sexual activity, limiting the number of their sexual part-
ners, and using condoms to reduce risk. Secondary prevention 
refers to health education given to individuals with STIs, aimed 
at reducing the risk to their sexual partners, and the likelihood of 
their becoming reinfected.

Improved case management, in which accessible, affordable 
and effective treatment is made available to patients with symp-
tomatic STIs, is a cornerstone of STI control. Effective treatment 
should be given at the fi rst visit, to reduce onward transmission 
and the likelihood of complications. The treatment of sexual part-
ners of STI patients is also of critical importance for STI control. 
Since many STIs are asymptomatic, especially in women, screen-
ing programmes can play an important role in STI control; for 
example, screening of pregnant women is an important strategy 
for the prevention of congenital syphilis. Effective control of STIs 
cannot be achieved by health ministries in isolation. Coordinated 
multisectoral interventions which attempt to address broader soci-
etal issues that allow STIs to thrive (e.g. migrant labour and pros-
titution) also need to be tackled vigorously.9

STIS AND HIV INFECTION

There is no doubt that other STIs, by causing infl ammation and 
ulceration of the genital tract, facilitate the transmission of HIV 
infection through sexual contact.2 Ulcerative STIs, in particular, 
increase both the infectivity of HIV-positive individuals, and the 
susceptibility of HIV negatives, by a factor of 10–100 per sexual 

exposure.10 Gonococcal and chlamydial infection have been shown 
to increase the shedding of HIV at the cervix, and gonorrhoea to 
increase the shedding of HIV in seminal fl uid.11 An intervention 
trial in Tanzania showed that the incidence of HIV infection was 
reduced by 40% following the introduction of improved case 
management of STIs, using the syndromic approach, in rural 
health centres.12 These studies have given renewed impetus to STI 
control programmes.

HISTORY-TAKING AND EXAMINATION IN 
THE STI CLINIC

It is not possible to provide a good clinical service for STIs unless 
one gains the confi dence of the patient(s). This requires privacy 
and the avoidance of a moralistic attitude.

It is usually possible to take a history and examine a patient 
with an STI in 10 minutes. When taking a history, the following 
information should be collected13:
1. The nature and duration of the symptoms.
2. The nature of any treatment already taken for this condition.
3. A sexual history, which should indicate when and with whom 

the patient has had sexual intercourse. This information is 
essential in order to attempt contact tracing and/or partner 
notifi cation. Information about the type of sexual activity and 
condom use will assist in examination, collection of speci-
mens and preventive counselling.

4. Past medical history and history of previous STIs and HIV 
testing.

5. History of drug allergy.
6. In female patients a menstrual and obstetric history should be 

taken.
STI patients should always be counselled concerning risk reduc-
tion, including the promotion of condom use; the importance of 
compliance with the full course of treatment if directly observed 
single-dose treatment is not given; and the importance of referring 
sexual contacts for treatment.

The examination should be carried out in private in a good 
light. After examination of the mouth and palms, patients should 
be exposed from the umbilicus to the knees. The skin of the 
abdomen, groins and perineum should be examined in particular 
for evidence of scabies and pediculosis, and the inguinal glands 
palpated. In males the penis should be inspected, after retraction 
of the foreskin in uncircumcised patients. If a urethral discharge 
is not apparent, evidence of urethritis can be sought by milking 
the urethra forward and examining the meatus for discharge. The 
scrotum should be palpated for evidence of epididymitis. Female 
patients should be examined in the lithotomy position. The lower 
abdomen should be palpated for evidence of PID (masses and/or 
tenderness) and, after inspection of the vulva, a vaginal speculum 
should be passed. The cervix should be examined and the specu-
lum then slowly withdrawn while the walls of the vagina are 
examined. Bimanual examination is used to identify pelvic masses 
and/or tenderness. The presence of pain on moving the cervix 
(cervical excitation tenderness) suggests the presence of PID. In 
both sexes the perianal skin should also be inspected, and proc-
toscopy may be performed to check for rectal infections.

The laboratory investigations requested will depend on the 
facilities available. In general they should be selected on the prin-

Table 21.1 Factors contributing to the high incidence of 
STIs in developing countries

1. Demographic factors (high proportion of population are 
young adults)

2. Rural–urban migration with breakdown of traditional 
customs

3. Prostitution

4. Lack of adequate medical services

5. High prevalence of antibiotic-resistant strains of Neisseria 
gonorrhoeae, Haemophilus ducreyi

6. Polygamy
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Table 21.2 Sexually transmitted infections in humans

Agent Disease

STIs PRODUCING GENITAL LESIONS

Viruses Herpes simplex virus Genital herpes, disseminated and neonatal herpes infection

Human papilloma virus Genital warts, juvenile laryngeal papillomatosis, squamous carcinoma in 
anogenital area

Molluscum contagiosum virus Molluscum contagiosum

Bacteria Neisseria gonorrhoeae Gonococcal infections of urethra, epididymis, pharynx, rectum, conjunctiva, 
upper genital tract of women, disseminated gonorrhoeal infection

Chlamydia trachomatis, serotypes D–K As for gonorrhoea, except for disseminated infection; also infantile 
pneumonia and reactive arthritis

Chlamydia trachomatis, L1,2,3 serotypes Lymphogranuloma venereum

Ureaplasma urealyticum Non-gonococcal urethritis

Mycoplasma genitalium Urethritis, cervicitis and pelvic infection

Haemophilus ducreyi Chancroid

Treponema pallidum Syphilis

Gardnerella vaginalis and anaerobes Bacterial vaginosis

Klebsiella (formerly Calymmatobacterium) 
granulomatis

Donovanosis (granuloma inguinale)

Fungi Candida albicans Genital candidiasis

Protozoa Trichomonas vaginalis Trichomoniasis

Arthropods Phthirus pubis Pediculosis

Sarcoptes scabiei Scabies

INFECTIONS WHICH CAN BE SEXUALLY TRANSMITTED BUT WHICH DO NOT GENERALLY PRODUCE GENITAL LESIONS

Viruses Hepatitis viruses Hepatitis A–D

Cytomegalovirus (CMV) CMV infections of newborn and immunosuppressed

HIV Acquired immune defi ciency syndrome

HTLV-1 Tropical spastic paraparesis, T cell leukaemia/lymphoma

Bacteria Shigella spp. Shigellosis

Campylobacter spp. Campylobacter enteritis

Salmonella spp. Salmonellosis

Group B streptococcus Neonatal sepsis

Protozoa Giardia lamblia Giardiasis

Cryptosporidium spp. Cryptosporidosis

Entamoeba histolytica Amoebiasis*

Helminths Enterobius vermicularis Enterobiasis

Strongyloides stercoralis Strongyloidiasis

Trichuris trichiura Trichuriasis

*Occasionally produces anogenital ulceration in tropical countries.
Source: World Health Organization.

ciple that a patient with one STI is also at increased risk of other 
STIs; that is, they should not be limited to tests designed to iden-
tify the cause of the present symptoms. All patients with an STI 
should be screened for syphilis. Whether they should also be 
screened for HIV depends on the availability of counselling and 
of treatment for those found to be positive.

In settings where laboratory diagnosis is not feasible, the World 
Health Organization (WHO) recommends syndromic manage-

ment, in which patients with a syndrome such as urethral dis-
charge or genital ulcer are treated for all the likely causes of that 
syndrome.14 Even when laboratory diagnosis is available, syn-
dromic management has the advantage that treatment is given at 
the fi rst visit, rather than relying on the patients to return for their 
results. Effective syndromic treatment depends on knowledge of 
local disease patterns and antimicrobial susceptibilities; a labora-
tory is required to monitor these, preferably in each country or 

History-taking and Examination in the STI Clinic
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province.15 WHO syndromic treatment fl ow charts for eight 
common STI syndromes are shown in Figure 21.1. The advantages 
and disadvantages of syndromic management are shown in Table 
21.3. The fl ow chart for vaginal discharge is the least satisfactory, 
as many women with this complaint are not suffering from an 
STI. This not only leads to over-treatment, but can also jeopardize 
relationships if such women are asked to refer their partners for 
STI treatment.

DISEASES CAUSING A GENITAL DISCHARGE

Urethral discharge in males

Urethritis in males is either gonococcal, non-gonococcal or of 
mixed aetiology; the presence of gonococci is easily demonstrated 
by Gram stain. When the Gram stain is negative, the presence of >5 
polymorphs per high-power fi eld is accepted as evidence of non-
gonococcal urethritis. In most developing countries, the majority 
of cases presenting to hospital are gonococcal. Up to 50% of cases 
of non-gonococcal urethritis are due to Chlamydia trachomatis; a 
proportion of the remaining cases are associated with Mycoplasma 
genitalium,16–19 and a small percentage may harbour Trichomonas 
vaginalis or adenovirus.20 According to the WHO syndromic man-
agement guidelines, men with urethral discharge should be treated 
for both gonorrhoea and chlamydial infection (this will also cover 
most cases of Ureaplasma and Mycoplasma infection). Cases in 
which it is possible to exclude gonorrhoea by microscopy of a Gram 
stain can be treated for chlamydial infection alone.

Gonorrhoea

Gonorrhoea is the most prevalent bacterial STI in the tropics. The 
causative organism, Neisseria gonorrhoeae, a Gram-negative oval 
diplococcus found only in man, is especially adept at colonizing 
the epithelial surfaces of the male and female urogenital tract, 
conjunctiva, pharynx, rectum and synovium.

Pathogenesis

Virulence is conferred by the presence of pili which mediate adher-
ence, suffi cient to withstand hydrodynamic forces within the 

urethra, and which also inhibit uptake by phagocytes. Invasion 
and multiplication have been demonstrated in mucus-secreting 
non-ciliated cells of the Fallopian tubes. No specifi c toxins 
produced by N. gonorrhoeae have been identifi ed but the lipo-
oligosaccharide and peptidoglycan components have been impli-
cated in inhibition of ciliary function and the genesis of synovitis, 
respectively. N. gonorrhoeae is highly adept at avoiding the host 
immune response. The pilus antigens, the protein designated Por 
(formerly protein I , PI) and the lipo-oligosaccharide are all capable 
of antigenic variation suffi cient to permit repeated reinfection of 
the same host within a short period. Antibodies to Rmp (formerly 
PIII) do not fi x complement and can block bactericidal, comple-
ment-fi xing antibodies to the lipo-oligosaccharide. The bacteria 
produce an IgA1 protease which may impair the host mucosal 
immune response. The mucosal immune response to infection is 
characterized by the production of IgA, IgM and IgE, which can 
inhibit adherence and facilitate opsonization. These responses 
have been demonstrated in both infected and non-infected exposed 
contacts of infected individuals. Strains responsible for dissemi-
nated gonococcal infection have been shown to be less susceptible 
to killing by human serum, are less chemotactic to neutrophils and 
elicit greater amounts of blocking antibody.

Clinical features

The risk of contracting gonorrhoea after a single exposure is about 
20% for males and probably higher for females. Typically men 
develop symptoms after a 2–5-day incubation period, with 90% 
of symptomatic infections manifesting within 14 days. Asymp-
tomatic infections are frequent in women – up to 80% of infec-
tions are detected in contacts of symptomatic partners. Recent 
community-based studies from Tanzania have indicated much 
higher levels of asymptomatic gonorrhoea in males than previ-
ously recorded (about 85%).21

Symptomatic uncomplicated infections in males typically 
manifest as a thick, yellow urethral discharge. In females vaginal 
discharge or dysuria are the major symptoms. Accompanying 
symptoms include a variable degree of meatal itching, burning, 
dysuria, frequency and oedema. Infections of the pharynx and 
rectum (mostly asymptomatic) can result from orogenital and 
genitoanal sexual contact in males, but in females the rectum is 
easily infected by contamination from an infected vaginal dis-
charge. Gonococcal infection may present as vulvovaginitis in 
children infected by sexual abuse or by infected fomites.

Complications in men

In males, spread of the infection to the epididymis, usually uni-
laterally, is the most common complication (20% of patients not 
receiving antibiotics). Acute epididymitis has initially to be distin-
guished from acute torsion. Because it is often diffi cult to establish 
an aetiological diagnosis, sexually active males should be given 
treatment that is effective for gonorrhoea and chlamydia. Some 
cases will be due to mumps virus infection, and in older men 
Gram-negative bacilli from the urinary tract may be responsible.

The older literature on gonorrhoea describes a number of com-
plications seldom encountered in industrialized countries but 
which may still be seen in the tropics.22 These include abscess and 

Table 21.3 Advantages and disadvantages of syndromic 
management of STIs

ADVANTAGES

Simple

Rapid

No laboratory required

Treatment given at fi rst visit, preventing complications and further 
transmission

Simplifi es reporting and supervision

DISADVANTAGES

Leads to over-treatment, especially in women

May lead to problems with partner notifi cation, especially in 
women who are told they have an STI when they do not

Only symptomatic STIs treated

Text continued on p. 417
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Figure 21.1 WHO fl ow charts (1-1–1-9) for the management of common STI-associated syndromes (World Health Organization 2003).
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fi stula formation resulting from spread of infection to various 
glands associated with the genitourinary tract (prostate, glands 
of Tyson, Littré, Cowper). Ultimately, these may lead to urethral 
stricture, a diffi cult complication to manage, which appears to 
show marked geographical variation in the tropics.23,24

Complications in women

In women, common local complications are infections of the 
paraurethral (Skene’s) glands and Bartholin’s glands (Figure 21.2). 
Much more serious complications may ensue when infection 
spreads into the uterus and Fallopian tubes. Abortion, delivery 
and insertion of intrauterine devices are risk factors for ascending 
infection. Unusual uterine bleeding in sexually active women 
should prompt consideration of a possible gonococcal endome-
tritis. Further spread may lead to acute complications such as acute 
salpingitis and abscess formation or long-term problems of 
chronic PID, and increased risk of ectopic pregnancy (increased 
10-fold after one episode of salpingitis). Acute salpingitis has to 
be differentiated clinically from ectopic pregnancy (pregnancy 
test, ultrasonography) and acute appendicitis (laparoscopy).

Sterility may complicate both overt and silent infection in 
either sex. In a study from central Africa Fallopian tube occlusion 
was present in 83% of infertile women.25 Acute salpingitis has 
been estimated to produce sterility in 17% of patients, the risk 
rising with multiple episodes of infection, in older patients and 
with more severe infl ammation. Gonorrhoea in pregnancy has 
been associated with low birth weight,26 premature rupture of 
membranes, chorioamnionitis and postpartum upper genital tract 
infection.27 There is also a higher risk of disseminated gonococcal 
infection.

Disseminated infection

Disseminated gonococcal infection may arise in about 2% of 
patients with gonorrhoea. The local infection from which it 
originates is often asymptomatic. It manifests most often as an 
asymmetric oligoarthritis with a predilection for knees, ankles, 
and large and small joints of the upper limb. Tenosynovitis 
occurs frequently. The skin lesions (classically the tender necrotic 
pustule, but many other forms also occur) often noted in white 
skins are rare in dark-skinned patients. Gonococcal arthritis 
accounts for as much as 20% of acute arthritis in young adults in 
the tropics.28 It has to be differentiated from other septic arthriti-
des, and in particular from reactive arthritis, which is also often 
sexually acquired. Rarer manifestations of disseminated gonococ-
cal infection include endocarditis and meningitis. Disseminated 
infections can no longer be expected to respond to penicillin as 
in the past. Treatment effective against penicillinase-producing 
strains is required. A total of 7 days therapy is recommended.

Ocular gonococcal infections

Ocular gonococcal infection in adults, which is presumed to 
follow autoinoculation with a contaminated fi nger in most cases, 
is a common and potentially blinding complication in developing 
countries.29 It presents as an acute purulent conjunctivitis which 
may progress rapidly to corneal perforation in the absence of 
adequate systemic and topical antimicrobial treatment.

Ophthalmia neonatorum

Ophthalmia neonatorum is defi ned as an acute conjunctivitis 
occurring in the fi rst month of life. The high prevalence of infec-
tion with N. gonorrhoeae and C. trachomatis among pregnant 
women in many tropical countries is refl ected in a correspond-
ingly high incidence of ophthalmia neonatorum, which occurs in 
30–50% of children born to infected mothers if prophylaxis is 
not administered.

Ophthalmia neonatorum usually presents as an acute bilateral 
purulent conjunctivitis (Figure 21.3). Gonococcal infections fre-
quently present in the fi rst week and can lead to blindness. The 
diagnosis can often be made by microscopy (Gram stain for gon-

Figure 21.2 Acute bartholinitis due to gonorrhoea (Courtesy of 
D. Mabey).

Figure 21.3 Gonococcal ophthalmia in a 7-day-old 
neonate (Courtesy of D. Mabey).

Diseases Causing a Genital Discharge
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Table 21.4 Recommended treatment for STIs*

Disease First-line antibiotics Alternative antibiotics Notes
Gonorrhoea Cefi xime 400 mg  ×  1

Ceftriaxone 125 mg or 250 mg 
injection  ×  1
Spectinomycin 2 g injection  ×  1

Ciprofl oxacin 500 mg  ×  1
Ofl oxacin 400 mg  ×  1

Resistance to penicillin, tetracyclines and 
quinolones is now widespread. Presumptive 
treatment for chlamydia co-infection is 
recommended. Disseminated infections 
require daily treatment for 1 week.

Gonococcal 
ophthalmia

Ceftriaxone 50 mg/kg 
injection  ×  1

Spectinomycin 
25 mg/kg  ×  1 or kanamycin 
25 mg/kg  ×  1

Special precautions need to be taken to avoid 
nosocomial spread of infection.

Chlamydia Doxycycline 100 mg twice daily 
for 1 week
Azithromycin 1 g  ×  1

Erythromycin 500 mg twice 
daily for 10–14 days
Ofl oxacin 200 mg or 
400 mg daily for 7 days

Amoxicillin has been validated for use in 
pregnant women. Azithromycin is 
recommended for pregnant women by WHO 
but is not yet licensed for this use in the UK.

Chlamydial 
ophthalmia

Erythromycin syrup 50 mg/kg 
per day divided in 4 doses for 
14 days

Early syphilis Benzathine penicillin 2.4 mU 
injection  ×  1
Azithromycin 2 g  ×  1

Doxycycline 100 mg twice 
daily for 14 days
Tetracycline
Erythromycin
Ceftriaxone
Procaine penicillin
Erythromycin

Strains of T. pallidum with resistance to 
azithromycin have been reported in some 
parts of the world. Extended courses of 
penicillin are needed for late or complicated 
syphilis. Doses of benzathine are usually 
given half into each buttock.

Early congenital 
syphilis

Aqueous Benzylpenicillin 
50 000 IU/kg 12-hourly i.v. for 
7 days then 50 000 IU/kg 
8-hourly i.v. for a further 3 days

Chancroid Ciprofl oxacin 500 mg twice 
daily for 3 days
Ceftriaxone 250 mg 
injection  ×  1
Azithromycin 1 g  ×  1

Erythromycin 500 mg 3–4 
times daily for 7 days

Fluctuant inguinal buboes may require needle 
aspiration or incision and drainage.

Lymphogranuloma 
venereum

Doxycycline 100 mg twice daily 
for 21 days
Azithromycin 1 g weekly for 3 
doses

Erythromycin 500 mg 4 
times daily for 21 days
Tetracycline or minocycline

Donovanosis Azithromycin 1 g, then 500 mg 
daily or 1 g weekly
Doxycycline 100 mg twice daily

Erythromycin 500 mg twice 
daily
Ciprofl oxacin 750 mg twice 
daily
Tetracycline
Co-trimoxazole

Treatment should be continued until lesions 
have re-epithelialized.

Trichomoniasis Metronidazole 2 g  ×  1 Tinidazole 2 g  ×  1

Bacterial vaginosis Metronidazole 2 g  ×  1 or 
4–500 mg twice daily for 
5–7 days

Clindamycin 2% cream 5 g 
daily for 7 days

Treatment of sexual partners is not indicated.

Candidiasis Clotrimazole 500 mg  ×  1
Fluconazole 150 mg  ×  1
Miconazole or clotrimazole 
200 mg daily for 3 days

Nystatin Treatment of sexual partners is not indicated.
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orrhoea, Giemsa stain for chlamydial inclusions). Cultures should 
be made when possible. Systemic and topical treatment (Table 
21.4) should be administered to the neonate, and the mother and 
her sexual partner(s) should also be treated.

The use of ocular prophylaxis in countries where the prevalence 
of gonorrhoea in antenatal women exceeds 1% is highly cost-
effective. A trial in Kenya showed that the instillation of 1% silver 
nitrate or 1% tetracycline ointment into the eyes of infants at 
delivery was equally effective in preventing gonococcal ophthal-
mia neonatorum,30 but since it was conducted the prevalence of 
tetracycline-resistant strains of N. gonorrhoeae has increased greatly 
in developing countries; in some studies, 90% or more of strains 
were found to be resistant.31 A later trial suggested that 2.5% povi-
done-iodine was as effective as 1% silver nitrate in preventing 
chlamydial and gonococcal ophthalmia.32

Laboratory diagnosis

The defi nitive diagnosis of gonorrhoea rests on the isolation of 
N. gonorrhoeae. In many health facilities in the tropics, this is 
not feasible. The demonstration of Gram-negative diplococci 
in urethral smears (Figure 21.4) has a sensitivity and specifi city 
of >95% for the diagnosis of gonorrhoea in males, but both 
sensitivity and specifi city are considerably lower in females, where 
culture is the method of choice. In disseminated infection 
specimens from joints, blood or skin lesions give a rather poor 
yield and the organism may be isolated more readily from the 
genital tract.

When cultures are to be made, the sites for swabbing should 
be determined by the history and examination fi ndings. In males, 
it is best to obtain a urethral specimen by insertion and rotation 

Disease First-line antibiotics Alternative antibiotics Notes
Genital herpes 
(fi rst episode)

Aciclovir 200 mg fi ve times 
daily for 5–10 days

Famciclovir 250 mg three 
times daily for 7 days
Valaciclovir 1 g twice daily 
for 7 days

Topical therapy is less effective than the oral 
route. Aciclovir treatment is less useful during 
recurrent episodes. If used, it needs to be 
started <24 h after the onset of lesions.

Genital herpes 
(suppression)

Aciclovir 400 mg twice daily Valaciclovir 0.5–1 g daily
Famciclovir 250 mg twice 
times daily

Genital warts (self-
treatment)

Podophyllotoxin
Imiquimod 5% cream

Genital warts 
(provider 
treatment)

10--25% podophyllin
Cryotherapy with liquid 
nitrogen

80–90% trichloroacetic acid
Surgical excision or 
electrosurgery

Non-gonococcal 
urethritis

Doxycycline 100 mg twice a 
day for 7 days
Azithromycin 1 g  ×  1

Erythromycin 500 mg twice 
daily for 14 days
Ofl oxacin 400 mg daily for 
7 days

Treatment with metronidazole 2 g or 
azithromycin 1 g can be used in patients not 
responding to their fi rst treatment.

Pelvic 
infl ammatory 
disease

Treatment for gonorrhoea + 
doxycycline 100 mg twice daily 
+ metronidazole 400 mg twice 
daily for 2 weeks

Clindamycin 900 mg i.v. 
8-hourly + gentamicin 
1.5 mg/kg i.v. 8-hourly

Treatment for gonorrhoea may be omitted in 
low prevalence settings where a culture has 
been taken. Intravenous treatment is 
indicated for more severe cases and is 
continued for 3 days after improvement and 
then followed with oral doxycycline for 14 
days.

Epididymitis Treatment for gonorrhoea + 
treatment for chlamydia

Ciprofl oxacin 500 mg twice 
daily for 10 days
Ofl oxacin 200 mg twice 
daily for 7–14 days 

Above the age of 40 epididymitis is less likely 
to be caused by STIs and treatment for other 
pathogens such as E. coli with ciprofl oxacin 
or ofl oxacin may be indicated. Severe cases 
may require intravenous antibiotics.

Genital scabies Permethrin 5%
Malathion 0.5%

Benzyl benzoate 25%
Ivermectin 200 μg/kg 
repeated after 2 weeks

Ivermectin has proved useful in treatment of 
patients with crusted scabies.

Pediculosis Malathion 0.5%
Permethrin 1%
Phenothrin 0.2%

If the eyelashes are involved a 10 min 
application of permethrin 1% lotion with the 
eyes closed can be used.

These recommendations are drawn from STI Treatment Guidelines published by the World Health Organization, Centers for Disease Control and the British Association 
for Sexual Health and HIV.

Table 21.4 Continued

Diseases Causing a Genital Discharge
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of a swab in the urethra for 5 s. For women, the ectocervix should 
be wiped clean and a swab should be inserted into the cervical 
os and rotated for 10 s. Rectal swabs are best obtained through 
a proctoscope. N. gonorrhoeae is a delicate organism, highly sus-
ceptible to drying, and prompt inoculation of media and careful 
adherence to recommended laboratory technique is important 
to maximize isolation rates. Of newer reported methods for 
the diagnosis of gonorrhoea (e.g. antigen detection by immuno-
fl uorescence or enzyme immunoassay, serology, detection of 
gonococcal DNA), none has so far been shown to be superior 
to traditional methods.33

Treatment

Gonorrhoea is treated ideally with a single dose of supervised oral 
treatment (Table 21.4). The dose administered should give a serum 
level of at least three times the minimum inhibitory concentration 
for ≥8 h. Throughout the tropics an increasing proportion of iso-
lates of N. gonorrhoeae show both plasmid- and chromosomally-
mediated resistance to penicillin and other cheap antibiotics such 
as tetracycline and co-trimoxazole.31 Penicillinase-producing N. 
gonorrhoeae (PPNG) accounts for more than 50% of isolates in 
many tropical countries. WHO recommendations for the treat-
ment of uncomplicated gonorrhoea are shown in Table 21.4.14 The 
value of the traditional test of cure has been questioned and is 
now rarely needed when evidence-based treatment and gonococ-
cal strain surveillance are in place.

Treatment of contacts should extend to all individuals exposed 
within 2 weeks of the onset of symptoms in the index case and 
within 4 weeks of diagnosis of asymptomatic infected individuals. 
The issue of whether to give blind treatment for chlamydial infec-
tion to all patients with gonorrhoea is controversial but certainly 
worth serious consideration. This practice has been offi cially rec-
ommended in some developed countries.34

Prevention

The major obstacle to the control of gonorrhoea is the large res-
ervoir of asymptomatic or clinically non-specifi c infections in 
women and the diffi culty of establishing the diagnosis in women. 

The greatly increased cost of effective treatment for PPNG is an 
added burden for tropical countries. Given these constraints it is 
more appropriate to direct resources to condom promotion and 
other safe sex messages than to costly strategies to increase case-
fi nding and treatment. The development of vaccines for gonor-
rhoea has been hindered by the antigenic variation manifest by 
the organism.

Chlamydial infections

The demonstration in 1909 of chlamydial inclusions in cervical 
scrapings from the mother of an infant with inclusion conjuncti-
vitis and in urethral scrapings from her male partner laid the basis 
for our understanding of genital chlamydial infections, but it was 
not until it became possible to isolate C. trachomatis in tissue 
culture in 1965 that the extent of the morbidity due to this organ-
ism became clear.

Epidemiology

C. trachomatis is the most prevalent sexually transmitted bacterial 
pathogen in industrialized countries,35 and appears to be at least 
equally prevalent in developing countries (Table 21.1). Studies in 
industrialized countries have shown that genital chlamydial infec-
tion is more prevalent in younger age groups, even after taking 
account of differences in sexual activity, implying that some degree 
of protective immunity may develop after natural infection.

Aetiology

C. trachomatis is a Gram-negative bacterium which is an obligate 
parasite of eukaryotic cells. The genus Chlamydia has a unique life 
cycle. The metabolically inert infectious elementary body has a 
rigid cell wall and is adapted for extracellular survival. It appears 
to infect preferentially columnar epithelial cells, by which it is 
actively taken up. After entering the host cell it differentiates over 
a number of hours to the metabolically active reticulate body, 
which divides by binary fi ssion until an intracellular inclusion is 
formed, which may contain several thousand organisms. The life 
cycle is completed when reticulate bodies condense to form ele-
mentary bodies, which are released from the inclusion after lysis 
of the host cell.

A number of serotypes of C. trachomatis have been identifi ed 
by the microimmunofl uorescence test of Wang and Grayston.36 
Serotypes A–C cause ocular infection in trachoma endemic areas, 
whereas serotypes D–K cause genital tract infections worldwide. 
Serotypes L1, L2 and L3 are more invasive both in vitro and 
in vivo, and cause lymphogranuloma venereum (LGV).

Pathology

The pathological hallmarks of infection with C. trachomatis are: 
(1) the subepithelial lymphoid follicle; and (2) fi brosis and scar-
ring. The latter may progress for months and years even in the 
absence of chlamydial organisms demonstrable by conventional 
means. The host immune system is believed to play an important 
part in the pathogenesis of chlamydial infections, and a chla-
mydial heat shock protein of 57 kDa, which has been shown to 
elicit a delayed hypersensitivity reaction in previously infected 
animals may also be a determinant of immunopathology in 
humans.37

Figure 21.4 Appearance of Neisseria gonorrhoeae in a Gram-stained 
smear of urethral discharge.
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Clinical features

The clinical spectrum of disease due to chlamydial infection is 
similar to that seen in gonococcal infection. Although, in general, 
chlamydial infections are less likely than gonococcal to cause 
severe symptoms, they are more likely to cause serious sequelae, 
particularly in women.38

In males, chlamydial infection causes urethritis and, in a pro-
portion of cases, epididymo-orchitis. It is possible that urethral 
stricture is a late sequela of chlamydial urethritis.

In females, chlamydial cervicitis is often asymptomatic. Some-
times patients will complain of vaginal discharge, and the fi nding 
of a mucopurulent discharge at the cervical os is suggestive of 
chlamydial or gonococcal cervicitis. Ascending infection of the 
female genital tract may lead to endometritis, salpingitis or PID 
and this is facilitated by trauma to the cervix, for example during 
childbirth, insertion of an intrauterine device or termination of 
pregnancy. Because the symptoms of chlamydial PID are often 
mild, patients may present only when the sequelae of irreversible 
damage to the Fallopian tubes (infertility, ectopic pregnancy) 
become apparent. Infection may track to the right upper quadrant, 
giving rise to a perihepatitis with characteristic adhesions between 
the liver capsule and peritoneum (Curtis–FitzHugh syndrome).

In both sexes, a sexually acquired reactive arthritis has been 
described as a sequel of chlamydial infection. This may involve 
both large and small joints and be accompanied by enthesitis and 
skin lesions (circinate balanitis and keratodermia blennorrhag-
ica).

Some 30% of infants born to infected mothers become infected. 
In the majority of cases the only consequence of this is a self-lim-
iting conjunctivitis presenting within the fi rst 2 weeks of life, but 
occasionally chlamydial ophthalmia is more severe and if it per-
sists it may give rise to conjunctival scarring. A small proportion 
of infected infants develop chlamydial pneumonitis, presenting 
usually between the ages of 6 weeks and 3 months with a parox-
ysmal cough and tachypnoea in the absence of fever. Rales may 
be heard on clinical examination, and a chest radiograph often 
reveals extensive bilateral pulmonary infi ltrates with hyperinfl a-
tion. There is characteristically a raised serum total IgG and IgM, 
and a mild eosinophilia.39

Diagnosis

Nucleic acid amplifi cation tests (NAATS), such as the polymerase 
chain reaction (PCR) are now the gold standard for the diagnosis of 
genital chlamydial infection. Several are on the market, but they are 
expensive, and require expensive equipment as well as careful labo-
ratory practice. NAATS are more sensitive than antigen detection 
tests or isolation, the sensitivity of which is only approximately 
70%.40 This means that the type of specimen taken is less critical. 
Whereas for culture and antigen detection it was essential to collect 
intra-urethral or endocervical samples, NAATS give good results in 
fi rst-catch urine samples or self-administered vaginal swabs.

Serology has no place in the diagnosis of uncomplicated chla-
mydial infections, with the exception of the more invasive LGV, 
but may be helpful in the diagnosis of suspected PID and is the 
method of choice for the diagnosis of neonatal chlamydial pneu-
monia. It is only possible to distinguish between antibodies to the 
various species of Chlamydia by the micro-immunofl uorescence 
test, which is subjective and labour intensive. Other serological 

tests may give positive results due to infection with the highly 
prevalent respiratory tract pathogen, Chlamydia pneumoniae.

Management

C. trachomatis remains sensitive to tetracyclines and macrolides, 
and single-dose treatment with azithromycin is effective in uncom-
plicated chlamydial infection (Table 21.4).41

Vaginal discharge

The three most prevalent causes of vaginal discharge are Candida 
albicans, Trichomonas vaginalis and bacterial vaginosis. Neisseria 
gonorrhoeae and Chlamydia trachomatis, which infect the endocervix 
rather than the vagina, are less commonly associated with symp-
tomatic discharge. Unfortunately, it is not possible to distinguish 
reliably between these infections on clinical grounds, although the 
presence of mucopurulent discharge at the cervical os has been 
proposed as a marker of gonococcal or chlamydial infection. A 
wet preparation made from a swab collected from the posterior 
fornix, examined with a phase-contrast microscope, can usually 
distinguish between candidiasis, trichomoniasis and bacterial 
vaginosis. Sexual transmission is not considered important in vul-
vovaginal candidiasis and bacterial vaginosis, and treatment of 
sexual partners of affected women has not been shown help 
women who develop repeated episodes of these infections.

Vulvovaginal candidiasis

Candida albicans can be isolated from the vagina of up to 50% of 
sexually active women, the majority of whom are asymptomatic. 
Although sexual transmission may occur, the gastrointestinal tract 
has also been implicated as a source of infection. Symptomatic 
disease is associated with an increase in the number of yeasts 
present in the vagina; factors which predispose to this are preg-
nancy, antimicrobial therapy, oral contraceptive use, immuno-
suppression (e.g. HIV-related) and glycosuria. It has also been 
suggested that tight, poorly ventilated nylon underclothing, by 
increasing perineal moisture, may predispose to symptomatic 
disease.

The cardinal clinical features of vulvovaginal candidiasis are 
pruritus vulvae and vaginal discharge. The discharge is typically 
whitish, with curd-like plaques adhering to the vaginal wall, and 
does not smell. There may be erythema and/or oedema of the 
vulva and vaginal walls.

The diagnosis can be made on a wet preparation made from 
the vaginal discharge, the sensitivity of which can be increased by 
adding 10% potassium hydroxide. Typical mycelia and yeast cells 
are seen. For the treatment of vulvovaginal candidiasis, see Table 
21.4.

Trichomoniasis

Trichomonas vaginalis (see Chapter 81) has been found in the 
vagina of up to 30% of antenatal clinic attenders in certain African 
centres.3 Studies in the USA have shown that its prevalence is 
higher among women with many partners, and that it can be 
isolated from a high proportion of male contacts of infected 
women, suggesting that transmission is primarily through sexual 
contact. In males, most infections are believed to be asymptomatic 

Diseases Causing a Genital Discharge



21. Sexually Transmitted Infections (Excluding HIV)

422

and self-limiting, although occasionally it may give rise to urethri-
tis. Recent studies using more sensitive diagnostic techniques have 
shown substantially higher rates of infection in males in develop-
ing countries.42

Up to 75% of women attending STI clinics with T. vaginalis 
infection complain of vaginal discharge. Pruritus vulvae, dyspareu-
nia and dysuria are also common symptoms. On examination, a 
profuse yellow-green frothy discharge is typically noted. The vulva 
and vaginal walls may be excoriated and erythematous in severe 
cases, and punctate haemorrhages may be seen on the cervix.43

The diagnosis can be made on a wet preparation collected from 
the posterior fornix. Under phase contrast, increased numbers of 
polymorphonuclear leucocytes are usually seen, and motile fl agel-
lated parasites, slightly larger than polymorphonuclear leucocytes, 
are present. Compared with culture, direct microscopy is less than 
80% sensitive, so that culture should also be performed when 
available. For the treatment of trichomoniasis, see Table 21.4.

Bacterial vaginosis

Bacterial vaginosis is a syndrome in which a malodorous vaginal 
discharge is associated with characteristic changes in the vaginal 
bacterial fl ora. There is an increase in numbers of anaerobes, 
Gardnerella vaginalis and Mycoplasma hominis, such that lactobacilli 
are no longer predominant. Bacterial vaginosis appears to be more 
prevalent among women with many sexual partners, but since it 
has been found in sexually inexperienced women it is not clear 
that it is a sexually transmitted condition.

The discharge of bacterial vaginosis is typically homogeneous 
and white-grey, and associated with increased vaginal pH (>4.5). 
The characteristic fi shy smell is more easily detectable after the 
addition of a drop of 10% potassium hydroxide to a drop of 
discharge on a slide. Bacterial vaginosis has been shown to be 
associated with adverse pregnancy outcome (premature labour, 
chorioamnionitis and postpartum endometritis).44

The diagnosis of bacterial vaginosis can be made on Gram stain 
of a vaginal swab, according to Nugent’s criteria, in which a score 
is given depending on the relative proportion of lactobacilli and 
Gram-negative rods and coccobacilli.45 A simplifi ed version of 
Nugent’s criteria put forward by Hay and Ison is gaining in popu-
larity and is easier to use than the criteria of Nugent. Essentially, 
this classifi es the fl ora as either normal (predominantly lactoba-
cilli), mixed fl ora, or BV (clue cells observed).46 For the treatment 
of bacterial vaginosis, see Table 21.4.

DISEASES CAUSING GENITAL ULCERATION

Chancroid

Chancroid, or soft sore, was fi rst distinguished from the hard 
chancre of syphilis by Ricord in 1838. In 1889, Ducrey, in Naples, 
showed that the inoculation of material from chancroidal ulcers 
into the skin of the forearm caused ulceration which could be 
serially passaged, and identifi ed the causative organism which 
now bears his name. The development of defi ned solid media for 
the isolation of Haemophilus ducreyi in the 1970s enabled detailed 
epidemiological studies of chancroid to be carried out for the fi rst 
time.47,48

Epidemiology

Chancroid is an important cause of genital ulceration in Africa. 
Before the HIV epidemic it accounted for more than 60% of 
genital ulcers seen in hospital, but in the 1990s hospital-based 
studies in several countries found that the proportion of ulcers 
due to Herpes simplex had increased, and that the proportion due 
to chancroid had decreased correspondingly.49 Although generally 
rare in industrialized countries, there have been several well-
documented outbreaks in North America since the 1970s. 
Characteristic features of these outbreaks have been a high male-
to-female case ratio, the involvement of prostitutes and the 
low socioeconomic status of the populations affected. A study in 
Nairobi investigated the role of asymptomatic females in the 
transmission of the disease and concluded that they were of 
little importance.50 Studies among Australian solders during the 
Vietnam war suggest that chancroid is more common among 
uncircumcised than circumcised males.51

The prevalence of chancroid is high among commercial sex 
workers in the cities of Africa (Figure 21.5), as is the prevalence of 
HIV infection. Prospective studies among both males and females 
at high risk of HIV infection in Nairobi have suggested that chan-
croid signifi cantly increases the risk of transmission of HIV via 
heterosexual contact, either by increasing infectivity, susceptibility 
or both.52,53 The unusually high rates of partner change required 
to sustain the transmission of chancroid make it a tempting target 
for local disease control campaigns and suggest that, compared 
to other STIs, it presents a relatively easy target for global 
elimination.54

Aetiology

Chancroid is caused by Haemophilus ducreyi, a small facultatively 
anaerobic Gram-negative bacillus which requires haemin (X 
factor), reduces nitrate to nitrite and forms typical streptobacillary 
chains on Gram stain. It is a fastidious organism which will only 
grow on enriched media and grows best at 30–33°C in an atmo-
sphere of 5% carbon dioxide.

Figure 21.5 Extensive perianal ulceration resulting from a 
Haemophilus ducreyi infection in a sex worker (Courtesy of D. Mabey.).
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Pathogenesis

Histopathologically, chancroidal ulcers contain three distinct 
zones: a superfi cial zone consisting of necrotic tissue, fi brin and 
numerous bacteria; an intermediate zone showing oedema and 
new vessel formation; and a deep zone containing a dense infi ltrate 
of neutrophils and plasma cells with fi broblastic proliferation.

Studies involving the inoculation of human volunteers have 
improved our understanding of the pathogenesis of chancroid.55 
The application of H. ducreyi to the human forearm does not 
produce a lesion unless the skin is traumatized. There is some 
evidence that virulent strains are relatively resistant to phagocyto-
sis by human polymorphonuclear leucocytes and to complement-
mediated killing by normal human and rabbit serum. An isogenic 
mutant lacking a receptor for haemoglobin showed reduced viru-
lence in humans.56 Two toxins have been characterized: one is a 
cell-associated haemolysin, similar to those produced by Proteus 
mirabilis, toxic to human foreskin fi broblasts but not to HeLa cells 
in tissue culture. The other is a soluble toxin, homologous to the 
cytolethal distending toxin produced by a number of enteric 
organisms, which is toxic to a variety of cell lines.57 The suppurat-
ing lymphadenopathy of chancroid is notable for the large number 
of neutrophils and small number of bacilli present.

Clinical features

After an incubation period of 3–7 days, a papule appears at the 
site of inoculation which soon ulcerates. The typical ulcer of chan-
croid (Figure 21.6) is painful and soft, has a purulent base with 
an undermined edge, and bleeds on contact. Multiple ulcers are 
commonly present, and there is painful inguinal lymphadenopa-
thy (Figure 21.7) in some 50% of cases, often unilateral. Atypical 
presentations are, however, common, and even in experienced 

hands chancroid cannot reliably be distinguished from primary 
syphilis on clinical grounds.58 Herpes simplex, LGV and donova-
nosis must also be considered in the differential diagnosis of 
chancroid.

Chancroid may cause extensive local destruction (Figure 21.8), 
particularly in HIV-infected individuals who may fail to respond 
to antimicrobial treatment, but the infection does not 
disseminate.

Figure 21.6 Chancroid: multiple soft painful ulcers. (Courtesy of D. 
Mabey.)

Figure 21.7 Chancroid: ulcer of corona accompanied by a painful 
bubo. (Courtesy of D. Mabey.)

Figure 21.8 Phagedenic chancroid: destructive ulcer of penile shaft. 
(Courtesy of D. Mabey.)

Diseases Causing Genital Ulceration
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Diagnosis

Gram stain of smears obtained from ulcers has been advocated in 
the past for the diagnosis of chancroid, but this lacks both sensi-
tivity and specifi city. Preferred methods for the laboratory diagno-
sis of chancroid are now either isolation of H. ducreyi from the 
ulcer or the use of NAATs. Swabs for culture should be taken 
from the ulcer base or its undermined edge and plated directly 
on appropriate blood-containing media enriched with fetal calf 
serum and Vitox and made selective with vancomycin. For optimal 
rates of isolation, media made up from both GC agar and Mueller–
Hinton agar base should be inoculated. Plates should be incu-
bated for at least 72 h in an atmosphere of 5% carbon dioxide at 
33°C. H. ducreyi is identifi ed by its typical colonial morphology 
(colonies are diffi cult to break up and can be moved intact across 
the surface of the agar), Gram stain and inability to ferment 
sugars.

Management

Chancroidal ulcers should be kept clean and dry, with regular 
washing in soapy water. The mainstay of antimicrobial treatment 
has, for a number of years, been co-trimoxazole or erythromycin 
in standard dosage given by mouth for 7 days (Table 21.4). 
However, an increasing proportion of strains worldwide are now 
resistant to sulfonamides, and many trimethoprim-resistant strains 
have been isolated in Thailand and Kenya. Ciprofl oxacin 500 mg 
daily for 3 days by mouth and ceftriaxone 500 mg as a single 
intramuscular dose and azithromycin as a single 1 g oral dose 
appear to be effective alternatives, although in HIV-infected 
patients longer courses of treatment may be required.

Syphilis

History

Syphilis, a young shepherd boy, was the eponymous hero of a 
Latin poem written in 1530 by the Italian, G. Fracastorio. He suc-
cumbed to an apparently new disease which had swept across 
Europe a few years earlier in the wake of the French army’s retreat 
from Naples. The timing of this epidemic led to the suggestion 
that syphilis had been brought back from the New World by 
Columbus and his men in 1493. An alternative hypothesis put 
forward by E. H. Hudson, a physician working in the 1930s in 
Mesopotamia (now Iraq), was that syphilis originated as an 
endemic infection of childhood (yaws) in the hot humid tropics, 
and that venereal transmission only became important when 
living standards improved suffi ciently to prevent transmission in 
childhood giving rise to long-lasting immunity. This so-called 
unitarian hypothesis is supported by recent evidence of very close 
DNA homology between Treponema pallidum and T. pertenue 
(recently re-classifi ed as T. pallidum subsp. pertenue).59 Recent 
studies in animal models do however demonstrate different tissue 
tropisms between pallidum and pertenue strains of T. pallidum.60 
Although syphilis in all its clinical aspects had been described in 
detail by nineteenth-century physicians, notably Hutchinson in 
Britain and Fournier in France, it was not until 1905 that the 
causative organism, T. pallidum, was fi rst identifi ed by Schaudin 
and Hoffman; in 1906, Wasserman described the fi rst serological 
test for the diagnosis of syphilis. Investigation of the T. pallidum 

genome is yielding important insights into the extraordinary 
survival capability of T. pallidum following human infection.61

Epidemiology

The incidence of syphilis has declined steadily for most of the 
twentieth century in Western Europe and North America, with 
the exception of a brief rise during and immediately after each 
world war.

There are no reliable incidence fi gures for developing countries. 
Seroprevalence surveys have shown high rates of positivity among 
antenatal clinic attenders and in the general population in many 
African countries.3 The relative rarity of late syphilis in parts of 
Africa where early syphilis is common has led to speculation that 
the disease has become more common in recent years, perhaps 
refl ecting loss of herd immunity following the mass treatment 
campaigns against endemic treponemal disease in the 1950s and 
1960s.

Transmission by sexual contact requires exposure to moist 
mucosal or cutaneous lesions; experiments in the rabbit suggest 
that an inoculum of some 50 organisms is suffi cient to initiate 
infection. The rate of transmission from an infected partner is 
approximately 30%.

Aetiology

Syphilis is caused by T. pallidum, one of a small group of trepo-
nemes (of the order Spirochaetales) pathogenic to man. It cannot 
be distinguished morphologically from the agents responsible for 
yaws and pinta (T. pallidum subsp. pertenue and T. carateum, respec-
tively). It is a spiral organism 6–15 mm in length and 0.15 mm 
in width, visible by light microscopy only under conditions of 
dark-fi eld illumination, and cannot be grown on artifi cial media. 
In tissue culture and in animal models it divides slowly, with a 
replication time of approximately 30 h. The cell wall of T. pallidum 
is remarkable for a very low density of outer membrane proteins, 
which probably contributes to the organism’s ability to persist in 
its host for lengthy periods. It is highly susceptible to drying.

Pathogenesis

T. pallidum has not been shown to produce either exotoxins or 
endotoxins. Following experimental infection in the rabbit, T. pal-
lidum begins to replicate once it has passed through the epithe-
lium. An initial polymorphonuclear leucocyte response at the 
lesion is soon replaced by an infi ltrate of T and B lymphocytes. 
The primary chancre also contains mucoid material, mainly 
hyaluronic acid and chondroitin sulfate, which may modulate 
the host immune response. Both circulating T. pallidum – specifi c 
T cells and specifi c antibody can be found in the majority of 
cases of primary syphilis. At the same time as these are fi rst 
noted, the number of organisms in the lesion decreases and the 
ulcer begins to heal, suggesting that the immune system is 
controlling the infection.

The appearance of secondary lesions some weeks later, due to 
the dissemination of organisms and circulating immune com-
plexes, indicates that this is not the case. Recent work suggests 
that secondary syphilis coincides with the emergence of an anti-
genically distinct new strain which is no longer susceptible to 
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Figure 21.9 Syphilis: primary chancre. (Courtesy of D. Mabey.)
Figure 21.10 Secondary syphilis: condylomata lata. (Courtesy of J. 
Richens.)

antibodies directed at the infecting strain.61 Much of the pathology 
of secondary syphilis may be immune complex mediated. High 
levels of antitreponemal antibody are present in the circulation, 
but cell-mediated immune responses are depressed.

Eventually cell-mediated immune responses to T. pallidum are 
restored as the lesions are brought under control, leading to the 
latent stage. Follow-up studies in the pre-penicillin era showed 
that relapse of infectious secondary lesions occurred in up to 25% 
of cases. The organism can survive in the body for many years 
thereafter, causing tertiary lesions characterized by the presence of 
a small number of organisms and a lymphocytic host response 
giving rise to an endarteritis.

Clinical features

After an incubation period of 10–70 days (median 21 days), a 
primary chancre (Figure 21.9) develops at the site of inoculation. 
The chancre is typically painless, indurated, with a clean base 
and a raised edge, and does not bleed on contact. There is usually 
only a single lesion; in the male it is most commonly on the 
glans, the foreskin, the coronal sulcus or the shaft of the penis, 
and in the female on the cervix or vulva. The primary chancre 
is often accompanied by inguinal lymphadenopathy; the glands 
are characteristically hard (the ‘bullet bubo’ of Hutchinson) and 
painless.

The primary chancre generally resolves spontaneously over 
several weeks. Between 3 and 6 weeks after its fi rst appearance 
the features of secondary syphilis appear. The rash of secondary 
syphilis may take many forms: papular, macular or pustular; 
annular lesions are not uncommon. It often desquamates, but 
in moist areas of the body (e.g. perineum, axilla) soft raised con-
dylomata lata may be seen (Figures 21.10, 21.11). It generally 
affects the palms (Figure 21.12) and soles, and does not itch. 
The mucous membranes may be involved, with mucous patches 
or oral ulceration sometimes in the form of the characteristic 
‘snail track’ ulcer. In addition to its cutaneous manifestations 
secondary syphilis may cause systemic illness (fever, malaise), 

generalized lymphadenopathy, nephritis, hepatitis, meningitis or 
uveitis.

The lesions of secondary syphilis generally resolve after several 
weeks, although relapses commonly occurred in the pre-antibiotic 
era. In the absence of adequate treatment the patient then enters 
the latent stage of the disease, and is liable to develop tertiary 
syphilis at some time in the future.

The lesions of tertiary syphilis fall into three categories: 
the gumma, cardiovascular disease and central nervous system 
disease. The classic Oslo study of untreated syphilis, in which 
some 1,400 patients were followed for up to 50 years, found 
that the most common manifestation was the gumma, a painless 
‘punched out’ ulcer with little or no infl ammatory reaction, 
which developed in 15%: 70% were cutaneous, 10% involved 
bone and rarely the viscera were involved. Most cases occurred 
in the fi rst 15 years following infection. Cardiovascular lesions 
(aortitis, aortic valve disease or coronary ostial occlusion) were 
seen in 15% of males and 8% of females, with onset typically 
30–40 years after infection. Neurological manifestations were 
seen in 9% of males and 5% of females, with meningovascular 
disease typically occurring after 15–20 years and tabes dorsalis 
or general paresis after 20–30 years.62 The Tuskegee study of 
untreated black Americans showed similar results. It is therefore 
surprising that tertiary syphilis, and in particular neurosyphilis, 
appears rather uncommon in Africa in spite of the high incidence 
of early syphilis.
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delivered a stillbirth, 33% a low birth weight and 20% a premature 
infant.8

Signs of congenital syphilis in the neonate include a bullous 
rash (Figure 21.13), anaemia, jaundice and hepatosplenomegaly. 
The infant is often small for dates and may have feeding 
diffi culties. The prognosis is poor in infants with signs of con-
genital syphilis at birth. More commonly, the syphilitic infant 
appears normal at birth, and presents in the fi rst 3 months of 
life with: failure to thrive; a rash which resembles that of second-
ary syphilis, with desquamation usually involving the palms 
(Figure 21.14) and soles; persistent nasal discharge (sometimes 
blood-stained); and anaemia or hepatosplenomegaly (Figure 
21.15). Periostitis of the long bones, with or without metaphyseal 
abnormalities, is radiologically evident in more than 90% of cases, 
and may present clinically as pseudoparalysis of one or more 
limbs. The prognosis is very much better in those presenting in 
the postnatal period.7

Figure 21.11 Secondary syphilis: condyloma abutting 
on ala nasi (Courtesy of J. Richens).

Figure 21.12 Secondary syphilis: typical palmar rash 
(Courtesy of J. Richens).

Figure 21.13 Congenital syphilis in a neonate: bullous lesions of 
feet. (Courtesy of D. McGregor.)

Figure 21.14 Congenital syphilis in a 3-month-old infant: 
desquamating lesion of palm (Courtesy of D. Mabey).

Congenital syphilis

Early congenital syphilis

Pregnant women with untreated early or latent syphilis are liable 
to give birth to congenitally infected infants. The risk is highest 
among those with primary or secondary syphilis during preg-
nancy, and diminishes as the duration of latent syphilis increases. 
Studies conducted in the pre-antibiotic era found that untreated 
early syphilis in the mother led to stillbirth in 25% of cases, neo-
natal death in some 15% of cases and a syphilitic infant in about 
40% of cases. Corresponding fi gures for untreated late syphilis 
were 12%, 9% and 2%.63 A recent study in Tanzania found that 
25% of pregnant women with active syphilis (RPR titre >1 : 4) 
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Late congenital syphilis

Late congenital syphilis in the child or adolescent corresponds to 
tertiary syphilis in the adult, although the cardiovascular system 
is seldom involved. Manifestations include bony and dental 
abnormalities (skull bossing, Hutchinson’s teeth) and infl am-
matory lesions of the cornea (interstitial keratitis) and joints 
(Clutton’s joints). Eighth nerve deafness is commonly seen, 
and symptomatic neurosyphilis may occur, corresponding to 
tabes dorsalis or general paresis in the adult. In view of the high 
incidence of early congenital syphilis in many African cities, 
late manifestations of the disease are surprisingly rare in Africa.

Diagnosis

Clinically, it may not be possible to distinguish a syphilitic primary 
chancre from other causes of genital ulceration. In most parts of 
Africa, herpes and chancroid are the most important differential 
diagnoses, but in areas where donovanosis is prevalent, this should 
also be considered. The primary chancre should also be distin-
guished from LGV, herpes and non-venereal causes of genital 
ulceration. Secondary syphilis may resemble a variety of other skin 
conditions, but rashes which do not itch and affect the palms and 
soles should be considered syphilitic until proved otherwise. Early 
congenital syphilis in the neonatal period may be confused with 
perinatally acquired herpes simplex on account of the bullous 
rash, or with other intrauterine infections causing hepatospleno-
megaly, anaemia and jaundice (e.g. cytomegalovirus, toxoplasmo-
sis, rubella).

Dark-fi eld microscopy

T. pallidum may be demonstrated by dark-fi eld microscopy in fl uid 
from ulcerated or moist lesions of early syphilis, or in bulla fl uid 

from lesions of early congenital syphilis. It can be distinguished 
from other spirochaetes that may be present under the foreskin, 
by its characteristic shape and motility. Dark-fi eld microscopy is 
likely to be negative in patients who have applied antiseptics to 
the lesion or taken antibiotics.

Serological diagnosis

Two categories of test are available for the serological diagnosis 
of syphilis: non-specifi c or reagin tests (e.g. Venereal Disease 
Research Laboratory (VDRL), rapid plasma reagin (RPR)) and 
treponemal tests (T. pallidum haemagglutination (TPHA) or 
particle agglutination assays (TPPA), fl uorescent treponemal 
antibody test (absorbed) (FTA)). The reagin tests are useful for 
monitoring the response to treatment because they exhibit a 
falling titre after successful therapy, but they may give false 
positive reactions in subjects with other chronic infections. The 
treponemal tests generally remain positive for life, and cannot 
therefore distinguish between a current and a past infection. They 
are more specifi c than the reagin tests but cannot distinguish 
between sexually acquired and endemic treponemal infections. 
The RPR and TPHA tests are simple to perform and do not 
require sophisticated laboratory equipment. In the neonate it is 
necessary to demonstrate IgM antibodies by the FTA test in order 
to distinguish between true infection and passively acquired 
maternal antibody; however, in an infant with signs of congenital 
syphilis, a positive maternal reagin test is suffi cient grounds for 
treatment. A new generation of specifi c IgM EIA tests shows 
promise as a new tool for recognizing recently acquired active 
infection.64,65

Management

T. pallidum remains fully sensitive to penicillin. Because it is a 
slowly dividing organism it is necessary to ensure adequate circu-
lating penicillin levels for at least 10 days. Recommended treat-
ment regimens are shown in Table 21.4. It has been suggested that 
single-dose benzathine penicillin does not ensure adequate levels 
in the cerebrospinal fl uid, and recent anecdotal evidence suggests 
that it may be ineffective in some HIV-infected patients and preg-
nant women. If it is possible to ensure compliance, 10 daily doses 
of aqueous procaine penicillin 1.2 million units may be prefera-
ble, although a recent randomized trial showed no differences in 
outcomes between patients treated with single-dose and extended 
high-dose penicillin, regardless of HIV status.66 Epidemiological 
treatment is recommended for sexual contacts. A single 2 g dose 
of azithromycin has recently been validated as a useful oral alter-
native to benzathine penicillin in early syphilis but the emergence 
of macrolide resistance in syphilis may limit the usefulness of this 
option in the future.67,68

Early congenital syphilis should be treated with procaine 
penicillin 50 000 units/kg i.m. daily for 10 days. If compliance 
is considered unlikely, benzathine penicillin 50 000 units/kg 
i.m. as a single dose may be given, although this does not 
give therapeutic levels in the cerebrospinal fl uid. The mother 
and her sexual partner(s) should be investigated and treated 
appropriately. If possible, infants should be followed up after 
6 months to ensure that the RPR or VDRL test has reverted to 
negative.

Figure 21.15 Congenital syphilis in a 3-month-old infant: 
hepatosplenomegaly. (Courtesy of D. Mabey.)
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Prevention

Congenital syphilis can be prevented by serological screening of 
pregnant women at antenatal clinics. Experience in Tanzania has 
shown that in a developing country setting, this is only successful 
if serological tests are performed in the clinic and treatment given 
immediately.69

Lymphogranuloma venereum

Lymphogranuloma venereum (LGV) is also known as lym-
phogranuloma inguinale, lymphopathia venereum, tropical or 
climatic bubo and Durand–Nicolas–Favre disease.

Epidemiology

The epidemiology of LGV is not well defi ned, owing to the lack 
of a sensitive and specifi c diagnostic test. The classical form of LGV 
is largely confi ned to the tropics, where in most places it accounts 
for only a small proportion of patients with STIs. The disease is 
seen more often in men than women. Since 2004, there has been 
a dramatic rise in LGV presenting with proctitis among homo-
sexual HIV-positive males in Europe.70

Aetiology

LGV is caused by the invasive L1, L2 and L3 strains of Chlamydia 
trachomatis.

Pathology

The characteristic pathological features are a thrombolymphangi-
tis and perilymphangitis with proliferation of the endothelial cells 
of the lymphatics. In the lymph nodes prominent migration of 
neutrophils leads to characteristic stellate abscess formation.

Clinical features

The disease is important, chiefl y as a cause of bubo. When a 
sexually active adult presents with an inguinal bubo not associated 
with genital ulcer, LGV is an important diagnosis to consider. The 
initial event in infection, occurring 3–30 days after exposure, is 
typically a small, painless, usually herpetiform ulcer of the geni-
talia which may pass unrecognized and resolves spontaneously. It 
is thought likely that some patients develop asymptomatic infec-
tions of the urethra and cervix. The second phase of the illness is 
the development of increasingly painful lymphangitis and lymph-
adenitis, accompanied by fever and malaise. The infected nodes 
(bilateral in a third of cases) coalesce into a matted mass which 
may project outwards below or above the inguinal ligament to 
give the classical ‘groove sign’. The nodes are liable to rupture, 
forming multiple sinuses. Untreated, the disease may cause exten-
sive lymphatic damage, resulting in elephantiasis of the genitalia 
(Figure 21.16). The combination of elephantiasis with skin break-
down sometimes seen in late cases is referred to as esthiomène. 
An additional characteristic feature in long-standing cases is the 
development of fenestrations in the labia.

In women and homosexual men, the disease may present as an 
acute proctocolitis which, in a proportion of cases, leads to abscess 
formation, fi brosis, fi stula and rectal stricture.71 In the Caribbean, 

a high incidence of vulval carcinoma has been recorded among 
premenopausal women with scars of either LGV or donovanosis.72 
A substantial proportion of cases of rectal stricture may also 
develop carcinoma.

Diagnosis

The diagnosis of LGV can only be confi rmed in specialist centres 
with facilities for the identifi cation of C. trachomatis L1–3 strains 
using PCR methods, or the ability to perform the micro-
immunofl uorescence serological test.73,74 Serological tests show 
cross-reaction with other serovars of C. trachomatis, and with 
other species of Chlamydia, e.g. the prevalent respiratory tract 
pathogen C. pneumoniae. The protocols being used in the Euro-
pean outbreak involve initially detection of C. trachomatis using 
standard PCR methods, followed by a second PCR targeting LGV-
specifi c DNA or alternatively amplifi cation of the omp1 gene fol-
lowed by restriction enzyme digestion to identify LGV serovars.74 
The presence of stellate abscesses in biopsy material is suggestive 
of LGV. Direct fl uorescent antibody (DFA) staining may be used 
to demonstrate chlamydial elementary bodies in tissue or dis-
charge from buboes. Additional laboratory fi ndings include leu-
cocytosis, an elevated erythrocyte sedimentation rate and increases 
in IgG and cryoglobulins.

Treatment

The drugs recommended for treatment of acute cases are of the 
tetracycline or macrolide groups, as for other chlamydial infec-
tions, but for a longer duration (21 days) (Table 21.4). Benefi t in 
late cases, e.g. with rectal stricture, is slight. Plastic surgical opera-
tions may be of benefi t in cases with extensive elephantiasis or 
deformity. Suspicious areas in healed scars should be biopsied for 
malignant change. Aspiration of buboes through adjacent healthy 
skin is usually advised.

Figure 21.16 Lymphogranuloma venereum: elephantiasis in long-
standing case. (Reproduced with permission from: Arya OP, Osoba AO, 
Bennett FJ. Tropical Venereology. Edinburgh: Churchill Livingstone; 
1980.)
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Donovanosis

Synonyms are granuloma inguinale, granuloma venereum. It is 
important not to confuse this disease with lympho-granuloma 
venereum (see above) or to confuse Donovan bodies (see below) 
with Leishman–Donovan bodies (leishmaniasis). The disease was 
fi rst recognized in India, where Donovan observed the bodies that 
bear his name in an oral lesion of the disease. Sir Patrick Manson 
did much to promote awareness of the disease by devoting 
a chapter to ‘ulcerating granuloma of the pudenda’ in the fi rst 
edition of this textbook.

Epidemiology

Endemic areas are localized to a few specifi c areas of the tropics. 
The most important of these are currently India, Papua New 
Guinea (PNG), Brazil and eastern parts of South Africa. The 
disease is strongly associated with prostitution and low socioeco-
nomic status. Major epidemics of donovanosis have been reported 
from PNG but are unlikely to be seen again. Outside PNG, the 
highest recently reported incidence of donovanosis has been in 
Durban, South Africa, where 16% of genital ulcers in men were 
due to donovanosis.75 There is strong evidence that the disease is 
sexually transmitted in most patients. The risk of transmission to 
partners appears to be lower than for other STIs. Perinatal trans-
mission is rare.

Aetiology

The disease is caused by a poorly characterized, encapsulated, 
Gram-negative coccobacillus, previously called Calymmatobacte-
rium granulomatis, recently re-classifi ed as a Klebsiella on the basis 
of ribosomal RNA sequences.76 It is an intracellular parasite that 
can be grown in tissue culture.77,78

Pathology

The disease primarily attacks the skin. The bacteria are carried to 
inguinal nodes, where they occasionally cause a suppurating peri-
adenitis (‘pseudobubo’) but more often they escape to produce 
ulcers in the overlying skin. The key histological features are 
(1) epithelial hyperplasia, (2) a dense dermal infi ltrate of plasma 
cells, and (3) scattered large macrophages containing clusters of 
Donovan bodies. Donovan bodies stain poorly with haematoxylin 
and eosin but with Giemsa they typically display a capsule and 
bipolar densities which give a characteristic closed safety-pin 
appearance.

Clinical features

The fi rst manifestation, appearing after a 3–40-day incubation 
period, is usually a small papule, which ruptures to form a granu-
lomatous lesion that is characteristically pain free, ‘beefy-red’ in 
colour, bleeds readily on contact and is often elevated above the 
level of the surrounding skin. The lesion has to be differentiated 
from other forms of genital ulcer. Most likely to cause confusion 
are chancroid,79 condylomata lata, ulcerated warts and squamous 
carcinoma. Untreated, the ulcers slowly extend (Figure 21.17), 
particularly along skin-folds towards the groins (Figure 21.18) and 

Figure 21.17 Donovanosis: slowly extending painless ulceration. 
(Courtesy of J. Richens.)

Figure 21.18 Donovanosis: lesion extending along inguinal fold. 
(Courtesy of J. Richens.)

anus. Special features are extragenital lesions (mostly neck and 
mouth), cervical lesions (resemble carcinoma or tuberculous cer-
vicitis), involvement of uterus, tubes and ovaries (hard masses, 
abscesses, ‘frozen pelvis’, hydronephrosis) and rare cases of hae-
matogenous dissemination to lung, liver, spleen and bone. Com-
plications include rapid extension of lesions secondarily infected 
with fusospirochaetal organisms, scarring (in some populations 
very prominent), elephantiasis and the development of squamous 
carcinoma.
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Diagnosis

The diagnosis requires the demonstration of intracellular Donovan 
bodies (Figure 21.19) in either biopsy material (best stained with 
silver stains or Giemsa) or smears taken from active areas which 
can be stained by Giemsa or Leishman stains. For collection of 
specimens, a recommended technique is to thoroughly clean the 
lesions of surface debris, detach one to three 3–5 mm pieces of 
tissue by punch or snip biopsy, and then prepare a smear from 
one piece, followed by air-drying and fi xation in 95% ethanol and 
fi xing the remaining tissue in 10% formalin for histology.80

Management

The bacteria respond to many broad-spectrum antibiotics active 
against Gram-negative bacilli.78 The most widely used in recent 
years have been azithromycin, doxycycline, co-trimoxazole and 
erythromycin. Fluorinated quinolones have also been shown to 
be of value, but experience in Australia suggests that azithromycin 
is the most useful treatment.81 Treatment should be continued 
until lesions have resolved and, if possible, a little longer to reduce 
the risk of relapse. Plastic surgical procedures are required in some 
patients. Epidemiological treatment of contacts exposed within 40 
days of the onset of symptoms in the index case may be recom-
mended (Table 21.4).

Genital herpes

Genital herpes is an ulcerative STI caused principally by herpes 
simplex virus type 2 (HSV-2) and to a lesser extent by herpes 
simplex virus type 1 (HSV-1), the usual cause of oral herpes. 
Genital herpes accounts for a lower proportion of patients with 
genital ulcer in the tropics than it does in developed countries, 
although this pattern is changing rapidly in areas with high HIV 

incidence. Recent studies in Africa have demonstrated that HSV 
seroconversion is an especially important risk factor for HIV acqui-
sition.82 Prior infection with HSV-1 infection, which is almost 
universal by the age of puberty in many developing countries, 
reduces the severity and frequency of clinical recurrences in HSV-
2 infection.83

Clinical features

The clinical picture is highly characteristic in many cases, with its 
localized clusters of vesicles, which break down to form ulcers 
(Figure 21.20), crust over and then resolve. Sites of involvement 
include the external genitalia, neighbouring skin, the urethra and 
cervix (both endocervix and ectocervix), pharynx and rectum. 
Tender lymphadenopathy may occur. During the primary attack, 
the virus ascends the peripheral nerves to local ganglia, where a 
latency is established, which is liable to be interrupted by periodic 
recurrences for the remainder of the patient’s life. The primary 
attack is notably more severe than subsequent episodes, with 
lesions covering a wider and more symmetric area. HSV-2 causes 
substantially more severe primary disease than HSV-1 and is fol-
lowed by more frequent relapse. The complications of genital 
herpes include a sacral radiculomyelopathy which may manifest 
with constipation and retention of urine as well as shooting pains 
down the legs. Other complications include aseptic meningitis, 
extragenital lesions and disseminated herpes. In pregnant women, 
recurrences and dissemination are more frequent and premature 
delivery may complicate primary attacks. Severe and intractable 
ulceration due to HSV-2 occurs in patients immunosuppressed by 
HIV.

Diagnosis

Clinical diagnosis alone is often suffi cient. Genital herpes has to 
be distinguished from other STIs that cause painful genital ulcer 
and from non-infectious conditions such as Behçet’s syndrome 

Figure 21.19 Donovan bodies: Giemsa-stained smear from genital 
ulcer demonstrating intracellular organisms with bipolar densities.

Figure 21.20 Recurrent genital herpes: cluster of small painful ulcers 
of corona.
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and Crohn’s disease. The defi nitive diagnosis rests on viral isola-
tion. Kits for antigen detection are available commercially, and 
DNA amplifi cation tests have been successfully used to identify 
HSV-2 in symptomatic and asymptomatic shedders. Serological 
diagnosis is only of value in a primary attack.

Management

Specifi c treatment can rarely be offered in the tropics; nonetheless 
patients require explanation, reassurance and advice, just as else-
where (Table 21.4). Patients need to be instructed to keep the 
lesions clean and dry. They should be told that the disease is likely 
to recur and that they will transmit the infection to others if they 
have sexual intercourse while they have lesions. Aciclovir has been 
shown to be of value in ameliorating symptoms of the primary 
attack, treatment of infected neonates and adults with immuno-
suppression or disseminated disease. Continuous prophylactic 
therapy has been found useful in ameliorating and preventing 
recurrences in patients particularly troubled by recurrent disease. 
Recent studies have demonstrated that periods of asymptomatic 
shedding commonly occur and that this shedding can be sup-
pressed by aciclovir.84 A recent study in Burkina Faso showed that 
suppressive treatment for herpes in HIV infected women reduced 
plasma HIV viral load and vaginal shedding.85

Herpes in pregnancy

Transmission from mother to child occurs in 50% of cases with a 
primary attack at term, is much lower in patients with recurrences 
(about 1%) and occasionally occurs as a result of asymptomatic 
viral shedding by the mother at term. Neonatal herpes carries a 
60% mortality, which has changed little with the introduction of 
aciclovir. The presence of fi rst-episode herpetic lesions of the 
cervix at term is an indication for caesarean section, although this 
operation does not fully protect against infection developing in 
the neonate. Aciclovir can be used in late pregnancy to reduce viral 
shedding among women recently diagnosed with herpes and as 
an alternative to caesarean for women who fear having a recur-
rence at term.

Genital warts

Epidemiology

In developed countries, genital infection with the human papil-
lomavirus (HPV) is the most common viral STI and is four times 
as frequent as genital herpes. Using the most sensitive diagnostic 
methods infection can be demonstrated in as many as 40% of 
sexually active women.86 In the tropics, HPV infections are 
common and cervical carcinoma is one of the commonest cancers 
of women.

Aetiology

Genital warts are caused by HPVs. The types most prevalent in 
genital lesions are designated HPV-6, -11 and -16. Of these, HPV-16 
has been particularly associated with the development of cancer 
of the cervix, while HPV-6 and -11 have a lower potential for 
causing neoplasia and are more closely associated with exophytic 
(as opposed to fl at) lesions and, rarely, with the development of 
respiratory papillomas in children born to infected mothers.

Pathology

The virus infects the basal layer of differentiating squamous epi-
thelium and produces a pathognomonic large, clear, perinuclear 
zone known as koilocytotic atypia. Full assembly of viral particles 
is confi ned to the more superfi cial layers of the epithelium. HPV 
is very strongly implicated in the causation of cancer of the 
cervix.87

Clinical

The lesions produced by HPV vary from the well-known soft, 
fl eshy, vascular condylomata acuminata with their frond-like 
appearance (Figure 21.21) to papular warts which resemble those 
seen on other parts of the body, pigmented and non-pigmented 
papules and leucoplakia. Warts may sometimes grow in the 
urethra. Recent research has shown that many patients have 
subclinical HPV infections that can only be visualized by colpos-
copy after application of 5% acetic acid or detected in tissue 
specimens by techniques such as PCR. In pregnancy, in immuno-
suppressed patients and in the presence of genital discharges there 
is a tendency for warts to grow rapidly. The lesions showing the 
greatest similarity to genital warts are lesions of molluscum con-
tagiosum, condylomata lata of secondary syphilis, and anal skin 
tags.

Diagnosis and management

Biopsy confi rmation of the diagnosis of condylomata acuminata 
warts is optional but cervical cytology, where available, is recom-
mended for female patients and female contacts in order to detect 
progression of lesions to cervical intraepithelial neoplasia. Treat-

Figure 21.21 Genital warts: condylomata acuminata caused by 
human papillomavirus.
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ment is generally reserved for macroscopic lesions because sub-
clinical infections show high spontaneous regression rates and also 
show a strong tendency to relapse with currently available forms 
of treatment. Specifi c treatment for warts includes treatment with 
trichloroacetic acid and the traditional application of 20% podo-
phyllin (maximum 0.5 mL) once or twice weekly.88 Cure rates with 
podophyllin, at <50%, are not very satisfactory. Care is needed to 
avoid burning normal skin, which can be protected with glycerine. 
Podophyllin should be washed off after 4 h and is contraindicated 
in pregnant women. Larger warts can be removed with cryotherapy 
or diathermy. More modern treatments include the application 
of 5-fl uorouracil cream, self-treatment with podophyllotoxin or 
imiquimod, and carbon dioxide laser treatment. Relapse rates of 
the order of 30% are seen with all forms of treatment.

The advent of highly effective vaccines against HPV89 has raised 
the prospect of bringing cervical carcinoma under control across 
the world.90

THE MANAGEMENT OF STI 
CONTROL PROGRAMMES

The important components of an STI control programme are: (1) 
gathering of information, e.g. STI morbidity surveillance, special 
surveys on the aetiology of genital ulcer in a particular area, data 
on antibiotic sensitivities of local strains of Neisseria gonorrhoeae 
and Haemophilus ducreyi; (2) provision of management guidelines; 
(3) training programmes; (4) provision of healthcare to patients 
with STIs wherever they may present; (5) coordinated programmes 
of education about STIs for patients and the general public; and 
(6) management and supervision of the programme. Each of these 
will be discussed in more detail.

Information gathering

Morbidity surveillance in the tropics is often incomplete and unre-
liable. Given the rudimentary facilities available in many centres, 
it is often best to record numbers of patients by syndrome (ulcer, 
discharge, etc.) rather than by specifi c diagnosis. Good reporting 
from a few representative sentinel sites may be more useful than 
unreliable reports collated from the whole country. When possi-
ble, special surveys should be undertaken periodically, such as 
studies of the prevalence of gonorrhoea, chlamydial infection and 
syphilis in antenatal mothers. Statistics on ophthalmia neonato-
rum, congenital syphilis, PID, ectopic pregnancy and infertility 
may be useful for impressing upon health planners the full extent 
of STI morbidity.

Standard management guidelines for STIs

When a reasonable amount of information is available about the 
picture of STIs in a country and the antibiotic sensitivity patterns 
of local isolates, it is possible to draw up rational guidelines for 
local use, based on those recommended by the WHO.14 These 
guidelines can be tailored to different levels of the health system 
according to the availability of supporting laboratory tests and 
drugs. They can be conveniently set out as fl ow charts or algo-
rithms in pocket manuals which are supplied to all health workers 
who need to manage STIs. In view of the constantly changing 

pattern of antibiotic sensitivities of N. gonorrhoea and H. ducreyi, 
it is important that guidelines are reviewed and revised at 3–4-
yearly intervals.

Training

The high incidence of STIs in tropical populations makes it impor-
tant for all health workers to acquire the basic skills to manage 
patients appropriately according to standard guidelines, to prevent 
ophthalmia neonatorum and congenital syphilis, and to promote 
the following health education messages which are important in 
STI prevention:
• reduction of the number of sexual partners
• avoidance of sex with high-risk partners
• use of condoms for protection against STIs
• knowledge of the symptoms, sequelae and transmissibility 

of STIs
• avoidance of sexual contact when symptoms are present
• knowledge of what AIDS is and how HIV is transmitted
• obtaining proper treatment promptly for STI symptoms
• ensuring that the patients’ contacts are treated whether they 

have symptoms or not.

Provision of services for patients with STIs

The aim should be to maximize coverage and access of STI services 
for men and women and to have a way of referring problem cases. 
Costs to patients should be kept as low as possible and confi den-
tiality safeguarded. Specialist STI clinics are valuable where the 
volume of patients is high, but in general, the provision of special-
ist clinics for the treatment of STIs, which has been successful in 
controlling these diseases in certain industrialized countries, is 
neither appropriate nor feasible in most developing countries, 
where patients with STIs should be managed at the primary 
healthcare level. Family planning and antenatal clinics provide 
opportunities for STI control activities which tend to be underuti-
lized at present.

Education programmes

The appropriate content for education messages has been described 
above. These messages must be expressed in a sensitive manner 
after widespread consultation and careful pre-testing before they 
are disseminated by health workers, through posters and by the 
media. It is particularly important to target schoolchildren, sex 
workers and patients attending for treatment of STIs. Interest has 
recently focused on the use of peer educators to encourage people 
to listen to health messages. Condom promotion is of particular 
importance and the social marketing of condoms has shown 
promise in some countries.

Supervision and management of STI control

It is important for programmes of STI and AIDS control to be fully 
integrated because of their many shared objectives. The delegation 
of much routine STI treatment and control to the primary health-
care level is unlikely to succeed, unless the morale and commit-
ment of healthcare workers responsible for treating patients with 
STIs are maintained by regular supportive visits by programme 
managers.
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Section 3 System-oriented Disease

Chapter 22 Adewale O. Adebajo

Musculoskeletal Diseases

There is a continuing recognition of the importance of musculo-
skeletal disorders in the tropics. Not only are these conditions 
associated with considerable morbidity and even mortality in the 
tropics, much of it is preventable. In addition, the study of these 
disorders in the tropics, can provide useful aetiopathogenetic 
clues.1

Musculoskeletal diseases are those disorders which affect 
muscles, tendons, ligaments, joints, the connective tissues and 
even bone. Unsurprisingly, many of these disorders in the tropics 
are of infectious origin. In addition, possibly due to factors such 
as increasing life expectancy and increasing adoption of western 
lifestyle and diet, even non-infectious musculoskeletal disorders 
such as gout, osteoarthritis, systemic lupus erythematosus and 
rheumatoid arthritis are being recognized as important socioeco-
nomic problems in the tropics.1,2

DISEASES OF SKELETAL MUSCLE, TENDONS 
AND LIGAMENTS

Primary diseases of skeletal muscle are uncommon in the tropics. 
Muscle disorders are more commonly seen in association with 
another pathology, such as prolonged corticosteroids given thera-
peutically, endocrine disorders such as thyrotoxicosis, and in asso-
ciation with neoplasms such as hepatoma. The low prevalence of 
polymyalgia rheumatica in the tropics is of interest and remains 
unexplained.3

Polymyositis

Although this infl ammatory disorder is uncommon in the tropics, 
it does occur.3,4 Classical acute phase proteins, electromyographic 
and muscle biopsy changes are found. However, elevated serum 
creatinine kinase levels may occur in healthy black males5 and 
must be interpreted with caution.

Infective pyomyositis

Pyomyositis is an acute infl ammation of skeletal muscle mainly 
confi ned to the subtropics and tropics.6,7 It occurs at any age but 
most frequently in children and young male adults. The initiating 
lesion may be a penetrating injury or crush injury, or it may be 

secondary to staphylococcal arthritis. Staphylococcus pyogenes is 
the usual infecting organism. It is possible that pyomyositis arises 
when the staphylococcus reaches a muscle recently damaged by a 
viral myositis, but malnutrition and various parasitic infections 
have also been implicated.

Muscular pain is usually the fi rst symptom, followed within the 
next week by fever, localized induration and oedema. Any muscle 
group may be affected but most commonly the proximal limb 
muscles (gluteal and quadriceps) are involved. The erector spinae 
and shoulder girdle muscles can also be affected. The clinical 
features are those of a localized abscess with mild to moderate 
systemic features. If untreated, the condition will progress over 
subsequent weeks until there is extensive muscle destruction. Pus 
can often be aspirated from 10 days onwards. Occasionally, the 
systemic picture predominates and multiple muscle abscesses 
occur as a late fi nding. The more acute presentation and occur-
rence at peripheral sites make clinical differentiation from acute 
haematogenous osteomyelitis more diffi cult. There is often a 
minor degree of polymorphonuclear leucocytosis, and a moderate 
eosinophilia of about 10% is common.

Treatment involves the administration of an adequate dose of 
an appropriate antibiotic effective against penicillinase-producing 
organisms, given parenterally at least initially. Treatment for 
several weeks is often required and surgical drainage of fl uctuant 
abscesses should be carried out. Despite the destruction of a large 
muscle bulk, functional and cosmetic recovery is usually remark-
ably good.

Parasitic pyomyositis

Several parasites can give rise to a myositis.7 Trypanosomiasis 
causes an acute myositis, often with encephalomyelitis and myo-
carditis. The same is true of fi lariasis.

Soft tissue disorders

Diseases involving the musculoskeletal soft tissues (tendons and 
ligaments) present clinically in a manner identical to that found 
in the West. In contrast, however, patients with these problems in 
the tropics do not usually seek medical attention, as observed with 
shoulder lesions.8 Similarly, back pain is very prevalent in the 
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tropics, often in association with manual work. The fact that health 
insurance schemes and compensation claims for injuries are 
uncommon in many tropical countries may be one reason why 
only a small proportion of back pain sufferers seek medical atten-
tion. These various reasons might also explain why chronic wide-
spread soft tissue pain (fi bromyalgia) is less common in the tropics 
than the West, even when the same ethnic group is compared.9

Hypermobility

Hypermobility is due to laxity of the ligaments surrounding a joint 
as a result of genetic and/or environmental causes (Figure 22.1). 
Studies on hypermobility indicate that African populations have 
a higher prevalence of hypermobility than Caucasians, although 
this prevalence may be lower than amongst populations from the 
Indian subcontinent.10,11

DISEASES OF JOINTS

Diseases of joints form the bulk of the musculoskeletal disorders 
and particularly those seen in hospital clinics. Arthralgia refers to 
signifi cant joint pain occurring in the total or virtual absence of 

any physical signs. Arthritis, on the other hand, refers to an infl am-
matory process of the joint lining, with the classical features of 
redness, warmth, swelling and limitation of function in addition 
to joint pain. Arthralgia occurs commonly in association with 
infectious diseases such as those due to arboviruses. Arthritis can 
be involved in a number of infective, immunological and meta-
bolic conditions. Treatment usually involves the use of analgesics, 
non-steroidal antiinfl ammatory drugs, physiotherapy and, where 
appropriate, second-line or disease-modifying drugs. Public health 
measures such as improved sanitation can help in reducing the 
incidence of infective arthritis.12

Rheumatoid arthritis

Rheumatoid arthritis remains the most studied rheumatic disor-
der in the tropics. The disorder is a chronic infl ammatory deform-
ing and destructive polyarthritis usually affecting joints, often in 
a peripheral and symmetrical manner (Figure 22.2). In addition, 
it is a systemic disease affecting various organs and body systems. 
Rheumatoid factor autoantibodies are frequently found on sero-
logical testing although anti-cyclic citrullinated peptide antibodies 
are now considered more sensitive and specifi c.13 Erosive changes 
are the hallmark of rheumatoid arthritis radiologically. The disor-
der is a relatively recent condition on the African continent.14 The 
cause of this disease is unknown but there is a strong genetic 
association with the DR4 haplotype. Environmental factors may 
also be important.14–17 There is some evidence to suggest that the 
disease is more prevalent in urban than rural areas.16,17 In South-
east Asia and India, the disease appears to be slightly less prevalent 
than in the West and to follow a milder course, with systemic 
manifestations and subcutaneous nodules occurring rarely.18 
Interestingly, although the prevalence is seen to be less, morbidity 
and mortality are higher in South-east Asia, possibly due to socio-
economic conditions. In Jamaica there is a high prevalence of the 
disease but it is mainly mild and rheumatoid factor seronegative.19 
In East Africa and among urban but not rural black South Africans 
rheumatoid arthritis has a similar pattern to that in Caucasian 

Figure 22.1 Hyperextensibility (hypermobility) of the knee in an 
African woman.

Figure 22.2 Hand deformity in an African woman with rheumatoid 
arthritis.
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populations.16,17,20,21 In West Africa, however, the disease is less 
common and milder.22,23 A similar pattern has been found in some 
studies conducted in China.24,25 The treatment of rheumatoid 
arthritis involves the use of second-line antirheumatoid drugs 
(Table 22.1). Adequate monitoring of any of these second-line 
antirheumatoid drugs can be diffi cult in many parts of the tropics 
and low-dose oral steroids are often the most pragmatic form of 
treatment. The importance of a multidisciplinary approach to 
treatment, involving physiotherapists, occupational therapists, 
nurses and others cannot be overemphasized.26

Spondyloarthropathies

Spondyloarthropathies such as ankylosing spondylitis are uncom-
mon in Africans27 and in the Middle East,28 in keeping with the 
low prevalence of HLA-B27 in these areas. Ankylosing spondylitis 
is less common in the Chinese than in white populations29 but its 
prevalence may be higher in rural parts of China.24 Ankylosing 
spondylitis is characterized by limited spinal movement and sac-
roiliac joint tenderness. Peripheral joint involvement can also 
occur, particularly of lower limb joints. Radiologically, squaring of 
the vertebral bodies and ossifi cation of the disc margins and lon-
gitudinal spinal ligaments resulting in a ‘bamboo’ spine as well as 
features of sacroiliitis are classically seen. Physiotherapy and non-
steroidal antiinfl ammatory drugs are the mainstay of treatment.

Reactive arthritis in general is common throughout the tropics 
and can be due to a number of organisms. It is commonly associ-
ated with Chlamydia trachomatis or enteric bacteria, such as Shi-
gella, Yersinia and Salmonella. By defi nition, the organism is not 
found in the joint in reactive arthritis, unlike septic arthritis. 
Recent molecular techniques, such as polymerase chain reaction 
(PCR) are enabling particles from organisms to be identifi ed even 
in reactive arthritis, thereby blurring the distinction between this 
and septic arthritis. Reiter’s syndrome, comprising the triad of 
urethritis, conjunctivitis and arthritis, occurs predominantly after 
venereal disease in Africa and in Papua New Guinea.30–32 Other 

seronegative arthropathies such as enteric associated arthritis 
(associated with Crohn’s disease and ulcerative colitis), psoriatic 
arthritis and Behçet’s disease are uncommon in the tropics.

Osteoarthritis

Osteoarthritis is a progressive joint disease characterized by 
destruction of articular cartilage and the generation of osteophytes. 
Osteoarthritis may be mono-, oligo- or polyarticular in joint dis-
tribution. Polyarticular disease is uncommon in many parts of the 
tropics.33–35 Heberden’s nodes (osteophytes involving the distal 
interphalangeal joints) are uncommon in Africans and Jamai-
cans.36,37 Osteoarthritis of the hip joint is uncommon, in contrast 
with osteoarthritis of the knee (Table 22.2),34,38 among Chinese,39,40 
Africans,35,41 Indians42 and in the Middle East.28 Various sociocul-
tural activities including squatting and kneeling, either in prayer 
or as a form of greeting, have been suggested as infl uencing this 
distribution of osteoarthritis. Developmental knee abnormalities 
from rickets, trauma or parasitic infections and a low prevalence 
of congenital hip abnormalities in many parts of the tropics may 
also determine the joint distribution. Interestingly, the habit of 
carrying loads on the head by some populations does not seem 

Table 22.1 Use of drugs for rheumatoid arthritis in 
the tropics

Drug Potential problems
Chloroquine and 
hydroxychloroquine

Encourages malaria drug resistance

Sulfasalazine High prevalence of glucose-
6-phosphatase dehydrogenase 
defi ciency in parts of the tropics

Methotrexate Infection due to immunosuppression

Gold Complicating infections due to regular 
injections

Ciclosporin Infection due to immunosuppression 
and high cost

Lefl unomide High cost

Anti-TNF biological 
agents (e.g. 
Etanercept)

High cost and high infection risk

Prednisolone Steroid side-effects

Table 22.2 Hip and knee joint involvement in Nigerian and 
British patients with osteoarthritis

Patients Hip (%) Knee (%)
Nigerian (Adebajo 1991)35 1.4 47.0

British (Cushnaghan and 
Dieppe 1991)38

19.0 41.2

From Cushnaghan & Dieppe, Study of 500 patients with limb joint osteoarthritis, 
1. Analysis by age, sex and distribution of systematic joint sites. Ann Rheum Dis 
1991; 50:8–13.

Diseases of Joints

Figure 22.3 Carrying loads on the head is common in the tropics 
but is not associated with cervical spondylosis in the general 
population.
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to predispose to cervical spondylosis (Figure 22.3). Increasing life 
expectancy in many parts of the tropics appears to be associated 
with an increase in the prevalence of osteoarthritis, with a 
concomitant increased demand for joint replacement surgery. 
Although joint replacement surgery has been shown to signifi -
cantly improve the quality of life for appropriate patients, there 
are still major diffi culties of availability of joint prostheses, cost 
and postoperative care in the tropics.43

An interesting degenerative arthropathy known as Mseleni’s 
disease has been observed in southern Africa and was fi rst described 

in 1970.44,45 It is believed to be an unusual form of bone dysplasia 
and resembles dysplasia epiphysealis multiplex. A nutritional 
defi ciency or toxin has been postulated to be the cause of this con-
dition, although no environmental factor has as yet been identifi ed. 
The disorder commonly affects females before the age of 40 years 
and most frequently involves the hip joint, although other joints 
– particularly the knees and ankles – can be affected. Laboratory 
investigations are usually normal. Radiological changes resemble 
osteoarthritis and, in addition, protrusio acetabuli with deformity 
and medial subluxation of the femoral head may be seen in the hip 
joints (Figures 22.4, 22.5). The clinical course is that of a slowly 
progressive disability and the treatment is as for osteoarthritis.

Arthritis of bacterial origin (septic arthritis)

Various organisms can give rise to septic arthritis. An acute pyo-
genic joint infection is one of the most common causes of joint 
disease in the tropics. It is commonly due to Staphylococcus aureus, 
although the source of the primary infection may not be evident. 
The hip joints are most commonly affected in infants and the knee 
joint in older children and adults.46 Both healthy and previously 
damaged joints may be affected.

Salmonella joint infections are also common, particularly in 
those with sickle cell disease. Meningococcal arthritis can occur 
either as a localized suppurative arthritis or as generalized polyar-
thritis. Occasionally, the synovial fl uid of affected joints may 
be sterile, indicating that immune complexes could play a large part 
in the pathogenesis of the disease.47 Treatment of septic arthritis is 
a medical emergency involving initially broad-spectrum antibiotics 
until the specifi c antibiotic to which the organism is sensitive is 
known. Where signifi cant pus is present, surgical drainage is recom-
mended. Early intervention helps to prevent joint destruction.

Gonococcal arthritis can occur following spread of Neisseria 
gonorrhoea from the urogenital tract. It may mimic Reiter’s syn-
drome (Figure 22.6) but, unlike the latter, the organism may be 
isolated from the synovial fl uid on light microscopy and the con-
dition responds to penicillin.

Tuberculosis remains an important cause of arthritis. It may 
affect any joint, particularly the hip or the knee, but is usually 

Figure 22.4 Hip joints of a man with Mseleni’s disease after joint 
replacement surgery.

Figure 22.6 Left knee swelling in a young man with Reiter’s 
syndrome.

Figure 22.5 Hip joints of a man with Mseleni’s disease before joint 
replacement surgery.
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monoarticular. There may also be other evidence of tuberculosis 
but diagnosis is often diffi cult and may require synovial biopsy. 
Once the diagnosis of tuberculosis has been made or there is a 
high index of suspicion, aggressive and appropriate antitubercu-
losis therapy should be instituted. Surgical drainage and even 
excisional arthroplasty may be required.

Brucellosis occurs either as a local suppurative arthritis or 
a generalized non-suppurative polyarthritis in many parts of 
the tropics. Pastoral and nomadic populations are at particular 
risk.48,49 As with spinal brucellosis and as with all forms of septic 
arthritis, treatment comprises appropriate antibiotics and ade-
quate drainage.

Arthritis of viral origin

Arthralgia or arthritis can occur with most viral infections. In addi-
tion to such viruses as the hepatitis B virus, the arboviruses are 
particularly important as a cause of arthritis in the tropics (Table 
22.3). The arboviral infections include o’nyong-nyong, Sindbis, 
chikungunya, dengue, Mayaro and yellow fever, among others.50–54 

In general, these infections cause fever, a maculopapular or ery-
thematous rash as well as arthralgia or arthritis. Diagnosis is 
usually made by identifying raised viral titres. Although in a few 
cases chronic arthralgia or arthritis may persist, the prognosis is 
usually good and analgesics are the mainstay of treatment. The 
need for awareness of these conditions, and in particular chikun-
gunya, has recently been emphasized.50

Arthritis of parasitic and fungal origin

Various parasitic infections may be associated with arthritis, or 
more commonly arthralgia. Malaria is one of the most common 
causes of polyarthralgia in the tropics. Arthralgia and backache 
may occur as an extraintestinal symptom of amoebic dysentery 
and may even be a predominant symptom. Dracontiasis, schisto-
somiasis and fi lariasis have all been associated with joint prob-
lems. Usually there is arthralgia; however, arthritis may occur and 
the adult worm or larval form may be recovered from the joint 
fl uid. Thus, in general, joint problems in association with these 
parasites may be due to several possibilities. The arthritis may be 
due to the invasion of the joint space by the parasite and in some 
cases discharge of larvae into the joint space, causing an infl am-
matory synovial fl uid with microfi lariae and eosinophilia. The 
arthritis may also be reactive, secondary to the localization of the 
parasite in surrounding tissues. Septic arthritis can occur due to 
secondary bacterial infection, as can happen with Staphylococcus 
complicating Guinea worm infestation. Onchocerciasis can be 
associated with disabling back pain.

Fungal infection due to Histoplasma duboisii as well as Madura 
foot may be associated with a periarthritis and even erosive 
changes.

With all of these parasitic infections, treatment generally com-
prises symptomatic treatment with non-steroidal antiinfl amma-
tory drugs and the use of the appropriate antiparasitic agent.

Acute tropical polyarthritis

Acute or idiopathic tropical polyarthritis is a condition which has 
generated considerable interest, as it is still uncertain as to whether 
it is a homogeneous entity. The declining frequency with which 
this diagnosis is being made would suggest that the entity is a 
diagnostic waste-paper basket for acute arthritis associated with 
unknown or undiagnosed tropical infections.55–57 The condition 
appears to affect young adults of both sexes and usually involves 
large joints. Constitutional features including fever may be present 
and the erythrocyte sedimentation rate is raised. The white cell 
count, joint radiographs and synovial fl uid analysis are normal. 
Spontaneous resolution of the condition commonly occurs and 
treatment is symptomatic.

Crystal arthropathies

Hyperuricaemia and gout are common in some Polynesian 
islands.58 There is evidence that in some tropical countries gout is 
associated with urbanization, although both rich and poor may 
be affected.59–61 Gout commonly affects the metatarsophalangeal 
joint of the large toe. Other joints that may be involved include 
the ankles, knees and small hand joints. Occasionally, polyarticu-

Table 22.3 Infectious agents particularly associated with 
rheumatic disorders in the tropics

VIRUSES

O’nyong-nyong

Dengue

Chikungunya

Hepatitis B

Yellow fever

Human immunodefi ciency virus (HIV)

Sindbis

Ross river

SPIROCHAETES

Yaws

Syphilis

BACTERIA

Staphylococcus spp.

Salmonella spp.

Neisseria gonorrhoeae

Brucella spp.

PARASITES

Malaria

Schistosomiasis

Dracontiasis

Filariasis

Amoebiasis

FUNGI

Histoplasmosis

Madura foot

Diseases of Joints
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lar gout occurs which can mimic rheumatoid arthritis. Affected 
joints are acutely infl amed and very tender. Acute attacks may be 
precipitated by trauma or heavy drinking and thus may recur. 
Urate deposition into tissues leads to subcutaneous tophi, which 
is the hallmark of chronic gout. Other complications such as renal 
stones may also occur. In addition to these clinical features, the 
diagnosis is made by a raised serum uric acid level and evidence 
of uric acid crystals in synovial fl uid. Radiographs may show areas 
of bone destruction around affected joints. Unfortunately, diag-
nostic delays frequently occur in the tropics. Colchicine or non-
steroidal antiinfl ammatory drugs are useful for acute attacks, while 
xanthine oxidase inhibitors such as allopurinol, which reduce uric 
acid synthesis, are used to lower the serum uric acid level and 
thereby prevent further acute gouty attacks.59

Chondrocalcinosis or pseudo-gout differs from gout in that 
calcium pyrophosphate crystals rather than uric acid crystals are 
deposited in the synovium and tissues. Pseudo-gout has been 
reported from the tropics.62

CONNECTIVE TISSUE DISORDERS

Connective tissue disorders such as systemic lupus erythematosus 
(a syndrome characterized by vasculitis, photosensitive skin rash, 
fever, nephritis and neuropsychiatric disturbances, in association 
with antinuclear antibodies) are not common in Africa.63,64 Sys-
temic lupus erythematosus is, however, common in China,29 
Malaysia,65 India,66 Puerto Rico67 and the West Indies.68 In Malay-
sia those of Chinese ethnic origin seem to be more vulnerable to 
systemic lupus erythematosus than Malays or those of Indian 
origin.65,69 It has been suggested that tropical infections such as 
malaria may protect Africans against connective tissue diseases,70 
perhaps mediated through tumour necrosis factor.64,71 This hypoth-
esis has recently been developed further through the theory that 
implicates nitric oxide, of which there are abnormally high levels 
in malaria-parasitized, asymptomatic individuals (malaria toler-
ant). Increased nitrous oxide is then protective by minimizing 
proliferation of autoreactive T cells. This is in contrast to Africans 
living in the West, who do not have parasite-induced nitrous oxide 
protection.72 A simple alternative explanation is that systemic 
lupus erythematosus and other connective tissue diseases are still 
being underdiagnosed in the tropics, at least in part due to the 
immunodiagnostic tests required. Diseases like tuberculosis may 
also mimic some of these connective tissue disorders.63 Another 
problem is that autoantibodies that are usually found in patients 
with systemic lupus erythematosus may also occur in association 
with various tropical infections.73 Malaria and tuberculosis, in 
particular, have been associated with a range of autoantibodies 
(Table 22.4), but not double stranded autoantibodies or extract-
able nuclear antigens.

Other connective tissue disorders such as scleroderma, systemic 
sclerosis, mixed connective tissue disease and vasculitides 
such as polyarteritis nodosa have all been reported from the 
tropics.20,74–76

Childhood arthropathies

Rheumatic fever remains an important cause of arthralgia in chil-
dren, in the tropics.77 Juvenile arthritis is also becoming increas-

ingly recognized in the tropics78 as are haemophilia related 
arthritis,79 HIV associated arthritis78 and systemic lupus erythema-
tosus80 in children.

DISEASES OF BONE

Infections are the most common form of bone disease in the 
tropics but bone tumours, particularly Burkitt’s lymphoma, are 
also found. Sickle cell disease can be complicated by bone lesions 
in those parts of the tropics where the disease occurs (mainly West 
Africa and the Caribbean). Rickets is still common in many parts 
of the tropics, but other metabolic bone diseases are less fre-
quently seen. Congenital lesions of bone are rare.

Infective disease of bone

As with infective diseases of joints, many different organisms may 
be responsible. Acute osteomyelitis is commonly seen with or 
without any obvious focus of infection, such as skin sepsis. In 
patients with sickle cell disease, Salmonella organisms are common 
pathogens.46 A chronic infection may develop with the formation 
of a sequestrum of dead bone, which can act as a nidus for the 
systemic spread of organisms. Acute infections are treated with 
antibiotics and drainage, while chronic infections often require 
prolonged antibiotics and excision of dead bone.

Tuberculosis can affect virtually any bone of the body. Tuber-
culosis of the vertebrae (Pott’s disease) is a common problem in 
the tropics. The infection occurs most commonly in the thoracic 
spine, leading to vertebral collapse with a kyphosis. The spinal 
cord may be affected as a result of direct pressure of infl ammatory 
tissue, or more commonly by occlusion of nutrient arteries. A 
paravertebral abscess may track around the abdominal or thoracic 
wall or in front of the psoas muscle to point in the groin as a psoas 
abscess. Spinal tuberculosis can be treated on an outpatient basis 
with antituberculous chemotherapy and, for the few cases where 
indicated, anterior decompression and fusion.81

Osteoarticular brucellosis is a major health problem in South 
America, the Middle East and the Mediterranean, refl ecting the 
continued existence of the natural reservoir in animals in these 
regions for the coccobacillus Brucella. Humans are secondarily 
infected through the consumption of contaminated milk. Brucella 

Table 22.4 Autoantibodies associated with malaria 
and tuberculosis

Autoantibody Malaria 
prevalence (%)

Tuberculosis 
prevalence (%)

Rheumatoid 
factor

22 20

Antinuclear 30 40

Single-stranded 
DNA

10 30

Antiphospholipid 35 43

ANCA <5 <5

From Adebajo et al, Autoantibodies in malaria, tuberculosis and hepatitis B in a 
West African population. Clin Exp lmmunol 1993; 92:73–76
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infection occurs most frequently in the lumbar spine but spinal 
cord damage is uncommon. Large peripheral joint articular pain, 
often with sterile effusions, is also frequently found. Radiographs 
show osteolytic lesions with new bone formation. Diagnosis is 
diffi cult but brucellosis should be considered in a patient with 
severe backache and radiological signs of bone destruction.82 
Treatment is with appropriate antibiotics, for example tetracycline 
or doxycycline for 6 weeks.

Arthritis is a common feature of leprosy, with joint symptoms 
present in up to 75% of patients. Direct joint infection causes joint 
destruction, possibly worsened by co-existing peripheral neuropa-
thy. Joint infl ammation representing a reactive arthritis may occur 
with Mycobacterium leprae not being present in the joints. The 
polyarthritis can mimic erosive rheumatoid and can become 
chronic, with predilection for hands and wrists.83

Bone tumours

Primary tumours of bone are uncommon, although osteogenic 
sarcomas may mimic acute osteomyelitis. Secondary deposits 
often arise from lymphomas or hepatocellular carcinomas.

Figure 22.7 A mother in purdah; her child has rickets.

Diseases of Bone

Metabolic bone disease

Rickets remains a common problem in the tropics and is some-
times related to a poor diet as well as the wearing of purdah by 
mothers, which may lead to calcium defi ciency in their babies 
(Figures 22.7–22.9).

Blount’s disease occurs in parts of the tropics, mainly among 
blacks,84 and is an osteochondrosis affecting the medial tibial 
physis, causing tibia vara. Treatment is by tibial osteotomy.

Osteoporosis and associated fractures are uncommon in many 
parts of the tropics,85,86 possibly due to protection by both genetic 
and sociocultural factors – in particular exercise. A change in the 
incidence of osteoporosis in the tropics is likely, with increasing 
life expectancy.

Other metabolic bone diseases such as marble bone disease 
and Paget’s disease appear to be uncommon in most parts of 
the tropics.

Haemoglobinopathies

Apart from osteomyelitis, bone lesions associated with haemoglo-
binopathies include bone crises as a result of infarction of bone(s), 
as well as bossing of the skull, biconcave vertebrae and dactylitis. 
Osteonecrosis or avascular necrosis of the bone epiphysis usually 
presents as a monoarthritis mainly affecting the hip, knee or 
shoulders and is especially seen in patients with haemoglobin 
SC or SS disease. Surgical intervention is occasionally required 
in addition to medical management.43

Figure 22.8 Child with rickets showing limb deformities.
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Figure 22.10 Ainhum at its height. (Courtesy of W. M. Meyers.)

Figure 22.11 An amputated toe from a patient suffering from 
ainhum, showing constriction at the base. (Courtesy of B. H. Kean.)

Figure 22.9 Radiograph of a child with rickets.

Other bony lesions

Hypertrophic osteoarthropathy can occur in association with 
infections such as suppurative lung disease, or malignancy such 
as lung carcinoma.

Ainhum is a condition in which a stricture slowly develops 
between the fi fth toe and the foot, leading to spontaneous ampu-
tation. It has its highest incidence in Africa, especially among 
women of the Transkei in South Africa,87 but also occurs in people 
of African descent in the New World, Polynesians and Indians.88 
The aetiology is obscure and is considered as being due to abnor-
mal fi brogenesis, angiodysplasia or a common toxic cause (pos-
sibly of plant origin) for both ainhum and phocomelia.87,88 It is 
most common in people who walk barefoot. Clinically, there is a 
slow development of a constriction encircling the little toe at the 
level of the metatarsophalangeal joint(s). Pain may occur and the 
distal portion of the toe may swell. After some years the toe may 
remain attached to the foot by a fragile cutaneous pedicle only, 
and at this stage spontaneous or deliberate amputation usually 
occurs (Figures 22.10, 22.11). There is no proven treatment for 
the condition but when troublesome the affected toe should 
be amputated.

Transkei foot is a disorder consisting of marked lateral devia-
tion of the fi fth toe; it has been described in the Xhosa population 
of the Transkei and is possibly of genetic origin.89
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Section 4 Related Specialities in the Tropics

Chapter 23 Bernard J. Brabin, Stephen Owens 
and James E. G. Bunn

Paediatrics in the Tropics

More than 10 million children younger than 5 years die every year 
and most deaths are due to preventable diseases: diarrhoea, pneu-
monia, measles, and vaccine preventable diseases.1 Every day, it is 
estimated 28 000 children die before they reach their fi fth birth-
day. Out of 60 developing countries, which account for 94% of 
child deaths, 20 have made no progress in reducing deaths among 
children aged under 5 years. The highest mortality rates are in 
Africa and South Asia (Table 23.1). Currently available interven-
tions could prevent two-thirds of these deaths and eliminating 
healthcare coverage inequities is essential to reduce this high mor-
tality. To address this situation, fi ve strategies should be prioritized 
as recommended by Save the Children Fund.2

1. Ensure the well-being of mothers.
2. Invest in basic low cost solutions (breast-feeding, immuniza-

tion and rehydration therapy, impregnated bednets, anti biotics 
for neonatal sepsis and pneumonia).

3. Expand availability of healthcare to the poorest (training 
health workers and providing basic newborn care).

4. Increase use of basic life-saving services.
5. Improve donor support for proven solutions.
The highest risk of death is in the young infant and 4 million 
babies die in the fi rst few months of life. Neonatal deaths account 
for 65% of infant deaths in South Asia and approximately half of 
infant deaths in Africa, refl ecting an urgent need for improvement 
in maternal health as well as health services and delivery systems. 
Maternal ill health, including malaria in pregnancy, other parasitic 
diseases, bacterial and viral infections including HIV, severe 
anaemia secondary to poor nutrition, sickle cell disease, rheumatic 
heart disease, severe malnutrition, hypertension in pregnancy and 
diabetes mellitus, contribute to stillbirths, low birth weight, pre-
mature birth, congenital infections and poor neonatal and infant 
outcomes. Adolescent health in girls is a neglected area of concern. 
It is clear that a very high proportion of girls enter motherhood 
at a young age, undernourished, undersized, underprivileged and 
uneducated. To make things worse, health services are often insen-
sitive or unattractive to the adolescent.

AIDS is associated with relatively few deaths globally (3%), but 
in some countries in sub-Saharan Africa it causes 45–55% of 
childhood deaths. It was estimated in 2006 that 0.44–0.66 million 
children were newly infected with HIV, leading to 0.29–0.50 
million child deaths. Nearly 90% of children who are born with 
HIV or infected through breast-feeding are from sub-Saharan 

Africa, largely as a consequence of high fertility rates, high HIV 
infection rates in women of the reproductive age group, and 
limited resources for HIV interventions to prevent mother-to-child 
transmission. A focus on child mortality should not diminish the 
need to address health issues related to disability and develop-
mental delay in children who survive. Poor health and social 
determinants prevent at least 200 million children in low resource 
settings from achieving their developmental potential.

PERINATAL AND NEONATAL HEALTH

Most mortality and morbidity events in the perinatal and neona-
tal period are preventable.3 The causes can be classifi ed as mater-
nal, obstetric, fetal and neonatal. Direct causes of stillbirths 
include hypoxia during labour, perinatal asphyxia and congenital 
infections such as syphilis, bacterial sepsis, malaria and HIV. 
Common fetal neonatal infections include pneumonia, tetanus, 
sepsis and diarrhoea. Low birth weight (<2500 g) is probably the 
most important indirect cause of early infant mortality. Other 
factors relate to poor maternal healthcare during pregnancy, inap-
propriate management of maternal complications or delivery, and 
lack of appropriate care for the newborn especially the resuscita-
tion of mildly asphyxiated babies.

Improved perinatal and neonatal health will result from inter-
ventions starting with adolescent girls in order to improve the 
health of future mothers. These should aim to improve nutrition, 
discourage early marriage, improve female literacy and education 
and vaccinate girls against tetanus. Improved care of the pregnant 
woman is essential, including: reduction in anaemia, control of 
malaria in pregnancy and treatment of syphilis, treating pregnancy 
complications, e.g. pre-eclampsia, counselling on safe delivery and 
breast-feeding. The mother–baby package offers a minimum list 
of essential interventions (Table 23.2). The emphasis for these 
is on the birth attendant who can ensure carefully monitored 
deliveries and life-saving interventions.4 Low-cost technologies for 
the newborn are especially important in developing countries. 
One of the cheapest appropriate technologies for low birth weight 
babies is close skin-to-skin contact with the mother. This is 
the basis of the kangaroo method, which can help in reducing 
perinatal mortality. Delayed cord clamping should also be pro-
moted due to its infl uence in reducing infant anaemia.5
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Congenital infections

Infection may be acquired through breast-feeding, poor delivery 
hygiene, blood transfusion or by the respiratory route from infected 
personnel in close contact with the infant. Pneumonia contributes 
to between 750 000 and 1.2 million neonatal deaths, many of 
which relate to gram-negative infections. For several infections 
there is a scarcity of information. Congenital syphilis, neonatal 
tetanus and congenital parasitic infections should be considered. 
Mother-to-child HIV transmission is discussed elsewhere.

Congenital syphilis

Congenital syphilis is a resurgent problem in tropical countries. 
Suspicion may arise in high-risk pregnancies, e.g. drug abusers. 

Other clues include an unexplained large placenta, unexpected 
previous abortions and/or stillbirths, and ill-defi ned rashes or 
ulcerating lesions at unusual sites such as in the mouth, anus or 
breast. Most infants present at between 1 and 3 months, with 
pallor due to haemolysis, hepatosplenomegaly and skin lesions. 
Such lesions include peeling and involvement of the palms and 
soles, condylomata lata and perinatal rashes which may resemble 
a persistent nappy rash. Other features are persistent nasal dis-
charge (‘snuffl es’), failure to thrive, pseudoparesis of one or more 
limbs secondary to syphilitic epiphysitis, delayed closure of fon-
tanelles and frontal bossing. Symptomatic newborns are often 
jaundiced. The diagnosis of overt disease should not present a real 
diagnostic diffi culty if syphilis is borne in mind. Positive serology 
in the presence of any of the classical clinical manifestations of 
congenital syphilis is diagnostic. Radiographic examination of the 
knees and legs will often reveal distinctive syphilitic pathology in 
children with indefi nite clinical signs or who may be suspected 
on other grounds of having syphilis. This is particularly helpful 
when reliable serology is not available. When diagnostic labora-
tory facilities are lacking, as is often the case in the tropics, proof 
of diagnosis relies on response to treatment. Defi nitive serological 
diagnosis is usually based on a positive Venereal Disease Research 
Laboratory (VDRL) test with persistently high or rising titres or 
a persistent positive fl uorescent antibody absorption test 
(FTA-ABS).

Penicillin is the drug of choice and is recommended in a dose 
of 50 000 units/kg of aqueous procaine penicillin, by intramuscu-
lar injection, daily for 7–10 days. A large dose of long-acting 
benzathine penicillin (at least 100 000 units/kg) given once, or 
preferably twice, a week apart, is recommended when daily treat-
ment is not feasible or patient compliance is suspect. All children 

Table 23.1 Regional summary of infant and under 5 mortality rates

UNDER 5 MORTALITY RATE 
(PER 1000 LIVE BIRTHS)

INFANT MORTALITY RATE 
(PER 1000 LIVE BIRTHS)

TOTAL 
POPULATION 
(×1000)

ANNUAL 
BIRTHS 
(×1000)

Region 1960 1998 2004 1960 1998 2004 2004 2004
Sub-Saharan Africa 261 173 171 156 107 102 697 561 28 263

Middle East/North 
Africa

241 66 56 153 51 44 371 384 9620

South Asia 239 114 92 146 76 67 1 459 305 37 052

East Asia and Pacifi c 201 50 36 133 38 29 1 937 058 29 932

Latin America/
Caribbean

154 39 31 102 32 26 549 273 11 674

CEE/CIS and Baltic 
States

101 35 38 76 29 37 404 154 5570

Industrialized 
countries

37 6 6 31 6 5 956 315 10 939

Developing 
countries

216 95 87 138 64 59 5 166 574 119 663

Least developed 
countries

282 167 155 172 107 98 741 579 27 823

World 193 86 79 124 59 54 6 374 050 132 950

Source: State of the World’s Children 2006, UNICEF, New York.

Table 23.2 Essential interventions for newborn care

At birth After birth
Safe and clean delivery 
 (hand washing)
Clean delayed cord cutting 
 and tying
Dry, wrap and keep warm
Early exclusive breast-feeding
Extra care if needed for 
 resuscitation
Prophylactic eye care

Exclusive breast-feeding

Maintain warmth

Clean cord care
Hand washing
Promote immunization and use 
 of vitamin K
Recognize danger signs
Treat infection early

Source: Staneki and Way 1997.
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with syphilis should be followed to ensure recovery. Persistence of 
positive serology 6 months after treatment is an indication for 
a further course of treatment.

Neonatal tetanus

The majority of babies dying of tetanus are born in several high-
risk countries (Bangladesh, Ethiopia, India, Nigeria, Pakistan, 
Somalia, Democratic Republic of Congo). As many as 200 000 
newborns die annually from this condition and increased efforts 
are required for improved control through expanded maternal and 
adolescent tetanus immunizations and improved hygienic birth 
practices.

Congenital parasitic infections

Congenital parasitic infections are unusual, except for congenital 
malaria. Malaria may be symptomatic or asymptomatic, and in 
a proportion of cases only cord parasitaemia occurs. The risk 
of congenital symptomatic malaria is low (<1%) in babies 
born to women living under holoendemic conditions. If symp-
tomatic at birth these babies present with anaemia, jaundice and 
splenomegaly and the diagnosis is frequently missed. Those with 
asymptomatic parasitaemia at birth may either suppress this 
spontaneously, or present with clinical symptoms in the late 
neonatal period.

Congenital infection with African trypanosomiasis has also 
been described. These infants may remain asymptomatic until the 
second year of life when they present with neurological sequelae 
and illness.6 Congenital infection with South American trypano-
somiasis ranges from 2% to 10% in some areas.

CHILDHOOD INFECTIONS

The current section highlights particular aspects of common 
infections relevant to their presentation and management in 
children.

Malaria

Nearly 600 000 children die of malaria each year, most of them 
in sub-Saharan Africa (see also Chapter 23 and 73). The clinical 
picture of malaria in children varies with the endemicity of the 
disease. Where malaria transmission is low or markedly seasonal, 
severe disease may occur at any age. Under conditions of persistent 
year-round transmission (stable or holoendemic malaria), severe 
disease occurs almost exclusively in very young children who, if 
they survive, develop a high degree of acquired immunity by 5–6 
years of age which is suffi cient to protect them thereafter from 
life-threatening malaria. In early infancy, transplacentally acquired 
maternal malaria antibody provides passive immunity which sup-
presses, but does not prevent, malarial infection in the infant. 
Exclusive breast-feeding may protect in a similar way, i.e. not by 
preventing infection but by reducing parasite density.

In some areas, P. falciparum prevalence approaches 100% by 12 
months of age. There is a common misapprehension that in such 
areas clinical manifestations of malaria tend to occur after 6 
months of age. This is not true. Life-threatening malaria can occur 

in infants under 6 months. Cases may present as early as 6 weeks, 
the incidence increasing gradually thereafter to reach a peak some-
time after 6 months. Fever (usually without rigors), cough, vomit-
ing, pallor and convulsions are the well-known presenting 
symptoms in childhood. Acute haemolytic episodes causing jaun-
dice are unusual. The serious complications seen when severe 
infections present late include coma, cardiac failure from severe 
anaemia, haemoglobinuria and its associated renal problems, 
circulatory collapse, metabolic acidosis and respiratory distress, 
hypoglycaemia and rarely spontaneous bleeding.7

Cerebral malaria

The defi nition of cerebral malaria in children is the same as in 
adults: unrousable coma in P. falciparum malaria in the absence 
of an alternative or additional cause for altered consciousness. 
Peak prevalence occurs at 2–3 years and well-nourished children 
are more frequently and severely affected than malnourished. The 
condition is exceptionally rare in kwashiorkor. Clinical history is 
usually short, i.e. 1–2 days; convulsions preceded by alteration of 
consciousness and followed by coma is the most common mode 
of presentation. Headache and fever are common preceding 
complaints. The age incidence of ‘febrile convulsions’, which is 
6 months to 5 years, overlaps precisely with the age incidence of 
cerebral malaria in holoendemic malarious areas, and this causes 
diagnostic diffi culties in practice. Rapid recovery of full conscious-
ness within half an hour of a convulsion virtually excludes cere-
bral malaria in childhood. Children with impaired consciousness 
or respiratory distress are at the highest risk of death.

A common clinical fi nding is hepatosplenomegaly, but not 
infrequently neither organ is enlarged. Opisthotonos may occur 
and suggests the diagnosis of meningitis or tetanus. Hypoglycae-
mia occurs quite commonly in young children and may aggravate 
and prolong coma if unrecognized and uncorrected. In West 
Africa, a popular traditional remedy for convulsions can cause 
hypoglycaemia and this is frequently given to children with cere-
bral malaria. The immediate administration of intravenous glucose 
is recommended for any child so treated who shows alteration 
of consciousness.

Case fatality is high (between 10% and 40%), with most deaths 
occurring within 24 h. Time from starting of treatment to resolu-
tion of coma in children is short (1–2 days). If the child recovers, 
neurological sequelae may occur. Cerebral malaria is the most 
severe neurological complication of malaria and following appro-
priate antimalarial therapy up to 11% may have gross neurological 
defi cits on discharge, many of which persist.

The main parasitic causes of childhood fi ts, other than malaria, 
are neurocystercosis and toxoplasmosis. Cysticercosis prevalence 
is probably grossly underestimated in children with epilepsy living 
in areas with a high pork consumption. Among 88 epileptic 
patients (>15 years of age) in northern Togo (West Africa), 27 
suffered from cysticercosis. Convulsions, intracranial calcifi cation 
and hydrocephalus in the newborn point to the diagnosis of 
toxoplasmosis, although congenital cytomegalovirus infection 
may also be considered. In later childhood, epilepsy, mental retar-
dation, microcephalus and cranial nerve palsies are other sequelae. 
Other parasitic causes of seizures include echinococcosis, cerebral 
paragonimiasis, African trypanosomiasis and Schistosoma japoni-
cum infection.

Childhood Infections
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Malaria and anaemia

Anaemia is a very frequent and often serious complication of P. 
falciparum malaria in early childhood, and young children are 
more likely to present with severe anaemia than cerebral malaria. 
There appears to be an inverse correlation between the degree of 
anaemia and cerebral involvement, i.e. the greater the degree of 
anaemia, the less the likelihood of cerebral malaria. The main 
cause of the anaemia appears to be dyserythropoiesis with a mat-
uration arrest at the normoblast stage in bone marrow. Malarial 
anaemia responds very well to effective antimalarial treatment, but 
there is a lag period of 4–5 days before reticulocytosis occurs as a 
prelude to a rapid steady rise in haemoglobin concentration.

Quartan malaria

In terms of acute sickness, P. malariae quartan malaria is the most 
benign species of human malaria but it has the ability to compro-
mise immune function(s). Quartan malarial nephrotic syndrome 
is the clinical expression of an immune complex nephritis caused 
by P. malariae, which is possibly the most common cause of 
chronic parenchymatous renal disease in childhood in the tropics. 
Patients present with classic signs of nephrotic syndrome such as 
oedema, massive albuminuria, hypoproteinaemia and hypercho-
lesterolaemia, but with few exceptions do not show a satisfactory 
response to any form of treatment and eventually die from hyper-
tension and renal failure. The use of corticosteroids in these cases 
is fraught and is only very rarely benefi cial. Prednisolone in the 
management of this condition is only justifi ed if the patient is 
under good clinical control that enables early detection of adverse 
effects and withdrawal of treatment if it is harmful.

Management of severe malaria

The management is similar to that in adults.7 If a child has a convul-
sion, this is usually controlled with basic respiratory support, 
paraldehyde, 0.1–0.2 mL/kg body weight intramuscularly (given 
in a glass syringe), or a slow intravenous injection of diazepam, 
0.15 mg/kg to a maximum of 10 mg. Diazepam, 0.5–1.0 mg/kg, 
can be given intrarectally if injection is not possible. The choice of 
antimalarial is the same as for adult malaria but weighing of chil-
dren is mandatory and the dose of antimalarial should be calcu-
lated on a body weight basis. Rectal administration of artemisinin 
preparations appears to have acceptable therapeutic effi cacy. A 
single rectal dose of artesunate is associated with rapid reduction 
of parasite density in children with moderately severe malaria. This 
option is useful for initial treatment if the child is unable to take 
oral medication, or if parenteral treatment is unavailable.8 Hypo-
glycaemia should be treated with an intravenous bolus injection of 
50% glucose (up to 1.0 mL/kg body weight), followed by a slow 
intravenous infusion of 10% glucose to prevent recurrence of hypo-
glycaemia. Blood transfusion is life-saving in severe malarial 
anaemia.9 Respiratory distress is often a manifestation of metabolic 
acidosis. In children presenting with oliguria and dehydration, 
careful rehydration with isotonic saline is mandatory, with frequent 
re-examination of the jugular venous pressure and blood pressure. 
There is a high concurrence of septicaemia with severe malaria and 
a diagnosis of meningitis is often diffi cult to separate from one of 
cerebral malaria. The empirical use of a broad spectrum antibiotic 
should be considered in the treatment of severe malaria.

Measles

Measles is a leading cause of deaths in children in developing 
countries, with an estimated minimum of 350 000 children dying 
from measles in 2005. It is a disease of the under fi ves, with many 
cases in the fi rst year of life and a peak incidence in 2–3 year-old 
children. The early phases of the disease are the same as classically 
described. The rash occurs after a prodromal period of 4 days and 
lasts 5–6 days. A haemorrhagic rash occasionally occurs and carries 
a poor prognosis. In malnourished children, skin desquamation 
following the exanthema is usually extensive, severe and prolonged 
for several weeks (Figure 23.1). Misdiagnosed patients with 
measles are often admitted to general wards where the disease then 
spreads to non-immune children with other serious diseases.

Multiple complications often occur. Bronchopneumonia is the 
most frequent and most important cause of death from measles. 
Stomatitis and other oral lesions, including cancrum oris (noma), 
and chronic diarrhoea with fl uid and electrolyte disturbances are 
important complications. Acute measles encephalitis occurs not 
infrequently and subacute sclerosing panencephalitis occasion-
ally. Activation of primary tuberculosis and miliary or broncho-
genic spread are constant risks following measles. Otitis media 
and skin sepsis are very common, but rarely fatal complications. 
Chronic otitis may lead to hearing impairment. A necrotizing 
laryngotracheitis may lead to stridor. Severe measles is more fre-
quent in poorly nourished children and those with HIV infection. 
All children in developing countries diagnosed with measles 
should receive 2 doses of vitamin A supplements given 24 h apart. 
Small frequent feeds are often required, with good attention to 
oral hygiene to ensure nutrition is maintained. Use antibiotics for 
clear indications. The current Expanded Programme on Immuni-
zation recommendations for increasing coverage remain crucial to 
improve measles control, and this should be complemented by 
mass supplemental immunization.10

Tuberculosis

In industrialized countries, tuberculosis in children has declined 
progressively over the decades, although it is still found in immi-

Figure 23.1 Measles desquamation in a Papua New Guinea child.
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grants, minority groups and more recently in association with HIV 
infection (see Chapter 56). This decline is mainly associated with 
improved living conditions, contact tracing and individual case 
management. In developing countries, tuberculosis is a common 
problem among adults and children. Infants, adolescents and preg-
nant women have heightened susceptibility to tuberculosis. Sus-
ceptibility is also increased in malnutrition. Tuberculosis is a major 
problem in HIV-infected adults and children. A sentinel autopsy 
study from Central Africa of children dying of respiratory diseases 
has shown that bacterial pneumonia, tuberculosis, PCP and CMV 
are the top four causes of death in the HIV-positive group.11 Recent 
evidence from South Africa, which found isoniazid prophylaxis 
improved mortality, would suggest TB is a larger problem in HIV 
than has previously been recognized.12 However, in the few autopsy 
studies that have been reported13 tuberculosis has not been found 
to be a common cause of death in this age group.

Tuberculosis in children mainly results from primary infection 
presenting usually as focal pulmonary disease (primary focus), 
followed by involvement of lymph nodes (primary complex), 
although tuberculosis can infect virtually all parts of the body. In 
developing countries where mothers bring their children late to 
the hospital, children may present with progressive and post-
primary disease. Commonly observed manifestations of primary 
disease include pleural effusion, segmental collapse with consoli-
dation, bronchopneumonia and pericarditis in younger children, 
and meningitis and bone or joint tuberculosis in older children. 
Disseminated tuberculosis (miliary tuberculosis) is usually seen 
in children with immunosuppression secondary to malnutrition 
or viral illness such as measles or chickenpox, and more recently 
in HIV infection.

The diagnosis of primary tuberculosis is based on a positive 
tuberculin test and enlarged nodes on chest radiograph with or 
without pulmonary infi ltrates. In older children and adults, a 
wheal less than 5 mm in diameter that appears after tuberculin 
challenge is regarded as insignifi cant, 6–9 mm is likely to be asso-
ciated with non-tuberculous mycobacteria, and greater than 
10 mm is indicative of infection with Mycobacterium tuberculosis. 
Widespread BCG vaccination in infancy creates problems in inter-
preting tuberculin test results in infancy. After BCG the tuberculin 
response is usually less than 10–15 mm. A stronger response is 
suggestive of sensitivity to M. tuberculosis. A negative tuberculin 
test in children, however, does not exclude tuberculosis. In devel-
oping countries the tuberculin response may be negative in mal-
nutrition, miliary tuberculosis, HIV, or following recent measles, 
chickenpox or kala azar. In infants and young children with clin-
ical evidence of tuberculosis, in those with malnutrition or those 
in close contact with a case, an intermediate reaction of 6–9 mm 
may be signifi cant. When the tuberculin response is negative in 
children with tuberculosis who are malnourished, it may become 
positive after 6–8 weeks when the nutritional status improves. The 
accelerated BCG response, in which local induration occurs within 
48 h followed by ulceration and scab formation, was previously 
used for diagnosis, but this is now contraindicated, as it may cause 
disseminated BCG infection in immunosuppressed patients, par-
ticularly in children with AIDS. Newer T cell based γ-interferon 
assays appear more sensitive than the tuberculin test, can identify 
patients with previous TB infection, and can better differentiate 
TB from previous BCG or atypical mycobacteria infection. 
However, they do not distinguish active TB disease from previous 

primary infection. As with tuberculin tests there are still signifi cant 
false negative rates. In a recent South African study the sensitivity 
in TB disease was reported to be 83% compared with 63% for the 
tuberculin test.14

Specimens for microscopy and culture are usually obtained 
from gastric lavage, induced sputum or a laryngeal swab. The yield 
of M. tuberculosis from different sources of specimens has been 
variable. Gastric aspiration performed in the morning in a fasting 
child on three consecutive mornings is positive by culture in about 
40–50% of children with pulmonary tuberculosis.15 Sputum 
induction has yielded a positive smear or culture in 28% of 
patients. Studies comparing gastric lavage with laryngeal swabs 
have yielded variable results. In a series involving Ugandan 
children, laryngeal swab cultures were positive in 63% of cases 
compared with 28% for gastric aspirates. Changes secondary 
to tuberculosis on chest radiograph include hilar adenopathy, or 
collapse consolidation, or pleural effusion or miliary opacities. In 
children co-infected with HIV, radiograph changes may not be 
typical. For example, HIV-infected children with lymphocytic 
interstitial pneumonitis (LIP) or chronic lung disease (CLD) have 
many features similar to tuberculosis, and in this group diagnosis 
is particularly diffi cult. The presence of fi nger clubbing in a child 
with chronic cough is more suggestive of LIP or CLD than TB.

The treatment of tuberculosis in children depends on the type 
and extent of the disease. The commonly used drugs are isoniazid 
(INH), rifampicin (R), pyrazinamide (PZA) and ethambutol (E) 
with streptomycin often added for TB meningitis or recurrence of 
disease. Isoniazid kills about 90% of the bacillary population 
during the fi rst few days of chemotherapy. Rifampicin is essential 
for short treatment (6–9 month schedules), and a third or fourth 
drug usually is added for the fi rst 2 months.

There is an additional consideration for children under 5 who 
are household contacts of a patient with TB or who have evidence 
of asymptomatic primary infection (a positive tuberculin test), 
with no clinical features of TB disease, and (where available) a 
normal chest radiograph. These can be treated with INH ‘chemo-
prophylaxis’ for 6 months or INH and rifampicin for 3 months, 
as there is a high probability of progression to active disease.

However, for those with symptomatic disease, or chest radio-
graph changes suggestive of tuberculosis, a full treatment course 
should be given. A typical regimen would consist of INH + R + 
PZA for 2 months followed by INH + R for 4 months. In severe 
disease, four drugs may be necessary.

In tuberculous meningitis, treatment should be for longer. 
Typically INH + RF + PZA for 2 months followed by INH + RF for 
7 months. A fourth drug (ethambutol, ethionamide or streptomy-
cin) can be added if the disease is severe or the child is wasted.

The above regimens are examples, but where available, national 
treatment protocols should be followed for TB treatment.

Corticosteroids are of benefi t in tuberculous meningitis, and in 
TB pericarditis. Prednisolone (4 mg/kg per day) or dexamethasone 
can be given for up to 4 weeks and then the dose can be tapered 
off over 4–8 weeks.

Human immunodefi ciency virus

Human immunodefi ciency virus infection is a major emerging 
problem in many paediatric care facilities in tropical countries 

Childhood Infections
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(see chapter 20). In sub-Saharan Africa, for example, half of HIV 
infection is in women, and paediatric AIDS constitutes 15–20% 
of AIDS cases compared with less than 4% in Europe. Children 
born from HIV-infected mothers may acquire HIV during preg-
nancy, labour or lactation. The HIV transmission rate from mother 
to infant without antenatal antiretroviral therapy has been esti-
mated to be between 15 and 25% in industrialized countries and 
20–45% in developing countries. The majority of infants acquire 
infection during labour.

Risk factors for transmission include high maternal viral load, 
low maternal CD4 cell count, maternal symptomatic HIV, newly 
acquired HIV infection, prematurity, vaginal delivery, prolonged 
rupture of membranes, chorioamnionitis and breast-feeding. 
Other factors with weaker evidence include viral characteristics, 
micronutrient defi ciency and genetic factors. Risk factors for post-
natal transmission during breast-feeding include mixed breast-
feeding in the fi rst 6 months of life,15 newly acquired infection, 
sub-clinical or clinical mastitis, nipple disease including breast 
ulcers or abscess.

ARV treatment to mother and child in pregnancy or around the 
time of delivery signifi cantly reduces the risk of transmission, and 
there are various regimens available. The choice is dependent on 
the complexity of regimen a country is able to deliver at a public 
health level. Promotion of exclusive breast-feeding is feasible and 
should be encouraged to 6 months of age.16 Whether, or for how 
long a mother breast-feeds her infant depends on her ability to 
provide a breast-milk replacement safely. UNICEF and WHO have 
established the AFASS principles for this, which state that a mother 
should breast-feed unless an acceptable, feasible, affordable, 
sustainable and safe option to breast-milk is available.17 These 
principles continue after 6 months, as breast-milk provides up to 
50% of the calorie needs of the infant up to 1 year of age. 
Approximately 3–4% of HIV exposed infants will become 
infected in the fi rst 6 months of exclusive breast-feeding,16 and a 
further 3–4% if breast-fed from 6–12 months of life.18

The natural course of HIV in children is bimodal. Some of the 
children develop HIV in the fi rst year of life, probably due to 
acquisition of infection during pregnancy. These children are 
known as rapid progressors. Other children survive several years 
before developing AIDS. Approximately one-third will die by their 
fi rst birthday, half by 24 months and about 80% by 5 years.19 The 
diagnosis of paediatric HIV infection should begin with identifi ca-
tion of maternal HIV infection during or before pregnancy as most 
(>95%) paediatric HIV infections result from mother-to-child 
transmission (MTCT). This allows not only provision of preventive 
antiretroviral therapy in pregnancy and/or at delivery, but also 
early identifi cation of at-risk babies for laboratory confi rmation 
of HIV infection. Early diagnosis in the child will facilitate close 
clinical monitoring and cotrimoxazole preventive therapy for 
infections and provision of antiretroviral therapy (ART) from early 
infancy. Daily cotrimoxazole should be started from 6 weeks of 
age and continued to 18 months or until a child is known to be 
uninfected. In HIV-infected children, it should be continued 
indefi nitely, as it is an effective means to reduce respiratory and 
other infections, and has been shown to halve the mortality in 
these children.20

In most tropical settings, HIV counselling and antibody testing 
(HCT) is not universal. In addition, paediatric infection cannot be 
confi rmed using antibody tests alone under 18 months of age. A 

positive antibody test in this age group only confi rms exposure to 
maternal infection, as maternal antibodies (IgG) persist for up to 
15–18 months of age. The DNA polymerase chain reaction (PCR) 
test, recommended for early diagnosis of paediatric HIV, is not 
universally available in the tropics. It is expensive and requires 
both sophisticated equipment and experienced technologists.

The clinical presentation of paediatric HIV disease in children 
in the tropics often lacks specifi city and usually mimics commonly 
observed clinical entities observed in children without HIV infec-
tion. Without specifi c clinical algorithms to aid front-line workers 
and with limited laboratory and other diagnostic facilities, arriv-
ing at a paediatric AIDS diagnosis is extremely diffi cult for most 
healthcare providers, especially in primary and secondary facili-
ties, with most paediatric AIDS deaths occurring unconfi rmed. 
WHO revised the paediatric classifi cation for clinical staging 
in 200621 (Table 23.3), and has also re-defi ned the CD4 cut-offs 
for initiating ARVs where these are available. This uses CD4+ cell 
count or percentage (preferred in children under 5 years) as a 
marker of immune status according to the child’s age (Table 23.4). 
CD4+ cell estimation has previously required complicated and 
expensive equipment; however, lower cost simplifi ed technologies 
have recently become available and, with this, increasing avail-
ability in low resourced countries.

HIV clinical entities observed in children in the tropics differ 
from those in industrialized countries, with severe malnutrition a 
common presenting feature. Kaposi’s sarcoma and rectovaginal 
fi stula are well recognized specifi c entities strongly associated with 
HIV, and persistent diarrhoea, chronic lung disease, non-typhoidal 
salmonellosis, chronic ear discharge and TB infection are also 
common.

The Integrated Management of Childhood Illness (IMCI) has 
been adapted in many Southern African countries to include an 
HIV algorithm, and to identify children for referral for HCT.

Similarly there are algorithms for the presumptive diagnosis of 
HIV in children under 18 months of life (Table 23.5) who have 
positive HIV serology, and where PCR and/or CD4 confi rmation 
are not available. It is important that any child who is seropositive 
under 18 months of age, and in whom a confi rmatory PCR diag-
nosis has not been performed, is re-tested after 18 months of age 
to confi rm their HIV status.

Pneumocystis jiroveci pneumonia (PCP) is the most frequent 
and severe cause of pneumonia affecting HIV-infected infants in 
industrialized countries. It was earlier reported that PCP was less 
common in Africa than in industrialized countries. However, both 
autopsy and clinical studies have shown that the prevalence of 
PCP is common in sub-Saharan Africa.22 Clinically, a diagnosis of 
PCP should be considered in an infant less than 6 months of age 
with severe pneumonia characterized by marked hypoxia who 
does not respond to standard antibiotics. Laboratory confi rmation 
is diffi cult. Immunofl uorescent techniques on nasopharyngeal 
aspirates may be useful, but probably underestimate the 
diagnosis.21

Children with HIV commonly present with chronic respiratory 
symptoms, the cause of which may be diffi cult to determine. These 
children may have HIV-related LIP or chronic lung disease (CLD), 
but the diagnosis may be confused with pulmonary tuberculosis 
or Kaposi’s sarcoma (KS) because of radiological features of the 
interstitial infi ltrates with hilar prominence. The presence of 
fi nger clubbing points towards CLD and LIP. TB is suggested by a 
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Severe recurrent bacterial pneumonia

Symptomatic lymphoid interstitial pneumonitis

Chronic HIV-associated lung disease including bronchiectasis

Unexplained anaemia (<8.0 g/dL), neutropaenia (<0.5 × 109/L) and 
or chronic thrombocytopenia (<50 × 109/L)

CLINICAL STAGE 4a,b

Unexplained severe wasting, stunting or severe malnutrition not 
responding to standard therapy 
Pneumocystis jiroveci pneumonia (PCP)

Recurrent severe bacterial infections (e.g. empyema, pyomyositis, 
bone or joint infection, meningitis, but excluding pneumonia)

Chronic herpes simplex infection; (orolabial or cutaneous of more 
than one month’s duration, or visceral at any site)

Extrapulmonary tuberculosis

Kaposi sarcoma

Oesophageal candidiasis (or Candida of trachea, bronchi or lungs)

Cytomegalovirus (CMV) infection; retinitis or CMV infection 
affecting another organ, with onset at age over 1 month

Central nervous system toxoplasmosis (after the neonatal period)

Extrapulmonary cryptococcosis (including meningitis)

HIV encephalopathy

Disseminated endemic mycosis (extrapulmonary histoplasmosis, 
coccidiomycosis)

Chronic cryptosporidiosis (with diarrhoea)

Chronic isosporiasis

Disseminated non-tuberculous mycobacteria infection

Cerebral or B cell non-Hodgkin lymphoma

Progressive multifocal leukoencephalopathy

HIV-associated cardiomyopathy or nephropathy

Table 23.4 WHO CD4 criteria for severe immunodefi ciency 
in HIV infection. Age-specifi c CD4+ T lymphocyte counts 
and percentage of total lymphocytes to initiate ART21

AGE OF THE CHILD

<11 
months

12–35 
months

35–59 
months

6–12 
years

CD+/mm3 <1500 <750 <350 <200

(%) <25 <20 <15 <15

Childhood Infections

CLINICAL STAGE 1

Asymptomatic

Persistent generalized lymphadenopathy

CLINICAL STAGE 2a

Unexplained persistent hepatosplenomegaly

Papular pruritic eruptions

Fungal nail infections

Angular cheilitis

Lineal gingival erythema

Extensive wart virus infection

Extensive molluscum contagiosum

Recurrent oral ulceration

Unexplained persistent parotid enlargement

Herpes zoster

Recurrent or chronic upper respiratory tract infections (otitis media, 
otorrhoea, sinusitis, tonsillitis)

CLINICAL STAGE 3a

Unexplained moderate malnutrition or wasting not adequately 
responding to standard therapy

Unexplained persistent diarrhoea (14 days or more)

Unexplained persistent fever (above 37.5°C, intermittent or 
constant, for longer than 1 month)

Persistent oral candidiasis (after fi rst 6–8 weeks of life)

Oral hairy leukoplakia

Acute necrotizing ulcerative gingivitis or periodontitis

Lymph node tuberculosis

Pulmonary tuberculosis

a Unexplained, refers to where the condition is not explained by other causes.
b Some additional specifi c conditions can be included in regional classifi cations (e.g. disseminated Penicilliosis in Asia, HIV-associated rectovaginal fi stula in Africa, and 

reactivation of American trypanosomiasis).

Table 23.5 WHO presumptive diagnosis criteria for 
paediatric AIDS in children <18 months where virological 
testing is not available21

• The infant is confi rmed as being HIV antibody-positive

 and

• A stage 4 AIDS-indicator condition is diagnosed

 or

• The infant is symptomatic with two or more of the following:

 – oral thrush

 – severe pneumonia

 – severe sepsis

 and the above would be supported by a CD4 <20%

Table 23.3 WHO clinical staging for infants and children with established HIV infection21
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positive contact history, and a cough which does not improve on 
antibiotics. A tuberculin test may be positive. In lung KS, examina-
tion of the skin, lymph nodes, and palate will usually identify 
other KS lesions.

Immune reconstitution syndromes are increasingly being rec-
ognized after treatment for HIV, TB, and severe malnutrition,  
which may all be present in a child commencing ARVs. This com-
monly presents as a worsening of symptoms in the fi rst months 
after starting ARVs, and the underlying cause should be sought 
and treated.

Treatment with ARVs has become simplifi ed in recent years. It 
will generally consist of a 3-drug regime, usually as a combination 
tablet. Although adult tablets have been used for children, these 
have previously underdosed the nevirapine component, which has 
been a core component in most low resource settings. Newer spe-
cially formulated paediatric combination tablets are becoming 
available, the fi rst of these being Pedimune baby and Pedimune 
junior (lamivudine, stavudine, and nevirapine). Suspensions may 
require refrigeration, and are therefore less easy to use in low 
resource countries. Adherence to treatment is critical, as it is in 
adults, otherwise resistance will develop to the fi rst line regime. 
This fi eld is rapidly changing, and reference should be made to 
current national and WHO guidelines to inform treatment choices.

Rheumatic fever

Rheumatic fever (see also Chapter 22) occurs exclusively in human 
beings and there are no known animal reservoirs. The greatest 
susceptibility is after 5 years of age and in adolescents.23 Group A 
streptococcal infection always precedes rheumatic fever, and the 
most convincing evidence that this is the cause of the disease is 
that primary and secondary attacks can be prevented by the use 
of penicillin. The incidence is diffi cult to determine, as many cases 
may be sub-clinical. Disease results from auto-immunity as peptide 
sequences on the surface of the streptococcus are identical with 
that of collagen tissues in cardiac valves, joints and nervous tissue. 
Rheumatogenic streptococcal strains are associated with specifi c 
M-protein serotypes which can differ substantially in virulence. 
Clustering in families may refl ect close contact and likelihood of 
spread, and this is one reason why the risk of rheumatic fever is 
higher in overcrowded conditions. Primary attacks of rheumatic 
fever are often not preceded by clinical pharyngitis and in about 
20% there is no rise in the ASO titre. The site of infection in these 
children is unclear. The susceptibility of individuals relates to 
genetic factors due to the recognition that gene products of the 
human major histocompatibility complex are associated with 
rheumatic fever. Nearly all cases of rheumatic fever possess B 
lymphocyte allo-antigens before disease onset, and these are nor-
mally present in peripheral blood in only 1 in 5 of a population. 
In developing countries, improved socioeconomic conditions and 
less overcrowding partly explain the dramatic decline in the inci-
dence since the 1950s where incidence is low (0.2–05/100 000). 
In contrast, the incidence rate in developing countries is high, with 
rates reaching 10–20 per 1000 population.

Clinical signs of rheumatic fever are similar wherever in the 
world the disease is encountered. Mitral valve involvement is com-
monest with a predominance of mitral regurgitation, especially 
in younger children. Isolated mitral stenosis in children is well 

described and occurs at a younger age in children in developing 
countries. If recurrences are prevented, a large proportion of chil-
dren with pure mitral incompetence will have no heart disease 
after a decade. With a fi rst attack about 50% of children will have 
carditis causing cardiac murmurs detectable by auscultation. The 
risk of carditis with recurrent attacks is much higher (>75%). In 
developing countries with inadequate prophylaxis, pure mitral 
regurgitation may progress to severe disease requiring cardiac 
surgery. These fi ndings explain the high morbidity and mortality 
rates in less developed countries.

The most effective control is prophylaxis of recurrent strepto-
cocci pharyngitis with penicillin V (125–250 mg orally twice 
daily), or benzathine penicillin G (0.6–1.2 million units intra-
muscularly every 3 or 4 weeks according to body weight) is highly 
effective and should be continued until 25 years of age. This is 
best delivered as part of a coordinated programme. Patients with 
defi nite valvular disease will require life-time therapy.

Dengue haemorrhagic fever

The global incidence of dengue has increased exponentially over 
the past decade and is now endemic in many developing coun-
tries. In children, the infection is usually mild and non-specifi c. 
The presentation depends on age, with overt clinical dengue fever 
(DF) mainly apparent in children over 5 years old. There is an 
incubation period of 5–8 days following an infective mosquito 
bite. Clinical manifestations of DF include high continuous fever, 
headache, periorbital pain, myalgia, arthralgia, a maculopapular 
rash, leucopenia and, occasionally, haemorrhage.

The more severe dengue haemorrhagic fever (DHF) with plasma 
leakage and shock or haemorrhage occurs in individuals who have 
had previous infection with a different dengue serotype (of which 
there are four). This severe form therefore occurs mainly in areas 
where transmission of more than one serotype occurs, and com-
monly in children between 5 and 9 years of age. Clinical manifes-
tations are the same as those of dengue fever, but in addition there 
may be evidence of plasma leakage (ascites and pleural effusion), 
a rising haematocrit hepatomegaly (with abnormal LFTs and clot-
ting) and a low platelet count (<100 000/mm3). Diagnosis is clin-
ical and the tourniquet test can be helpful. The tourniquet test 
consists of applying an arm blood pressure cuff to the mean arte-
rial pressure for 5 min, a positive test is more than 10 petechiae 
per square inch. Confi rmation of dengue is usually by serology or 
positive viral culture.

The clinical course can be divided into a febrile phase (days 1–
5), a haemorrhagic shock or toxic phase of 1–2 days duration (days 
4–6), followed by a convalescent phase. The severity of the disease 
can be graded according to the presence of shock or bleeding.
Grade I: A febrile illness with non-specifi c constitutional symp-

toms and a positive tourniquet test.
Grade II: In addition to the above, there is haemorrhage in skin, 

gastrointestinal tract and other sites.
Grade III: Circulatory failure with rapid weak pulse, small pulse 

pressure, cold clammy extremities and hypotension.
Grade IV: Profound shock and moribund clinical state with unde-

tectable pulse and blood pressure.
The management of DF and DHF is supportive, with antipyretics 
and analgesics. It is not advised to use non-steroidal antiinfl am-
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matory drugs. Fluid management is critical to success in DHF, and 
should be titrated against the haematocrit and clinical condition, 
to maintain effective circulation during the 48 h period of plasma 
leakage. The clinician walks a tightrope in managing DHF, as 
giving too much fl uid may overload the circulation and can pre-
cipitate respiratory distress. Mortality rates of <1% have been 
achieved in experienced centres, and recovery is almost always 
complete.

The increasing geographical distribution of dengue haemor-
rhagic fever has meant that DHF is being encountered by clini-
cians with no previous experience in its management, with poorer 
outcomes initially for a disease which can carry a mortality rate 
of up to 50%. Vector control is the only preventative measure, in 
the absence of effective dengue virus vaccines, and recent out-
breaks have been curtailed by these measures with variable success. 
Counselling mothers to recognize shock will improve earlier 
diagnosis and detection.

Pertussis

Pertussis (whooping cough) occurs worldwide and causes 300 000 
deaths in children annually, mostly in developing countries.24 The 
causative agent, Bordetella pertussis, is spread by aerosol droplet 
and the related B. parapertussis and B. bronchiseptica cause a similar 
illness.

The typical illness occurs classically in three stages, commenc-
ing with a 1–2 week coryzal stage clinically indistinguishable 
from other URTIs. This is followed by a 2–4 week paroxysmal stage 
when paroxysms of coughing (up to 10 staccato-like coughs) are 
followed by the characteristic high-pitched inspiratory whoop. 
Coughing may be followed by vomiting in younger children, 
cyanosis, apnoea and convulsions. With poor feeding and vomit-
ing, rapid weight loss may be a problem, and rectal prolapse, sub-
conjunctival haemorrhages and ulceration of the frenulum can 
occur. A convalescent stage usually of 1–2 weeks follows, but 
coughing can last for months and may be precipitated by intercur-
rent URTIs. The Chinese termed pertussis the ‘100 day cough’. In 
infants, classical disease is less common, and pertussis may present 
with apnoea, bradycardia, seizures or atypical cough with poor 
feeding.

Where available, a pernasal swab plated onto a Bordet–
Gengou medium will confi rm the diagnosis, but may not be 
positive in the paroxysmal stage of illness, when the clinical 
presentation is more helpful. The diagnosis is supported by fi nd-
ing blood lymphocytosis which occurs in the second to fi fth 
weeks.

Management is mainly supportive, although erythromycin 
50 mg/kg per day for 10–14 days if given during the catarrhal stage 
may shorten the clinical course. This is of most use in contacts 
that develop a coryzal illness. Prevention of paroxysms is best 
achieved by avoidance of the triggers and there is little benefi t 
from cough suppressants or sedatives. Oxygen may be helpful and 
in infants may reduce apnoeic events. Maintenance of nutrition 
and hydration is important. Pneumonia is the commonest com-
plication and may be from secondary bacterial infection or aspira-
tion. Atelectasis due to obstruction of airways by tenacious 
secretions can occur and is often only apparent on radiography. 
Subsequent bronchiectasis may result. Encephalopathy is well rec-

ognized, and may be due to hypoxic brain injury, intracranial 
haemorrhage or toxin.

Treating cases with erythromycin and vaccinating unimmu-
nized siblings may reduce transmission. Acellular and whole cell 
vaccines are both effective in preventing disease, with the more 
expensive acellular vaccine having fewer adverse reactions.

Diphtheria

Diphtheria (see Chapter 67) may occur as a mild or life-
threatening illness usually presenting in young children, and 
before vaccination was available had epidemic cycles with 2–4 year 
intervals. Epidemics still occur in parts of Africa, South-east Asia 
and the newly independent states of the former Soviet Union.

A child with early tonsillar diphtheria may not appear ill ini-
tially, but within a few days may become very toxic with extensive 
membrane formation. All children with diphtheria require man-
agement in hospital. Nasal diphtheria, commonest in infants, may 
initially resemble a common cold with nasal discharge slowly 
becoming serosanguineous and then mucopurulent. Tonsillar and 
pharyngeal diphtheria tend to be more severe forms of disease, 
and within 1–2 days a patch or patches of grey–yellow membrane 
may cover the tonsils and pharyngeal walls, which may then 
extend to the uvula, soft palate or larynx and trachea. The breath 
may have a foul smell. Acute airways obstruction may resemble 
viral ‘croup’ in infants (pseudo croup). Cervical lymphadenitis is 
variable and when associated with soft tissue oedema, gives the 
appearance of a ‘bull neck’. Bleeding diathesis (usually nasal) is 
associated with a poorer prognosis.

Complete heart block and myocarditis are not uncommon, and 
develop after the fi rst week of illness. Neuropathy occurs between 
two and ten weeks into the illness, often when the child is getting 
better, and is reversible. Soft palatal paralysis occurs most com-
monly. Paralysis of the diaphragm and a bilateral and usual motor 
peripheral neuropathy may also occur. Cutaneous diphtheria is 
not uncommon in warmer climates, and can lead to immunity in 
children, and is one of the causes of tropical ulcer.

Mortality from diphtheria increases with delayed administra-
tion of antitoxin, so treatment (following a test dose) should be 
started on clinical suspicion of disease. Penicillin or erythromycin 
will render most patients non-infectious within 24 h, although 
resistance has been reported.

Prevention of diphtheria is by immunization, and although 
immunized persons can be infected by toxin-producing strains of 
diphtheria, systemic manifestations of diphtheria do not occur. 
Immunity may wane with time, particularly in communities where 
diphtheria is no longer present.

COMMON CHILDHOOD DISEASE ENTITIES IN 
THE TROPICS

Acute respiratory infections

This section deals with the causes and management of acute 
respiratory infections (ARI) in low resource countries, and not 
the management of upper respiratory tract infections (URTIs).

Of the 10.5 million children aged less than 5 years who die 
every year, almost one-third of the deaths are due to pneumonia. 

Common Childhood Disease Entities in the Tropics
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Up to 50% of outpatient attendances are due to ARI of which 
two-thirds are URTIs. Some 30% of hospital admissions are for 
ARI, usually pneumonia. Outpatient management has been 
simplifi ed through the development of a syndromic assessment 
strategy and standardized management protocols, which are 
now incorporated within the WHO Integrated Management of 
Childhood Illness (IMCI) programme.

Community-based studies from around the globe have shown 
a similar incidence of ARI with an average of six to eight episodes 
of ARI per year in urban areas. There is a much higher mortality 
rate from pneumonia in developing countries, with most deaths 
occurring in infants. Pneumonia not associated with measles 
accounted for 70% of the deaths due to ARI, followed by post-
measles pneumonia (15%), pertussis (10%) and bronchiolitis and 
croup (5%) in 1983. This pattern has changed with improved 
immunization coverage for measles and pertussis, and as HIV-
related pneumonia has become more common in certain regions.

Viruses are the primary cause of the majority of ARI, both of 
the upper and lower respiratory tract. Measles-related pneumonia 
carries a poor prognosis, and may be due to secondary staphylo-
coccal infection. Respiratory syncytial virus (RSV) infection is sea-
sonal worldwide; however, in most infants and children RSV 
bronchiolitis is a self-limiting illness. Human metapneumovirus 
has recently been identifi ed as a common respiratory pathogen, 
second to RSV, to which it appears to have a similar disease spec-
trum, including URTI, bronchiolitis and viral pneumonia.25 In 
some communities, Chlamydia trachomatis is a common pathogen 
in infancy. The vast majority of bacterial pneumonia (diagnosed 
through lung aspiration research studies) is caused by Streptococcus 
pneumoniae or Haemophilus infl uenzae. In children around 5 years 
of age mycoplasma infections also occur. In HIV-infected infants 
Pneumocystis jiroveci interstitial pneumonitis (PCP) (previously 
carinii) infection is common,21 although most ARI remains due to 
organisms which normally cause community-acquired pneumo-
nia. Children with severe malnutrition may also be infected with 
Gram-negative organisms such as non-typhoid Salmonella spp 
(NTS), Klebsiella spp and Escherichia coli. In infants under 2 months 
of age, Gram-negative organisms are also common. Factors that 
increase the incidence and severity of pneumonia include: young 
age, low birth weight, malnutrition, lack of breast-feeding, indoor 
smoke, and underlying disease.

The diagnosis of ARI and pneumonia is predominantly clinical, 
and with the promotion of IMCI, initiation of treatment on syn-
dromic criteria is appropriate. Children usually present with cough 
and/or diffi culty in breathing. Fever is common but not specifi c. 
It is important to identify the child with pneumonia who requires 
antibiotics and possibly hospital admission. A raised respiratory 
rate is consistently the most reliable clinical sign for pneumonia. 
More severe pneumonia is indicated by respiratory distress, with 
subcostal chest indrawing and possibly cyanosis or other ‘danger 
signs’. These clinical signs of pneumonia have a lower predictive 
value in infants under 2 months, who may present with poor 
feeding, grunting, apnoea or hypothermia. Auscultation of the 
chest is often not helpful, especially in the young.

Chest radiographs are unreliable in differentiating viral from 
bacterial pneumonia, so do not generally help to determine spe-
cifi c treatment. They are best reserved for management failures 
and chronic cough. Blood cultures have a consistently low yield, 
and although nasopharyngeal culture may refl ect the likely patho-

gen causing pneumonia in the community, it does not necessarily 
indicate the pathogen causing disease in an individual child. Lung 
aspiration remains a research tool.

Early treatment of pneumonia with appropriate antibiotics sig-
nifi cantly reduces the morbidity and mortality rate attributed to 
ARI in developing countries. The choice of antibiotic for cases of 
pneumonia will depend on many factors, including drug avail-
ability, the likely aetiology, and the child’s age and nutritional 
status. For children from 2 months up to 5 years of age, co-
trimoxazole or amoxicillin are appropriate for the out-patient 
treatment of pneumonia, and for severe pneumonia parenteral 
benzylpenicillin (or ampicillin) should be used, and if very severe 
in combination with daily gentamicin. If there is no improvement 
within 48 h chloramphenicol should replace the penicillin. 
Depending on the likely aetiology, a macrolide, or addition of 
cloxacillin may be required. In children with malnutrition, or in 
those with HIV infection, Gram-negative organisms are relatively 
common, and antibiotic choice should refl ect this, and where 
possible be informed by local sensitivity patterns. Oxygen concen-
trators (and pulse oximetry) are becoming more widely available, 
and oxygen should be given to children with severe indrawing of 
intercostal muscles, respiratory rates above 70/min, or who are 
hypoxic.

Infants who are infected with HIV are at risk of Pneumocystis 
jiroveci (carinii) interstitial pneumonitis (PCP), which typically 
presents in the fi rst 6 months of life with severe respiratory 
distress, and severe persistent hypoxia; treatment should be with 
high-dose co-trimoxazole. The prognosis of PCP infection in HIV 
remains poor, particularly without intensive respiratory support. 
This infection can be prevented with daily prophylactic co-
trimoxazole from 6 weeks of age in HIV exposed infants.

Diarrhoeal diseases

Children under 5 years old suffer around a billion episodes of 
diarrhoea each year. Diarrhoeal disease accounts for 17% of the 
mortality in this age group, causing the deaths of an estimated 2 
million through dehydration. Only acute respiratory infections 
kill more children outwith the perinatal period. Those living in 
the poorest countries, where inadequate sanitation, lack of clean 
drinking water and malnutrition are endemic risk factors, carry the 
heaviest burden. A child living in the developing world can expect 
six or seven episodes of diarrhoea per year compared to one or 
two episodes for a child in the developed world.

The WHO defi nes diarrhoea as the passage of loose or watery 
stools at least three times in a 24 h period but also emphasizes 
the importance of parental perceptions of abnormal stool fre-
quency or constituency in making the diagnosis. Acute diarrhoea 
typically has an abrupt onset, lasts less than 14 days and is infec-
tive in aetiology, with the presence of blood usually taken to 
signify dysentery. Chronic or persistent diarrhoea lasts at least 14 
days, is more common in infancy and is frequently secondary to 
gastrointestinal infection complicating malnutrition, or poorly 
managed acute gastroenteritis. Less common causes of diarrhoea 
include the ingestion of drugs or toxins, hypersensitivity reactions 
and a range of congenital endocrine and metabolic abnormalities. 
It is also important to note that foci of infection outside the bowel 
may cause diarrhoea, for example pneumonia and otitis media.
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Enteric infection is the most common and important cause 
of diarrhoea in tropical countries. Around 20 microorganisms 
(viruses, parasites and bacteria) cause diarrhoeal disease and the 
epidemiological signifi cance of each varies according to age group, 
geographical location, nutritional status and the chronicity of 
illness. Rotavirus alone accounts for 60% of diarrhoeal episodes 
in developing countries and kills an estimated 600 000 children 
each year. Group A rotavirus infections are responsible for the 
majority of cases, which peak between 6 and 24 months of age 
and may produce epidemics in hot, dry seasons. Following an 
incubation period of 18–36 h, the virus invades the villi of mature 
enterocytes via apical receptors and calcium-dependent endocyto-
sis. Lytic destruction of these cells may follow, leading to a loss of 
functional intestinal absorption and profuse, watery stools over 
the next 2–7 days. Immunity develops with repeated exposure and 
most disease is mild; however, severe dehydration and death are 
more likely in younger infants and the malnourished. Live, oral 
rotavirus vaccines have recently been licensed, and proven highly 
effi cacious in trials. Intussusception was a reported complication 
of previous vaccines but appears to be less of a problem with 
newer formulations. Their introduction into vaccination schedules 
in the developing world would have a measurable impact on 
morbidity and mortality.

Pathogenic E. coli typify the bacteria causing diarrhoeal illness. 
They are classifi ed into six groups according to their disease-
forming properties but infection may remain asymptomatic. 
Enterotoxigenic E. coli (ETEC) is most commonly associated with 
disease and may also cause fever, abdominal pain and vomiting. 
The enterotoxin causes watery, secretory diarrhoea through the 
transduction of second messenger intracellular signal pathways. 
Spontaneous recovery usually occurs within 7 days but infection 
can persist if nutrition is compromised. Other relevant bacteria 
include Campylobacter spp, Salmonella spp and Yersinia spp. These 
organisms invade and disrupt the colonic mucosa, inducing an 
infl ammatory response and resulting in ulceration and haemor-
rhage. Shigella spp are the most important causes of dysentery, 
however, accounting for 15% of all diarrhoeal deaths in the 
under-fi ves. Shigella dysenteriae type 1 is the leading cause of 
haemolytic–uraemic syndrome in tropical countries. Vibrio chol-
erae remains a major cause of epidemic diarrhoea, particularly in 
disaster areas but may also be endemic.

Giardia lamblia is frequently isolated from stool samples. 
Although this enteric parasite is an important cause of diarrhoea 
in malnourished children, its importance in other groups remains 
unclear, as carriage is frequently asymptomatic. Cryptosporidium 
parvum is commonly associated with HIV infection, severe wasting 
and chronic diarrhoea. Amoebic dysentery is caused by the proto-
zoan parasite Entamoeba histolytica and tends to be more severe in 
the very young and those who are immuno-suppressed.

A precise aetiological diagnosis of diarrhoeal disease is often 
diffi cult. Stool culture is seldom available to clinical laboratories 
in tropical countries and quality control of such facilities is prob-
lematic. Fresh stool microscopy, which is more widely available, 
is required for the diagnosis of intestinal parasites, for which 
antimicrobial treatment is benefi cial. Fortunately, the standard 
clinical management of acute diarrhoeal episodes is not otherwise 
dependent on microbiological investigations and most diarrhoeal 
disease resolves without the use of antibiotics. Dysentery is the 
exception to this general rule and cases should undergo stool 

culture and sensitivity testing if possible. Antibiotic resistant Shi-
gella spp and Campylobacter spp are now a common problem.

Children with diarrhoea and no signs of dehydration may be 
managed at home, with an increase in normal fl uid intake, con-
tinued feeding and careful monitoring. However, prompt recogni-
tion of the child who is deteriorating should lead to early contact 
with healthcare services and a rapid, accurate assessment of hydra-
tion status. Children with signs of severe dehydration or shock 
should be treated immediately with intravenous Ringers lactate 
solution, where available, or another crystalloid. Recent studies 
have shown that once signifi cant hypovolaemia has been cor-
rected, oral rehydration therapy (ORT) is as effective as ongoing 
intravenous fl uid infusion. ORT, given by mouth or nasogastric 
tube, should be instituted as soon as a child can drink, with the 
aim of rehydrating within 4 h of presentation and maintaining 
that status until recovery. This requires periodic re-evaluation of 
the response to fl uids and of stool output. Children with severe 
malnutrition, persistent vomiting, cholera and abdominal disten-
sion require additional consideration.

Reduced-osmolarity ORT appears to be broadly superior to 
standard ORT in the management of diarrhoeal dehydration. Vari-
ability in outcome measures between studies and insuffi cient data 
relating specifi cally to cholera merit a cautious interpretation of 
this conclusion. WHO currently recommends the universal use of 
ORT with an intermediate sodium content of 75 mmol/L.26

Malnutrition is a poor prognostic indicator in diarrhoeal 
disease and is also one of its main sequelae. This vicious cycle 
accounts for up to half of all diarrhoeal deaths in children. More 
frequent breast-feeding and early re-feeding with solids for older 
children is advised, once shock and dehydration have been cor-
rected. There is substantial evidence that this is generally safe, 
well-tolerated and therapeutic. Caution is recommended only 
for non-exclusively breast-fed infants younger than 6 months 
and in those with very severe forms of diarrhoea. Although 
data are limited, the marked enteropathic changes in gut histology 
observed in this latter group suggest that re-feeding may be less 
successful.

Additional supplementation with zinc, and to a lesser extent 
with vitamin A, has been shown to reduce signifi cantly the risk, 
duration and severity of chronic diarrhoea in children. The WHO 
recommends that all children admitted to hospital with diarrhoea 
be given zinc supplements soon after arrival and that these be 
continued for 2 weeks. Anti-diarrhoeal drugs, such as loperamide, 
kaolin or opiates have no role in the management of acute diar-
rhoea in children, may cause dangerous side-effects and should 
be avoided.

Bacterial meningitis

Bacterial or pyogenic meningitis is a widespread and common 
cause of paediatric mortality on the tropics.27 For example, the 
African ‘meningitis belt’ defi nes an area from Senegal to Sudan, 
characterized by high endemicity and cyclical epidemics of menin-
gococcal meningitis affecting up to 2% of the population. The 
majority of cases of bacterial meningitis are caused by Streptococcus 
pneumoniae (many serotypes), Neisseria meningitidis (serogroups 
A, B, C, Y, W135) and Haemophilus infl uenzae type b. The latter is 
uncommon in children over 5 years old, and has been largely 
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eliminated from countries that have adopted universal immuniza-
tion programmes. Meningococcal disease is more frequent in this 
age group and may occur in conjunction with severe septicaemia. 
Viral infections, dust, and smoke inhalation damage the upper 
respiratory tract, predisposing to invasive disease. A polyvalent 
meningococcal vaccine is available but lacks consistent immuno-
genicity in infants and young children. Haemoglobinopathies 
predispose to pneumococcal disease, together with traumatic head 
injury, otitis media and HIV infection. The introduction of the 
conjugated polyvalent pneumococcal vaccine should produce a 
signifi cant decline in pneumococcal disease in countries imple-
menting universal immunization in infancy.

In neonates, Escherichia coli, Listeria monocytogenes, pneumo-
cocci and the group B streptococci predominate while Staphylo-
cocci, Salmonella and Klebsiella are also potential causes. Preterm 
and low birthweight babies are at particularly high risk. Among 
HIV-infected children, non-typhoidal Salmonella and tuberculous 
meningitis are becoming more common.

Classical clinical features of meningitis in children include 
fever, vomiting, headache, photophobia and meningism (nuchal 
rigidity and severe pain on knee extension with hip fl exion – 
Kernig’s sign). Infants are more likely to present with a non-
specifi c history of fever, vomiting, feed refusal, irritability and 
convulsions. Examination may reveal high-pitched crying or 
bulging fontanelle. Meningitis should always be considered in 
febrile infants with convulsions and in children with a diagnosis 
of cerebral malaria. The presence of a purpuric rash suggests 
meningococcal septicaemia and lesions should be sought care-
fully, especially on the buttocks and soles of the feet.

In the absence of focal neurological signs or cardiovascular 
instability, lumbar puncture with biochemical, microscopic and 
microbiological analysis of the cerebrospinal fl uid should be per-
formed to confi rm the diagnosis. However, empirical antibiotics 
should be given early, before the results of the lumbar puncture 
are known. Third-generation cephalosporins are the treatment of 
choice for bacterial meningitis but are not commonly available in 
low resource settings. Monotherapy with parenteral chloramphen-
icol is also effective; the addition of ampicillin or benzylpenicillin, 
although often recommended, confers no additional benefi t. 
Pathogen-specifi c therapy may be tailored later, when the results 
of laboratory analyses are known. The use of dexamethasone as 
an adjunct to prevent neurological sequelae or improve outcome 
in bacterial meningitis remains controversial. A large study in 
Malawi showed that steroid use conferred no additional benefi t 
and other studies have shown harm.28 Routine use of steroids in 
the treatment of childhood bacterial meningitis in developing 
countries is not recommended. Other aspects of supportive treat-
ment include adequate oxygenation, careful fl uid management, 
prevention of metabolic derangement and seizure control.

Mortality for meningitis varies with age and aetiology. Fatality 
rates as low as 2% have been reported in infants and children with 
meningococcal meningitis and as high as 20% in neonates with 
group B streptococcal infection. Mortality is also much greater for 
meningococcal septicaemia than for meningitis alone. Complica-
tions of bacterial meningitis are common and severe, including 
the syndrome of inappropriate antidiuretic hormone secretion 
(SIADH), subtotal emphysema, hemiplegia and hydrocephalus. In 
parts of West Africa, meningitis accounts for over one-third of 
cases of deafness.

INTEGRATED MANAGEMENT OF 
CHILDHOOD ILLNESSES

In 2005, 10.5 million children under 5 years of age died in devel-
oping countries, with 70% of these deaths being due to ARI 
(mostly pneumonia), diarrhoea, measles, malaria or malnutri-
tion, or a combination of these. Most of these deaths would be 
averted if preventative measures and appropriate management 
were available at community level. At this level diagnostic support 
services such as radiology or laboratory services are minimal or 
not available, but despite this the majority of children can be 
allocated appropriate therapy using a syndromic approach to 
clinical assessment. For example, pneumonia requiring antibiotics 
or hospital admission can be identifi ed with a high degree of 
sensitivity and reasonable specifi city using a combination of a 
raised respiratory rate (age related), chest indrawing and the pres-
ence of ‘danger signs’. Using this approach, children with fast 
breathing and fever may be allocated to receive both an anti-
malarial and antibiotic, as for many sick children a single diagno-
sis may not be appropriate.

In 1997, the WHO initiated the ‘Integrated Management 
of Childhood Illness’ (IMCI), a strategy which combines the 
syndromic management of illness in the community with assess-
ment and promotion of nutrition, immunization and other 
important factors infl uencing child health (Table 23.6). Through 
IMCI it is expected that death, and the frequency and severity 
of illness and disability will be reduced, and child growth and 
development will be improved.29 Although IMCI focuses on 
the community care of children under 5 years, WHO has produced 
complementary materials,30 which give guidelines for hospital 
care of children at fi rst referral level in developing countries, 

Table 23.6 Interventions included in the IMCI strategy21

Care pathway Promotion of 
growth/
prevention of 
disease

Response to 
sickness/curative 
care

Home Community/home-
based intervention 
to improve 
nutrition
Insecticide- 
impregnated 
bednets

Early case 
management
Appropriate care 
seeking
Compliance with 
treatment

Health services Vaccinations
Complementary 
feeding and breast- 
feeding counselling
Micronutrient 
supplementation

Case management 
of: diarrhoea, 
measles, malaria, 
malnutrition, ARI and 
other diseases
Complementary 
feeding and breast-
feeding counselling
Iron treatment
Anthelmintic 
treatment
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and are consistent with the IMCI strategy and management plans 
for sick children.

With HIV an increasing problem in many sub-Saharan coun-
tries, WHO has developed and evaluated an adaptation to include 
HIV in the IMCI algorithms. This identifi es specifi c symptoms and 
signs suggestive of HIV, and when three or more of these are 
present, prompts the health worker to refer the child and mother 
for HIV testing, and referral into HIV services.

IMMUNIZATION PROGRAMMES

The Expanded Programme on Immunization (EPI) was launched 
in 1974 by the WHO at a time when less than 5% of the world’s 
children were immunized during their fi rst year in life against the 
initial six target diseases: diphtheria, tetanus, whooping cough, 
polio, measles, and tuberculosis. Immunization with H. infl uenzae 
conjugate (Hib) vaccine and hepatitis B vaccine have been added 
to the infant schedule in many developing countries during the 
last decade (Table 23.7). These immunizations save more than 3 
million lives a year. Despite this achievement, 30 million infants 
still have no access to basic immunization each year and the goal 
of reaching 80% coverage of the world’s children has not yet been 
achieved.

At present, fi ve contacts are needed during the fi rst year of life 
(at birth, 6 weeks, 10 weeks, 14 weeks, and at 9 months) and in 
most low resource countries coverage rates decline progressively 
through this period. The schedule outlined in Table 23.7 is appli-
cable for both HIV non-infected and asymptomatic infected chil-
dren in developing countries. There are increasing efforts to expand 
services to include hepatitis B and Hib vaccines and to link these 
health contacts with delivery of vitamin A supplements and, if 
appropriate, intermittent preventive antimalarial treatment in 
infants against malaria (IPTi).

BCG

For further information on BCG, see Chapter 56.

Polio

Polio eradication is within reach, as there remain only four polio 
endemic countries in the world (Nigeria, India, Pakistan and 
Afghanistan). Under 1900 cases were reported in 2005. This 
success has been achieved through a global eradication strategy. 
This is four-pronged: high routine immunization coverage with 
oral polio vaccine (OPV); supplementary immunization in the 
form of National Immunization Days (NIDs); effective surveil-
lance for acute fl accid paralysis and wild poliovirus; and door-to-
door immunization (‘mopping up’ campaigns). The Americas 
were certifi ed polio-free in 1994, the Western Pacifi c in 2000, and 
Europe in 2002.

While OPV vaccine is one of the safest vaccines available, one 
case of vaccine-associated polio occurs for every 2.5 million doses 
administered. In view of this some countries with no wild-type 
polio transmission are using inactivated poliovirus (IPV) in their 
EPI programmes. Unlike OPV, IPV vaccine induces low levels of 
immunity to enteric poliovirus, and although providing protec-
tion against systemic disease, cannot prevent the spread of wild 

poliovirus. Use of OPV vaccines is central to the eradication of 
polio worldwide.

Measles

Globally, measles accounts for over half a million deaths in chil-
dren under 5 years of age, often through the complications of 
pneumonia, diarrhoea and malnutrition. The majority of deaths 
occur in countries where immunization coverage for children is 
less than 50%. Measles vaccines have lower effi cacy before 9 
months of age, the EPI recommended age for vaccination, as the 
vaccine may be neutralized by maternal antibodies transplacen-
tally acquired by the infant. For children at high risk of measles 
exposure, e.g. children in refugee camps or in hospital, the WHO 
recommends an initial dose of measles vaccine at six months as 
benefi cial with a second dose at between 9 and 18 months.

Table 23.7 The South African EPI schedule and method of 
vaccine administration

Age Vaccine Route of 
administration

Birth BCG Intradermal injection

TOPV Oral drops

6 weeks TOPV Oral drops

DTP + Hib Intramuscular injection to 
the left thigh

Hepatitis B Intramuscular injection to 
the right thigh

10 weeks TOPV Oral drops

DTP + Hib Intramuscular injection to 
the left thigh

Hepatitis B Intramuscular injection to 
the right thigh

14 weeks TOPV Oral drops

DTP + Hib Intramuscular injection to 
the left thigh

Hepatitis B Intramuscular injection to 
the right thigh

9 months Measles Intramuscular injection to 
the right thigh

18 months TOPV Oral drops

DTP Intramuscular injection to 
the left arm

Measles Intramuscular injection to 
the right arm

5–7 years 
(school entry)

TOPV Oral drops

Td Intramuscular injection to 
the left arm

12–15 years 
(school leaving)

Td Intramuscular injection to 
the left arm

BCG, Bacilli Calmete–Guerin (antituberculosis vaccine); TOPV, trivalent oral polio 
vaccine; DTP, diphtheria, tetanus, pertussis vaccine; Td, tetanus and diphtheria 
vaccine; Hib, Haemophilus infl uenza type b vaccine.

Immunization Programmes
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Diphtheria

With good coverage, diphtheria has become rare in the industrial-
ized world and also in many developing countries. Outbreaks in 
the newly independent states of the former Soviet Union relate to 
low vaccine coverage. With reduced boosting of immunity through 
natural exposure to diphtheria organisms, vaccine-induced immu-
nity wanes over time, even in countries with consistently high 
levels of immunization coverage in infants. This allows groups of 
non-immune individuals to build up, creating the ideal condi-
tions for epidemics, which may then occur if high coverage of 
infant immunization with diphtheria declines.

WHO recommends that at least 90% of children under the age 
of one are immunized with three doses of diphtheria vaccine, 
given as the combined DTP vaccine. In many developed countries 
a series of booster doses are also included in immunization 
schedules.

Pertussis

Loss of confi dence in whole-cell pertussis vaccine due to a concern 
regarding vaccine-related encephalopathy in the 1970s reduced 
the uptake of this vaccine in a number of Western countries, result-
ing in a resurgence of infection, morbidity, and deaths. The disease 
is most dangerous in infants. WHO estimates indicated 17.6 
million cases in 2003 and 279 000 deaths. Although establishing 
a link between this adverse event and the vaccine proved diffi cult 
to confi rm, the public perception of the vaccine was damaged. 
As a result, a number of countries have incorporated the more 
expensive acellular vaccine in their immunization schedule, 
as this vaccine has similar effi cacy but fewer side-effects, such 
as local reactions and fever. In countries where the incidence of 
pertussis has been considerably reduced by successful vaccination 
a booster dose administered 1–6 years after the primary series 
is warranted.

Hepatitis B

Hepatitis B infection is generally sub-clinical in infants and young 
children, and is predominantly acquired from mother to child, or 
by child-to-child transmission. The burden of disease develops in 
long-term carriers of Hepatitis B virus, and occurs in adult life as 
cirrhosis of the liver and liver cancer, which cause about a million 
deaths annually. This vaccine, now incorporated into the EPI 
schedule of over 150 countries, is unlikely to affect childhood 
morbidity, but it is expected to reduce one of the principal causes 
of cancer death in many parts of Africa, Asia, and the Pacifi c Basin. 
Where perinatal transmission of virus is common, e.g. in South-
east Asia, immunization is recommended at birth, 6 and 14 weeks, 
whereas in sub-Saharan Africa it is recommended at 6, 10 and 14 
weeks. In the Gambia, the prevalence of chronic infection among 
children declined from 10% to 0.6% after implementation of 
universal hepatitis B vaccination.

Yellow fever

A single dose of the safe and highly effective yellow fever vaccine 
protects against disease for at least 10 years, and probably for life. 

It is therefore recommended to be included in the EPI schedules 
of those countries at risk of yellow fever transmission, and is given 
at 9 months alongside measles immunization. As a strategy, it is 
almost certainly cheaper to prevent disease through immuniza-
tion than to respond to outbreaks when they occur.

Other vaccines relevant to EPI 
immunization programmes

A number of vaccines are available but not widely used in deve-
loping countries. These include a vaccine against Japanese 
encephalitis, which in Thailand has been added to the EPI schedule. 
WHO recommends developing countries introduce the 7-valent 
pneumococcal conjugate vaccine (PCV7). The safety and effi cacy 
of PCV7 has been well established, including in trials in developing 
countries which have shown a 16% reduction in all-cause mortality 
and a 65% reduction in invasive pneumococcal disease.30,31 Simi-
larly, rotavirus vaccines are also expected to have a signifi cant 
impact on diarrhoeal deaths and malnutrition, but an initial 
vaccine introduced into the USA was subsequently shown to cause 
the rare adverse event of intussusception. The new rotavirus 
vaccines currently being tested are less likely to cause this 
complication.

There are many constraints to the delivery of effective immu-
nization to communities in low-resource countries. These include 
effective maintenance of the ‘cold chain’, missed opportunities 
for immunization because of inappropriate contraindications 
and fear of side-effects, negative attitudes of healthcare workers, 
concerns about wastage of vaccine, and infrastructural diffi culties 
in delivering vaccine at community level. HIV is not a contraindi-
cation to vaccination with the current EPI vaccines, apart from 
BCG, which is only contraindicated in symptomatic children with 
AIDS, but should still be given to neonates born to HIV-positive 
mothers. Achieving effective disease surveillance, sustainability 
and pricing are the main challenges for national and international 
organizations.

NUTRITIONAL DEFICIENCIES

Iron-defi ciency anaemia

The World Health Organization estimates that over 40% of the 
world’s children are iron defi cient and regional prevalence fi gures 
for poor, high-risk populations frequently climb above 70%. Hae-
matological indices, such as haemoglobin and serum ferritin con-
centrations are usually used as proxy measures of iron status but 
are in reality functional markers of iron bioavailability. The true 
prevalence of iron defi ciency may be lower than that quoted. 
Nevertheless, iron defi ciency represents an important public 
health problem in children because of its negative impacts on 
growth psychomotor development, cognition and the immune 
system. All of these effects may be modulated through iron defi -
ciency anaemia. Recent work has demonstrated the importance of 
good maternal iron status from conception until delivery. The 
maternal-placental nutrient supply line must satisfy fetal demands 
for iron and provide the prenatal iron stores required by infants 
during early postnatal life.
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Term infants with a normal birth weight are unlikely to become 
iron defi cient during the fi rst 6 months. However, breast-milk has 
low iron content, which despite being highly absorbed and uti-
lized is inadequate for infants older than 6–9 months of age, when 
prenatal stores are exhausted. Prolonged exclusive breast-feeding 
beyond the fi rst year and the provision of inadequate weaning 
foods thereafter contribute to the iron defi ciency burden, which 
peaks in children under 2 years of age in poor countries. Dietary 
defi ciency of iron is commonly exacerbated by poor absorption 
in the gut, secondary to the ingestion of dietary inhibitors (phy-
tates, tannins, other divalent minerals) and/or gastroenteropathy. 
Chronic blood loss from intestinal helminthiasis and from the 
heavy menses of adolescent girls, are also particular risk factors.

The results from 26 randomized controlled trials of iron sup-
plementation of children living in developing countries were 
recently reviewed.32 Improved haematological indices and reduc-
tions in developmental defi cits were observed in supplemented 
children with evidence of iron defi ciency or anaemia at baseline. 
No consistent effects on growth were observed but in iron-replete 
children weight-gain was found to be adversely affected by supple-
mentation. Most trials were too small to provide a reliable measure 
of morbidity and no overall effect was observed. A trial in eastern 
Africa described signifi cant increases in mortality and serious 
adverse events secondary to malaria in children supplemented 
with iron compared with placebo.33 Iron supplementation may 
best be targeted to those children with identifi ed iron-
defi ciency anaemia rather than applied universally, especially in 
malaria-endemic regions.

Folate-defi ciency anaemia

Folate defi ciency occurs much more frequently in children in 
tropical countries than elsewhere. It is a well-recognized complica-
tion of kwashiorkor, sickle cell anaemia and other inherited 
haemolytic anaemias, goat’s milk feeding in infancy, and malab-
sorption from many causes. Low birth weight babies are suscep-
tible to folate defi ciency, which should be suspected when these 
infants become anaemic and fail to thrive. Folate defi ciency can 
cause persistent diarrhoea in infancy. Routine administration of 
folic acid, 400 μg daily, is recommended for the following condi-
tions in childhood: sickle cell anaemia, thalassaemia and other 
inherited haemolytic anaemias; kwashiorkor; low birth weight 
babies; and children receiving long-term medication with drugs 
that have signifi cant antifolate activity. Folate defi ciency usually 
responds rapidly to treatment but megaloblastic anaemia in 
kwashiorkor may prove an exception.

Vitamin A defi ciency

Between 125 and 250 million pre-school children are defi cient in 
vitamin A, predominantly in South-east Asia and sub-Saharan 
Africa.33 The defi nition of defi ciency was previously expanded to 
include the full spectrum of vitamin A defi ciency disorders 
(VADD). The categorization encompasses the various grades of 
xerophthalmia (Table 23.8 and Figure 23.2), down to subclinical 
defi ciency (serum vitamin A concentration <0.7 mmol/L). Vitamin 
A defi ciency is the leading cause of preventable blindness in chil-
dren and at least half of the 500 000 children who become blind 

annually will die within a year of losing their sight.34 Cheap, 
simple and highly effective supplementation programmes are now 
being implemented globally, which target children at risk between 
the ages of 6 months and 6 years. The administration of 200 000 IU 
of vitamin A every 4–6 months can reduce all-cause mortality by 
approximately 25% in high-risk children. Supplementation during 
acute measles reduces mortality by up to 50% and survivors 
recover more rapidly from diarrhoea and pneumonia. These pro-
grammes may be consolidated by a strong policy commitment to 
prolonged breast-feeding, which offers partial protection from 
clinical vitamin A defi ciency to infants. Promotional campaigns 
on the dietary use of green leafy vegetables and food fortifi cation 
campaigns, for example of sugar in Guatemala, have also proven 
successful. In infants under 6 months vitamin A supplementation 
schedules have been recommended, but there is controversy on 
dosage schedules.35

In older children, vitamin A is the treatment of choice for 
xerophthalmia. Retinyl palmitate or acetate, 200 000 IU in an oily 
solution is given orally on diagnosis, at 24 h and after 4 weeks 
(sooner if there is deterioration). Parenteral preparations are avail-
able in the event of vomiting or severe diarrhoea. Infants and 
children weighing less than 8 kg should be given half doses.

Vitamin D and calcium defi ciency

Nutritional rickets (see also Chapter 30) occurs primarily in coun-
tries where for religious and/or social reasons, women and chil-

Table 23.8 Clinical classifi cation of xerophthalmia

Ocular sign Classifi cation
Night blindness XN

Conjunctival xerosis X1A

Bitot spot X1B

Corneal xerosis X2

Corneal ulcer/keratomalacia X3

Corneal scar XS

Xerophthalmia fundus XF

Figure 23.2 Pigmented conjunctival Bitot spot.

Nutritional Defi ciencies
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dren are not exposed to the sun. It is quite common in Pakistan, 
Egypt, Somalia, Ethiopia the Middle East and West Africa, is con-
sidered rare in East Africa, but is well described in Nigeria.36

It commonly presents between 6 and 18 months of age and is 
increasingly recognized in very low birth weight babies. Rickets is 
a disease of growth and is infrequent therefore in severe malnutri-
tion. Diagnosis is straightforward. The child may appear well 
nourished but restless and pale and a history of diarrhoea or 
respiratory infection may be given. Motor development is delayed, 
with poor linear growth. Infantile tetany may occur. Characteristic 
bony lesions in infancy include craniotabes, delayed closure of the 
fontanelles, delayed dentition, and epiphyseal enlargement best 
seen in the wrists and costochondral junctions. Bossing of the 
head, bow legs, knock knees and other limb deformities are 
common features in older children. Clinical diagnosis is con-
fi rmed by wrist radiographs and serum chemistry, which always 
shows raised alkaline phosphatase and depressed phosphate 
levels. Therapeutic vitamin D dose varies from 1500–5000 IU/day 
for 2–3 months, and the prophylactic dose is 400–600 IU/day. 
Where compliance with the long-term daily medication is poor 
and follow-up diffi cult, a single massive dose of vitamin D may 
be given by injection. This practice is quite common in the Middle 
East where the danger now exists that ‘shopping around’ for treat-
ment may result in children receiving multiple doses of 100 000–
200 000 IU of vitamin D. Breast milk may contain suffi cient 
vitamin D to protect infants, but supplementation is required in 
high-risk infants, for those whose mothers keep them out of the 
sun and for those whose diet is a poor source of calcium.

Zinc defi ciency

Zinc defi ciency has a range of manifestations depending upon the 
severity of the restriction of the nutrient. Mild zinc defi ciency 
would not be detected on clinical examination. Growth retarda-
tion and delayed development in children is one manifestation 
and it is recognized as having an important role in severe malnu-
trition when it may contribute to frank failure to thrive. Zinc 
defi ciency has dermatological manifestations ranging from mild 
generalized drying to a specifi c hyperkeratosis in the areas of pres-
sure and stress points. Diarrhoea may be present. There is labora-
tory evidence of immunosuppression. Diets rich in fi bre and 
phytate may contribute to a reduced zinc status in many rural 
tropical populations. The consumption of zinc from breast milk 
is below recommended intakes, but there is a high effi ciency of 
absorption. Rich sources of zinc include whole grains, poultry, 
lamb, liver, leafy and root vegetables. Daily regimens of zinc have 
been reported to prevent acute lower respiratory tract infection 
and diarrhoea, and to reduce child mortality.37 In view of reduc-
tions in diarrhoea and pneumonia morbidity, zinc supplementa-
tion should be used as adjunct therapy for children with HIV-1 
infection.38

Selenium defi ciency

Evidence that selenium defi ciency was responsible for human 
disease was reported when its association with a cardiomyopathy 
in Chinese children and women of child-bearing age was described. 
Oral supplementation with selenium is of value in preventing the 
disease. It has been shown that myxoedematous cretinism, which 

occurs in regions of endemic goitre in tropical Africa, is related to 
a combined defi ciency of selenium and iodine.

Iodine defi ciency

It is estimated that iodine defi ciency affects 35% of the world’s 
population in 54 countries. Iodine is a component of the thyroid 
hormones, which are critical to the development of the central 
nervous system during the prenatal period and the fi rst 3 years 
of postnatal life. Iodine defi ciency can cause congenital hypothy-
roidism and is the commonest cause of mental retardation in 
children. It has been identifi ed as one of the key modifi able risk 
factors for compromised childhood development in developing 
countries. Meta-analysis of trials conducted in China demon-
strated that children living in severely defi cient areas, who were 
supplemented with iodine prenatally and postnatally, scored 
higher on intelligence quotient testing than those who were not. 
Iodine fortifi cation of salt is the usual means of supplementation 
and is most effective if given to pregnant women in the fi rst half 
of pregnancy. Oral iodized oil is also an effective route as a single 
small dose is capable of correcting iodine defi ciency for about a 
year.39 

Interaction of nutrition and infection (see also 
Chapter 30).

Poor diets result in nutritional defi ciencies associated with fre-
quent infections and malnutrition. Malnutrition has a direct neg-
ative effect on the immune system leading to increased morbidity 
and mortality. Infection is a major force in the development of 
kwashiorkor. During weaning infections are more common, espe-
cially diarrhoea and respiratory infection and each infection 
results in growth faltering through energy depletion. Catch-up 
growth is usually incomplete and can lead through cumulative 
effects to severe malnutrition. The early introduction of comple-
mentary feeds worsens this problem.40 The nutritional defi cits 
from sequential infections accumulate, and a vicious cycle of 
infection-malnutrition results. These defi cits are compounded by 
specifi c micronutrient and vitamin defi ciencies. Nutrient supple-
mentation of malnourished children may also alter infection risk. 
For example, iron supplementation may slightly increase the risk 
of death.32 The alternatives of multi-micronutrient versus single 
nutrient supplementation for undernourished children should be 
considered in the development of preventative nutritional 
programmes during childhood. These targeted interventions 
should be developed in the context of community nutritional 
programmes.
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Section 4 Related Specialities in the Tropics

Chapter 24 John. E. Jellis

Surgery in the Tropics

INTRODUCTION

There are some excellent surgical centres in the tropics but, situ-
ated in the cities and catering for the affl uent, they are irrelevant 
to the two-thirds of the world’s population that lacks proper sur-
gical care.1 In Third World countries, most surgeons work in the 
cities and are divorced from the large rural population by distance, 
cost of travel and the lack of workable referral systems.2 Country-
wide, more surgical operations are performed by general-duties 
doctors, clinical offi cers or nurses than by surgeons.3 Fortunately, 
relatively few of the commonly performed surgical operations 
need ‘specialist’ expertise.4 In some countries, surgeons visit up-
country hospitals by road or air, or ‘surgical camps’ are organized, 
during which many operations are performed in a short time. 
These visiting surgeons can also teach the doctors more cost-
effective methods of treatment for the common surgical pro-
blems of their country.4–6

Most tropical medical schools lack adequate funding and are 
chronically short of surgical teachers, nurses and paramedical staff 
because of economic migration to the health services of rich 
western nations. In Zambia for instance, 80% of medical graduates 
are working abroad and operating theatres lie idle for lack of 
nurses. Those who stay remain urbanized by the better economic, 
social and educational facilities of the towns.

Surgery is expensive and has a low priority in a poor nation’s 
health budget. Donor aid programmes concentrate on preventive 
medicine, infectious diseases and, more recently, on the provision 
of antiretroviral drugs. Consequently, only a small percentage of 
necessary operations are performed.7–9 Too often, the woman in 
obstructed labour, the man with a strangulated hernia, the patient 
with multiple injuries from a road traffi c accident or the child with 
severe burns cannot fi nd effective treatment. Surgery must become 
part of primary healthcare.

Tropical surgery is the realm of the truly general surgeon. Often 
working under austere conditions, he must operate on a host of 
surgical conditions which, in the West, fall within the realm of 
‘specialities’.10 He is the ‘district gynaecologist’, dealing with rup-
tured ectopic pregnancy, obstructed labour and uterine ruptures. 
He will have to cope with trauma to all the systems of the body, 
including the eye, head, chest and abdomen, as well as fractures 
and dislocations of the limbs, pelvis and spine. Inevitably, he will 

be faced with locally common conditions outside the scope of his 
experience. Frustrated by failed attempts to refer such patients, he 
must seek appropriate training to tackle them himself.

A common attribute of surgeons in the tropics is their enthu-
siam for the work. This contrasts markedly with colleagues in the 
West who take early retirement from repetitive work within a 
narrow fi eld of expertise. Almost daily, the tropical surgeon faces 
the challenge of varied problems for which solutions must be 
found. He may never become rich but is respected and enjoys great 
job satisfaction.

In the cities, the affl uent populations increasingly suffer from 
a ‘western’ pattern of surgical pathologies, often complicated by 
obesity, hypertension and diabetes. Patients from the urban poor 
and rural areas may have their fi tness for major surgery compro-
mised by concomitant ‘tropical diseases’ such as malnutrition, 
anaemia, malaria and bilharzia. In addition, there are many ‘trop-
ical’ surgical pathologies, each needing special treatment. Fortu-
nately, there is now a comprehensive ‘Textbook of Tropical Surgery’ 
(Kamel R, Lumley J, eds; see ‘Recommended Reference Books’). 
This chapter attempts to direct the reader to successful manage-
ment of the surgical problems commonly encountered in tropical 
countries.

THE INFLUENCE OF HIV DISEASE ON SURGERY 
IN THE TROPICS

Human immunodefi ciency virus (HIV) and acquired immunode-
fi ciency syndrome (AIDS) are widespread and add to the surgical 
workload. The free provision of antiviral drug combinations pro-
longs life for some patients, but, especially in rural areas, regular 
drug distribution and effective disease monitoring are often 
lacking. Tuberculosis and sepsis have become even more common 
and management of many conditions has had to change.

It is estimated that there are over 14 million people with HIV 
infection in Africa, 4 million in Asia and 2 million in South 
America.11 In Zambia, HIV disease was fi rst recognized in 1983.12 
By 1992, over 30% of adult patients admitted for trauma were 
HIV-positive13 and some 40% of all surgical admissions were HIV-
positive patients.14

A surgeon working in the tropics must be able to recognize HIV 
disease and the HIV-related pathologies. He must know how other 
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pathologies have been infl uenced by the disease and be able to 
assess the risks of surgical operations in such patients. Lastly, 
universal precautions against the risk of surgical staff contracting 
infection in the operating theatre must be adopted.

Recognition of HIV-positive patients

HIV-positive patients are not a homogeneous group. A positive 
serological test for HIV only indicates the presence of antibodies. 
It tells the surgeon nothing about the patient’s level of immune 
competence or fi tness for surgery. These are assessed by examina-
tion, possibly supplemented by lymphocyte counts.

Every surgical patient should be examined undressed and in a 
good light, paying special attention to the mouth, lymph nodes 
(axillary, epitrochlear and posterior cervical), and for any skin 
signs.15 The clinical classifi cation proposed by the World Health 
Organization (WHO), modifi ed as in Table 24.1, should be used.16 
Stage 0 has been added to classify the serologically HIV-positive 
patient with no clinical symptoms or signs. A total lymphocyte 
count or CD4 lymphocyte count will indicate the degree of 
immune compromise (Table 24.2).17,18 Necessary surgery should 
not be withheld from HIV-positive patients, but the risks must be 

thoroughly assessed so that an appropriate operation can be 
planned and discussed with the patient.

Surgery on HIV-positive patients

HIV-positive patients suffer increased rates of postoperative 
wound, chest and urinary tract infections and the frequency of 
these complications increases with progression of their disease. In 
general terms, if a patient has no physical signs of HIV disease, 
their response to clean major surgery will approximate to that of 
HIV-negative patients. Where contamination exists (open frac-
tures, bowel surgery, etc.), however, infection rates are likely to 
double and every precaution should be employed to minimize 
this risk. If major prosthetic surgery is a treatment option (hip and 
knee replacements, arterial grafts, etc.), preoperative counselling 
and testing is mandatory. Both the surgeon and patient must 
thoroughly appreciate the risks of such implants attracting untreat-
able haematogenous sepsis in the later stages of HIV disease and 
weigh them against the expected benefi ts of surgery. Only then 
can informed consent for operation be given.

Patients with physical signs of HIV disease need evaluation of 
their immune competence (CD4 or total lymphocyte counts) and 
their general fi tness for operation, because the risks of delayed 
healing and sepsis are considerable. Their fi tness, or otherwise, 
must be weighed against the risks and possible benefi ts of surgery. 
Obvious major ‘damage control’ operations (pus drainage, control 
of haemorrhage, relief of obstruction, etc.) should be undertaken, 
but ‘cold surgery’ (herniorraphy, correction of deformities, etc.) 
should not be contemplated. The internal fi xation of fractures is 
very high-risk surgery in these patients. If such treatment is the 
only possible option, the implants should be removed as soon as 
the fracture has healed, to prevent intractable late bone 
infections.

Precautions against contracting HIV disease 
by inoculation while operating on 
HIV-positive patients

Surgeons commonly damage their gloves and skin from sharp 
instruments, needles, wires and bone fragments. All members of 
the theatre staff should take precautions to minimize the, admit-
tedly small, risk of becoming infected with HIV.19 Such precau-
tions must be universally applied because it is impossible to know 
the HIV status of every patient. The most infectious patient is one 
in the viraemic phase of a recent infection, who would test HIV-

Table 24.1 Staging of HIV-positive patients*

CLINICAL STAGE 0

Serologically HIV-positive but no signs or symptoms related to HIV 
infection

CLINICAL STAGE 1

Asymptomatic

Persistent generalized lymphadenopathy

CLINICAL STAGE 2

Weight loss, <10% of body weight

Minor mucocutaneous manifestations

Herpes zoster within the last 5 years

Recurrent upper respiratory tract infections

CLINICAL STAGE 3

Weight loss, >10% body weight

Unexplained chronic diarrhoea, >1 month

Unexplained prolonged fever, >1 month

Oral candidiasis or hairy leukoplakia

Pulmonary tuberculosis, within the past year

Severe bacterial infections

CLINICAL STAGE 4

AIDS: the HIV wasting syndrome

Severe opportunistic infections

Extrapulmonary tuberculosis

Lymphoma or Kaposi’s sarcoma

HIV encephalopathy

* Based on ‘An interim proposal for a WHO staging system for HIV infection and 
disease’16 with modifi cations.

Table 24.2 Lymphocyte and CD4 cell counts in 
HIV disease*

Subdivision Lymphocytes CD4
(A) >2000 >500

(B) 1000–2000 200–500

(C) <1000 <200

* Based on ‘An interim proposal for a WHO staging system for HIV infection and 
disease’16 with modifi cations. Each clinical stage can be subdivided on the 
absolute or CD4 lymphocyte counts to give further evidence of immune status.
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negative, and most HIV-positive patients undergoing surgery for 
trauma will have no clinical signs of HIV disease.13

Most precautions are simply common sense. Where blood 
spillage is expected (ruptured spleen, caesarean section, etc.) boots 
and an apron beneath an impervious gown with gauntlets, double 
gloves and an eye shield would be ideal. Ideal, that is, apart from 
the discomfort in tropical heat and humidity.

If sharp bone fragments are likely to be handled or wires used, 
an armoured glove is useful or a sterilized cotton (dermatological) 
glove should be worn over the rubber glove. Dexterity is somewhat 
reduced, but sharp fragments catch in the cotton, rather than 
penetrating through glove and skin. Eye protection is important, 
especially if an osteotome is in use, remembering that most frag-
ments will fl y towards the assistant.

Large incisions allow the surgeon to operate by sight more than 
by feel and assistants’ fi ngers should be kept well clear of the 
operative fi eld. Any sharp instrument should be handed to the 
surgeon in a dish and replaced in the dish after use. If a Mayo 
table is used, strict rules must be formulated to prevent the sur-
geon’s hands meeting those of the scrub nurse while placing sharp 
instruments on the table.

Any injury should be reported and HIV tests conducted on both 
the patient and surgeon to confi rm their pre-exposure status. Post-
exposure prophylaxis with appropriate antiviral drugs should be 
commenced after signifi cant injuries, pending these test results. 
A deep cut or needle stick with a blood-containing hypo-
dermic needle is certainly signifi cant, whereas a skin abrasion 
from a suture needle or instrument probably carries a lesser risk 
of transmission.

Blood transfusion in the tropics

It has become obvious that, although blood transfusion may 
be life-saving, it is also a dangerous procedure. Autologous blood 
fl oods the immune system with antigens reducing the patient’s 
resistance to infections and tumour spread. Infections, such 
as HIV, hepatitis and malaria, are easily transmitted.20 Even 
when every precaution is taken, viraemic HIV-negative donors 
may have been bled or bottles mislabelled.21 Safe donated 
blood is in short supply and should be reserved for emergency 
situations.

Patients do well with haemoglobin levels well below the previ-
ously recommended minimum of 10 g/dL. A preoperative haemo-
globin of 9 g/dL is acceptable for operations under tourniquet 
or when minimal blood loss is expected. After major surgery, 
haemoglobin levels down to 5 g/dL have been recorded without 
noticeably affecting respiration or wound healing.

When major surgery is planned and time permits, a patient may 
create a stock of his own blood by donating at weekly intervals, 
but this has disadvantages. If the patient is HIV-positive, the blood 
bank will refuse to store his blood. Once donated and tested, it is 
diffi cult to prevent the blood being used if a life-threatening 
emergency occurs and no other blood is available.

Acute euvolaemic haemodilution22,23 overcomes many of these 
problems. Immediately before surgery, several units of blood may 
be taken from the patient, to be infused during any intraoperative 
haemorrhage or given back at the end of the operation. As each 
unit of blood is drawn, it is replaced by a double volume of intra-

venous saline. Each unit of blood taken will reduce the patient’s 
haemoglobin by approximately 1 g/dL and the preoperative 
haemoglobin should not be allowed to fall below 9 g/dL. Hae-
modilution reduces blood viscosity and benefi cially increases 
tissue perfusion.

In Lusaka, acute euvolaemic haemodilution has been used in 
major orthopaedic surgery for the last 10 years with satisfactory 
results. Rarely has additional banked blood been needed. As long 
as the blood is kept in contact with the patient, this practice has 
proved acceptable to Jehovah’s Witnesses.

PATHOLOGIES ASSOCIATED WITH 
HIV DISEASE

Tuberculosis

Tuberculosis is the commonest and most virulent of the opportu-
nistic infections associated with HIV disease. HIV specifi cally 
inhibits and destroys the tissue macrophages and thymic lympho-
cytes that are the body’s main defence against Mycobacterium tuber-
culosis.24 In many tropical countries there is a dual epidemic of 
HIV disease and tuberculosis.24 Over 60% of adult patients with 
pulmonary25 and bone and joint tuberculosis26 are HIV-positive, 
as are 84% of those with tuberculous lymphadenitis.27

Extrapulmonary forms of tuberculosis, especially of the breast,28 
lymph nodes,29 abdomen,30 spine and major joints26,31 are now 
common. HIV-associated tuberculosis does respond to standard 
antituberculous drug therapy, but the patient’s prognosis depends 
more upon the stage of HIV disease than upon the extent of the 
tuberculous infection. Concomitant antiretroviral chemotherapy 
may be needed to improve the patient’s immune response.

Lymphadenopathy

Although symmetrical chronic enlargement of the posterior cervi-
cal, axillary and epitrochlear lymph nodes is a sign of early HIV 
disease, asymmetrical enlargement of nodes merits investigation.27 
Possible pathologies include the reactive hyperplasia of HIV 
disease itself, tuberculosis, Kaposi’s sarcoma, lymphoma and 
other metastatic tumour deposits. Bem27,29 showed that the diag-
nosis can often be made on the naked-eye appearance of a cut 
node rather than waiting for a histology report. Aspiration cytol-
ogy and imprint cytology are also useful diagnostic tools. With a 
little practice, the surgeon will have an immediate indication of 
the likely diagnosis.32

Empyema thoracis

Many HIV-positive patients, especially children and young adults, 
develop empyema and most have underlying tuberculosis.33 
Desai34 showed that, if pus can easily be aspirated through a 21 F 
into a 10 mL syringe by one pull of the plunger, the empyema 
needs drainage through an intercostal tube and underwater-seal 
drain to prevent lung collapse. If, however, the pus is too thick to 
aspirate easily, 7.5 cm sections of two adjacent ribs over the most 
dependent part of the empyema should be resected for open 
drainage. Drainage is encouraged by the patient sleeping on the 
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affected side, blowing up balloons or old surgical gloves, and 
irrigating the sinus with water. These patients can be discharged 
to home care within a week.

Adult haematogenous osteomyelitis

HIV-positive adults often present with chronic haematogenous 
osteomyelitis of insidious onset.35 The disease mainly affects the 
metaphyses of the tibia (Figure 24.1) and femur and may sym-
metrically affect both legs. The infections are often staphylococcal, 
but salmonella and a variety of other ‘bowel’ fl ora have been 
found. Mixed infections occur, even before there is an open 
wound.

Despite treatment by drainage, sequestrectomy and wide 
debridement, the infection often progresses in an inexorable 
manner, causing much pain and suffering (Figure 24.2). Above-
knee amputations, however, have healed well and have been fol-
lowed by a worthwhile period of weight gain and better health for 
up to 5 years.35

Haematogenous infections commonly occur around joint pros-
theses, Kuntscher nails and other implants, years after their inser-
tion, in patients reaching advanced stages of HIV disease.35 Such 
infections may be controlled after removal of small implants, but 
have proved impossible to eradicate after removal of Kuntscher 
nails and hip prostheses.

Tropical pyomyositis

Pyomyositis is strongly associated with HIV disease in young 
adults.36 In Uganda, 71% of sufferers of both sexes were HIV-
positive37 and, if abscesses were multiple, the association was 81%. 
The abscesses are mainly in the large muscles of the trunk and 
proximal compartments of the limbs. Staphylococcus aureus is still 
the usual organism grown, but a variety of other organisms have 
been found in HIV-positive patients. Whether there is a primary 
lesion in the muscle that becomes secondarily infected is still 
debated.38

These debilitated patients need good supportive care and sys-
temic antibiotic therapy if the large volumes of pus are to be safely 
drained. After incision, careful palpation of the abscess cavity will 
differentiate pyomyositis from haematogenous osteomyelitis, in 
which bare bone devoid of periosteum will be felt in the base of 
the cavity.

Other musculoskeletal pathology and 
rheumatoid disease

Many HIV-positive patients present with non-specifi c backache 
and tenderness of the thoracic or lumbar spine. Acute rheumatoid 
arthritis, reactive arthritis (especially of the knees and ankles), 
erosive arthritis and enthesitis (especially of the tendo Achilles 

Figure 24.1 Radiograph of the tibia in a patient with HIV-related 
haematogenous osteomyelitis. There is bone destruction with very 
little new bone formation.

Figure 24.2 Non-healing wound after sequestrectomy for 
HIV-related haematogenous osteomyelitis of the tibia.
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and plantar fascia) are now commonly seen in HIV-positive 
patients.39

Neurological manifestations of HIV infection

At least 40% of patients with HIV infection develop neurological 
manifestations at some stage, and over 80% have neuropatho-
logical fi ndings at autopsy.11 The protean effects of HIV range from 
acute neuropathy, myelopathy or encephalitis within 3 months of 
infection, to the AIDS-dementia complex occurring in late HIV 
disease. Cryptococcal meningitis, tuberculoma and other cerebral 
space-occupying lesions and progressive multifocal leukoenceph-
alopathy may occur later.11,40

Necrotizing fasciitis

Necrotizing fasciitis (Fournier’s gangrene) is a progressive, rapidly 
spreading synergistic infection with aerobic and anaerobic 
gas-forming organisms around the deep fascia. It has long been 
associated with diabetes mellitus, cancer, alcoholism and immu-
nocompromised patients.41 Now it is common in HIV-
positive patients.

The disease carries a high mortality rate. Successful manage-
ment demands early diagnosis, rapid resuscitation, aggressive sur-
gical excision with frequent revision, coupled with high doses of 
broad-spectrum antibiotics and blood transfusion.42

Perianal infection

There is a strong association between HIV disease, fi stula in ano 
and perianal abscess.43,44 Experienced surgeons consider that 
fi stula in ano and haemorrhoids should be treated conservatively 
in HIV-positive patients because anal wounds heal poorly, and 
both anal dilatation and sphincterotomy impair continence for 
fl uid diarrhoea.14

Kaposi’s sarcoma

Atypical aggressive Kaposi’s sarcoma is now common in HIV-
positive children and young adults of both sexes.12 It affects the 
skin, lymph nodes and gastrointestinal tract as well as other organs 
and responds poorly to cytotoxic drugs.45 Surgery is rarely indi-
cated except to amputate a painful useless hand, foot or limb. If 
there is gastrointestinal involvement, the purple Kaposi tissue may 
be seen on the hard palate (Figure 24.3). Plaques in the small 
bowel may give rise to intussusception.46

TRAUMA

A surgeon working in the tropics needs to be capable of managing 
a very wide range of injuries with minimal equipment. Com-
monly, 60% of surgical in-patients have suffered trauma. They 
have major fractures, chest, abdominal, head and spinal injuries, 
wounds and burns.1 In urban areas and near major roads, most 

injuries result from road traffi c accidents and interpersonal vio-
lence. In remote fi shing communities, the major problems may 
be horrendous injuries from crocodiles.47–49 Wars continue to 
maim many, and mutilating injuries from landmines continue 
years after the confl icts have ceased.

Late presentation to hospital is common because of distance 
and the lack of ambulance services. Patients may be dehydrated, 
hypothermic, shocked or anaemic and have established wound 
infections, peritonitis or pneumonia as they reach hospital. The 
management of neglected trauma is very different from the treat-
ment appropriate soon after injury.50

Damage control

In severely injured patients, the restoration of normal physiology 
is much more important than early anatomical reconstruction. 
First, thorough but rapid resuscitation (ABC etc.) will save the life 
of the patient and help prevent further organ and tissue necrosis. 
Surgery should be limited to damage control: reconstruction can 
be undertaken later.51 Bleeding must be controlled, dead tissue 
excised, pus drained, contaminated cavities and wounds lavaged, 
and fractures temporarily stabilized with casts, skeletal traction or 
external fi xator.

If laparotomy is indicated for continued bleeding or peritonitis, 
only damage control should be performed. Severe bleeding from 
the liver is controlled by the four dry pack technique.52 Severely 
damaged bowel is exteriorized or a proximal colostomy estab-
lished and the distal bowel closed with a purse string. To save time, 
prevent the abdominal compartment syndrome53,54 and allow an 
easy second look at 24 or 48 hours, the abdominal contents 
should be retained by sewing a plastic sheet to the edges of the 
incision (the Bagota bag).55 Having got the patient off the operat-
ing table in the shortest possible time, physiology can be restored 
with warmth, blood and fl uids as necessary.

Take the patient back to theatre for a second look at 24 or 48 
hours if progress is unsatisfactory. Further tissue may have died or 

Figure 24.3 Purple plaque of Kaposi’s sarcoma on the hard palate, 
indicating gastrointestinal involvement.

Trauma
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a perforation been missed, but, again, only control the damage. 
Success is a live patient: anatomical repair can be undertaken a 
week or so later.

Dislocations

Dislocations are a priority because they are easily reduced 
by manipulation soon after injury but can be very diffi cult 
several days later. Elbow dislocations may be reduced at up to 2 
weeks, but it needs prolonged steady stretching to do so. Closed 
reduction of late-presenting hip dislocations is always worth 
trying50 because open reduction can be a very diffi cult 
procedure.

Fractures

Because of the high cost and poor availability of implants, lack of 
orthopaedic surgeons and the prevalence of HIV disease, non-
operative methods of management are appropriate in most situa-
tions.1 Non-operative treatment has been neglected in the First 
World, but the innovative use of traction, casting, cast-bracing and 
external fi xation has advanced in the tropics. Perkin’s traction 
(Figure 24.4) and 90/90 traction for femoral fractures5 are good 
examples of this. The skills of manipulative reduction and holding 
that reduction as swelling diminishes must be learned. Non-oper-
ative management is often more time-consuming than internal 
fi xation but excellent results can be obtained.

Open fractures of the tibia are common and diffi cult to deal 
with because of the subcutaneous position of the bone. The inju-
ries vary from a puncture wound produced by a fragment of bone 
from inside (grade 1) to the mangled limb (grade 4) which may 
need amputation. The principles of management are to treat the 
wound and to stabilize the fracture.

In moderate cases of soft tissue injury, the wound should be 
washed, debrided (with wide opening of the deep fascia to decom-
press damaged muscle compartments), lavaged with more than 
10 L of tap water and dressed.56 Temporary (7–21 days) stabiliza-
tion can be provided with gentle (4 kg) calcaneal pin traction and 
elevation of the limb. This gives a window of opportunity in which 
the wound care can continue, swelling diminish and wounds 
closed (usually by split skin grafting) before the limb can be 
immobilized in a well-fi tting cast to allow the patient to start 
partial weight bearing at 2 to 3 weeks.

With greater degrees of soft tissue damage, traction is inade-
quate and an external fi xator (actual or improvised) should be 
applied immediately after the primary wound care. The stability 
provided promotes healing, reduces infection markedly, and 
allows easy access to the wounds for cleaning, dressings and early 
skin grafting. Knee and ankle exercises should be encouraged and 
the foot supported with a sling tied to the external fi xator to 
prevent equinus deformity. The aim should be to start mobilizing 
the patient, partial weight bearing as soon as the wounds allow, 
hopefully at about 3 weeks.

Wound management

Only cleanly incised wounds seen within a few hours of injury 
should be sutured. Wounds that have an element of crush injury, 

are contaminated or infected, or have presented late, should be 
cleaned, debrided, lavaged with copious amounts (>10 L) of tap 
water56 and left open for suture or skin grafting several days later. 
Frequent washing of wounds is benefi cial with the proviso that no 
substances toxic to cells are used. Never put in a wound what you 
would not put in your own eye! Great savings on antibiotic usage 
can be made if such regimens are followed.57

Dirty wounds with slough and obvious infection are common 
and can often be smelled on entering the side wards in which such 
patients are commonly sequestrated. There is no need for this 
scenario. Such wounds can be rendered odourless by excision of 
dead tissue and daily honey dressings. By next morning there will 
be no smell, and healthy granulation tissue ready for the applica-
tion of split skin grafts will soon appear.

Hand injuries and infections

Whether a hand has been damaged by burning, crushing or infec-
tion, always remember that it must be kept in a functional posi-

Figure 24.4 Patient exercising in Perkin’s traction which encourages 
early union and prevents muscle wasting, knee stiffness and 
malrotation.
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tion by dressings and splintage. Support must be improvised to 
keep the wrist extended (45°), the metacarpophalangeal joints 
fl exed (as near 90° as possible) and the thumb opposed. Even if 
the tissue damage and subsequent scarring is severe, that hand will 
have useful function, in contrast to the useless spade or claw hand 
so often produced by thoughtless ‘treatment’ of the specifi c injury 
or infection alone.

Head injury and spinal injury

Many tropical countries do not have neurosurgical centres or 
they may be too distant for referral of injured patients. A good 
understanding of the principles of care for the unconscious 
or paraplegic patient will save many lives.58,59 Burr holes or trache-
ostomy may be indicated early in head injury cases,60,61 and should 
be done if the patient cannot reach specialist care within a 
very short time. Early operations on the spine are very rarely 
needed.62–64 Cervical traction and reduction for neck fractures, 
positional reduction of others, 2-hourly turning of the patient and 
intermittent catheterization are the best treatment for patients 
with spinal injury.1,64 Indwelling catheters are a potent source of 
urinary tract infection and urethral stricture, and should not be 
used in spinal injuries. If intermittent catheterization is needed 
for long periods, the patient’s relative may be taught to introduce 
the catheter. Later, clean self-catheterization should be taught to 
the patient. In this way, much morbidity and possibly mortality 
may be avoided.

Burns

Severe burns are common in the tropics, especially in young chil-
dren. Open fi res are used for cooking and, especially on cold 
winter nights, become the focus of family life. Epileptic patients 
frequently fall into fi res during their seizures. In many cultures 
they are thought to be spirit-possessed and will not be pulled clear 
until the fi t has stopped.

Huts built of highly fl ammable material are often lit by primi-
tive paraffi n lamps which cause horrendous burns when they are 
knocked over or explode.65 Burn injuries increase in the cold 
season and a heated burns ward may prevent deaths from hypo-
thermia. A severe burn is any burn of over 10% body surface area 
in a child and over 15% in an adult. Prompt resuscitation with 
intravenous fl uids as calculated by weight and age from the charts 
available in several books66,67 should be monitored by urine 
output from an indwelling catheter.

A severely burnt patient not only loses his ability to regulate 
body temperature but also loses resistance to infection and may 
become severely anaemic from direct thermal damage and dis-
seminated intravascular coagulopathy. These patients need very 
careful monitoring.67 They have an increased metabolic rate and 
need extra food. Antibiotics and blood transfusion should be held 
in reserve for when signs of infection or anaemia appear. The burn 
wound should be treated with topical antibacterial agents such as 
silver sulphadiazine or a mixture of honey and ghee, both of 
which are inexpensive if made in the hospital.68

Priority should be given to the treatment of the hands, neck, 
perineum and the fl exor surfaces of joints, where subsequent con-

tracture will prove crippling. When not actively exercising, these 
areas should be splinted to prevent contracture. Deep circumfer-
ential limb and hand burns will need escharotomy to prevent 
distal ischaemic necrosis.68 Very severe limb burns may require 
early amputation, and patients with deep burns covering more 
than 50% of body surface area do not survive.

Using such treatment methods (Figure 24.5),68 superfi cial and 
partial thickness burns should be healed within 21 days. Unhealed 
areas should then be treated by split skin grafting without further 
delay. In babies with severe burns, maternal split skin may be used 
as graft material and meshing of grafts extends the area of cover 
considerably. Split skin grafts themselves will contract in the fi rst 
12 weeks after application, and splinting or plaster casts should 
be applied to prevent this as soon as the grafts are stable. Depig-
mented scar tissue, especially on areas of the body exposed to 
tropical sunlight, carries a very high risk of malignant change with 
epithelioma (squamous cell carcinoma; Marjolin’s ulcer) develop-
ing within 10 years (Figure 24.6).

The release of burns contracture and excision and grafting of 
depigmented scars occupies a large place in reconstructive and 
plastic surgical work in the tropics.69 This can be rewarding, but 
prevention is better than cure. All epileptic patients should be 
supplied with prophylactic anticonvulsants, which can be distrib-
uted by Psychiatric Clinical Offi cers and other health workers from 
government clinics.70 This simple measure will largely prevent 
repeated expensive hospital admissions for these dreadful 
injuries.

FACTORS AFFECTING THE SAFETY 
OF SURGERY

The outcome of any surgical operation may be adversely affected 
by the condition of the patient. In the First World, old age, obesity, 
hypertension, ischaemic heart disease, diabetes and chronic bron-
chitis are common. In the tropics these are overshadowed 
by starvation, malnutrition, anaemia, malaria, sickle cell disease 
and HIV disease. A good history, thorough examination, haemo-
globin determination and a blood slide for malaria are mandatory 
before surgery.

Starvation and malnutrition

Lack of food due to famine from natural catastrophes or displace-
ment of populations by war occurs in many tropical countries (see 
Chapter 30). If surgery is needed, nutritional support will also be 
required.

Calorie/protein malnutrition or kwashiorkor can be recognized 
by the thin, sparse, silky brown hair, facial and peripheral oedema, 
pallor and swollen abdomen (Figure 24.7). Such children are 
often grossly anaemic, heavily parasitized and unfi t for surgery. 
Preoperative transfusion, taking great care not to overload the 
circulation, will be necessary if emergency surgery is needed.

Anaemia

A haemoglobin of 9 g/dL is the lower limit acceptable for planned 
surgical operations. Of the many causes of anaemia, malnutrition, 
malaria and sickle cell disease are the most important (see Chapter 

Factors Affecting the Safety of Surgery
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13). In adults, huge splenic enlargement (Figure 24.8) may cause 
chronic anaemia and thrombocytopenia. Splenectomy may be 
called for71 but can be a hazardous undertaking.72

Sickle cell anaemia

In many sub-Saharan countries, up to 25% of the population carry 
the gene for sickle cell anaemia (HbS). Some offspring of these 

individuals will be affl icted with sickle cell disease (HbSS) and 
comprise about 1% of the population. They have a chronic hae-
molytic anaemia with periodic sickling crises characterized by 
severe anaemia, jaundice and painful infarcts in bone and other 
organs. Affected individuals are susceptible to infections such as 
otitis media, osteomyelitis and chest infections. In West Africa and 
Mediterranean countries, haemoglobin C disease and thalassae-
mia have similar, if less dramatic, effects. Those with the hetero-
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Figure 24.5 Scheme of burns management. (Redrawn with permission from James J. Treatment of the burn wound. East Cent Afr J Surg 1999; 
5:61.)

Figure 24.6 Squamous cell carcinoma in a burn contracture of the 
wrist.

Figure 24.7 Kwashiorkor. The brown fi ne silky hair, distended 
abdomen and peripheral oedema are typical.
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zygous condition (HbS) do not suffer from such problems. See 
also Chapter 13.

In patients with sickle cell disease, the haemoglobin levels are 
usually between 5 g/dL and 8 g/dL, but during a sickling crisis 
drop much lower. If major surgery is needed, preoperative transfu-
sion to bring the haemoglobin to at least 8 g/dL should be given 
and blood should be available to maintain this level throughout 
surgery and the postoperative period.

One potent cause of sickling is hypoxia. High pO2 levels should 
be maintained throughout the operation and postoperative period. 
A pulse oximeter is a convenient way of monitoring this, but good 
oxygenation during surgery and oxygen by mask for 24 hours after 
surgery should be given in every case. Local nerve block analgesia 
should be considered because drugs that cause somnolence or 
depress respiration should not be used. Sudden collapse and 
death some hours after operation are a consequence of not observ-
ing these precautions.

The use of a tourniquet is controversial in patients with sickle 
cell disease. If bleeding is likely to be excessive or would prolong 
an operation by obscuring the anatomy, it is probably better 
to use a tourniquet. The limb should be properly exsanguinated 
with an Esmarch bandage before the arterial tourniquet is 
infl ated, and high oxygen levels maintained when circulation to 
the limb is restored. The limb should be held elevated for at least 
5 minutes after release of a tourniquet, to prevent pooling of 
blood or reactive haemorrhage. Adverse effects or a marked drop 
in the monitored pO2 during such manoeuvres have not been 
encountered.

Malaria

Malaria is a common endemic or epidemic problem in many areas 
of the tropics and, with the emergence of resistant strains, control 
is diffi cult (see Chapter 73). Many patients, especially children, 
may remain fi t to work and play but carry malarial parasites in 
their blood. The stress of surgery commonly provokes a severe 
attack of malaria with marked haemolysis and possibly cerebral 

involvement. Fever within 48 hours of surgery is most likely due 
either to atelectasis and chest infection or to malaria.

For planned surgery, especially in children, a haemoglobin 
check and a blood slide for malarial parasites should be done 
before surgery. Any patient with a haemoglobin of below 9 g/dL 
needs investigation. Those in whom malarial parasites are found 
should have a course of antimalarial treatment, and surgery should 
be delayed for several days. In an emergency situation, anti-
malarial drugs may be started soon after surgery.

COMMON ‘TROPICAL’ CONDITIONS

Haematogenous osteomyelitis

Haematogenous osteomyelitis is both a common and severe 
affl iction of children in the tropics.73 Many doctors fi nd this a 
diffi cult pathology to understand and treat, so it is dealt with in 
some detail here.

Neonatal septic arthritis and osteomyelitis

Acute septic arthritis with adjacent osteomyelitis may develop 
within a few days of birth but the diagnosis, especially in the 
case of the hip joint, is often delayed. The neonatal response to 
severe infection is lethargy, failure to feed, subnormal tempera-
tures and jaundice. Other causes of these symptoms, such as 
malaria and pneumonia, are often sought and treated until the 
mother reports that the child does not move one limb (pseudo-
paralysis) or gross swelling develops around a major joint. Aspira-
tion of pus from the area will confi rm septic arthritis and 
radiological changes of the adjacent bones are usually present by 
that time.

Treatment of this condition, with appropriate antibiotics, open 
drainage of the joint and splintage, is urgent if joint destruction 
is to be avoided. S. aureus and Haemophilus infl uenzae are both 
common organisms in this disease, so a combination of cloxacil-
lin and ampicillin or other broad-spectrum antibiotics should be 
given by intravenous infusion pending the results of cultures. Hips 
should be splinted in abduction to prevent dislocation, an affected 
knee kept straight and the arm rested in a sling for shoulder and 
elbow pathology.

Because of late diagnosis, hip dislocation, destruction of the 
femoral head and severe damage to other joints are commonly 
seen. Other causes of neonatal joint swelling, such as birth trauma 
and congenital syphilis (producing bilateral periostitis), should be 
excluded by radiographs and diagnostic aspiration.

Haematogenous osteomyelitis in childhood

This common and serious condition produces prolonged morbid-
ity, occasional deaths and life-long crippling. Bacteria are carried 
to the metaphyses of long bones, especially those of the tibia, 
femur and humerus, in the bloodstream. As blood fl ow slows in 
the medullary sinusoids, bacteria settle and produce acute infl am-
mation. Intraosseous pressure rises, occluding the endosteal circu-
lation and producing septic necrosis. The infection spreads to the 
diaphysis along the medullary cavity but the physeal plate usually 
prevents spread to the epiphysis. Pus eventually breaches the 

Figure 24.8 Patient with huge splenic enlargement. Splenectomy 
can be a formidable undertaking because of dense vascular adhesions.

Common ‘Tropical’ Conditions
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cortex, lifting the periosteum and depriving the bone of its re-
maining periosteal blood supply. The dead cortex becomes a 
sequestrum.

If the physeal plate is situated within the adjacent joint, as in 
the hip and elbow, infection will probably spread to the joint, 
producing septic arthritis. Eventually, pus will burst from beneath 
the periosteum into the soft tissues of the limb and through the 
skin to leave discharging sinuses. Recovery is by new periosteal 
bone forming an involucrum that eventually unites the unaffected 
regions of the bone, but, while sequestra remain, discharging 
sinuses will persist.

In the acute phase, which lasts for only 48 to 72 hours, the 
child has a high fever and much pain. The affected area of bone 
is tender and very painful on light percussion but the leg is not 
swollen. This is the only stage where effective treatment may cure 
the infection and stop progression to chronic osteomyelitis. The 
acute stage, however, often passes before admission to hospital.

The diagnosis is entirely clinical, there being no easily recogniz-
able radiological signs, though oedema of the periosteum may be 
confi rmed by ultrasonography.

Treatment in the acute phase is pain relief, high doses of 
intravenous antistaphylococcal antibiotics (e.g. cloxacillin 
200 mg/kg/day), and decompression of the affected bone by 
drilling without periosteal stripping, followed by elevation and 
splintage of the limb. A radiograph at 14 to 21 days after onset 
will show the extent of disease. It may suggest resolution or show 
signifi cant bone destruction.

Postacute haematogenous osteomyelitis

When pus lifts the periosteum, the intraosseous pressure is 
reduced. Although the leg now swells, the patient has less pain 
and the fever falls. This sign may erroneously suggest successful 
treatment of acute osteomyelitis rather than progression of the 
disease. Most children present at this postacute stage.

The same treatment is needed, but pus will be drained from 
the soft tissues rather than from the bone. The dead cortex (seques-
trum) ensures that the disease will progress to chronic osteomy-
elitis. Radiographs will confi rm death and destruction of bone and 
the need for protection of the limb from stress until the involu-
crum is strong enough to bear weight.

Chronic osteomyelitis

This is characterized by the history and presence of a swollen limb 
with a palpably enlarged bone and discharging sinuses. Radio-
graphs will show sequestra and involucrum or a Brodie’s abscess. 
Sequestrectomy should await the formation of enough involu-
crum to maintain integrity of the limb. A Brodie’s abscess should 
be cleared by wide excision of the overlying cortex (saucerization). 
Antibiotics should be given at the time of surgery and for a week 
after sequestrectomy. Recurrent episodes of fever indicate the need 
for further drainage of pus and sequestrectomy rather than for 
antibiotic therapy.

Haematogenous osteomyelitis in sickle cell disease

This infection probably develops in areas of bone infarction. 
Often polyostotic and affecting the upper limbs as commonly as 
the lower, the infection is frequently diffuse throughout a given 

bone. Salmonellae are as common as staphylococcal infections 
and the antibiotic therapy must be adjusted accordingly. In general, 
surgery should be less radical and precautions (mentioned under 
sickle cell disease above) must be taken.

Sigmoid volvulus

Sigmoid volvulus is common in Africa, especially among men of 
Bantu race, and a high-bulk diet has been suggested as an aetio-
logical factor.74 Gakwaya, from Uganda, has described 16 patients 
(15 males, 1 female) with a syndrome of symptomatic redun-
dant sigmoid colon that he considers the precursor of sigmoid 
volvulus.75

By the time of complete colonic volvulus, the colon has become 
hypertrophied and thick walled with lateral stretching of the 
taenia coli. Strangulation is comparatively late and, if no signs of 
peritonitis are present, the volvulus can often be decompressed by 
passing a soft rubber fl atus tube through the twist at sigmoidos-
copy with the patient in the knee–elbow position.76 Once defl ated, 
the fl atus tube should be left in situ for several days. Unfortu-
nately, there is a very high incidence of recurrence and sigmoid 
resection is needed to prevent this.76 Surgeons expert in large 
bowel surgery often perform primary sigmoidectomy because 
many patients do not return for interval surgery.77

If peritonitis exists, fl atus tube decompression should not be 
attempted. After rapid correction of dehydration and electrolyte 
imbalance and having given high doses of broad-spectrum anti-
biotics and metronidazole, the gangrenous sigmoid colon should 
be resected. These patients have deranged physiology and surgery 
should be limited to damage control. After a proximal colostomy 
and purse-string closure of the distal stump, the abdomen should 
be left open beneath a Bagota bag.55

Small bowel volvulus

In Africa and India, primary small bowel volvulus is an uncom-
mon cause of acute intestinal obstruction78 and, in children, is 
associated with ascariasis79 and recent treatment with vermicide.80 
In parts of Nepal, however, it is common in men, and associated 
with large bulky high-fi bre meals.81 Adequate resuscitation of the 
patient before surgery will reduce the operative mortality.

Ileosigmoid knotting

This compound volvulus is not uncommon in the tropics and 
carries a high mortality rate.82 The onset is acute, signs of perito-
nitis are already obvious at presentation, and gangrenous small 
bowel is usually present. Usually, both small and large bowel 
resections are necessary and surgery should not be delayed by 
efforts at referral. The principles of damage control should be 
followed using a Bagota bag.51

Helminthic intestinal obstruction

Infestation with the round worm, Ascaris lumbricoides, is a very 
common affl iction of children in the tropics. A large mass of 
worms may block the ileum, causing intestinal obstruction. In 
80% of such cases, conservative management with nasogastric 
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suction and intravenous infusion is successful.83 After the child 
is passing fl atus or faeces, a vermifuge (either piperazine or a 
benzimidazole compound) should be given. Close observation 
is mandatory and laparotomy should be undertaken if signs of 
peritonitis or volvulus develop.79 Worms in viable segments of the 
ileum may be ‘milked’ into the large intestine, but resection of any 
gangrenous segments of small bowel with the contained worms 
and primary anastomosis is the treatment of choice.84 These 
small children are often debilitated and postoperative complica-
tions are common. Ileal perforation, appendicitis and biliary 
ascariasis may also be encountered.85

Hydatid disease

Liver abscess86,87 and hydatid disease of the lung are common, and 
disease of the kidney,88 brain,89 bone90 and other organs is not 
uncommon in many parts of the tropics where sheep and goats 
are the predominant livestock. The use of drugs such as albenda-
zole and praziquantel and precautions against spillage of cyst 
contents (Figure 24.9) are the basis of successful treatment. See 
also Chapter 86.

OVERCOMING ISOLATION

Many tropical hospitals have only one doctor and may be 1000 km 
from the teaching hospital. How can the effects of such isolation 
be minimized?

First, assemble a reference library. The recommended surgical 
books are listed at the end of this chapter. To neglect such sources 
of wisdom and experience is to court disaster.1 Many have cheap 
editions. Local service clubs (Rotary, Lions or Round Table, etc.) 
may help with book purchase and provide subscriptions to some 
of the relevant journals quoted in the references.

Some countries, such as Uganda, have continuing medical edu-
cation (CME) programmes for up-country doctors, which publish 
literature on clinical problems common to the area. In East Africa, 
the fl ying doctor service (AMREF) sends surgical teams to remote 
rural areas, and similar outreach programmes exist in Zambia and 

elsewhere. An invitation to visit is the fi rst step in developing a 
very useful network of contacts.

Information technology is getting cheaper. A computer with 
CD-ROM and modem will give wide access if a telephone exists. 
Satellite phones are still expensive but invaluable in really remote 
regions. Many specialists are willing to advise on clinical prob-
lems, and acquisition of a simple digital camera makes the trans-
mission of photographs and radiographs possible. Given a project 
proposal, charitable organizations should think the price reason-
able for breaking down a doctor’s isolation.
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Section 4 Related Specialities in the Tropics

Chapter 25 Yusuf Ahmed

Obstetrics in the Tropics

Pregnancy and childbirth are not diseases. However, an estimated 
15% of pregnant women may develop potentially life-threatening 
complications directly related to complications of pregnancy, 
childbirth, and in the immediate postpartum period. This high-
lights the need to assure the availability, quality and utilization of 
emergency obstetric care and skilled attendants, particularly at the 
time of delivery. The outcome for both mother and fetus differs 
markedly across the world. Based on estimates for the year 2000, 
there were 529 000 maternal deaths in the world.1 The vast major-
ity of these deaths were almost equally divided between Africa 
(251 000) and Asia (253 000), with about 4% (22 000) occurring 
in Latin America and the Caribbean, and less than 1% (2500) in 
the more developed regions of the world. The levels of morbidity 
associated with pregnancy are diffi cult to calculate. For every 
woman who dies, 20 or more experience serious complications. 
These range from chronic infections and resulting infertility to 
severely disabling injuries such as obstetric fi stula as a result of 
prolonged or obstructed labour. Some 50 000 to 100 000 new 
cases of obstetric fi stula develop each year.2

Of the approximately 8 million babies that die each year before 
1 year of age (infant mortality), about 50% occur at the time of 
delivery, or during the fi rst week or month of life.3 Ninety-eight 
per cent of the deaths take place in the developing world, and, 
like maternal mortality, rates are highest in sub-Saharan Africa 
and Asia. Of the almost 4 million babies who die in the fi rst 4 
weeks of life (neonatal mortality), 3 million occur in the early 
neonatal period – i.e. fi rst week. Moreover, it is estimated that, 
additionally, more than 3.3 million babies are stillborn every year; 
one in three of these stillbirth deaths occurs during delivery. Early 
neonatal deaths in the fi rst week have obstetric origins, similar to 
those leading to stillbirths, and could largely be prevented.

Responding to the world’s main development challenges and 
to the calls of civil society, the Millennium Development Goals 
(MDGs) were adopted in the year 2000 to promote poverty reduc-
tion, education, maternal health, gender equality, and aim at 
combating child mortality, AIDS and other diseases.4 The MDGs 
represent a global partnership that has grown from the commit-
ments and targets established at the world summits of the 1990s. 
Two of the eight MDGs, to be achieved by 2015, include reducing 
child mortality (goal 4) and improving maternal health (goal 5). 
Since the majority of maternal and neonatal deaths are directly 
related to complications of pregnancy, childbirth, and the imme-
diate postpartum period, an important strategy to achieve the 
MDGs is to assure the availability, quality and utilization of 

emergency obstetric care and skilled attendants at the time of 
delivery.

Details of the various conditions contributing to the complica-
tions of pregnancy, childbirth and newborn health are covered 
extensively in specialized textbooks of obstetrics. In addition there 
are a number of textbooks and manuals, including those pub-
lished by the World Health Organization (WHO), relevant for 
adaptation and use by various categories of care givers in develop-
ing countries.5–11

STRATEGIES TO IMPROVE MATERNAL AND 
NEWBORN HEALTH

In this chapter, the conditions leading to the main causes of 
maternal mortality are summarized, particularly within the context 
of the tropics and much of the developing countries. Figures 25.1 
and 25.2 illustrate the major causes of maternal and neonatal 
mortality worldwide, and highlight interventions that could 
prevent them.

The causes of maternal death are multifactorial and have been 
conceptualized according to a number of ‘delays’, which also 
allow potential interventions to be identifi ed (Table 25.1).12–14

Interventions recommended by WHO for improving maternal 
and newborn health and survival are outlined in Tables 25.2 to 
25.6. These include key interventions to be delivered through 
health services, family and the community to improve maternal 
and newborn health and survival.11

Table 25.2 lists interventions delivered to the mother during 
pregnancy, childbirth and in the postpartum period, and to the 
newborn soon after birth. Table 25.3 lists the places where care 
should be provided through health services, the type of providers 
required, and the recommended interventions and commodities 
at each level. Table 25.4 lists practices, activities and support 
needed during pregnancy and childbirth by the family, commu-
nity and workplace. Table 25.5 lists key interventions provided to 
women before conception and between pregnancies. Table 25.6 
addresses unwanted pregnancies.

HAEMORRHAGE

Obstetrical haemorrhage is a major cause of maternal morbidity 
and mortality and of perinatal death, requiring prompt medical 
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Figure 25.1 Evidence-based interventions 
for major causes of maternal mortality. 
(Adapted from WHO/USAID. Maternal Health 
Around the World. Geneva: World Health 
Organization; 1997. Online. Available: http://
www.usaid.gov/our_work/global_health/mch/
mh/techareas/maternal_mortality.html)

Figure 25.2 Major causes of neonatal death: 
evidence-based interventions. (Adapted from 
USAID at http://www.usaid.gov/our_work/global_
health/mch/mh/techareas/neonatal_death.html)

intervention. Anaemia is an important contributory problem and 
many anaemic women will be at substantial risk, as even a rela-
tively small volume of blood loss before, during or after delivery 
can pose a major risk. Blood loss can occur during pregnancy, 
labour, or postpartum.

Bleeding in the second half of pregnancy is termed antepartum 
haemorrhage (APH) and two common and potentially serious 
causes are abruptio placentae (premature separation of the pla-
centa, which may be associated with pre-eclampsia) and placenta 

praevia (abnormally low placental implantation that partially or 
completely covers the internal cervical os). A large retroplacental 
haemorrhage associated with separation of the placenta in abrup-
tio placentae can lead to immediate fetal death and place the 
mother at risk due to hypotension, shock and possible dissemi-
nated intravascular coagulation (DIC). The signs of a tense, tender 
uterus, with the fetal parts diffi cult or impossible to palpate, and 
the fetal heart absent, may indicate abruptio placenta. Manage-
ment includes prompt fl uid replacement with plasma expanders 
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Table 25.1 Causes of maternal death – the ‘four delays’

DELAY IN RECOGNIZING THE NEED FOR MEDICAL CARE

These are related to problem recognition and the lack of information about complications or pregnancy and childbirth and danger signs. 
Interventions include health education for the women and health providers. Traditional birth attendants can be encouraged to seek prompt 
referrals to a health facility.

DELAYS IN DECIDING TO SEEK CARE

Related to socio-cultural/economic factors and can be addressed through: couple communication and educating key decision makers, 
encourage the use of a birth plan, encourage and motivate greater use of skilled providers (midwives, physicians) either at home or in health 
centres.

DELAYS IN REACHING THE HEALTH FACILITY

Related to the availability and access of services. Interventions include improving the transportation system by working with local 
communities; develop maternity waiting homes near the health facilities; improve the community’s knowledge regarding the nearest health 
facility and how to access their services.

DELAYS IN RECEIVING TREATMENT FROM THE HEALTH FACILITY

Related to the quality of care. Interventions include training of doctors and midwives in life-saving skills; ensure that equipment is functional; 
proper infection control practices are utilized; an inventory control system is in place to maintain a sufficient stock of drugs and medical 
supplies on a regular basis; promote ‘mother friendly’ environments.

Adapted from Maine 1987; Thaddeus and Maine, 1994; Ross, 1998.

or substitutes if blood is not available. An artifi cial rupture of the 
membrane generally expedites delivery and reduces the risk of 
DIC in the mother. Intervention by caesarean section may be 
necessary, but is considered with extreme caution because of the 
complications of DIC. In patients with placenta praevia, the 
maternal and fetal condition may remain satisfactory until haem-
orrhage is considerable. A diagnosis of placenta praevia is consid-
ered in the presence of a high presenting fetal part, commonly 
with unstable or transverse lie, and would require prompt inter-
vention by caesarean section.

Postpartum haemorrhage (PPH) often begins immediately 
after birth. It is primarily due to failure of the uterus to contract 
(uterine atony). This may be associated with retention of the 
placenta for more than 30 minutes after delivery. Vaginal and 
cervical lacerations cause less severe bleeding but require repair as 
soon as possible to lessen blood loss. The risks of PPH are higher 
in mothers who have had an APH during the pregnancy, those of 
high parity, multiple pregnancy and a previous history of PPH. In 
the management of PPH, ‘rubbing up’ or massaging the uterus per 
abdomen may be effective in contracting an atonic uterus. Prompt 
resuscitation with intravenous fl uids, plasma substitutes and 
blood, if available, decreases the risk to the mother. Active 
management of the third stage of labour reduces the risk of PPH. 
This entails administration of an oxytocic to the mother after 
the birth of the anterior shoulder of the baby and delivery of 
the placenta by controlled cord traction, once it is evident that the 
uterus has contracted and signs of separation of the placenta are 
evident.

ANAEMIA

Anaemia is defi ned as a haemoglobin concentration of less than 
11 g/dL. However, in many communities it is common for women 
to have a haemoglobin level of <7 g/dL during pregnancy. As a 

consequence, anaemia can both be a cause of maternal death and 
contribute to the problems of haemorrhage and infection.

Anaemia is the end result of many factors in a woman’s life. 
Poor nutrition in childhood may result in her starting her fi rst 
pregnancy with low iron stores; repeated pregnancies too close 
together will deplete her iron, vitamin B12 and folate levels even 
further; and dietary traditions in pregnancy together with common 
infections such as hookworm and malaria compound the problem. 
Heavy periods prior to conceiving or intermittent blood loss 
during pregnancy may also be factors leading to anaemia.

Healthcare workers can be trained to recognize the clinical 
signs of anaemia by examination of the mucous membranes of 
the eyelids and lips. Investigation can be limited to measuring 
the haemoglobin and also to exclude any obvious underlying 
cause. Screening women for anaemia in the antenatal period with 
a haemoglobin level, preferably in the second trimester, can iden-
tify those who can derive most benefi t from treatment. Haemo-
globin levels can be checked again at follow-up visits, typically 
at 30 and 36 weeks. Along with nutritional advice, a daily dose 
of 30–60 mg of elemental iron for women with a normal iron 
store and 120–240 mg for those women with low iron stores, 
accompanied by 0.4 mg of folate, is usually suffi cient. A rise in 
the level of haemoglobin should be seen within a month of 
commencing treatment. If there is no response, it may be due to 
an underlying disorder such as sickle cell disease or haemoglo-
binopathy, failure to comply with treatment, or failure to absorb 
the oral therapy. The problem of iron absorption can be over-
come by the use of parenteral iron such as iron dextran given as 
a series of intramuscular injections or by total dose intravenous 
infusion. It is essential that the staff be trained to recognize and 
treat anaphylactic reactions, which may rarely occur with such 
administration. Between 0.5 and 1.0 ml of adrenaline (epineph-
rine) 1 : 1000 should be given subcutaneously if an anaphylactic 
reaction occurs. It must be emphasized that parenteral iron 
does not increase the haemoglobin level any more quickly than 

Anaemia
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Table 25.3 Place of care, providers, interventions and commodities11

Healthcare Level of 
healthcare

Venue / place Provider Interventions and commodities

Pregnancy (antenatal) care

Routine Primary •  Health centre in the 
community

•  Out-patient clinic of a 
hospital

• Outreach home visit

•  Health worker with 
midwifery skills*

• On site tests (Hb, syphilis)
• Maternal health record
• Vaccine
• Basic oral medicines

Situational Primary •  Health centre in the 
community

•  Out-patient clinic of a 
hospital

•  Outreach home visit

•  Health worker with 
midwifery skills*

• On site tests (HIV)
• Insecticide treated nets (ITN)

Additional Primary •  Health centre in the 
community

•  Out-patient clinic of a 
hospital

•  Health worker with 
midwifery and selected 
obstetric and neonatal 
skills*

• IV fl uids
•  Parenteral drugs (antibiotics, MgSO4, 

antimalarial)
• Manual Vacuum Aspiration (MVA)
• Antiretroviral therapy (ART)

Specialized Secondary • Hospital •  Team of doctors, midwives 
and nurses

All of the above plus:
• Blood transfusion
• Surgery
• Laboratory tests
• Obstetric care

Childbirth (mother and baby)

Routine Primary •  Health centre in the 
community

•  Maternity ward of a hospital
•  Outreach home care

•  Health worker with 
midwifery skills*

• Delivery set
• Oxytocin
• Partograph

Situational Primary •  Health centre in the 
community

•  Maternity ward of a hospital
• Outreach home care

•  Health worker with 
midwifery skills*

• ART

Additional Primary •  Health centre in the 
community

• Maternity ward of a hospital

•  Health worker with 
midwifery and selected 
obstetric and neonatal 
skills*

• Vacuum extraction
• Manual removal of placenta
• Repair of genital tears
• IV fl uids
•  MgSO4, parenteral uterotonics, and 

antibiotics
• Newborn resuscitation

Specialized 
Mother

Secondary • Hospital •  Team of doctors, midwives 
and nurses with neonatal 
care skills

All of the above plus:
• Surgery
• Blood transfusion

Specialized 
Newborn

Secondary • Hospital •  Team of doctors and 
nurses with obstetric and 
nursing skills

• Oxygen
• IV fl uids
• Parenteral antibiotics
• Blood transfusion
•  Laboratory – biochemical and 

microbiology (small blood samples)

ContinuedAdapted from WHO 200711
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Healthcare Level of 
healthcare

Venue / place Provider Interventions and commodities

Postpartum (mother), postnatal (newborn infant)

Routine Primary •  Health centre in the 
community

•  Out-patient clinic of a 
hospital

• Outreach home visit

•  Health worker with 
midwifery skills*

• On site tests (Hb, syphilis)
• Vaccines
• Basic oral medicines

Situational Primary •  Health centre in the 
community

•  Out-patient clinic of a 
hospital

•  Health worker with 
midwifery skills*

• On site tests (HIV)
• ART

Additional Primary •  Health centre in the 
community

•  Out-patient clinic of a 
hospital

•  Health worker with 
midwifery and selected 
obstetric and neonatal 
skills*

• IV fl uids
•  Parenteral drugs (antibiotics, MgSO4, 

antimalarial)
• Manual removal of placenta

Specialized 
Mother

Secondary • Hospital •  Team of doctors, midwives 
and nurses

All of the above plus:
• Blood transfusion
• Surgery
• Laboratory tests
• Obstetric care

Specialized 
Newborn

Secondary • Hospital •  Team of doctors, midwives 
and nurses with neonatal 
skills

• Oxygen
• IV fl uids
• Parenteral antibiotics
• Blood transfusion
•  Laboratory – biochemical and 

microbiology (small samples)

*Health worker providing maternity care only or a health worker providing other services in addition to maternity care.
Adapted from WHO 200711

Table 25.3 Place of care, providers, interventions and commodities—continued11

oral therapy and should be reserved for those who cannot toler-
ate or absorb oral therapy.

For those patients who present in late pregnancy or in labour 
with a very low haemoglobin level, blood transfusion may be 
necessary, although in areas with endemic HIV infection this is an 
option that will be employed only as a last resort. Care must be 
taken to prevent cardiac failure when transfusing women with very 
low haemoglobin levels, as the anaemia may lead to ineffi cient 
cardiac action and fl uid overload. The use of packed cells and use 
of intravenous diuretics reduces the risk of cardiac failure due to 
fl uid overload. In rare circumstances, exchange transfusion may 
be employed.

Death due to cardiac failure may occur with haemoglobin 
levels below 4 g/dL. Women whose haemoglobin level is between 
4 and 7 g/dL are also at greater risk of dying from infection due 
to poor resistance or from the effects of haemorrhage. Blood losses 
of 500 mL that may be easily tolerated by a woman with a normal 
haemoglobin level may be fatal in the presence of anaemia. Other 
effects of anaemia in pregnancy include stillbirth, intrauterine 
growth retardation and premature labour.

Prevention of anaemia in pregnancy can also be stressed by 
health workers in the promotion of a good diet, the composition 
of which will vary depending on the region but which should 
include green vegetables, staples, cereals and meat. Malaria pro-
phylaxis is an important consideration in many parts of the world. 

Counselling on family planning would ensure adequate spacing 
to allow a woman to replenish her iron stores after pregnancy and 
breast-feeding.

Hypertensive disorders of pregnancy

Hypertensive disorders of pregnancy (see Chapter 37) are common 
and complicate about 7–10% of all pregnancies. Almost 70% are 
due to pregnancy-induced hypertension (termed pre-eclampsia 
with the development of proteinuria and referred to as eclampsia 
when complicated by convulsions). Most of the other 30% are 
due to chronic hypertension, which is present before pregnancy 
or diagnosed early in pregnancy. Pregnancy-induced hypertension 
(PIH) occurs worldwide and is predominantly a disease of young 
primigravidae in the second and third trimesters of pregnancy, 
although it can occur in any age group and also in subsequent 
pregnancies. PIH in older patients probably refl ects undiagnosed 
chronic hypertension. Severe cases of PIH, particularly in pregnant 
women without access to antenatal care, can progress to eclampsia 
characterized by convulsions and coma and are associated with a 
high maternal mortality rate.

The aetiology of PIH is still unknown and this contributes 
to the problems in classifi cation of the disease, its diagnosis 
and management. However, much more is known about the 
pathophysiology of PIH. Although the main feature of PIH is the 
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Table 25.4 Home care, family, community and workplace support for the woman during pregnancy and childbirth and for 
the newborn infant11

Home/family Community and workplace
Pregnancy • Safe and nutritive diet

• Safe sexual practices
• Support for quitting smoking
• Protection from passive tobacco smoking
• Support for avoiding hard work
•  Planning for birth, and emergencies – mother and 

baby
•  Knowledge and support for the birth and emergency 

plan
• Recognition of labour and danger signs
• Support for compliance with preventive treatments
• Support / accompaniment for pregnancy care visits
•  Adolescent girls encouraged to continue going to 

school
• Participation in improving quality of services
• Participation in transport and fi nancing scheme

• Maternity protection
• Time off for antenatal care visits
• Safe and clean workplace
• Tobacco free working environment
• Pregnant adolescents kept at school

Situational •  Support for taking ART and for coping with its side 
effects

• Support for HIV positive women

Childbirth •  Accompanying and supporting the woman in 
childbirth

• Support and care for the rest of the family
• Organize transport and fi nancial support

•  Support for the family during childbirth and immediate 
postpartum

Postpartum and 
beyond

•  Support for exclusive breast-feeding/replacement 
feeding

• Personal hygiene
• Safe disposal / washing of pads
• Suppprt for rest and lower work load
• Safe and nutritive diet
• Safe sexual practices
• Motivation for prescribed treatments
•  Recognition of danger signs, including blues / 

depression
• Optimal pregnancy spacing
• Reporting birth and death (vital registration)
• Participation in improving quality of services
• Participation in transport and fi nancing scheme

• Maternity leave
• Breast-feeding breaks
• Time off for postpartum and baby care visits
•  If mother referred to hospital, support that she is 

accompanied with the baby

Newborn and 
young infant

• Exclusive breast-feeding
• Hygiene (cord care, washing, clothes)
• Avoiding contacts with sick family members
•  Clean, warm and quiet place, tobacco and fi re smoke 

free
•  Extra care for small babies (preterm, low birth weight) 

including KMC
• Support for routine and follow-up visits
• Motivation for home treatment of minor problems
• Recognition of danger signs
• Safe disposal of baby stool
• Care seeking at health facility or hospital

• Promotion, protection and support for breast-feeding.
•  Keeping mother with the baby in hospital for 

breast-feeding
• Supporting the family during maternal absence
• Support for referral care for sick newborn

Situational • Sleeping under ITN

Adapted from WHO 200711
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Table 25.5 Care for the woman before and between pregnancies11

Care by health services Home/family Community and workplace
Adolescence •  Immunization according to national 

policy (tetanus and rubella)
• Family planning
• HIV prevention including VCT

• Delayed childbearing
• Healthy lifestyle
•  Balanced diet, including 

iodized salt

• Education
•  Information on prevention of 

HIV and STI infections

All women of reproductive 
age

• Family planning
•  Assessment and management of STIs
•  HIV prevention including testing and 

counselling

• Optimal pregnancy timing

Table 25.6 Pregnant women not wanting child11

Care by health services Home/family Community and workplace
Pregnant woman not 
wanting child

• Safe abortion (where legal)
• Post-abortion care and family planning

• Care for unwanted pregnancy

development of hypertension (blood pressure greater than 
140/90 mm Hg), the disease affects multiple systems and is pro-
gressive in nature. PIH is associated with a mild degree of dis-
seminated intravascular coagulation, which may worsen with 
increasing severity of disease. Renal perfusion decreases and this 
can lead to renal failure. A syndrome of haemolysis, elevated liver 
enzymes and low platelet count (HELLP) has been noted in severe 
pre-eclampsia. Cerebral haemorrhage often complicates eclamp-
sia and uncontrolled hypertension. Decreased uteroplacental fl ow 
due to the vasoconstrictive effects of pre-eclampsia leads to fetal 
growth restriction and fetal death. The perinatal mortality rate is 
increased in pre-eclampsia because of preterm delivery, uteropla-
cental insuffi ciency, abruptio placentae and unexplained fetal 
death. Preterm delivery is often necessitated by the fact that the 
defi nitive treatment of pre-eclampsia mandates termination of the 
pregnancy, regardless of the gestational age of the fetus.

Complications of the hypertensive disorders of pregnancy, 
including PIH, may be due to the disease itself, secondary to the 
convulsions in eclampsia, or to the side-effects of drugs or other 
treatment given. The main complications of treatment are related 
to respiratory depression and fl uid overload. Regression of PIH 
only occurs after delivery of the fetus and placenta. The goals of 
management of a patient with PIH are to prevent deterioration to 
eclampsia, to prevent complications such as cardiovascular acci-
dents, pulmonary oedema, renal failure, abruptio placentae and 
fetal death, and the timely delivery with minimal trauma to the 
mother. Mild and moderate forms of the disease can only be 
detected by monitoring the blood pressure during antenatal care, 
as the disease is symptomless at this stage other than the appear-
ance of non-dependent oedema. Treatment is expectant at this 
stage, with admission to hospital if necessary. Labour can usually 
be induced without risk of prematurity to the fetus after 37 weeks’ 
gestation. The objective of management prior to this time is to 
control blood pressure and monitor the maternal and fetal condi-
tion to ensure that deterioration does not occur. In the mild or 
moderate forms, treatment with antihypertensives under supervi-
sion may allow the pregnancy to be prolonged for a few weeks to 
allow for fetal maturation. Hypertension is just one sign of the 

multisystem disorder, and control of the blood pressure does not 
imply cure of the disease. Control of blood pressure can be 
achieved with any of the standard antihypertensive agents such as 
methyldopa, hydralazine, nifedipine or labetalol (see Chapter 
37). Beta-blockers such as propranolol are best avoided, as they 
tend to cause fetal bradycardia and hypoglycaemia in neonates.

The progress of PIH is extremely unpredictable. Some patients 
have only mild disease (with elevated blood pressure but no pro-
teinuria) throughout the latter part of their pregnancy. Others 
progress rapidly within 24 hours from apparently mild disease to 
fulminating pre-eclampsia and eclampsia. Prior to the onset of 
convulsions in eclampsia, the woman may complain of frontal 
headaches, visual disturbances (e.g. ‘fl ashing lights’), epigastric 
pain and vomiting. On examination, her refl exes tend to be exag-
gerated and urinary output decreased.

In areas with inadequate antenatal care provision or utilization, 
most women will present with severe pre-eclampsia or with 
eclampsia. Management in these circumstances is based on stabi-
lizing the maternal condition and delivery of the fetus irrespective 
of gestation. Vaginal delivery may be possible following induction 
of labour by the use of prostaglandin analogues or rupturing the 
membranes and the judicious use of oxytocin. Careful monitoring 
of fl uid intake and output is essential during this time as these 
patients are frequently oliguric and may develop pulmonary 
oedema. If the patient does not progress in labour, delivery by 
caesarean section may be necessary.

Magnesium suphate (intravenously or intramuscular) is the 
drug of choice for treating convulsions in eclampsia and prevent-
ing their recurrence, although diazepam and phenytoin are also 
used. Diazepam may cause maternal and neonatal respiratory 
depression. Magnesium sulphate may also cause respiratory and 
cardiac arrest if plasma magnesium levels become too high. Sup-
pression of the refl exes occurs prior to respiratory or cardiac arrest, 
and decreased urine output would exacerbate toxicity. Care must 
be taken, therefore, when using magnesium sulphate, to check for 
adequate renal output and the presence of refl exes before giving 
a further dose. Its use in patients with severe pre-eclampsia to 
prevent eclampsia is still being evaluated. Phenytoin is less reli-

Adapted from WHO 200711

Adapted from WHO 200711
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able in its action, is more expensive, and requires close monitor-
ing of the patient. Patients can be at risk of eclamptic fi ts for up 
to 48 hours after delivery. During this time they should therefore 
receive intensive nursing in a semi-prone position in a quiet room. 
Antihypertensive and prophylactic anticonvulsant therapy with 
magnesium sulphate should be continued.

Obstructed labour

Prolonged labour increases the likelihood of fetal hypoxia and 
may result in stillbirth or neonatal death. When associated with 
prolonged labour, complications such as cephalopelvic dispropor-
tion, malpresentation (e.g. brow or shoulder presentation) and 
abnormal lie (e.g. transverse lie) will result in obstructed labour. 
In some cases vaginal delivery may still occur but at a cost not 
only of fetal death but also of serious maternal morbidity, such 
as vesicovaginal fi stula due to pressure necrosis. In more extreme 
cases uterine rupture and subsequent maternal death will be the 
outcome.

The use of the partograph in the management of labour enables 
the health attendant to recognize when labour is not progressing 
normally, allowing for appropriate action to be taken. Where 
deliveries are conducted by traditional birth attendants they 
should be taught to recognize the signs which precede obstructed 
labour and encouraged to refer to an appropriate centre where 
medical staff and facilities are available. Midwives and nurses at 
primary health centres are encouraged to use the partograph to 
monitor the progress of labour to enable them to identify when 
there is failure of progress of labour and to refer to a hospital for 
further management. This may require the judicious use of oxy-
tocin to improve uterine contractions, provided cephalopelvic 
disproportion and malpresentation have been excluded. Further 
lack of progress requires intervention by caesarean section that can 
then be performed early to ensure fetal survival and prevent 
maternal mortality and morbidity.

Puerperal sepsis

Puerperal sepsis contributes to some 15% of maternal deaths. 
Following delivery, the presence of a large denuded area of the 
uterus predisposes to the development of endometritis and sub-
sequent puerperal sepsis. Sepsis may also occur secondary to 
laceration of the genital tract and in the presence of retained 
products of conception. The presence of untreated sexually trans-
mitted diseases during pregnancy, poor hygiene on the part of the 
birth attendant, and poor sterilization of instruments inserted into 
the genital tract during delivery or abortion are a particular risk. 
The presence of a genital tract infection is suspected by the pres-
ence of foul-smelling lochia or discharge. Less specifi c symptoms 
include abdominal pain, vomiting, headache and loss of appetite. 
Examination reveals pyrexia and a tender bulky uterus. In more 
advanced stages of the disease, tender masses in the adnexa or in 
the posterior fornix may be found, suggesting the presence of 
tubo-ovarian or pouch of Douglas abscesses. Septicaemia may 
also occur.

Treatment in the early stages is by the use of broad-spectrum 
antibiotics followed by evacuation of the uterus after approxi-
mately 24 hours if retained products of conception are suspected. 

In more advanced cases, following the administration of intrave-
nous antibiotics, laparotomy to drain the tubo-ovarian abscesses 
is necessary, and in extreme cases hysterectomy and pelvic clear-
ance may be required. Abscesses in the pouch of Douglas may be 
drained by colpotomy (via the vagina), but a signifi cant propor-
tion of such patients will subsequently require laparotomy.

Post-abortion care

Spontaneous abortion (miscarriage) can occur in as many as 15% 
of pregnancies, usually in the fi rst trimester. If untreated, incom-
plete abortion frequently leads to continued vaginal bleeding and 
consequent anaemia. The retained products can also give rise 
to uterine sepsis. In many countries, management includes the 
common procedure of a sharp curettage of the uterine cavity, 
more frequently known as dilatation and curettage (D&C), which 
requires a physician, operating theatre and general anaesthesia. 
However, the manual vacuum aspiration (MVA) using a plastic 
cannula and syringe to create a vacuum is the preferred procedure 
because of its lower risk of complications. It can be performed 
under local anaesthesia and numerous countries have successfully 
trained nurse-midwives to conduct the procedure.

Induced abortion is illegal in many countries, but even where 
it is legal this does not ensure access to quality services. Conse-
quently, a high proportion of women presenting with incomplete 
abortion may have associated sepsis due to self-abortion or the 
procedure having been performed by unskilled or untrained per-
sonnel. Some 13% of maternal mortalities occur due to complica-
tions of abortion (induced or spontaneous). Post-abortion 
care services provide for emergency care of complications which 
includes resuscitation, use of antibiotics, and evacuation of the 
uterus using MVA if possible. Strategies also include counselling 
related to recognition of symptoms and signs for the woman to 
look out for in the next few days. Further counselling and, if nec-
essary, provision of other reproductive health services, particularly 
family planning, are also considered important.

Malaria in pregnancy

Malaria in general, and particularly infection with Plasmodium 
falciparum, is a major cause of morbidity and mortality in preg-
nancy, especially in the young primigravida in affected areas (see 
Chapter 73). Pregnant women living in endemic areas tend to lose 
their immunity to malaria, particularly during the second trimes-
ter, and are at increased risk of infection that tends to be more 
severe in pregnancy. The most serious effect of malaria in preg-
nancy is the development of haemolytic anaemia that, if severe 
enough, can lead to hypoxia of both the mother and fetus. The 
hepatorenal syndrome and cerebral malaria is often the cause of 
death. Other sequelae of malaria include miscarriage, intrauterine 
fetal growth restriction, fetal death and premature labour. In areas 
where malaria is holoendemic, it is an important cause of anaemia. 
The presentation of malaria in pregnancy, however, may be atyp-
ical and its presence should be suspected in any pregnant woman 
in endemic areas with fever or jaundice.

Medical treatment is dependent on the geographical area and 
the local pattern of drug resistance. P. falciparum and P. vivax 
account for the majority of cases. It is essential to follow local, 
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national and regional treatment guidelines. Chloroquine is the 
treatment of choice in chloroquine-sensitive areas. However, 
chloroquine resistance is widespread and oral sulfadoxine/
pyrimethamine or quinine salt can be used instead. Where multi-
drug-resistant P. falciparum limits treatment options, artesunate is 
used instead. In areas of mixed falciparum–vivax malaria, the pro-
portions of malaria species and their drug sensitivity patterns vary, 
making reference to the local treatment guidelines especially per-
tinent. Chloroquine alone is the treatment of choice during preg-
nancy in areas with chloroquine-sensitive vivax malaria and 
chloroquine-sensitive falciparum malaria. Where there is chloro-
quine-resistant falciparum malaria, it is managed as a mixed infec-
tion with the addition of sulfadoxine/pyrimethamine.

Routine chemoprophylaxis is advocated for pregnant women, 
according to local guidelines. Regimens include weekly chloro-
quine (and daily proguanil) from 20 weeks’ gestation onwards. In 
areas of high transmission in sub-Saharan Africa, the current strat-
egy for malaria prevention is intermittent preventative treatment 
with sulfadoxine/pyrimethamine, once during the second trimes-
ter and once during the third trimester. In areas of high HIV 
prevalence, intermittent preventative treatment with sulfadoxine/
pyrimethamine every month beginning in the second trimester 
appears to be optimal15 (see also section on HIV in Pregnancy). 
In addition, insecticide-treated nets (ITN), or, more specifi cally, 
long-lasting insecticidal nets (LLIN), can achieve full coverage of 
populations at risk of malaria and further help reduce the risk of 
malaria.16,17

Tetanus

Maternal tetanus infection may occur as a result of abortion per-
formed with improperly sterilized instruments or from delivery in 
unclean surroundings (see Chapter 64). Although maternal 
tetanus can occur as an ascending infection, neonatal tetanus is 
far more common. The neonate may get infected via the umbili-
cus, highlighting the need for umbilical cordcare and discourag-
ing harmful practices. Treatment is described in Chapter 64, but 
mortality rates remain high. Training of birth attendants, particu-
larly in the use of a clean delivery technique and use of sterilized 
equipment, can reduce the risk of infection. Antenatal programmes 
in developing countries now provide for tetanus immunization 
and aim to provide cover for the mother and also the neonate. To 
be effective, a pregnant woman needs to receive two doses of 
tetanus toxoid 4 weeks apart and at least 4 weeks prior to giving 
birth. The fi rst dose should ideally be given at the fi rst clinic 
visit.

HIV AND PREGNANCY

UNAIDS estimates that by 2007 over 33 million people were 
living with HIV with 22.5 million of them in sub-Saharan Africa.18 
Women constituted 15.4 million (46.4%) of the 30.8 million 
adults who were infected. In women of reproductive age, HIV in 
pregnancy has implications on the health of the mother and on 
mother-to-child transmission of HIV. Pregnancy appears to have 
little effect on the progress of infection in asymptomatic HIV-
infected women or in those in the early stages of infection. In 
untreated women, however, adverse outcomes in early and late 

pregnancy may be directly due to HIV or medical and social con-
ditions that affect pregnancy. Compared with HIV-1, the preva-
lence of HIV-2, which is still found in parts of West Africa and 
some locations in Portugal and India, has been stable, is less 
common, has a slower clinical course, and mother-to-child trans-
mission occurs less frequently.19–21 This section only considers 
HIV-1.

HIV testing in pregnancy

The advantages to a woman knowing her HIV status prior to or 
during pregnancy includes the opportunity to facilitate early coun-
selling and treatment; allows the implementation of strategies to 
prevent transmission to the child; enables the woman to take 
precautions to help prevent transmission to sexual partners; and 
enables sexual partners to be counselled and tested. Further, if the 
test is negative, women can be guided in appropriate HIV preven-
tion measures and risk-reduction behaviour, where appropriate. 
The possible disadvantages of HIV testing in pregnancy include 
reported increased risk of violence, stigmatization by community 
and health workers, and higher levels of anxiety and psychological 
sequelae. In order to increase HIV testing to enable women to 
know their status, country programmes are adopting ‘opt-out’ 
policies, whereby an HIV test is performed unless the woman 
requests it not to be done. A variation is the ‘provider-initiated’ 
HIV testing and counselling in health facilities. Both strategies aim 
for wider knowledge of HIV status by women and to enable 
increased access to HIV treatment and prevention.19,22

Mother-to-child transmission of HIV

UNAIDS estimates that 420 000 children were newly infected with 
HIV in 2007 and nearly 90% of all HIV-infected children live in 
sub-Saharan Africa.18 The primary mode of acquisition of HIV 
in children worldwide is through mother-to-child transmission 
(MTCT), which can occur during pregnancy, labour and delivery, 
or breast-feeding. In the absence of breast-feeding, about 30% of 
infant HIV infections occur in utero and 70% during labour and 
delivery.23 In the presence of breast-feeding, one-third to one-half 
of perinatal HIV infections may be due to breast-feeding.24,25 Risk 
factors for transmission include high maternal viral load, advanced 
maternal immune defi ciency and prolonged rupture of mem-
branes (>4 hours). Risk factors for breast-milk transmission 
include high viral load and subclinical mastitis.26,27

Without interventions to reduce MTCT, the estimated risk of 
transmission ranges from 15% to 25% in non-breast-feeding pop-
ulations and 25% to 40% in breast-feeding populations.28,29 In 
developed countries, the risk of MTCT has been reduced to under 
2% by three main interventions: (i) use of antiretroviral therapy 
or as prophylaxis given to women during pregnancy and labour 
and to the infant in the fi rst weeks of life; (ii) obstetrical interven-
tions including elective caesarean delivery (prior to the onset of 
labour and rupture of membranes); and (iii) complete avoidance 
of breast-feeding.30,31 In many resource-constrained settings, 
whereas programmes for antiretroviral prophylaxis (and therapy) 
are scaling up, elective caesarean delivery is not always feasible.32 
Further, alternatives to breast-feeding may also not be feasible for 
fi nancial, logistical and cultural reasons. Research is ongoing to 
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evaluate several new approaches to preventing HIV transmission 
during breast-feeding.25 These include modifi cation of infant 
feeding practices with exclusive breast-feeding for the infant’s fi rst 
few months of life followed by rapid weaning, treatments of 
expressed milk to inactivate the virus, and antiretroviral prophy-
laxis taken by the infant or mother during breast-feeding.25

Management of the HIV-infected 
pregnant woman

Antiretrovirals are not contraindicated in pregnancy. To take 
into consideration prevention of mother-to-child-transmission 
(PMTCT), antiretroviral regimens, particularly those developed by 
WHO (and summarized in Table 25.7), incorporate combinations 
for use by mothers whether maternal therapy was indicated or 
not.19 Accordingly, these may vary in the antenatal, intrapartum 
and postnatal period. Regimens for the infant in the fi rst week and 
to 4 weeks would similarly vary according to the maternal regimen. 
Furthermore, the regimens take into consideration situations 
where access to treatment is unavailable and PMTCT programmes 
are not fully established. The WHO recommendations for initiat-
ing antiretroviral treatment in pregnant women are based on 
clinical stage and availability of immunological markers (such as 
CD4 count).19 Apart from serving the health needs of the pregnant 
woman herself and substantially reducing the risk of MTCT, such 
antiretroviral regimens minimize the consequences of resistance 
to nevirapine from the use of single-dose-nevirapine (SD-NVP)-
containing antiretroviral prophylactic regimens that are com-
monly used for PMTCT in resource-constrained settings.

Most HIV-infected women will be asymptomatic and have no 
major obstetrical problems during their pregnancies and, apart 
from considerations of antimalarial and other prophylaxis, can 
receive similar antenatal care to that given to those uninfected. 
Where possible, invasive diagnostic procedures, such as chorion 
villus biopsy sampling, amniocentesis and cordocentesis, are best 

avoided due to a possible added risk of HIV transmission to the 
fetus. Similarly, external cephalic version of a breech fetus may be 
associated with potential maternal–fetal circulation leaks and the 
risk of HIV transmission.

Malaria in pregnancy has been shown to increase the risk of 
MTCT of HIV.33 Intermittent preventative treatment with an effec-
tive, preferably a single dose, antimalarial drug should be made 
available to all primigravidae and secundigravidae in highly 
endemic areas. This is started in the second trimester and given at 
monthly intervals for HIV-infected pregnant women. In addition, 
there is benefi t in the use of insecticide-treated nets (ITN), or, 
more specifi cally, long-lasting insecticidal nets (LLIN), to achieve 
full coverage of populations at risk of malaria.16,17

Prophylaxis for opportunistic infections is given in pregnancy 
as indicated by the clinical stage and according to local policy. 
This includes prophylaxis and treatment for tuberculosis. Of the 
antituberculosis drugs, streptomycin and pyrazinamide are not 
recommended during pregnancy. In resource-constrained settings, 
there is evidence to suggest that Pneumocystis carinii pneumonia 
(PCP) prophylaxis with co-trimoxazole (sulfamethoxazole/trim-
ethoprim), in women with low CD4 counts, can also have indirect 
benefi ts for neonatal and infant health, in addition to the direct 
maternal benefi t.34 If a woman living with HIV is receiving co-
trimoxazole prophylaxis and resides in a malarial zone, it is not 
necessary for her to have additional sulfadoxine/pyrimethamine-
based intermittent presumptive therapy for malaria. Breast-feeding 
women should continue to receive co-trimoxazole prophylaxis.35

Management of labour and delivery remains the same as that 
for HIV-uninfected women. Prolonged rupture of membranes is 
avoided, as the risk of MTCT is increased where membranes are 
ruptured for more than 4 hours. The general rule is to avoid any 
procedure which breaks the baby’s skin and/or increases the risk 
of contact with the mother’s blood, such as scalp electrodes and 
fetal blood sampling. Episiotomy should not be a routine proce-
dure, but should rather be reserved for those cases with an obstet-
rical indication. Caesarean section has been found to be associated 

Table 25.7 Maternal and neonatal antiretroviral regimens for treatment and PMTCT in resource-constrained settings – a tiered 
approach

Maternal HAART 
indicated*

Maternal HAART not 
indicated*

No maternal antepartum 
antiretrovirals

No maternal antepartum 
or intrapartum 
antiretrovirals

Mother

Antepartum period HAART* AZT twice a day at ≥28 wk – –

Intrapartum period HAART SD-NVP† + AZT/3TC SD-NVP –

Postpartum period HAART AZT/3TC twice a day ×7 d AZT/3TC twice a day ×7 d –

Infant AZT × 7 d‡ SD-NVP + AZT twice a day 
×1 wk‡

SD-NVP + AZT twice a day 
×4 wk§

SD-NVP + AZT twice a day 
×4 wk§

*Recommended for all HIV-infected pregnant women with WHO clinical stage 4, WHO clinical stage 3 and CD4 < 350 cells/mm3, WHO clinical stage 1 or 2 and CD4 
< 200 cells/mm3. Recommended regimen: AZT + 3TC + NVP.
†If the woman receives at least 4 weeks of AZT during pregnancy, the omission of the maternal intrapartum NVP dose may be considered; in this case, the infant NVP 
dose must be given immediately at birth and received for 4 weeks, instead of 1 week of infant AZT; and the mother will not require 3TC during labour and AZT/3TC 
‘tail’ postpartum.
‡If the mother receives <4 weeks of AZT during pregnancy, 4 weeks instead of 1 week of infant AZT is recommended.
§Data on the added effi cacy of 4 compared to 1 week of infant AZT in this situation are limited.
3TC, lamivudine; AZT, zidovudine; HAART, highly active antiretroviral therapy; PMTCT, prevention of mother-to-child-transmission; SD-NVP; single-dose nevirapine.
Adapted from Dao et al.29
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with a decrease in transmission of HIV to the infant, although 
there are considerations of maternal complications. Nevertheless, 
prophylactic antibiotics are recommended for both elective and 
emergency caesarean sections.36

Postpartum care is similar to that for uninfected women. If 
untreated, HIV-infected women are more prone to postpartum 
infections, including urinary tract infections, chest infections, and 
episiotomy and caesarean section wound infections.

Counselling on breast-feeding includes discussing the risks and 
benefi ts of infant feeding choices. Mothers who chose to breast-
feed are advised of the possible increased risk of transmission 
in the presence of cracked nipples, mastitis and breast abscess. 
Prevention of such problems can be achieved through adequate 
breast-feeding techniques. Reduced duration of breast-feeding and 
early cessation may be encouraged to reduce the risk of transmis-
sion if this can be safely achieved.37 In resource-poor settings, 
alternatives to breast-feeding may not be feasible for fi nancial, 
logistical and cultural reasons. Mothers should be given informa-
tion on the advantages and disadvantages of breast-feeding and 
replacement feeding with regard to HIV infection and encouraged 
to make a fully informed decision about infant feeding. A consen-
sus statement from a WHO HIV infant feeding technical consulta-
tion recommends that the most appropriate infant feeding option 
for an HIV-infected mother should continue to depend on her 
individual circumstances.38 It states that exclusive breast-feeding 
is recommended for HIV-infected women for the fi rst 6 months 
of life unless replacement feeding is acceptable, feasible, afford-
able, sustainable and safe for them and their infants before that 
time. Breast-feeding mothers of infants and young children who 
are known to be HIV-infected should be strongly encouraged to 
continue breast-feeding.

Contraceptive advice becomes important when a mother 
chooses not to breast-feed. She loses the contraceptive effects of 
breast-feeding, and information on alternative methods should be 
provided. In general, all methods are suitable for HIV-infected 
women in the postnatal period. In asymptomatic HIV-infected 
women or women clinically well on antiretroviral therapy, the 
advantages of initiating (or continuing) the intrauterine device 
(levonorgestrel- or copper-releasing) generally outweigh the theo-
retical or proven risks of increased sepsis. However, theoretical or 
proven risks usually outweigh the advantages of initiating the 
method in women with AIDS.39,40
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Section 4 Related Specialities in the Tropics

Chapter 26
Eli Tumba Tshibwabwa, 
Michael G. Kawooya and 
Zeridah Muyinda

Trends in Radiology and Imaging 
Services in the Tropics

Radiology is increasingly central to the investigation and treat-
ment of patients in the developed world. The benefi ts that drive 
this shift in practice should be available to patients, and to plan-
ners of healthcare, in the tropics. Indeed, ironically, the benefi ts 
of minimally invasive therapy, as offered by interventional radiol-
ogy, may be greater in the tropics where alternative treatments 
(long-term drug therapy, complex open surgery and so on) may 
not be available, or be prohibitively expensive.

While we should strive to place modern and dependable 
imaging ever more at the centre of provision of healthcare in the 
tropics, many practical considerations have to be tackled before 
this paradigm can be realized. In particular, we cannot simply 
translate from the model of radiology services in the developed 
world to the tropics. There are profound differences in the disease 
profi les between the two regions – trauma, various infections, and 
peripartum maternal or neonatal complications account for much 
of the pathology in the tropics rather than ischaemic heart disease 
or cancer.1,2 Furthermore, the affl uent areas in Europe and North 
America have comparatively large funds available for the provision 
of radiology equipment. Contrast this with the often impover-
ished regions in the tropics, which lack resources, equipment and 
personnel. The differential is exacerbated by a hostile topography 
and climate. Many areas are remote and sparsely populated, such 
that in many tropical countries resources are often concentrated 
in a few urbanized areas.2,3

SOME PRINCIPLES IN ESTABLISHING A 
RADIOLOGICAL SERVICE

The key to developing a sound radiological service is to match 
provision to demand (Box 26.1). Most of the cities and rural areas 
in Africa are blighted by a common group of pathologies.1–3 HIV/
AIDS and tuberculosis ‘spearhead’ the disease problem and there 
are other prevalent infections including those due to amoebiasis 
or helminths. Trauma accounts for a second major drain on 
limited healthcare resources. Thus, tropical imaging should be 
geared up for managing trauma, investigating and treating infec-
tion (e.g. percutaneous image-guided abscess drainage) and for 
obstetric care.

Plain radiography and ultrasound should form the core of any 
realistic imaging service. Computed tomography (CT), magnetic 

resonance imaging (MRI) and Positron Emission Tomography 
(PET) should be reserved for major centres alone.

A representative picture of radiological manpower and facilities 
has been built up for fi ve sub-Saharan African countries (Box 
26.2). This confi rms that there is a desperate shortage of radiolo-
gists, radiographers and equipment, with most of the services 
located in the capital cities and few at rural hospitals. Information 
pertaining to radiology utilization in other tropical settings has 
been outlined in several articles.2–4 Only 40% of countries in the 
sub-Saharan region have any CT scanners or high-resolution and/
or Colour Doppler ultrasound machines and fl uoroscopy. This is 
in contrast to the situation in the northern African region and in 
the Republic of South Africa, where academic radiology depart-
ments as well as other privately-owned departments are in addi-
tion better equipped and serviced with MRI and PET scanners. At 
present, major South African cities have hospitals which provide 
such high-tech imaging and management to patients from the 
neighbouring countries, and even from as far as central and eastern 
Africa, where the few existing CT scanners cannot cope with the 
patient load. At the University Teaching Hospital (UTH) of Lusaka 
(Zambia), the CT scanner has only recently been installed but the 
facility is already being outstripped by increasing demand for 
neurological investigations. One question that remains is whether 
the facilities and radiology services in major conurbations will be 
adequate or not for the size of the population, which fl uctuates 
signifi cantly as large numbers of people daily migrate from rural 
areas to cities in search of work and sustenance.

The measurement of the number of examinations per 1000 
population in a year will serve as an indicator of radiological 
utilization in different countries and regions. We estimate the 
annual frequency of both simple and special procedures for the 
year 2005 as approximately 5, 10, 12 and 15 per 1000 population 
for the Democratic Republic of Congo, Zambia, Ethiopia and 
Uganda, respectively. These countries have been classifi ed as coun-
tries with healthcare level III.4 These fi gures suggest that fewer 
examinations have been performed than expected for a country 
with level III healthcare. By comparison, the annual frequencies 
of radiological examinations in South Africa (a healthcare level I 
country ) range between 67 and 460 per 1000 population, respec-
tively for 1000 blacks and 1000 whites.4 The various radiological 
examinations performed for the white population in university 
teaching and main private establishments in South Africa appear 
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to be comparable in numbers and variety to those in similar 
centres in the UK and USA.4

A SHIFT IN THE PRACTICE OF 
TROPICAL MEDICINE

The increasing availability of ultrasound machines, especially in 
tertiary hospitals such as UTH, or at competing private hospitals 
(and to a lesser extent at district hospitals), has led to an increase 
in the demand for ultrasound services (Box 26.3). Supply, in other 
words, has fuelled demand. Of course, this is in part because 
ultrasound is so suited to the investigation of many abdominal, 
traumatic, gynaecological and obstetrical conditions encountered 
in the tropics.2,5,6 Moreover, there is an increasing awareness that 
ultrasound examinations can clinch an early diagnosis of disease, 
specifi cally when combined with ultrasound-guided intervention, 
such as aspiration and/or drainage of a collection or parenchymal 
biopsy (Figures 26.1–26.5). The wide range of ultrasound applica-
tions and the safety of this modality make it better suited to the 
budget of the tropical setting than any competing and more 
expensive high technology, such as digital radiography, CT or MRI 
equipment. Naturally, the benefi ts are obtained only when the 
machines are properly serviced and appropriate probes are avail-
able. Rather ironically, increasing demand in ‘high-tech’ devel-
oped-world intensive care units has prompted the manufacture of 
the hardware so that it is ideal for the rigours of the tropics: several 
high-quality yet small and affordable units are available which 
should function admirably in the intensive environments experi-
enced in a tropical hospital.

In our experience of several departments in Africa, radiologists 
are fully responsible for daily diagnostic and interventional ultra-
sound, while residents carry out procedures under the supervision 
of a senior resident or staff radiologist. However, physicians, sur-
geons and radiographers who have been trained in ultrasound 
techniques (either from a local academic institution or abroad) 
and who have gained a satisfactory level in the practice of imaging 
and ultrasound-guided interventions are also a part of the radio-
logical manpower outside university teaching hospitals. On the 
whole, the ultrasound service works, although there is a degree of 
concern from the established departments about users operating 

at private health centres that have not received adequate training. 
There is scope for misinterpretation which leads to inaccurate 
diagnosis. Another broad concern is that grey scale imaging is 
limited because limited resources prevent timely replacement of 
obsolete equipment. The inconsistency in operator and equip-
ment and the consequent potential diagnostic errors become 
all the more worrying as the clinicians’ reliance on ultrasound 
blossoms.

In this African setting, half of the patients referred for diagnos-
tic ultrasound imaging present with large lesions. Patients may 
delay in seeking medical advice because of poverty, or because of 
traditional beliefs.1 However, the remaining half of the patients 
do present to the radiology department at an earlier stage of the 
disease, and benefi t from rapid treatment made possible by the 
speed and accuracy of ultrasound diagnosis and intervention.

RADIOLOGY IN THE WIDER CONTEXT 
OF HEALTHCARE

No amount of thought into the provision of the imaging equip-
ment can on its own lead to a worthwhile imaging service. Imaging 
is only useful if it is coordinated with the clinical and pathologi-
cal services within the hospital or within the region. There are two 

Figure 26.1 Ultrasound-guided left subphrenic abscess drainage; the 
collection is seen to have multiple loculations. Under sedation, local 
anaesthetic and ultrasound guidance, an 18-gauge needle was passed 
into the abscess. Some fl uid was aspirated for culture and microscopy. 
An 8.5 French multipurpose drain was then inserted over the 
guidewire (arrow). The drain was left in and the procedure was 
uneventful (asterisk points to diaphragm overlying abcess).

Box 26.1 Principles in establishing a radiological service

■ Match provision to demand
■ Core of imaging service: plain radiography and ultrasound
■ Equipment should be reliable, durable and user-friendly, and 

most should be portable.

Box 26.2 Radiological manpower and facilities for sub-
Saharan African countries

■ Desperate shortage of radiologists, radiographers and equipment
■ Most services are located in the capital cities with few at rural 

hospitals
■ Only 40% of these countries have CT scanners or high-

resolution ultrasound machines.

Box 26.3 A shift in the practice of tropical medicine

■ Increasing availability of ultrasound machines has increased 
demand for ultrasound services, i.e. supply fuelled demand

■ Wide range of ultrasound applications and their safety make it 
better suited to the budgets of a tropical setting.

*



495

self-evident but nevertheless laudable statements which underpin 
this need for coordination: fi rst, a radiographical study is only as 
good as the report it generates; and second, a report on its own is 
meaningless – it has worth only when it helps the physician man-
aging the patient. In other words, a radiograph or ultrasound scan 
of the highest quality still needs intelligent and clinically relevant 
interpretation (Box 26.4).

We have to move away from the concept that this interpretation 
is to be provided at the site where the images have been obtained 
(Box 26.5). Dedicated landlines can be linked to inexpensive 

A

*

B

Figure 26.2 Ultrasound-guided focal liver biopsy. (A) Preliminary 
ultrasound confi rms the presence of a focal hypoechoic lesion 
(asterisk) in liver segment (arrow points to right kidney). (B) Under 
ultrasound guidance, two 18-gauge core biopsies were obtained from 
the focal lesion. The procedure was well-tolerated under mild 
conscious sedation with no immediate complications (arrow points to 
the needle).

Figure 26.3 Mitral regurgitation. Apical two chamber view with 
Colour Doppler ultrasound showing the coloured mosaic pattern of 
regurgitation into the left atrium during systole.

Radiology in the Wider Context of Healthcare

Figure 26.4 Right breast ultrasound. A well-defi ned lobulated 
nodule in the lower outer quadrant of the right breast is noted. The 
imaging features are in keeping with fi broadenomas and correlate with 
the biopsy fi nding.

Box 26.4 Radiology in the wider context of healthcare

■ A radiographic study is only as good as the report it generates
■ A radiograph or ultrasound scan of the highest quality still needs 

intelligent and clinically relevant interpretation.

Box 26.5 Transmission of digital ultrasound data globally

■ The World Wide Web offers potential for image transfer and storage
■ Teleradiology
■ Simple imaging software packages for internet browsing of 

radiographs
■ DICOM and PACS.
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modems to permit transmission of digital ultrasound data across 
vast distances; on a more global scale, the World Wide Web offers 
potential for image transfer and storage. Teleradiology is coming 
of age. Several simple PC-based imaging software packages are 
available which allow internet browsing of radiographs. The fi lm 
or study, in other words, can be moved from the ‘spoke’ to a ‘hub’. 
Once the fi lm has been read by a trained radiologist at the hub 
the report can be sent back by a landline connection to the remote 
spoke. Such teleradiology has also been used in India, Islamabad 
(Pakistan) and Tokelau (Pacifi c atoll), Colombia, Tomsk (Russia), 
Uganda, South Africa, and Nigeria.7 Despite the current wide-
spread use of Digital Imaging and Communications in Medicine 
(DICOM) and Picture Archiving and Communication System 
(PACS) in developed countries, these two types of digital technol-
ogy are still under-utilized in sub-Saharan Africa.

INTERVENTIONAL RADIOLOGY

Radiology has moved resolutely from merely a diagnostic service 
to one in which it is pivotal in the treatment of numerous condi-
tions (Box 26.6). This has been possible because of developments 
in catheter, guidewire and needle design, because of phenomenal 
advances in the technology (which has allowed real-time imaging 
to become commonplace) and because of several visionaries who 
have been very active in the past quarter of the century. Radiolo-
gists are at the forefront of minimally invasive therapy, with per-
cutaneous techniques being employed in genitourinary, biliary, 
gastrointestinal and chest/vascular diseases. The more ‘basic’ tech-
niques should certainly be available in the medium and larger 
centres within the tropics. Percutaneous drainage of abscesses 
and obstructed kidneys (renal stone disease is prevalent in hot 
countries) may be life-saving, and avoid the need for long-term 
antibiotic therapy. Many drains can be sited under ultrasound 
guidance as a ‘single stick’ procedure using only local anaesthetic 
and simple sedation (Figure 26.1). Techniques in fi ne needle aspi-

ration and biopsy may be equally important in the management 
of patients in the tropics (Figure 26.2A,B).

The limiting factor, of course, in the provision of such a service 
would be trained personnel.2,3 Here, as in many other aspects 
concerning the delivery of healthcare in the tropics, resourceful-
ness is crucial.1,3,4

A TROPICAL SUCCESS STORY

In Kampala, the capital of Uganda, stands the Mulago University 
Teaching Hospital. In 1999, the Department of Radiology under-
went major improvements with recruitment of appropriate staff 
at all levels and the establishment of high-resolution ultrasound, 
CT and gamma camera units.

A retrospective analysis for the 2 years preceding (2 January 
2003 to 28 December 2004) and the 2 years following (2 January 
2005 to 28 December 2006) revealed a total of 134 326 imaging 
examinations for the fi rst period and 182 622 for the second period 
for Mulago hospital. Mulago is Uganda’s, largest hospital and the 
National Referral and Teaching Hospital, with 2000 beds.

These fi gures show a 57% rise in workload for Mulago Hospi-
tal when compared with the workload of 116 150 examinations 
1999 for the period January 1997 to December.

Statistics for the same period for Mengo Hospital, a 400-
bed missionary private and not-for-profi t hospital, also located 
in Kampala city, showed a total of 17 288 imaging examinations 
for the fi rst period (2 January 2003 to 28 December 2004) and 
18 259 for the second period (2 January 2005 to 28 December 
2006).

The fi gures show a 59% rise in workload for Mengo Hospital 
when compared with the workload of 7500 examinations for the 
period 1997 January to 2000 December.

Ultrasound accounted for 23% of the imaging examinations 
for Mulago Hospital for the fi rst period and 30% for the second 
period. For Mengo Hospital, ultrasound accounted for 51% of all 
the imaging studies for the fi rst period and 58% for the second 
period. Both hospitals therefore registered an increasing reliance 
on ultrasound compared to other imaging examinations in this 
4-year study period.

Ultrasound guided interventional studies rose from 200 exam-
inations for the fi rst period to 230 for the second period for 
Mulago hospital. For Mengo, they rose from 55 to 80 examina-
tions for the same study period.

Fluoroscopy studies showed no change in the two hospitals 
and intravenous urography continues to decline to 1–2 per 
week.

CT, which is available in Mulago but not in Mengo, showed a 
climb from 1907 examinations in the fi rst period to 10 962 in the 
second period. The frequent breakdown of CT machines may 
infl uence this trend.

Figure 26.5 Right shoulder ultrasound showing mild to moderate 
tendinosis of the supraspinatus tendon (between arrows).

Box 26.6 Interventional radiology: from diagnostic 
service to treatment

■ Catheter, guide wire and needle design developments
■ Advances in technology
■ Minimally invasive therapy, e.g. percutaneous techniques.Subdeltoid bursa
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It can therefore be concluded that there is an increasing reliance 
on ultrasound examinations in the tropics, especially in hospitals 
where there are no CT services.

The ultrasound usage in Mengo hospital may be higher than 
Mulago because Mengo is a centre for ultrasound training. The 
ultrasound-training centre in Mengo Hospital (ECUREI) is affi li-
ated to Thomas Jefferson University (JUREI) and Fontys University 
of Applied Science in the Netherlands. It attracts students from 
Uganda and several other African countries.

In the same time period, and in comparison to the fi ndings in 
the UTH Department of Radiology, the frequency of imaging 
examinations performed at a local major private hospital with 
similar imaging facilities remained almost static, probably due to 
both small workload and prohibitive costs of radiology services 
in a two-tier system.

While conceding that there is always a need for improvement, 
the Mulago Hospital Department of Radiology is a model for 
delivery of imaging services in the tropics (Box 26.7). The depart-
ment succeeds because:
• It is committed to continuing professional development. 

This encompasses visiting professor exchanges, conferences, 
journals, libraries, a well thought out radiology residency 
programme, and innovative curricula for the school of medi-
cine and medical radiation sciences programme.

• Imaging equipment at the old Mulago Hospital has been 
modernized through a grant from the African Development 
Bank. Further resources underwritten by the Uganda Ministry 
of Health have helped procure equipment for basic and high-
tech radiological services (even though no MRI units are avail-
able). A radiologist, however skilled and versatile, can function 
only within the limits of the available equipment.

• There is a quality control policy for radiological equipment and 
images.

• The increasing reliance on ultrasound imaging and ultra-
sound-guided interventions has been anticipated and hence 
accommodated.

• Resourcefulness has overcome the constraints imposed by 
scarcity of equipment and personnel. In particular, there is a 
widespread use of teleradiology for the delivery of training 
and diagnostic ultrasound services. A teleradiology link to dis-
trict hospitals facilitates radiodiagnosis within the primary care 
level. After all, it deals with the same problems of abdominal/

chest infections, trauma and obstetrics as those encountered at 
Mulago Hospital.

Mengo hospital is also a model for maximizing benefi ts of ultra-
sound and interventional radiology for smaller hospitals which 
are equipped with X-ray, fl uoroscopy and ultrasound.

The imaging needs of the communities in Kampala city are 
identical to those elsewhere in Africa or the tropics. Therefore, the 
principles underpinning the performance of radiology services at 
this Ugandan hospital should be extrapolated to and adopted by 
other tertiary hospitals in the tropics. The paradigm of delivering 
a modern and dependable imaging service, at the centre of tropi-
cal healthcare, may then be realized in many regions of the world. 
How the restrictions imposed by the World Bank and Interna-
tional Monetary Fund on the fragile economies of the developing 
countries – the majority of them being located in the tropics – will 
impede the development of a robust modern service in diagnostic 
and interventional radiology remains to be seen.

CONCLUSION

We must aim for a fi rst-class imaging service which is global, not 
least because modern radiology is increasingly central to the diag-
nosis and treatment of numerous conditions. The many obstacles 
to establishing this service in the tropics can be overcome with 
clear thinking, resourcefulness, determination and sage invest-
ment: the university teaching hospital in Kampala sets an example. 
As a fi rst step, all tropical imaging services should concentrate on 
infectious diseases, trauma and obstetric care. To this end, plain 
radiography and ultrasound must be developed: this demands 
investment in suitable equipment and investment in training and 
supporting personnel, wherever they are based.
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Section 4 Related Specialities in the Tropics

Chapter 27 Raman Bedi and Crispian Scully

Tropical Oral Health

INTRODUCTION

The importance of oral health as part of general health is now well 
established and this is true not only in industrialized countries 
but also tropical and subtropical climates. Oral health was notable 
by its absence in previous editions of Manson’s Tropical Diseases, 
with the twentieth edition limiting the section on the mouth per 
se to little more than half a page.1 Therefore, the decision to 
develop a whole chapter to the subject testifi es to the growing 
importance and awareness of the impact oral health and the deliv-
ery of dental services can have on those who live in tropical and 
subtropical areas. The impact of the chapter in the twenty-fi rst 
edition cannot be underestimated and international oral health 
as a specifi c discipline is beginning to take shape. In September 
2005, during the UK’s presidency of the European Union, Chief 
Dental Offi cers from around the world met in London to agree 
that child oral health should be given a priority. They, along with 
the WHO and World Dental Federation called for a global child 
dental health taskforce. This taskforce took shape in 2006 with a 
major donation from the UK government. Therefore, the focus for 
the early part of the twenty-fi rst century for international oral 
health will be child oral health, and the commitment to eradicate 
(or at least confi ne to less than 10%) dental decay from the child 
cohort born in 2026.2

The term to be used in this chapter in this new edition to cover 
such geographical areas will be ‘developing countries’, and, as is 
custom, to have this description also cover transition countries. 
It is also recognized that tropical dentistry is not just dentistry 
(oral health) in the tropics, but that with migration and global 
travel, oral diseases traditionally restricted in some developing 
countries have manifested themselves within all areas of the 
global community.

DENTAL CARIES

Together with the common cold, dental caries is perhaps the most 
prevalent disease of modern man, but unlike the cold, its effects, 
invariably, leave behind defects that are permanent.2 The general 
consensus of international epidemiological studies is that non-

milk extrinsic sugars are the most important dietary factor in the 
aetiology of dental caries. The role of nutrition during tooth devel-
opment is considered to be minimal in industrialized countries.3,4 
However, in tropical and subtropical areas where malnutrition is 
evident, delayed tooth eruption is observed, especially in the 
primary dentition,5 but there is inconclusive evidence that malnu-
trition during tooth development can infl uence subsequent levels 
of dental caries.6

In the last few decades, there has been enormous progress in 
development. Since the 1960s, life expectancy in developing coun-
tries has risen from 46 to 64 years; infant mortality rates have 
halved; there has been an increase of more than 80% in the pro-
portion of children enrolled in primary school; and there has been 
a doubling of access to safe drinking water and basic sanitation.7 
Such development is all too often coupled with increasing access 
to sugars, commonly in the form of confectionery or carbonated 
drinks. The World Health Organization’s global data bank on oral 
health, established in 1969 and continuing to monitor dental 
caries levels across different countries, demonstrates two clear 
trends: fi rst the ongoing decline in dental caries for the industrial-
ized world and, second, the increasing prevalence of caries in the 
developing world.6

The treatment of dental caries has not essentially changed over 
the past few decades, although tooth cavity design and fi lling 
materials have changed the practical approach to dental restor-
ative treatment. The Atraumatic Restorative Technique (ART) has 
produced promising results in developing countries, especially 
those with a shortage of suitably qualifi ed manpower.8,9

There has been a number of studies that have demonstrated 
signifi cant caries reductions as a result of fl uoride toothpaste.10 The 
major barrier to the provision of fl uoride toothpaste to the 
developing world has been cost; however, the new WHO pro-
grammes to introduce locally produced affordable fl uoridated 
toothpaste to many developing countries are producing encourag-
ing results.11

The evidence base for addressing dental caries in children 
has been documented and the predictive models and policy 
options for managing this clarifi ed.2 It is clear that each health 
economy needs to document its fl uoride policy and preferably 
adopt either water fl uoridation or improving the child oral 
health.2
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PERIODONTAL DISEASE

There is no evidence that periodontal disease in developed and 
developing countries is in principle different.12 There are indeed 
more similarities in periodontal conditions globally, than differ-
ences.12 Evidence shows that periodontal diseases are only more 
prevalent in developing countries in terms of poorer oral hygiene 
and greater calculus retention but not for periodontal destruction 
in adults.12–14

The WHO has recently published guidelines on prevention.15 
In addition, limited resources in many developing countries often 
inhibit the purchase of toothbrushes, and traditional cleaning 
materials such as the miswak chewing stick are still widely used.16 
The miswak are prepared from local tree roots or twigs, are com-
monly used in several African and Asian countries and have been 
shown to be effective tooth-cleaning agents.16

ORAL CANCER

Most oral cancer is squamous cell carcinoma (SCC), and it is 
customary to include cancers of the lip (ICD 140), tongue (ICD 
141), gum (ICD 143), fl oor of the mouth (ICD 144) and unspec-
ifi ed parts of the mouth (ICD 145).17 There is clear inter-country 
variation in both the incidence and mortality from oral cancer and 
also ethnic differences. These are attributed mainly to specifi c risk 
factors such as alcohol and tobacco (smoking and smokeless) and 
sunlight exposure, in the case of lip cancer, but dietary factors as 
well as the existence of genetic predisposition may play a part.18 
Variations in accessing care services are also evident.18

The incidence of oral cancer varies widely between countries 
and geographical areas of the world and is generally most common 
in developing countries. These variations have traditionally been 
explained by the exposure of these groups to specifi c risk factors, 
e.g. tobacco and alcohol use. Mouth cancer worldwide is the 
twelfth most common cancer but it is the eighth most common 
in males.19 The gender ratio is 2 : 0 (M : F). Mouth cancer in men 
is most common in Western and Southern Europe, South Asia, 
Melanesia, southern Africa and Australia/NZ.19 In females, it is 
most common in South-Central Asia, Melanesia and Australia/
NZ. Lip cancer is particularly common in white Caucasians in the 
tropics and subtropics.19

The aetiology of oral cancer has been attributed to specifi c risk 
factors: tobacco20 and/or alcohol in southern Africa, and ‘betel 
quid’ in South-Central Asia and Melanesia.21 Annually there are 
197 000 deaths worldwide from cancer of the mouth and pharynx, 
with the highest mortality from mouth cancer in Melanesia and 
South-Central Asia.19,22

Oral cancer appears most prevalent in areas with a high Asian 
population. Chinese have a lower risk of oral cancer than Indians 
do in Malaysia and a later age of onset.

There is a plethora of studies linking specifi c behaviours, such 
as tobacco and alcohol use, to oral cancer.21 Smokeless (chewing) 
tobacco use is an important factor for South Asian populations. 
The areca (betel) nut habit is important in the development of 
oral submucous fi brosis and of mouth cancer.23 Some chew the 
nut only and others prefer ‘paan’, which includes tobacco, and 
sometimes lime and catechu. Studies from India have confi rmed 

the association between ‘paan’ tobacco chewing and oral cancer, 
particularly cancer of the buccal and labial mucosa.

There is growing evidence associating increased alcohol con-
sumption with risk of oral cancer. The role of alcohol drinking is 
observed in a negative social class gradient and for many countries 
follows a similar pattern to tobacco use.

There is a considerable body of evidence indicating a protective 
effect on oral cancer and pre-cancer of diets rich in fresh fruits and 
vegetables and of vitamin A in particular.

The molecular changes found in oral carcinomas from Western 
countries (UK, USA, Australia), particularly p53 mutations, are 
infrequent in the East (India, South-East Asia), where the involve-
ment of ras oncogenes, including mutation, loss of heterozygosity 
(H-ras) and amplifi cation (K- and N-ras) is common, suggesting 
genetic differences. It is also evident that there can be genetic dif-
ferences in the metabolism of pro-carcinogens and carcinogens by 
xenometabolizing enzymes or ability to repair the DNA damage 
in different ethnic groups.

Carcinomas present anywhere in the oral cavity, commonly on 
the posterolateral margin of the tongue and fl oor of mouth – the 
‘coffi n’ or ‘graveyard’ area – and in the buccal mucosa in betel 
users. It is crucial, therefore, not only to examine visually and 
manually the whole oral cavity, but also to take particular care to 
inspect and palpate the posterolateral margins of the tongue and 
the fl oor of mouth (Figure 27.1). There is usually solitary 
chronic:
• ulceration
• red lesion
• white lesion
• indurated lump
• fi ssure
• cervical lymph node enlargement.
Anterior cervical lymph node enlargement may be detectable by 
palpation. Some 30% of patients present with palpably enlarged 
nodes containing metastases and, of those who do not, a further 
25% will go on to develop nodal metastases within 2 years.

Lip carcinoma presents with thickening, crusting or ulceration, 
usually of the lower lip. Potentially malignant lesions or condi-
tions may include some:

Figure 27.1 Hairy leukoplakia associated with HIV.
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• erythroplasias
• dysplastic leukoplakias (about 50% of oral carcinomas have 

associated leukoplakia)
• lichen planus
• oral submucous fi brosis
• chronic immunosuppression.

Diagnosis

Too many patients with oral SCC present or are detected late, with 
advanced disease and lymph node metastases. The earlier the 
tumour is detected and treated:
• the less complicated is treatment
• the better are the cosmetic and functional results
• the greater is the improvement in survival.
There should be a high index of suspicion, especially of a solitary 
lesion present for over 3 weeks, particularly if it is indurated, there 
is cervical lymphadenopathy and the patient is in a high-risk 
group.

It is essential to confi rm the diagnosis, and determine whether 
cervical lymph nodes are involved or there are other primary 
tumours, or metastases (Figure 27.2). Therefore almost invariably 
indicated are:
• lesional biopsy; an incisional biopsy is usually indicated but 

an oral brush biopsy is now available mainly for cases where 
there are widespread potentially malignant lesions, and for 
revealing malignancy in lesions of more benign appearance

• jaw and chest radiography
• endoscopy
• full blood count and liver function tests.

Management

Oral cancer is now treated largely by surgery and/or irradiation, 
though there have been few unequivocal controlled trials of treat-
ment modalities. Combined clinics, with surgeons, oncologists 
and support staff, usually have an agreed treatment policy and 
offer the best outcomes. However, mortality rates for oral cancer 
have substantially increased in many countries. Although the effi -

cacy of screening for oral cancer to increase survival and reduce 
mortality remains unproven,24 it is believed that Cuba’s ongoing 
oral cancer screening programme has resulted in a higher propor-
tion of cancers being localized at diagnosis and a comparatively 
high survival rate.25 A reduced incidence of oral pre-cancerous 
lesions has been reported in a primary prevention trial.26 In addi-
tion, the abstinence of tobacco for a 6-week period resulted in the 
reversal of potentially pre-cancerous oral lesions.27 The WHO has 
recently published guidelines on prevention.28

The prognosis is very site-dependent for:
• intra-oral carcinoma: 5-year survival may be as low as 30% for 

posterior lesions presenting late, as they often do
• lip carcinoma: there is often more than a 70% 5-year 

survival.

ERYTHROPLASIA (ERYTHROPLAKIA)

Erythroplasia is a rare, isolated, red, velvety lesion which affects 
patients mainly in the sixth and seventh decades. Erythroplasia 
usually involves the fl oor of the mouth, the ventrum of the tongue 
or the soft palate. This is one of the most important oral lesions 
because 75–90% of lesions prove to be carcinoma or carcinoma 
in situ, or are severely dysplastic. The incidence of malig-
nant change is 17 times higher in erythroplasia than in leukopla-
kia. Erythroplasia should be excised and sent for histological 
examination.

Prevention is by avoidance of lifestyle habits of tobacco and 
alcohol use.29

LEUKOPLAKIA

All oral white lesions were formerly called leukoplakia and 
believed often to be potentially malignant. The term leukoplakia 
is now restricted to white lesions of unknown cause.

Most white lesions are innocuous keratoses caused by cheek 
biting, friction or tobacco, but also:
• infections (e.g. candidosis, syphilis, and hairy leukoplakia)
• dermatoses (usually lichen planus)
• neoplastic disorders (e.g. leukoplakias and carcinomas)
• other conditions, which must be excluded, usually by 

biopsy.
Keratoses are most commonly uniformly white plaques (homo-
geneous leukoplakia), prevalent in the buccal (cheek) mucosae, 
and are usually of low malignant potential. More serious are 
nodular and, especially, speckled leukoplakias, which consist of 
white patches or nodules in a red, often eroded, area of mucosa. 
The presence of severe epithelial dysplasia indicates a considerable 
risk of malignant development.

The overall prevalence of malignant change is 3–33% over 10 
years, but a percentage (about 15%) regress clinically.

Diagnosis

It can be diffi cult to be certain of the precise diagnosis of a white 
patch, as even carcinoma can present as a white lesion. Incisional 
biopsy is indicated, sampling indurated, red, erosive or ulcerated 
areas rather than the more obvious whiter hyperkeratinized areas; Figure 27.2 Kaposi’s sarcoma associated with HIV.

Leukoplakia
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staining with toluidine blue may help highlight the most appro-
priate area.

Management can be diffi cult, especially in extensive lesions of 
leukoplakia, and those with areas of erythroplasia. Obvious pre-
disposing factors need to be reduced or eliminated. Prevention is 
by avoidance of lifestyle habits of tobacco and alcohol use.29

Some studies have shown regression of leukoplakia in over 
50% of patients who stopped smoking for 1 year. Dysplastic 
lesions should certainly be excised and the patient should then be 
followed up regularly at intervals of 3–6 months. Unfortunately, 
more than one-third recur.

ORAL SUBMUCOUS FIBROSIS

Oral submucous fi brosis (OSMF), though not regarded as a 
connective tissue disease, has pathological changes closely 
similar to those of scleroderma. Unlike the latter, which has severe 
effects on the skin but minimal effects on the oral mucosa, OSMF 
causes severe and often disabling fi brosis of the oral tissues 
alone.

OSMF affects virtually only those from the Indian subconti-
nent.30 There is some evidence it is premalignant.31 The condition 
appears to be related to the chewing of areca nut and the 5A 
genotype of matrix metalloproteinase 3 (MMP3) promoter is asso-
ciated with the risk of OSMF.32 Iron defi ciency anaemia may be 
present but this is not uncommon in Asians in the absence of 
submucous fi brosis. No consistent specifi c immunological abnor-
malities appear to be associated, although there is a greater prev-
alence of connective tissue diseases and serum immunoglobulin 
IgG, IgA and IgM levels are raised.33

Clinically, OSMF causes symmetrical fi brosis of such sites as 
the cheeks, soft palate or inner aspects of the lips. The fi brosis is 
often so severe that the affected area is almost white and so hard 
that it literally cannot be indented with the fi nger. Frequently, the 
buccal fi brosis causes such severe restriction of opening that dental 
treatment becomes increasingly diffi cult and fi nally impossible. 
Ultimately, tube-feeding may become necessary.

Management

Intralesional corticosteroids and regular stretching of the oral soft 
tissues with an interdental screw or Therabite may delay fi xation 
in the closed position. Failing this, operative treatment may 
become necessary although some have found improvement with 
intralesional interferon-α.

INFECTIONS

Bacterial

Acute necrotizing ulcerative gingivitis

Acute necrotizing ulcerative gingivitis (ANUG) is characterized by 
painful ulceration of the gum between the teeth (interdental 
papillae) (Figure 27.3), a pronounced tendency to gingival bleed-
ing and halitosis. Anaerobic fusiform bacteria and spirochaetes are 
implicated, predisposing factors including:

• poor oral hygiene
• smoking
• malnutrition
• immune defects including HIV and other viral infections and 

leukaemias.
ANUG is a problem in certain populations, particularly in those 
who are encountering signifi cant poverty and malnourishment. It 
also impacts upon patients who are immunocompromised. ANUG 
not infrequently follows a respiratory tract infection, presumably 
being predisposed by the transient immune defect consequent 
upon some such infections, particularly viral. ANUG is increas-
ingly seen in viral infections such as HIV disease; in some other 
persons with ANUG only more subtle immune defects, such as 
reduced salivary immunoglobulin A and neutrophil dysfunction, 
have been described. Worldwide, the major cause of immunode-
fi ciency is still malnutrition and ANUG is indeed seen in malnu-
trition. However, there are patients who suffer from ANUG in the 
absence of any clear immune defect, malnutrition or other sys-
temic factor and, in these, poor oral hygiene and tobacco-smoking 
may be factors. It is seen primarily in early childhood and young 
adults.34

ANUG is typically seen where plaque control is poor. A mixed 
fl ora dominated by fusobacteria and spirochaetes, such as Trepo-
nema species, Bacteroides (Porphyromonas) melaninogenicus species 
intermedius, Fusobacterium species, Selenomonas species and Bor-
relia vincentii is invariably present and the condition improves 
dramatically when treated with penicillin or metronidazole, sug-
gesting a signifi cant role for these bacteria. Viruses may play a 
role,35 possibly also by inducing immune suppression.

Management includes:
• oral debridement and hygiene instruction
• peroxide or perborate mouthwashes
• metronidazole 200 mg t.d.s. for 3 days.

Gangrenous stomatitis (cancrum oris, noma)

Noma is derived from the Greek ‘nomein’, which means to 
‘devour’. Essentially it is a gangrenous stomatitis, which starts in 
the mouth as a benign oral lesion and rapidly destroys both the 

Figure 27.3 Acute necrotizing ulcerative gingivitis.
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Management

Gangrenous stomatitis does not respond readily to treatment 
unless the underlying disease is controlled, especially nutritional 
rehabilitation. The wound should be cleaned regularly with 
chlorhexidine and/or saline and/or hydrogen peroxide. A soft 
cotton gauze or tulle gras dressing may be used but changed fre-
quently. Any loose slough, loose teeth and bony fragments should 
be removed. Parenteral fl uids should be given to correct any dehy-
dration and electrolyte imbalance. Penicillin is the antimicrobial 
of choice. Folic acid, iron, ascorbic acid and vitamin B complex 
may be required.

Syphilis (venereal treponematosis)

In 1995, it was estimated that there were approximately 12 million 
new cases of syphilis among adults worldwide, with the greatest 
number of cases occurring in South and South-East Asia, followed 
by sub-Saharan Africa.46

Oral lesions

The lip is the most common extragenital site of primary infection 
with Treponema pallidum. It causes a chancre (primary, hard or 
Hunterian chancre) which begins as a small, fi rm, pink macule, 
changes to a papule and then ulcerates to form a painless round 
ulcer with a raised margin and indurated base. About 60% of oral 
cases affect the lip or may present at the angles of the mouth.47 
Other oral sites affected may include the tongue and to a lesser 
extent the gingivae and fauces. Lymph nodes in the submaxillary, 
submental and cervical regions are usually enlarged. Chancres 
heal spontaneously within 3–8 weeks. Secondary syphilis follows 
the primary stage after 6–8 weeks but a healing chancre may 
still be present. As in the primary stage, the mucosal lesions are 
highly infectious. The typical signs and symptoms are fever, 
headache, malaise, a rash (characteristically symmetrically distrib-
uted coppery maculopapules or lesions on the palms) and gener-
alized painless lymph node enlargement. It is this stage that 
classically causes oral lesions.48 Painless oral ulcers (mucous 
patches and snail-track ulcers) are the typical lesions and 
are slightly raised, greyish white, glistening patches seen on the 
fauces, soft palate, tongue, buccal mucosa and, rarely, gingivae.49 
Cervical nodes are enlarged and ‘rubbery’ in consistency. Latent 
syphilis follows secondary syphilis and persists until late syphilis 
(tertiary syphilis) develops. The characteristic lesion of tertiary 
syphilis is a localized midline granuloma (‘gumma’) varying in 
size from millimetres to several centimetres, which breaks down 
to form a deep punched-out painless ulcer (Figure 27.5). The most 
common oral site for a gumma is the hard palate49 although the 
soft palate, lips or tongue are commonly involved. The gumma 
starts as a small, pale, raised area which ulcerates and rapidly 
progresses to a large zone of necrosis with denudation of bone 
and, in the case of a palatal gumma, may eventually perforate into 
the nasal cavity.50

Diagnosis

The presence of clinical manifestations, together with a 
history of contact may suggest the diagnosis but serodiagnostic 

Figure 27.4 Noma.
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soft and hard tissues of the mouth and face (Figure 27.4).36 Most 
noma sufferers are under 6 years of age and it has been estimated 
that the case-fatality rate is probably between 70% and 90%. It is 
estimated that 100 000 African children under the age of 6 years 
contract noma every year.36

Noma is often an extension of an ANUG into the adjacent 
tissues, predominantly because of impaired host defences (Figure 
27.5).37 Other factors which predispose to the development of 
gangrenous stomatitis include protein-energy malnutrition and 
defi ciencies of vitamins A, B, C, iron or magnesium. Therefore, 
poor living environment, exposure to debilitating childhood 
diseases, poor oral hygiene and malnutrition all appear to put 
children at risk for noma.38

The condition is seen especially in sub-Saharan Africa.39 Nigeria 
probably has the highest incidence, although the Gambia, Algeria, 
Uganda, Senegal, Madagascar, South Africa, Sudan and Egypt 
are also areas of high prevalence, as are Afghanistan, India, the 
Philippines, China, Vietnam, Papua New Guinea and South 
America.40 In the developed world, gangrenous stomatitis is rare, 
and typically seen in immunocompromised persons such as those 
with HIV infection, leukaemia and diabetes.41–45

Clinical features

The presenting feature may be a painful red or purplish-red 
spot (an indurated papule), usually on the gingiva in the premo-
lar-molar region, which enlarges and ulcerates rapidly, spreading 
to the labiogingival or mucobuccal fold, and exposing the under-
lying bone. There is pain and often fetor. A blue–black area of 
discolouration appears on the skin and leads to a perforating 
wound. Sequestration of the exposed bone and loss of teeth are 
rapid and then the wound heals slowly by secondary intention, 
often leaving a defect. In former times, noma was often a lethal 
condition.
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tests, and sometimes dark-fi eld microscopy are required for 
confi rmation.

Oral management

There is no specifi c oral management except general palliative care 
if there is soreness of oral soft lesions, but the general manage-
ment is straightforward: procaine penicillin intramuscularly for 10 
days (erythromycin for 14 days) should be given.

Non-venereal treponematoses (endemic 
treponematoses): endemic syphilis (bejel)

The early stage of bejel may present with mucous patches in the 
oronasopharyngeal region, and angular stomatitis. Late- or ter-
tiary-stage disease is mainly gummatous and can involve the oral 
mucous membranes or bones and can lead to gross facial defor-
mity (rhinopharyngitis mutilans).51

Diagnosis

Dark-fi eld microscopy and serology are needed to confi rm the 
diagnosis but differentiation from the other treponematoses is 
diffi cult.

Management

Penicillin is the drug of choice; tetracycline and erythromycin are 
alternatives.

Pinta

The primary slowly developing subcutaneous granulomatous 
lesion may involve the face. Secondary lesions (pintids) are 

papules, which develop into plaques with scaly and centrally 
pigmented areas. Facial skin is extensively affected but there are 
no oral lesions described.

Yaws (framboesia, pian, bouba)

The primary papule may appear around the body orifi ces includ-
ing the mouth (Figure 27.6).52 Gummatous nodular ulcerative 
lesions may develop.52 The other type of lesion seen involving 
facial structures is basically a destructive lesion starting either on 
the soft palate, uvula or hard palate, eventually destroying parts 
of the nose (gangosa) and causing a ‘saddle-nose’ defect. Bone 
involvement may result in thickening of the face on either side of 
the bridge of the nose, giving rise to the characteristic facial appear-
ance of ‘goundou’.53

Diagnosis

Clinical features supported by dark-fi eld microscopy, biopsy and 
serology are useful.

Management

This is using penicillin, erythromycin or tetracycline.

Gonorrhoea

Oral, pharyngeal and tonsil involvement is being reported with 
increasing frequency, particularly among homosexuals and het-
erosexuals practising oral sex. Infection of these sites is acquired 
primarily by fellatio and infrequently by cunnilingus. The tonsils 
become red and swollen with a greyish exudate and there is cer-

Figure 27.5 Oral lesion associated with syphilis.

Figure 27.6 Yaws.
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vical lymphadenitis. Lesions in other parts of the mouth are 
described as showing fi ery erythema and are sometimes oedema-
tous, perhaps with painful superfi cial ulceration of the tongue, 
gingiva, buccal mucosa, hard or soft palate. The infl amed mucosa 
may also be covered with a yellowish or greyish exudate, which 
when detached may leave a bleeding surface.

Diagnosis

A throat swab should be taken for Gram staining to show poly-
morphs containing Gram-negative diplococci. Confi rmation is by 
culture and sugar fermentation to aid differentiation of species. 
Rapid identifi cation of gonococci by fl uorescent antibody tech-
niques is possible.

Management

Penicillin is the drug of choice, given as 2 g ampicillin plus 1 g 
probenecid as a single oral dose. Patients hypersensitive to 
penicillin can be treated with co-trimoxazole. Many strains are 
resistant to penicillin in parts of Africa and the Far East. Tetracy-
cline, or cefazolin-probenecid and streptomycin or spectinomycin 
may be used.

Granuloma inguinale (Donovanosis)

A papule or nodule, usually in the inguinal or anogenital region, 
progresses to a destructive granulomatous ulcer. Most oral lesions 
are secondary to primary genital infection, can involve the peri-
odontium, and are often misdiagnosed as actinomycosis.

Diagnosis

Direct examination of a piece of granulation tissue compressed 
between two slides and stained by Giemsa for the presence of 
Donovan bodies (clusters of bacilli lying within leucocytes) is the 
best method.

Management

Tetracycline, ampicillin or trimethoprim-sulfamethoxazole are 
fi rst-line therapy.

Lymphogranuloma venereum

The tongue is the oral site most frequently affected in primary 
lymphogranuloma venereum (LGV) infections, usually with a 
painless vesicle. Lesions affecting the lips, cheeks, tongue, fl oor 
of mouth, uvula and pharynx but not gingivae have been 
described. As the disease progresses, the tongue enlarges with 
areas of scarring and deep grooves on the dorsum, which are 
intensely red with loss of superfi cial epithelium. Cervical lymph-
adenopathy is common, sometimes with no clinical oral lesions 
of LGV.

Diagnosis

Laboratory confi rmation of the diagnosis includes isolation of 
Chlamydia trachomatis and serological tests. C. trachomatis is iso-
lated on cell cultures of the yolk sac of chicken embryos. A skin 
test (Frei test) is available but not specifi c.

Management

LGV is treated by sulfonamides, tetracycline, erythromycin or 
rifampicin.

Actinomycosis

A breach in the continuity of mucosa caused either by trauma or 
surgery is the prerequisite for the majority of actinomycotic infec-
tions. Cervicofacial actinomycosis occurs predominantly in adult 
males following trauma either accidentally or, rarely, from dental 
treatment such as exodontia or endodontics.54 Rarely, a periodon-
tal pocket with suitable anaerobic conditions predisposes to the 
disease.55 The perimandibular area appears to be the commonest 
site. A relatively painless reddish-purple indurated mass appears 
at the angle of the jaw or in the vicinity of the parotid gland. It 
may drain through sinuses, the material containing the so-called 
sulfur granules. Actinomycosis may rarely involve the oral cavity, 
tongue, mandible, maxilla, paranasal sinuses, eye, ear, face, neck 
or salivary glands.

Diagnosis

Sulfur granules may be seen by direct vision or after staining with 
Gram stain. Actinomycosis should be confi rmed by the isolation 
of A. israelii in anaerobic culture.

Management

Penicillin is the fi rst-choice antimicrobial. Alternatives include 
cephalosporin, clindamycin and lincomycin.

Nocardiosis

Nocardiosis is caused by bacteria of the family Nocardiaceae, 
usually Nocardia asteroides, N. brasiliensis or N. caviae and is seen 
mainly in Latin America. Dissemination may lead to oral involve-
ment; nocardiosis of the cheek56 and gingivae57 has been reported.

Diagnosis

Smears should be examined for Gram-positive rods of coccal 
forms but culture is more useful in the diagnosis.

Management

Surgical drainage and a sulfonamide such as co-trimoxazole 
should be used.

Tuberculosis

It is estimated that over 1.5 million tuberculosis cases per year 
occur in sub-Saharan Africa.58 HIV and tuberculosis speed each 
other’s progress, with the latter contributing about 15% of AIDS 
deaths worldwide.58

Oral lesions are seen mainly in pulmonary tuberculosis 
although systemic symptoms suggestive of lung disease are by no 
means always present.59 Apart from pain, typically the main 
symptom of tuberculosis is chronic ulcers or granular masses. 
These are usually on the dorsum/base of the tongue,50–62 gingivae 
(Figure 27.7)59 or occasionally in the buccal mucosa, fl oor of the 
mouth, lips and the hard and soft palates.63–65

Infections
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Primary oral lesions develop when bacilli are directly inocu-
lated into the oral tissues of a person who has not acquired 
immunity. Primary tuberculosis of the mouth is more common 
in children and adolescents than adults. It usually presents as a 
single painless indolent ulcer, commonly on the gingiva with 
enlarged cervical lymph nodes,66 or the gingivae, tooth extraction 
sockets and the buccal folds.67

Occasional cases of primary jaw tuberculosis have been 
reported,68 usually resulting from extension of a gingival lesion, 
from an infected post-extraction socket, from an extension from 
a tuberculous granuloma at the apex of the tooth or haematoge-
nous spread. Tuberculous osteomyelitis may involve the maxilla 
particularly, or the mandible. The same general pattern as seen 
in other affected bones is common, with a slow rarefying osteitis 
resulting in sequestration of bone.69 Pain is not a prominent early 
feature but is seen later. Secondary infection may lead to diffi culty 
in making a diagnosis. Tuberculous involvement of the mandible 
causes symptoms of pain, swelling, diffi culty in eating, trismus, 
paraesthesia of the lower lip and enlargement of the regional 
lymph nodes.68–74 The infection may spread throughout the jaw, 

producing multiple sinuses, which drain intra- or extra-orally.75–76 
The posterior mandible and ascending ramus are typically affected, 
and radiographical appearances include irregular linear calcifi ca-
tions along the lower border and irregular radiolucencies within 
the jawbone.68 In the maxilla the infra-orbital region, particularly 
in the young, is the usual site affected. Typically, a cold abscess 
develops and may eventually drain through fi stulae77 but occa-
sionally a fi rm intra-bony lesion may be present.78

TB in AIDS may affect the salivary glands

Diagnosis

The diagnosis of pulmonary tuberculosis, suggested by a chronic 
cough, haemoptysis, loss of weight, night sweats and fever, is 
confi rmed by physical examination, chest radiography, sputum 
smears and culture, and tuberculin testing (Mantoux or Heaf 
test).79 A lesional biopsy should be examined histologically, and 
acid-fast stains and culture of the organism give the absolute proof 
of the disease.

Management

Conventional chemotherapy of tuberculosis consists of admi-
nistering two or more active drugs for 18 months to 2 years. Iso-
niazid in combination with ethambutol, thiacetazone or 
para-aminosalicylic acid and, depending on the severity of the 
disease, streptomycin intramuscularly for a period of the fi rst 2–3 
months, may be necessary. Other available drugs include rifampin, 
pyrazinamide and ethionamide.

Non-tuberculous mycobacterial infections

Non-tuberculous (atypical) mycobacteria (NTM) include Mycobac-
terium avium and M. intracellulare (M. avium-intracellulare complex: 
MAC), M. scrofulaceum and M. haemophilum. Infections with NTM 
are being increasingly reported, especially in immunocompro-
mised individuals.80 Cervical lymphadenopathy is occasionally 
caused by NTM but oral lesions are rare.

Management

Atypical mycobacteria may be resistant to conventional antituber-
culous chemotherapy, although in children with cervical lymph-
adenitis caused by NTM conventional drug therapy alone81 or 
cycloserine for very resistant cases may be effective, and only occa-
sionally is surgical excision necessary.82

Leprosy

Accurate estimates of the number of cases of leprosy are diffi cult 
to obtain, but approximately 2.2 billion people live in areas where 
leprosy is an important problem, i.e. where the prevalence is such 
that the risk of contracting the disease is considered signifi cant.83

Oral lesions are most commonly seen in lepromatous 
leprosy,84–90 as nodules (lepromas) in the palate, tongue or else-
where. These may eventually ulcerate and scar.88,91–93 Lepromatous 
leprosy also affects nerves (eventually with hypoaesthesia), skin, 
lymph nodes and other tissues including bones, eyes, testes, 
kidneys and bone marrow. Tuberculoid leprosy causes thickening 

A

Figure 27.7 (A,B) Head and neck swelling associated with 
tuberculosis.

B
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of cutaneous nerves, fl at and hypopigmented or raised and ery-
thematous skin lesions and enlarged lymph nodes.50

Diagnosis

The diagnosis is usually based on the presence of anaesthetic skin 
lesions and thickened peripheral nerves, confi rmed by smears 
from an open lesion or biopsy. The lepromin test, a non-specifi c 
delayed type hypersensitivity skin test, is positive in many persons 
from endemic areas, whether leprotic or not.

Management

Dapsone is the standard treatment but clofazimine, rifampicin 
and prothionamide may be required if M. leprae is resistant.94

Fungal

Superfi cial mycoses

Candidosis

Candidosis (candidiasis) is the most common oral superfi cial 
mycosis. Caused mainly by Candida albicans, the condition typi-
cally refl ects an underlying change in oral fl ora, depressed saliva-
tion, or immune defect. Increasingly, infections with variants of 
C. albicans, with other and sometimes new Candida species and of 
organisms resistant to antifungal agents, are now especially seen 
in immunocompromised persons.95

Pseudomembranous candidosis or thrush may be seen in neo-
nates and among terminally ill patients, particularly in association 
with immunocompromising conditions (Figure 27.8).96 Thrush is 
characterized by white patches on the surface of the oral mucosa, 
tongue, gingivae and elsewhere. The lesions form confl uent 
plaques that resemble milk curds and can be wiped off the mucosa 
with a gauze. Oral candidosis in the form of thrush is classically 
an acute infection, but it may recur for many months or even years 
in patients using corticosteroids topically or by aerosol, in HIV-
infected individuals and in other immunocompromised patients. 
The term chronic pseudomembranous candidosis has been used 
for chronic recurrence. Erythematous or atrophic candidosis is an 
uncommon and poorly understood condition. It may arise as a 
consequence of persistent acute pseudomembranous candidosis, 
when the pseudomembranes are shed, or in HIV infection may 
precede pseudomembranous candidosis. Erythematous areas are 
seen mainly on the dorsum of the tongue, palate, gingivae or 
buccal mucosa. Lesions on the dorsum of the tongue present 
as depapillated areas. Midline or median rhomboid glossitis, or 
glossal central papillary atrophy, is characterized by an area of 
papillary atrophy that is rhomboid in shape, symmetrically placed 
centrally at the midline of the tongue, anterior to the circumvallate 
papillae. Red areas are often seen in the palate in HIV disease. 
Hyperplastic candidosis (Candida leukoplakia) is typifi ed by 
chronic, discrete raised lesions that are typically found at the com-
missures, rarely on the gingivae. Angular stomatitis (perlèche, 
angular cheilitis) is a clinical diagnosis of lesions that affect, and 
are restricted to, the angles of the mouth, characterized by sore-
ness, erythema and fi ssuring, and is commonly associated with 
denture-induced stomatitis. Both yeasts and bacteria are involved, 
as interacting, predisposing factors. It is occasionally an isolated 

initial sign of anaemia or vitamin defi ciency, and resolves when 
the underlying disease has been treated.97 Angular stomatitis may 
also be seen in HIV disease and Crohn’s disease.

Chronic multifocal oral candidosis is a term given when there 
are several lesions in the absence of predisposing drugs (except 
tobacco smoking) or medical conditions, typically angular stoma-
titis that is unilateral or bilateral, retrocommissural leukoplakia, 
which is the most constant component of the tetrad, median 
rhomboid glossitis, and palatal lesions where the lesions are of 
more than 1 month’s duration.

Diagnosis

Clinical diagnosis can be supported by culture from saliva or an 
oral rinse.

Oral management

Antifungal therapy is initially with topical agents, especially the 
polyenes (nystatin, amphotericin), except in immunocompro-
mised persons in whom the azoles, especially fl uconazole, may be 
required systemically.

Systemic (deep) mycoses

The systemic mycoses are potentially serious, sometimes lethal 
fungal infections seen mainly in the developing world, or in those 
who have visited endemic areas. Cases have been recorded as long 
as 34 years after visits to endemic areas.98 Infections are increas-
ingly seen in immunocompromised persons,99,100 especially in HIV 
infection.101

In otherwise healthy persons, infection with these fungi is typ-
ically subclinical although some have pulmonary infection. The 
increase in mycoses in immunocompromised persons is accom-
panied by signifi cant morbidity and mortality and ‘new’ oppor-
tunists are appearing.102

Orofacial lesions are mainly chronic ulcers or maxillary sinus 
infection, which are typically associated with respiratory lesions. 
Most of the mycoses may mimic carcinoma or tuberculosis, and 
are diagnosed on the basis of a history of travel to endemic areas, 
or an immunocompromising state, confi rmed by taking a smear, 

Figure 27.8 Thrush associated with HIV.
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biopsy or culture of the affected tissues. Serodiagnosis, physical 
examination and chest radiograph may be indicated. Most sys-
temic mycoses can be treated with systemic amphotericin or 
azoles.

Aspergillosis

Oral lesions are seen mainly in immunocompromised patients as 
invasive aspergillosis.101 Yellow or black necrotic ulcers appear 
typically from antral invasion in the palate or occasionally are 
seen in the posterior tongue.103–105

Diagnosis

Diagnosis is confi rmed by smear and lesional microscopy, staining 
with periodic acid-Schiff (PAS) or Gomori methenamine silver. 
Immunostains may help. Culture of tissue or fl uids on Sabouraud’s 
or Mycosel agar may be positive but this is not invariable as the 
organisms are ubiquitous, so that isolation of Aspergillus is not 
proof of disease.

Oral management

Invasive aspergillosis should be treated with surgery and systemic 
antifungals.106 Topical ketoconazole or clotrimazole may clear 
superfi cial infections, but if there is no resolution in 72 h systemic 
amphotericin is needed.

Blastomycosis

Blastomycosis may disseminate to produce chronic proliferative 
mulberry-like ulcerated oral lesions,107,108 and may mimic carci-
noma or tuberculosis. The gingival or alveolar process are typical 
sites, but lesions are also seen particularly on the palate and 
lip.107

Diagnosis

Defi nitive diagnosis is based on smear or culture. Direct immu-
nostaining is the most useful confi rmation. DNA probes can give 
an answer in 2 h.

Oral management

Itraconazole is highly effective treatment, as is amphotericin.

Coccidioidomycosis

Oral lesions are rare verrucous lesions sometimes with infection 
of the jaw, typically secondary to lung involvement.99,100

Diagnosis is supported by histology (DNA probes are 
now available), serology, and the Spherulin or coccidioidin skin 
tests.

Oral management

Systemic amphotericin, sometimes supplemented with ketocon-
azole, itraconazole or fl uconazole, is used.

Cryptococcosis

Oral Cryptococcus infection has presented mainly with non-healing 
extraction wounds, or chronic ulceration on the palate, gingivae 

or tongue101 in disseminated disease. Wide dissemination is espe-
cially liable to occur in immunocompromised persons.109 Most 
patients with disseminated cryptococcosis have cryptococcal 
meningoencephalitis at the time of diagnosis and, untreated, this 
is fatal in over 70% of cases.

Diagnosis

Diagnosis is confi rmed by microscopy, staining with periodic acid-
Schiff, mucicarmine or methenamine silver. Culture may help the 
diagnosis.

Oral management

Systemic amphotericin is effective therapy. Ketoconazole or itra-
conazole may also be used.

Histoplasmosis

Oral lesions are usually ulcerative or nodular, on the tongue, 
palate, buccal mucosa or gingiva, and occasionally the mandible 
or the maxilla,101 may mimic carcinoma or tuberculosis, and are 
seen mainly in disseminated and potentially lethal histoplasmosis 
in immunocompromised persons (Figure 27.9).110–112

Diagnosis

Diagnosis of histoplasmosis is confi rmed by microscopy. DNA 
probes are now available. Culture on Sabouraud’s agar is also 
confi rmatory. Complement fi xation tests may be of value and 
several other serotests are available. The histoplasmin skin test is 
of little importance diagnostically.

Oral management

Amphotericin is given fi rst for treatment, followed by 
ketoconazole.

Mucormycosis (zygomycosis: phycomycosis)

Mucoraceae can commonly be cultured from the throat and 
mouth of many healthy individuals but infection is virtually 
unheard of in otherwise healthy individuals. Immunocompromis-
ing conditions typically underlie zygomycosis.101,113 It usually 
commences in the nasal cavity or paranasal sinuses with pain and 
nasal discharge, and fever, and may then invade the lip or palate 
to produce black necrotic oral ulcers.114

Diagnosis

Diagnosis is confi rmed by smear or histology.

Oral management

Zygomycosis used to be almost uniformly fatal and still has a 
mortality approaching 20%. Control of underlying disease is 
essential if possible, together with systemic amphotericin and sur-
gical debridement.

Paracoccidioidomycosis

Paracoccidioidomycosis caused by the dimorphic fungus Paracoc-
cidioides brasiliensis is one of the most important systemic mycoses 
in Latin America (Figure 27.10).115
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The disease causes cutaneous and/or respiratory tract mucosal 
lesions as well as lymph node enlargement. Involvement of the 
oral cavity and/or the nasopharynx/ larynx, either alone or in 
association with the lungs, is one of the commonest clinical 
presentations.115 Oral lesions are often granular, exophytic and 
ulcerated and often affect the gingivae,107,108,116 and may mimic 
carcinoma or tuberculosis.

Diagnosis

Pus or scrapings from the lesion, examined in potassium hydrox-
ide, may show the rounded refractile cells of P. brasiliensis which 
may show characteristic multiple budding. Biopsy may be required 
for defi nitive diagnosis. Smear or culture can also be diagnostically 
useful but P. brasiliensis grows only extremely slowly. Serology may 
be helpful.117

Oral management

Systemic amphotericin alone can be curative but with sulfame-
thoxypyridazine is more effective. Sulfadiazine plus trimethoprim 
may be useful. Ketoconazole and itraconazole are superior since 
they can be given orally, but are expensive.

Rhinosporidiosis

Rhinosporidiosis, caused by Rhinosporidium seeberi, affects the 
nasal and other mucosae. Oral lesions are usually proliferative 
lumps on the palate.

Diagnosis

Diagnosis is by biopsy.

Management

Management is surgery.

Sporotrichosis

The primary lesion is a sporotrichotic chancre, which may ulcerate 
if in the mouth. Lesions may also then arise in lymphatics. Pul-
monary and disseminated sporotrichosis is rare and of uncertain 
origin: antral and oral involvement has been described.

Diagnosis

Diagnosis is confi rmed by histology and culture.

Oral management

Potassium iodide is effective treatment for superfi cial sporotricho-
sis, itraconazole or amphotericin for other forms.

Parasitic infections

Malaria is the most important parasitic disease of man, and like 
many parasitic infestations has few oral complications. However, 
the lack of reporting of oral lesions in parasitic infestations may 
simply be a refl ection of their under-diagnosis.

Toxoplasmosis

Toxoplasma gondii is an intracellular parasite that may cause a 
glandular fever type of illness with fever and lymphadenopathy, 
which often causes cervical lymphadenopathy, sometimes with 
fever, rash, hepatosplenomegaly, myalgia and other minor 
features. These general non-specifi c signs and symptoms and 
the fact that commonly there is submandibular lymphadenopa-
thy make the differential diagnosis of dental infections and toxo-
plasmosis a challenge. A number of cases have been reported 
in which children present to the dentist with apparent dental 
infection when the true problem is related to a parasitic 
infection.118,119

Diagnosis

The diagnosis of toxoplasmosis requires confi rmation serologi-
cally by the Sabin-Feldman dye test, indirect fl uorescent antibody 
test or indirect haemagglutination test. The organism may be 
demonstrable in tissue sections or smears.

Oral management

Treatment is not required for asymptomatic healthy persons 
who are not pregnant. For immunocompromised patients, 

Figure 27.9 Histoplasmosis associated with HIV.

Figure 27.10 Paracoccidioidomycosis affecting the maxilla.
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treatment is a combination of pyrimethamine and sulfadiazine, 
together with folic acid, since pyrimethamine is a folate 
antagonist. Treatment may need to be carried on for at least 1 
month after clinical resolution. Weekly full blood counts are 
essential.

Leishmaniasis (Donovanosis)

Transmitted by the bite of the infected female phlebotomine 
sandfl y, the leishmaniases are a globally widespread group of 
parasitic diseases. Leishmaniasis is increasingly common in 
HIV disease. Leishmaniasis presents itself in humans in four 
different forms; visceral, mucocutaneous, cutaneous and diffuse 
cutaneous.

Oral lesions can be misdiagnosed as carcinoma or other malig-
nant lesions, tuberculosis, or other chronic infections such as 
cellulitis, candidiasis or actinomycosis.120–122

Oral lesions are most frequent in mucocutaneous leishm-
aniasis; up to two-thirds of patients have oral lesions.123 The 
mouth may be involved by direct extension from cutaneous leish-
maniasis (oriental sore or chiclero ulcer).124,125 However, oral 
lesions may occur years after skin lesions have healed and, occa-
sionally, in people who have had no skin lesions.126 In oral leish-
maniasis, the hard palate is typically involved (espundia) but 
lesions can spread to the soft palate, uvula and pharynx or, less 
commonly, to involve the gingivae and upper lip. The lesions are 
typically raised and nodular but may be painless.127 They may 
ulcerate and a mid-facial granulomatous destructive lesion 
may result.50 Cutaneous leishmaniasis may cause lip128 or facial 
swelling.129

Oral lesions seen in Sudan are typically caused by L. don-
ovani130,131 and present as fungating lesions. Oral symptoms in 
most patients centre upon pain or a sensation of a foreign body 
in the mouth, gingival bleeding or loosening of teeth.130

Leishmania/HIV co-infection is emerging as a serious and new 
disease.132 Although people are bitten by sandfl ies that are infected 
with Leishmania protozoa, most do not develop the disease. 
However, among those who are immunosuppressed (e.g. HIV), 
cases can quickly evolve to a full clinical presentation of severe 
leishmaniasis. It is estimated that AIDS increases this risk by 
100–1000 times in epidemic areas.132

In a similar way to HIV, leishmaniasis can be transmitted 
directly from person to person through the sharing of needles. 
This is important in developing countries where dental treatment 
is carried out by both trained and non-trained personnel, and 
where infection control procedures in the dental surgery can be 
variable.133

Diagnosis

There is no specifi c oral sign to help in the diagnosis of leish-
maniases, and the approach to the clinical diagnosis is covered in 
the chapter dedicated to this disease.

Oral management

Essentially, the clinical and parasitological cures are implemented 
and oral ulcerations are managed via a palliative approach by 
altering the diet (i.e. changing its consistency by making it more 
bland and consuming it at tepid temperatures). However, 

Leishmania-DNA can be detected in oral tissues years after 
apparently successful treatment of the infection.134

Trichinosis

Trichinella spiralis occurs in two forms: the adult T. spiralis, which 
is a white worm barely visible to the naked eye: and the cystic 
form, which is formed by the larva encapsulated by the host tissue. 
Since its transmission is by mouth from eating undercooked meat, 
it is not surprising that trichinosis is the most frequent round-
worm infestation to affect the oral tissues. As in other parts of the 
body, encystations are commonly in the striated muscle, and in 
the oral cavity this is predominantly in the tongue and masseter 
muscle. The usual cycle of events is that they invade the tongue 
and masseter muscle, where calcifi cation will take place after 
about 6 months and lead to the death of the larvae. The small 
intra-oral cyst-like lesions can commonly be confused as muco-
celes; however, the latter are not associated with systemic symp-
toms. The cyst-like lesions become encapsulated and may calcify, 
at which time radiographically they appear as radiopaque 
nodules.135

Diagnosis

Diagnosis is clinical, supported by investigations and a history of 
ingestion of poorly cooked meat, and by serology.

Oral management

There is no specifi c oral management and treatment is similar to 
that of a trichinosis infection elsewhere in the body, namely 
treatment directed against the larvae and the immune reaction 
which they invoke. Prolonged oral high-dosage mebendazole or 
thiabendazole has been proved to be effective.

Echinococcosis (echinococciasis)

The larval stages of two small tapeworms, Echinococcus granulosus 
and E. multilocularis, cause the main forms of hydatid disease in 
man. In the oral tissues hydatid cysts are usually fi rm, round swell-
ings of several months’ duration, mainly in the tongue.136

Diagnosis

A history of possible exposure to infection may be elicited. A 
hydatid cyst may show a smooth round outline on radiography. 
Eosinophilia is merely suggestive of a parasitic disease and not 
specifi c. A defi nitive diagnosis is often made only by identifying 
the hydatid cyst at operation.

Oral management

As with the general management of this infection, high doses of 
mebendazole, albendazole or fl ubendazole interfere with growth 
of larvae but are not curative. The only curative treatment is 
surgery.

Cysticercosis

Cysticercosis is the infection by the small bladder-like larvae of 
the pork tapeworm, Taenia solium. Human cysticercosis is essen-
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tially a faecal-oral infection, acquired by ingesting eggs excreted 
in the faeces of a human tapeworm carrier. Although cysticerci 
are not uncommon in the striated muscles in the tongue and 
neck and subcutaneous tissues, morbidity of cysticercosis is 
almost entirely due to the central nervous system disease. A 
number of cases of children presenting with oral lesions of cys-
ticercosis have been reported.137,138 Oral lesions are typically well 
circumscribed, nodular, soft, elastic and fl uctuant submucosal 
swellings situated in the dorsum of the tongue and buccal 
mucosa139,140 Although such oral lesions may be present for a 
number of years, oral signs may be the fi rst clinical sign of the 
infection.138

Diagnosis

Relies upon surgical removal of the parasite, the appearance of 
the translucent membrane with its central milky spot being 
characteristic.

Oral management

There is no reliable medical treatment but the general manage-
ment approach is either albendazole or praziquantel (plus pred-
nisolone can be curative).

Sparganosis

Larvae of the tapeworms of Spirometra species seen mainly in 
South-east Asia, especially Thailand, may rarely cause oral 
lesions.141

Larva migrans

Oral lesions have been recorded in relation to various worms, 
including Ancylostoma and Gongylonema species.

Oral management

Local application of 10% thiabendazole, ethyl chloride, chloro-
form, electrocoagulation and cryotherapy have all been tried. If 
the lesions are multiple, particularly in the mouth, thiabenda-
zole is indicated but can produce adverse effects such as anor-
exia, nausea and rashes. Albendazole or mebendazole are 
alternatives.

Filariasis

The fi lariases result from infection with vector-borne tissue-dwell-
ing nematodes called fi lariae. In public health terms, the two most 
important fi lariae are onchocerciasis and lymphatic fi lariasis, but 
dirofi lariasis is also a problem.

Lymphatic fi lariasis, in humans, is estimated to infect 20% of 
the world’s population and is the result of three species of fi larial 
worms: Wuchereria bancrofti, Brugia malayi and B. timori.142 It is 
fortunate that these species have rarely been found in the mouth.

Onchocerciasis (river blindness) is the result of infection with 
Onchocerca volvulus. The main clinical features of the infection are 
dermatitis, eye lesions and nodule formation. In Africa, 80% of 
nodules occur on the body prominences of the pelvic girdle. 
However, in Central America nodules are commonly found in the 
head and neck region. It is thought that this refl ects the biting 

habits of the vector fl ies.143 Oral nodules are unusual, but when 
they occur they present as a rubbery nodule.

Dirofi lariasis is widespread in southern and eastern Europe, 
Asia, and Florida USA. The nematodes are transmitted from dogs 
infected by mosquitoes. Rare human cases have been reported in 
the mouth.144–148

Diagnosis

The diagnosis is made by identifying the worm in biopsies.

Oral management

Nodulectomy has only limited use because many worms are 
present outside the nodules. However, it has been suggested that 
head nodules should be removed because their presence increases 
the risk of blindness.143 The rationale for this procedure is that this 
will reduce the number of microfi lariae which are produced. Nod-
ulectomy campaigns have been attempted, although their impact 
has yet to be evaluated, but in Guatemala systematic campaigns 
were associated with decreased blindness.143

Gnathostomiasis

Gnathostomiasis may produce swellings in the skin or mouth, 
or occasionally bleeding. Skin tests and serodiagnosis help the 
diagnosis. Metronidazole may be of some benefi t or the worm can 
be excised.

Myiasis

Myiasis is caused when fl y maggots invade living tissue or when 
they are harboured in the intestine or bladder. In oral lesions they 
are seen mainly in the anterior maxillary or mandibular gingi-
vae.149–156 An opening burrow is usually patent, with induration 
of the marginal tissues and is raised, forming a dome-shaped 
‘warble’, or an extraction wound may be effected. Often several 
larvae are present and there is severe infl ammatory reaction in the 
surrounding tissues.

Diagnosis

Larvae can be seen with the naked eye.

Oral management

A few drops of turpentine oil or chloroform in light vegetable oil 
should be instilled in the lesion and the larvae removed with 
blunt tweezers. It may be prudent to give an antibiotic, as there is 
often a superimposed secondary infection. Ivermectin may be 
effective in some cases.157

Ciguatera poisoning

Ciguatera, the most common form of fi sh poisoning, occurring in 
most tropical and subtropical seas, may result in oral or peri-oral 
paraesthesiae or dysaesthesiae.158–159

Malaria

Oral features are rare in malaria and mainly iatrogenic ulcers on 
neuropathies.160,–161

Infections
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Section 4 Related Specialities in the Tropics

Chapter 28 Ronald H. Behrens and Robert Steffen

Travel Health

Travel, especially to developing countries, is associated with an 
increased risk of morbidity and mortality. Travel health – the pre-
travel segment of travel medicine – has become increasingly 
important for the 100 million residents of industrialized nations 
who travel annually to developing countries. Between 80% and 
95% of these travellers are short-term tourists or persons visiting 
friends and relatives (VFR). Some travellers who work abroad may 
either make repeated short visits (airline crews or business persons) 
or reside for prolonged periods (missionaries, volunteer workers). 
Health risks differ between these groups and, depending on the 
environment and their behaviour, may vary within a single 
group.

The aim of pre-travel health advice is to reduce these risks by 
increasing the awareness of travellers and by promoting the use 
of preventive measures. The choice of these measures is guided by 
balancing the risk of illness or death against the risks, costs and 
benefi ts of prevention. Only frequent health risks will be consid-
ered for which epidemiological data are available. The reader 
should consult specifi c chapters for post-travel diagnostic and 
therapeutic measures and also for less common travel-associated 
infections such as leishmaniasis and schistosomiasis.

Interventions need to be tailor-made to the itinerary, individ-
ual’s lifestyle, living conditions (environmental factors), allergies 
and other pre-existing medical conditions (host factors) (Table 
28.1). An important prerequisite for accurately assessing risk and 
giving appropriate advice is up-to-date epidemiological data on 
travel mortality and morbidity (Figure 28.1).

The travel medicine practitioner must balance the recommen-
dation of any intervention with the realistic risk of exposure to 
an infection or event, the consequences resulting from advice or 
prophylaxis, and the likely adherence of the patient. The highest 
priority must be given to health hazards that are common, treat-
able or avoidable, and those that are potentially fatal. These 
include illnesses such as malaria and hepatitis A, and hazards such 
as engaging in unprotected sex, road traffi c accidents, or driving 
while intoxicated by drugs or alcohol. Health hazards that are rare, 
such as cholera or Japanese encephalitis, or those that have no 
effective prophylaxis, e.g. parasitic skin infections, have a lower 
priority. All travellers need to appreciate that any intervention is 
not 100% effective.

Travel medicine is a multi-disciplinary subject and includes 
many other areas apart from tropical medicine. Knowledge of 
infectious disease, pharmacology, public health, psychiatry, ento-
mology, high-altitude physiology and behavioural sciences are all 

valuable to ensure effective advice. Pre-travel preparation is based 
on the promotion of appropriate behaviour to reduce risks; immu-
nization, chemoprophylaxis, medication and the provision of 
advice for self-treatment of symptoms.

CONSULTATION AND RISK ASSESSMENT

In pre-travel consultations the prime consideration is to recognize 
that the potential traveller is not a patient. The collection of demo-
graphic information, including date of birth, is necessary at the 
start of a consultation. Medical details need to be obtained to 
assess, for example, the likely immune status of the person. The 
potential traveller should then describe in detail his or her travel 
plans.

Risk assessment

Risk assessment is important to rationalize pre-travel preparation, 
but the advice needs to refl ect the health risk and not the interven-
tions available. Risk assessment should be based on a broader 
view than administering drugs and vaccines.

Geographical risk

The geographical distribution of a number of infectious diseases 
means that travel through endemic regions or countries increases 
the exposure risk to these agents. The risk may vary by season and 
local environmental factors such as recent rainfall.

Personal risk

Age and pre-existing illness, including medication, will affect risks 
associated with travelling.

Age has an important infl uence on risk. Children are at higher 
risk of accidents and drowning, while teenagers have a higher risk 
of acquiring sexually transmitted infections. Older travellers are 
more likely to have pre-existing morbidity.

Risk associated with reason for travel

Long-term travellers and those visiting friends and relatives are 
more likely to encounter illness than are other groups of travellers.
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Table 28.1 Essential questions to assess predisposing risks 
and host risk factors

•  What is your destination(s) state: countries, city/resort/off-the-
tourist-trail, itinerary?

•  What is the purpose of your visit: tourism/business or other 
professional visit (specify)/visit (to relatives/expatriates), other 
reasons (military, airline crew, adoption, etc.)?

•  What standard of hygiene do you expect throughout your visit: 
high (e.g. fi ve-star hotels)/low (e.g. low-budget travel)?

•  Are you planning any special activities: e.g. high-altitude 
trekking, diving, hunting, camping, etc.?

• What is your planned date of departure?

•  How long do you intend to stay abroad?

Potential travellers should also answer at least the following set of 
questions on their health status and medical history:

• Do you currently use any medication? If yes, which ones?

• Are you currently unwell?

•  Do you feel feverish? If yes, do you know what your 
temperature is?

• Do you suffer from any chronic illnesses? If yes, which ones?

• Are you allergic to eggs or medication? If yes, describe.

• Are you pregnant or breast-feeding? Provide details.

• Have you ever had seizures? Provide details.

•  Have you ever had psychiatric or psychological problems? 
Provide details.

• Have you ever had jaundice or hepatitis? Provide details.

• Have you had a thymectomy?

•  Are you or anybody in your household infected by HIV? Do you 
have any other immunodefi ciency illness? Provide details.

Behaviour-related risks

Behaviour is associated with signifi cant morbidity, particularly 
trauma and road traffi c accidents.

Mortality occurring during travel is one of the most useful 
markers of serious and signifi cant risk.

FATALITIES DURING TRAVEL

Accidents and cardiovascular events are the leading cause of death 
during intercontinental travel.1 Cardiovascular deaths occur in 
older populations, but no data are available on whether the inci-
dence is higher in travellers than in the general population and if 
therefore travel is a risk factor for a cardiovascular event. Fatalities 
due to injuries are two- to three-fold higher in travellers aged 
between 15 and 44 years than in similar age groups living in 
industrialized countries. Fatal accidents are predominantly due to 
motor vehicle accidents, with fatality rates in Africa reported to be 
as high as 20–118 deaths per 10 000 motor vehicles, and in Asia, 
9–67 deaths per 10 000 motor vehicles. This compares to a fatality 
rate of 1.4 deaths per 10 000 motor vehicles in the UK (Figure 
28.2).2

In one study, tourists were found to be three times more likely 
than local drivers to be involved in a road traffi c accident, and 
alcohol is often a contributing factor.3 Drowning is also an impor-
tant cause of death and accounts for 16% of all deaths from 
injuries in US travellers. Half of the fatalities were associated with 
recently consumed alcohol.4 Drowning in coastal resorts is often 
linked to swimming in unsupervised beaches where currents 
and undertows result in travellers being swept out to sea. Assaults 
or terrorism are infrequent causes of death. Trauma (traffi c acci-
dents or criminal attacks) is the main reason for aeromedical 
evacuation from Africa, Asia and Latin America.1 Table 28.2 lists 
the strategies that have been proposed to prevent accidents.

Among deaths due to infectious disease, HIV still, despite 
modern therapeutic options, has a place, although it does not 
appear in the usual statistics as it is a late consequence of infection 
abroad.5

MORBIDITY DURING TRAVEL

More serious non-infectious morbidity is probably refl ected by the 
mortality incidence, and is poorly described in the literature. 
Better described is the infectious disease prevalence associated 
with travel.

Studies of travellers describe that up to 62% of short-term 
travellers to malaria-endemic regions experience some new symp-
toms or illness during travel, of which only 21% may be attribut-
able to their chemoprophylaxis and the remainder to morbidity 
associated with travel. Of these self-reported health problems, 7% 
were considered severe, although 2% were probably related to the 
chemoprophylactic drugs being used.6,7 The most common infec-
tious health impairment of travellers results from traveller’s diar-
rhoea, upper respiratory tract infections, and skin sepsis which 
often follows an insect bite (Figure 28.3).

Table 28.2 Strategies to reduce the risk of road traffi c 
accidents

HOST/TRAVELLER FACTORS

Advise travellers to:

•  Avoid alcohol before driving, avoid alcohol and food before 
swimming

• Use available safety equipment (seat belts, helmets, etc.)

VEHICLE FACTORS

Advise travellers to:

• Select safe cars – check availability of seat belts, good tyres

• Rent larger vehicles where possible, as passengers use rear seats

• Avoid using motorcycles and riding on the back of open trucks

• Avoid small, non-scheduled aircraft

ENVIRONMENTAL FACTORS

Advise travellers to:

• Avoid travel at night

• Employ a local driver who knows traffi c and pedestrian patterns

• Carefully select swimming areas

• Know the local emergency medical system
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Figure 28.2 Road traffi c fatalities per 104 
vehicles/year in developing countries. Fatalities 
per 10 000 vehicles from published data, with UK 
rates as a reference population.

Traveller’s Diarrhoea

TRAVELLER’S DIARRHOEA

Epidemiology

There are three levels of risk for traveller’s diarrhoea (TD): (i) 
travellers from industrialized countries spending 2 weeks in 
Canada, the United States, most parts of Europe, or Australia and 
New Zealand have a low diarrhoeal incidence of up to 8%; (ii) an 

intermediate incidence (8–20%) is identifi ed among travellers to 
most destinations in the Caribbean, remote parts of eastern and 
southern Europe, Israel, Japan and South Africa; and (iii) rates of 
TD during visits to developing countries vary between 20% and 
66% during the fi rst 2 weeks of a stay (Figure 28.4).8

TD remains the most frequent infectious illness among travel-
lers from industrialized countries visiting destinations in the 
developing world. Groups at particularly high risk of symptoms 
include infants, persons with an impaired gastric acid barrier, and 
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enterotoxigenic and enteroaggregative Escherichia coli (ETEC, 
EAggEC), which are responsible for up to 60% of the cases. Sal-
monella, Shigella, Campylobacter and other species of bacterial 
pathogens, as well as Giardia lamblia and Entamoeba histolytica, 
each cause fewer than 5% of the cases.12 Despite extensive micro-
biological assessment, the aetiology of approximately 20% of all 
cases remains undetermined. Bacterial agents probably cause most 
of these cases, because they can be prevented by use of antimicro-
bial agents.13,14

Prevention

There are various options to prevent TD. Parents with infants who 
intend to travel for pleasure to developing countries are advised 
to postpone their travel. Dietary restrictions using the rule of ‘boil 
it, cook it, peel it, or forget it’ may reduce the incidence of TD. 
These precautions are rarely complied with. Several studies which 
examined the impact of advice on behaviour revealed that the 
majority of tourists, despite advice to the contrary, still ate fresh 
salads, used ice cubes in their drinks, and chose to eat raw oysters 
or uncooked meats.15 Many drugs have been proposed to prevent 
TD, but only antimicrobial agents have been shown to have pro-
tective effi cacies above 80%.16 The drugs of choice for the prophy-
laxis of TD, unless they are contraindicated, are the quinolone 
antibiotics.12 They are not indicated for all travellers as the risk of 
adverse reactions and the cost restrict their widespread prescribing 
for chemoprophylaxis of TD. They should be considered for 
prophylaxis in certain circumstances (Table 28.4). There is now 
evidence that a non-absorbable rifamycin derivative, rifaximin, 
may reduce diarrhoea rates in travellers. However data on its use 
are limited and it is not currently licensed for chemoprophylaxis.17

Effective polyvalent immunization against TD is not yet 
available, and current vaccines against typhoid or cholera do not 
prevent TD at an acceptable level.18

Self-therapy

Because of the limitations of preventative strategies against TD, 
travellers should be offered a means of self-treatment while travel-
ling. One option is to wait for symptoms to resolve spontane-
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Figure 28.4 Diarrhoea rates in tourists from three different countries 
with the proportions attributable to enterotoxigenic E. coli from 
samples analyzed. (Adapted from von Sonnenburg et al.8)

Table 28.3 Aetiology of traveller’s diarrhoea

Organism Latin America 
(%)

Asia 
(%)

Africa 
(%)

Enterotoxigenic E. coli (ETEC) 17–70 6–37 8–42

Enteroinvasive E. coli 2–7 2–3 0–2

Shigella spp. 2–30 0–17 0–9

Salmonella spp. 1–16 1–33 4–25

Campylobacter jejuni 1–5 9–39 1–28

Other 0–4 0–25 0–6

Rotavirus 0–6 1–8 0–36

Parasitology 1–2 0–9 0–4

No pathogen identifi ed 24–62 10–56 15–53

From Ericsson.14

Proportion varies by destination and season.

Figure 28.3 The track of cutaneous larva migrans on the dorsum of 
the foot. Infection occurred through walking barefoot while travelling 
through the Indian subcontinent.

travellers with co-existing medical problems. TD may be particu-
larly severe and long-lasting in small children.9 The risk of illness 
is low in adults native to highly endemic areas, because of natu-
rally acquired immunity.

Classic TD is defi ned as three or more unformed stools per 24 
hours with at least one accompanying symptom, but mild or 
moderate TD may also result in incapacitation.10 The symptoms 
of TD in tourists frequently start on the third day of the stay 
abroad, with second episodes beginning about a week after arrival 
in 20% of the cases. Untreated, the mean duration of TD is 4 days 
(median 2 days), and in 1% of cases the symptoms may persist 
for more than a month. Twenty-two per cent of patients show 
signs of mucosal invasive disease with fever and/or blood in the 
stools. There is now some evidence of an increased risk of develop-
ing longer-term irritable bowel syndrome following TD.11

TD is usually caused by faecal contamination of food and 
drink. Bacterial agents predominate (Table 28.3), especially 
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ously, while replacing fl uid and electrolyte losses. Oral rehydration 
solution should always be used for infants, children and the older 
patient in whom dehydration may not be recognized and can lead 
to serious complications. Adult travellers often request and benefi t 
from early use of curative or suppressive therapy. Loperamide, an 
antisecretory drug, is one of the fastest-acting agents to bring 
symptomatic relief in non-invasive TD.19 Given alone, it is contra-
indicated in invasive disease where there is fever and/or blood 
present in the stools, as it may aggravate symptoms in patients 
with dysentery.20

For general treatment, quinolone administered as a single dose 
(or a 3-day course) has been shown to signifi cantly reduce the 
duration of diarrhoeal symptoms.21

Azithromycin is the drug of choice for diarrhoea acquired in 
South-east Asia. A combination of loperamide and quinolone has 
not been found to add any benefi t to quinolone used alone. Thus, 
both loperamide and a quinolone antibiotic can be recommended 
for inclusion in the travel kit. Bismuth subsalicylate20,22 and non-

absorbable antibiotics such as rifaximin21,23 have also been found 
to reduce the duration of diarrhoeal symptoms. Rifaximin is 
licensed in North America and Italy for the treatment of non-
dysenteric diarrhoea secondary to non-invasive E. Coli TD.

MALARIA IN TRAVELLERS

Malaria is transmitted in many tropical countries and is one of 
the most important causes of life-threatening morbidity in return-
ing travellers. Approximately 9000–10 000 cases are reported 
annually in Europe, and there is an estimated 1.1% case fatality 
rate for those with Plasmodium falciparum malaria.24

Epidemiology

Using surveillance data and the numbers of travellers to the 
respective destinations, we can roughly estimate the risk of malaria 
in travellers visiting different countries (Figure 28.5). Malaria 
imported into Europe and the USA is predominantly P. falciparum 
(58–63%), and over a 10-year period an estimated 77 683 cases 
were reported in Europe.24 Malaria rates in travellers to Kenya, a 
popular tropical destination, vary country by country. Malaria 
rates varied from 50 to 135 cases per 10 000 travellers. Mortality 
rates from malaria were also variable, with case fatality rates 
highest in Germany (3.6%) and lowest in the UK (0.65%). P. 
falciparum malaria rates in UK residents returning from visiting 
popular destinations in sub-Saharan Africa vary from 10 to 216 
cases per 10 000 visits (Figure 28.5). The rates of imported malaria 
from the Indian subcontinent (India, Pakistan, Bangladesh and 
Sri Lanka) have fallen signifi cantly and are now as low as 1 case 
per 1900 years exposed, warranting no chemoprophylaxis for 
most travellers.25 Similar analysis of imported malaria from 
Central and South America suggests rates of malaria among 
travellers are of the same order of risk.

Table 28.4 Indications for the chemoprophylaxis of 
traveller’s diarrhoea

• Persons with increased susceptibility

 – History of severe traveller’s diarrhoea on each trip

 –  Impaired gastric acid barrier, including patients taking H2 
antagonists and PPI drugs, and post-gastric surgery

 – Immune defi ciency, e.g. HIV, etc.

• Persons with increased risk of complications

 – By dehydration: patients after TIA, stroke, diabetes

 – By electrolyte imbalance: patients on digitalis, etc.

• VIPs who have to accept whatever food is offered
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Malaria in Travellers
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Risk of infection

The risk of exposure to malaria depends on many factors relating 
to both vector and host behaviour. The selection of an appropriate 
antimalarial chemoprophylaxis is based on the risk of infection 
during the specifi c journey, the probability of side-effects, and the 
health beliefs and adherence of the traveller. Generally, without 
prophylaxis, the risk of malaria is highest in sub-Saharan Africa, 
intermediate in South Asia, and lowest in the Americas and South-
east Asia, but it can be highly variable within countries. Any 
intervention that reduces the exposure to night-biting Anopheles 
mosquitoes, such as repellents and bed nets, will signifi cantly 
reduce the risk of malaria. Other considerations include:
• Type of travel – backpacking versus air-conditioned, well-

screened urban hotels.
• Traveller’s exposure to bites, adherence with prophylaxis.
• Duration of stay – the cumulative risk of contracting malaria 

is proportional to the length of stay in the transmission area.
• Region visited.
• Altitude of destination – malaria is not transmitted above 

2000 m.
• Season of travel – the rainy season is associated with higher 

transmission.
It is often useful to advise travellers about risk using the ento-

mological inoculation rate (EIR). This is the annual number of 
infective P. falciparum mosquito bites received per person. The EIR 
in east Thailand is around 0.91, which is roughly equivalent to 
one infective mosquito bite a year, whereas in rural Tanzania a 
reported EIR of 667 is equivalent to two infective bites each night. 
In Kenya, the EIR ranges from 17 to 299.3 (one infective bite every 
3 weeks to one bite a night).26 The transmission rates in coastal 
resorts and cities appear to be signifi cantly lower as compared 
with inland rural areas.

Prevention

Prevention of malaria is based on the acronym ABCD:
• Awareness: recognizing the risk.
• Bites by mosquitoes: prevent and avoid.
• Compliance with appropriate chemoprophylaxis.
• Diagnose malaria swifty and treat promptly.

Appropriate health beliefs of travellers are important to ensure 
bite avoidance and adherence with advice and chemoprophylaxis. 
Educating travellers about the risk of malaria and how to recog-
nize the symptoms is a priority in the travel consultation.

Anti-mosquito measures

Personal protection against Anopheles bites is based on the use of 
topical repellents during biting periods (dusk through to dawn) 
and the use of long clothing to reduce exposed skin. DEET-
formulated repellents have variable activity depending on a 
number of factors. The repellent formulation is critical as it infl u-
ences the duration of repellency. An extended-duration formula 
can last for longer than 8 hours.27 Neat DEET (an organic solvent) 
evaporates relatively quickly and is effective at repelling for only 
a few hours. The concentration of DEET has marginal impact on 
duration of protection, and concentrations above 50% provide 

little added benefi t. Highest concentrations should be avoided in 
infants and children.

Environmental measures include the use of insecticide sprays, 
vaporizers and nets. Sealed air-conditioned rooms provide a 
closed environment into which insects cannot enter and therefore 
anti-mosquito measures other than spraying to clear the room are 
unnecessary. Heated vaporizer mats clear a room of insects in 
around 30 minutes and remain effective for over 6 hours. Burning 
pyrethroid-impregnated coils is less effective and cosmetically less 
acceptable. In non-air-conditioned and poorly screened rooms, a 
pyrethroid-impregnated mosquito net is a very effective system for 
preventing bites. Limited compliance (35–70%) of travellers to 
one or more of these measures28 puts many at risk of an infected 
bite. Optimal protection is provided when they are all used in 
combination. Oral vitamin B6, garlic and electric buzzers are of 
no proven value in bite prevention.

Chemoprophylaxis

Several drugs or drug combinations are available for travellers to 
areas with chloroquine-resistant malaria: mefl oquine (Lariam®), 
doxycycline (Vibramycin®) and atovaquone–proguanil (Malar-
one®). Chloroquine and proguanil in combination have a limited 
protective effi cacy of <70%6 and are no longer considered ade-
quate for areas of high transmission or resistance rates. The adverse 
event profi les of chemoprophylactic regimens have a signifi cant 
bearing on travellers’ acceptance and adherence with drugs. The 
reported adverse event rates of the differing regimens have varied 
depending on the study designs used. Blind control studies 
designed to identify adverse events in travellers have led to a more 
precise understanding of the tolerability and adverse event profi les 
of these drug regimens (Figure 28.6). The incidences of the more 
severe reactions are detailed in Table 28.5.

Mefl oquine

Mefl oquine, which has been available for over 20 years, remains 
a highly effective drug with a protective effi cacy of >90% in sub-
Saharan Africa. It has a weekly schedule and can be used in young 
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and elderly people, and during most of pregnancy. Nineteen per 
cent of travellers using mefl oquine reported a drug-associated 
neuropsychiatric problem, predominantly vivid or strange dreams, 
although a small number reported depression and anxiety. Minor 
gastrointestinal symptoms also may occur. Neuropsychiatric 
problems are signifi cantly more common among mefl oquine 
users than among those taking any other prophylactic medication. 
Serious neuropsychiatric events (convulsions, psychosis, severe 
depression) attributable to chemoprophylaxis regimens were 
found to be similar in users of mefl oquine as compared with users 
of proguanil and/or chloroquine, or doxycycline. Rates of pyscho-
sis in present and past mefl oquine users were calculated at 1 case 
per 1000 years exposed, while panic attacks occurred in 3 per 1000 
years exposed.29

Doxycycline

Doxycycline is an effective alternative for persons visiting areas of 
chloroquine or mefl oquine resistance.30 This drug is contraindi-
cated for pregnant or breast-feeding women, and children under 
12 years of age. Side-effects of doxycycline include monilial 
vaginitis, gastrointestinal symptoms in 37% of users (nausea or 
vomiting), and very rarely, phototoxicity after sun exposure.31,32

Atovaquone and proguanil

This is manufactured in a fi xed-dose combination (Malarone®) 
and has been shown to be effective in the treatment and prophy-
laxis of malaria.6,7,33 The combination of atovaquone and pro-
guanil appears to have few side-effects. Occasional reports of 
mutations leading to therapeutic failure have been described. Cost 
may be a factor that will limit the wider use of this combination 
particularly for long-term use. Experience with long-term use of 
atovaquone and proguanil suggests no new or unexpected toxicity 
occurs when the drugs are used continuously for 6 months or 
longer.

Primaquine

Primary prophylaxis with primaquine at a dose of 30 mg daily 
starting 1 day before exposure and continuing for 1 week after 
departure from an endemic area provides a protective effi cacy 
against P. falciparum of 95% and against P. vivax of 90%. Common 
side-effects following the use of primaquine are abdominal cramps 
and nausea, which occur in up to 10% of users. More serious is 
the potential for the drug to lead to acute intravascular haemoly-
sis in people having a defi ciency of G6PD. This needs to be 
excluded (through screening G6PD enzyme levels) before prima-
quine is prescribed. Primaquine is not licensed for use and is not 
widely available.

Terminal prophylaxis and radical therapy (PART) with prima-
quine is also effective. The recommended regimen is 30 mg daily 
for 14 days after exposure, and where the individual has been in 
a hyperendemic transmission region this should be supplemented 
with a blood schizonticide such as chloroquine or mefl oquine. 
The same cautions apply to this dosing schedule as when used as 
primary prophylaxis.34

Chloroquine and proguanil

The combination of chloroquine and proguanil has been widely 
used for more than two decades. It has been shown to be safe in 
all age groups, during pregnancy and in long-term (>5 years) use. 
However, its protective effi cacy has fallen in many parts of the 
world (Table 28.6), and breakthrough of P. falciparum malaria in 
compliant users is now a common problem. It is now no longer 
recommended for use in most of sub-Saharan Africa but has a role 
in regions with low levels of chloroquine resistance such as Central 
and South America.

Stand-by medication

Travellers to areas with a very low transmission rate of malaria 
may be advised to carry along a stand-by medication instead of 
using chemoprophylaxis.35 Prescribing should always be sup-
ported by advice that drugs should be supervised by a health 
professional and with a laboratory diagnosis of malaria wherever 
possible. With careful instructions they should be able to self-treat 
if symptoms associated with malaria develop. The self-treatment 
can also be used if no medical care can be obtained within 12–24 
hours after the onset of illness. Persons using mefl oquine or 
doxycycline for prophylaxis need not carry stand-by medication. 
There are various concerns about advocating stand-by medication. 
Malaria symptoms are diffi cult to explain to untrained persons, 
and travellers do not always seek professional medical advice or 

Table 28.5 Adverse events attributed to chemoprophylaxis, resulting in stopping medication6,7

Reported events Atovaquone + proguanil Chloroquine + proguanil Mefl oquine
Any treatment-limiting event (%) 1 2 5.5

Gastrointestinal (%) 0 2 1.5

Neuropsychiatric (%) 0.6 0 4

Table 28.6 Major drug regimens and estimated effi cacy

Drug regimen and schedule Estimated prophylactic 
effectiveness (%)

Atovaquone & proguanil daily >95

Doxycycline daily >95

Mefl oquine weekly >95

Primaquine primary prophylaxis ≥85

Primaquine post-exposure 
prophylaxis

≥90

Chloroquine & proguanil ∼40

Sexually Transmitted Diseases
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utilize their stand-by treatment when they develop classical symp-
toms of malaria.36 Current drugs recommended for use as stand-by 
medication include chloroquine (only in Central America), 
Fansidar® (exceptionally), Malarone® and the combination of 
lumefantrine and artemether (Riamet®). The indications for pre-
scribing stand-by treatment include travel in regions of low trans-
mission where chemoprophylaxis is not taken, or a long period 
of travel in a highly endemic area where chemoprophylaxis is 
not fully effective and where appropriate medical facilities are 
unavailable.

Self-administered diagnostic kits for malaria

Kits for self-diagnosis of P. falciparum malaria by travellers are on 
offer for use in remote areas where there is no access to diagnostic 
facilities (Figure 28.7). Histidine-rich protein (HRP2) or parasite 
lactose dehydrogenase (LDH) antigen-capture test-cards work reli-
ably in the laboratory, and have been evaluated by infected travel-
lers. One study found 32% of patients were unable to accurately 
perform the test,37 while another study with simplifi ed instruc-
tions found over 95% of sick patients successfully diagnosed their 
falciparum malaria.38 The availability of these kits remains limited, 
but they could be of signifi cant potential benefi t to travellers pre-
scribed stand-by malaria treatment whenever laboratory diagnosis 
of malaria is not possible.

SEXUALLY TRANSMITTED DISEASES

Casual sexual contacts abroad play an important role in the trans-
mission of sexually transmitted disease (STD) infections.39 Travel 
to tropical countries is an important factor in the spread of STDs. 
In spite of intensive anti-AIDS campaigns, some 5% of European 
or Canadian tourists have casual sexual contacts abroad. Among 

young British travellers, 10% reported casual sex while travelling, 
and 25% did not use condoms. Men’s use of condoms was no 
different to that which they practised at home. Patterns of condom 
use by women varied according to their partners’ backgrounds.40 
The prevalence of STDs is higher in tropical countries than in 
Western industrialized countries. More than 25% of cases of gon-
orrhoea treated in Switzerland from 1989 to 1991 were imported 
from abroad. The penicillin-producing Neisseria gonorrhoea 
(PPNG) strains isolated in Switzerland from 1989 to 1991 were 
mainly imported from abroad (60%).41 The typical ‘imported STIs’ 
in Switzerland are chancroid, lymphogranuloma venereum and 
donovanosis. The clinical manifestations, laboratory and special 
examinations, and treatment of these diseases are described else-
where. The most frequent STI from the so-called ‘imported tropi-
cal STIs’ is chancroid, which is also a major risk factor associated 
with the transmission of HIV infection. Data on sexual behaviour 
of short-term tourists and of long-term overseas workers are of 
concern.

Long-term male expatriates and workers frequently have casual 
sex with a local woman or prostitutes.42 Similar risk behaviour was 
described in Dutch expatriates working in sub-Saharan Africa, 
where nearly one in three males had casual sexual contacts with 
the native population, and regular condom use was reported by 
less than one-quarter of them.43 The World Health Organization 
(WHO) estimates that 75% of all HIV infections worldwide are 
sexually transmitted and that the effi ciency of transmission per 
sexual contact ranges from 0.1% to 1%. The effi ciency can be 
greatly increased by the presence of other STDs and genital lesions. 
In populations with a high prevalence rate of HIV and other STDs, 
as is often the case in female prostitutes in developing countries, 
the transmission probability of HIV is greatly enhanced. Studies 
indicate that the prevalence of HIV ranged from 0.4% in Dutch 
expatriates to 1.1% in Belgians and 8.6% in Danish volunteers. 
These rates are 100 to 500 times higher when compared to the 
native population in these countries.42 Because of the risk of 
acquiring incurable viral STDs such as HIV, the emphasis should 
be on safe sex (i.e. always use a condom) for all those who travel 
and engage in casual sex. Other preventive measures include 
avoidance of inadequately screened blood. In some regions of 
West Africa, the risk of HIV infection per unit of blood transfused 
may be as high as 1%.44 The use of sterile needles and syringes 
should be encouraged and these should be included in the 
travel kit. Hepatitis B in travellers is nearly always acquired through 
sexual exposure and not contaminated medical products or 
procedures.

VACCINE-PREVENTABLE DISEASES

Epidemiology

No recent morbidity and mortality data exist on the most frequent 
vaccine-preventable diseases (Figure 28.1). The incidence of hep-
atitis A and typhoid fever has signifi cantly decreased from rates 
identifi ed in the 1970s and 1980s. Recent estimates are that the 
incidence of hepatitis A in travellers has fallen 50-fold, with an 
incidence of the order of 10 to 30 per 100 000 person-months 
exposed in all travellers45 – hepatitis A is the most frequently 
administered travel vaccine. Typhoid rates are lower by a factor of 

Figure 28.7 Positive HRP2 antigen tests for malaria. Two positive test 
cards. The left-hand card revealing evidence of a P. falciparum and the 
right-hand card non-falciparum (P. vivax) malaria. The appearance of a 
positive test with the control band confi rms the test has functioned. 
The system contains antigen to detect falciparum and non-falciparum 
species. The test may be positive for some weeks after all viable 
parasites have been cleared, as antigen may continue to circulate.
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10–100 and cholera by a factor of 1000 in comparison to hepa-
titis A. The risk factors for exposure to these pathogens include 
duration of stay and hygiene associated with food and beverages 
(i.e. living with the local population versus in high-class hotels). 
Previous immunity to hepatitis A can be predicted by the travel-
ler’s age, history of previous stays or residence in highly endemic 
countries, history of jaundice, and immunization status. There is 
a mortality risk associated with each of these diseases, but it is 
rarely above 1%. A major risk factor for typhoid fever is a visit to 
the Indian subcontinent, especially by ethnic travellers when vis-
iting friends and relatives (VFRs). Cholera infection may occur 
more frequently than reported46 as it is predominantly symptom-
less or presents with few symptoms, similar to those of traveller’s 
diarrhoea. It therefore poses no greater threat to travellers and 
responds to treatment with quinolone antibiotics. The last 
recorded case of polio in travellers occurred in the current decade, 
when hajj pilgrims from Africa infected others who in turn rein-
troduced the infection in Indonesia.

Hepatitis B is mostly diagnosed in expatriates in highly endemic 
countries, especially those in Asia. Tourists are rarely infected, 
despite deliberate or inadverent risk behaviour.47

The risk of rabies exposure can be signifi cant, as shown in a 
study of contacts with dogs in Thailand. Nine per cent of respon-
dents were licked and 2% bitten during an average 17-day visit to 
Thailand. The rate of exposure to animal bites is estimated to be 
0.2–0.4% per month; in the majority of these incidents there was 
some concern about rabies infection.48

Yellow fever is extremely rare in travellers; however, several 
cases in unvaccinated travellers have been reported in the last 10 
years, despite the fact travellers to endemic areas should have been 
immunized. Enhanced adverse event monitoring of yellow fever 
vaccine administration has brought to light a signifi cant risk of 
vaccine-associated adverse events (and fatalities) in individuals 
over 60 years of age if unimmunized individuals or those who 
have thymus pathology. The prescribing of yellow fever vaccine 
requires a careful risk–benefi t calculation to ensure that unneces-
sary toxicity is avoided.49

There are various other vaccine-preventable diseases about 
which few epidemiological data in travellers exist, as only 
anecdotal cases have been reported. The incidence rate of vaccine-
preventable disease overall is probably less than 1 per million 
travellers per month. Outbreaks of meningococcal disease 
have occurred in situations in which travellers lived in crowded 
conditions, such as after trekking or after the Hajj to Mecca,50 but 
due to compulsory immunization this has no longer been the 
case in the past few years. Although an increased endemicity 
of Japanese encephalitis has been observed lately in the 
indigenous population in an area including all Asian countries 
east and northeast of India, no more than one case of Japanese 
encephalitis per year among civilian visitors has been recorded in 
the literature. Only two cases of plague have been reported in 
international travellers since 1966.51 The risk of acquiring a Myco-
bacterium tuberculosis infection during travel was reported as 
around 2.8 per 1000 person-months of travel. Working in health-
care signifi cantly increased the risk of tuberculosis infection,52 but 
even transmission during air, train or bus travel has been 
reported.53

Infl uenza is the most frequent vaccine-preventable infection 
associated with travel. Nearly 3% of Swiss travellers showed evi-

dence of seroconversion following a journey54 which occurred 
during travel outside the domestic infl uenza season. The presence 
and risk of H5N1 infl uenza for travellers at present is strictly 
theoretical.

Prevention

Immunizations required for international travel

According to the International Health Regulations, only yellow 
fever immunization may be required for international travel. 
Yellow fever vaccination is required for entry into many countries 
of tropical Africa or northern South America where the infection 
is endemic. In addition, some countries in Asia and in the Pacifi c 
require passengers that have transited through an infected or 
endemic area within the past 10 days to show proof of vaccina-
tion. Some experts also recommend yellow fever vaccination for 
endemic areas in which no cases of the infection have been 
detected for decades, such as in East Africa, since the vector is 
present and epidemics may theoretically occur. Yellow fever vac-
cination must be performed in centres that are approved by the 
national authorities, and it must be documented on an Interna-
tional Vaccination Certifi cate.

There is no valid indication for cholera vaccination, and even 
remote border posts have gradually realized that this can no 
longer be required. Saudi Arabia requires pilgrims to be immu-
nized against meningococcal disease. Up-to-date information 
on mandatory immunizations can also be obtained from travel 
information manuals (e.g. TIM, TIMATIC) published by several 
airlines. However, the information regarding recommended 
immunizations published in these sources may be unreliable.

Routine immunizations

For reasons unrelated to travel, persons living in industrialized 
countries should be immune against poliomyelitis, tetanus and 
diphtheria, as well as against measles, mumps, varicella and 
rubella. As this applies even more for visits to the developing 
world, a medical consultation prior to departure makes it possible 
to administer the necessary booster doses, or sometimes to initiate 
vaccination against these infections.

Recommended immunizations

Hepatitis A immunization may be recommended to any non-
immune traveller visiting developing countries (including north-
ern Africa and Turkey for VFRs), but seems to be unnecessary for 
visits to the Caribbean (except Haiti and the Dominican Republic) 
or to southern Europe or the western seaboard of the USA. The 
seroprevalence of anti-HAV antibodies in Europeans is very low 
in those born after World War II, which makes pre-vaccination 
testing in this age group unnecessary (except when there is a 
history of jaundice).

Hepatitis B vaccination is indicated for residents and long-term 
or frequent travellers staying longer than 1 month in highly 
endemic countries.35 It may also be considered for short-term 
visitors, particularly for young persons likely to travel frequently 
and those who intend to engage in high-risk activities, e.g. sex, 
tattooing and ear piercing (although this still leaves them unpro-
tected against HIV infection!).

Vaccine-preventable diseases



28. Travel Health

524

Vaccination against typhoid fever is indicated for persons who 
eat and drink in poor hygienic conditions or who have a pro-
longed stay in developing countries. It is also recommended for 
all visits to the Indian subcontinent, and long-term travel to Africa 
and South America.

Rabies vaccination should be considered for all long-term 
residents, particularly for children and those who will live in 
close contact with the local population in rabies endemic 
countries.

Other special-risk vaccinations are those against meningococ-
cal disease using quadrivalent vaccine for stays in the Sahel zone 
during the winter months, particularly where there is close con-
tacts with the local population and children. Japanese encephali-
tis vaccine may be recommended for persons who will stay for at 
least 4 weeks in rural areas in endemic countries. There is no 
common policy on recommending immunization against tuber-
culosis to long-term residents abroad; this is determined by local 
or national policies on the use of BCG.55,56 In many countries this 
vaccine is no longer recommended to persons over 1 year of age. 
Unless any primary vaccination is needed which requires several 
doses, most vaccines may be given simultaneously during one 
single consultation.

CONCLUSION

Every physician or nurse who counsels future travellers must tailor 
specifi c recommendations to travellers based on a balance of the 
health risks to be expected during travel with the benefi ts and 
tolerance of protective measures. One should not protect or advise 
travellers against rare risks while failing to advise them against 
more likely or severe health threats. Four strategies are available 
to reduce health risks of foreign travel: (i) appropriate behaviour 
can prevent STIs, reduce the risks of malaria and diarrhoea, and 
reduce the danger of injuries; (ii) prophylactic drug use can 
prevent malaria; (iii) drug therapy for traveller’s diarrhoea can 
reduce duration and morbidity of the illness; (iv) immunization 
can prevent disease without requiring compliance from the 
traveller.
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Section 5 Environmental/Genetic Disorders

Chapter 29 Kenneth J. Collins

Heat Stress and Associated Disorders

Human capacity to cope with the stress of hot environments 
is founded on an extremely effi cient thermoregulatory system 
together with ancillary cardiovascular, osmotic, fl uid balance and 
endocrine systems. Heat disorders appear when individuals are 
exposed suddenly to heat loads to which they are unaccustomed 
or with heat loads to which adaptation is not possible. This often 
occurs in heat waves or with increased physical exertion in hot 
conditions and when newcomers are fi rst exposed to the tropics. 
Important factors increasing the risk of heat disorders include high 
environmental humidity, existing illness particularly cardiovascu-
lar or metabolic diseases, age, dehydration, medications affecting 
thermoregulation, and the lack of heat acclimatization. For many 
years, WHO Task Groups1 have attempted to predict the potential 
health effects of global climatic change. As considered later in this 
chapter, disorders due to heat are increasingly likely to be one of 
the direct effects of global warming expected to infl uence human 
health both in the tropics and adjacent regions.

BODY TEMPERATURE REGULATION

Heat balance is maintained by the thermoregulatory system 
despite considerable heat loads imposed by heat stress from the 
environment and physical work.2 Deep body temperature is, 
however, not held rigidly constant since temperature homeostasis 
allows body temperature fl uctuations, normally about a ±0.3°C 
diurnal change at rest in a neutral environment, and ±2.0°C in 
more extreme ambient conditions and physical activity.

A rise in skin temperature and vasodilatation is an initial 
response to hot conditions brought about by vasomotor refl exes 
acting through the thermoregulatory centres in the brain and 
spinal cord and by the direct effects of heat on skin blood vessels. 
Much of the large increase in skin blood fl ow comes from opening 
of arteriovenous anastamoses deep to the skin capillaries. Dilata-
tion of the large cutaneous vascular network causes a redistribu-
tion of blood from the body core to the skin and concomitantly 
a reduction in splanchnic blood fl ow. The compensatory fall in 
renal and hepatic blood fl ow produces oliguria in the heat and a 
reduced hepatic metabolic clearance. Skin temperature continues 
to rise in hot conditions and approaches 35°C over the whole 
body surface. At or near this point the deep body temperature is 
stabilized by the secretion of sweat. Sweating enhances body heat 

loss considerably, with 670 watts of power lost for every litre of 
sweat evaporated. Unevaporated sweat that drips from the body 
surface (which occurs particularly in humid environments) does 
not contribute to heat loss but simply adds to the loss of fl uid. In 
extreme conditions with prolonged work, up to 10 L of hypotonic 
fl uid may be lost during a day by profuse sweating, though this 
rate of sweating is usually not maintained. Serious dehydration is 
therefore a possible outcome within 24 h especially when water 
supplies are absent or scarce. With fl uid loss by sweating there is 
also a loss of salt, which may pose another important problem 
– body salt depletion. Salt concentration in sweat may vary from 
about 1 g/L in heat-acclimatized personnel to 3 g/L in those who 
are not acclimatized. The rate of sweating, dietary intake of salt, 
and adrenal corticosteroid activity are all variables that determine 
sweat salt concentration and therefore the rate at which salt deple-
tion occurs.

Cardiovascular strain develops with increasing demand for 
a higher cardiac output to transfer heat and water to vasodilated 
vascular beds. In resting conditions, extensive shunting of blood 
to the skin induces a fall in blood pressure and an increase in heart 
rate. With an adequate venous pressure, stroke volume is main-
tained and cardiac output increased. Dehydration as the result of 
excessive sweating, however, leads to a marked decrease in cir-
culating blood volume, a reduction in stroke volume and an 
increased heart rate. Exercise in hot conditions presents a physi-
ological dilemma to the body when blood must be shunted to 
working muscles as well as to the skin in order to maintain ther-
moregulation. In unacclimatized humans there is an initial period 
of cardiovascular instability which accompanies increasing body 
temperature and heart rate. Stability returns with acclimatization 
when plasma volume and stroke volume increase and heart rate 
decreases. Several standard works describe these and other general 
thermoregulatory responses to heat in greater detail.3–5 Thermo-
regulation during exposure to heat and exercise differs between 
children and adults, mainly due to a lower sweating capacity and 
to metabolic, circulatory and hormonal disparities in children.6

Thermoregulation is integrated by a controlling system in struc-
tures in the brain and spinal cord which respond to the heat 
content of tissues. Receptors sensitive to thermal information 
from the skin, deep tissues and in the central nervous system itself 
provide feedback signals to this system. Principal centres reside in 
the hypothalamus where the temperature of blood perfusing the 
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hypothalamus is a major drive to temperature control. Ideas on a 
putative hypothalamic ‘set-point’ have been developed in order to 
explain how body temperature is maintained at predetermined 
constant levels. The central thermoregulatory interface appears to 
consist essentially of two pathways from sensors with differing 
responses to thermal changes, and crossed inhibition between 
these two pathways. The effect may be to create a temperature null 
point or null zone.7 Excessive increases in brain temperature are 
likely to affect the integrative function of central nervous struc-
tures and have profound deleterious consequences on the tem-
perature control system. It has been postulated that some 
protection of the brain against hyperthermia may be provided by 
a countercurrent system in the blood supply of the face and head 
which permits selective cooling of the brain.8

Heat acclimatization and work performance

Writing more than 200 years ago on the heat hazard to newcom-
ers to the tropics, Lind9 pointed out that habituation to hot 
climates reduces the danger to health. The process of heat accli-
matization was originally associated with an improved ability to 
perform work in the heat. In fact a useful degree of acclimatization 
to heat can be attained simply by hard physical training in a cool 
environment. The immediate physiological responses to acute 
heat stress give way to reduced signs of heat strain after a few days 
of work in hot conditions. Heart rate and deep body temperature 
do not rise so high and the sweating mechanism becomes more 
effi cient. Total sweat rates of 0.5 to 1 L/h may increase to 2 L/h or 
more in a fully acclimatized man, though such high rates cannot 
be maintained for many hours. A major part of the improvement 
in sweat output is due to increased cellular secretory capacity of 
the sweat glands brought about by sweat gland ‘training’. With the 
initial acclimatization process, the salt content of sweat is reduced 
in response to adrenal mineralocorticoids. Longer-term acclimati-
zation to heat is associated with increments in blood volume, 
plasma volume, extracellular fl uid volume and total body water 
content.

Heat tolerance can be achieved artifi cially by daily 1–2 h ses-
sions of controlled hyperthermia or work-rest routines for 3–4 h 
in a climatic chamber (acclimation) or normal heavy daily phys-
ical work in a tropical environment (acclimatization). The adap-
tive process develops rapidly over the fi rst 3 or 4 days and is 
virtually complete by 9 or 10 days (Figure 29.1). During this time, 
there is a progressive reduction in deep body temperature and 
heart rate with a concomitant increase in the amount of sweat 
produced. When exposure to heat and work ceases, the physiolog-
ical adaptations are partly retained for up to 1 or 2 weeks but 
thereafter the benefi ts are rapidly lost.

Part of the longer-term process of heat adaptation involves 
behavioural adjustments, such as resting during the hottest part 
of the day. This is intuitive to tropical indigenes who normally 
will seek to avoid the stresses of hyperthermia, and in conse-
quence may often not be fully heat acclimatized. Data drawn from 
physiological and anthropometric investigations tend to support 
the view that adult body form varies among populations so as to 
confer some advantage in the environment inhabited. The hot, 
dry climate that is the natural habitat of Nilotic people, for 
example, appears to confer morphological features of linearity and 

high surface area to body weight. A process of selection in favour 
of smaller body size appears as an adaptive response to a hot, 
humid environment in equatorial forests where heat loss through 
sweating is less effective. Fitness and physical work capacity are 
regarded as fundamental determinants of human survival, and in 
many tropical populations agricultural work continues to under-
pin local economies. The relationship between working capacity, 
heat acclimatization and avoidance of heat disorders plays an 
important role in human ability to exploit the tropical habitat.10

HEAT STRESS

The heat stress of a given situation is measured by the combina-
tion of all those factors contributing to the heat gain of the body. 
It is therefore necessary to consider both climatic and non-climatic 
factors and, in some way, to evaluate their combined effects. 
Climatic factors include ambient temperature, humidity and air 
movement; non-climatic variables take account of physical activ-
ity and clothing. The resultant human thermal strain is usually 
assessed by two physiological measurements – core temperature 
and heart rate. Tolerance limits for work in adverse temperature 
conditions are commonly based on acceptable ‘safe’ levels of these 
two measurements, and in hot conditions the limits are usually 
38.0°C core temperature and 180 beats per minute heart rate in 
normal healthy adults.

Heat stress indices provide a means of assessing hot environ-
ments and to predict their likely effect on people. Such indices 
provide the equivalence of various environmental factors,11 usually 
with physical activity and clothing as independent variables. A 
number of different heat stress indices have been proposed which 
are divided broadly into those empirically derived and substanti-

1 3 5 7 9
Days

Re
ct

al
 t

em
p

er
at

ur
e 

(°
C

)

37.5

38.0

38.5

39.0

(RT) (SR)

(HR)

39.5
180

160

140

120

1.2

1.3

1.4

H
eart rate (beats/m

in)

Sw
eat rate (litres/(70 kg/h))

Figure 29.1 Typical mean rectal temperatures (•), heart rates (�) 
and sweat rates (�) in a group of men during the development of 
acclimatization to heat. (Adapted from Leithead and Lind 1964. All 
attempts at tracing copyright holder unsuccessful.)



529

ated by the physiological effects on a test group of people, and 
those derived by theoretical consideration of the effects on the 
body’s heat balance. No index or standard is universally applica-
ble since all are affected to differing degrees by components of the 
thermal environment, clothing and metabolism. The wet bulb 
globe temperature (WBGT) index calculated from 0.7 wet bulb 
+0.2 globe (radiant) +0.1 dry bulb temperature is probably most 
widely used for outdoor activities where solar radiation is a com-
ponent of the heat stress.12 Safe physical activity schedules may be 
set according to the predicted environmental heat loads for the 
day, e.g. WBGT <18°C (low risk), WBGT >28°C (very high risk).13 
Better understanding of human thermoregulation and the pro-
cesses of heat exchange have led to the development of mathe-
matical models of human responses to hot environments, and the 
introduction of the digital computer has provided the opportunity 
for these relatively complex models to be conveniently used in 
practical applications.14 In order to further improve the techniques 
for assessing the risks of heat disorders encountered during work 
in hot conditions European research teams have developed a ‘heat 
strain model’.15 This has now been accepted as the present inter-
national standard heat assessment method.16

HEAT DISORDERS

The pathological conditions associated with the effects of heat 
arise from four main aetiologies:
1. Circulatory instability

a. Heat syncope
b. Heat oedema

2. Heat-induced skin disorders
a. Hidromeiosis
b. Prickly heat (miliaria rubra)
c. Anhidrotic heat exhaustion

3. Water and electrolyte imbalance
a. Heat cramps
b. Water-depletion heat exhaustion
c. Salt-depletion heat exhaustion

4. Hyperthermic failure of thermoregulation
a. Heat stroke.

Another category of heat disorder is sometimes described under 
the general heading of psychological effects of heat.17 The pre-
dominant effects are characterized by deterioration in performance 
and loss of effi ciency, presenting as ‘acute heat neurasthenia’ or 
‘tropical fatigue’. Heat neurotic syndromes are ill-defi ned and may 
not be attributable solely to the effects of heat.

Any factor that compromises the normal processes of thermo-
regulation may be implicated in the aetiology of heat disorders. 
Personnel most at risk have a history of heat intolerance, are 
overweight or physically unfi t. Even in athletes, the combination 
of heat, humidity and exercise may sometimes result in heat 
illness.18 There is sometimes failure on the part of the supervising 
authority, or the individuals themselves, to appreciate the poten-
tial dangers involved in exposure to severe heat stress.

Heat exposure may aggravate underlying pathology especially 
cardiovascular disease, and in this respect the elderly are particu-
larly at risk. Occult infections have been observed to cause tran-
sient anhidrosis, and the infl uence of endogenous pyrogens can 
raise the ‘set-point’ around which body temperature is regulated. 

Many heat stroke victims present with a previous history of infec-
tion or fever. Heat intolerance can also be extreme in cases of 
thyrotoxicosis, mucoviscidosis and congenital absence of sweat 
glands in ectodermal dysplasia.

Chemicals and medications may have direct effects on the 
control of body temperature, and some have indirect effects 
through induced toxicity reactions or drug interactions.19 Special 
care is required in high temperature conditions with patients who 
have been prescribed diuretics, anticholinergics or central nervous 
stimulants or depressants.

It remains to say that there may be disorders other than those 
listed above which are causally related to heat stress. For example, 
it seems possible that environmental heat may be implicated in 
the pathogenesis of renal stones in hot countries where sub-clini-
cal water-depletion is commonplace.

Minor heat disorders

Heat oedema

Mild swelling of the feet and ankles may be experienced by unac-
climatized people arriving in the tropics, which with rest usually 
resolves within a few days. The aetiology is likely to be due to 
cutaneous vasodilatation and venous stasis in the legs. Mild 
oedema may also be a manifestation of an expansion of the extra-
cellular space, infl uenced by aldosterone and antidiuretic hormone 
activity. Some newcomers to hot climates show their apprehen-
sion of the heat by overloading themselves with salt and water.

Heat syncope

It is common knowledge that fainting may follow prolonged 
standing, sudden postural changes or unaccustomed exercise, par-
ticularly in hot surroundings. Heat syncope occurs because of 
peripheral vascular pooling of blood and collapse of venomotor 
tone leading to hypotension and cerebral anoxia. The patient sud-
denly becomes pale with heart rate at fi rst increasing and then 
slowing, and breathing is slow and sighing in nature. Conscious-
ness is usually lost for a minute or so, but returns as cerebral 
circulation is restored when the patient is placed in the head-low 
position. Other causes of loss of consciousness must be excluded. 
Syncope may be the prelude to more serious heat disorders such 
as heat exhaustion or heat stroke.

Heat cramps

Heat-induced muscle cramps are probably due to a mild water 
intoxication or to salt depletion, occurring in people who are 
sweating profusely while at the same time drinking large amounts 
of unsalted fl uids. Cramps may also be experienced by those who 
exercise regularly while adhering to a low-salt diet. The spasms 
usually last less than 1 min, occasionally for 2 or 3 min, but they 
may recur every few minutes for several hours. Heat cramps must 
be distinguished from tetany, which can sometimes occur in indi-
viduals with raised body temperature who may hyperventilate 
suffi ciently to develop acute respiratory alkalosis.

Intravenous normal saline (0.5–1 L) can be given to treat severe 
cramps, or even a small quantity of 5% hypertonic saline. This 
should be followed by liberal quantities of salt in drinks until the 
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urine contains at least 2–3 g chloride per litre. Heat cramps can 
usually be prevented in hot working conditions by the provision 
of salted drinks at the place of work.

Skin disorders with sweat suppression

Hidromeiosis

The term hidromeiosis is applied to a particular type of reduction 
in sweating associated with wetting the skin,11 previously thought 
to represent ‘sweat gland fatigue’. Sweat evaporation may dimin-
ish when there is wetting of the skin in hot, humid climates. 
In this case, suppression of sweating is caused by obstruction 
of sweat glands by swelling of the keratin layer of the skin and 
closure of sweat pores when water is absorbed at high skin tem-
peratures. The process can be readily reversed by moving into a 
cool, dry environment. Hyperthermia develops more readily in 
hot humid conditions because of hidromeiosis and lack of effec-
tive evaporative cooling.

Prickly heat

This common skin complaint in hot climates causes considerable 
irritation and discomfort, also arising from prolonged wetting of 
the skin by sweat.20 Maceration of the stratum corneum causes 
acute (miliaria rubra) or chronic (miliaria profunda) blockage of 
the sweat ducts. The pathogenesis therefore resembles that of 
hidromeiosis, but the sweat glands become more permanently 
blocked by plugs of mucopolysaccharide debris and there is dis-
tension of the sweat ducts. The rash of miliaria rubra (prickly 
heat) is an erythematous epidermal vesicular eruption that is pru-
ritic, and it is accompanied by a prickling or tingling sensation 
when sweating is provoked. Subsequently miliaria profunda may 
develop, characterized by dermal vesicles without erythema or 
pruritus giving the affected skin area a goosefl esh appearance 
(Figure 29.2).21 Secondary bacterial and fungal infections can 
occur.

Treatment consists of removing the patient to cool quarters if 
possible to avoid sweating, and removing tight-fi tting clothing. 
Prickling can be relieved by a cool shower, thorough drying of the 
skin and application of calamine lotion or zinc oxide powder. 
Mildly astringent lotions such as those containing mercuric chlo-
ride may be useful, as are topical antimicrobial agents.

Anhidrotic heat exhaustion

Impairment of sweating by miliaria profunda or other skin disor-
ders may lead to a state of heat exhaustion and heat intolerance 
affecting personnel exposed for several months to a hot climate. 
Humid heat is responsible for most cases but the disorder may 
occur in desert climates. Dyshidrosis is probably a more accurate 
term to describe the sweat suppression since complete absence of 
sweating does not usually occur. Exfoliative dermatitis and other 
atrophic skin disorders are sometimes involved. Patients are 
unable to perform even limited amounts of physical work without 
suffering undue fatigue and discomfort in the heat. Attempts 
to do so may precipitate other heat disorders, including heat 
stroke.

Body fl uid imbalance

Water-depletion heat exhaustion

People working in hot conditions frequently do not completely 
replace the volume of water lost by sweating (voluntary dehydra-
tion) and usually maintain a slight negative water balance averag-
ing 1 or 2% of total body weight. This minor degree of dehydration, 
however, appears to be suffi cient to impair maximum physical 
performance.22 More serious degrees of dehydration develop when 
water supplies are scarce. Though water depletion is thought to 
cause mild reductions in thermal sweating, high sweat rates to 
defend body temperature appear to be possible during dehydra-
tion. The classic situations producing water-depletion heat exhaus-
tion have been described among castaways at sea in the tropics, 
travellers stranded in the desert, labourers in hot mines and in 
service personnel. An accessory factor is often the additional loss 
of fl uid due to vomiting and diarrhoea.

Dehydration due predominantly to water depletion is charac-
terized by intense thirst, fatigue, weakness, anxiety and impaired 
judgement. Irritability and syncope appear as water loss approaches 
6% of body weight. Urine is scanty and concentrated. Extracellular 
fl uid volume is diminished, with increasing osmolality, and water 
moves from the cells into the extracellular compartment (Figure 
29.3A,B). Haemoconcentration is slight at fi rst and serum protein 
and sodium levels elevated. In severe water depletion the partial 
preservation of ECF at the expense of ICF is probably related to 
secondary aldosteronism.

It is important to decide whether heat exhaustion is due mainly 
to salt or water depletion, although there is usually a mixed deple-
tion. The circumstances of onset are usually quite different. Sweat 
is hypotonic and a relatively far greater amount of water than salt 

Figure 29.2 Miliaria profunda. Photographic enlargement of human 
skin. (From Horne and Mole 1951.21)
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5 L of sweat per day may amount to 15 g of salt and supplemen-
tation of dietary salt is required. Extra salt is usually unnecessary 
when heat acclimatization takes place since salt balance is restored 
after a few days by the salt-conserving action of aldosterone on 
the kidney and sweat glands.

Clinical fi ndings in human salt defi ciency include reduced 
plasma volume with haemoconcentration (Table 29.1). The con-
centration of sodium and chloride in urine is low. Extracellular 
fl uid osmolality is reduced, causing hypovolaemia and a shift of 
fl uid into the intracellular compartment (Figure 29.3C). Plasma 
sodium concentration may sometimes be deceptively normal but 
the sodium and chloride content of whole blood is reduced. 
Fatigue, giddiness, nausea and muscle cramps are common clini-
cal features. Anorexia, diarrhoea and vomiting reduce the already 
inadequate intake of salt, establishing a vicious circle of events. 
Thirst is not a feature, unlike water depletion. In contrast to pre-
dominant water depletion, salt depletion does not generally pre-
dispose rapidly to heat stroke.

Treatment is usually easier than for water depletion and consists 
of bed rest in cool conditions with a high salt intake in the form 
of salted drinks. Salt should be added to cool fruit drinks (7 g/L) 
and salty food encouraged to achieve an intake of up to 20 g daily. 
Complete clinical recovery occurs usually only after 5–7 days bed 
rest and salt replacement, and is accompanied by the consistent 
appearance of signifi cant amounts of chloride in urine. For coma-
tose patients, isotonic saline may be given intravenously at the rate 
of 2–4 L during 12–24 h. When extreme hyponatraemia causes 
symptoms of water intoxication, rarely is hypertonic saline indi-
cated. It is important to examine neck veins and lung bases during 
treatment for signs of circulatory overloading.

Heat stroke

Heat stroke, sometimes considered to be a tropical neurological 
disorder,23 is caused by an excessive rise in deep body temperature 
due to thermoregulatory failure. It is characterized primarily by 
hyperthermia usually with core temperature above 40.6°C, central 
nervous system dysfunction resulting from tissue damage, meta-
bolic derangement and coma. Heat stroke is the least common 
but most serious of heat disorders and it carries a high mortality 
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Figure 29.3 The effect of (A) mild water depletion, (B) severe water 
depletion, and (C) sodium depletion, on the partition of fl uid between 
extracellular fl uid (ECF) and intracellular fl uid (ICF) compartments.

is lost so that progressive water depletion is always more rapid in 
development than salt depletion. Differential diagnosis may be 
established by the symptoms and signs shown in Table 29.1. In 
its most severe form, in individuals stranded in hot dehydrating 
desert conditions without water, the situation may become rapidly 
fatal within a day. Studies of dehydration in the desert suggest that 
death is ultimately due to oligaemic shock and to heat stroke due 
to loss of thermoregulatory control.17

Treatment consists of rest in cool surroundings with carefully 
controlled rehydration suffi cient to ensure a net gain of 2–3 L over 
the fi rst 24 h and 0.5–1 L/day subsequently. Excessively rapid cor-
rection of hypernatraemia may cause cerebral oedema, convulsive 
seizures and possibly death due to uncal herniation. Unconscious 
patients will require intravenous fl uid replacement and if there is 
doubt whether the patient is predominantly water depleted or salt 
depleted, isotonic saline should be given; otherwise the fl uid of 
choice is 5% glucose solution. Recovery is indicated by increased 
urine output but it is essential to avoid fl uid overload if renal 
damage has occurred.

Salt-depletion heat exhaustion

In unacclimatized personnel, there is usually a higher salt content 
in sweat, and enough salt may be lost to cause a negative salt 
balance during the fi rst few days of heat exposure. Daily losses in 

Table 29.1 Differential diagnosis of salt- and water-depletion heat exhaustion

Predominant salt-depletion Predominant water-depletion
Duration of symptoms 3–5 days Often less than 3–5 days

Thirst Not prominent Prominent

Fatigue Marked Less marked

Giddiness Prominent Less prominent

Muscle cramps In most cases Absent

Vomiting In most cases Usually absent

Thermal sweating Usually unchanged Diminished

Haemoconcentration Early and marked Slight until late

Urine chloride Negligible Normal

Blood sodium Below average Above average

Mode of death Oligaemic shock Oligaemic shock; heat stroke

Leithead CS & Lind AR. Heat Stress and Heat Disorders. London: Cassell Plc; 1964. (All attempts at tracing copyright holder unsuccesful)
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rate if effective treatment is not given immediately. The high mor-
tality in heat stroke may be secondary to multi-organ dysfunc-
tion.24 For survivors, there is a risk of permanent neurological 
damage. In circumstances where heat disorders can be expected,25 
heat exhaustion syndromes usually occur up to ten times more 
frequently than heat stroke in the population at risk.

Epidemiology

Heat stroke occurs during heat waves even in temperate regions. 
Infants, the elderly and patients with heart disease are most at risk 
in the community during hot weather. Heat stroke also occurs in 
physically active people, e.g. service personnel, marathon runners 
during prolonged exercise or those engaged in hard work in hot 
conditions. Each year, a mass of people, currently about two 
million, gather at Mecca for the seven-day pilgrimage, the Makkah 
Hajj. There is high radiant heat and ambient temperature, aggra-
vated by many people assembled in a restricted area. Lack of 
acclimatization, arduous physical rituals, and exposed spaces with 
limited or no shade pose a major heat threat to many pilgrims. 
Adequate fl uid intake and seeking shade are essential.26 During 
years when the Hajj takes place in seasons of mild weather condi-
tions, there are very few heat-related hospital admissions.27

In many tropical countries precise statistics for morbidity and 
mortality are not available because of poor certifi cation and the 
diffi culty in defi ning the size and composition of the population 
at risk. In the South African gold mines, where the working popu-
lation is homogeneous in its social background, heat stroke cases 
have been reported at rates of 0.3/1000 per year in environments 
of 32°C wet bulb temperature and 4.0/1000 per year at 34.4°C wet 
bulb.28 Reported mortality ratios for heat stroke varied consider-
ably at treatment centres during the 1980–82 Makkah Pilgrimages, 
ranging from 5% to 80%,25 but it is not always clear whether 
treated cases have been included.

Aetiology

Two types of heat stroke have been described: ‘classical’ heat stroke 
associated with intolerably hot conditions or heat waves but not 

involving signifi cant exertion, and ‘exertional’ heat stroke gener-
ally observed in younger individuals generating high metabolic 
loads by physical work in the heat. The main differences in pre-
sentation are outlined in Table 29.2, but there are common char-
acteristics, e.g. hyperthermia, lack of heat acclimatization, 
dehydration, skin mottling and fl ushing, psychotic behaviour, 
convulsions, shock and coma.

Pathology

At about 42°C deep body temperature, hyperthermia causes dena-
turation of enzymes, liquefaction of membrane lipids, mitochon-
drial damage and destabilization of lipoproteins. The high 
temperature is primarily responsible for tissue damage, but cel-
lular hypoxia, congestion, endotoxaemia and disseminated intra-
vascular coagulation (DIC) are contributory.

Among the classically described anatomical changes found at 
autopsy are oedema of the brain and meninges, neuronal degen-
eration and petechial haemorrhages. The predominance of changes 
in cerebellar structures corresponds to the clinical picture of 
central nervous damage in patients who survive heat stroke. These 
patients often show cerebellar ataxia with marked dysarthria, poly-
neuropathy or dysmetria. Haemorrhages are also observed in 
serous cavities and in the heart, kidney, liver and gastrointestinal 
mucosa. Myocardial damage is common and, characteristically, 
subendocardial haemorrhages occur beneath the left interventric-
ular septum. Skeletal muscle may show necrosis if rhabdomyoly-
sis has accompanied heat stroke.29 Liver damage is one of the most 
prominent features, with centrilobular fatty changes, congestion 
and degenerating hepatocytes resembling Councilman bodies. 
The kidneys are damaged and show hyperaemia and petechial 
haemorrhages. Deleterious effects in the blood include haemoly-
sis, thrombocytopaenia, megakaryocyte damage, DIC and wide-
spread fi brin deposition. DIC contributes to both the bleeding 
manifestations and shock syndrome.25 As may be predicted, 
increased pro-infl ammatory cytokine concentrations have been 
implicated in the pathogenesis of heat stroke.30 Measurement of 
antibody against heat-shock proteins in patients with acute heat-

Table 29.2 Presentation of ‘classical’ and ‘exertional’ heat stroke

‘Classical’ ‘Exertional’
Age group Infants, elderly 15–65 years old

Health status Chronic illness Usually healthy

History of febrile illness Occasionally Common

Activity Sedentary Usually highly active

Drug use Diuretics, phenothiazines Amphetamines, cocaine

Sweating Usually absent Usually present

Respiratory alkalosis Dominant Mild

Lactic acidosis Absent or mild Often marked

Rhabdomyolysis Seldom severe Severe

Creatinine phosphokinase/aldolase Mildly elevated Markedly elevated

Disseminated intravascular coagulation Mild Marked

Hypoglycaemia Uncommon Common

Knochel JP. Heat stroke and related heat disorders. Dis Mon 1989; 35:301-377.
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induced illness may be one biomarker to evaluate susceptibility 
to excessive heat stress.31

Clinical features

In most cases of heat stroke the onset of delirium or coma is 
sudden but, in some cases, several days of ill-health precede the 
onset of coma and severe hyperthermia. With acute-onset heat 
stroke, prodromal symptoms lasting minutes or hours include 
headache, disorientation, stupor, emotional outbursts, dizziness, 
excessive thirst and locomotor changes.

Central nervous disturbances are typical presenting features. 
Often the patient is in coma with a rectal temperature of 40.6°C 
or more and there may be involuntary movements closely resem-
bling epilepsy with tonic and clonic convulsions, and frequently 
urinary and faecal incontinence. Hyperpnoea with tetany25 is 
sometimes observed. Sweating can be present at the stage of col-
lapse, particularly in young active heat stroke casualties, so that 
anhidrosis with a hot, dry skin, thought to be a common feature 
of heat stroke cases, cannot therefore be regarded as pathognomic. 
On admission, the patient’s pulse is thready and the face fl ushed 
or cyanotic. In some cases, blood pressure and pulse pressure may 
be increased, whereas in others there is profound hypotension 
and shock. The electrocardiogram often shows fl attened or inverted 
t waves, transient conduction abnormalities and myocardial 
damage. Echocardiographic and Doppler studies refl ect a hyper-
dynamic circulation with tachycardia and high cardiac output 
states in severe heat exposure.32 Relative hypovolaemia and signs 
of peripheral vasoconstriction are more often present in heat 
stroke than in heat exhaustion. Gastrointestinal haemorrhage with 
haematemesis or melaena can sometimes occur as manifestations 
of coagulopathy.

Diagnosis

Heat stroke can be suspected in any patient who loses conscious-
ness under conditions of heat stress. The diagnosis is highly prob-
able if body temperature is above 40°C in the presence of clinical 
features described above. Measurement of rectal temperature is 
crucial but is often diffi cult in a struggling patient. High-reading, 
metal-cased thermometers or electronic probes should be made 
available where heat stroke is a known risk.

Cooling measures are urgently required, leaving little time for 
exploring alternative diagnoses. The possibility of high fevers 
from other causes, must, however, be kept under consideration. 
In the tropics, malaria is the most important differential diagno-
sis. High fevers from other causes such as meningitis, salmonella 
and arbovirus infections, encephalitis, bacterial pneumonia, sep-
ticaemia, tetanus and cerebral (pontine) haemorrhage are also to 
be considered. It is important to examine the skull for signs of 
injury which may have occurred during convulsions.

Laboratory fi ndings include leucocytosis and thrombocytopae-
nia. Changes in plasma concentration of sodium, chloride and 
potassium are not consistent, though hypokalaemia has been fre-
quently observed in heat stroke. Serum glutamic oxaloacetic trans-
aminase, glutamic pyruvic transaminase, lactic dehydrogenase 
and creatine phosphokinase are usually elevated within 24 h of 
admission. The levels continue to rise for about 2 days and remain 
elevated for 12–14 days. Serum enzyme changes are of diagnostic 

and prognostic signifi cance. Severe renal involvement with rising 
urea nitrogen is evident in many fatal cases.

Treatment

In the fi eld situation, the patient should be placed in the shade, 
clothing removed and the skin kept wet and fanned. An effective 
degree of conductive cooling can be attained simply by immersing 
the patient in a bath of cold water with the body and limbs mas-
saged vigorously to promote skin circulation. In hospital, the 
patient may be placed on a slatted trolley, exposing the skin to 
good air movement from a fan and a fi ne spray of water. Alterna-
tively, the patient can be cooled by tepid water sponging or by 
wrapping in a wet sheet and fanning.

The need to avoid vasoconstriction during cooling and yet 
enable the management of a violent, delirious, incontinent and 
vomiting patient has led to the development of a Body Cooling 
Unit (BCU) to treat heat stroke (Figure 29.4).33 The method uti-
lizes evaporative and convective cooling from sprays of atomized 
water at 20°C combined with a powerful fl ow of air at 45–50°C 
to maintain skin temperature above 31–32°C. Instrumentation 
has been developed to measure the combination of deep body 
and skin temperature of the individual patient and display the 
most effective temperature of air and water for cooling. The BCU 
has proved to be highly effective in the management of classical 
heat stroke patients among the Hajj pilgrims.25

Ice water immersion is a simple and available form of treat-
ment which has been advocated since the fi rst edition of this 
textbook was published in 1898.34 The method, however, appears 
to deny a critical principle of heat dissipation by preventing cuta-
neous vasodilatation. However, it has been suggested that the 
hydrostatic pressure of water during immersion increases venous 
return to the heart in hypotensive heat stroke patients, and that 

Figure 29.4 Body cooling unit for the treatment of hyperthermia 
and heat stroke (Photograph courtesy of Guardian Medical Products, 
see www.engments.co.uk).

Heat Disorders
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pathological rather than physiological vasomotor responses occur, 
such that the core-shell insulative barrier may not increase at the 
onset of heat stroke.35 It is also reported that no deaths had 
occurred during the treatment by ice water immersion in 252 heat 
stroke cases in Marine Corps recruits. A mean mortality of 12.1% 
using the BCU on the other hand was observed in Hajj pilgrims 
in 1982. However, there are obviously important differences 
between these two populations. The Marine Corps recruits were 
young, fi t soldiers suffering from exertional heat stroke, all of 
whom were treated within 20 min of collapse. The Hajj pilgrims 
were often elderly or unfi t, and were brought to treatment centres 
suffering from classical heat stroke at unknown periods after 
collapse.

With treatment, aspiration pneumonia must be avoided by 
keeping the airway clear and the patient nursed in a semi-lateral 
position. In addition to primary cooling procedures, intravenous 
chlorpromazine (20–50 mg) has been used to prevent shivering, 
though there is a danger that the drug may inhibit sweating. To 
treat dehydration, 5% glucose in normal saline can be given intra-
venously, which should be done with care in order to avoid cir-
culatory overloading. Oxygen should be given while danger to the 
central nervous system persists. DIC has been successfully treated 
with heparin, though fresh plasma provides a safer alterna-
tive. Dextran should be avoided since it may impair platelet 
function.

PREVENTION OF HEAT DISORDERS

Recognition and prevention of the ill effects of heat stress, for 
health workers in the tropics, in industry, in the services and other 
situations where the heat risk exists, requires a working knowledge 
of the techniques for measuring heat stress, e.g. the use of the 
WBGT index for assessing heat stress and heat tolerance times or 
models to predict heat strain. Migrants and individuals moving 
into hot regions or those working in hot industries require super-
vision and advice on the effects of high temperatures. Prevention 
of the ill effects broadly involves the control of human activities 
in outdoor heat and reduction of indoor heat loads by control 
measures so that temperatures are brought within recognized 
safety limits. It is essential to have a prepared treatment centre 
where cooling can be given at once.

Special care is required when conditions are hostile, when 
escape from hot conditions is diffi cult or when water is in short 
supply. Due attention must therefore be paid to the provision of 
adequate potable water supplies, suitable clothing and thermally 
comfortable quarters. Supplemental salt may be necessary, par-
ticularly for unacclimatized newcomers. Large, heavy meals and 
excess alcohol, especially during the hottest part of the day, are 
to be avoided. Successful prevention is often the result of careful 
selection and continuous screening of heat-exposed personnel 
and, if possible, artifi cial acclimatization to heat beforehand. 
Regular exercise helps to provide a degree of heat adaptation.

CLIMATE CHANGE

An increase in the incidence of heat-associated disorders is likely 
to contribute to the potential health problems arising from cli-

matic change. It is recognized that if global warming takes place, 
not all regions would be confronted by the same problems; 
extreme climatic events in different regions – heat waves, mon-
soons, droughts – may have a more profound impact than average 
climate change.1 The direct effects of heat on individuals from 
increased heat stress in fact are likely to have less infl uence than 
indirect effects arising from complex changes in ecological infra-
structure. Thus altered patterns of food production and the effects 
of inundation could lead to migration of large numbers of people 
into new zones. There are also likely to be changes in the distribu-
tion of vector-borne diseases in the tropics, subtropics and tem-
perate climate zones. Since there are large areas of the world where 
water supplies and cooling systems are inadequate, in unusual 
heat wave conditions or prolonged periods of heat the availability 
of water may become the critical factor for survival.

Many scientists assert that global warming is now discernible, 
with forecasts of an increase in the average world temperature of 
between 1.0 and 3.5°C over the present century.36,37 Others, includ-
ing some climatologists who believe that current climate models 
do not accurately portray the atmosphere-ocean system, maintain 
that the reality of global warming is still uncertain.38 This uncer-
tainty appears to persist in spite of extensive testing of the predic-
tive ability of Global Climate Models against historical climate 
measurements.39

Summer weather variability, rather than heat intensity, is 
regarded as the most important factor defi ning human vulnerabil-
ity to heat.40 People living in areas where summer climates are 
highly variable are poorly adapted to extreme heat, mainly because 
it occurs irregularly. There has, therefore, been a growing impetus 
to develop systems allowing urban health agencies to issue heat 
and health warnings taking into account climate, social structure 
and landscape. There are few paradigms useful for modelling the 
management of heat casualties occurring on a large scale. One, 
however, is the programme adopted at the Hajj pilgrimage where 
up to 7000 cases of heat-illness including heat stroke can be  
treated.25

The human species has a marked capacity for adapting to tem-
perature changes and to survive under widely different climatic 
conditions. In most regions, the predicted increase in average 
surface temperature may be easily tolerated, though much greater 
sustained rises of temperature in the higher latitudes may have 
more serious consequences for populations, including heat-
associated disorders.
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Section 5 Environmental/Genetic Disorders

Chapter 30 Bernard J. Brabin and John B. S. Coulter

Nutrition-associated Disease

The interrelationship between nutrition, health and disease has 
long been recognized as fundamental to medical care. Diets in 
low resource areas are often unbalanced as well as being defi cient 
in energy, and there is the added burden of bacterial and parasitic 
infections. These infections cause loss of appetite, maldigestion 
and malabsorption, which results in growth retardation, weight 
loss, micronutrient defi ciencies and iron-defi ciency anaemia. 
Seasonal and climatic variations have an enormous infl uence 
on disease transmission, agricultural potential and food security, 
which are all important factors affecting nutritional status. This 
concurrence can result in the ‘hungry season’, which describes the 
time between the exhaustion of the previous year’s food stores and 
the new harvest which generates a state of nutritional stress in 
many developing countries. Traditional practices and cultural and 
religious food customs may lead to further dietary strictures.

MALNUTRITION IN CHILDREN

Malnutrition of variable degree is common in most developing 
countries. Over 50% of under-fi ve-year-old (under-fi ves) child 
deaths are associated with malnutrition. The prevalence of severe 
acute malnutrition is around 2% in the least developed and 1% 
in other developing countries.1 The interactions between infection 
and nutrition are key factors.2,3

Prevalence

The prevalence of malnutrition may be measured according to 
rates of stunting, underweight and wasting. Table 30.1 outlines 
the geographical distribution in developing countries. Approxi-
mately 38% of under-fi ves in developing countries are stunted.4 
Stunting is usually established by 3 years of age. Causes are mul-
tifactorial and refl ect socioeconomic, educational and health 
status, and development and wealth of society. Prenatal factors 
and low birth weight are also important causes. Approximately 
31% of under-fi ves are underweight.4 Catch-up growth resulting 
in normal weight for height ratios is possible, but adults are often 
stunted. Wasting (low weight for age or weight for height ratios) 
affects approximately 9% of children and usually occurs between 
6 months and 2 years. Rates increase in times of famine, war, 
forced migration and depression of the economy. Socioeconomic 

causes of malnutrition vary geographically and are outlined in 
Table 30.2. Nutritional causes are diffi cult to assess. Wasting may 
be due more to defi cient quantity and stunting to defi cient quality 
of food.2

Severe acute malnutrition

Severe acute malnutrition is manifest by wasting and/or oedema. 
Major factors are nutritional defi ciency and recurrent infections, 
both of which have underlying socioeconomic causes, particularly 
poverty and lack of hygiene and education (Table 30.2). Inade-
quate infant-feeding practices and complementary foods are com-
pounded by infections associated with anorexia and increased 
metabolic demand. Many children with severe organic diseases, 
e.g. cardiac and renal disorders and mental and physical handicap, 
have variable degrees of malnutrition and are usually stunted and 
underweight. Neglect may also be an element in those who are 
disabled.

Measurement and classifi cation

There are various methods of classifying malnutrition which 
depend on the type of information required and the prevalence 
of oedema; also the level of training of health workers undertaking 
measurements. Methods for assessment of underweight (WAZ), 
wasting (WHZ), stunting (HAZ), thinness (MUAC), and micro-
cephali (head circumference) using Z-scores are available.5 The 
National Centre for Health Statistics (NCHS)/WHO reference 
values are likely to be replaced by WHO standards.6

Weight for age

Weight for age as a percentage of the median standard is useful 
for assessment at child health clinics. Disadvantages include inac-
curacy of age of the child for some uneducated mothers, and 
it also does not take into account lightness in weight due to 
stunting.

Mid upper arm circumference (MUAC)

This measurement is useful for screening children between 6 
months and 5 years of age and only requires a measuring tape. 
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Table 30.1 Prevalence (%) of stunting, underweight and wasting for children 
under 5 years old in 1995 for UN regions

Stunting Underweight Wasting
Africa 38.6 28.4 8.0

Asia 41.0 35.0 10.3

Latin America and Caribbean 17.9 9.5 3.0

Oceania 31.4 22.8 5.0

De Onis and Blossner 1997.4

Table 30.2 Socioeconomical causes of malnutrition

General Food Infection
Lack of education
Poverty
Frequent pregnancies
Low birth weight
Intrafamilial
• divorce, separation
• working mothers
• unemployment
• sending a child away for care by a relative
Inadequate medical and nutritional support

Food insecurity
• general
• seasonal
Cultural practices 

and taboos
Maldistribution 

within the family

Poor hygiene and 
sanitation

HIV infection
Failed measles 

immunization
Tuberculosis

Severe malnutrition is defi ned as <110 mm.1 Standard deviations 
of MUAC in relation to age and standards for MUAC related to 
height (QUAC stick) are available.1

Weight for height

This is used in criteria for admission of children with acute mal-
nutrition. It does not require age but is less ‘user friendly’ for 
health workers. It may be described as percentage of standard, 
standard deviations or standard deviation (or Z) scores.

Wellcome classifi cation

This is used in areas such as sub-Saharan Africa, where oedema-
tous malnutrition is still common (Table 30.3). The disadvantage 
is that it does not take stunting into account, e.g. low birth weight 
and stunted children may be classifi ed as marasmus or marasmic 
kwashiorkor when weight for height is within normal limits. The 
weight of children after loss of oedema provides a record of the 
degree of wasting. The term oedematous malnutrition is now used 
more commonly to include both kwashiorkor and marasmic 
kwashiorkor.

WHO classifi cation

This uses weight for height and presence of oedema. Those with 
oedema are described as oedematous malnutrition irrespective of 
weight (Table 30.4). In community-based nutrition programmes 
MUAC <110 mm is used as the sole criteria for therapeutic feeding 
in children 6–59 months. For infants <6 months visible severe 
wasting and oedema are used.1

Table 30.3 Wellcome classification

OEDEMA

Weight 
(% of standard)a

Present Absent

60–80 Kwashiorkor Underweight

<60 Marasmic kwashiorkor Marasmus

aMedian of National Child Health Statistics (NCHS)/WHO growth standards.

Table 30.4 WHO classifi cation of severe malnutrition

Weight for 
height (SD 
or Z score)

Weight for 
height (median 
NCHS/WHO 
reference)

Oedema

<−3 <70% Irrespective of weight 
or height

Adapted from WHO 1999.7

AETIOLOGY OF MALNUTRITION

Nutrient defi ciency

Breast-feeding

In many traditional societies, prolonged breast-feeding for 1–2 
years or longer is common. However, rarely is it exclusive; 
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additional foods/fl uids may be introduced as early as the fi rst 
month of life. In poor societies, absence of breast-feeding or ces-
sation before 6 months of age is associated with early onset of 
malnutrition, especially wasting, and high mortality rates. Pro-
longed breast-feeding provides important sources of energy and 
animal protein, and anti-infective factors, but if not supplemented 
by complementary feeds the child’s weight becomes static or falls. 
In the latter situation, severe malnutrition may follow quickly 
upon stopping of breast-feeding, commonly associated with recur-
rent infections, e.g. diarrhoea or measles (Figure 30.1).8

Infant diets

Diets often consist of single staples, e.g. millet, sorghum, maize 
or rice, which are usually bulky with high water content, low 
energy density and have high phytate levels (especially maize). 
High phytate concentrations reduce the bioavailability of nutri-
ents such as zinc, iron and calcium. Contamination by pathogenic 
micro-organisms is common. Where the major component of diet 
is root crops, e.g. cassava, yams, potatoes or bananas, there is a 
low protein:energy ratio. Single-cereal diets may be defi cient in 
a specifi c essential amino acids, e.g. tryptophan (maize) or lysine 
(cereals in general) and require to be balanced by a complemen-
tary plant protein source like legumes, e.g. beans, lentils, chick-
peas and groundnuts, or even better, animal protein which has a 
high biological value, e.g. milk (human or animal), meat and 
eggs. Sick children require frequent meals during and for 2 weeks 
or more after the infection to assist catch-up growth.

Infection

Infection may cause severe weight loss through anorexia, catabolic 
loss and tissue depletion.2,3 There are few prospective studies on 
the immunological effects of infection on growing children. Most 
studies are on hospitalized children with severe malnutrition. Of 
the latter, children with oedematous malnutrition tend to have 
more immune suppression than those with wasting only. Cell-
mediated immunity is often severely depressed. Their B lympho-

cytes and immunoglobulins are usually normal or raised due to 
recurrent infections (polyclonal stimulation), but the immune 
response to infections may be suboptimal. Complement is 
reduced. Activity of neutrophils in ‘killing’ ingested bacteria may 
also be depressed. An important factor in depression of the 
immune system associated with recurrent infections is failure of 
the system to recover because of nutrient defi ciency, e.g. defective 
protein metabolism and micronutrient defi ciency, especially zinc. 
Zinc is also important in promoting growth during rehabilita-
tion9 and in the prevention and management of persistent 
diarrhoea.10

Most children have gut and/or respiratory infections and bac-
teraemia is common, often due to Gram-negative bacteria, includ-
ing salmonellae. Septicaemia and shock are important causes of 
death. Urinary tract infection is not infrequent. Tuberculosis and 
HIV may be underlying factors. Infections may be diffi cult to 
diagnose clinically as the temperature may be normal (or subnor-
mal), the pulse not increased nor the neutrophil count raised and 
acute phase protein response is impaired. Hydration may be dif-
fi cult to assess and clinical signs of pneumonia may be minimal 
despite radiological changes.11

HIV infection

HIV-infected children are more likely to be severely wasted than 
oedematous children and respond poorly to nutritional rehabili-
tation. Malnutrition occurs, despite apparently reasonable breast-
milk intake. Chronic diarrhoea, often with lactose intolerance, 
persistent respiratory infections, tuberculosis and a variety of der-
matological disorders, i.e. non-specifi c generalized dermatitis, are 
common. Their HIV-infected mothers may be symptomatic, 
depressed and have diffi culty in coping.

EPIDEMIOLOGY

The onset of frank malnutrition frequently dates from the time 
that breast-feeding stopped and/or of a severe infection. If the 
infant is bottle-fed, onset is usually in the fi rst 6 months of life, 
usually with wasting. Artifi cial or cow’s milk is often over-diluted 
and infected. Otherwise, in breast-fed children malnutrition 
usually presents in the second and third years. However, malnutri-
tion may occur in the fi rst 6–12 months of age associated with 
tuberculosis and HIV infection despite apparent adequate breast-
milk intake.

Geographical distribution

Kwashiorkor is associated with areas where staples have a low 
protein:energy ratio, e.g. root crops and bananas, or a maize diet 
(poor bioavailability of protein).2 These foods may also be defi -
cient in micronutrients. Kwashiorkor is not common in fi sh eating 
or cattle herding communities if diets are supplemented by animal 
protein. Comparison between village children in Keneba, The 
Gambia and the Baganda area of southern Uganda showed dis-
tinct differences in nutrition, growth and endocrine response.12,13 
In The Gambia, where the predominant type of malnutrition is 
marasmus, the main staple is a millet gruel which is low in energy. 
In the Baganda area of Uganda, kwashiorkor is the predominant 

Figure 30.1 Effect of measles on weight gain. (From Morley 1968.8)

Epidemiology
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type of malnutrition, the major staple is bananas (Matoke) and 
their diet has a lower protein:energy ratio than that in The 
Gambia. However, the energy intake was inadequate in both 
communities.

There are reports of kwashiorkor in middle-class American 
infants without signifi cant infection, fed on low protein:energy 
ratio ‘fad’ diets.14

Season

In many parts of the world there is an increased rate of malnutri-
tion in the wet (or hungry) season. There is defi ciency of food as 
the previous year’s crop has been consumed and families may 
have to survive on a meagre diet of fruits or vegetables while 
awaiting the harvest. Admissions for malnutrition often increase 
following an epidemic of measles. During the rains there is an 
increase in some infections, e.g. diarrhoea and malaria. The roads 
are often inaccessible and inhibit travel for medical care. Women 
are often busy working on the land and leave the younger children 
at home to be looked after and fed by siblings or relatives. They 
may only breast-feed at night or not at all.

AETIOLOGY OF KWASHIORKOR

The aetiology of hypoalbuminaemia and oedema in kwashiorkor 
has been debated since the 1930s when the simplistic theory of 
dietary protein defi ciency was proposed by Cecily Williams who 
coined the name kwashiorkor.15 Kwashiorkor is the name given 
by the Ga people in Ghana for ‘the disease of the child displaced 
from the breast’. Recent associations include excess free radical 
generation,16 deranged amino acid metabolism17 and afl atoxin 
toxicity.18,19 Essentially, in malnutrition there is adaptation to an 
inadequate diet by a reduction in metabolic activity, ‘reduc-
tive adaption’. This adaptation is stressed and compromised by 
infection.

The cause of hypoalbuminaemia is multifactorial and includes: 
catabolism of albumin due to infection and stress, transient loss 
from capillary leak and in some cases from a damaged gut.20,21 
Malnourished children appear to maintain ability to synthetize 
albumin.21 In nutritionally vulnerable children, a fall in serum 
albumin and lipoprotein levels commonly occurs in response to 
infections.22 Tumour necrosis factor-α, interleukin (IL)-1 and IL-6 
released from macrophages may depress albumin synthesis and 
divert amino acids to production of acute phase reactants. Capil-
lary leak is associated with increased levels of leukotrienes.20

Oedema occurs essentially due to retention of sodium and 
water. Capillary leak may also be a factor during the initial stages 
associated with infl ammation and release of cytokines.23 However, 
the cause of sodium and water retention in hypoalbuminaemic 
states, e.g. oedematous malnutrition and the nephrotic syndrome, 
is still debated.2,16,24,25

In kwashiorkor, oedema may resolve during the initial stages 
of management on a low protein diet (0.6 g/kg) before serum 
albumin levels rise.26 However, serum albumin may not refl ect 
total vascular albumin mass or oncotic pressure.25,27,28 Factors 
involved in clearance of established oedema may include restora-
tion of homeostasis with stabilization of intracellular metabolism 
and cellular membranes of the kidney and other cells, and provi-

sion of energy and potassium. Experiments on red blood cells and 
leucocytes from kwashiorkor children suggest an increased perme-
ability of the cell membranes associated with excess activity of the 
sodium pump, which, if operative in the kidney tubules, could 
result in excess fl uid reabsorption.24

Free radicals and amino acid defi ciency

It is proposed that many of the features of kwashiorkor are caused 
by an imbalance between the production of free radicals (FR) and 
their safe disposal.16,29 Children with oedematous malnutrition 
tend to have lower levels of trace elements, e.g. zinc, copper or 
manganese required for formation of a major antioxidant, super-
oxide dismutase, and selenium for glutathione peroxidase; also 
lower levels of other antioxidants including the vitamins β caro-
tene, E, C and ribofl avin. Whether this is due to defi cient intake 
(suggesting differential diets between kwashiorkor and maras-
mus), reduced binding capacity of serum proteins, maldistribu-
tion because of the metabolic disorder, or increased loss, is not 
certain. Free iron can catalyse FR reactions and high levels of 
stored or free iron are detected in severe malnutrition.16,30 Reduced 
glutathione (γ-glutamylcysteineglycine or GSH) and glutathione 
peroxidase are important intracellular compounds in protection 
against FR damage, and low levels are considered to be a marker 
of FR activity. Lower erythrocyte levels of reduced GSH have been 
detected in kwashiorkor than marasmus and levels of thiobarbi-
turic acid-reactive substances, a marker of lipid peroxidation, are 
raised in kwashiorkor.16,31–34 These fi ndings suggest there is more 
FR activity in children with kwashiorkor than marasmus. However, 
some studies have shown an overlap in reduced glutathione and 
glutathione peroxidase levels between kwashiorkor and maras-
mus.32,33 In addition, there is a very slow restoration of reduced 
glutathione to normal levels despite a clinical response.32 Con-
versely, low glutathione levels could be partly due to dietary defi -
ciency of sulphur-containing amino acids, e.g. methionine, which 
are low in kwashiorkor.17 Methionine is important for synthesis 
of cysteine. GSH is synthesized de novo from glycine, cysteine and 
glutamate. Methionine is also essential for functions of the Na+/
K+/ATPase pump (sodium pump). Impaired sodium pump activ-
ity results in a large excess of intracellular sodium and a huge 
defi cit in intracellular potassium. However, these intracellular 
electrolyte changes also occur in marasmus.

Decreased rates of synthesis of GSH have been demonstrated 
in children with oedematous malnutrition compared with non-
oedematous patients.34 Supplementation of oedematous children 
with N-acetylcysteine restored the synthesis rate of erythrocyte 
GSH and increased erythrocyte cysteine concentration.35 This sug-
gests that the low GSH levels in kwashiorkor may be, at least in 
part, due to limited availability of dietary essential amino acids 
and/or suppression of protein breakdown. However, a random-
ized placebo controlled trial of supplementation of 1–4 year olds 
in Malawi over a 5-month period with antioxidant powder con-
taining ribofl avin, vitamin E, selenium and N-acetylcysteine (three 
times the recommended dietary requirement of each micronutri-
ent), failed to prevent development of oedematous malnutrition.36 
Although excess FR activity may have a role in the demise of sick 
children with severe malnutrition, these studies suggest that there 
other explanations for low GSH levels in kwashiorkor.
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The difference in metabolism between children who develop 
oedematous and non-oedematous malnutrition (demonstrated in 
the recovered state) might support an interindividual genetic vari-
ation in susceptibility37 but this would not explain the different 
geographical distribution of kwashiorkor and marasmus.

Afl atoxins

Afl atoxins are common contaminants of foods in tropical coun-
tries where the fungus Afl atoxin fl avus thrives in the warm humid 
climate. Afl atoxins are commonly detected in urine of healthy 
adults and children in tropical countries, and they have also been 
detected in cord blood and breast milk.18,19,38 Large doses admin-
istered to animals may be lethal and result in liver damage, 
profound metabolic disorders including hypoalbuminaemia 
and immunosuppression.

Studies in malnourished children in some (but not all) areas 
have demonstrated higher frequency and concentration of afl atox-
ins in blood of kwashiorkor than marasmus patients, and afl a-
toxical, a reversible derivative of afl atoxin B1, has been detected in 
blood of kwashiorkor patients only.18 Studies on autopsies38 and 
biopsies39 of livers from children have demonstrated that afl atoxin 
detection is virtually confi ned to oedematous children. The above 
fi ndings suggest there is a clear difference in liver metabolism of 
afl atoxins between kwashiorkor and marasmus. This is most likely 
due to liver dysfunction in kwashiorkor. However, in sick kwashi-
orkor children afl atoxin toxicity may be an additional aetiological 
factor in the metabolic disturbance.

Growth difference between kwashiorkor and 
marasmus patients

Kwashiorkor patients tend to be taller, heavier (more fat) and have 
larger head circumference, and fewer delayed milestones than 
marasmic children.40 This may be due to the chronicity of disease, 
poorer socioeconomic background and, in some cases, low birth 
weight in marasmus (and some marasmic kwashiorkor). However, 
the better growth of children predisposed to develop kwashiorkor 
may be a factor in aetiology by increasing the demand for energy, 
protein and micronutrients, thus making them more vulnerable 
when infection and acute defi cits of nutrients occur.13 Genetic 
factors may also be operative where the demand for nutrients may 
be higher in some children than others.2

Clinical features

In marasmus the main fi ndings are growth failure with severe 
wasting of muscle and fat (Figure 30.2). There may be hair changes 
in longstanding cases. In kwashiorkor there is oedema, hair 
changes, skin changes (not always) and often an enlarged liver. 
Kwashiorkor tends to have an acute onset (Figure 30.3). Marasmic 
kwashiorkor has similar features to kwashiorkor, but there is more 
wasting and they are also more stunted and often have a higher 
mortality rate. The main biochemical difference between maras-
mus and kwashiorkor is hypoalbuminaemia (present in kwashi-
orkor). The following signs should be looked for:11,40

Sepsis and shock. Invasive bacteraemia and electrolyte imbalance 
are important causes of peripheral circulatory failure and death. 

Figure 30.2 An 18-month-old Sudanese boy with marasmus. The 
mother has shaved his head because of hair changes.

Figure 30.3 An 18-month-old Sudanese boy with acute kwashiorkor. 
Weight for age is above 80% of standard. There is retention of fat and 
no skin changes.

Aetiology of Kwashiorkor
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Lethargy and impaired consciousness are common features. 
Though cardiac function is impaired there may be few clinical 
signs.

Anaemia is common but is not usually severe, e.g. mean Hb8 
g/dL. It is due to a mixed defi ciency of micronutrients, e.g. iron, 
folic acid and ribofl avin and general depression of metabolism. 
An acute fall in haemoglobin may follow malaria or other infec-
tions. In older children, hookworm may be a factor.

Oedema may vary from slight in the feet and legs with some 
swelling of the cheeks (moon facies) to marked and generalized. 
It can be exacerbated by giving excess oral rehydration fl uid. 
Ascites is rare. Severe ileus may give an impression of ascites.

Hair changes, especially in colour, may antedate the fl orid 
appearance of malnutrition by some months. There may be dys-
pigmentation (change of colour to red or fair), sparseness (loss of 
hair), dry and thin hair fi bres, loss of curls and easy-pluckability. 
The fl ag sign, alternating depigmented and normal hair, may be 
seen in children with long hair (not curly). Hair changes are 
common in longstanding malnutrition.

The eyes must always be examined. There may be conjunctivitis 
due to measles, herpes simplex, trachoma or bacterial infection. 
Xerophthalmia should be treated immediately.

Skin changes may vary from slight dryness and cracking or mild 
‘speckled’ hyperpigmentation to marked hyperpigmentation with 
generalized peeling, e.g. fl aky paint dermatosis (Figure 30.4). 
Ulcers may develop in fl exures and around the perineum. Purpura 
may occur. Peeling is usually only seen in those with oedema or 
with a history of oedema. There may be generalized loss of skin 
pigment or in areas where peeling has occurred, localized hypopig-
mentation. Consider HIV infection if there is severe ulceration and 
multiple infected areas.

Mucosal changes include angular stomatitis, cheilosis and glos-
sitis (smooth red tongue). Angular stomatitis is an important 
cause of anorexia. Oral thrush is common.

Liver size may vary from impalpable to grossly enlarged. It is 
more likely to be enlarged in those with oedema. In kwashiorkor, 
the liver is usually fatty (whether enlarged or not). Fatty change 

is considered to be due to reduced lipoprotein production and 
thus inability to transport lipids (triglycerides) from the liver. Fat 
clears spontaneously with rehabilitation and there is no residual 
liver damage. Serum bilirubin and transaminases are usually 
normal except in severe or lethal cases.

Lymphadenopathy is uncommon except in cases of local infec-
tion, e.g. tuberculosis or HIV infection. Other lymphoid tissues, 
e.g. tonsils, are also small.

Gut. There may be a chronic enteropathy, with variable degrees 
of villous atrophy due to infection, nutrient defi ciency and pos-
sibly bacterial overgrowth. Protein loosing enteropathy may com-
plicate measles and probably also other gut infections.

Brain. Mental changes vary from just irritability and lethargy to 
profound apathy (especially in kwashiorkor) or semi-conscious-
ness. Reversible shrinkage of cerebral tissue has been demon-
strated on brain imaging in kwashiorkor and less frequently in 
marasmus. Long-term effects are related to age of onset, longevity 
of malnutrition, poverty and lack of education and intellectual 
stimulation in the child’s home environment.41

Management of acute severe malnutition1,7,42,43

Community-based therapeutic care

An initial decision needs to be made regarding whether the child 
requires in-patient treatment or is suitable for community-based 
therapeutic care (CTC). CTC has recently been developed in a 
number of countries using ready-to-use therapeutic foods 
(RTUF).1,42 Advantages of CTC include wide coverage, earlier pre-
sentation, reduced cost compared with in-patient care and a sat-
isfactory outcome for most. Criteria for admission to in-patient 
care or an outpatient CTC program depends on severity of oedema 
and/or presence of complications (Table 30.5).

Figure 30.4 An 18-month-old apathetic Ugandan boy with 
kwashiorkor and persistent diarrhoea. There are widespread 
hyperpigmented, fl aky-paint skin changes with underlying 
hypopigmented areas. His hair is dyspigmented, sparse, straight and 
easily ‘pluckable’. The cheeks are puffy (moon facies).

Table 30.5 Criteria for in-patient or community-based 
therapeutic care in severe acute malnutrition

In-patient care for 
complicated cases

Out-patient care for 
uncomplicated cases

Generalized oedema
 or

MUAC <110 mm
 or

MUAC <110 mm + mild 
oedema

 or

MUAC ≥110 mm + mild oedema
 and

MUAC <110 mm or mild 
oedema

 and one of the following:

Alert
Appetite present

Anorexia Clinically well

Temperature >38.5°C

Severe dehydration

Pneumonia

Severe anaemia

Drowsy, lethargic or 
clinically unwell

Adapted from Collins et al. 2006.42
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RTUFs are based on F-100 catch up feeds with the addition of 
peanut butter (Table 30.6). They have a greater energy and nutri-
ent density than F-100. RTUFs are lipid-based pastes with a very 
low water activity and thus are resistant to bacterial contamina-
tion. They can be kept in silver foil packaging for several months 
unrefrigerated.

Children attend out-patients weekly or fortnightly and in addi-
tion to RTUFs (200 kcal/kg per day) receive a broad spectrum oral 
antibiotic, vitamin A, folic acid, anthelmintics and if required 
antimalarials. Patients are discharged after a minimum of 2 
months when clinically well, free of oedema, with sustained 
weight gain and MUAC >110 mm. RTUFs are also appropriate for 
HIV-infected children either after discharge from in-patient care 
or primarily for care in the community. Weight gain is demon-
strated in over 50% of HIV-infected patients.42,44 RTUFs are also 
useful for supplemental feeds for children with moderate malnu-
trition and appear to be more effective than corn-soya fl our diets.45 
Infants <6 months should not receive RUTFs or solid family 
foods.1

Although RTUFs are produced in low resource countries their 
cost and distribution are important factors in the sustainability of 
CTC programmes.

In-patient care

Two-thirds of deaths from acute severe malnutrition occur within 
the fi rst week of admission. To reduce the mortality rate, special 
care has to be given during this period. The basic principle is, after 
initial resuscitation, to give high energy feeds with increased 
protein so that the child regains weight as rapidly as possible 
compatible with safety. Measles vaccination should be given to 
children >6 months of age who are not immunized or if the child 
is >9 months and has been immunized before 9 months. Delay 
immunization if the patient is in shock.

Resuscitation (fi rst 1–7 days)

Avoid intravenous (i.v.) therapy if possible. Give modifi ed WHO 
oral rehydration solution (ORS) (Table 30.7) over 4–10 h, 5 mL/
kg every 30 min for 2 h, then 5–10 mL/kg hourly for 4–10 h. It 
has lower sodium than standard ORS and additional potassium 
and minerals. Great care must be taken to prevent overhydration. 
When hydrated (usually 4–6 h), commence Phase I with F-75 
formula (Table 30.8), 130 mL/kg per day (100 mL/kg per day for 
oedematous children) as per the feeding regimen. If i.v. therapy is 
required, give Ringer lactate with 5% dextrose 15 mL/kg 
over 1 h, then 10 mL/kg per hour over the next 5 h or so. Whole 

blood may be required for septic shock not responding to 
above. Also:

Diarrhoea usually settles over 3–5 days. Lactose intolerance may 
be treated with yoghurt and/or a cereal/oil/sugar mix (Table 30.8). 
In the rare situation where milk protein sensitivity is considered, 
alternative sources of protein include chicken, fi sh or soy protein. 
Give metronidazole if Giardia lamblia is detected or if treatment 
of anaerobic bacterial colonization of bowel is considered.

Hypothermia (rectal temp <35.5°C): Use a low reading ther-
mometer. Clothe child, including the head, and keep in a warm 
room. Check for hypoglycaemia. Commence feeding as soon as 
possible.

Hypoglycaemia (blood glucose <3 mmol/L): Use glucose test 
strip. If able to drink, give 50 mL of 10% glucose solution or 
sugared water (1 teaspoon sugar to 3½ tablespoons of water) 
followed by the fi rst feed of F-75. If blood glucose remains low 
repeat glucose or sugar solution. If unconscious/convulsing, give 
5 mL/kg 10% dextrose i.v. or if unable to have i.v. access, give 
50 mL of 10% glucose by nasogastric tube.

Infection: For mildly sick children showing no signs of infection, 
give co-trimoxazole for 5 days. For ill children give ampicillin 
(50 mg/kg parenterally 6-hourly for at least 2–3 days), then 
oral amoxicillin (15 mg/kg 8-hourly for 5 days) + once daily 
gentamicin (7.5 mg/kg) for 7 days. If still a poor response by 
48 h, add chloramphenicol or cefotaxime. Consider tuberculosis 
or HIV infection in children who fail to respond to nutritional 
rehabilitation.

Blood transfusion: 10 mL/kg whole blood should be given over 
3 h plus frusemide 1 mg/kg at commencement of transfusion, to 
anaemic children, i.e. Hb <4 g/dL or 4–6 g/dL in those who are 
very sick or have respiratory distress. If heart failure is suspected, 
give 10 mL/kg of packed cells.

Electrolytes and minerals: Potassium 6–8 mmol/kg per day 
should be given for 1–2 weeks or so. When high protein and 

Table 30.6 F-100 feed (in bold) and alternativesa

Milk (g) Sugar (g) Vegetable oil (g) Electrolyte/
mineral mix (mL)

Water (mL)

Dried skimmed milkb  80 50 60 20 to 1000

Fresh cow’s milk 880 (mL) 75 20 20 to 1000

Whole dried milk 110 50 30 20 to 1000

a If milk is unavailable a precooked corn-soya or wheat-soya blend (150 g) may be used with sugar (25 g), oil (40 g), electrolyte/mineral mix (20 mL) made up to 
1000 mL water.
b Contains 2.9 g protein and 100 kcal/100 mL.

Table 30.7 Modifi ed WHO oral rehydration solution (ORS): 
(low sodium)

Water 2 L

WHO–ORS 1 packet

Sugar 50 g

Electrolyte/mineral solution (Table 30.9)a 40 mL

a  If electrolyte/mineral solution is not available give additional potassium, 
40 mmol/L.

Aetiology of Kwashiorkor
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energy formula is given only 1–2 mmol potassium supplements 
are then required. Where possible, magnesium 2–3 mmol/kg per 
day and other metals as per Table 30.9 should also be given. If 
this solution is unavailable, give zinc 2 mg/kg per day and one 
intramuscular (i.m.) injection of 50% magnesium sulphate 
0.3 mL/kg (maximum 2 mL).

Vitamin A: If vitamin A has not been given in the last month, 
give as capsules as per the doses listed in Table 30.10. If unable 
to take orally, give 100 000 units (55 mg) i.m. (water miscible). 
Additional doses are required for measles and xerophthalmia.

Anti-malarials: Administer in endemic areas as clinically 
indicated.

Intestinal parasites: Mebendazole (500 mg, single dose or 
100 mg b.i.d. for 3 days) may be indicated in children older than 
12 months in areas where parasites such as hookworm and Ascaris 
lumbricoides are prevalent.

Rehabilitation

This is the phase of gradual increase in energy and protein intake 
until values such as 150–220 kcal/kg per day (normal require-

ment 100–110 kcal) and protein 4–6 g/kg per day (normal 1.5–
2 g/kg per day) are reached. To supply this amount of energy and 
protein without increasing the volume of fl uid to excessive 
amounts, energy-rich foods, such as vegetable oil and sugar are 
added to the energy/protein source, which is preferably milk 
based (Tables 30.6 and 30.8).

Feeding regimen (Phase I and II)

In Phase I, F-75 formula is given 2-hourly, including during the 
night. Unless the child is able to take all the milk by cup, it 
should be given wholly or partly by nasogastric tube. Frequency 
of feeds is increased to 3–4-hourly over the next week or so. 
Mothers should be taught to give milk by spoon/syringe (Figure 
30.5). A gradual change-over from Phase I to Phase II with F-100 
should take approximately 3–4 days commencing after about 1 
week. The volume of feed is gradually increased from 100 mL in 
Phase I, up to a maximum of around 200 mL/kg body weight in 
Phase II.

As soon as the child wants food, he is offered a normal diet in 
addition to his full requirement of F-100. Mothers should 
continue breast-feeding preferably after the formula feed. For 
infants under 6 months, if breast-milk is insuffi cient it can be 
supplemented by commercial infant formula or F-100 diluted 
with 1.5 L of water.

The mother should receive advice on infant feeding and health 
education and should be encouraged to participate as much as 
possible in the feeding of her child.

Additional treatment

Folic acid 5 mg on day 1 and 1 mg daily for 2–3 months. Iron-
ferrous sulphate or gluconate 3 mg/kg per day for 3 months. Start 
iron 2 weeks after admission when the child has regained an 
appetite and starts to gain weight. Multivitamin solution should 
also be administered. Extra vitamin K should be given if purpura 
or bleeding tendency is present.

Discharge

When the child has regained an appetite and ideally is over 90% 
weight for height it is safe to discharge. However, this usually takes 
4–6 weeks or more.46 In practice, when the appetite returns, there 
is weight gain, infection is controlled, oedema is resolving and 
guardians are able to cope the child can be discharged to com-
munity-based care (see above). Emotional (as well as medical) 

Table 30.8 F-75 feed (in bold) and alternativesa

Milk (g) Sugarb (g) Vegetable 
oil (g)

Electrolyte mineral 
mix (mL)

Water (mL)

Dried skimmed milkc  25 100 30 20 to 1000

Fresh cow’s milk 300 (mL) 100 20 20 to 1000

Whole dried milk  35 100 20 20 to 1000

a  If milk is unavailable a precooked corn-soya or wheat-soya blend (50 g) may be used with sugar (85 g), oil (25 g), electrolyte/mineral mix (20 mL) made up to 
1000 mL water.

b A low osmolar feed can be prepared by replacing 30 g sugar with 35 g cereal/fl our solution which is cooked for 4 min. It is useful for osmotic diarrheoa.
c Contains 0.9 g protein and 75 kcal/100 mL.

Table 30.9 Electrolyte/mineral solutiona

Grams Molar content 
of 20 mL (mmol)

Potassium chloride 224  24

Tripotassium citrate  81   2

Magnesium chloride  76   3

Zinc acetate   8.2 300

Copper sulphate   1.4  45

a Water: to 2500 mL.
Available from Nutriset, France.

Table 30.10 Vitamin A supplements

Age Dose (IU)
Infants <6 months 50 000

Infants 6–11 months 100 000

Children >12 months 200 000

1 capsule = 50 000 IU Vitamin A. For measles or xerophthalmia repeat dose next 
day. For xerophthalmia give a third dose 5 weeks later.
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support for the child is essential during rehabilitation, especially 
in children of socially disrupted families. Encourage the family to 
stimulate and play with their child.

Prognosis

Case fatality rates may range from 5% to 50%, with a median of 
20–30%.47 The highest mortality rates occur in oedematous mal-
nutrition, especially marasmic kwashiorkor and also in HIV-
infected children. The aim should be around 5–10% mortality. 
High mortality rates refl ect both the severity of malnutrition 
on admission and the management and prevalence of HIV 
infection.

Mortality rates after discharge may be 10% or more. This 
depends on a number of factors, including the condition of the 
child on discharge, the level of education of the mother, her ability 
to afford the necessary additional foods and nutrients for catch-up 
growth, and facilities for, and compliance with follow-up.

MALNUTRITION IN ADULTS

The aetiology of malnutrition in adults is similar to children, 
although clinical manifestations may differ, e.g. effusions into 
serous cavities and ascites may be seen in adults.2 The stresses that 
cause malnutrition may also differ, e.g. the necessity to continue 
manual work despite dietary inadequacy and/or infections; prison 
and concentration camps; famine, where adults may have to con-
tinue to use energy in obtaining food and caring for the young; 
psychiatric disorders and in postsurgical or secondary malnutri-
tion. In areas where kwashiorkor in children is common and 

adults are subject to extreme dietary, physical and mental stress 
as in war, typical cases of kwashiorkor including skin changes, are 
seen in adolescents and adults.

A considerable amount of research has been undertaken on 
famine oedema in adults occurring during the First and Second 
World Wars in Europe and in Japanese prisoner camps and 
famines in Asia and Africa. The main controversy concerned the 
importance of hypoalbuminaemia.2,16,48 When serum albumin 
levels are borderline, a dilute, salted vegetable diet may precipitate 
oedema, as may excess ORS in children with marasmus. Hypoal-
buminaemia was less common in studies of oedematous subjects 
after the Second World War in Europe than in famine oedema in 
Asia and Africa. This may have been due to more prolonged 
dietary protein and micronutrient defi ciency in the latter.48 Other 
causes of oedema in adults include dropsy caused by consump-
tion of contaminated cottonseed or mustard oil and beriberi.

IODINE DEFICIENCY DISORDERS

The term iodine defi ciency disorders (IDD) replaces the terms 
‘endemic goitre’ and ‘cretinism’ and emphasizes the wider spec-
trum of disorders which occurs as a result of iodine defi ciency or 
the effect of goitrogens. The disorders include, apart from cretin-
ism and varying degrees of brain damage, goitre and hypothyroid-
ism in neonates, children and adults.

Epidemiology

Low iodine intake is related to lack of iodine in the environment. 
Areas of iodine defi ciency are usually those far away from the sea, 
where iodine originally present in soil was leached by high rainfall 
and snow. The amount of iodine returned to the soil by rainwater 
is small and, as a result, many areas have insuffi cient iodine in 
the environment. It is estimated that globally 2.2 billion people 
live in areas with iodine defi ciency and that this is the single most 
common cause of preventable mental retardation and brain 
damage in the world.49 In the tropics it is found in Africa, Central 
and South America and in Asia and Papua New Guinea. Those 
exhibiting goitre are estimated at between 200 and 300 million. 
Goitre becomes endemic when the total goitre rate is 10% or 
more, or the visible goitre rate is 1% or more.

In western Africa, nearly all countries are affected by IDD, with 
an epicentre in Guinea.50 It is a problem in the Atlas Mountains, 
Nile Valley, highland areas of Kenya, Tanzania, Rwanda, Burundi, 
Cameroon, and The Gambia. Central Africa contains some of the 
most severely affected populations in the world. Goitrogens in the 
diet, which interfere with thyroid metabolism, can be an impor-
tant contributory cause, in particular thiocyanates which are found 
in the widely used tuber cassava (maniac). In Central and South 
America, IDD occurs widely. Ecuador, Peru and Bolivia are par-
ticularly affected. The most affected populations in Asia are China, 
India, Indonesia, Nepal, Myanmar and Bangladesh.

Aetiology

Inadequate intake of iodine leads to reduced production of 
thyroid hormone and stimulation of thyroid-stimulating hormone 

Figure 30.5 A mother tube-feeding her malnourished child by 
syringe in a rehabilitation unit in northern Uganda.

Iodine Defi ciency Disorders
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(TSH) production. TSH increases thyroid hormone production 
resulting in the thyroid gland becoming hyperplastic and goi-
trous. The cause of endemic goitre is a failure of the thyroid gland 
to obtain adequate iodine to maintain its natural structure and 
function. Apart from iodine defi ciency, other factors also infl u-
ence iodine balance. Thiocyanate, a metabolic product of several 
factors, competitively inhibits active transport and is goitrogenic. 
Dietary goitrogens are found in cassava, lime beans, sweet pota-
toes, cabbage and broccoli and certain types of millets. Cassava 
has been implicated as an important contributing factor in Zaire. 
Goitrogenic factors seem to be superimposed on primary iodine 
defi ciency.

Pathology

In the later chronic stages when iodine stores are exhausted, the 
thyroid gland becomes soft and enlarged (goitre) with a large 
number of colloid follicles. Nodular formation takes place and 
haemorrhage and calcifi cation may occur. The gland does not 
become ‘toxic’ and malignancy does not occur.

The term ‘endemic cretinism’ refers to a combination of mental 
defi ciency, deaf mutism and motor rigidity or, less commonly, to 
severe hypothyroidism. The two forms are often referred to as 
neurologic cretinism and hypothyroid cretinism, and can occur 
separately or together. They should be distinguished from ‘spo-
radic cretinism’ which results from congenital hypothyroidism 
and occurs worldwide. Endemic cretinism is associated with 
iodine defi ciency that is suffi ciently severe to cause goitre in 3% 
or more of the population, reaching 5–10% in areas with severe 
iodine defi ciency. It appears that severe defi ciency may be respon-
sible for the impaired neurological development of the fetus from 
early in pregnancy.51

Clinical features

Goitre

Large goitres are easily recognized. Sizes are classifi ed into three 
grades as shown below.52 Tracheal pressure may interfere with the 
recurrent laryngeal nerve and produce hoarseness. Choking 
may occur with monstrous goitres. The patient is almost always 
euthyroid.

Classifi cation of goitre:
0 No goitre
1A Goitre detectable only by palpation
1B Goitre palpable and visible when neck fully extended. 

Includes nodular glands if not goitrous
II Goitre visible with neck in normal position
III Very large goitre recognizable from a distance.

Endemic cretinism

This includes severe mental defi ciency and there is a characteristic 
facies. Neurological cretinism includes defects of hearing, 
speech, squint and spastic dysplasia of varying degrees. Myxoede-
matous cretinism includes the predominant feature of profound 
hypothyroidism and short stature. Neuromotor defi cits are less 
profound than in the neurological cretin and hearing is pre-
served.

Reproductive failure

There is higher risk of abortions, miscarriages, stillbirths, low birth 
weight and increased perinatal and infant mortality.

Diagnosis

Measurement of iodine in the urine is the most precise index 
of dietary iodine intake. Mild IDD occurs with iodine excretion 
ranging from 50–100 mg daily and in severe IDD the excretion is 
below 20 mg daily. In endemic goitre, serum T4 levels are often 
low with a normal or slightly elevated serum T3 and an increased 
TSH. In some countries newborns are screened for blood thyrox-
ine and if low levels are identifi ed immediate thyroxine replace-
ment therapy is required.

Treatment

Cretinism with its associated mental defi ciency cannot be reversed 
through treatment. For the myxoedematous type thyroxine and 
iodine supplementation reduce the effects of hypothyroidism. 
Goitres in older children and adults may disappear completely 
following iodine administration. Benefi cial results will be observed 
in 4–6 weeks. Advanced goitres must be treated surgically if 
causing symptoms.

Prevention.

Fortifi cation of salt for human and animal consumption is the 
method of choice for the prevention of IDD.53 In Africa, virtually 
all edible salt is iodized in several countries. The level of iodine 
in salt must be enough to meet the minimum daily iodine require-
ment of 150 mg per person. Iodination of irrigation water has also 
been used in China.54 Iodinized oil (lipiodol) is the major alterna-
tive and is the best option for severely affl icted areas. It is admi-
nistrated by intramuscular injection or the oral route. The 
recommended dose is 480 mg iodine (1 mL) for subjects 1 year 
or older and 240 mg iodine in infants. This is effective for at least 
1–2 years.55 Priority should be given to improving the iodine 
status of adolescent girls and young women before they begin 
pregnancy.

SCURVY

The disease is due to lack of vitamin C, which is essential for col-
lagen formation.

Epidemiology

Scurvy does not commonly affect any population as it did in the 
past, and therefore may be overlooked. Frank scurvy is uncom-
mon and is most likely to occur in tropical areas where fresh fruit 
and vegetables are sparse. Babies are especially vulnerable when 
they are fed on dried cereals and boiled milk. Soldiers, prisoners 
and refugees in camps in dry desert areas are particularly vulner-
able56 and it can occur in epidemics in non-refugee populations.57 
The possibility of widespread subclinical defi ciency in these areas 
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cannot be ruled out. A form of scurvy has been extensively studied 
in South Africa among Bantu male labourers who developed hae-
machromatosis attributed to drinking large quantities of beer. It 
was thought that vitamin C in the body was irreversibly oxidized 
by large deposits of ferric iron in tissues.

Pathology

Vitamin C is required for the formation of fi brous collagen in 
connective tissue and bone. This leads to extravasation of blood, 
loosening of teeth and easily fractured bones with subperiosteal 
haemorrhage. Autopsy shows extensive haemorrhage in internal 
organs.

Clinical features

Infantile scurvy

The majority of cases present in the second half of the fi rst year, 
especially in premature and artifi cially fed infants. The three main 
features are: irritability, leg tenderness and pseudoparalysis. The 
baby lies in a characteristic position with legs partially fl exed at 
the knees and hips and internally rotated due to pain from sub-
periosteal haemorrhages. This may be mistaken for rheumatic 
fever, polio or osteomyelitis because of pain. These extravasations 
may be palpable at the proximal end of the tibia and distal end 
of the femur. Costochondral beading (scorbutic rosary) is also 
usually palpable. The arms are rarely involved. There may be 
bleeding around erupting teeth and gingival lesions. Bleeding into 
the skin is rarely a presenting sign. Hypochromic microcytic 
anaemia is commonly present. The anaemia may be megablastic 
due to accompanying folate defi ciency resulting from lack of folate 
coenzymes associated with vitamin C. Pyrexia is frequent with 
associated infections, especially tuberculosis. The combination of 
gingival lesions, pseudoparalysis and irritability strongly suggests 
a diagnosis of scurvy.

Adult scurvy

There is an insidious onset with weight loss, progressive weakness 
and aching in bones, joints and muscles especially at night and 
characteristic stiffness in the leg muscles or other muscles in exten-
sive use. Haematomas form in calf and thigh muscles. Perifollicu-
lar haemorrhages occur with subcutaneous petechiae on the limbs 
and trunk producing scorbutic purpura. Haemorrhage into the 
myocardium may be life threatening. Splinter haemorrhages may 
form a crescent on the fi ngernails. In extreme defi ciency the gums 
become affected with swelling and sponginess of the alveolar 
margin, which is friable and bleeds readily. Secondary infection, 
gangrene and loose teeth supervene. Wounds fail to heal and scars 
break down.

Diagnosis

The main differential diagnosis is from rickets which may coexist 
as ‘scurvy rickets’. Radiography reveals a characteristic ground 
glass appearance due to generalized osteoporosis and atrophy of 
the trabeculae. Epiphyseal ends are sharply outlined. Widening of 
the zone of provisional calcifi cation causes a dense shadow at the 

end of the shaft (the white line of Frankel) and this is also seen 
at the periphery of ossifi cation centres (‘halo epiphysis’ or pen-
cilled effect). With treatment, even the grossest deformities resolve. 
The capillary permeability test of Hess using a sphygmomanom-
eter to occlude venous return to the arm results in petechiae 
appearing. Laboratory tests on plasma or leucocyte levels of 
ascorbic acid are sensitive, although plasma levels are infl uenced 
by recent dietary intake.

Treatment

In infant scurvy ascorbic acid (50 mg four times daily) should be 
given for 1 week, followed by 50 mg twice daily for 1 month. In 
the adult, the usual dose is 100 mg administered three to fi ve 
times daily until 4 g has been administered. If the patient is criti-
cally ill, 1 g can be given daily by intravenous infusion. Vitamin 
C may also be given as fresh daily orange juice. Severe weakness 
and bleeding rapidly resolve (48 h) and haematomas heal within 
2 weeks. Radiological evidence may persist for years.

Prevention

Foods steamed and cooked rapidly retain much of their vitamin 
C which is destroyed by prolonged cooking. Artifi cially fed infants 
require supplements (e.g. fresh orange juice).

RICKETS AND OSTEOMALACIA

Nutritional rickets is still a major problem in many developing 
countries and is common in North Africa and the Middle East. 
The term ‘rickets’ and ‘osteomalacia’ refer to the histological 
and radiological abnormalities seen in a variety of vitamin D 
defi ciency conditions.

Aetiology

Vitamin D defi ciency results from inadequate dietary intake and/
or skin biosynthesis of vitamin D. Rickets describes the disordered 
growth and mineralization of the growth plate of the long bones. 
Osteomalacia describes abnormalities resulting from delayed and 
reduced mineralization of mature bone. Calcium defi ciency has 
been implicated as a cause of rickets in African children with good 
exposure to sunlight. After weaning, the staple food of many 
young African children is maize porridge, which has low calcium 
and high fi bre content. From 0 to 50 years, an adequate vitamin 
D intake is 200 IU(5 mg)/day.

Epidemiology

In the tropics, rickets may occur where sunlight is reduced by 
urban high-rise buildings, and in crowded areas of cities where 
there are few play areas. It is described in higher socioeconomic 
groups because these mothers tend to keep their babies indoors. 
Other factors are prolonged breast-feeding, weaning diets with 
inadequate vitamin D supplementation, high phytate diets, 
prematurity and low birth weight. Mothers with low sunshine 

Rickets and Osteomalacia
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exposure, vegetarians, dark-skinned mothers, cultural habits 
(e.g. purdah), and mothers with a low dietary intake of vitamin 
D whose breast-fed infants are at risk.58

Pathology

Defective calcifi cation of developing long bones results in slowing 
of calcium and phosphorus precipitation in the newly formed 
matrix. A mass of uncalcifi ed osteoid tissue causes enlargement of 
the growing ends of bone and a softening of all bones in both 
rickets and osteomalacia.

Clinical features

Rickets

The onset during the fi rst 2 years of life is later than that in scurvy. 
The child becomes ill, pale, fl abby and irritable, and prone to 
tetany and laryngeal stridor. There is general physical and mental 
retardation and deformity of ribs (‘rachitic rosary’), spine, pelvis 
and limbs (widening of wrists and ankles) and short stature 
(Figure 30.6). Craniotabes occurs due to thinning of the outer 
table of the skull. The muscles are poorly developed and lack tone. 
In calcium defi cient rickets neither muscle hypotonia nor bone 
pain are features and cases tend to be older (4–16 years of age). 
As the child grows, the skeletal changes heal, but marked deformi-
ties remain, such as pigeon chest, spinal curvature, knock-knees, 
and bow legs (Figure 30.7). Clinical rickets is less common in 
malnourished children, probably because they have less demand 
for calcium and phosphorus due to slow growth.

Figure 30.6 Rachitic rosary and chest deformity in a 2-year-old 
child.

Figure 30.7 Stunting and limb deformity in a boy with Rickets from 
northern Pakistan.

Osteomalacia

This occurs in women of child-bearing age, usually in their fi rst 
pregnancy. The bones of the pelvic girdle, ribs and femora become 
soft, painful and deformed. The gait is characteristic. Tetany is 
common, anaemia is present and spontaneous fracture(s) occur. 
Fetal bones do not show signs of rickets.

Complications

Rickets may have severe consequences. It is strongly associated 
with pneumonia in young children in developing countries.59 The 
relative risk of death for the children with rickets compared with 
those without is one in seven. Bony deformity of the pelvis in 
women leads to obstructed labour and increased perinatal mor-
bidity and mortality rates.

Diagnosis

The distinction from infantile scurvy may be diffi cult, but rickets 
usually occurs in older infants and there are no subperiosteal 
haemorrhages; other possibilities are congenital syphilis, achon-
droplasia and osteogenesis imperfecta. Renal rickets does not 
respond to vitamin D. Radiographs show characteristic epiphyseal 
changes (cupping, fraying and decreased density; Figure 30.8). 
Early in vitamin D defi ciency, the following values are typically 
seen: a normal fasting serum calcium; low-normal to low phos-
phorus; low 25 (OH) D; elevated levels of PTH, 1,25 (OH)2D and 
alkaline phosphatase.
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Treatment

Natural and artifi cial light are effective, but therapy is primarily 
based on providing an adequate calcium and vitamin D intake. 
The daily administration of 50–150 mg (2000–6000 IU) of 
vitamin D3, or 0.5–2 mg of 1,25 (OH)2D will produce healing 
within 2–4 weeks. Calcium can be taken as milk, up to 500 mL 
daily. Administering 15 000 mg (600 000 IU) intravenously in a 
single dose may allow more rapid healing.

VITAMIN B1 DEFICIENCY (BERIBERI)

Epidemiology

Until recently, beriberi was common in many tropical and sub-
tropical areas and was endemic in countries of Asia and the Far 
East, where highly milled rice was the staple cereal. It was the 
scourge of plantations in Malaysia, China and Indonesia and 
caused enormous mortality and morbidity rates. Outbreaks have 
occurred in ships’ crews, mining communities, institutions, such 
as mental homes, and among prisoners of war in the Far East. 
Endemic beriberi can show a seasonal pattern with increasing 
incidence in the pre-harvest farming months, possibly related 
to physical exertion at this time. Incidence has decreased with 
improved eating habits, but the reappearance of thiamin defi -
ciency has been reported in Japan, The Gambia and South Africa. 
It remains endemic in Thailand, China, Myanmar, Laos and 

Figure 30.8 Radiological changes of rickets showing fraying, 
cupping and decreased density.

Vitamin B1 Defi ciency (Beriberi)

Vietnam.60 Cases of infantile beriberi have been frequently seen 
in refugee camps in Thailand. Antihistamine factors in the diet of 
breast-feeding mothers (e.g. freshwater fi sh) can increase the risk 
of infantile beriberi.

Aetiology

Thiamin is present in the tissues in the phosphorylated form and 
a continuous supply is required to satisfy the body’s relatively high 
turnover rate as little is stored. It acts as a co-enzyme for carbohy-
drate metabolism in the Krebs citric acid cycle and exerts a role in 
the oxidative breakdown of pyruvic acid. Since the brain nervous 
tissue and heart muscle use large amounts of glucose, it is in these 
tissues that carbohydrate metabolism is especially deranged in 
thiamin defi ciency. Thiamin is also involved in acetylcholine syn-
thesis and in neurotransmission. Lactic acid accumulates with 
breakdown of the Krebs cycle, producing a metabolic acidosis.

The germ and bran portions of cereal grains contain the most 
thiamin. Highly milled rice is particularly low in thiamin 
(60 mg/100 g), although parboiling, prior to milling, retains 
much of the thiamin. The discovery that milling of rice was an 
aetiological factor was of great value in the prevention of beriberi. 
However, any factor leading to an increased thiamin demand may 
be aetiological. For example, young men are often affected pos-
sibly because they work hardest. Onset may be associated with 
fever,61 infections including dysentery, and HIV infection; other 
factors such as pregnancy, lactation and rapid growth may exacer-
bate sub-clinical defi ciency. Thiamin levels in the milk secreted by 
thiamin-depleted mothers will be inadequate to prevent beriberi 
in the suckling infant. Antithiamin factors (thiaminases) occur-
ring in foods can alter thiamin structure and reduce biological 
activity. Thiaminases are found in raw freshwater fi sh and shell-
fi sh, in several microorganisms and in some vegetables, plants 
and tea.

True alcoholic beriberi is a form of oedematous cardiac disease 
with high output failure in severe alcoholics. It has been described 
as ‘palm-wine tappers heart’ in Gambia, as palm tappers work 
strenuously climbing trees and consume substantial quantities of 
fermenting sap. Drug-induced beriberi has been reported from the 
use of nitrofurazone (which interferes with pyruvate metabolism) 
in the treatment of trypanosomiasis.

Pathology

The pathological anatomy of beriberi involves changes in the 
nervous system, the heart and muscle fi bres. Microscopically, the 
nerve trunks show changes ranging from slight medullary degen-
eration to complete neural destruction (Wallerian degeneration). 
In Wernicke’s encephalopathy, foci of congestion and haemor-
rhage are scattered symmetrically in the grey matter of the brain 
stem, mamillary bodies and hypothalamic regions. There are also 
numerous perivascular haemorrhages and widespread degenera-
tive brain changes.

In the heart, there is fatty degeneration of varying severity and 
loss of contractility due to water retention. The essential features 
of ‘beriberi heart’ are: a hyperkinetic circulation, peripheral vaso-
dilation, right side enlargement and high output failure.62 The 
cause of the hyperkinetic circulation defi ciency is low peripheral 



30. Nutrition-associated Disease

550

arterial resistance from vasodilation due to loss of muscular arte-
riolar tone. Post-mortem appearances are those of severe right 
heart failure.

Clinical features

Beriberi assumes various clinical forms but can be grouped into 
fi ve major types63:
1. Subacute cardiac (wet beriberi)
2. Acute fulminant
3. Neurological (dry beriberi)
4. Infantile
5. Wernicke’s encephalopathy.
The two main forms, dry and wet beriberi, constitute the same 
disease and a mixture of the two forms is usual. The onset is 
insidious, but may be acute with death within hours without 
nervous system symptoms occurring.

Subacute cardiac beriberi

Symptoms include anorexia, fatigue, irritability, depression and 
abdominal discomfort. These may be associated with fever. Cardio-
vascular features are prominent with warm extremities, tachycar-
dia, palpitations and breathlessness. Oedema may occur at the end 
of a working day and calf muscles have a sensation of fullness.

Acute fulminant beriberi

When heart failure appears, the hands may be cold. Blood pres-
sure is low with a high pulse pressure producing a ‘pistol shot’ 
sound over larger arteries. There is cardiomegaly with right- and 
left-sided enlargement and a loud pansystolic murmur is audible 
over the pericardium (Figure 30.9). Atrial enlargement may cause 
paralysis of the recurrent laryngeal nerve. The liver is enlarged and 
tender. Pericardial effusion is unusual unless it is late-stage disease. 
Hydrothorax and ascites are frequent. The ECG shows inversion 
of T waves, a decreased P-R and increased Q-T interval, which 
rapidly revert to normal with treatment. Sudden cardiac failure is 
common. Death occurs from right heart failure and the patient 
usually dies fully conscious.

Neurological beriberi

The clinical features are those of a peripheral neuropathy of mixed 
motor and sensory type. There is peripheral neuritis with tingling, 
burning and paraesthesias of the feet. Glove and stocking anaes-
thesia may spread from the feet to the thighs or from the tips of 
the fi ngers. There is loss of vibration sense and tenderness and 
cramping of the leg muscles. The gait becomes ataxic due to loss 
of postural sensation. The cranial nerves are not involved, although 
ptosis of the eyelids may occur. Motor signs include: fl accid weak-
ness and wasting with foot, toe and wrist drop, diffi culty in stand-
ing from the squatting position and loss of tendon refl exes and 
deep sensation. Paralytic symptoms are more common in adults 
than children.

Infantile beriberi

This occurs in breast-fed infants of thiamin-defi cient mothers, 
especially in those babies receiving a high carbohydrate diet. 

Nearly all cases have infections before developing the symptoms 
of thiamin defi ciency. These include pneumonia, diarrhoea, upper 
respiratory infections and cellulitis. The cases can be classifi ed into 
three groups as: the cardiac form, the aphonic form and the pseu-
domeningitic form. It is not unusual to fi nd features of two or 
three forms together. Characteristically, the cardiac form has its 
onset during the second or third month of life. The symptoms are 
dyspnoea, fever, cyanosis, vomiting and irritability with convul-
sions. The cardiorespiratory phase is most dramatic with rapid 
onset and physical examination reveals tachycardia, hepatomegaly 
and peripheral circulatory failure (Figure 30.9). Cardiac arrest may 
occur in a signifi cant number of cases and infants may expire on 
the way to hospital. The overall mortality rate is between 5% and 
20%. Blood chemistry shows metabolic acidosis. Survivors respond 
to parenteral thiamin within 24–48 h. The aphonic form occurs 
in slightly older infants (4–6 months). There is anorexia, weight 
loss and constipation. Left recurrent laryngeal nerve involvement 
from left atrial pressure gives rise to a characteristic cry (crying but 
no sound is heard). This may last a few days before restlessness, 
oedema and dyspnoea develop. The pseudomeningeal form occurs 
in older infants (6–12 months). There is vomiting and irritability. 
The infant develops nystagmus, a bulging fontanelle, twitching of 
muscles and convulsions followed by unconsciousness. The illness 
resembles meningitis or encephalitis but the CSF is normal.

Wernicke’s encephalopathy

This is characterized by cerebellar degeneration, peripheral and 
optic neuropathy and is caused primarily by thiamin defi ciency in 
alcoholics by causing reduced absorption of the vitamin from the 
gastrointestinal tract. Outbreaks of this disease, unrelated to 
alcohol, occurred in the Far East during the Second World War. 

Figure 30.9 Chest radiograph showing cardiomegaly in an infant 
from Thailand.
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Diagnosis was established at autopsy by demonstration of mamil-
lary body haemorrhages. Recent surveys suggest that the disease 
may have a prevalence of about 3% in all chronic alcoholics. 
Predisposing factors include diarrhoeal infections, sepsis and 
malaria. Clinical features of this syndrome include paralysis of 
one or more eye muscles, horizontal nystagmus, a wide gait, 
clouding of consciousness, insomnia, disorientation and semi-
coma. Brain stem damage is associated with haemorrhage and 
necrosis and myelosis. Retinal haemorrhages occur. Wernicke’s 
encephalopathy may be reversed with injection of thiamin, but 
the accompanying psychosis (Korsakoff’s) is irreversible.

Laboratory diagnosis

The erythrocytes are among the fi rst tissues affected in thiamin 
defi ciency. The erythrocyte transketolase can be stimulated by TPP 
(thiamin pyrophosphate) and values >20% are found in defi cient 
subjects. Urinary excretion of thiamin is low in subjects with 
thiamin defi ciency but is not highly sensitive. The pyruvic acid 
concentration in blood is raised in acute beriberi and falls after 
thiamin administration.

Differential diagnosis

Wet beriberi must be must be distinguished from other causes of 
right heart failure with high output, e.g. severe anaemia and hook-
worm disease. Dry beriberi must be distinguished from other 
causes of fl accid paralysis and neuropathy: alcoholic, tabes dorsa-
lis, chronic arsenic and lead poisoning, lathyrism, triorthocresyl 
phosphate paralysis in which there is a pure motor fl accid paraly-
sis and nutritional neuropathies, e.g. vitamin B12 defi ciency.

Treatment

In acute beriberi, patients may die without treatment. There is 
usually a dramatic improvement within hours of receiving paren-
teral thiamin (50 mg). In adult beriberi, oral treatment with 50 mg 
thiamin given three times daily should continue for some days 
followed by oral supplements of 10 mg/day for several weeks. In 
infants, 25 mg of thiamin should be given intravenously and a 
further 25 mg intramuscularly once or twice daily until symptoms 
have improved when oral supplements (10 mg) can be given 
daily.54 Breast-feeding mothers should also be treated with 50 mg 
daily for several days.

Prevention

Health education and improved milling methods in which the 
germ is retained have reduced incidence in some Middle Eastern 
countries. Hand pounding of rice would improve thiamin content, 
but this traditional practice is unpopular and many rice eaters 
have strong preferences for particular types of milled rice. A mater-
nal diet containing adequate thiamin prevents defi ciency in breast-
fed infants. Thiamin requirements increase with a high carbohydrate 
diet. General dietary improvement may increase intake, but this 
is not easy to achieve in poor developing countries. Mixed diets 
with other sources of thiamin are important, e.g. with pulses, 
groundnuts, whole wheat, vegetables and fruits.

PELLAGRA

Pellagra is a nutritional disease caused by the combined 
defi ciency of the vitamin niacin and the essential amino acid 
tryptophan.

Epidemiology

While pellagra has vanished from most parts of the world where 
it was formerly present, it continues to be a problem in southern 
and central Africa. Recent reports of outbreaks in refugee camps 
and following civil strife64 highlight that its presence often follows 
social disturbances with the establishment of large camps.

Aetiology

The spread of pellagra largely followed the introduction of maize 
as a dietary staple. The reason maize predisposes to pellagra is that 
the proteins of maize are poor in tryptophan required for nicotinic 
acid (niacin) synthesis. Pellagra has never been a problem in 
Central America, the original home of maize, because in prepara-
tion, rather than milling, maize is soaked in lime water which 
hydrolyses nicotinoylesters releasing nicotinic acid. It is likely that 
other factors play a role: marginal intakes of other vitamins (B2 
and B6) required for endogenous synthesis of nicotinamide from 
tryptophan; prolonged exposure to mycotoxins which can deplete 
the body of nicotinamide; dietary excess of leucine causing an 
amino acid intolerance; and the impairment of tryptophan metab-
olism by oestrogens and progesterone which may be suffi cient to 
precipitate pellagra more commonly in women than men. Pella-
gra may occur due to malabsorption, inborn errors of metabolism, 
following prolonged isoniazid treatment for tuberculosis (due to 
inhibition of kynureninase) and with faddist diets. It may follow 
intestinal surgery and be associated with gastrointestinal patho-
logy, e.g. oesophageal stricture, carcinoma of the colon or stomach, 
Crohn’s disease, chronic amoebiasis and tropical sprue). Alcoholic 
pellagra may complicate gastritis.

Pathology

The epidermis becomes hyperkeratotic and later becomes atro-
phic, and these changes are also present in the tongue, vagina and 
mucous membranes. The colonic mucous membrane is infl amed 
and pseudomembranes form; later, the mucosa atrophies. The 
viscera show fatty degeneration and a characteristic deep pigmen-
tation. Haemorrhages may occur in the renal medulla. Nervous 
system changes occur late. Demyelination in the spinal cord may 
involve the posterior and lateral columns. Myelin degeneration in 
the peripheral nerves is common. Increased intracellular pigment 
is present in frontal lobes and basal ganglia.65

Clinical features

The main features comprise the triad: ‘diarrhoea, dermatitis and 
dementia’. Since it is also fatal, a fourth ‘D’ is death. The classic 
symptoms are usually less well developed in infants and 
children.

Pellagra
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Pre-pellagrin state

The early symptoms are vague: anorexia, lassitude, joint pains, 
dizziness and burning sensations which recur periodically for 
years. The complexion is ‘muddy’ with bluish leaden-coloured 
sclerae. The personality changes with irritability and character 
changes. There may be associated vitamin defi ciencies and many 
people in endemic areas suffer from chronic ill-health. In children 
with parasites or chronic disorders manifestations may be 
severe.

Dermatitis

The cause of the photosensitive dermatitis in pellagra is unknown, 
but it may relate to low histidine levels in skin. This amino acid 
may absorb ultraviolet light and minimize skin damage from 
sunlight. Dermatological lesions appear on sites exposed to sun 
and/or pressure. An erythema initially occurs which may develop 
suddenly or insidiously; it is symmetric and can resemble sunburn. 
Mild cases may escape recognition. The lesions are usually sharply 
demarcated and are often on the neck (Casal’s necklace), backs of 
the hands and feet (pellagrin glove or boot) (Figure 30.10), and 
sometimes on the scrotum, female genitalia or anus. The affected 
area is swollen, pruritic with burning sensations which become 
acute on exposure to the sun. Petechia, bullae and vesicles (wet 
type) may develop. The skin then becomes dry, rough, thickened, 
cracked with scaling a shiny surface and brown pigmentation 
(Figure 30.11). Erythema becomes blackish (or purplish) on black 
skin and is sepia in olive-skinned races. Hyperkeratosis may affect 
the malar or supraorbital regions and can involve the whole body. 
The cutaneous lesions are sometimes preceded by stomatitis, glos-
sitis, vomiting, or diarrhoea. Swelling of the tongue may be 
followed by intense redness, ulceration, fi ssuring with atrophy 
of lingual papillae.

Diarrhoea

Diarrhoea is common in pellagrins, but is not a constant feature 
and in some cases there may be constipation. The cause is prob-
ably related to atrophy of intestinal mucosa. A characteristic 
symptom is pyrosis – a burning sensation in the oesophagus 
causing dysphagia. The stools are often pale, resembling those of 
tropical sprue.

Dementia

The psychiatric disturbances range from mild hallucinations 
with psychomotor retardation, insomnia, through confusion, 
to severe dementia, anxiety psychosis, intermittent stupor 
and possibly epileptiform convulsions and catatonia. Confusion 
and acute mania may herald death. The cause of the 
psychiatric disturbance is likely to be defi ciency of tryptophan 
which is a precursor of the neurotransmitter serotonin. It has 
been estimated that 4–10% of patients with pellagra become per-
manently insane, and pellagrins were formerly numerous in 
lunatic asylums.61

The time of appearance of mental symptoms varies widely; they 
may be present from the start or occur during convalescence. In 
the later stages peripheral neuropathy, or ataxic or spastic paraple-
gia may develop. Tremors and rigidity (extra pyramidal) may 
occur. The cranial nerves may be involved (8th nerve deafness, 
retrobulbar neuritis, central scotomas). Some features of these late 
manifestations may be caused by vitamin B defi ciencies. Corneal 
dystrophy and lens opacities may occur.

Acute encephalopathy is described to consist of cogwheel 
rigidity, clouding of consciousness, uncontrollable gasping 
and sucking. Stupor, delirium and acute psychotic symptoms may 

Figure 30.10 Pellagrin ‘glove’ skin changes. (Photo courtesy of the 
Liverpool School of Tropical Medicine.) Figure 30.11 Limb dermatitis from pellagra.
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be present and a mild pellagrin rash. These patients may 
respond dramatically to intravenous nicotinic acid.

Course

Symptoms may abate after 2–3 months although the skin remains 
dark and rough. It re-occurs the following year if the diet is similar. 
The eruption darkens and mental symptoms develop with melan-
cholia, maniacal interludes and a suicidal tendency. The gait dete-
riorates and is of the paraplegic type. Body pains increase and may 
be acute with cramps, twitches and tremors. Symptoms may persist 
or deteriorate further unless treatment is given or the diet 
improved.

Diagnosis

This depends essentially on the history and physical examination. 
A rapid clinical response to niacin is an important confi rming test. 
N-methylnicotinamide, a metabolite of niacin, is almost undetect-
able in urine in niacin defi ciency (<0.5 mg/g creatinine).

Treatment

An adequate balanced diet is essentially supplemented with nico-
tinic acid at 50–150 mg daily for 2 weeks. In a severe case, or in 
cases of poor intestinal absorption, the dose can be doubled and 
100 mg may be given intravenously. Administering large doses is 
usually followed within half an hour by sensations of local heat, 
fl ushing and burning of skin. Overdosage may cause numbness of 
the tongue and lower jaw. Intravenous nicotinic acid at high dose 
(1000 mg daily in divided doses) may produce rapid recovery in 
acute mania. Chronic psychotic and spinal symptoms respond 
poorly to nicotinic acid.

The diet should be supplemented with other vitamins espe-
cially ribofl avin (1–3 mg daily). The diet of the cured pellagrin 
should be continuously supervised to prevent recurrence. Isoleu-
cine (5 g daily) can counteract the metabolic effect of leucine on 
the metabolism of tryptophan and nicotinic acid. Leucine is 
present in large quantities in maize and sorghum. Sun exposure 
should be avoided during the active phase and skin lesions covered 
with soothing applications.

Prevention

Pellagra may be prevented through improved socioeconomic con-
ditions among populations dependent on subsistence agriculture. 
In institutions, the diet should not be confi ned to maize meal 
but must include fresh fruit and vegetables, milk and eggs. Hard 
physical labour should be avoided.

ARIBOFLAVINOSIS

Epidemiology

Ribofl avin defi ciency without defi ciencies of other vitamin B 
complex vitamins is rare. Defi ciency is present in many developing 
countries and it was common in prisoner-of-war camps.

Aetiology

Ribofl avin is not synthesized by higher animals and is therefore an 
absolute dietary requirement. The co-enzymes of fl avin mono- and 
dinucleotide are synthesized from ribofl avin, forming the pros-
thetic groups of several enzymes important in electron transport. 
Ribofl avin is destroyed on exposure to light, and signs of defi ciency 
occur if daily intake is less than 0.2–0.3 mg, although 2 mg is 
considered ideal for an adult. Ribofl avin-poor staple diets, such as 
polished rice, are common in developing countries. Large amounts 
of ribofl avin occur in liver, kidney, milk, cheese and eggs.

Clinical features

Cheilosis (sore red lips), vertical fi ssuring of lips (perlèche) and 
corners of the mouth (angular stomatitis), and a purplish raw, 
smooth tongue with loss of papillary structure are well-described 
features. Other features are scrotal dermatitis, keratitis, conjuncti-
vitis, photophobia, corneal vasculation and seborrheic dermatitis. 
The skin has a roughened appearance due to hyperkeratosis (toad’s 
skin or phrynoderma). Cheilosis epidemics occur in families and 
institutions on inadequate diets. A normocytic normochromic 
anaemia is common. Aribofl avinosis often complicates pellagra 
and PEM.

Diagnosis

Biochemical status estimates are based upon urinary excretion or 
measurements of erythrocyte glutathione reductase.

Treatment

Treatment consists of the oral administration of 3–10 mg of ribo-
fl avin daily. If no response occurs within a few days, intramuscu-
lar injections of 2 mg of ribofl avin in saline may be used. Meat 
and fi sh are good sources of ribofl avin and certain fruit and dark 
green vegetables.

VITAMIN A DEFICIENCY

SPECIAL GROUPS

Pregnant women

In addition to the usual requirements (see Chapter 25.), preg-
nancy incurs extra energy costs. It is, however, diffi cult to prescribe 
precise energy intakes for individual women, as their metabolic 
and behavioural responses (activity and food intake) cannot be 
predicted. Inadequate pregnancy weight gains have been associ-
ated with lower birth weights in undernourished women. It has 
long been recognized that pregnant and lactating women are espe-
cially vulnerable for mild xerophthalmia. Low vitamin A content 
of breast-milk will also contribute to the increased susceptibility 
of the infant. A high proportion of pregnant women in developing 
countries are at risk of inadequate intakes of zinc, iron, vitamin 
B12, folic acid and other micronutrients. Improving the diets of 
pregnant women and adolescent girls before their fi rst pregnancy 
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is therefore important for primary prevention of nutritional dis-
orders.66 Practical methods include modifying the diets to improve 
bioavailability, and provision of appropriate micronutrient sup-
plements during pregnancy which may yield substantial benefi ts. 
Maternal arm circumference can be used as an indicator of risk in 
non-pregnant and pregnant women because of its high correlation 
with maternal weight for height. A suitable cut-off for assessing 
risk in developing countries is less than 21–23.5 cm.

Vegetarians

In poor populations of tropical countries, the meat intake in the 
diet may be very low or absent. Despite this the macronutrient 
composition is unremarkable. Vegetarians are prone to iron defi -
ciency due to low iron bioavailability. Combined defi ciencies of 
vitamin B12 and folate can lead to megablastic anaemias. Con-
sumption of unleavened breads such as chapattis, and brown rice 
may predispose to rickets and osteomalacia, particularly in Asian 
vegetarians. Leavening of bread with yeast destroys phytic acid 
which binds to calcium and this ameliorates this effect. Intake of 
high dietary fi bre and phytates may modify zinc absorption. In 
general, vegetarians have lower rates of some cancers (mouth, 
prostate and possibly colon), but there is little evidence relating 
this to the absence of meat in the diet. The benefi cial effects of a 
vegetarian diet may relate to cancer-preventive substances such as 
antioxidants and phytochemicals.

Refugees

Nutrition defi ciencies in refugees and other uprooted people are 
well documented. Scurvy, xerophthalmia, anaemia, pellagra and 
beriberi are described in people dependent on refugee rations. 
Refugees are prone to anaemia because their food rations are often 
low in vitamin C which enhances iron absorption. Control of 
defi ciency diseases among refugees has largely depended on the 
distribution of supplementary tablets and additional food, e.g. 
fruits, dried fi sh, meat. Nutrient fortifi cation of bulk food to 
improve the quality of rations has been successfully exploited, e.g. 
micronutrients in cereals, vitamin A in oil and iron in sugar.67
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Section 5 Environmental/Genetic Disorders

Chapter 31 David A. Warrell

Venomous and Poisonous Animals

VENOMOUS BITES AND STINGS

Venoms are mixtures of proteins, polypeptides and other mole-
cules that exert toxic, irritant or allergic properties when injected 
into prey or squirted at enemies. Possession of venom by an easily 
recognizable and sometimes highly coloured animal may confer 
protection both on its own species and on other harmless species 
which mimic its appearance or behaviour (Batesian or Müllerian 
mimicry). Venoms or poisons secreted on to the skin of some 
amphibians protect their moist respiratory integument against 
infection and are distasteful, poisonous and therefore deterrent to 
predators. Animals have evolved various methods of injecting 
venom. Mammals (e.g. monotremes, Insectivora and vampire 
bats), snakes, lizards, spiders, ticks, leeches and octopuses inject 
their venoms by biting with teeth, fangs, venom jaws, beaks or 
other hardened mouth parts; centipedes sting with modifi ed limbs 
close to the jaws; male duck-billed platypuses are armed with 
venom-injecting spurs; fi sh, cnidarians (coelenterates), echino-
derms, cone shells, insects and scorpions have different kinds of 
stinging apparatus. Some snakes, toads, scorpions and other 
arthropods can squirt their venom at enemies. Poisoning results 
from the ingestion of toxins from the skin of amphibians or the 
fl esh and viscera of aquatic animals. Allergic reactions to injected 
venoms (e.g. of Hymenoptera – bee, wasp and ant venoms – and 
cnidarians) and ingested poisons (e.g. ciguatera fi sh poisons) are 
in some cases far more frequent and life-threatening than their 
direct toxic effects.

Venomous mammals

There is fossil evidence that some extinct mammals possessed 
venom-conducting teeth1 and several living species have proved 
to be venomous.2 The duck-billed platypus (Ornithorhynchus ana-
tinus) is an aquatic egg-laying mammal (monotreme) of eastern 
Australia.3 When males fi ght during the breeding season, they use 
venomous spurs on their hind limbs. Platypus venom contains 
four low-molecular-weight defensin-like peptides, a C-type natri-
uretic peptide B, an L-to-D-amino-acid-residue isomerase and 
hyaluronidase. Someone is stung by a platypus in Victoria almost 
every year.3 There is agonizing local pain, relieved only by regional 
nerve block, persistent local swelling and infl ammation with 

regional lymphadenopathy. No local necrosis or life-threatening 
envenoming has been reported. One patient experienced local 
weakness, stiffness and muscle wasting for more than 3 months 
after the sting. Experimentally, the venom is weakly haemolytic, 
coagulant and causes local haemorrhage, oedema and fatal hypo-
tension in animals. Male echidnas (Tachyglossidae), monotremes 
of New Guinea and Australia, also have a spur and a vestigial 
venom apparatus that may not be functional.

Several species of Insectivora produce a venomous secretion 
from enlarged, granular submaxillary salivary glands that dis-
charge at the base of the grooved lower incisors. The venom can 
immobilize invertebrate, amphibian or rodent prey and may be 
used, lethally, in internecine fi ghts. Venomous species include the 
Haitian (Solenodon paradoxus) and Cuban (S [Atopogale] cubanus) 
solenodons, the European water shrew (Neomys fodiens), Mediter-
ranean shrew (N anomalous) and short-tailed shrews of the eastern 
USA and Canada (Blarina brevicauda, B. hylophaga, B. carolinensis). 
The venom of B brevicauda, the most toxic, contains a kallikrein-
like kininogen activator and vasodilator.4 It can produce fatal 
cardiorespiratory and neurotoxic effects in rodents, lagomorphs 
and cats. In humans, bites by these species have occasionally 
caused local burning pain, swelling and infl ammation.

The saliva of vampire bats (Desmodontinae) increases capillary 
permeability and inhibits platelet aggregation. Draculin, a glyco-
protein, inhibits activated factors X and IX. An activator of plas-
minogen (vPA) is being developed as a thrombolytic drug. These 
activities serve to promote blood fl ow while the bat is feeding.

The slow loris (Nycticebus coucang) possesses brachial glands 
that secrete a toxin very similar in structure to Fel d 1 cat allergen, 
which the lorises suck up and can inject when they bite.5 In 
humans, slow loris bites may be damaging, infective or toxic, 
causing pain, swelling and even anaphylaxis.

Venomous snakes6

Taxonomy, identifi cation and distribution

Of the 2800 species of snakes, about 320 belong to the three 
families of venomous snakes, Atractaspididae, Elapidae (including 
sea snakes) and Viperidae. Only about 200 species have caused 
death or permanent disability by biting humans. Bites by more 
than 100 species of the largest family, Colubridae, once considered 
harmless, have caused mild envenoming in humans, but in the 
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case of about 10 species, bites have resulted in human deaths.6–8 
The giant constrictors (family Boidae) are potentially dangerous 
to man. There are reliable reports of fatal attacks by South-east 
Asian (especially Indonesian) reticulated pythons (Python reticula-
tus), African rock pythons (Python sebae), South American anacon-
das (Eunectes murinus) and an Australian scrub python (Morelia 
amethistina). Some of the victims, even adults, were swallowed.

Snake taxonomy

Snakes are classifi ed according to the numbers and arrangement 
of their scales (lepidosis), dentition, osteology, myology, sensory 
organs, the form of the hemipenes and, increasingly, by sequence 
analysis of DNA encoding important mitochondrial and other 
enzymes.9,10

Snake-like animals

Legless lizards, such as slow worms, glass lizards (family Angui-
dae), worm-like geckos (family Pygopodidae) and legless skinks, 
may be distinguished from snakes by their external ears, eyelids 
(in some cases), fl eshy tongues, long friable tails and by the lack 
of enlarged ventral scales. Some have vestigial limbs. Amphisbae-
nid lizards have worm-like annular grooves along the length of 
their bodies and caecilians (legless amphibians) lack obvious eyes 
and scales. Eels (order Anguilliformes), especially snake eels 
(family Ophichthidae), and pipe-shaped fi sh must be distin-
guished from snakes by their gills and in most cases their fi ns.

Medically important snakes

Medically important snakes have one or more pairs of fangs in 
their upper jaw. These enlarged teeth have grooves or venom 
channels through which venom is injected through the skin of 
prey or human victims. Approximately 400 of the 1700 species 
of Colubridae have short, immobile opisthoglyphous (posteriorly 
placed) fangs or enlarged solid aglyphous (lacking groove or 
canal) teeth at the posterior end of the maxilla (Figure 31.1). The 
African and Middle Eastern burrowing asps or stiletto snakes 
(genus Atractaspis, family Atractaspididae), also known as bur-
rowing or mole vipers or adders, false vipers, side-stabbing or 
stiletto snakes, have very long solenoglyphous (hinged erectile) 
front fangs on which they impale their victims by a side-swiping 
motion, the fang protruding from the corner of the partially 
closed mouth (Figure 31.2). The Natal black snake (Macrelaps 
microlepidotus) possesses two very large grooved opisthoglyphous 
fangs at the posterior ends of its maxillae. The Elapidae (cobras 
– Naja; kraits – Bungarus; mambas – Dendroaspis; shield-nosed 
snakes – Aspidelaps; Asian and American coral snakes – Calliophis, 
Maticora, Sinomicrurus, Micrurus; African garter snakes – Elapsoidea; 
terrestrial venomous Australasian snakes and sea snakes) have 
relatively short, fi xed proteroglyphous (fi xed erect) front fangs 
(Figure 31.3). The Viperidae (vipers, adders, rattlesnakes, moc-
casins, lance-headed vipers and pit vipers) have long, curved, 
hinged, solenoglyphous (hinged erectile) front fangs containing a 
closed venom channel (Figure 31.4). The subfamily Crotalinae 
(pit vipers) includes rattlesnakes (genera Crotalus and Sistrurus), 
moccasins (Agkistrodon) and lance-headed vipers (genera Bothrops, 
Bothriechis, Porthidium, Lachesis, etc.) of the Americas and the 
Asian pit vipers (genera Gloydius/Agkistrodon, Deinagkistrodon, 

Figure 31.1 Rear fangs of the Tomodon dorsatus, a venomous South 
American colubrid snake. (Copyright D.A. Warrell.)

Figure 31.2 Very long front fang of a West African burrowing asp 
(Atractaspis aterrima: family Atractaspididae). (Copyright D. A. Warrell.)
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Figure 31.3 Short front fangs of the monocellate Thai cobra (Naja 
kaouthia: family Elapidae). (Copyright D. A. Warrell.)

Figure 31.4 Long hinged front fangs, with reserve fang on its left 
side, enclosed in dental sheath, in a Thai Russell’s viper (Daboia 
siamensis: family Viperidae; subfamily Viperinae). (Copyright D. A. 
Warrell.)

Calloselasma, Hypnale, Trimeresurus – now divided into several 
different genera including Paria, Cryptelytrops, Peltopelor, Viridovi-
pera, Popeia, Himalayophis and Protobothrops).11

The pit of crotaline snakes is an infrared/heat-sensitive organ, 
situated between the eye and nostril, which detects warm-blooded 
prey (Figure 31.5).12 Snakes of the subfamily Viperinae, the Old 
World vipers and adders, lack this pit organ. The words viper 
(strictly a snake producing live young – ovoviviparous) and adder 
(laying eggs) are not used rigorously.

Snake identifi cation

None of the care and skill lavished on the identifi cation of para-
sites and their vectors has been devoted by medical staff to the 
identifi cation of venomous snakes. There is no simple and reliable 
method of distinguishing venomous from non-venomous snakes. 
The snake’s upper jaw can be examined for the presence of fangs, 
but these may be very small in elapids, and folded back inside a 
sheath in vipers. The shaft of a needle passed along the maxilla 
from the angle of the jaw to the snout may engage upon and reveal 
the fangs. The most dangerous species tend to be well known 
where they are important. The characteristic hood of cobras and 
some other elapids is erected only when the snake is rearing up 
in a defensive attitude (Figure 31.6). Vipers may be identifi able 
by their distinctive repeated and sometimes colourful dorsal 
pattern (Figure 31.7). Russell’s vipers (Daboia russelii and D. sia-
mensis) and puff adders (Bitis arietans) make a loud hissing sound 
by expelling air through their large nostrils; the saw-scaled or 
carpet vipers (genus Echis) and desert horned vipers (Cerastes) 
produce a characteristic rasping sound by rubbing their coils 
together (Figure 31.8); rattlesnakes produce an unmistakable 
sound like castanets; and king cobras (Ophiophagus hannah) ‘growl’. 
Some harmless snakes are easily mistaken for the venomous 
species that they mimic: for example, Telescopus (cat snake) and 
Dasypeltis (egg-eating snake) mimic Echis (saw-scaled viper) species 
in Africa; Boiga multomaculata mimics Daboia siamensis in Thai-
land; various species of Dryocalamus, Dinodon and Lycodon 

mimic the kraits Bungarus candidus and B. caeruleus in South Asia; 
Xenodon severus mimics Bothrops atrox and B. brazili in the Amazon 
region and the colourful venomous coral snakes (Micruroides, 
Micrurus) of the Western Hemisphere have many non-venomous 
mimics. The well-known adage ‘red on yellow kills a fellow, red 
on black venom lack’ is useful in separating corals from their 
mimics only in North America (Figure 31.9). Table 31.1 lists the 
species which, in each continent, are responsible for most snake 
bite deaths and severe morbidity. Some species notorious for the 
potency of their venom (e.g. sea snakes and the Australian inland 
taipan Oxyuranus microlepidotus), or their great size (e.g. king 
cobra, Ophiophagus hannah and Gabon vipers Bitis gabonica and 
B. rhinoceros), rarely bite humans. The African night adders (genus 
Causus) and burrowing asps (Atractaspis), Asian green pit vipers 
(genus Trimeresurus sensu lato), North American copperheads 
(Agkistrodon contortrix) and Latin American hog-nosed vipers (e.g. 
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Figure 31.5 South-east Asian arboreal pit viper (Trimeresurus 
[Cryptelytrops] macrops: family Viperidae; subfamily Crotalinae) 
showing heat-sensitive pit organ between eye and nostril. (Copyright 
D. A. Warrell.)

Figure 31.6 Thai spitting cobra, brown phase (Naja siamensis: 
family Elapidae), showing spread hood in threatening/defensive 
attitude. Specimen 1.3 m long from central Thailand. (Copyright D. A. 
Warrell.)

Figure 31.7 Rhinoceros or nose-horned viper of the African rain 
forest (Bitis nasicornis), showing distinctive repeated dorsal pattern. 
Specimen from Zimbabwe. (Copyright D. A. Warrell.)

Figure 31.8 Saw-scaled or carpet viper (Echis pyramidum). Specimen 
55 cm long from Saudi Arabia. (Copyright D. A. Warrell.)

Porthidium nasutum) bite many people but rarely cause severe 
envenoming. Illustrated books, papers, keys and websites are 
available for the identifi cation of venomous snakes in most parts 
of the world.

Distribution of venomous snakes

Venomous snakes are widely distributed especially in tropical 
countries, from sea level to altitudes of 4000 m (Gloydius/Agkistro-
don himalayanus). The European adder (Vipera berus) enters the 
Arctic Circle. No other venomous species occur in cold regions 
such as the Arctic, Antarctic and north of about latitude 51°N in 
North America (Newfoundland, Nova Scotia). Also free from 
venomous snakes are most of the islands of the western Mediter-
ranean, Atlantic and Caribbean (except in Martinique, Santa Lucia, 
Margarita, Trinidad and Aruba), New Caledonia, New Zealand, 
Hawaii and most other Pacifi c Islands, Crete, Ireland and Iceland. 
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and depend on the enthusiasm and workload of hospital staff. 
Population surveys give the most accurate picture of the incidence 
of snake bite in certain defi ned areas but cannot be extrapolated 
to provide national statistics.

In the past, death certifi cation was imprecise because the Inter-
national Classifi cation of Diseases (ICD) did not distinguish 
snake bites from attacks by other animals. ICD10, published in 
1990, classifi ed snake bite as T63.0, while its revision in 2006 
classifi ed it as X20.

Asia

The highest recorded incidence was 162 deaths per 100 000 
population per year, determined in the Eastern Terai of Nepal.13 
In this study, only 20% of the deaths occurred in hospitals. 
Increased risk of fatality was associated with being bitten inside 
the house while resting between 2400 and 0060 h, suggesting 
bites by the common krait (Bungarus caeruleus) (see below). Other 
risk factors were an initial visit to a traditional healer and delayed 
transport to the hospital. An estimated 15 000–20 000, but pos-
sibly as many as 50 000, people die each year from snake bite in 
India. In Barddhaman (Burdwan) District, West Bengal, a fi eld 
survey in randomly selected villages suggested that among the 
total population of nearly 5 million people, nearly 8000 were 
bitten and 800 killed by snakes each year.14 In the 1930s the 
annual snake bite mortality reported in Burma exceeded 2000 
(15.4 per 100 000 population). Thirty years later it was still esti-
mated to exceed 1000 (3.3 per 100 000) per year and Russell’s 
viper (Daboia siamensis) bite was once the fi fth most important 
single cause of all deaths in Burma. In Sri Lanka, about 900 snake 
bite deaths were recorded in 1984, an incidence of 6 per 100 000 
per year. In 2002, the Ministry of Health recorded about 37 240 
snake bite admissions to government hospitals, with 81 fatalities. 
However, comparison of hospital data with death certifi cations in 
Monaragala District during a 5-year period (1999–2003) revealed 
a 63% underestimate by hospital records of the true number of 
snake bite deaths,15 partly explained by the fact that 36% of snake 
bite victims did not seek or achieve hospital treatment. In the 
Amami and Okinawa Islands of Japan, there were 5488 bites by 
the habu (Trimeresurus fl avoviridis) resulting in 50 deaths during 
the 9 years from 1962 to 1970.16 The highest incidence of bites 
on one of the islands was 4.6 per 1000 population per year.

Africa

In the Benue Valley of north-eastern Nigeria, the incidence of 
snake bites was found to be 497 per 100 000 population per year, 
with a mortality of 12.2%.17 Most bites and deaths were attributed 
to saw-scaled vipers (Echis ocellatus). In Bandafassi, south-east 
Senegal, in a population of 10 509, snake bite mortality was 14 
per 100 000 per year. Saw-scaled vipers (E. ocellatus), puff adders 
(Bitis arietans) and spitting cobras (Naja katiensis) were impli-
cated.18 A community survey of snake bites by the black-necked 
spitting cobra (N. nigricollis) in Malumfashi, northern Nigeria, 
found that in a population of 43 500 there were 15–20 bites per 
100 000 per year. Only 8.5% of the victims had visited a hospi-
tal. The case fatality was 5% and 19% of survivors had persistent 
physical disability from the locally necrotic effects of the venom.19 
In Kenya, a preliminary survey based on Ministry of Health, 

Figure 31.9 (A) South American coral snake (Micrurus lemniscatus: 
family Elapidae) and (B) one of its harmless mimics (Oxyrophus 
trigeminus: family colubridae). Specimens from Brazil. (Copyright D. 
A.Warrell.)

Madagascar and Chile have only mildly venomous colubrid 
snakes. Sea snakes exist in the Indian and Pacifi c Oceans between 
latitudes 30°N and 30°S, as far north as Siberia (Pelamis platurus) 
and as far south as Easter Island and the North Island of New 
Zealand and in estuaries, rivers and some freshwater lakes (e.g. 
Hydrophis semperi in Lake Taal, Philippines; Enhydrina schistosa in 
Ton Ley Sap, Cambodia).

Epidemiology of snake bite

The determinants of incidence and severity of snake bite are 
summarized in Table 31.2. In the tropical countries where snake 
bite is most common there are few reliable data. Most victims are 
treated by traditional methods and are lost to the offi cial statistics. 
Hospital records, the sole source of most snake bite reporting, are 
likely to over-represent the more seriously envenomed patients, 
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Table 31.1 Species of snake probably responsible for most human snake bite deaths and morbidity

Area Scientifi c name Common name
North America Crotalus adamanteus Eastern diamondback rattlesnake

Crotalus atrox Western diamondback rattlesnake

Crotalus oreganus subspp. Western rattlesnakes

Central America Crotalus simus subspp. Central American rattlesnakes

Bothrops asper Terciopelo

South America Bothrops atrox, B. asper Fer-de-lance, barba amarilla

Bothrops jararaca Jararaca

Crotalus durissus subspp. South American rattlesnakes, cascabel

Europe Vipera berus, V. aspis Vipers, adders

Vipera ammodytes Long-nosed or nose-horned viper

Africa Echis ocellatus, E. leucogaster, E. pyramidum Saw-scaled or carpet vipers

Bitis arietans Puff adders

Naja nigricollis, N. Mossambica, etc. African spitting cobras

Naja haje Egyptian cobra

Asia, Middle East Echis spp. Saw-scaled or carpet vipers

Macrovipera lebetina Levantine viper

Daboia palaestinae Palestine viper

Naja oxiana Oxus cobra

Indian subcontinent and South-east
Asia

Naja naja, N. kaouthia, N. siamensis, etc. Asian cobras

Bungarus spp. Kraits

Daboia russelii, D. siamensis Russell’s vipers

Calloselasma rhodostoma Malayan pit viper

Echis carinatus Saw-scaled or carpet vipers

Far East Naja atra etc. Asian cobras

Bungarus multicinctus Chinese krait

Trimeresurus (Protobothrops) fl avoviridis Japanese habu

Trimeresurus (Protobothrops) mucrosquamatus Cinese habu

Gloydius blomhoffi i subspp. Mamushis

Australasia, New Guinea Acanthophis spp. Death adders

Pseudonaja spp. Brown snakes

Notechis spp. Tiger snakes

Oxyuranus scutellatus subspp. Taipans

Table 31.2 Determinants of snake bite incidence and severity of envenoming

Incidence of bites Severity of envenoming
1.  Frequency of contact between snakes and humans, depends 

on:
(a) Population densities
(b) Diurnal and seasonal variations in activity
(c) Types of behaviour (e.g. human agricultural activities)

1.  Dose of venom injected – depends on mechanical effi ciency of bite 
and species and size of snake

2.  Composition and hence potency of venom – depends on species and, 
within a species, the geographical location, season and age of the 
snake

2.  Snakes’ ‘irritability’ – readiness to strike when alarmed or 
provoked – varies with species

3. Health, age, size and (?) specifi c immunity of human victim

4. Nature and timings of fi rst aid and medical treatment
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hospital, clinic and dispensary records in Kakamega and western 
Kenya, Lake Baringo and Laikipia, Kilifi  and Malindi and north-
ern Kenya suggested an overall average frequency of snake bite 
of 14 (range 2–68) per 100 000 population per year with a 
minimum death rate of 0.45 per 100 000 per year. Puff adders, 
black mambas and spitting cobras were responsible for the fatal-
ities.20 However, a community-based study on the coast in Kilifi  
district discovered 15 adult snake bite fatalities per 100 000 pop-
ulation per year.21

Oceania

In Australia, there are 1000–2000 bites, with an average of three 
to four deaths, per year. In New Guinea, the incidence of bites 
was 215 and of deaths was 7.9 per 100 000 population per year 
in Central Province, while in Kairuku subprovince there were 526 
bites per 100 000 per year.22 The number of deaths may have 
increased recently because of inadequate antivenom supplies.

Europe

In Britain, there are more than 200 adder (Vipera berus) bites each 
year, but there have been only 14 deaths during the last hundred 
years, the last in 1975.23 There were 44 deaths caused by this 
species in Sweden between 1911 and 1978; and, in Finland, 21 
deaths in 25 years, with an annual incidence of almost 200 
bites.

Americas

Snake bite is common in Latin America.8 In Brazil, the case fatal-
ity of snake bites in the pre-antivenom era was thought to be 
about 25%, and the total number of bites 19 200 each year. By 
1970, the estimated incidence was 51 026 bites and 1153 deaths 
per year, but, in 2005, 28 711 bites were reported with 114 deaths 
(0.4 %). In the USA there are 7000 bites by venomous snakes each 
year, with 12 to 15 deaths.

Some hunter–gatherer tribes are at high risk of snake bite. Two 
per cent of adult deaths among the Yanomamo of Venezuela, 5% 
among the Waorani of Ecuador and 24% among the Kaxinawa of 
Acré, Brazil, were attributed to snake bites.24

Snake bite as an occupational disease

In tropical countries, snake bite is an occupational disease of 
farmers, plantation workers, herders and hunters. Rice farmers in 
Burma, Sri Lanka and central Thailand tread on Russell’s vipers 
or inadvertently pick them up in a handful of paddy during the 
harvest (Figure 31.10).25 In the savannah of West Africa, farmers 
are bitten by Echis species as they dig the fi elds at the start of the 
rainy season.17 Rubber-tappers in South-east Asia tread on Malayan 
pit vipers in the dark and are bitten as they make their early 
morning rounds of the rubber trees, and in the jungles of western 
Brazil the collectors of natural rubber (‘seringueiros’) are bitten by 
Bothrops atrox.24

Sea snake bites were an occupational hazard of fi shermen in 
those parts of South-east Asia where hand nets were used. Records 
of 144 sea snake bites were collected in north-west Malaya in 
1955–1956.26 Mechanization of fi shing methods in this region 
has resulted in a dramatic decrease in sea snake bites, but they still 

occur along the coast of south Vietnam.27 The beaked sea snake 
(Enhydrina schistosa) has caused most bites and deaths. Other 
common and medically important species are Hydrophis cyanocinc-
tus, H. spiralis and Lapemis curtus.

In the more industrialized countries, venomous snakes are 
increasingly popular as exotic or ‘macho’ pets. Many are kept 
illegally.23 Most bites are infl icted on the hands when the snakes 
are picked up, and, in the USA, 25% of bites resulted from snakes 
being attacked or handled. Unprovoked attacks are excessively 
rare, but snakes will bite if they are cornered or feel threatened. 
Some species, notably Bungarus caeruleus in India,28 Nepal13 and 
Sri Lanka, B. candidus in South-east Asia,29 and Naja nigricollis in 
West Africa,30 enter human dwellings at night in pursuit of their 
prey (rodents, lizards, toads) and may strike at someone who 
moves in their sleep. Epidemics of snake bite have resulted from 
a sudden increase in snake population density, for example after 
fl ooding in Colombia, Pakistan, India, Bangladesh, Nepal and 
Burma. In Togo in the 1950s there was an unprecedented increase 
in Echis ocellatus and bites that remain unexplained.17 Invasion of 
the snake’s habitat by large numbers of people may also be fol-
lowed by an increased incidence of snake bite. This has happened 
during the building of new roads through jungles in South America 
and moving farmers to areas in the former dry zone of Sri Lanka 
made newly fertile by the Mahaweli irrigation scheme.

Venom apparatus31

Colubridae

The crudest venom apparatus is found in the back-fanged Colub-
ridae. The posterior part of the superior labial gland (Duvernoy’s 
gland) drains into a periodontal fold of buccal mucosa. The 
venom tracks down grooves in the anterior surfaces of the several 
enlarged posteriorly situated fangs (see Figure 31.1). This arrange-
ment is effective for envenoming the natural prey, a chameleon 
in the case of the boomslang (Dispholidus typus), which is held in 
the snake’s mouth until it is dead. Human envenoming is a rare 
accident, as the snake must seize and chew the fi nger of its victim, 
usually a herpetologist, in order to inject much venom.

Figure 31.10 Burmese rice farmers harvesting the paddy, an 
occupation with a high risk of Russell’s viper bite. (Copyright D. A. 
Warrell.)
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Atractaspididae

The venom apparatus of Atractaspididae is unusual and the 
homology of the venom glands is uncertain.31 The venom glands 
of Atractaspis engaddensis and A. microlepidota are very long, perhaps 
one-sixth of the snake’s total length, as in some elapids (Maticora) 
and Viperidae (Causus). The fangs of Atractaspis are long. They are 
protruded out of the corner of the mouth to allow a side-swiping 
strike at their prey encountered underground in a burrow (see 
Figure 31.2).

Elapidae (including sea snakes) and Viperidae

The venom gland is situated behind the eye. Compressor muscles, 
principally the adductor superfi cialis in Elapidae, and the compressor 
glandulae in Viperidae, squeeze venom out of the gland through 
the venom duct to the base of the fang. Venom is transmitted to 
the tip of the fang through a partially or completely closed canal 
in the case of the Viperidae. In several elapid species, the African 
spitting cobras Naja nigricollis, N. katiensis, N. pallida, N. ashei, N. 
nubiae, N. nigricinctus and N. mossambica, the South African ring-
hals or rinkhals (Hemachatus haemachatus) and Asian spitting 
cobras (N. sumatrana, N. siamensis, N. sputatrix, etc.), the fang is 
modifi ed to allow the snake to eject a spray of venom forwards 
for a metre or more, into the eyes of an aggressor. Instead of 
opening downwards at the tip of the fang, the venom channel is 
angled forward at its point of exit in the anterior surface of the 
fang, a few millimetres above its tip.32,33

The function of the venom apparatus has been studied in 
very few species. The Palestine viper (Daboia palaestinae) can inject 
doses of venom lethal to its natural prey at each of 10 or more 
consecutive strikes.31 When a snake bites two or more humans in 
rapid succession, the second or third victims may, surprisingly, be 
more severely envenomed than the fi rst. However, Russell’s viper 
injects most of its available venom at the fi rst strike.

Venomous snake bite without envenoming 
(‘dry bites’)

Between about 10% (in the case of Echis ocellatus) and 80% 
(Australian western brown snake Pseudonaja textilis) of people 
bitten by venomous snakes, with puncture marks proving that the 
fangs penetrated the skin, develop no signs of envenoming. 
Perhaps snakes can bite defensively without injecting venom, but 
there is little evidence that snakes can control the injected dose of 
venom: the strike is essentially a refl ex ‘all or nothing’ action. The 
venom apparatus is evolved to deliver a lethal bite to the snake’s 
natural prey. However, when the snake lashes out in reaction 
to being trodden upon or picked up, it is less likely, for purely 
anatomical and mechanical reasons, that an effective strike will 
be achieved on every occasion.

Venom composition34,35

Snakes have evolved the most complex of all venoms, each venom 
containing more than 100 different components. Snake venom 
should not be regarded as a single toxin. The variation of venom 
composition from species to species and within a single species 
throughout its geographical distribution, at different seasons of 
the year and as a result of ageing, contributes to the clinical diver-

sity of snake bite. The evolutionary origin of snake venom toxins 
is of great interest.36,37 More than 90% of the dry weight is protein, 
comprising a variety of enzymes, non-enzymatic polypeptide 
toxins and non-toxic proteins. Non-protein ingredients include 
carbohydrates and metals (often part of glycoprotein metallo-
protein enzymes), lipids, free amino acids, nucleosides and 
biogenic amines such as serotonin (5-hydroxytryptamine) and 
acetylcholine.

Enzymes

Approximately 89–95% of viperid and 25–70% of elapid venoms 
consist of enzymes (molecular weight 13–15 kDa), including 
digestive hydrolases (proteinases, exo- and endopeptidases, phos-
phodiesterases and phospholipases), hyaluronidase, and activa-
tors or inactivators of the prey’s physiological mechanisms. Most 
venoms contain L-amino acid oxidase, phosphomono- and di-
esterases, 5′-nucleotidase, DNA-ase, NAD-nucleosidase, phospho-
lipase A2 and peptidases. Elapid venoms, in addition, contain 
acetylcholine esterase, phospholipase B and glycerophospha-
tase, while viperid venoms have endopeptidase, arginine ester 
hydrolase kininogenase which releases bradykinin from brady-
kininogen, thrombin-like serine proteases, and factor X- and pro-
thrombin-activating enzymes. Phospholipases A2 are the most 
widespread and extensively studied of all venom enzymes. Under 
experimental conditions, they damage mitochondria, red blood 
cells, leukocytes, platelets, peripheral nerve endings, skeletal 
muscle, vascular endothelium and other membranes, produce 
presynaptic neurotoxic activity, opiate-like sedative effects and the 
autopharmacological release of histamine. Hyaluronidase pro-
motes the spread of venom through tissues. Proteolytic enzymes 
(endopeptidases or hydrolases) are responsible for local changes 
in vascular permeability leading to oedema, blistering and bruis-
ing, and to necrosis. Metalloproteinases cause local and systemic 
haemorrhage and local myonecrosis, blistering and oedema 
through their actions on vascular endothelium, platelets,38 muscle 
and other tissues. L-amino acid oxidase may have a digestive 
function.

Neurotoxins

Polypeptide toxins are low-molecular-weight, non-enzymatic 
proteins found almost exclusively in elapid venoms. Postsynaptic 
(curaremimetic) neurotoxins, or α-neurotoxins, are either ‘short’ 
(60–62 amino acids) or ‘long’ (66–74 amino acids), such as a 
α-bungarotoxin and cobrotoxin. They bind to the α1-component 
of nicotinic acetylcholine receptors at the motor end-plates of 
skeletal muscles, eventually causing generalized fl accid paralysis 
and death from bulbar and respiratory muscle weakness. They 
have a distinctive ‘three-fi nger’ structure, complementary in shape 
to their receptor, and have also been found in some colubrid 
venoms.39 Presynaptic phospholipases A2, or β-neurotoxins, such 
as β-bungarotoxin, crotoxin and taipoxin, contain about 120–140 
amino acid residues and a phospholipase A subunit. These damage 
nerve endings at neuromuscular junctions, targeting voltage-gated 
potassium channels and causing sequential suppression, enhance-
ment and fi nally complete failure of acetylcholine release. The 
resulting paralysis is clinically indistinguishable from that caused 
by postsynaptic toxins except that the latter may be ameliorated 
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by anticholinesterases such as edrophonium or neostigmine. 
Some of the neurotoxic phospholipases A2 and other phospholi-
pases have myotoxic activity. Mamba (Dendroaspis) venoms 
contain a number of unusual neurotoxins.34,35 Dendrotoxins (59-
amino-acid proteins), which bind to voltage-gated potassium 
channels at nerve endings, causing acetylcholine release, and 
calciscludine, which blocks calcium channels, are both ‘pear’ fold 
structures. Two ‘three-fi nger’ neurotoxins are unique to mamba 
venoms. Fasciculins (61-amino-acid residues) inhibit some ace-
tylcholinesterases, causing persistent muscle fasciculations, while 
calciseptine binds to calcium channels. Krait venoms have proved 
to be an important source of neurotoxins for experimental neuro-
pharmacologists. They include presynaptic phospholipases 
A2, β-bungarotoxins; and postsynaptic α-bungarotoxins and κ-
bungarotoxins, which bind to some specifi c nicotinic acetylcho-
line receptors in the brain and various ganglia.

Biogenic amines

Biogenic amines such as histamine and serotonin, found particu-
larly in viper venoms, may contribute to the local pain and perme-
ability changes at the site of a snake bite.

Clinical features of envenoming6

Symptoms and signs in victims of snake bite are caused by fear, 
the direct action of the various venom components on tissues, 
indirect effects such as complement activation and autopharma-
cological release of endogenous vasoactive substances, effects of 
treatment and complications such as secondary infections.

Local swelling

In the bitten limb, increased vascular permeability and extravasa-
tion of plasma or blood causes swelling and bruising. Venom 
endopeptidases, metalloproteinase haemorrhagins, membrane-
damaging polypeptide toxins, phospholipases, and endogenous 
autacoids such as histamine, serotonin and kinins are responsible. 
Venoms of some Viperidae, such as Daboia species, V. berus and 
Crotalus species, can produce a generalized increase in vascular 
permeability resulting in pulmonary oedema, serous effusions, 
conjunctival and facial oedema, and haemoconcentration.

Local tissue necrosis results from the direct action of venom 
myotoxins and cytotoxins, and ischaemia caused by thrombosis, 
compression of blood vessels by fi rst-aid methods such as tight 
tourniquets, or by swollen muscle within a tight fascial compart-
ment. Myotoxins are proteins that can damage the muscle cell 
plasma membrane directly. Most are phospholipases A2, either 
enzymatically active (aspartate-49) or enzymatically inactive 
(lysine-49). Cobra ‘cardiotoxins’ are cytotoxic low-molecular-
weight polypeptides.

Hypotension and shock

Acute profound hypotension with or without other features of 
anaphylaxis is part of the autopharmacological syndrome which 
may occur within minutes of bites by Vipera berus, Daboia 
species, Bothrops species, Lachesis species, Actractaspis engaddensis 
and A. microlepidota. Presumably this is caused by release of 
autacoids (eicosanoids, angiotensin, neurotensin, nitric oxide, 

kinins, histamine, serotonin, endothelins, etc.). Oligopeptides in 
Viperidae venoms (e.g. Bothrops species) inhibit angiotensin-con-
verting enzymes (ACEs) and enhance the activity of bradykinin-
potentiating peptides. They were the model for synthetic ACE 
inhibitors used to treat hypertension.40 Snake handlers may 
become sensitized to snake venoms and can develop life-threaten-
ing anaphylactic reactions within minutes of being bitten. Extrav-
asation of plasma or blood into the bitten limb and elsewhere or 
massive gastrointestinal or uterine haemorrhage may cause hypo-
volaemia after viper bites. Vasodilatation, especially of splanchnic 
vessels, and a direct effect on the myocardium may contribute to 
hypotension after viper and rattlesnake bites.

Bleeding and clotting disturbances41

Incoagulable blood resulting from consumptive coagulopathy 
or venom anticoagulants, thrombocytopenia with platelet dys-
function, and vessel wall damage by haemorrhagins combine to 
cause life-threatening haemorrhage after snake bite. This group of 
venom activities is often referred to, inappropriately, as ‘vasculo-
toxic’, ‘haematotoxic’ or even ‘haemolytic’. Anti-haemostatic 
effects are a feature of envenoming by vipers, pit vipers, Austral-
asian elapids and colubrids.

Procoagulant enzymes activate intravascular coagulation 
which, combined with activation of endogenous fi brinolysis by 
plasmin, results in consumptive coagulopathy and incoagulable 
blood. Procoagulants in venoms of Colubridae, Echis species and 
Australian tiger snakes (Notechis) activate prothrombin, Daboia 
venoms contain factor V and X activators, and many pit 
viper (crotaline) venoms have a direct thrombin-like action on 
fi brinogen.

Activators of fi brinolysis: venoms of rattlesnakes such as 
Crotalus atrox and C. adamanteus cause defi brinogenation by 
activating the endogenous fi brinolytic system.

Venom anticoagulant action is attributable to phospholi-
pases.

Platelet activators/inhibitors: thrombocytopenia is a common 
accompaniment of systemic envenoming but platelet function has 
rarely been investigated in human patients. Platelet activators 
include alboaggregin B (Trimeresurus [Cryptelytrops] albolabris], 
which activates platelets and promotes aggregation through recep-
tors GPVI and GPIb. Aggretin (Calloselasma rhodostoma) activates 
platelets via receptors GPIb-IX-V and GPIa-IIa. Rhodocytin (or 
aggretin, C. rhodostoma) is a platelet agonist independent of GPIb, 
GPIa-IIa or GPVI, which activates via CLEC-2. Trimucytin (T. [Pro-
tobothrops] mucrosquamatus) activates platelets via GPIa-IIa, inde-
pendent of the GPIa-IIa I domain (collagen-binding site). 
Convulxin (Crotalus durissus terrifi cus), ophioluxin (Ophiophagus 
hannah) and alborhagin (T. [Cryptelytrops] albolabris) activate plate-
lets via GPVI. Proatherocytin (Proatheris superciliaris) is a platelet 
receptor PAR-1 agonist.

Platelet inhibitors include mocarhagin (Naja mossambica) and 
jararhagin (Bothrops jararaca), metalloproteinases which cleave 
GPIbα and GPIa-IIa, respectively, inhibiting platelet responses 
depending on these receptors. Rhodocetin (Calloselasma rhodos-
toma) inhibits platelets via interaction with GPIa-IIa. RGD-
containing venom peptides are powerful inhibitors of GPIIb-IIIa, 
the fi brinogen receptor (trigramin, echistatin, contortrostatin, fl a-
voviridin, etc). In patients bitten by Malayan pit vipers and green 
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pit vipers (T. [Cryptelitrops] albolabris) there was initially inhibition 
of platelet agglutination followed by activation and the appear-
ance of circulating clumps of platelets.42 In the absence of trauma, 
defi brination induced by venom coagulants such as ancrod (Arvin, 
Arwin) from C. rhodostoma venom is a relatively benign state. 
Spontaneous systemic bleeding is attributable to distinct venom 
components, haemorrhagins, which damage vascular endothe-
lium. These are zinc metallo-endopeptidases (reprolysins), some 
of which include disintegrin-like, cysteine-rich and lectin 
domains.

Intravascular haemolysis

Most snake venoms are haemolytic in vitro, but this effect is rarely 
of clinical signifi cance. However, envenoming by some Bothrops 
species, Daboia russelii (in India and Sri Lanka), some Australasian 
elapids and members of the colubrid genera Dispholidus, Thelotor-
nis and Rhabdophis may cause massive intravascular haemolysis 
contributing to renal failure. In victims of Sahara horned-viper 
(Cerastes cerastes),43 Australian brown snake (Pseudonaja) and 
Bothrops envenoming, fragmented erythrocytes (schistocytes/
helmet cells) are observed in the blood fi lm, indicating micro-
angiopathic haemolysis. This is associated with renal failure, a 
clinical picture so similar to haemolytic uraemic syndrome or 
thrombotic thrombocytopenic purpura that some patients have 
even been treated by plasmapheresis.

Complement activation and inhibition44

Elapid and some colubrid venoms activate complement via the 
alternative pathway (‘cobra venom factor’ is cobra C3b), whereas 
some viperid venoms activate the classical pathway. Complement 
activation may also affect platelets, the blood coagulation system 
and other humoral mediators.41 Venom toxins from the Mojave 
rattlesnake (Crotalus scutulatus) and southern Pacifi c rattlesnake 
(C. oreganus helleri) inactivate both classical and alternative 
pathways.

Renal failure45

Renal failure is a potential complication of severe envenoming, 
even by species which usually cause relatively mild envenoming, 
such as Trimeresurus (Cryptelytrops) albolabris, the hump-nosed 
viper (Hypnale hypnale) and Vipera berus. However, it is a common 
event and causes many deaths following bites by Russell’s vipers,25 
tropical rattlesnakes (Crotalus durissus subspecies) and sea snakes.27 
Mechanisms of acute tubular necrosis include prolonged hypoten-
sion and hypovolaemia, disseminated intravascular coagulation, 
a direct toxic effect of the venom on the renal tubule, haemoglo-
binuria, myoglobinuria and hyperkalaemia. Russell’s viper venom 
produces hypotension, disseminated intravascular coagulation, 
direct nephrotoxicity46 and, in Sri Lanka and India, intravascular 
haemolysis.47 In Burmese patients envenomed by Russell’s vipers 
(D. siamensis), high urinary concentrations of β2-microglobulin, 
retinal binding protein and N-acetyl glucosaminidase suggested 
failure of proximal tubular reabsorption and tubular damage. 
High plasma concentrations of active renin 
suggested that renal ischaemia with activation of the renin–
angiotensin system was involved in the development of renal 
failure. A massive transient capillary and glomerular leak of 

albumin was an early sign of oliguric renal failure. The mechanism 
of renal failure in victims of Crotalus durissus is most likely to be 
generalized rhabdomyolysis, combined with hypotension in some 
cases.48 A variety of renal histopathological changes have been 
described after snake bite, including proliferative glomerulone-
phritis, toxic mesangiolysis with platelet agglutination, fi brin 
deposition, ischaemic changes, acute tubular necrosis, distal 
tubular damage (‘lower nephron nephrosis’) suggesting direct 
venom nephrotoxicity, and bilateral renal cortical necrosis with 
subsequent calcifi cation.45

Neurotoxicity

The neurotoxic polypeptides and phospholipases of snake venoms 
cause paralysis by blocking transmission at peripheral neuromus-
cular junctions. Paralytic symptoms are characteristic of envenom-
ing by most elapids, such as kraits, coral snakes, mambas and 
cobras, but not of the African spitting cobras (Naja nigricollis, 
N. pallida, N. mossambica, etc.) which, unusually among elapids, 
cause local tissue destruction without detectable neurotoxicity.30 
Venoms of terrestrial Australasian snakes, sea snakes and a few 
species of Viperidae, notably Crotalus durissus terrifi cus, mamushi 
(Gloydius [Agkistrodon] blomhoffi i subspecies) in Japan, China, 
Korea and Russia, Daboia russelii in Sri Lanka and South Indian, 
the southern African berg adder (Bitis atropos), some other small 
Bitis species of southern Africa (B. peringueyi, B. xeropaga), and 
European Vipera ammodytes and V. aspis from southern France 
and the European Montpellier snake (Malpalon monspessulanus) 
are neurotoxic in humans. Patients with paralysis of the bulbar 
muscles may die of upper airway obstruction or aspiration, but 
the most common mode of death after neurotoxic envenoming is 
respiratory paralysis. Anticholinesterase drugs, by prolonging the 
activity of acetylcholine at neuromuscular junctions, may improve 
paralytic symptoms in patients bitten by snakes whose neurotox-
ins are predominantly postsynaptic in their action (e.g. Asian 
cobras,49 Australasian death adders genus Acanthophis, Latin 
American coral snakes genus Micrurus). Some patients bitten by 
elapids or vipers become pathologically drowsy in the absence 
of respiratory or circulatory failure. This may be caused by 
endogenous opiates released by a venom component. Intracere-
bral injection of β-RTX (receptor-active protein) or ‘vipoxin’ from 
Daboia russelii venom produced sedation in rats.50

Rhabdomyolysis

Generalized rhabdomyolysis with release into the bloodstream 
of myoglobin, muscle enzymes, uric acid, potassium and other 
muscle constituents, is an effect in man of phospholipase A2 pre-
synaptic neurotoxins of most species of sea snakes,27 many of the 
terrestrial Australasian elapids such as tiger snake (Notechis scutatus 
and N. ater), king brown or mulga snake (Pseudechis australis), 
taipan (Oxyuranus scutellatus), rough-scaled snake (Tropidechis 
carinatus) and small-eyed snake (Cryptophis nigrescens), at least one 
species of krait (Bungarus niger) and several species of Viperidae; 
tropical rattlesnake (Crotalus durissus terrifi cus),48 canebrake rattle-
snake (Crotalus horridus atricaudatus), Mojave rattlesnake (Crotalus 
scutulatus) and Sri Lankan Russell’s viper (Daboia russelii).47 Patients 
may die of bulbar and respiratory muscle weakness, from acute 
hyperkalaemia or later renal failure.
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Venom ophthalmia51

Venoms of the spitting cobras and rinkhals are intensely irritant 
and even destructive on contact with mucous membranes such as 
the conjunctivae and nasal cavity. Corneal erosions, anterior 
uveitis and secondary infections may result.

Envenoming by different families of 
venomous snakes

Colubridae (back-fanged snakes)7,8

Severe or fatal envenoming has been reported in patients bitten 
by several species of back-fanged colubrid snake: in central and 
southern Africa – boomslang (Dispholidus typus), vine, twig, tree 
or bird snake (Thelotornis species); in Japan – yamakagashi (Rhab-
dophis tigrinus); in South-east Asia – red-necked keelback (R. sub-
miniatus); in South America – Amazonian green racer (Philodryas 
olfersii), Argentine black-headed snake (Phalotris lemniscatus), 
Tachymenis peruvianus and the Amazonian false viper (Xenodon 
severus); and in Europe – Montpellier snake (Malpalon monspes-
sulanus). Karl P Schmidt was killed by Dispholidus typus and Robert 
Mertens by Thelotornis kirtlandi. Both were distinguished herpe-
tologists. Severe envenoming by colubrids is possible if the snake 
is able to engage its rear fangs and chew for 15 seconds or longer. 
All the species except M. monspessulanus give rise to similar symp-
toms, which may be delayed for many hours or even days after 
the bite. There is nausea, vomiting, colicky abdominal pain and 
headache. Bleeding develops from old and recent wounds such as 
venepunctures, and there is spontaneous gingival bleeding, epi-
staxis, haematemesis, melaena, subarachnoid or intracerebral 
haemorrhage, haematuria and extensive ecchymoses. Intravascu-
lar haemolysis and microangiopathic haemolysis have been 
described. Most of the fatal cases died of renal failure from acute 
tubular necrosis, many days after the bite. Local effects of the 
venom are usually trivial, but several patients showed some local 
swelling and one bitten by Dispholidus typus had massive swelling 
with blood-fi lled bullae. Investigations reveal incoagulable blood, 
defi brination, elevated fi brin(ogen) degradation products (FDPs), 
severe thrombocytopenia, anaemia, and complement activation 
by the alternative pathway.52 These clinical features are explained 
by disseminated intravascular coagulation triggered by a venom 
prothrombin activator.

Other potentially dangerous colubrids include Blanding’s tree 
snake (Toxicodryas/Boiga blandingi), Road Guarder (Conophis linea-
tus) of Middle America, and neotropical racers (Alsophis species 
and Philodryas viridissimus).

Atractaspididae (burrowing asps or stiletto snakes and 
natal black snake)

Seventeen species of the genus Atractaspis and one species of Mac-
relaps have been described in Africa and the Middle East. All are 
venomous, but fatal envenoming has been described by only three 
species: A. microlepidota, A. irregularis and A. engaddensis. Local 
effects include pain, swelling, blistering, necrosis, tender enlarge-
ment of local lymph nodes, local numbness or paraesthesiae. The 
most common systemic symptom is fever. Most of the fatal cases 
died within 45 minutes of the bite, after vomiting, producing 

profuse saliva and lapsing into coma.53 Severe envenoming by A. 
engaddensis may produce violent autonomic symptoms (nausea, 
vomiting, abdominal pain, diarrhoea, sweating and profuse 
salivation) within minutes of the bite. One patient developed 
severe dyspnoea with acute respiratory failure; one had weakness, 
impaired consciousness and transient hypertension; and in three 
there were electrocardiographic changes (ST–T changes and pro-
longed PR interval).54 Mild abnormalities of blood coagulation 
and liver function have also been described. Atractaspis venom has 
very high lethal toxicity. The venom of A. engaddensis contains four 
21-amino-acid peptides, sarafotoxins, which show 60% sequence 
homology with endogenous endothelins. They cause coronary 
vasoconstriction and atrioventricular block.55 The venom also 
contains haemorrhagic and necrotic factors but no true neuro-
toxins. Bites by Macrelaps microlepidotus are said to have resulted 
in collapse and loss of consciousness.

Elapidae (cobras, kraits, mambas, coral snakes, 
sea kraits and true sea snakes)

Local envenoming

In the case of kraits, mambas, coral snakes, most of the Austral-
asian elapids (see below), some of the cobras (e.g. Philippine 
cobra, Naja philippinensis; Cape cobra, N. nivea) and sea snakes, 
local effects are usually mild. However, patients bitten by African 
spitting cobras (N. nigricollis, N. pallida, N. katiensis, N. nubiae, N. 
mossambica and N. nigricincta) and Asian cobras (N. naja, N. kaou-
thia, N. siamensis, N. sumatrana, N. sputatrix, N. atra, etc.) com-
monly develop tender local swelling, which may be extensive, and 
regional lymphadenopathy. A characteristic lesion may appear 
within 24–48 hours. Blistering often surrounds a demarcated pale 
or blackened anaesthetic area of skin (Figure 31.11(A)). The lesion 
smells putrid and eventually breaks down with sometimes exten-
sive loss of skin and subcutaneous tissue (Figure 31.11(B)). Skip 
lesions, separated by areas of apparently normal skin, may extend 
proximally up the limb. Prolonged morbidity may result and 
some patients may lose a digit or the affected limb if there is 
secondary infection. Severe envenoming by the king cobra 
(Ophiophagus hannah) results in swelling of the whole limb and 
formation of bullae at the site of the bite, but local necrosis is 
minimal or absent.56

Neurotoxic effects

Descending fl accid paralysis is seen in patients envenomed by 
Asian cobras (it is the main feature in victims of N. philippinensis), 
king cobra and most other elapids, but has not been documented 
in victims of African spitting cobras. The earliest symptom of 
systemic envenoming is repeated vomiting, but the use of emetic 
herbal medicines may confuse the interpretation of this symptom. 
Other early pre-paralytic symptoms include contraction of the 
frontalis (before there is demonstrable ptosis), blurred vision, 
paraesthesiae especially around the mouth, hyperacusis, loss of 
sense of smell and taste, headache, dizziness, vertigo, and signs 
of autonomic nervous stimulation such as hypersalivation, con-
gested conjunctivae and ‘goose-fl esh’. Paralysis is fi rst detectable 
as ptosis and external ophthalmoplegia, as ocular muscles are 
most sensitive to neuromuscular blockade (Figure 31.12). These 
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Figure 31.11 Characteristic local necrotic lesion produced by bites 
of African spitting cobras and Asian cobras. In this case, the patient 
was bitten by a monocellate Thai cobra (Naja kaouthia). (A) Four days 
after the bite, there is a darkened anaesthetic area at the site of the 
bite, surrounded by blisters. (B) Demarcated necrosis 1 week later. 
There was a characteristic smell of putrefaction. (Copyright D. A. 
Warrell.)

signs may appear as early as 15 minutes after the bite (cobras or 
mambas), but may be delayed for 10 hours or more following krait 
bites. Later, the facial muscles, palate, jaws, tongue, vocal cords, 
neck muscles and muscles of deglutition may become 
paralysed (Figure 31.13). The pupils are dilated. Many patients are 
unable to open their mouths, but this can be overcome by force. 
In a minority, the jaw is said to hang open. Respiratory arrest may 
be precipitated by obstruction of the upper airway by the paralysed 
tongue or inhaled vomitus. Intercostal muscles are affected before 
the limbs, diaphragm and superfi cial muscles, and, even in patients 
with generalized fl accid paralysis, slight movements of the digits 
may be possible, allowing the patients to signal. Loss of conscious-
ness and generalized convulsions are usually explained by hypox-
aemia in patients who have respiratory paralysis. However, 
drowsiness, before the development of signifi cant paralysis, has 
often been described but remains unexplained. Drooping eyelids 
from tiredness may be misconstrued as ptosis, unless the extent 
of lid retraction with upward gaze is formally assessed. Patients 
with systemic envenoming suffer from headache, malaise and 
generalized myalgia. Intractable hypotension can occur in patients 
envenomed by Asian cobras, despite adequate respiratory support. 

Figure 31.12 Severe ptosis, external ophthalmoplegia and inability 
to open the mouth, protrude the tongue or swallow in a Sri Lankan 
patient bitten by a common krait (Bungarus caeruleus). (Copyright D. 
A. Warrell.)

Figure 31.13 Ptosis and inability to open the mouth or protrude 
the tongue in a Sri Lankan patient bitten by a common krait (Bungarus 
caeruleus). (Copyright D. A. Warrell.)
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Neurotoxic effects are completely reversible, either acutely in 
response to antivenom or (for example, in Asian cobra, South 
American coral snake and Australasian death adder bites) to anti-
cholinesterases,49 or they may slowly wear off spontaneously. In 
the absence of specifi c antivenom, patients supported by mechan-
ical ventilators recover suffi cient diaphragmatic movement to 
breathe adequately in 1–4 days. Ocular muscles recover in 2–4 
days and there is usually full recovery of motor function in 3–7 
days.

Bites by Australasian elapids3,57,58

Venoms of these snakes result in three main groups of symptoms: 
neurotoxicity similar to that seen with other elapid bites (Figure 
31.14),57–59generalized rhabdomyolysis, and haemostatic distur-
bances. Local signs are usually mild, but extensive local swelling 
and bruising with necrosis has been reported, especially after bites 
by the king brown or mulga snake (Pseudechis australis). Painful 
and tender local lymph nodes are a common feature in patients 
developing systemic envenoming. Early symptoms include vomit-
ing, headache and syncopal attacks similar to those experienced 
after some viper bites. Electrocardiographic changes were common 
in patients envenomed by taipans (Oxyuranus scutellatus canni) in 
Papua New Guinea, but only a few had raised cardiac troponin-T 
levels suggesting myocardial damage. In dogs, common brown 
snake (Pseudonaja textilis) venom caused myocardial depression 
attributed to disseminated intravascular coagulation and tiger 
snake (Notechis scutatus) venom caused formation of thrombi 

within the heart leading to pulmonary and coronary artery throm-
boembolism.3

Persistent bleeding from wounds and spontaneous systemic 
bleeding from gums and gastrointestinal tract is found in asso-
ciation with incoagulable blood following bites by many 
Australasian species. Venoms of 15 out of 19 species exhibited 
procoagulant activity in vitro.3 Some venoms (e.g. Pseudonaja, 
Pseudechis and Micropechis ikaheka, the New Guinean small-eyed 
snake) are anticoagulant. Haemostatic abnormalities are parti-
cularly frequent and serious in patients bitten by tiger snakes 
(Notechis species), taipans (Oxyuranus species) and brown 
snakes (Pseudonaja species), uncommonly with bites by black 
snakes (Pseudechis species) and rare with bites by death adders 
(Acanthophis species).

In the past, there has been some confusion between haemoglo-
binuria and myoglobinuria in patients passing dark urine. It is now 
clear, however, that haemoglobinaemia and haemoglobinuria can 
occur as a result of intravascular haemolysis (e.g. with envenoming 
by Pseudechis australis) but that myoglobinuria caused by general-
ized rhabdomyolysis is also a feature of envenoming by some 
species (e.g. Notechis, Oxyuranus, Pseudechis australis, etc). Renal 
failure may result from haemoglobinuria or myoglobinuria.

Snake venom ophthalmia19,51

Venom ophthalmia results when venom of spitting elapids enters 
the eye. There is intense local pain, blepharospasm, palpebral 
oedema and leukorrhoea (Figure 31.15). Slit-lamp or fl uorescein 
examination reveals corneal erosions in more than half the patients 
spat at by Naja nigricollis.51 Secondary infection of the corneal 
lesions may result in permanent opacities causing blindness or 
panophthalmitis with destruction of the eye. Rarely, venom is 
absorbed into the anterior chamber, causing hypopyon and ante-
rior uveitis. Seventh (facial) cranial nerve paralysis is a rare com-
plication.

Venom of other snakes, including Viperidae, may be forcibly 
ejected when striking, for example against the bars of a cage. There 
are reported cases of venom entering the eye under these circum-
stances and resulting in intense local pain and infl ammation.

Venomous Bites and Stings

Figure 31.14 Ptosis, external ophthalmoplegia and bleeding gums 
in a Papua New Guinean man bitten by a taipan (Oxyuranus scutellatus 
canni). (Copyright D. A. Warrell.)

Figure 31.15 Intense conjunctivitis with leukorrhoea (and corneal 
erosions) in a patient ‘spat’ at 3 hours previously by an African black-
necked or spitting cobra (Naja nigricollis). (Copyright D. A. Warrell.)
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Bites by sea snakes3,27,60

The bite is usually painless and may not be noticed by the wader 
or swimmer. Teeth may be left in the wound. There is minimal 
or no local swelling, and involvement of local lymph nodes is 
unusual. Generalized rhabdomyolysis is the dominant effect of 
envenoming by these snakes. Early symptoms include headache, 
a thick feeling of the tongue, thirst, sweating and vomiting. Gen-
eralized aching, stiffness and tenderness of the muscles becomes 
noticeable between 30 minutes and 31/2 hours after the bite. 
Trismus is common. Passive stretching of the muscles is painful. 
Later, there is progressive fl accid paralysis starting with ptosis, as 
in elapid envenoming. The patient remains conscious until the 
respiratory muscles are suffi ciently affected to cause respiratory 
failure. Myoglobinaemia and myoglobinuria develop 3–8 hours 
after the bite. These are suspected when the serum/plasma 
appears brownish and the urine dark reddish brown (‘Coca-Cola-
coloured’). ‘Stix’ tests will appear positive for haemoglobin/blood 
in urine containing myoglobin. Myoglobin and potassium released 
from damaged skeletal muscles may cause renal failure, while 
hyperkalaemia developing within 6–12 hours of the bite may 
precipitate cardiac arrest.

Viperidae (old world vipers and adders, new world pit 
vipers, rattlesnakes, moccasins and lance-headed vipers, 
asian pit vipers)

Local envenoming

Venoms of vipers and pit vipers usually produce more local effects 
than do other snake venoms. Swelling may appear within 15 
minutes, but rarely is delayed for several hours. It spreads rapidly, 
sometimes to involve the whole limb and adjacent trunk. There 
is associated pain, tenderness and enlargement of regional lymph 
nodes. Bruising, especially along the path of superfi cial lymphatics 
and over regional lymph nodes, is common (Figure 31.16). There 
may be persistent bleeding from the fang marks. Swollen limbs 
can accommodate many litres of extravasated blood, leading to 
hypovolaemic shock. Blistering may appear at the bite site as early 
as 12 hours after the bite. Blisters contain clear or bloodstained 
fl uid (Figure 31.17). Necrosis of skin, subcutaneous tissue and 
muscle (Figure 31.18) develops in up to 10% of hospitalized cases, 
especially following bites by North American rattlesnakes (e.g. 
Crotalus adamanteus, C. atrox, C. horridus and C. viridis), South 
American lance-headed vipers (genus Bothrops), bushmasters 
(genus Lachesis), Asian pit vipers (e.g. Calloselasma rhodostoma, 
Deinagkistrodon acutus and Trimeresurus fl avoviridis), African vipers 
(genus Bitis), saw-scaled vipers (genus Echis) and Palestine viper 
(Daboia palaestinae). Bites on the digits and in areas draining into 
the tight fascial compartments, such as the anterior tibial compart-
ment, are particularly likely to result in necrosis. High intracom-
partmental pressure may cause ischaemia which contributes, 
together with direct effects of the venom, to muscle necrosis.61 
Severe pain associated with tense swelling, segmental anaesthesia 
and pain on stretching the intracompartmental muscles (e.g. dor-
sifl exion of the foot in the case of the anterior tibial compartment) 
should raise the possibility of raised intracompartmental pressure. 
Sudden severe pain, absence of arterial pulses and a demarcated 
cold segment of limb suggest thrombosis of a major artery. Deep 
venous thrombosis has been described surprisingly rarely.

The absence of detectable local swelling 2 hours after a viper 
bite usually means that no venom has been injected. However, 
there are important exceptions to this rule: fatal systemic enven-
oming by the tropical rattlesnake (Crotalus durissus terrifi cus), 
Mojave rattlesnake (Crotalus scutulatus) and Burmese Russell’s 
viper (Daboia siamensis) may occur in the absence of local signs. 
Victims of C. d. terrifi cus may develop local erythema, but rarely 
more than mild swelling.

Haemostatic abnormalities

These are characteristic of envenoming by Viperidae, but are 
usually absent in patients bitten by the smaller European vipers 
(V. berus, V. aspis, V. ammodytes, etc.) and some species of rattle-
snakes. Persistent bleeding (>10 minutes) from the fang puncture 
wounds and from new injuries such as venepuncture sites and old 
partially healed wounds is the fi rst clinical evidence of consump-
tion coagulopathy. Spontaneous systemic haemorrhage is most 
often detected in the gingival sulci (Figure 31.19). Bloodstaining 
of saliva and sputum usually refl ects bleeding gums or epistaxis. 
True haemoptysis is rare. Haematuria may be detected a few hours 
after the bite. Other types of spontaneous bleeding are ecchymo-
ses, intracranial and subconjunctival haemorrhages, bleeding into 
the fl oor of the mouth, tympanic membrane, and gastrointestinal 
and genitourinary tracts, petechiae and larger discoid and follicu-
lar haemorrhages (Figure 31.20). Bleeding into the anterior 
pituitary (resembling Sheehan’s syndrome) may complicate 
envenoming by Russell’s vipers in Burma and India and, rarely, by 

Figure 31.16 Bruising 48 hours after a bite on the hand by a 
Californian Pacifi c rattlesnake (Crotalus oreganus helleri). (Copyright D. 
A. Warrell.)
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Figure 31.17 Massive swelling and bulla formation in a Thai patient 
36 hours after being bitten by a Malayan pit viper (Calloselasma 
rhodostoma). (Copyright D. A. Warrell.)

Figure 31.18 Necrosis of the skin and subcutaneous tissues in a 
Nigerian child 5 days after being bitten by a saw-scaled viper (Echis 
ocelatus). (Copyright D. A. Warrell.)

Bothrops species. Menorrhagia and antepartum and postpartum 
haemorrhage have been described after envenoming by vipers. 
Severe headache and meningism suggest subarachnoid haemor-
rhage; evidence of a developing central nervous system lesion 
(e.g. hemiplegia), irritability, loss of consciousness and convul-
sions suggest intracranial haemorrhage (Figure 31.21) or cerebral 
thrombosis. Abdominal distension, tenderness and peritonism 
with signs of haemorrhagic shock but no external blood loss 
(haematemesis or melaena) suggest retroperitoneal or intraperito-
neal haemorrhage. Incoagulable blood resulting from defi brina-
tion or disseminated intravascular coagulation is a common and 
important fi nding in patients systemically envenomed by members 
of the following genera: Atheris, Daboia, Vipera, Echis, Lachesis, 
Agkistrodon, Gloydius, Bothrops, Calloselasma, Crotalus, Deinagkistro-
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Figure 31.19 Bleeding from gingival sulci in a Nigerian patient 
bitten by a saw-scaled or carpet viper (Echis ocellatus). (Copyright D. 
A. Warrell.)
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don and Trimeresurus sensu lato. In situ thrombosis of major 
arteries (cerebral, pulmonary, coronary, etc.) is an important 
feature of envenoming by the ‘fer de lance’ (B. lanceolatus) of 
Martinique and B. caribbaeus in adjacent St Lucia.8

Intravascular haemolysis

This presents as haemoglobinaemia (pink plasma) and black 
or greyish urine (haemoglobinuria or methaemoglobinuria). 
It has been described in patients bitten by Sri Lankan Russell’s 
viper (Daboia russelii),47 desert horned viper (Cerastes cerastes) and 
South American Bothrops species. Features of microangiopathic 
haemolysis with progressive severe anaemia and renal failure may 
result.

Circulatory shock (hypotensive) syndromes

A fall in blood pressure is a common and serious event in patients 
bitten by vipers, especially in the case of some of the North Amer-
ican rattlesnakes (e.g. Crotalus adamanteus, C. atrox and C. scutula-
tus), South American Crotalinae (e.g. Lachesis muta) and Old 
World Viperinae (e.g. Daboia russelii, Daboia palaestinae, Vipera 
berus, Bitis arietans, B. gabonica and B. rhinoceros). Sinus tachycardia 
suggests hypovolaemia resulting from external haemorrhage, 
blood loss into the tissues, or local or generalized increase in 
capillary permeability. Patients envenomed by Burmese Russell’s 
viper (Daboia siamensis) may develop conjunctival oedema (Figure 
31.22), serous effusions, pulmonary oedema (Figure 31.23), hae-
moconcentration and a fall in serum albumin concentration, 
evidence of increased vascular permeability.25 The pulse rate may 
be slow or irregular if the venom is affecting the heart directly or 
refl exly (e.g. Vipera berus, Bitis arietans, Calloselasma rhodostoma). 
Vasovagal syncope may be precipitated by fear and pain. Early, 
repeated and usually transient syncopal attacks with features of 
anaphylaxis develop in patients bitten by some Viperidae (e.g. 
Daboia palaestinae, V. berus, V. aspis and D. russelii). Vomiting, 
sweating, colic, diarrhoea (with incontinence), shock, broncho-
spasm, urticaria and angio-oedema of the face, lips, gums, tongue 
and throat may appear as early as 5 minutes or as late as many 
hours after the bite. Hypotension is an important feature of ana-
phylactic reactions to antivenom (see below).

Renal failure

This can complicate severe envenoming by any species of snake, 
but it is common, and the most frequent cause of death in 

Figure 31.21 Cerebral CT scan of a 7-year-old Ecuadorian girl who 
had developed sudden headache followed by loss of consciousness 25 
hours after being bitten by a Bothrops atrox. (Copyright D. A. Warrell.)

Figure 31.22 Intense bilateral conjunctival oedema (chemosis) in a 
Burmese man bitten 24 hours previously by a Russell’s viper (Daboia 
siamensis). (Copyright D. A. Warrell.)

Figure 31.20 Discoid haemorrhages in a Vietnamese girl 12 hours 
after being bitten by a Malayan pit viper (Calloselasma rhodostoma). 
(Copyright D. A. Warrell.)
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nerves. Respiratory insuffi ciency may develop. Myokymia is 
reported after bites by timber rattlesnakes (Crotalus horridus hor-
ridus) and Western diamondback rattlesnakes (C. atrox). Venoms 
of some populations of Southern Pacifi c rattlesnakes (C. oreganus 
helleri) in south-west California and Baja California can cause 
dramatic neurotoxic clinical effects including a metallic taste in 
the mouth, generalized weakness, ptosis, diplopia, dysphagia, dys-
phonia, respiratory distress progressing to respiratory paralysis 
and persisting muscle fasciculations of the face, tongue, and upper 
extremities, as well as local swelling, shock, coagulopathy and 
rhabdomyolysis.62,63

Clinical course and prognosis

Local swelling is usually evident within 2–4 hours of bites by 
vipers and cytotoxic cobras, and may evolve very rapidly after 
rattlesnake bites. Swelling is maximal and most extensive on the 
second or third day after the bite. Resolution of swelling and res-
toration of normal function in the bitten limb may be delayed for 
months, especially in older people (e.g. after bites by the European 
adder Vipera berus). The earliest systemic symptoms such as vom-
iting and syncope may develop within minutes of the bite, but 
even in the case of rapidly absorbed elapid venoms, patients rarely 
die within 1 hour of the bite. Defi brination may be complete 
within 1–2 hours of the bite (e.g. saw-scaled or carpet viper Echis 
ocellatus).64 Neurotoxic signs may progress to generalized fl accid 
paralysis and respiratory arrest within a few hours. If the venom 
is not neutralized by antivenom, these effects may be prolonged. 
Defi brination can persist for weeks (Echis species and Calloselasma 

Figure 31.23 Chest radiograph of a Burmese man who developed 
pulmonary oedema after being bitten by a Russell’s viper (Daboia 
siamensis). (Copyright D. A. Warrell.)

victims of Russell’s viper, tropical rattlesnake (Crotalus durissus 
subspecies) and some species of Bothrops. Patients bitten by Rus-
sell’s vipers may become oliguric within a few hours of the bite. 
Loin pain and tenderness may be experienced within the fi rst 24 
hours and, in 3 or 4 days, the patient may become irritable, coma-
tose or convulsing, with hypertension and evidence of metabolic 
acidosis.

Neurotoxicity

This is attributable to venom phospholipases A2, and is a feature 
of envenoming by a few species of Viperidae (e.g. Crotalus durissus 
terrifi cus, Agkistrodon blomhoffi i, Vipera aspis, Bitis atropos and other 
small South African Bitis species, and Sri Lankan Russell’s viper). 
The clinical features are the same as with elapid envenoming 
(Figure 31.24). Progression to respiratory or generalized paralysis 
has been described. Associated generalized myalgia suggests the 
possibility of rhabdomyolysis. Pupillary dilatation, causing visual 
disturbance from loss of accommodation, is a feature of severe 
envenoming by tropical rattlesnakes and small Bitis species (e.g. 
B. peringueyi) and may be a permanent neurological sequela. In 
North America, distinctive patterns of neurotoxicity have been 
observed after rattlesnake bites. Severe envenoming by Mojave 
rattlesnakes (Crotalus scutulatus scutulatus) causes weakness and 
diffuse fasciculations often involving muscles innervated by cranial 
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Figure 31.24 Sri Lankan man with neurotoxic envenoming by 
Russell’s viper (Daboia russelii). There is ptosis, ophthalmoplegia and 
inability to open the mouth and protrude the tongue. (Copyright D. 
A. Warrell.)
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rhodostoma). Patients with neurotoxic envenoming have recovered 
after being artifi cially ventilated for as long as 10 weeks. Tissue 
necrosis usually is obvious within a week of the bite. Sloughing 
of necrotic tissue and secondary infections including osteomyelitis 
may occur during subsequent weeks or months. Fatal neurotoxic 
envenoming results from airway obstruction or respiratory paraly-
sis, whereas later deaths may result from technical complications 
of mechanical ventilation or intractable hypotension. Late deaths, 
more than 5 days after the bite, are usually the result of renal 
failure. Delayed shock with recurrent spontaneous haemorrhage 
has been described in victims of Burmese Russell’s viper: haemor-
rhagic anterior pituitary infarction and other intracranial haemor-
rhages have been found at autopsy.

Risk of envenoming

Even when the fangs of a venomous snake have pierced the skin, 
envenoming is not inevitable. About 20% of patients bitten by 
North American rattlesnakes, Central American lance-headed 
vipers (mainly Bothrops), Calloselasma rhodostoma and Daboia rus-
selii show absolutely no evidence of envenoming, and as many as 
80% of those bitten by sea snakes and Australasian common 
brown snakes (Pseudonaja textilis) and 50% by C. rhodostoma or 
D. russelii have trivial or no envenoming. Untreated snake bite 
mortality is hard to assess, for hospital admissions include a dis-
proportionate number of severe cases, and data for untreated 
snake bites are available only from the pre-antivenom era or from 
occasions when antivenom supply is limited, an antivenom of low 
potency is used17 or when antivenom is withheld by doctors who 
doubt its effi cacy. The untreated mortality of Crotalus durissus ter-
rifi cus is said to have been 74%, but has been reduced to 12% by 
antivenom, while the mortality of Echis ocellatus bites has been 
reduced from about 20% to 3% with antivenom. Prognosis 
appears to be worst in infants and in the elderly, but there is no 
convincing evidence that children have a worse prognosis than 
young adults, despite the larger dose of venom relative to their 
body weight.

Interval between bite and death

Death after snake bite may occur as rapidly as ‘a few minutes’ 
(reputedly after a bite by the king cobra Ophiophagus hannah) or 
as long as 41 days after a bite by the saw-scaled or carpet viper 
(Echis carinatus). The speed of killing has been exaggerated. Most 
elapid deaths occur within hours of the bite, most sea snake bite 
deaths between 12 and 24 hours, and viper bite deaths within 
days.

Laboratory investigations

Systemic envenoming is usually associated with an infl ammatory 
neutrophil leukocytosis: counts above 20 × 109/L indicate severe 
envenoming. Initially, haematocrit may be high from haemo-
concentration resulting from a generalized increase in capillary 
permeability (e.g. Crotalus species, Burmese Daboia siamensis). 
Later, haematocrit falls because of bleeding into the bitten limb 
and elsewhere, and from intravascular haemolysis or microangio-
pathic haemolysis in patients with disseminated intravascular 
coagulation. Thrombocytopenia is common (e.g. D. russelii, D. 

siamensis, Calloselasma rhodostoma and Crotalus oreganus helleri, Bitis 
arietans).

Twenty-minute whole blood clotting test64,65

Incoagulable blood is a cardinal sign of systemic envenoming 
by most of the Viperidae and many of the Australasian elapids and 
medically important Colubridae. For clinical purposes, a simple, 
bed-side, all-or-nothing test of blood coagulability is adequate. A 
few millilitres of blood taken by venepuncture is placed in a new, 
clean, dry, glass vessel; left undisturbed at room temperature for 
20 minutes; then tipped once to see if there is clotting or not 
(Figure 31.25). The vessel must be glass in order to activate Hage-
mann factor (FXII).

More sensitive tests which are rapid and relatively simple to 
perform are whole blood or plasma prothrombin times and detec-
tion of elevated concentrations of fi brin degradation products 
(FDP) by agglutination of sensitized latex particles or of D-dimer. 
Serum concentrations of creatine kinase, aspartate transferase and 
blood urea are commonly raised in patients with severe envenom-
ing, because of local muscle damage at the site of the bite. Gener-
alized rhabdomyolysis caused by sea snake, Australasian elapid, 
tropical rattlesnake and Sri Lankan Russell’s viper bites causes a 
steep rise in serum creatine kinase and other muscle-derived 
enzymes, myoglobin and potassium concentrations. Plasma is 
stained brownish by myoglobin and pink by haemoglobin. Hepa-
rinized blood should be allowed to sediment spontaneously 
(without centrifugation) to reveal these pigments. Patients with 

Figure 31.25 Twenty-minute whole blood clotting test. In this 
Papua New Guinean patient envenomed by a taipan (Oxyuranus 
scutellatus canni) a few millilitres of venous blood was placed in the 
new, clean, dry, glass bottle and was left to stand at room 
temperature for 20 minutes. At the end of this time the blood is still 
liquid, indicating defi brinogenation. Continued bleeding from razor 
cuts at the site of the bite also suggests incoagulable blood. 
(Copyright D. A. Warrell.)
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intravascular haemolysis have black urine (as in malarial ‘blackwa-
ter fever’). It is brownish, pinkish or reddish in those with haema-
turia or myoglobinuria. Blood urea or serum creatinine and 
potassium concentrations should be measured in patients who 
become oliguric, especially in cases with a high risk of renal failure 
(e.g. Daboia russelli, D. siamensis, Crotalus durissus terrifi cus, Bothrops 
species, terrestrial Australasian snakes, sea snakes and Colubridae). 
Severely sick, hypotensive and shocked patients develop lactic 
acidosis (suggested by an increased anion gap), those with renal 
failure will also develop a metabolic acidosis (decreased plasma 
pH and bicarbonate concentration, reduced arterial PCO2), and 
patients with respiratory paralysis will develop respiratory acidosis 
(low pH, high arterial PCO2, decreased PO2) or respiratory alkalo-
sis if they are mechanically overventilated. (Arterial puncture is 
contraindicated in patients with incoagulable blood.)

Patients should be encouraged to empty their bladder on 
admission to allow examination for blood/haemoglobin/myoglo-
bin and protein (by ‘stix’ test) and for microscopic haematuria and 
casts.

Electrocardiographic abnormalities include sinus bradycardia, 
ST–T changes, various degrees of atrioventricular block and evi-
dence of hyperkalaemia. Shock may induce myocardial ischaemia 
or infarction in patients with narrowed coronary arteries.

Chest radiographs will help to detect pulmonary oedema (e.g. 
European Vipera, D. russelii, D. siamensis – see Figure 31.23), 
pulmonary haemorrhages and infarcts, pleural effusions and 
secondary bronchopneumonias.

Immunodiagnosis

Detection of venom antigens in body fl uids of snake bite victims 
using enzyme immunoassays has proved a valuable research 
tool for confi rming the species responsible for envenoming 
(immunodiagnosis), as a prognostic index of the severity 
of envenoming and to assess the effi cacy of antivenom 
teatment.66–68 Of the various techniques used, enzyme immunoas-
say (EIA) has proved the most rapid, sensitive and specifi c. Com-
mercial venom detection kits for clinical diagnosis are available 
only in Australia (Commonwealth Serum Laboratories’ Venom 
Detection Kit). They are highly sensitive but their specifi city 
may be inadequate to distinguish between envenoming by 
different species in the same genus or in closely related genera. 
Envenomed patients develop persisting levels of antibodies to 
venom antigens including individual toxins, detectable by EIA, 
but they have proved insuffi ciently specifi c to allow reliable retro-
spective diagnosis. False-positive EIA results are common, espe-
cially with the sera of rural populations in the tropics. Relatively 
high venom antigen concentrations (e.g. from wound swabs or 
aspirates) can be detected within 15–30 minutes. For retrospective 
diagnosis, including forensic cases, tissue around the fang punc-
tures, wound and blister aspirate, serum and urine should be 
stored for EIA.

Management of snake bite6,69

First aid

First aid can be carried out only by bite victims themselves or 
bystanders, using materials that are immediately available.

1. Reassure the victim, who is usually terrifi ed.
2. Do not tamper with the bite wound in any way, but immobi-

lize the whole patient, especially their bitten limb, using a 
splint or sling. Pressure-immobilization should be used (see 
below) if the necessary bandages are available together with 
someone trained to apply them.

3. Carry the patient as quickly as possible to the nearest health 
clinic, dispensary or hospital where medical treatment can be 
given. Movement (muscular contraction) anywhere and espe-
cially in the bitten limb will promote spread of venom, so this 
must be avoided. Ideally, the patient should be transported by 
motor vehicle, bicycle (as a passenger), boat or on a 
stretcher.

4. Avoid harmful and time-wasting treatments.
5. Since species diagnosis is helpful, the snake should be taken 

along to hospital if it happens to have been killed. However, 
if it is still at large, neither risk further bites nor waste time 
in searching for it. Snakes, even those apparently dead, should 
not be touched with the bare hands. Some species (e.g. the 
rinkhals Hemachatus haemachatus) sham death, and even a 
severed head can inject venom!

Pressure-immobilization (PI): developed and advocated by 
Struan Sutherland in Australia, this method proved effective in 
limiting the absorption of Australian elapid toxins in restrained 
monkeys.70 Although never subjected to formal clinical trials, the 
method has proved successful, as judged by many anecdotal 
reports of delayed systemic envenoming and rapid deterioration 
after release of the bandage, in some cases supported by measure-
ments of venom antigenaemia. However, there have been practical 
diffi culties in implementing this discovery and, even in Australia, 
only 18–53% of the bandages in place when patients arrived in 
the hospital had been correctly applied. Some experienced physi-
cians still regard it as of unproven benefi t71 and it is certainly 
impracticable for those rural areas of tropical countries such as 
India, where snake bite is most common. The aim is to exert a 
pressure of about 55 mmHg, that of a venous tourniquet, which 
is suffi cient to occlude lymphatic vessels through which larger-
molecular-weight toxins spread from the bite site. In practice, it is 
diffi cult to judge how tightly to apply the crepe bandage and dif-
fi cult for the patient to apply it unaided. Most bandages are 
applied too loosely. External compression increases intracompart-
mental pressure and may accentuate the necrotic effects of some 
snake venoms and so the method may not be appropriate for all 
cases of snake bite.72–74 However, a patient bitten by a neurotoxic 
elapid might develop respiratory paralysis before reaching medical 
care. In these cases or if the cause of the bite is unknown, PI should 
be applied immediately, as tightly as for a sprained ankle, but not 
so tightly as to cause ischaemic pain, cyanosis of the extremity or 
obliterate peripheral arterial pulses. Lymphoscintigraphy studies 
showed that excessive pressure (>70 mmHg) and movement of the 
other limbs increased lymphatic fl ow.75 The patient should lie 
down and remain as immobile as possible during the journey to 
hospital, preferably in the left lateral ‘recovery’ position in case 
they vomit. An alternative, simpler method of local compression 
has been developed by Tun-Pe and his colleagues in Burma. Appli-
cation of a foam rubber pad directly over the bite wound delayed 
systemic envenoming, as assessed by measurements of venom 
antigenaemia. The method appeared safe and effective in a pre-
liminary fi eld trial.76
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Rejected or controversial fi rst-aid methods

Cauterization, incision or excision, amputation of the bitten digit, 
suction by mouth, vacuum pumps77 or ‘venom-ex’ apparatus, 
instillation of chemical compounds such as potassium permanga-
nate, application of ice packs (cryotherapy), ‘snake stones’ or elec-
tric shocks are absolutely contraindicated as they are harmful and 
have no proven benefi t.78 Incisions provoke uncontrolled bleeding 
when the blood is incoagulable, may damage nerves, blood vessels 
or tendons, and introduce infection. Suction, chemicals and cryo-
therapy can cause tissue necrosis. Tight (arterial) tourniquets have 
been responsible for terrible morbidity and even mortality in 
snake bite victims and should never be used.

Treatment of early symptoms

Distressing and dangerous effects of envenoming may appear 
before the patient reaches hospital.

Local pain may be intense. Oral paracetamol is preferable to 
aspirin or non-steroidal antiinfl ammatory agents, which carry the 
risk of gastric bleeding in patients with incoagulable blood. Severe 
pain should be treated with opiates.

Vomiting is a common early symptom of systemic envenoming. 
Patients should lie in the recovery position (on their left side) with 
their head down to avoid aspiration. Persistent vomiting can be 
treated with intravenous or rectal chlorpromazine (25–50 mg in 
adults, 1 mg/kg in children).*

Syncopal attacks and anaphylactic shock

Patients who collapse within minutes of the bite may show fea-
tures of either a vasovagal attack with profound bradycardia or of 
anaphylaxis with angio-oedema, urticaria, asthma, hypotension, 
abdominal colic and diarrhoea. Anaphylaxis should be treated 
with adrenaline (epinephrine) 0.1% (1 in 1000) (0.5 mL in adults, 
0.01 mL/kg in children) by intramuscular injection followed by a 
histamine H1-blocker such as chlorphenamine maleate (10 mg in 
adults, 0.2 mg/kg in children), which can be given by intravenous 
or intramuscular* injection.

Respiratory distress

This may result from upper airway obstruction if the jaw, tongue 
and bulbar muscles are paralysed or from paralysis of the respira-
tory muscles. Patients should be placed in the recovery position, 
the airway cleared, if possible using a suction pump, an oral 
airway inserted and the jaw elevated. If the patient is cyanosed, in 
respiratory distress, or respiratory movements are very weak, 
oxygen should be given by any available means. If clearing the 
airway does not produce immediate relief, artifi cial ventilation 
must be initiated. In the absence of any equipment, mouth-to-
mouth or mouth-to-nose ventilation can be life-saving. Manual 
ventilation by Ambu bag and anaesthetic mask is rarely effective. 
Ideally, a cuffed endotracheal tube should be introduced, using a 
laryngoscope, or a cuffed tracheostomy tube inserted. Laryngeal 

mask airways have proved disappointing in this situation. The 
patient can then be ventilated by Ambu bag. If no femoral or 
carotid pulse can be felt, external cardiac massage must be 
started.

Treatment at health clinic, dispensary or hospital by 
medically trained staff

Clinical assessment

Snake bite is a medical emergency. The history, symptoms and 
signs must be elicited rapidly so that urgent and appropriate treat-
ment can be given. Four important preliminary questions are:
• Show me in which part of your body you were bitten?
• When were you bitten?
• Where is the snake that bit you or what did it look like?
• How are you feeling now?

If the snake has been killed but not brought, someone should 
be despatched to collect it. If it can be diagnosed confi dently as 
non-venomous, the patient can be discharged after a booster dose 
of tetanus toxoid. Patients should be asked whether they have 
taken any herbal or other treatment, whether they have vomited, 
fainted, or have noticed any bleeding, weakness, visual distur-
bance or other ill-effects of the bite and whether they have passed 
urine since being bitten. Before removing any compression 
bandage or tourniquet, put up an intravenous line and be pre-
pared to resuscitate the patient, as they may deteriorate dramati-
cally. Fang marks are sometimes invisible and rarely help the 
diagnosis, although the discovery of paired puncture marks sug-
gests a bite by a venomous snake. Local swelling, tenderness and 
lymph node involvement are early signs of envenoming. The gin-
gival sulci are usually the earliest site of detectable spontaneous 
bleeding. Bleeding from venepuncture sites, recent wounds and 
skin lesions suggests incoagulable blood. If the patient is shocked 
(collapsed, sweating, cold, cyanosed extremities, low blood pres-
sure, tachycardia), the foot of the bed should be raised immedi-
ately, and intravenous fl uid should be infused. The jugular or 
central venous pressure should be observed. The earliest symptom 
of neurotoxicity after elapid bites is often blurred vision, a feeling 
of heaviness in the eyelids and drowsiness. The earliest sign is 
contraction of the frontalis muscle (raised eyebrows and puckered 
forehead) and tilting back the head, even before true ptosis can 
be demonstrated. Signs of respiratory muscle paralysis (dyspnoea, 
‘paradoxical’ abdominal respiration, use of accessory muscles and 
cyanosis) are ominous. Patients with generalized rhabdomyolysis 
may have trismus and muscles that are stiff, tender and resistant 
to passive stretching. Urine output may dwindle very early in the 
course of Russell’s viper bite. Black urine suggests myoglobinuria 
or haemoglobinuria.

Even if there is no evidence of envenoming when they arrive, 
patients should be admitted for observation, ideally for 24 hours. 
Every hour, symptoms, level of consciousness, ptosis, pulse rate 
and rhythm, blood pressure, respiratory rate, extent of local 
swelling and other new signs should be recorded. If there is any 
evidence of neurotoxicity, the ventilatory capacity or expiratory 
pressure should also be recorded every hour. Useful investigations 
include the 20-minute whole blood clotting test (or other tests of 
coagulation), peripheral leukocyte count, haematocrit, urine 
microscopy and ‘stix’ testing, and electrocardiography.

*In patients with incoagulable blood, injections will cause haematomas. 
Pressure dressings should be applied to all injection sites to prevent oozing.
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Antivenom (also known as antivenin, antivenene, 
anti-snake bite serum)

Antivenom is the immunoglobulin of animals, usually horses 
or sheep, which have been immunized with one or more venoms. 
It is the only specifi c antidote available and has proved effective 
against many of the lethal and damaging effects of venoms. In the 
management of snake bite, the most important clinical decision 
is whether or not to give antivenom. Only a minority of snake-
bitten patients require antivenom, it may cause severe reactions 
and is expensive and often in short supply.

Indications for antivenom

• Systemic envenoming:
1. Haemostatic abnormalities: spontaneous systemic bleed-

ing, incoagulable blood or prolonged clotting time, ele-
vated FDP or D-dimer, thrombocytopenia.

2. Cardiovascular abnormalities: hypotension, shock, abnor-
mal electrocardiogram, cardiac arrhythmia.

3. Neurotoxicity (paralysis, fasciculations).
4. Generalized rhabdomyolysis.
5. In patients with defi nite signs of local envenoming, the 

following confi rm systemic envenoming: neutrophil leuko-
cytosis, elevated serum enzymes such as creatine kinase and 
aminotransferases, haemoconcentration, uraemia, hyper-
creatininaemia, oliguria, hypoxaemia, and acidosis.

• Severe local envenoming: in the absence of 1–4 above, the 
development at any stage of local swelling involving more than 
half the bitten limb or extensive blistering or bruising, espe-
cially in patients showing the abnormalities listed above under 
(5) and in patients bitten by species known to cause local 
necrosis (e.g. Viperidae, Asian cobras, African spitting cobras). 
Bites on the digits by these species carry a high risk of necrosis, 
hence the need for antivenom.
Wealthy countries can afford a wider range of indications for 

the use of antivenom. The following additional indications have 
been suggested.
• USA and Canada: following bites by the most dangerous 

rattlesnakes (Crotalus atrox, C. adamanteus, C. viridis, C. oreganus 
helleri, C. horridus and C. scutulatus) antivenom therapy has 
been recommended if there is rapid spread of local swelling, 
even without evidence of systemic envenoming, and after bites 
by coral snakes (Micruroides euryxanthus, Micrurus fulvius, Micru-
rus tener) if there is immediate pain or any other symptom or 
sign of envenoming.

• Australia: antivenom is recommended in any proved or sus-
pected case of snake bite if there is any evidence of systemic 
spread of venom, including tender regional lymph nodes, and 
if there has been an effective bite by any identifi ed highly 
venomous species.3

• Europe: to improve the rate of recovery of local swelling after 
bites by Vipera berus, antivenom has been recommended in 
adults with swelling extending up the forearm or leg within 2 
hours of the bite.23,79

Contraindications

Atopic patients and those who have had reactions to equine anti-
serum on previous occasions have an increased risk of developing 

severe antivenom reactions. In such cases, antivenom should not 
be given unless there are defi nite signs of severe (potentially life-
threatening) systemic envenoming. Empirical pretreatment with 
an intramuscular injection of 0.01% adrenaline (epinephrine) 
and an intravenous injection of a histamine H1-blocker and cor-
ticosteroid is recommended, followed by close observation of the 
patient for 3 hours after antivenom has been given. Rapid desen-
sitization is not recommended.

Prediction of antivenom reactions

Hypersensitivity testing by intradermal or subcutaneous injection 
or intraconjunctival instillation of diluted antivenom has been 
widely practised in the past. However, these tests delay the start 
of antivenom treatment, are not without risk of sensitizing the 
patient, and have no predictive value for early (anaphylactic) 
antivenom reactions, which are usually the result of direct activa-
tion of the complement system and are not manifestations of 
IgE-mediated (reaginic) type I hypersensitivity.80,81

Prevention of antivenom reactions

Intramuscular promethazine is ineffective.82 In one study, subcu-
taneous adrenaline (epinephrine) (0.1%; adult dose, 0.25 mg) 
reduced the incidence of early antivenom reactions, but there have 
been concerns about the safety of giving this prophylaxis to all 
antivenom recipients.83

Administration of antivenom

Monovalent and polyvalent antivenoms: the range of venoms 
neutralized by an antivenom is usually stated in the package insert 
and is to be found in compendia of antivenoms.84 If the biting 
species is known or strongly suspected, the appropriate monospe-
cifi c (monovalent) antivenom should be used. However, in parts 
of the world where several species produce identical signs, patients 
who fail to bring the dead snake must be treated with polyspecifi c 
(polyvalent) antivenom, which may contain a lower concentra-
tion of specifi c antibody to each species than the monospecifi c 
antivenom.

Expiry dates: manufacturers’ expiry dates may be unnecessarily 
conservative. Liquid lyophilized antivenoms stored at below 8°C 
usually retain most of their activity for 5 years or more.85 Solutions 
that are opaque or contain visible particles should not be given, 
as precipitation of protein indicates loss of activity and an increased 
risk of reactions.

How late can antivenom be given?: antivenom should be 
given as soon as it is indicated, but it is almost never too late to 
give it as long as signs of systemic envenoming persist (e.g. up to 
2 days after a sea snake bite and many days or even weeks for 
prolonged defi brination following bites by Viperidae). In contrast, 
local effects of venoms are probably not reversible by antivenom 
delayed more than a few hours after the bite.

Intravenous administration: the intravenous route is the most 
effective. An infusion over 30–60 minutes of antivenom diluted 
in isotonic fl uid may be easier to control than an intravenous 
‘push’ injection of reconstituted but undiluted antivenom given 
over 10–20 minutes. There is no difference in the incidence or 
severity of antivenom reactions in patients treated by these two 
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methods.80 In the rural tropics, the intravenous push method has 
the advantage that it involves less expensive equipment, is quicker 
to initiate, and compels someone to remain with the patient at 
least while the injection is being given.

Intramuscular administration: in the absence of anyone 
capable of giving an intravenous injection, antivenom may be 
given by deep intramuscular injection (e.g. at several sites into 
the anterolateral aspect of the thighs but not into the gluteal 
region) followed by massage to promote absorption. However, 
the volumes of antivenom normally required would make this 
route impracticable, especially in children, as would the risk of 
haematoma formation in patients with incoagulable blood. Local 
injection of antivenom, for example into the fang marks, seems 
rational but is diffi cult, painful and hazardous (especially when 
the bite is on a digit or other tight compartment) and has not 
proved effective in animal studies.

Initial dose: the average initial dose of antivenom required 
should be based on results of clinical studies, but these are rarely 
available. Most manufacturers base their recommendations on the 
mouse assay, which may not correlate with clinical fi ndings.86 
Initial doses of some important antivenoms are given in Table 
31.3. The apparent serum half-lives of antivenoms in envenomed 
patients range from 26 to 95 hours, depending on which IgG 
fragment they contain.87,88 Children must be given the same or 
larger doses of antivenom than adults.

Recurrent envenoming: recurrence of clinical and laboratory 
features of systemic envenoming, including recurrent venom anti-
genaemia several days after an initially good response to antive-
nom, was clearly documented in patients envenomed by Malayan 
pit vipers (Calloselasma rhodostoma) in Thailand in the 1980s and 
the phenomenon was rediscovered after the introduction of 
CroFAb in the USA.89 Recurrent envenoming is probably the result 
of continuing absorption of venom from the injection site after 
antivenom has been largely cleared from the circulation or perhaps 
by redistribution of venom from tissue in response to antive-
nom.90 Paradoxically, venom absorption may increase after a 
hypotensive, shocked patient has been resuscitated. It is more 
likely to occur when a rapidly eliminated small IgG fragment 
antivenom is used, such as Fab. This suggests that an initial dose 
of antivenom, however large, may not prevent late or recurrent 
envenoming.

Repeated dosing: the response to antivenom will determine 
whether further doses are required. Neurotoxic signs may improve 
within 30 minutes of antivenom treatment but usually take several 
hours. Hypotension, sinus bradycardia and spontaneous systemic 
bleeding may respond within 10–20 minutes and blood coagula-
bility is usually restored within 1–6 hours, provided suffi cient 
antivenom has been given. A second dose of antivenom should 
be given if severe cardiorespiratory symptoms persist for more 
than about 30 minutes, and incoagulable blood persists for more 
than 6 hours, after the start of the fi rst dose.

The ‘6-hour rule’: studies of envenoming by several species 
of snakes whose venoms cause coagulopathy have demonstrated 
that, once an adequate neutralizing dose of antivenom has been 
given, blood coagulability (assessed by the 20-minute whole 
blood clotting test, 20WBCT, see above) will be restored within 
a median of 6 hours.25,58,91–93 This refl ects the ability of the liver, 
highly activated by circulating fi brin(ogen) breakdown products, 
to restore coagulable levels of clotting factors in patients with 

consumption coagulopathy. This important observation is the 
basis for a simple method of titrating antivenom dosage in indi-
vidual patients whose blood is initially incoagulable. The 
20WBCT is performed at 6-hourly intervals and the initial dose 
of antivenom is repeated every 6 hours until blood coagulability 
is restored. After that, the 20WBCT is checked at 12-hourly inter-
vals for at least 48 hours to detect recurrent envenoming (see 
above).

Enormous doses of antivenom may be required to treat patients 
bitten by large species capable of injecting very large amounts of 
venom or extremely potent venom. Thus, a patient bitten by the 
king cobra (Ophiophagus hannah) was given 1150 mL of specifi c 
antivenom and prolonged artifi cial ventilation. Other exception-
ally large species include bushmasters (genus Lachesis), diamond-
back rattlesnakes (Crotalus adamanteus and C. atrox), Gabon vipers 
(Bitis gabonica, B. rhinoceros) and black mamba (Dendroaspis 
polylepis).

Antivenom reactions

Antivenom treatment may be complicated by early (anaphylactic), 
pyrogenic, or late (serum sickness-type) reactions.

Early antivenom reactions: these are not usually type I IgE-
mediated hypersensitivity reactions to equine serum proteins and 
are not predicted by hypersensitivity tests.80 Antivenoms activate 
complement in vitro, while the clinically similar reactions to 
homologous serum are associated with complement activation 
and immune complex formation in vivo. The complement system 
is activated by aggregates of IgG or its fragments. Reactions usually 
develop within 10 to 180 minutes of starting antivenom. There 
is itching, urticaria (Figure 31.26), fever, tachycardia, palpitations, 
cough, nausea and vomiting. The reported incidence, which varies 
from 3% to 84%, appears to increase with the dose and to 
decrease when refi ned antivenom is used and administration is 
by intramuscular rather than intravenous injection. Unless 
patients are watched carefully for 3 hours after treatment, mild 
reactions may be missed and deaths misattributed to the enven-
oming itself. Up to 40% of patients with early reactions show 

Figure 31.26 Urticaria of the thigh, coalescent over the knee, in a 
patient experiencing an early antivenom reaction 15 minutes after the 
start of treatment. (Copyright D. A. Warrell.)
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Table 31.3 Guide to initial dosage of some important antivenoms

Species
Latin name English name Manufacturer, antivenom Approximate initial dose
Acanthophis spp. Death adder CSL, monospecifi c 3000–6000 units

Bitis arietans Puff adder Sanofi -Pasteur (‘Fav Afrique’ & 
‘FaviRept’), polyspecifi c
SAIMR, polyspecifi c

80 mL

Bothrops jararaca Jararaca Brazilian manufacturers, Bothrops 
polyspecifi c

20 mL

Bungarus caeruleus Common krait Indian manufacturers, polyspecifi c 100 mL

Calloselasma (Agkistrodon) 
rhodostoma

Malayan pit viper Thai Red Cross Bangkok, monospecifi c 100 mL

Crotalus adamanteus Eastern diamondback rattlesnakes

Crotalus atrox Western diamondback rattlesnakes Protherics (‘CroFab’) 7–15 vials

Crotalus viridis subspp. Western rattlesnakes

Daboia (Vipera) russelii Russell’s vipers Myanmar Pharmaceutical Industry, 
monospecifi c

40 mL

Indian manufacturers, polyspecifi c 100 mL

Thai Red Cross, monospecifi c 50 mL

Echis spp. Saw-scaled or carpet vipers SAIMR, Echis monospecifi c 20 mL

Sanofi -Pasteur (‘Fav Afrique’) 100 mL

Hydrophiinae Sea snakes CSL, sea snake/tiger snake 1000 units

Naja kaouthia Monocellate Thai cobra Thai Red Cross, monospecifi c 100 mL

Naja naja Indian cobra Indian manufacturers, polyspecifi c 100 mL

Notechis scutatus Tiger snake CSL, monospecifi c 3000–6000 units

Pseudechis textilis Eastern brown snake

Oxyuranus scutellatus Taipan CSL, monospecifi c 12 000 units

Trimeresurus albolabris Green pit viper Thai Red Cross, monospecifi c 100 mL

Vipera berus European adder Immunoloski Zavod-Zagreb, Vipera 
polyspecifi c

10 mL

Therapeutic Antibodies Inc. 
(‘ViperaTAb’), Fab monospecifi c

100–200 mg

Vipera palaestinae Palestine viper Rogoff Medical Research Institute, Tel 
Aviv, Palestine, viper monospecifi c

50–80 mL

CSL, Commonwealth Serum Laboratories, Australia; SAIMR, South African Institute for Medical Research (now South African Vaccine Producers (SAVP)).

features of severe systemic anaphylaxis – bronchospasm, hypoten-
sion or angio-oedema – but deaths are rare. Early reactions 
respond readily to adrenaline (epinephrine) given by intramus-
cular injection of between 0.5 and 1.0 mL of 0.1% (1 : 1000, 
1 mg/mL) in adults (children, 0.01 mL/kg) at the fi rst sign of 
trouble. Histamine H1-blockers such as chlorphenamine maleate 
(adult dose, 10 mg; children, 0.2 mg/kg) should be given by intra-
venous injection to combat the effects of histamine released 
during the reaction.

Pyrogenic reactions: these result from contamination of the 
antivenom by endotoxin-like compounds. High fever develops 
1–2 hours after treatment and is associated with rigors, followed 
by vasodilatation and a fall in blood pressure. Febrile convul-
sions may be precipitated in children. Patients should be cooled 

and given antipyretic drugs such as paracetamol, by mouth, 
powdered and washed down a nasogastric tube (15 mg/kg), or 
by suppository.

Late (serum sickness-type) reactions: these develop 5–24 
(mean, 7) days after treatment. Their incidence and speed of devel-
opment increase with the dose of antivenom but they are under-
reported because patients have usually left hospital by the time 
they occur. Symptoms include fever, itching, urticaria, arthralgia, 
which may involve the temporomandibular joint, lymphadenopa-
thy, periarticular swellings, mononeuritis multiplex, albuminuria 
and, rarely, encephalopathy. This is an immune complex disease 
which responds to a histamine H1-blocker such as chlorphena-
mine (adults, 2 mg four times a day; children, 0.25 mg/kg per day 
in divided doses), or, in more severe cases, to corticosteroid (pred-
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nisolone 5 mg four times a day for 5 days in adults, 0.7 mg/kg per 
day in divided doses for 5 days for children).

Supportive treatment (assuming that adequate doses of 
antivenom have been given)

Artifi cial ventilation was fi rst suggested for neurotoxic envenom-
ing more than 120 years ago but patients continue to die for lack 
of respiratory support. Antivenom alone cannot be relied upon to 
reverse established bulbar respiratory paralysis. However, neuro-
toxic effects are fully reversible with time: a patient bitten by 
Bungarus multicinctus in Canton recovered completely after 
being ventilated manually for 30 days, and a patient probably 
envenomed by a rough-scaled snake Tropidechis carinatus recovered 
after 10 weeks of mechanical ventilation in Queensland, Australia. 
Endotracheal intubation or tracheostomy, using cuffed tubes, is 
needed. The patient can be ventilated manually with an anaes-
thetic or Ambu bag or, preferably, with a mechanical ventilator 
(Figure 31.27).

Anticholinesterase drugs may produce a rapid, useful improve-
ment in neuromuscular transmission in patients envenomed by 
some species of Asian and African cobras, death adders (Acantho-
phis species), coral snakes (Micrurus species) and kraits.49 It is 
worth trying the ‘Tensilon test’ in all cases of severe neurotoxic 
envenoming, as with suspected myasthenia gravis. Atropine sul-
phate (adults, 0.6 mg; children, 50 μg/kg) is given fi rst by intrave-
nous injection to block unpleasant muscarinic effects of 
acetylcholine such as increased secretions and abdominal colic. 
Edrophonium chloride (Tensilon®) is then given by slow intrave-
nous injection in an adult dose of 10 mg, or 0.25 mg/kg for chil-
dren, or neostigmine bromide or methylsulphate (Prostigmin®) 
by intramuscular injection, 0.02 mg/kg for adults, 0.04 mg/kg for 
children. Patients who respond convincingly can be maintained 
on neostigmine methylsulphate, 0.5–2.5 mg every 1–3 hours 
up to 10 mg/24 hours maximum for adults or 0.01–0.04 mg/kg 
every 2–4 hours for children, by intramuscular, intravenous or 
subcutaneous injection.

Hypotension and shock

These usually result from hypovolaemia and should be treated 
by infusing fl uid intravenously. Central venous pressure or 
pulmonary arterial catheter monitoring is the safest way to con-
trol volume replacement. Hypotensive patients envenomed by 
Burmese Russell’s viper responded to dopamine, 2.5 μ/kg per 
minute by intravenous infusion; but methylprednisolone, 30 mg/
kg, and naloxone were not effective.25

Renal failure69

If urine output drops below 400 mL/24 hours, urethral and 
central venous catheters should be inserted. If urine fl ow fails to 
increase after cautious rehydration, diuretics should be tried – e.g. 
furosemide (frusemide) by slow intravenous injection, 100 mg 
followed by 200 mg if urine output fails to increase, and then 
mannitol. If these measures fail to restore urine fl ow, the patient 
should be placed on strict fl uid balance. Peritoneal or haemodi-
alysis will be required in most patients with established renal 
failure.

Figure 31.27 Artifi cial ventilation by Bird ventilator in a patient with 
complete fl accid paralysis following a bite by a taipan (Oxyuranus 
scutellatus canni) in Central Province, Papua New Guinea. (Copyright 
D. A. Warrell.)

Local infection

A booster dose of tetanus toxoid should be given. Local bacterial 
infections with formation of wound abscesses are common 
after bites by some species such as South American pit vipers 
(Bothrops) and Malayan pit vipers (Calloselasma rhodostoma).94 
Even a case of Buruli ulcer (Mycobacterium ulcerans) has been 
attributed to snake bite. Prophylactic antibiotics are not justifi ed 
unless the wound has been incised or there is evidence of 
necrosis.95 Penicillin, erythromycin or chloramphenicol are appro-
priate, or an antibiotic effective against the bacterial fl ora of the 
buccal cavity and venoms of local snakes.94 An aminoglycoside 
such as gentamicin should be added for 48 hours. Bullae are best 
left intact.
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Intracompartmental syndromes

In a snake-bitten limb, swelling of muscles within tight fascial 
compartments, such as the anterior tibial compartment, may 
raise the tissue pressure to such an extent that perfusion is 
impaired and ischaemic damage (as in Volkmann’s contracture 
of the forearm) is added to the effects of the venom. Risk 
factors include pressure bandaging and excessive elevation of 
the limb which reduces arterial perfusion pressure in the com-
partment but cannot reduce local venous pressure below local 
tissue pressure. Reduction of the arteriovenous pressure gradient 
is associated with decreased muscle PO2 and nerve conduction 
velocity.61 The classical signs of an intracompartmental syn-
drome include excessive pain, weakness of the compartmental 
muscles and pain when they are passively stretched, hypoaes-
thesia of areas of skin supplied by nerves running through the 
compartment and obvious tenseness of the compartment. These 
features have been characterized as ‘the 7 Ps’: pain at rest, pain 
on possible movement, paralysis, pallor, paraesthesiae, poikilo-
thermia and pulselessness. Unfortunately, local effects of enven-
oming often result in a painful, immobile, pale, cyanosed, cold, 
tensely swollen, and apparently pulseless limb with poor capil-
lary refi ll in the absence of any demonstrable compartmental 
syndrome.

Fasciotomy: the appearances described above may mislead 
inexperienced surgeons into diagnosing compartment syndrome 
without objective evidence and encourage them to proceed to 
fasciotomy. The discovery of dark or even black-looking muscle 
fasciculi may reassure the surgeon that the operation was nec-
essary, but envenomed yet viable muscle often looks black 
because of haemorrhage and may regenerate after destructive 
effects of venom phospholipases A2. Dangers of fasciotomy 
include neglect of early adequate antivenom treatment, severe 
persistent bleeding if the venom-induced haemostatic abnor-
malities have not been corrected by adequate doses of antive-
nom, delayed recovery of function and prolonged hospital 
admission, and persistent morbidity from damage to sensory 
nerves and contractures from keloid formation or hypertrophic 
scarring in some ethnic groups. Palpation of peripheral pulses 
or their detection by Doppler ultrasound does not exclude intra-
compartmental ischaemia. However, direct measurement of 
intracompartmental pressure is reasonably simple, using a per-
fusion pump and saline manometer system or a commercial 
transducer such as the Stryker apparatus. An intracompartmen-
tal pressure of more than 45 mmHg in an adult or 30 mmHg 
in a child indicates a high risk of ischaemic necrosis. In these 
circumstances, fasciotomy may be justifi ed to relieve the pres-
sure in the compartment, but decompression did not prove 
effective in saving envenomed muscle in animal experiments.96 
Necrosis occurs most frequently after digital bites. Fasciotomy 
must never be embarked upon until blood coagulability has 
been restored by adequate doses of specifi c antivenom, followed 
by the transfusion of fresh whole blood, clotting factors or 
platelets as required.

Unproven treatments

Corticosteroids, heparin, antifi brinolytic agents such as aprotinin 
(Trasylol®) and ε-aminocaproic acid, antihistamine, trypsin and a 

variety of traditional herbal remedies have been used and advo-
cated for snake bite. Most are potentially harmful and none has 
been proved to be effective.

Snake venom ophthalmia

The ‘spat’ venom should be washed from the eye or mucous mem-
brane as soon as possible using large volumes of water or other 
bland fl uid (even urine, in an emergency). Unless a corneal abra-
sion can be excluded by fl uorescein staining or slit-lamp examina-
tion, a topical antimicrobial agent such as tetracycline or 
chloramphenicol should be applied, as with any other corneal 
injury.51 Adrenaline (epinephrine) eyedrops (0.1%) relieve the 
pain.

Prevention

Snake bites could be prevented by simple precautions. Unfortu-
nately, these methods are impracticable for those, such as 
farmers in tropical countries, who have to do hard physical work 
in hot snake-infested areas. Snakes should never be disturbed, 
attacked or handled unnecessarily even if they are thought to be 
harmless species or appear to be dead. Venomous species should 
never be kept as pets or as performing animals. Protective cloth-
ing – boots (not open sandals), socks, long trousers – should be 
worn when walking in undergrowth or deep sand and a light 
should always be carried at night. Particular care should be 
taken while collecting fi rewood, moving logs, boulders, boxes or 
debris likely to conceal a snake, and climbing rocks and trees 
covered with dense foliage or swimming in overgrown lakes and 
rivers. Wading in the sea, especially in sand or near coral reefs, is 
a dangerous pastime and should be avoided if possible. Shuf-
fl ing is safer than a high stepping gait. Divers should keep clear 
of sea snakes. Fishermen who catch sea snakes in nets or on 
lines should return them to their element without touching 
them.

Sleeping off the ground and ideally under a mosquito net 
prevents nocturnal bites by spitting cobras in Africa and kraits 
in Asia.

Domestic animals such as chickens and rodent pests attract 
snakes into human dwellings. Snakes can be discouraged by 
rodent-proofi ng, by removing unnecessary junk and litter, and 
by using solid building materials. Various toxic chemicals such as 
naphthalene, sulphur, insecticides (e.g. DDT, dieldrin and pyre-
thrins) and fumigants (e.g. methyl bromide, formaldehyde, tetra-
chloroethane) are lethal to snakes. No true repellents have been 
identifi ed.

Prophylactic immunization against snake venoms

Venom toxoids (venoids) have been used to immunize farmers 
at high risk of habu bite (Trimeresurus [Protobothrops] fl avoviridis) 
in the Ryukyu and Amami Islands in Japan but effi cacy and 
safety was not demonstrated.97 To be effective, vaccination would 
have to stimulate suffi ciently high and persisting levels of anti-
body to neutralize the venom injected at the time of the bite. 
Enhanced secondary (anamnestic) antibody response, unlike in 
infectious diseases, would be too late to be helpful. For this 
reason, vaccination against snake bite is very unlikely to be 
useful.

Venomous Bites and Stings
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Venomous lizards98

Two species of venomous lizard (genus Heloderma) have proved 
capable of envenoming humans. Venom from glands in the man-
dible is conducted along grooves in the lower teeth. The Gila 
monster (H. suspectum) is striped, with a short, thick tail, and 
grows up to 60 cm in length (Figure 31.28). It occurs in the south-
western USA and the adjacent areas of Mexico. The Mexican 
beaded lizard or escorpión (H. horridum) is spotted, with a rela-
tively long, thin tail, and reaches 80 cm in length. It is found in 
western Mexico and south to Guatemala. Heloderma venoms 
contain lethal glycoprotein toxins, gila and horridum toxins, 
phospholipase A2 and fi ve bioactive peptides of great interest. 
Helospectins I and II and helodermin are vasoactive intestinal 
peptide (VIP) analogues, while exendins -3 and -4 are glucagon-
like peptide-1 (GLP-1) analogues that are being developed for the 
treatment of type 2 diabetes mellitus.99,100 Bites are rare. The lizard 
hangs on with its powerful jaws and is diffi culty to disengage. 
Radiolucent teeth may be left in the wound. There is immediate 
severe local pain with tender swelling and regional lymphade-
nopathy. Symptoms include weakness, dizziness, tachycardia, 
hypotension, syncope, angio-oedema, sweating, rigors, tinnitus, 
nausea and vomiting. There may be leukocytosis, coagulopathy, 
electrocardiographic changes, myocardial infarction and acute 
renal failure. No fatal cases have reliably been reported. Specifi c 
antivenom is not generally available. A powerful analgesic may be 
required. Hypotension should be treated with plasma expanders 
and perhaps adrenaline (epinephrine) or a pressor agent such as 
dopamine.

Recently, Fry et al.101 have demonstrated salivary venom secre-
tion by two other groups of lizards, iguanas (Iguanidae) and 

monitors (Varanidae), notably the Komodo dragon (Varanus 
komodoensis) which has been responsible for human fatalities that 
were attributed to trauma of infection of the bite wounds.

Venomous fi sh3,102,103

Taxonomy

About 200 species of fi sh, inhabiting temperate and tropical seas, 
possess a defensive venom-injecting apparatus which can infl ict 
dangerous stings, but more than 1200 species are now thought to 
be venomous.104 Fatal stings have been reported from cartilaginous 
fi sh (class Chondrichthyes) such as sharks and dogfi sh (order 
Squaliformes) and stingrays and mantas (order Rajiformes); and 
bony fi sh (superclass Osteichthyes), such as ray-fi nned fi sh (class 
Actinopterygii) of the orders Siluriformes (catfi sh), Perciformes 
(families Trachinidae [weever fi sh], Uranoscopidae [stargazers 
or stone-lifters] and others) and Scorpaeniformes (scorpion fi sh, 
stonefi sh).

Venom apparatus

Venom is secreted around spines or barbs in front of the dorsal, 
anal or pectoral fi ns and tail and opercular spines in the gill 
covers.102–104 The venom gland in stingrays lies in a groove beneath 
a membrane covering the barbed precaudal spine up to 30 cm 
long. The most advanced venom apparatus is found in the genus 
Synanceia (stonefi sh, family Synanceiidae): bulky venom glands 
drain through paired ducts to the tips of the short, thick spines.

Venom composition

Fish venoms are unstable at normal ambient temperatures and 
so have been diffi cult to study. Proteinaceous toxins with potent 
haemolytic and lethal activities have been purifi ed from three 
species of stonefi sh, S. trachynis, S. horrida and S. verrucosa. Tra-
chynilysin from S. trachynis releases catecholamine from chromaf-
fi n cells and acetylcholine from atrial cholinergic and motor nerve 
terminals. Stonustoxin from S. horrida and verrucotoxin and 
neoverrucotoxin from S. verrucosa are proteins of unknown func-
tion. Venom of the toad fi sh (Thalassophryne nattereri order Batra-
choidiformes), a marine stinging fi sh of the Brazilian coast, 
contains a kininogen-like protein. Venoms of the North American 
round stingray (Urolophus halleri) and weever fi sh (Trachinus) were 
found to contain peptides, protein, enzymes and a variety of 
vasoactive compounds (kinins, serotonin, histamine, adrenaline 
and noradrenaline).105 Pharmacological effects include local 
necrosis, direct actions on cardiac, skeletal and smooth muscle, 
causing electrocardiographic changes, hypotension and paralysis, 
and central nervous system depression.

Incidence and epidemiology of fi sh stings

There are hundreds of weever fi sh stings around the British coast 
each year, especially in Cornwall. The peak incidence is in August 
and September. Fifty-eight cases were seen at a hospital in Pula 
on the Adriatic over 13 years. In the USA, 1500 stings by rays and 
300 stings by scorpion fi sh are thought to occur each year. Eighty-
one cases of stonefi sh sting were seen over a 4-year period at a 
hospital in Pulau Bukom, an island near Singapore. Stings by 

Figure 31.28 Gila monster (Heloderma suspectum), one of the two 
species of venomous lizards. (Copyright D. A. Warrell.)
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chest pain simulating myocardial ischaemia, cardiac arrhythmias 
and hypotension.

Scorpion fi sh and stonefi sh

The family Scorpaenidae comprises more than 350 species which 
are widely distributed in some temperate and all tropical seas and 
are especially abundant around the coral reefs of the Indo-Pacifi c 
region. The stonefi sh (genus Synanceia) are the most dangerous 
of venomous fi sh. They occur from East Africa, across the Indian 
Ocean, to the Pacifi c. Stings are excruciatingly painful and symp-
toms may persist for 2 days or more. There is local swelling, 
discolouration, sweating and paraesthesia and sometimes local 
lymphadenopathy and necrosis.108 Systemic symptoms are more 
common than with other fi sh stings. They include nausea, vomit-
ing, hypotension, cardiac arrhythmias, respiratory distress, neuro-
logical signs, convulsions and evidence of autonomic nervous 
system stimulation. Deaths within an hour of being stung by S. 
verrucosa are reported but are very rare.

Figure 31.29 Freshwater stingray (Potamotrygon species), Amazon 
region. (Copyright D. A. Warrell.)

venomous freshwater rays (Potamotrygon species) (Figure 31.29) 
are common in the Amazon region and equatorial Africa.106 
Ornate but highly venomous and aggressive members of the 
genera Pterois and Dendrochirus (zebra, lion, tiger, turkey or red 
fi re fi sh or coral or fi re cod, family Scorpaenidae) are popular 
aquarium pets. Fatal fi sh stings are very rarely reported. Stings 
usually occur when people wading near the shore tread on fi sh 
which are lying in the sand or shallow water. Most victims are 
stung on the sole of the foot, but stingrays lash their tails upwards 
and usually impale the ankle. Fishermen, scuba divers and aquar-
ium enthusiasts are often stung on the fi ngers while carelessly 
handling or attempting to fondle the fi sh.

Symptoms of envenoming

Immediate, sharp, agonizing pain is the dominant symptom. Even 
stoical adults may collapse screaming with pain. Bleeding may be 
seen from single or multiple puncture sites. Hot, erythematous 
swelling extends rapidly up the stung limb.

Stingrays

These fi sh are widely distributed in oceans and rivers. The large 
barbed spine may cause severe and even fatal lacerating injuries, 
usually to the lower part of the legs but occasionally penetrating 
the body cavities, heart and viscera when the swimmer falls and 
lies on, or even swims over, the fi sh (as in the case of the recent 
tragic death of Steve Irwin, the famous Australian wild-life pre-
senter). The spine and fragments of its integument may remain in 
the wound. The venom produces local swelling and sometimes 
necrosis (Figure 31.30), with a high risk of secondary infection 
with unusual marine bacteria such as Photobacterium (Vibrio/
Listonella) damsela, Vibrio vulnifi cus and other Vibrio species, She-
wanella putrefaciens, Staphylococcus and Micrococcus species, and 
Halomonas venusta, capable of causing fatal septicaemias. The 
broken spine and other foreign material must be removed from 
the wound. Systemic effects include hypotension, cardiac arrhyth-
mias, muscle spasms, generalized convulsions, vomiting, diar-
rhoea, sweating and hypersalivation.

Weevers107

Stings by Trachinidae produce intense local pain with slight swell-
ing. Systemic symptoms are rare but some patients develop severe 

Figure 31.30 Sloughing of necrotic tissue 20 days after a sting by a 
freshwater ray (Potamotrygon hystrix) in the Amazon region of Brazil. 
(Courtesy of Dr João Luiz Costa Cardoso, São Paulo.)

Venomous Bites and Stings
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Treatment

The most effective treatment for pain is to immerse the stung limb 
in water that is uncomfortably hot but not scalding (i.e. just under 
45°C). Temperature can be assessed with the unstung limb. It is 
not necessary to add magnesium sulphate to the water. Injection 
of local anaesthetic such as 1% lidocaine, for example as a ring 
block in the case of stung digits, is less effective. The spine, mem-
brane and other foreign material must be removed from the 
wound. Prophylactic antibiotics and tetanus toxoid should be 
given to patients stung by rays or scorpion fi sh because of the size 
of wound and risk of necrosis, but these measures are not justifi ed 
for weever fi sh stings. Local injection of potassium permanganate 
solution or acidifying solutions such as emetine hydrochloride 
were said to cure local pain, but they may promote local necrosis, 
are far less effective than immersion in hot water, and should not 
be used. In the rare cases of severe systemic envenoming, an 
adequate airway should be established and cardiorespiratory 
resuscitation instituted when necessary. Severe hypotension can 
be treated with adrenaline (epinephrine) and bradycardia with 
atropine. The only antivenom now available commercially is 
manufactured by the Commonwealth Serum Laboratories in Aus-
tralia. It neutralizes the venoms of Synanceia trachynis, S. verrucosa 
and S. horrida and has paraspecifi c activity against venoms of the 
North American scorpion fi sh (Scorpaena guttata) and other 
members of the Scorpaenidae family. One 2 mL ampoule (2000 
units) is given intravenously for each two puncture marks found 
at the site of the sting. The dose is increased in patients with severe 
symptoms.

Prevention

Bathers and waders should adopt a shuffl ing gait to reduce the 
risk of stepping on a venomous fi sh skulking in sand or mud. 
Footwear protects against most species except stingrays.

Venomous marine invertebrates3,102,103

Cnidarians (coelenterates): hydroids, stinging corals, 
medusae, portuguese men-o’-war or bluebottles, 
jellyfi sh, blubbers, box-jellies, stinging algae, 
sea anemones and sea pansies

The venom apparatus of the cnidarians is the stinging capsule 
or nematocyst which, when triggered by physical contact or chem-
icals, everts at enormous speed, acceleration and force, plunging 
a thread-like tubule with sharpened tip into the skin as far as the 
dermoepidermal junction and injecting toxin. The tentacles of 
cnidarians are armed with millions of these nematocysts which 
produce lines of painful irritant wheals on the skin of swimmers 
unlucky enough to be embraced by them. Cnidarian venoms 
contain peptides together with vasoactive compounds such as 
serotonin, histamine, prostaglandins and kinins which cause 
immediate severe pain, infl ammation, urticaria and sometimes 
cardiovascular or peripheral vascular problems.

Epidemiology

Cnidarian stings are common in most parts of the world but few 
reliable statistics are available. The most dangerous cnidarian to 

man, the box-jellyfi sh (Chironex fl eckeri), is found along the north 
coast of Australia from Broome in the west to Port Curtis in the 
south-east. It has been responsible for more than 70 deaths since 
1883. Most stings occur in December and January. Other lethal 
chirodropid cnidarians such as Chiropsalmus quadrigatus (Figure 
31.31) occur in the Indo-Pacifi c Ocean from the Maldives east-
wards to the Gulf of Thailand, southern India, the Malaysian 
archipelago, Java, Borneo, Papua New Guinea, Bougainville Island 
and the Philippines, north to the Japanese Amami Islands, and 
south to tropical Australia.

During a 31/2 -year period, 116 cases of marine stings were seen 
in Cairns, north Queensland.109 Forty per cent of the patients had 
clinical features of ‘Irukandji sting’ caused by Carukia barnesi. Fatal 
stings by Stomolophus nomurai have been reported from China. 
Prodigious swarms of the scyphomedusa Pelagia noctiluca appeared 
along the northern Adriatic coast during the summers of 1977–
1979. In 1978 it was estimated that 250 000 swimmers had been 
stung. At Pula on the Adriatic coast, 55 patients stung by a sea 
anemone (Anemonia sulcata) were seen from 1965 to 1980. This 
cnidarian is widely distributed in the eastern Atlantic and 
Mediterranean.

Clinical features

The imprint of nematocyst stings on the skin may have a diagnos-
tic pattern. Chironex fl eckeri produces immediate brownish or pur-

Figure 31.31 Underside of a box jellyfi sh from Sri Lanka 
(Chiropsalmus buitendijki). The bell is approximately 12 cm in diameter. 
(Copyright D. A. Warrell.)
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plish wheals 8–10 mm wide with cross-striations (Figure 31.32). 
More extensive swelling, erythema and vesiculation develops, with 
areas of necrosis and eventual healing with scar formation. Carukia 
barnesi produces an oval erythematous area about 7 cm in diam-
eter and then transient papules with surrounding hyperhidrosis. 
Portuguese man-o’-war (Physalia) stings produce chains of oval 
wheals surrounded by erythema. These lesions persist for only 
about 24 hours. Histological sections of the skin lesions may 
reveal identifi able nematocysts, allowing differentiation between 
stings by different genera.

The dominant symptom of cnidarian stings is immediate severe 
pain coming in waves and sometimes becoming incapacitating in 
its intensity. Systemic symptoms are most severe following stings 
by cubomedusae (box-jellyfi sh), genera Chironex and Chiropsalmus 
(see Figure 31.31). The victim, usually a child swimming in shallow 
water, suddenly screams with pain and within minutes becomes 
cyanosed, suffers generalized convulsions and is found to be 

pulseless. The whole jellyfi sh or a length of tentacles may still be 
adherent to the patient’s skin. Autopsies reveal pulmonary oedema 
suggesting a cardiac death. Patients envenomed by Carukia barnesi 
develop severe systemic effects minutes to hours after the sting, 
attributed to catecholamine-induced hypertension, but with little 
or no local effect. Systemic effects of cnidarian stings include 
cough, nausea, vomiting, abdominal colic, diarrhoea, rigors, 
severe musculoskeletal pains, syncope and signs of autonomic 
nervous system stimulation such as profuse sweating. The Portu-
guese man-o’-war (Physalia) stings may cause local vasospasm 
leading to gangrene and occasionally cause systemic symptoms, 
intravascular haemolysis, haemoglobinuria and renal failure. Rare 
fatalities have been attributed to Physalia. The sea anemone Ane-
monia sulcata produces painful local papules, erythema, oedema 
and vesiculation. Systemic symptoms such as sleepiness, dizzi-
ness, nausea, vomiting, myalgia and periorbital oedema are occa-
sionally produced.

Treatment

First aid is all-important as patients may die within minutes of the 
sting by box-jellyfi sh. Lifeguards and others working on cnidarian-
infested beaches should be trained to deal with jellyfi sh stings. 
The patient must be taken out of the water. The nematocysts in 
fragments of tentacles stuck to the skin must be inactivated to 
prevent further discharge and envenoming. For Chironex and other 
cubozoans, including Irukandji, commercial vinegar or 3–10% 
aqueous acetic acid is effective; but for Chrysaora, a widely distrib-
uted Atlantic genus, baking soda and water (50% w/v) proved 
effective. Vinegar may discharge Physalia nematocysts and is not 
recommended for treating stings by this genus or Stomolophus. 
Alcoholic solutions (methylated spirits, suntan lotion, aftershave, 
etc.) were advocated until recently when it was shown that they 
cause massive discharge of nematocysts. Pressure immobilization 
with a crepe bandage may increase the amount of venom injected 
and is not recommended.110 Adherent tentacles can be removed 
by shaving the skin. Application of ice packs relieves the intense 
pain. Mouth-to-mouth artifi cial ventilation has proved life-saving 
in several patients who developed severe respiratory depression 
with cyanosis, coma and pulselessness. If no pulse can be detected, 
external cardiac massage should be started. Experimentally, the 
venom of Chironex affects the heart directly and the central nervous 
system, but clinically, respiratory depression appears to be more 
important than cardiotoxicity. Antivenom has been administered 
intramuscularly on the beach, apparently with good effect. Vera-
pamil is not recommended.

A specifi c ‘sea wasp’ antivenom is manufactured by the Com-
monwealth Serum Laboratories in Australia for Chironex fl eckeri 
stings. The antivenom should ideally be administered intrave-
nously if symptoms of systemic envenoming persist after fi rst-aid 
treatment.

Prevention

People, and especially children, should keep out of the sea at times 
of the year when dangerous cnidarians are most prevalent and 
especially when they have been sighted and warning notices are 
being displayed on beaches. Wet suits and other clothing, even 
fi ne mesh nylon stockings, will protect against the stings.

Figure 31.32 Box jellyfi sh (Chironex fl eckeri) sting. (Courtesy of Dr 
Bart Currie, Darwin, Australia.)
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Figure 31.33 Sea urchin Asthenosoma intermedium from Sri Lanka. 
(Courtesy of Dr Malik Fernando, Colombo, Sri Lanka.)

Figure 31.34 Flower or felt cap sea urchin (Toxopneustes pileolus) 
from Sri Lanka. Venom apparatus – pedecellariae. (Courtesy of Dr 
Malik Fernando, Colombo, Sri Lanka.)

Echinoderms (starfi sh and sea urchins)3,102,103,111

Echinoderms have hard protective exoskeletons. Starfi sh (Asteroi-
dea) sprout numerous sharp spines which can penetrate human 
skin, releasing a violet-coloured liquid. Acanthaster planci of the 
Red Sea and Indian and Pacifi c Oceans is up to 60 cm in diameter 
and possesses venomous spines 6 cm long. The venom causes 
severe pain, redness, swelling, muscle weakness, hyper/hypoaes-
thesia, facial oedema, cardiac arrhythmias, vomiting and paralysis. 
Sea urchins (Echinoidea) (Figure 31.33), especially of the tropical 
families Diadematidae and Echinothuridae, have brittle, articu-
lated spines (30 cm long in Diadema) and grapples (globiferous 
pedicellariae) (Figure 31.34). Both contain venom which is 
released when they are embedded in the skin. Severe pain, syncope, 
numbness, generalized paralysis, aphonia, respiratory distress and 

Figure 31.35 Venomous cone shell (Conus bullatus). (A) Harpooning 
and (B) ingesting a fi sh. (Copyright D. A. Warrell.)

even death may result. The fragments of spines embedded in the 
skin may cause secondary infection, and granuloma formation 
several months later. Penetration of bones and joints may be 
destructive.

Treatment

Spines and pedicellariae must be removed as soon as possible as 
they may continue to inject venom and give rise to later complica-
tions. The sites of penetration are usually on the soles of the feet. 
The superfi cial layer of thickened epidermis should be pared down 
and 2% salicylic acid ointment applied for 24–48 hours to soften 
the skin. Most spines can then be extruded, but deeply embedded 
ones may require surgical removal under local anaesthetic.

Molluscs (cone shells and octopuses)3,102,103

Cone shells (family Conidae) (Figure 31.35), up to 20 cm in 
length, are found in the Pacifi c and Indian Oceans. They kill their 
prey of small fi sh, polychaete worms, hemichordates and other 
molluscs, by harpooning them with a venom-fi lled radular tooth 
or dart carried on the proboscis. In humans, the venom produces 
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local paraesthesiae, numbness and paralysis which progressed to 
fatal respiratory paralysis in eight out of the 30 reported cases. The 
venoms of cone shells contain a vast array of neurotoxic peptides 
that target Na+, K+ and Ca2+ ion channels and nicotinic, 5HT3, 
N-methyl-D-aspartate and vasopressin receptors.112 No specifi c 
treatment is available. If respiratory paralysis develops, assisted 
ventilation may be needed.

Cephalopods (cuttlefi sh, squids and octopuses) secrete toxic 
saliva which is inoculated by the sharp and powerful beak.3 The 
venom contains tetrodotoxin-like activity, other toxins, vasoactive 
amines and hyaluronidase. Cephalopod bites are usually painful 
and produce bleeding, swelling, redness, heat and irritation. Sys-
temic symptoms include numbness of the mouth and tongue, 
blurring of vision, dysphonia, dysphagia, and paralysis of the legs 
and arms. A number of severe cases, including two fatalities, have 
been reported from Australia; they were caused by small (20 cm 
long) octopuses, the southern blue-ringed or banded octopus 
(Hapalochlaena maculosa), the northern blue-ringed or spotted 
octopus (H. lunulatus) (Figure 31.36) and the blue-lined octopus 
(H. fasciatus). These species are abundant around the coast of 
Australia, especially in the south, and frequent shallow water and 
rock pools. The two patients who died had handled octopuses 
while they were out of the water. They vomited soon after the bite, 
then developed respiratory paralysis and died 90 and 120 minutes 
later.

There is no specifi c treatment for octopus bites; the effects 
resemble rapidly developing tetrodotoxin poisoning. Mouth-to-
mouth respiration combined with external cardiac massage (if the 
patient is pulseless) may be life-saving. An arterial tourniquet or 
crepe bandage and splint should be applied to delay absorption 
of the venom until the patient has reached hospital. Mechanical 
ventilation and other intensive care may be needed. It would be 
worth testing the response to anticholinesterase and treating bra-
dycardia with atropine.

Arthropod bites and stings 
(phylum Arthropoda)113

Insect stings (class Insecta) – Hymenoptera stings 
(bees, wasps, yellow jackets, hornets, ants) (order 
Hymenoptera)

Among the more than one million known species of insects, there 
are 110 000 species of Hymenoptera (bees, wasps, ants). In most 
temperate countries, anaphylactic reactions to hymenopteran 
stings are a more common cause of death than direct effects of 
envenoming by any animal. For example, between 1959 and 1972 
there were 61 deaths from insect stings in England and Wales but 
only one death from adder bite. In Australia there are the same 
number of deaths from Hymenoptera sting anaphylaxis as from 
snake bite, about two to three per year. In the USA there are 
between 40 and 50 deaths a year from Hymenoptera stings. Deaths 
from Hymenoptera sting anaphylaxis are probably underreported 
because a sting is not suspected in patients found dead and 
assumed to have had myocardial infarctions or cerebrovascular 
accidents. Hymenoptera venoms also have direct toxic effects but 
these are not seen in man unless there have been many, usually 
hundreds of, stings, as in the case of mass attacks by Africanized 
honey-bees (Apis mellifera scutellata) in the Americas. Since the 
accidental release of swarms of these aggressive bees in Brazil, in 
1957, they have spread throughout Latin America and have 
reached as far north as Las Vegas in the USA. An average of 30 
deaths have been reported each year from mass attacks by these 
insects.114,115

In other countries, Hymenoptera stings are usually caused by 
members of the Apidae (e.g. honey-bees Apis mellifera, A. cerania; 
giant honey-bees A. dorsata, A. laboriosa,) and Vespidae (e.g. wasps 
such as Paravespula vulgaris), American yellow jackets, genus Doli-
chovespula, and hornets, genus Vespa, including the enormous East 
Asian V. mandarinia which can reach a length of almost 4 cm and 
a weight of 3 g. In North America, millions of stings each year are 
caused by imported fi re ants (Solenopsis); hypersensitivity is 
common and there have been cases of fatal anaphylaxis. In 
Australia, jumper ants (Myrmecia) are an important cause of 
anaphylaxis.116

Venom apparatus and composition113,117

Venoms are injected through a barbed sting (Figure 31.37). Bees 
inject approximately 50 μg of venom, the total capacity of the 
venom sac, and leave the stings embedded in the skin, but wasps 
and hornets can sting repeatedly. The venoms contain biogenic 
amines (histamine, serotonin and acetylcholine), enzymes such 
as phospholipase A and hyaluronidase, and toxic peptides; kinins 
in the case of Vespidae; apamin, melittin and antiinfl ammatory 
compounds such as mast-cell degranulating peptide in Apidae.

Clinical features

Direct toxic effects in non-allergic subjects

In people who are not allergic to the venom, single stings usually 
produce only local effects attributable to the injected biogenic 
amines, particularly serotonin. Pain, and an area of heat, redness, 
swelling and wealing develop rapidly but rarely exceed 2–3 cm in 

Figure 31.36 Spotted or blue-ringed octopus (Hapalochlaena 
maculatus) from South Australia. (Copyright D. A. Warrell.)
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diameter or last more than a few hours. Local effects are dangerous 
only if the airway is obstructed, for example following stings on 
the tongue.

In non-allergic subjects, fatal systemic toxicity can result from 
as few as 30 stings in children, while adults have survived more 
than 2000 stings by Apis mellifera. In some patients the clinical 
effects of massive envenoming resemble histamine overdose: vaso-
dilatation, hypotension, vomiting, diarrhoea, throbbing headache 
and coma. However, mass attacks by Africanized bees in Latin 
America can cause intravascular haemolysis, generalized rhabdo-
myolysis (causing grossly elevated serum creatine phosphokinase, 
aminopeptidases and myoglobin), hypercatecholinaemia (hyper-
tension, pulmonary oedema, myocardial damage), bleeding, 
hepatic dysfunction and acute renal failure (Figure 31.38).115 
Hepatic dysfunction and rhabdomyolysis followed by myoglobin-
uria and renal failure can occur after multiple hornet stings (Vespa 
affi nis). Intravascular haemolysis with haemoglobinuria (Vespa ori-
entalis), thrombocytopenic purpura, myasthenia gravis (Polistes 
species) and various renal lesions, including nephrotic syndrome, 
have also been described.

Allergic effects

Between 3% and 4% of the population may be hypersensitive to 
Hymenoptera venoms. Clinical suspicion of venom hypersensitiv-
ity arises when systemic symptoms follow a sting. In England, 
sensitization to bee venom appears to require more stings (average, 
81 on 23 occasions) than sensitization to wasp venom (average, 
four stings).118 Most patients allergic to bee venom are bee-keepers 
or their relatives. Systemic symptoms include tingling scalp, fl ush-
ing, dizziness, visual disturbances, syncope, wheezing, abdominal 
colic, diarrhoea and tachycardia developing within a few minutes 
of the sting. Over the next 15–20 minutes, urticaria, angio-oedema, 
oedema of the glottis, profound hypotension and coma may 
develop. Patients may die within minutes of the sting. Raised 
serum concentrations of mast-cell tryptase, which may persist 
for up to 6 hours, confi rm the diagnosis of anaphylaxis. In a 
few cases, serum sickness develops a week or more after the 

sting. Atopy does not predispose to sting allergy but asthmatics 
who are allergic to venom are likely to suffer severe reactions. 
Reactions are enhanced by β-blockers. The diagnosis of venom 
hypersensitivity can be confi rmed by intradermal skin testing 
with dialysed venoms, or by detecting specifi c IgE antibodies in 
serum by the radioallergosorbent test (RAST). Whole body 
extracts of bees and wasps, traditionally used for skin testing, do 
not discriminate between hypersensitive patients and controls. 
A postmortem diagnosis of insect sting anaphylaxis is supported 
by detecting specifi c IgE in the victim’s serum. Pathological 
fi ndings in cases of fatal systemic anaphylaxis include acute 
pulmonary hyperinfl ation, laryngeal oedema, pulmonary oedema 
and intra-alveolar haemorrhage.

Treatment

The embedded bee sting should be removed as quickly as possible 
by any means. Domestic meat tenderizer (papain), diluted roughly 
1 in 5 with tap water, is said to produce immediate relief of pain. 
Aspirin is an effective analgesic favoured from long experience by 
bee-keepers. Local antiseptics are acceptable but topical antihista-
mines should not be used as they promote sensitization.

Toxic effects

In cases of severe systemic envenoming, large doses of parenteral 
antihistamines and corticosteroids should be given and, if needed, 
bronchodilators and adrenaline (epinephrine). Bee antivenoms 
have been developed but none is commercially available. As in 

Figure 31.38 Multiple bee stings by Africanized honey-bees (Apis 
mellifera scutellata) causing severe envenoming in a 14-year-old 
Brazilian boy. (Copyright D. A. Warrell.)

Figure 31.37 Stinger of the common European wasp (Paravespula 
germanica). (Copyright D. A. Warrell.)
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crush syndrome, renal damage by myoglobinuria or haemoglo-
binuria should be prevented by correcting hypovolaemia and 
giving mannitol and bicarbonate. Acute tubular necrosis will 
require treatment with haemofi ltration or renal dialysis.

Allergic effects

The most effective treatment for sting anaphylaxis is 0.1% adren-
aline (epinephrine) in an adult dose of 0.5–1 mL, children 
0.01 mL/kg, given by intramuscular injection. Patients known to 
be hypersensitive should wear an identifying tag (such as provided 
by Medic-Alert in Britain) as they may be discovered unconscious 
after a sting. They should be trained to give themselves adrenaline 
(epinephrine) intramuscularly and should always carry a pre-
loaded syringe of adrenaline for this purpose (e.g. ‘EpiPen’ deliver-
ing 0.3 mg adult, or 0.15 mg child, doses of 0.1% adrenaline). 
Injection of a histamine H1-blocker (e.g. chlorphenamine maleate, 
10 mg intravenously or intramuscularly) will alleviate the mild 
urticarial symptoms, and an antihistamine should be given for the 
next 24–48 hours to combat the effects of histamine released 
during the reaction. The role of histamine H2-blockers (e.g. cimeti-
dine) is uncertain. Corticosteroid may prevent recurrence of ana-
phylaxis, said to occur after about 6 hours in up to 10% of cases. 
Severe reactions may require cardiorespiratory resuscitation. Sal-
butamol is an effective bronchodilator and large doses of hydro-
cortisone may help the resolution of massive oedema. Respiratory 
tract obstruction is the main cause of death. Stings in the mouth 
may cause serious airway obstruction even in people who are not 
hypersensitive to venom.

Prevention of Hymenoptera sting anaphylaxis

In 1978, a controlled trial proved that hyposensitization using 
pure venom was effective in protecting allergic patients against 
anaphylactic reactions to sting challenge.119 However, immuno-
therapy is necessary only in patients with histories of systemic 
anaphylaxis and demonstrable venom-specifi c IgE. Most people 
are stung when they inadvertently crush the bee or wasp or inter-
fere with their nests (i.e. bee-keepers). Wasps congregate where 
sweet things or meat are manufactured or consumed and in 
orchards and vineyards. Vespidae are attracted by brightly coloured 
fl oral patterns and perfumes. Some of the largest hornets (V. 
veluntina and V. mandarinia) are so aggressive that their territory 
cannot be cultivated until the nests have been destroyed.

Scorpion stings (order scorpiones)113

The 2000 species of scorpions (order Scorpiones) are distributed 
south of latitude 49°N, except in New Zealand and Antarctica. 
Those capable of infl icting fatal stings in humans are all members 
of the families Buthidae (thick-tailed scorpions) and Hemiscorpi-
idae (also known as Ischnuridae or Liochelidae) (rock, creeping 
or tree scorpions).113 Examples of the most deadly species are:
• Family Buthidae – Androctonus australis (North Africa and Middle 

East), A. crassicauda (Turkey, Middle East and North Africa), 
Buthus occitanus (countries bordering the Mediterranean and 
Middle East), Leiurus quinquestriatus (North Africa and Middle 
East), Parabuthus species (South Africa), Tityus trinitatis (Trinidad 
and Venezuela), T. serrulatus (Figure 31.39) and T. bahiensis 
(Brazil, Argentina), Centruroides (sculpturatus) exilicauda (Cali-

fornia, New Mexico, Arizona and Baha California), C. limpidus 
and C. suffusus (Mexico) and Mesobuthus tamulus (India)

• Family Hemiscorpiidae – Hemiscorpius lepturus (Iran, Iraq, 
Pakistan-Balochistan, Yemen).

Epidemiology

Painful scorpion stings are a common event throughout the 
tropics. However, fatal envenoming is frequent only in parts of 
Latin America, North Africa, the Middle East and India. In south-
ern Libya there were 900 stings with seven deaths per 100 000 
population in 1979.85 In Algeria there were 150 deaths in 1998 
and 74 in 2005. In Tunisia there are about 40 000 stings with 
about 1000 hospital admissions and 100 deaths each year. In 
Khuzestan province, Iran, where 25 000 stings are treated each 
year, scorpion sting is the fourth major cause of death. Hemiscor-
pius lepturus is responsible for 12% of stings and more than 95% 
of fatalities. In India there are many cases of stings by the red 
scorpion (Mesobuthus tamulus), with fatalities in adults and chil-
dren. There has been no death from scorpion sting in the USA 
since 1968. In Mexico, formerly there were between 1000 and 
2000 deaths each year, with an incidence of 84 deaths per 100 000 
per year in Colima state and a mere three deaths per 100 000 per 
year in the infamous Durango state. Case mortality was about 50% 
in children up to 4 years old.120 Currently, about 250 000 stings 
are reported each year throughout the country but with only 70 
fatalities. In Brazil, formerly the case fatality ranged from around 
1% in adults to 15–25% in children less than 6 years old, but in 
2005, among 36 558 reported stings there were only 50 deaths 
(0.14%).

Clinical features

Rapidly developing, excruciating local pain is the most common 
symptom. It is not true that stings by different species of scorpions 
result in the same systemic symptoms. Local signs such as swell-
ing, redness, heat and regional lymph node involvement are never 
extensive. Local blistering and necrosis is most unusual except 
following stings by Hemiscorpius lepturus (Hemiscorpiidae). Sys-

Figure 31.39 Brazilian scorpion (Tityus serrulatus; family Buthidae): 
female carrying its young. (Scale in centimeters.) (Copyright D. A. 
Warrell.)
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temic symptoms may develop within minutes, but may be delayed 
for as much as 24 hours. Features of autonomic nervous system 
excitation are initially cholinergic and later adrenergic. There is 
hypersalivation, profuse sweating, lacrimation, hyperthermia, 
vomiting, diarrhoea, abdominal distension, loss of sphincter 
control, and priapism. Massive release of catecholamines, as in 
phaeochromocytoma, produces piloerection (‘goosefl esh’), tachy-
cardia, hyperglycaemia, hypertension and toxic myocarditis with 
arrhythmias (most commonly sinus tachycardia), electrocardio-
graphic S–T segment changes, cardiac failure and pulmonary 
oedema) (Figure 31.40). These cardiovascular effects are particu-
larly prominent following stings by Leiurus quinquestriatus, Tityus 
species121 and Mesobuthus tamulus.122

Neurotoxic effects such as fasciculation, muscle spasms that 
can be misinterpreted as tonic-clonic convulsive movements, and 
respiratory distress are a particular feature of stings by Centruroides 
(sculpturatus) exilicauda. Parabuthus transvaalicus envenoming is 
more likely to cause ptosis and dysphagia. Hemiplegia and other 
neurological lesions have been attributed to fi brin deposition 
resulting from disseminated intravascular coagulation, for example 
after stings by Nebo hierichonticus. Hypercatecholaminaemia could 
explain hyperglycaemia and glycosuria but, in the case of stings 
by the black scorpion of Trinidad (Tityus trinitatis), there is acute 
pancreatitis. Fifteen to 120 minutes after the initial searing pain 
of the sting, patients stung by this species begin to salivate, feel 
nauseated and vomit persistently, producing coffee-grounds or 
frank haematemesis. Hyperglycaemia, glycosuria and sometimes 
albuminuria can be detected a few hours after the sting. There is 
abdominal pain with distension and rigidity. Electrocardiographic 
abnormalities (T wave inversion, QRS segment abnormalities and 
QTc prolongation) are common and may last for 3–6 days. Other 
features include pyrexia, sweating, bradycardia, cardiac arrhyth-
mias, hypotension and neuromuscular irritability. Acute oedema-

tous or haemorrhagic pancreatitis with development of pancreatic 
pseudocysts has been demonstrated at autopsy or laparotomy.

Treatment

The most effective treatment for pain is local infi ltration with 1% 
lidocaine or xylocaine, ideally using digital block technique. Local 
injection of emetine is said to relieve the pain but may cause 
necrosis and can be dangerous if absorbed. Parenteral opiate anal-
gesics such as pethidine and morphine may be required but 
are said to be dangerous in victims of Centruroides (sculpturatus) 
exilicauda.

The use of antivenom is recommended and is widely advocated 
in Middle and South America, North Africa and parts of the 
Middle East, although it has its opponents in India and Israel. 
Antivenoms are manufactured in many countries.84

Many accessory treatments have been suggested. For patients 
with cardiovascular symptoms (hypertension, bradycardia and 
early pulmonary oedema) vasodilators such as the α1-blocker pra-
zosin are recommended. In patients stung by Mesobuthus tamulus, 
priapism, dilated pupils, sweating and bradycardia indicate a high 
risk of progression to pulmonary oedema. Early energetic treat-
ment with an an α1-blocker may prevent this.123 However, the use 
of atropine (except in cases of life-threatening sinus bradycardia), 
cardiac glycosides and β-blockers is controversial.121

Prophylactic immunization with scorpion venom toxoid has 
been considered in Mexico.

Spider bites (order Aranea)124

The spiders (order Aranea) are an enormous group containing 
more than 34 000 known species in 105 families. A single family, 
containing less than 1% of these species, is non-venomous. Only 
about 20 species are known to cause dangerous envenoming in 
humans, but many others have been suspected, usually wrongly, 
of infl icting harmful bites.125 Spiders bite with a pair of fangs, the 
chelicerae (Figure 31.41), to which the venom glands are con-
nected.113 A central venom duct opens near the tip of the fang. In 
Brazil, in 2005, 19 634 spider bites were reported, with nine deaths 
(0.05%).

Clinical features

Two main clinical syndromes, ‘necrotic loxoscelism’ and ‘neuro-
toxic araneism’, are caused by spider bite.

Necrotic loxoscelism

Skin lesions, varying in severity from mild localized erythema and 
blistering to quite extensive tissue necrosis, have been falsely 
attributed to a variety of familiar peridomestic species, such as 
the Australian white-tailed spider (Lampona cylindrata), North 
American hobo spider (Tegenaria agrestis), European and South 
American wolf spiders (Lycosa, including the Italian ‘tarantula’ 
L. terentula) and cosmopolitan sac spiders (Cheiracanthium).125 
Only members of the genus Loxosceles (American recluse spiders) 
have proved capable of causing ‘necrotic arachnidism/araneism’.125 
Many Loxosceles species are extending their geographical ranges. 
Loxosceles laeta (Figure 31.42) is widely distributed in Central 
and South America, especially in Chile and Peru, and L. gaucho is 

Figure 31.40 Chest radiograph of a Brazilian child envenomed by 
Tityus serrulatus, showing pulmonary oedema. (Courtesy of Dr Nilton 
Rezende, Belo Horizonte, Brazil.)



591

important in Brazil. L. reclusa, the brown recluse or violin spider, 
caused many bites but only six deaths in the USA in the twentieth 
century. L. rufescens occurs in the Mediterranean region, North 
Africa, Israel and elsewhere.

Eighty per cent of patients are bitten indoors, usually in their 
bedrooms while asleep or dressing, and in the USA a number of 
men were bitten on their genitals while they sat on outdoor lava-
tories in which the spiders had spun their webs. The bite may be 
painless initially but a burning pain develops at the site over the 

Figure 31.43 Early lesion at the site of the bite of a Brazilian spider 
(Loxosceles gaucho), showing the ‘red-white-and-blue’ sign. (Copyright 
D. A. Warrell.)
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Figure 31.41 Brazilian ‘banana’, ‘wandering’ or ‘armed’ spider 
(Phoneutria nigriventer): threatening posture of a female. Note venom 
jaws. (Copyright D. A. Warrell.)

Figure 31.42 South American recluse spider (Loxosceles laeta): 
female, scale in cm. (Copyright D. A. Warrell.)

next 12–36 hours with local oedema. An ischaemic lesion (‘red-
white-and-blue’ sign), coloured red (vasodilatation), white (vaso-
constriction) and blue (pre-necrotic cyanosis) appears (Figure 
31.43) and, over the course of a few days, becomes a black eschar 
(Figure 31.44) which sloughs in a few weeks, sometimes leaving 
a necrotic ulcer. Rarely, the necrotic area may cover an entire limb. 
In 12% of cases there are systemic effects including fever, methae-
moglobinaemia, haemoglobinuria and jaundice resulting from 
haemolytic anaemia, scarlatiniform rash (Figure 31.45), respira-
tory distress, collapse and renal failure. The average case fatality is 
about 5%.

Neurotoxic araneism

Members of the genus Latrodectus (widow, hour-glass, button or 
red-back spiders) are the most widespread and numerous of all 
venomous animals dangerous to man. L. mactans (black widow 
spider) occurs in the Americas. Sixty-three deaths were attributed 
to this species in the USA from 1950 to 1959. L. tredecimguttatus, 
widely but incorrectly known as ‘tarantula’, lives in fi elds in the 
Mediterranean countries, where it has been responsible for epi-
demics of bites. A total of 946 cases were reported in Italy between 
1946 and 1951. L. hasselti, the Australian and New Zealand ‘red-
back spider’ or ‘katipo’, causes up to 340 reported bites each year 
in Australia, where 20 deaths are known to have occurred. This 
adaptable species has settled in Japan, the Middle East and else-
where. L. mactans and a related species, L. geometricus, also cause 
some bites in South and eastern Africa. L. hasselti bites produce 
local heat, swelling and redness, which is rarely extensive. Intense 
local pain develops in about 5 minutes; after 30 minutes, there is 
pain in local lymph nodes, and after about an hour, headache, 
nausea, vomiting and sweating occur. Tachycardia and hyperten-
sion may follow and there are muscle tremors and spasms which 
may be severe enough to demand artifi cial ventilation.
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L. mactans bites produce minimal local changes. Local dull 
aching or numbness may develop after 30–40 minutes. Painful 
muscle spasms and lymphadenopathy spread and increase in 
intensity during the next few hours until the trunk, abdomen and 
limbs are involved and respiration may be embarrassed. An acute 
abdomen may be simulated by the painful spasms and rigidity. 
Other features include tachycardia, hypertension, irritability, psy-
chosis, vomiting and priapism. Similar effects are produced by the 
Brazilian ‘banana’, ‘armed’ or ‘wandering’ spider, Phoneutria nigri-
venter and other species (see Figure 31.41), which causes bites and 
deaths in South American countries. These spiders may be exported 
in bunches of bananas to temperate countries, where they have 
been responsible for a few bites and even deaths.

Funnel web spiders, genera Atrax and Hadronyche, are confi ned 
to south-eastern Australia, the Adelaide area and eastern Tasma-
nia.3 Atrax robustus, the Sydney funnel-web spider, occurs within a 
160 km radius of Sydney. Unusually among spiders, the aggressive 
male is more dangerous to man than the larger female. The power-
ful chelicerae of this large spider produce a painful bite but with 
minimal local changes. Numbness around the mouth and spasm 
of the tongue may develop within 10 minutes, followed by nausea 
and vomiting, abdominal colic, profuse sweating, salivation and 
lacrimation, dyspnoea and coma. There are local or generalized 
muscle fasciculations and spasms, hypertension, and, in some of 
the fatal cases, pulmonary oedema, thought to be neurogenic in 
origin. Thirteen deaths, occurring between 15 minutes and 6 days 
after the bite, were reported between 1927 and 1980.

Treatment

First-aid treatment

In the case of bites by spiders with rapidly active potent venom 
such as Atrax robustus, fi rm crepe bandaging and splinting of the 
bitten limb (see under snake bite above) may delay venom spread 
until the patient reaches hospital.

Specifi c treatment

Antivenoms are manufactured in several countries.84 Neurotoxic 
araneism seems more responsive to antivenom than does the 
necrotic loxoscelism.126 Atrax robustus antivenom is effective against 
the venom of other Atrax and Hadronyche species.

Figure 31.45 Scarlatiniform rash, blanching on pressure, associated 
with fever in a Brazilian patient bitten above the iliac crest 18 hours 
previously. (Courtesy of Dr João Luiz Costa Cardoso, São Paulo.)

Figure 31.44 Necrotic eschar at the site of a bite by a Brazilian 
spider (Loxosceles gaucho). (Scale in centimetres.) (Copyright D. A. 
Warrell.)
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Supportive treatment

Oral dapsone (100 mg twice a day) may reduce the extent of 
necrotic lesions by preventing neutrophil degranulation. In a small 
trial, itravenous calcium gluconate was shown to relieve the pain 
of muscle spasms caused by Latrodectus venom rapidly and more 
effectively than muscle relaxants such as diazepam or methocarba-
mol. However, this treatment has not proved effective in practice. 
Antihistamines, corticosteroids, β-blockers and atropine have also 
been advocated. Surgical debridement for necrotic lesions caused 
by Loxosceles species is not recommended, and corticosteroids, 
antihistamines and hyperbaric oxygen have not proved helpful.

Tick bite paralysis (order Acari or Acarina, 
superfamily Ixodoidea)127

Taxonomy and epidemiology

Adult females of about 30 species of hard tick (family Ixodidae) 
and immature specimens of six species of soft tick (family Argas-
idae) have been implicated in human tick paralysis. The tick’s 
saliva contains a neurotoxin which causes presynaptic neuromus-
cular block and decreased nerve conduction velocity.127,128 The tick 
embeds itself in the skin with its barbed hypostome, introducing 
the salivary toxin while it engorges with blood.

Although tick paralysis has been reported from all continents, 
most cases occur in western North America (Dermacentor ander-
soni), eastern USA (D. variabilis) and eastern Australia from north 
Queensland to Victoria (Ixodes holocyclus, known as the bush, 
scrub, paralysis or dog tick). In British Columbia there were 305 
cases with 10% mortality between 1900 and 1968. About 120 
cases have been reported in the USA, and in New South Wales 
there were at least 20 deaths between 1900 and 1945.

Clinical features127,129

Ticks are picked up in the countryside or from domestic animals, 
particularly dogs, in the home. A majority of patients and almost 
all fatal cases are children. After the tick has been attached for 
about 5 or 6 days, a progressive ascending, lower motor neurone 
paralysis develops with paraesthesiae. Often, a child, who may 
have been irritable for the previous 24 hours, falls on getting out 
of bed fi rst thing in the morning, and is found to be weak or ataxic. 
Paralysis increases over the next few days: death results from 
bulbar and respiratory paralysis and aspiration of stomach con-
tents. Vomiting is a feature of the more acute course of Ixodes 
holocyclus envenoming.

In the past, this clinical picture was misinterpreted as poliomy-
elitis. Other neurological conditions, including Guillain–Barré 
syndrome, paralytic rabies, Eaton–Lambert syndrome, myasthe-
nia gravis or botulism, may also be suspected. Diagnosis depends 
on fi nding the tick, which is likely to be concealed in a crevice, 
orifi ce, or hairy area of the body. The scalp is the most common 
place. Fatal tick paralysis has been caused by a tick attached to the 
tympanic membrane.

Treatment

The tick must be detached without being squeezed. It can be 
painted with ether, chloroform, paraffi n, petrol or turpentine, or 
prised out between the partially separated tips of a pair of small 

curved forceps. Following removal of the tick, there is usually 
rapid and complete recovery, but, in Australia, patients have died 
after the tick has been detached. Ventilatory support may be 
needed. An antivenom, raised in dogs, was manufactured in 
Australia but is no longer available.130

Centipede stings and millipede envenoming 
(subphylum Myriapoda)113

Centipedes (class Chilopoda)

Many species of centipede (Chilopoda) can infl ict painful stings 
through venomous claws (maxillipeds) arising from the fi rst tho-
racic segment just behind the mouth parts (Figure 31.46), produc-
ing local pain, swelling, infl ammation and lymphangitis. Systemic 
effects such as vomiting, headache, cardiac arrhythmias and con-
vulsions are extremely rare and the risk of mortality was greatly 
exaggerated in the older literature. The most important genus is 
Scolopendra, which is distributed throughout tropical countries. 
Local treatment is the same as for scorpion stings. No antivenom 
is available.

Millipede envenoming (class Diplopoda)131

Most species possess glands in each of their body segments, which 
secrete, and, in some cases, squirt out, irritant liquids for defensive 
purposes. These contain hydrogen cyanide and a variety of alde-
hydes, esters, phenols and quinonoids. Members of at least eight 
genera of millipedes have proved injurious to man. Important 
genera are Rhinocricus (Caribbean), Spirobolus (Tanzania), Spiro-
streptus and Iulus (Indonesia), and Polyceroconas (Papua New 
Guinea). Children are particularly at risk when they handle or try 
to eat these large arthropods. When venom is squirted into the 

Figure 31.46 Venomous stinging claws (maxillipeds) of a centipede 
(genus Scolopendron). (Copyright D. A. Warrell.)
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eye, intense conjunctivitis results and there may be corneal ulcer-
ation and even blindness. Skin lesions are initially stained brown 
or purple, blister after a few days, and then peel. First aid is gener-
ous irrigation with water. Eye injuries should be treated as for 
snake venom ophthalmia.

POISONING BY INGESTION OF 
MARINE ANIMALS132–134

A variety of illnesses, usually categorized as ‘food poisoning’, are 
caused by eating seafood. The best known are attributable to bacte-
rial or viral infections. These include Vibrio parahaemolyticus (after 
eating crustaceans, especially shrimps), V. cholerae (crabs and mol-
luscs), non-O1 V. cholerae (oysters), V. vulnifi cus (oysters), Aeromo-
nas hydrophila (frozen oysters), Plesiomonas shigelloides (oysters, 
mussels, mackerel, cuttlefi sh), Salmonella typhi (molluscs), Campy-
lobacter jejuni (clams), Shigella species (molluscs), hepatitis A virus 
(molluscs, especially clams and oysters), Norwalk virus (clams and 
oysters), and astro- and caliciviruses (cockles and other molluscs). 
Botulism has been reported in people eating smoked fi sh and 
canned salmon. Since 1953, approximately 100 000 Japanese are 
thought to have been affected by methyl mercury poisoning 
(Minamata disease) after eating fi sh and molluscs contaminated 
with methyl mercury derived from industrial waste dumped in 
Minamata Bay and at the mouth of the Agano River in Japan.102 
The victims developed severe central nervous system damage, with 
a mortality of 33% in the initial outbreak. Pregnant women 
exposed to methyl mercury gave birth to infants who were men-
tally retarded and had cerebral palsy and convulsions.

A number of clinical syndromes have been recognized which 
are related to the presence in the ingested fl esh or viscera of marine 
animals of toxins either derived ultimately from marine microal-
gae or bacteria (e.g. ciguatera, tetrodotoxic or paralytic shellfi sh 
poisoning) or resulting from bacterial decomposition of fi sh 
during storage (scombrotoxic fi sh poisoning).

Gastrointestinal and neurotoxic syndromes

Nausea, vomiting, abdominal colic, tenesmus and watery diar-
rhoea may precede the development of neurotoxic symptoms. 
Paraesthesiae of the lips, buccal cavity and extremities are early 
symptoms. Other neurotoxic manifestations include a peculiar 
distortion of temperature perception so that cold objects feel hot 
(like dry ice) and vice versa, dizziness, myalgia, weakness starting 
with muscles of phonation and deglutition and progressing to 
respiratory paralysis and fl accid quadriplegia in some cases, ataxia, 
involuntary movements, convulsions, visual disturbances, halluci-
nations and psychoses, cranial nerve lesions and pupillary abnor-
malities. Cardiovascular abnormalities include hypotension and 
bradycardia and some patients develop fl orid cutaneous rashes.

Distinguishable within this general pattern of symptoms are a 
number of conditions related to the ingestion of a particular tax-
onomic group of animals. Some of the more important syndromes 
are described below.

Ciguatera fi sh poisoning

The word ‘ciguatera’ seems to derive from the Cuban word ‘cigua’ 
for a poisonous marine snail (Livona pica, the west Indian top 

shell) which was coined by early Spanish settlers.102 The term 
ciguatera is now applied to an illness resulting from the ingestion 
of any one of more than 400 species of warm-water, shore or reef 
fi sh between latitudes 35°N and 34°S, especially in the South 
Pacifi c and Caribbean (including Florida). These fi sh are now 
widely available in fi sh markets in temperate northern countries 
to meet the demands of immigrant populations. Overall, there 
must be more than 50 000 cases in the world each year, with an 
incidence of up to 2% of the population each year and a case 
fatality of about 0.1%. The fi sh most often associated with cigua-
tera are ray-fi nned fi sh (order Perciformes) of the families 
Serranidae (sea basses and groupers), Lutjanidae (snappers), Scar-
idae (parrot fi sh), Scombridae (mackerels, tunas, skipjacks and 
binitos), Sphyraenidae (barracudas) and Carangidae (jacks, pom-
panos, jack mackerels, scads), and eels (order Anguilliformes), 
notably Muraenidae (moray eels).

It is now known that the toxins responsible for ciguatera fi sh 
poisoning, the polyether ciguatoxins, maitotoxins and scaritoxins, 
originate from benthic dinofl agellates such as Gambierdiscus 
toxicus, which are ingested by herbivorous fi sh. These in turn are 
the prey of the carnivorous fi sh, which, when eaten by humans, 
may give rise to severe gastrointestinal, neurotoxic and cardiovas-
cular symptoms. Ciguatoxins are concentrated in the intestine, 
gonads and viscera. The acquisition of toxin by fi sh cannot be 
predicted; there is no seasonal variation in its prevalence but the 
risk of poisoning is greater with some species, e.g. moray eels, and 
defi nitely increases as the fi sh gets larger. Three toxins, ciguatoxin, 
maitotoxin and scaritoxin (from the parrot fi sh Scarus sordidus) 
have been identifi ed. Ciguatoxins excite Na+ channels, while 
maitotoxin activates voltage-independent Ca2+ channels.

Clinical features

Exceptionally, symptoms fi rst appear as early as minutes or as long 
as 30 hours after eating the poisoned fi sh; however, the usual inter-
val is 1–6 hours. The earliest symptom is numbness or tingling of 
the lips, tongue, throat and extremities, a metallic taste, and a dry 
mouth or hypersalivation. Reversed perception of heat and cold is 
a distinctive symptom. In many cases, especially with milder poi-
soning, the earliest symptoms are gastrointestinal: sudden abdom-
inal colic, nausea, vomiting and watery diarrhoea. Myalgia, ataxia, 
vertigo, visual disturbances and pruritic skin eruptions develop 
later. In severely neurotoxic cases, fl accid paralysis and respiratory 
arrest may develop. Gastrointestinal symptoms resolve within a 
few hours but paraesthesiae and myalgias may persist for a week, 
months or even years. Ciguatera poisoning from eating moray eels 
(Gymnothorax species) is particularly rapid and severe because of 
the high concentration of toxin in these animals.

Chelonitoxication results from the ingestion of marine turtles 
(Chelonia). Its clinical features resemble ciguatera poisoning. 
Most outbreaks have been in the Indo-Pacifi c area. The species 
usually implicated are green hawksbill and leathery turtles. The 
case fatality among reported cases is 28%.

Tetrodotoxic (puffer fi sh) poisoning

More than 50 species of tropical scaleless fi sh of the order Tetra-
odonitiformes have proved poisonous. They include porcupine 
fi sh (Chilomycterus), molas or sunfi sh (Mola), and puffer fi sh or 
toadfi sh (Tetraodontidae – genera Arothron, Fugu, Lagocephalus, 
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etc.). The fl esh of the puffer fi sh (Japanese fugu) is particularly 
relished in Japan, where, despite the stringent regulations and 
skilful fugu cooks, tetrodotoxin poisoning continues to occur, 
causing around four deaths each year. Cases have been reported 
in Thailand and many other Indo-Pacifi c countries. Tetrodotoxin, 
an aminoperhydroquinazoline, is one of the most potent non-
protein toxins known. It is concentrated in the fi sh’s ovaries, 
viscera and skin. There is a defi nite seasonal variation in the toxin 
concentration, which reaches a peak during the spawning season 
(May to June in Japan). Tetrodotoxin impairs nervous conduction 
by blocking the sodium ion fl ux without affecting movement 
of potassium, producing neurotoxic and cardiotoxic effects. The 
origin of this toxin is unknown. It may be synthesized by Pseudo-
monas bacteria and acquired through the food chain. An identical 
toxin has been found in the skin of newts (genus Taricha), frogs 
(genus Atelopus) and salamanders, the saliva of octopuses (genus 
Hapalochlaena), in the digestive glands of several species of gastro-
pod mollusc and in xanthid and horseshoe crabs, star fi sh, fl at 
worms (Planorbis) and nemertine worms in Japan. Paralytic fresh-
water puffer fi sh poisoning attributable to saxitoxin has been 
reported in Thailand.

Clinical features

Paraesthesiae, dizziness and ataxia become noticeable within 
10–45 minutes of eating the fi sh. Generalized numbness, hyper-
salivation, sweating and hypotension may develop. Some patients 
remain aware of their surroundings despite appearing comatose. 
Gastrointestinal symptoms may be completely absent. Death from 
respiratory paralysis usually occurs within the fi rst 6 hours and is 
unusual more than 12 hours after eating the fi sh. Erythema, pete-
chiae, blistering and desquamation may appear.

Paralytic shellfi sh poisoning

Bivalve molluscs such as mussels, clams (Saxidomus), oysters, 
cockles and scallops may acquire neurotoxins such as saxitoxins 
from the dinofl agellates Alexandrium species (formerly Gymno-
dinium catenatum and Pyrodinium bahamense) which occur between 
latitudes 30°N and 30°S. The dinofl agellates may be suffi ciently 
abundant during the warmer months of May to October to 
produce a ‘red tide’. The dangerous season is announced by the 
discovery of unusual numbers of dead fi sh and sea birds. Symp-
toms develop within 30 minutes of ingestion. They include 
perioral paraesthesia, gastrointestinal symptoms, ataxia, visual 
disturbances and pareses, progressing to respiratory paralysis 
within 12 hours in 8% of cases. Milder gastrointestinal and neu-
rotoxic symptoms without paralysis have been associated with 
ingestion of molluscs contaminated by neurotoxic brevetoxins 
from Gymnodinium breve, which act on sodium channels. These 
microalgae also produce a ‘red tide’.

Histamine syndrome (scombrotoxic poisoning)

The red fl esh of scombroid fi sh such as tuna, mackerel, bonito 
and skipjack, and of canned non-scombroid fi sh such as sardines 
and pilchards, may be decomposed by the action of bacteria such 
as Proteus morgani, decarboxylating muscle histidine into hista-
mine, saurine, cadaverine and perhaps other unidentifi ed toxins. 
Toxic fi sh may produce a warning tingling or smarting sensation 

in the mouth when eaten. Between minutes and up to 24 hours 
after ingestion, fl ushing, burning, urticaria and pruritus of the 
skin, headache, abdominal colic, nausea, vomiting, diarrhoea, 
hypotensive shock and bronchial asthma may develop. Exogenous 
histamine may be detected in patients’ plasma and urine and in 
the fi sh.135 Identical symptoms have been described in Sri Lankan 
patients who ate fi sh while taking the antituberculosis drug 
isoniazid, which inhibits the enzyme normally responsible for 
inactivating histamine.

Poisoning by ingestion of carp’s gallbladder136

In parts of the Far East, the raw bile and gallbladder of various 
species of freshwater carp (e.g. the grass carp Ctenopharyngodon 
idellus; Thai ‘plaa yeesok’ Probarbus jullienii) are believed to have 
medicinal properties. Patients in China, Taiwan, Hong Kong, 
Japan, Thailand and elsewhere have developed acute abdominal 
pain, vomiting and watery diarrhoea 2–18 hours after drinking 
the raw bile or eating the raw gallbladder of these fi sh. One patient 
developed fl ushing and dizziness. Hepatic and renal damage may 
develop, progressing to hepatic failure and oliguric or non-
oliguric acute renal failure (acute tubular necrosis). The hepato-
nephrotoxin has not been identifi ed, but is heat-stable and may 
be derived from the carp’s diet.

Treatment of marine poisoning

The differential diagnosis includes bacterial and viral food poison-
ing and allergic reactions. No specifi c treatments or antidotes are 
available. If ingestion was recent, gastrointestinal contents should 
be gently eliminated by emetics and purges. Activated charcoal 
absorbs saxitoxin and other shellfi sh toxins. Atropine is said to 
improve gastrointestinal symptoms and sinus bradycardia in 
patients with gastrointestinal and neurotoxic poisoning. Oximes, 
such as pralidoxime and 2-pyridine aldoxime, have been claimed 
to benefi t the anticholinesterase features of ciguatera poisoning, 
but the evidence is not convincing. Calcium gluconate may relieve 
mild neuromuscular symptoms. In scombroid poisoning, adrena-
line (epinephrine), histamine H1-blockers and H2-blockers (e.g. 
cimetidine) corticosteroids and bronchodilators should be used, 
depending on severity. In cases of paralytic poisoning, endotra-
cheal intubation and mechanical ventilation and cardiac resuscita-
tion have proved life-saving. In Malaysia, a patient with 
tetrodotoxin poisoning developed fi xed dilated pupils and brain 
stem arefl exia, so appearing brain dead, but made a complete 
recovery after being mechanically ventilated.137 The use of man-
nitol intravenously in acute ciguatera poisoning is not supported 
by convincing evidence. Gabapentin has been suggested as a 
treatment for chronic persisting paraesthesiae after ciguatera 
poisoning.

Prevention of marine poisoning

Ciguatera, tetrodotoxin and histamine are heat-stable, so cooking 
does not prevent poisoning. In tropical areas, the fl esh of fi sh 
should be separated, as soon as possible, from the head, skin, 
intestines, gonads and other viscera, which may have high 
concentrations of toxin. All scaleless fi sh should be regarded as 
potentially tetrodotoxic, while very large fi sh carry an increased 
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risk of being ciguateratoxic. Moray eels should never be eaten. 
Some toxins are fairly water-soluble and may be leeched out, so 
water in which fi sh are cooked should be thrown away. Scom-
broid poisoning can be prevented by prompt freezing or by eating 
the fi sh fresh. Shellfi sh should not be eaten during the dangerous 
season and when there are red tides.
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USEFUL WEB SITES

Envenoming

General, especially in Australasia: http://www.toxinology.com/

Snake bite in South and South-east Asia: http://www.searo.who.int/en/Section10/

Section17/Section53/Section1024.htm
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Antivenoms

General

AFPMB: http://afpmb.org/pubs/living_hazards/antiv.html

Munich AntiVenomINdex (MAVIN): http://toxinfo.org/antivenoms/

http://globalcrisis.info/latestantivenom.htm

WHO: http://www.who.int/bloodproducts/animal_sera/en/

European antivenoms

Zagreb Immunology Institute in Croatia: http://www.imz.hr/

Australian antivenoms

http://www.csl.com.au/search.asp?qu=antivenom

http://www.toxinology.com/generic_static_fi les/cslavh_antivenom.html

South African antivenoms

http://www.savp.co.za/Products.htm

Venomous snake taxonomy updates

http://sbsweb.bangor.ac.uk/%7Ebss166/update.htm

Scorpions

http://www.ub.ntnu.no/scorpion-fi les/index.php

Useful Web Sites
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Section 5 Environmental/Genetic Disorders

Chapter 32 Jeffrey K. Aronson

Plant Poisons

Since the earliest times, people have used plants as sources of 
chemicals, for therapeutic, stimulant and poisonous purposes.1 
Curare (from Chondodendron tomentosum, Figure 32.1), used by 
South American Indians as an arrow poison (indeed the word 
toxin comes from a Greek word meaning ‘a bow’), is a good 
example of a poison that has been harnessed therapeutically. Its 
pharmacological action on skeletal muscle was demonstrated by 
Claude Bernard in 18562 and curare was introduced into anaes-
thetic practice in 1942.3

Many other plants that are regarded as poisonous have been 
used for their supposed therapeutic properties, but while many 
can still be found in herbals, not all have found their way into 
modern formularies. Some therapeutically useful chemicals found 
in plants are listed in Table 32.1. Relatively few of these drugs 
have been derived from tropical plants, and although ethnophar-
macology aims to remedy that, there are diffi culties.4 On the other 
hand, many tropical plants are used herbally.

Herbal medicine continues to be a growth area. In the UK, 
retail sales of complementary medicines (licensed herbal medi-
cines, homoeopathic remedies, essential oils used in aromather-
apy) were estimated to be 72 million in 1996, an increase of 36% 
in real terms since 1991.5 This, however, is likely to be a gross 
underestimate, as popular products sold as food supplements, 
including Ginkgo biloba and garlic, were not included. According 
to a detailed analysis of the herbal medicines market in Germany 
and France, total sales of herbal products in those countries in 
1997 were US$1.8 billion and US$1.1 billion, respectively.6 In 
1994, annual retail sales of botanical medicines in the USA were 
estimated to be around US$1.6 billion; in 1998, the fi gure was 
closer to US$4 billion.7 In 2002, retail sales of herbal products in 
Australia were estimated to be US$200 million.8

The use of plants as stimulants (including aphrodisiacs) or for 
hallucinogenic effects is ancient.1,9 Examples include absinthe 
(Artemisia absinthium, Figure 32.2), betel leaves (Piper betle, Figure 
32.3) taken with areca (betel) nuts (Areca catechu), cannabis 
(Figure 32.4), cocaine, Jimson weed (Datura stramonium, Figure 
32.5), kava (Piper methysticum, Figure 32.6), khat (Catha edulis), 
mescaline or peyotl (Lophophora williamsii), morning glory (Ipomoea 
tricolori), nicotine (from many plants, including Nicotiana tabacum, 
Figure 32.7), nutmeg (Myristica fragrans, Figure 32.8), ololiuqui 
(Rivea corymbosa), opioids, and pituri (Duboisia hopwoodii). In con-

trast to many of the therapeutic plants listed in Table 32.1, many 
of these plants are native to the tropics.

Plants are also sometimes used for culinary purposes; examples 
include Papaver rhoeas, whose seeds are used to decorate bread and 
as a fi lling in the delicious Jewish pastry called ‘Hamantaschen’ 
(literally ‘Haman’s ears’), eaten in remembrance of the events in 
Persia recounted in the book of Esther; tansy (Tanacetum vulgare) 
used to make tansy cakes, for consumption at Easter time; can-
nabis in hashish fudge (a recipe for which can be found in The 
Alice B Toklas Cookbook10); and a wealth of vegetables (such as 
cassava, Figure 32.9, and yams) and culinary herbs and spices, too 
numerous to be listed.

And, of course, throughout the ages plants have been used as 
poisons. Socrates, for example, executed himself at the behest of 
the state using hemlock (Conium maculatum, Figure 32.10). We do 
not know what the ‘hebenon’ was that Hamlet’s uncle poured in 
the elder Hamlet’s ear, but it may have been from ‘henbane’ (Hyo-
scyamus niger, Figure 32.11) or some form of yew (Taxus; German 
eibenbaum). The Bulgarian diplomat Georgy Markov was mur-
dered when a tiny amount of what was probably ricin, a potent 
poison derived from the castor bean (Ricinus communis, Figure 
32.12), was injected into his leg in a metal pellet via the medium 
of an umbrella tip.11 And aconite (from Aconitum napellus, Figure 
32.13) is a toxin that has been used as an arrow poison and was 
a favourite of professional poisoners in the Roman empire; it is 
still to be found in some Chinese herbs.12 Poisons were so com-
monly used as weapons of assassination that Mithridates, King of 
Pontus (120–63 BC), tried to prepare a universal antidote for 
poisoning (hence called a mithridate) by combining many sub-
stances in a single formulation, which he then took in increasing 
doses, in an attempt to achieve immunity to their toxic effects.13

Traditional medicines exist in many forms and lack standard-
ization; very few have been rigorously tested for toxicity, especially 
for their long-term effects. They are prescribed by herbalists, 
usually as complex mixtures with uncertain pharmacology, or are 
prepared and taken by patients themselves. Poisoning occurs 
because the herb is itself toxic, has been mistaken for another 
plant, mislabelled, mixed accidentally or deliberately with other, 
poisonous, plants and medicines, contaminated with insecticides 
or herbicides, or, as in the Asian kushtays, mixed with appreciable 
amounts of heavy metals.14 Herbal medicines are also used in 
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Figure 32.1 Chondodendron tomentosum (curare).

Figure 32.2 Artemisia absinthium (wormwood).

combination with allopathic drugs and the often unpredictable 
effects of such combinations add to the hazards.15

The frequency of exposure to poisonous pants is diffi cult to 
assess; many reports are anecdotal. In one series of 912  534 plant 
exposures in the USA, Philodendron spp. were the most commonly 
implicated, followed by Dieffenbachia, Euphorbia, Capsicum and 
Ilex.16

Plant poisoning can occur as a result of accidental, unknowing, 
or deliberate poisoning from contaminated foodstuffs or from 
toxic seeds and fruits; from the misuse of traditional or herbal 
medicines; or from the deliberate use of plants for their psycho-
tropic properties. Contact dermatitis can occur from contact with 
irritant plants.17 A report from the Uppsala Monitoring Centre of 
the WHO has summarized all suspected adverse reactions to 
herbal medicaments reported from 55 countries worldwide over 
20 years.18 A total of 8985 case reports were on record. Most 
originated from Germany (20%), followed by France (17%), the 
USA (17%) and the UK (12%). Allergic reactions were the most 
frequent serious adverse events and there were 21 deaths.

Not all parts or constituents of a poisonous plant are poison-
ous. The stalks of rhubarb can be eaten but the leaves contain toxic 
oxalates; all parts of the yew are poisonous except the fl eshy red 
aril. The purgative castor oil is expressed from the beans of Ricinus 
communis, but the beans also contain the highly toxic alkaloid 
ricin. Ackee fruit is poisonous only when unripe. Furthermore, the 

amount of toxic ingredient in a single part of a plant varies from 
season to season.

Nor are all poisonous plants poisonous to all species. Goats, 
for example, can eat foxgloves and nightshade with impunity, 
since they eliminate their toxic ingredients rapidly; bees can 
harvest pollen from poisonous plants, such as rhododendrons, 
which contain grayanotoxins, and the honey so produced may be 
poisonous to man.19 One should not be misled by seeing an 
animal feed on a plant into thinking that it is safe for human 
consumption.

There is no simple way of classifying poisonous plants, other 
than by their scientifi c names, and even those change from time 
to time. However, because many disparate plants contain com-
pounds with similar effects, here I shall use headings that describe 
their pharmacological or clinical effects; when that is not possible 
I shall use the name of the plant or its chief constituent as a 
heading.

ALCOHOL

The history of alcohol is as ancient as human history and plants 
play a central part in its production. Rum (65–72% alcohol) is 
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Alcohol

Table 32.1 Some commonly used therapeutic agents that originally derived from plants (see also Table 32.2)

Drug Example of medical use Plant of origin
Artemether Malaria Qinghao (Artemisia annua)

Atropine Anticholinergic Deadly nightshade (Atropa belladonna)

Cannabinoids Palliative care Cannabis (Cannabis sativa)

Capsaicin Painful neuropathies Peppers (Capsicum spp.)

Cephaeline Emetogenic Ipecacuanha (Cephaëlis ipecacuanha)

Cocaine Local anaesthetic Coca (Erythroxylon coca)

Colchicine Gout Autumn crocus (Colchicum autumnale)

Curare Anaesthesia Pareira (Chondrodendron tomentosum)

Digoxin/digitoxin Atrial fi brillation and heart failure Foxgloves (Digitalis lanata/purpurea)

Ephedrine Sympathomimetic Sea-grapes (Ephedra sinica)

Gamolenic acid Mastodynia Evening primrose (Oenothera biennis)

Hyoscine Anticholinergic Thorn apple (Datura stramonium)

Ispaghula Laxative Ispaghula (Plantago ovata)

Opioid alkaloids Analgesia Poppies (Papaver somniferum)

Physostigmine Myasthenia gravis Calabar bean (Physostigma venenosum)

Pilocarpine Glaucoma Jaborandi (Pilocarpus jaborandi)

Quinine Malaria Cinchona (Cinchona pubescens)

Salicylates Analgesics Meadowsweet (Spiraea ulmaria)

Willow (Salix alba)

Wintergreen (Gaultheria procumbens)

Sennosides Purgative Senna (Cassia acutifolia)

Taxanes Cytotoxic Yew trees (Taxus spp.)

Theophylline Asthma Tea plant (Camellia sinensis)

Vinca alkaloids Cytotoxic Madagascar periwinkle (Catharanthus rosea)

distilled from fermented molasses in the West Indies and South 
America; arrack or sake (50–60%) is manufactured in India, 
China, Java, and Japan from fermented rice. Toddy, made from 
the sweet sap of various palms, such as coconut, is drunk in India, 
Sri Lanka, and West Africa. A potent drink, pulque, is made in 
South America from the juice of agaves.

Alcohol causes three main medical and psychiatric problems:
• acute alcohol intoxication
• chronic alcoholism
• alcohol withdrawal reactions (delirium tremens).

In the brain alcohol acts as a dose-dependent depressant, pro-
ducing the well-known features of intoxication. At plasma 
concentrations of around 40 mg/dL (400 mg/L or 8.7 mmol/L) 
learned skills are impaired, including the ability to maintain self-
restraint. Other early effects include loss of attentiveness, loss of 
concentration, and impaired memory, and there may be lethargy. 
At progressively higher concentrations there are further changes 
in mood, behaviour, and a variety of sensory and motor functions. 
The effects on mood depend on the individual’s personality, 
mental state, and social environment. Commonly there is eupho-
ria, but any kind of mood change can occur. Libido is often 
enhanced, but sexual performance impaired. Alcohol generally 

increases confi dence, often resulting in aggressive or silly behav-
iour; loss of self-restraint leads to increased loquacity with immod-
erate speech content, such as swearing or the use of lewd language. 
Unsteadiness of gait, slurred speech, and diffi culty in carrying out 
even simple tasks, with impaired coordination, become obvious 
at plasma concentrations of about 80 mg/dL (the concentration 
above which driving is illegal in the UK and many other coun-
tries). Driving skills are therefore impaired, and are affected even 
at concentrations below 80 mg/dL. Recovery from dazzle is 
delayed, which may impair night-time driving. Visual acuity, 
peripheral vision, colour vision, and visual tracking are impaired. 
Hearing and taste may also be impaired. The pain threshold is 
increased. At high concentrations there may be vertigo and nys-
tagmus. Alcohol causes acute drowsiness and deep sleep; in high 
concentrations it causes coma and respiratory depression. In some 
individuals sleep may later be impaired. On waking there is the 
characteristic ‘hangover’, which usually consists of irritability, 
headache, thirst, abdominal cramps, and bowel disturbance. The 
cause of hangover is not known.

Delirium tremens is an acute withdrawal reaction that can be 
fatal. The symptoms come on within a few hours after the last 
drink and mount over the next 2–3 days. At fi rst there is anxiety, 
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Figure 32.3 Piper betle (betel).

Figure 32.4 Cannabis sativa (hemp).

Figure 32.5 Datura stramonium (Jimson weed).

Figure 32.6 Piper methysticum (kava).
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Figure 32.7 Nicotiana tabacum (tobacco).

agitation, tremulousness, and tachycardia. These are later accom-
panied by confusion, severe agitation, and hallucinations (often 
visual). The patient is tremulous, sweating, and tachypnoeic, and 
may be pyrexial, dehydrated, hypoglycaemic, and vitamin defi -
cient. The blood pressure may be high, low, or normal. Nausea 
and vomiting are common. Seizures can occur and can be pro-
longed and potentially life-threatening.

The medical management of alcohol withdrawal (including 
delirium tremens) involves the maintenance of fl uid and electro-
lyte balance, the administration of vitamins (particularly thiamine 
to prevent Wernicke’s encephalopathy), a high carbohydrate and 
high calorie diet, and the use of sedating drugs to suppress symp-
toms and prevent seizures. Treatment is with a benzodiazepine 
(such as chlordiazepoxide) or clomethiazole.

For many years disulfi ram (Antabuse®) and calcium carbamide 
have been prescribed in an attempt to prevent relapse in abstinent 
alcoholics. They act by inhibiting the enzyme aldehyde dehydro-
genase, which results in a rapid build-up of blood acetaldehyde if 
the subject drinks. This produces severe vomiting and diarrhoea, 
along with potentially dangerous alterations in blood pressure. 
However, adherence to therapy is usually poor, and the evidence 
of effectiveness probably does not justify the unpleasant adverse 
effects of these drugs.

Argemone Mexicana and Epidemic Dropsy

Figure 32.8 Myristica fragrans (nutmeg).

Two newer drugs show some promise. Naltrexone is a μ opioid 
(MOR or OP3) receptor antagonist, whose use was suggested by 
demonstrated links between alcohol and opioid receptors. Small 
placebo-controlled trials have suggested that it signifi cantly 
reduces the likelihood and severity of relapse in comparison with 
placebo. Acamprosate is derived from the amino acid taurine and 
has structural similarities to GABA. In the brain it reduces the 
effects of excitatory amino acids, such as glutamate, and alters 
GABA neurotransmission. Clinical trials have suggested that it is 
signifi cantly better than placebo in preventing or delaying relapse, 
with a very low incidence of adverse effects. It can cause diarrhoea, 
nausea, vomiting, or abdominal pain; occasionally it causes pru-
ritus or a maculopapular rash. However, behavioural interven-
tions may be better than either naltrexone or acamprosate.20

ARGEMONE MEXICANA AND 
EPIDEMIC DROPSY

Epidemic dropsy is caused by sanguinarine, an alkaloid constitu-
ent of several plants, including the Mexican poppy, Argemone 
mexicana (Figure 32.14). The small, black oily seeds of Argemone 
resemble those of mustard and can become mixed with them 
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Figure 32.9 Manihot esculenta (cassava).

Figure 32.10 Conium maculatum (hemlock).

Figure 32.11 Hyoscyamus niger (henbane). Figure 32.12 Ricinus communis (castor bean).
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Figure 32.13 Aconitum napellus (Monkshood).

accidentally or by deliberate adulteration. Village boys in India 
can collect up to 8 kg of Argemone seeds a day in summer, and 
may sell them to unscrupulous dealers. As a contaminant of a 
widely used cooking oil derived from mustard seed, Argemone has 
led to outbreaks of so-called epidemic dropsy in many tropical 
countries. Sanguinarine is absorbed from the gut and through the 
skin if oil containing it is used for massage.21 It causes capillary 
dilatation and increased permeability.

Epidemic dropsy is seen mostly in India,22 but has also been 
reported in Mauritius, Fiji, South Africa, and Nepal.23 It presents 
with gastrointestinal symptoms a week or so before the onset of 
pitting oedema of the legs, fever, and darkening of the skin, often 
with local erythema and tenderness. Perianal itching is common, 
and severe myocarditis and congestive cardiac failure can occur. 
Other features include hepatomegaly, pneumonia, ascites, glau-
coma, alopecia, and sarcoid-like skin changes. Visual fi eld distur-
bances can occur independent of any rise in intraocular pressure.24 
Haemolytic anaemia occurs when oxidative stress causes met-
haemoglobin formation by altering pyridine nucleotides and glu-
tathione redox potential; treatment with antioxidants has been 
suggested to be effective.25

CARDIOTOXIC GLYCOSIDES IN PLANTS

The number of plants worldwide that contain cardiac glycosides 
(cardenolides or bufadienolides) is legion – the incomplete list 
given by Gibbs (1974)26 runs to nearly 400 compounds and spans 
genera such as the Apocyanaceae, Asclepiadaceae, Cruciferae, Lil-
iaceae, Moraceae, Ranunculaceae and Scrophulariaceae. Some 
examples are given in Table 32.2.

Some cardenolides (such as digoxin and digitoxin, obtained 
from foxgloves) are used therapeutically, and even then toxicity 
readily occurs, because these drugs have a low therapeutic index.27 
Poisoning with plants containing cardenolides is not uncommon. 
One example is the current epidemic of self-poisoning with the 
seeds of oleander trees in South India and Sri Lanka. In one series 
of 300 cases of self-poisoning with Thevetia peruviana (yellow 
oleander) (mostly women aged 11–20, of whom 97% took 
crushed seeds), the main symptoms were vomiting, palpitation, 
epigastric pain, a burning sensation in the abdomen, shortness of 
breath, and diarrhoea; sinus bradycardia, sinus arrest, sinoatrial 
block, and heart block were common.28

Other plants that have caused cardenolide poisoning include 
the pong pong (Cerbera odollum)29 and the glory lily (Gloriosa 
superba).30 In one series of 4556 cases of self-poisoning in Sri 
Lanka, 2.5% were caused by plants and mushrooms; Gloriosa 

Cyanogenic Glycosides in Plants

Figure 32.14 Argemone mexicana (Mexican poppy).
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superba was responsible for 44% of those (i.e. 50 cases).31 The toxic 
effects of Gloriosa are due to both cardenolides and colchicine 
alkaloids. Plants containing cardenolides that have been used as 
arrow poisons include Acokanthera schimperi in Africa32 and the 
Upas tree (Antiaris toxicaria, Figure 32.15) in Malaysia and 
China.33,34

In Madagascar the ordeal tree (Tanghinia venenifera) was used 
to test the innocence or guilt of an accused person; death on eating 
it signifi ed guilt.

Treatment of cardenolide poisoning is largely supportive (Table 
32.3), but special attention should be paid to potassium balance, 
since cardenolides inhibit Na/K-ATPase (the Na/K pump), inhib-
iting the infl ux of potassium into cells; the severity of toxicity, and 
therefore the prognosis, is related to the degree of hyperkalaemia 
that results. Fab fragments of antidigoxin antibody are effective 
not only in poisoning with digoxin but with many other cardiac 
glycosides too;35 they have been used in oleander poisoning, but 
without evidence of an effect on mortality.36 In contrast, repeated 
doses of activated charcoal (50 g 4-hourly) reduced mortality in 
one study from 8.0% to 2.5%, probably by encouraging the intes-

Table 32.2 Some plants that contain cardiac glycosides

Scientifi c name Common name
Acokanthera ouabaio/schimperi Olmorijoi/Murichu

Adonis vernalis False hellebore

Antiaris toxicaria Upas tree

Apocynum cannabinum Black Indian hemp

Asclepias curassavica Redheaded cotton-bush

Asclepias fruiticosa Balloon cotton

Asclepias syriaca Milkweed

Calotropis procera King’s crown

Carissa acokanthera Bushman’s poison

Carissa spectabilis Wintersweet

Cerbera manghas Sea-mango

Cerbera odollum Pong pong

Convallaria majalis Lily of the valley

Cryptostegia grandifl ora Rubber vine

Digitalis lanata Woolly foxglove

Digitalis purpurea Purple foxglove

Gloriosa superba Glory lily

Helleborus niger Christmas rose

Nerium oleander Oleander

Periploca sepium Silkvine

Plumeria rubra Frangipani

Scilla maritima/Urginea maritima Squill or sea onion

Strophanthus spp. Various

Tanghinia venenifera Ordeal tree

Thevetia peruviana Yellow oleander

Urechites suberecta Savannah fl ower

Figure 32.15 Antiaris toxicaria (Upas tree).

tinal secretion of the toxic cardenolides that oleander seeds 
contain.37

CYANOGENIC GLYCOSIDES IN PLANTS

Several plants contain cyanogenic glycosides.38 The best known of 
these is cassava (Manihot esculenta), a native of South America, 
which is widely grown in the tropics for the production of fl our 
and tapioca. The grated roots must be thoroughly washed to 
remove the toxic material; badly prepared cassava causes signs of 
hydrocyanic acid poisoning: nausea, vomiting, abdominal dis-
tension, and respiratory diffi culty. Chronic cassava ingestion can 
cause an ataxic neuropathy, with bilateral primary optic atrophy, 
bilateral perceptive deafness, myelopathy, and peripheral 
neuropathy.39 Previous reports of goitre and pancreatitis as chronic 
effects have not been confi rmed.

The broken kernels of Prunus spp. (plums, peaches, cherries, 
apricots, almonds) and of loquats (Eriobotrya japonica, Figure 
32.16) also contain cyanogenic glycosides. The active principle, 
amygdalin (laetrile), has been used in patients with cancer; 
however, it is ineffective and adverse effects have been not 
uncommon.40

Yams are the tubers of Dioscorea of many varieties, including 
bitter toxic species, such as D. dumetorum and D. hirsuta, which 
contain cyanogenic glycosides, such as diosgenin. They can be 
steeped and washed in water and eaten sliced, but if badly pre-
pared, they are toxic. Bitter yams are sometimes interplanted with 
edible varieties in order to deter theft by strangers, and deaths 
have occurred from the consumption of bitter yams during food 
shortages.
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Table 32.3 Plants that contain pyrrolizidine alkaloids

Genus Pyrrolizidine alkaloids
Crotalaria albida croalbidine

Crotalaria anagyroides anacrotine, methylpyrrolizidine

Crotalaria aridicola various dehydropyrrolizidines

Crotalaria axillaris axillaridine, axillarine

Crotalaria barbata crobarbatine

Crotalaria burha croburhine, crotalarine

Crotalaria candicans crocandine, cropodine

Crotalaria crassipes retusamine

Crotalaria crispata crispatine, fulvine

Crotalaria dura crotaline

Crotalaria fulva fulvine

Crotalaria globifer crotaline, globiferine

Crotalaria goreensis hydroxymethylenepyrrolizidine

Crotalaria grahamiana grahamine

Crotalaria grantiana grantianine

Crotalaria incana anacrotine

Crotalaria intermedia integerrimine, usaramine

Crotalaria laburnifolia crotalaburnine, hydroxysenkirkine

Crotalaria madurensis crotafoline, madurensine

Crotalaria mitchelii retusamine

Crotalaria mucronata mucronitine, mucronitinine

Crotalaria nana crotaburnine, crotananine

Crotalaria novae-hollandiae retusamine

Crotalaria retusa retusamine

Crotalaria semperfl orus crosemperine

Crotalaria spectabilis retronecanol

Crotalaria stricta crotastrictine

Crotalaria trifoliastrum various alkylpyrrolizidines

Crotalaria usaramoensis usaramine, usaramoensine

Crotalaria virgulata grantaline, grantianine

Crotalaria walkeri acetylcrotaverrine, crotaverrine

Cynoglossum amabile amabiline, echinatine

Cynoglossum glochidiatum amabiline

Cynoglossum lanceolatum cynaustine, cynaustraline

Cynoglossum latifolium latifoline

Cynoglossum offi cinale heliosupine

Cynoglossum pictum echinatine, heliosupine

Cynoglossum viridifl orum heliosupine, viridifl orine

Eupatorium cannabinum echinatine, supinine

Eupatorium maculatum echinatine, trachelantimidine

Heliotropium acutifl orum heliotrine

Heliotropium arguzoides trichodesmine

Heliotropium curassavicum angelylheliotridine

Heliotropium dasycarpum heliotrine

Heliotropium eichwaldii angelylheliotrine

Continued

Cyanogenic glycosides in plants
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Genus Pyrrolizidine alkaloids
Heliotropium europeum acetyl-lasiocarpine, helioitrine

Heliotropium indicum acetylindicine, indicine, indicinine

Heliotropium lasiocarpum heliotrine, lasiocarpine

Heliotropium olgae heliotrine, incanine, lasiocarpine

Heliotropium ovalifolium heliofoline

Heliotropium ramosissimum heliotrine

Heliotropium strigosum strigosine

Heliotropium supinum heliosupine, supinine

Heliotropium transoxanum heliotrine

Petasites japonicus fukinotoxin, petasinine, petasinoside

Senecio adnatus platyphylline

Senecio alpinus seneciphylline

Senecio amphibolus macrophylline

Senecio angulatus angulatine

Senecio aquaticus aquaticine

Senecio argentino retrorsine, senecionine

Senecio aureus fl oridanine, fl orosenine, otosenine

Senecio auricula neosenkirkine

Senecio borysthenicus seneciphylline

Senecio brasiliensis brasilinecine

Senecio campestris campestrine

Senecio cannabifolius senecicannabine

Senecio carthamoides carthamoidine

Senecio cineraria jacobine, seneciphylline

Senecio cissampelinum senampelines

Senecio crucifolia jacobine

Senecio doronicum doronine

Senecio erraticus erucifoline, fl oridanine

Senecio fi laginoides retrorsine,ionine

Senecio franchetti franchetine, sarracine

Senecio fuchsii fuchsisenecionine

Senecio gillesiano retrorsine, senecionine

Senecio glabellum integerrimine, senecionine

Senecio glandulosus retrorsine, senecionine

Senecio glastifolius graminifoline

Senecio hygrophylus hygrophylline, platyphylline

Senecio ilicifolius pterophine, senecionine

Senecio illinitus acetylsenkirkine, senecionine

Senecio incanus seneciphylline

Senecio integerrimus integerrimine, senecionine

Senecio isatideus isatidine, retrorsine

Senecio jacobaea jacobine, jacoline, jaconine, jacozine, otosenine, renardine

Senecio kirkii acetylsenkirkine, senkirkine

Senecio kubensis seneciphylline

Senecio latifolius senecifolidine, senecifoline

Senecio leucostachys retrorsine, senecionine

Table 32.3 Plants that contain pyrrolizidine alkaloids—cont’d
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Senecio longibolus integerrimine, longiboline, retronecanol, retrorsine, riddelline, senecionine, seneciphylline

Senecio macrophyllus macrophylline

Senecio mikanoides mikanoidine

Senecio nemorensis nemorensine, oxynemorensine

Senecio othonnae fl oridnine, onetine, otosenine

Senecio othonniformis bisline, isoline

Senecio palmatus seneciphylline

Senecio paucicalyculatus paucicaline

Senecio petasis bisline

Senecio phillipicus retrorsine, seneciphylline

Senecio platyphylloides neoplatyphylline, platyphylline, sarracine, seneciphylline

Senecio platyphyllus platyphylline, seneciphylline

Senecio pojarkovae sarracine, seneciphylline

Senecio procerus procerine

Senecio propinquus seneciphylline

Senecio pseudoarnica senecionine

Senecio pterophorus pterophine

Senecio ragonesi retrorsine, senecionine, uspallatine

Senecio renardi renardine, seneciphylline, senkirkine

Senecio retrorsus isatidine, retrorsine

Senecio rhombifolius neoplatyphylline, platyphylline, sarracine, seneciphylline

Senecio Riddellii riddelline

Senecio rivularis angeloyloxyheliotrine

Senecio rosmarinifolius rosmarinine

Senecio ruwenzoriensis ruwenine, ruzorine

Senecio sarracenicus sarracine

Senecio scleratus isatidine, scleratine

Senecio seratophiloides senecivernine

Senecio spartioides seneciphylline, spartoidine

Senecio squalidus senecionine, squalidine

Senecio stenocephalus seneciphylline

Senecio subalpinus seneciphylline

Senecio subulatus retrorsine, senecionine

Senecio swaziensis swazine

Senecio triangularis triangularine

Senecio uspallatensis senecionine, uspallatine

Senecio vernalis senecivernine

Senecio vira-vira anacrotine, neoplatyphylline

Senecio viscosus senecionine

Senecio vulgaris senecionine

Symphytum asperum asperumine, echinatine, heliosupine

Symphytum caucasicum echinatine, heliosupine, lasiocarpine, symphytine, viridifl orine

Symphytum offi cinalis echinatine, heliosupine, lasiocarpine, symphytine, viridfl orine

Symphytum orientale anadoline

Symphytum tuberosum heneicisane, tricosane

Symphytum uplandicum acetylintermedine, acetyl-lycopsamine, uplandicine

Table 32.3 Plants that contain pyrrolizidine alkaloids—cont’d

Cyanogenic glycosides in plants
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Treatment of acute cyanide poisoning includes gastric lavage 
with 5% sodium thiosulfate within 1 h if possible; 300 mL of 25% 
sodium thiosulfate should be left in the stomach. Dicobalt edetate 
(dicobalt EDTA, 600 mg in 40 mL over 1 min) should be given 
intravenously as soon as possible in all cases of poisoning. If 
recovery does not occur within 1–2 min, another 300 mg of dico-
balt edetate should be given. Oxygen (100%) should also be given 
and acidosis should be corrected with sodium bicarbonate. If 
dicobalt edetate is not available, give 10 mL of 3% sodium nitrite 
over 3 min intravenously, followed by 25 mL of 50% sodium 
thiosulfate over 10 min intravenously.

DERMATITIS DUE TO PLANTS

Many tropical plants cause contact dermatitis, with erythema, 
vesiculation, or urticaria.

Contact with the leaves of Toxicodendron (formerly Rhus) spp. 
(poison ivy, poison oak, or poison sumach) causes intense irrita-
tion and infl ammation.41,42 In Japan, severe dermatitis can follow 
contact with lacquer made from Toxicodendron vernicifl uum.43 
Treatment consists of thorough washing of the skin with soap and 
water and removal of the poison from the clothes by soaking in 
1% hypochlorite solution.

Dermatitis can be caused by pyrethrum in Chrysanthemum 
spp.44 Exposure to the leaves and fl owers causes itching, usually 
beginning at the corners of the eyes, and lacrimation, followed by 
an irritating vesicular rash, peeling of the skin, and the formation 

of painful fi ssures. Sweating and exposure to sunlight exacerbate 
the lesions. Urticaria and photosensitivity have also been 
reported.

Many plants and fl owers, such as the euphorbias (which 
contain phorbol esters), orchids, primulas, lilies, and mangos, can 
cause allergic dermatitis in sensitive people. The juice of some of 
the umbelliferae contains photosensitizing furanocoumarin deriv-
atives that on contact with the skin cause erythema and vesication 
after exposure to light.

The manchineel, Hippomane mancinella (Figure 32.17), like 
many other members of the Euphorbiaceae, produces a highly 
irritant latex.45 This small tree is common along the coastlines of 
South and Central America, the West Indies and India. Both vari-
eties, one with leaves like holly and the other like laurel, are 
poisonous. The attractive fruit resembles a crab-apple, and sensi-
tive people who touch it develop erythema, bullae and vesicula-
tion. The wood and even the sawdust are irritant and cause 
dermatitis, frequently of the genitalia and anus, with a vesiculo-
pustular eruption, sometimes confi ned to the glans penis. In the 
eye, the latex causes keratoconjunctivitis, with pain, photophobia 
and blepharospasm. If the fruit is eaten, it causes vesiculation of 
the buccal mucosa, with superinfection, bloody diarrhoea and 
sometimes death. Latex on the skin should be washed off at once; 
blisters should be protected against infection and, if extensive, 
treated like second-degree burns.

Seaweed dermatitis has been reported from Hawaii, probably 
as a result of contact with an alga, Microcolus lyngbyaceus, which 
produces a toxic rash in persons bathing in the sea off windward 
beaches.46

The dust from certain trees, such as iroko (African teak), pine, 
mahogany, satinwood, and obeche, can cause skin irritation, facial 
oedema, blepharospasm, acute coryza and pharyngitis.47 Asthma 
and rhinitis have also been reported.

Figure 32.17 Hippomane mancinella (manchineel).

Figure 32.16 Eriobotrya japonica (loquat).
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ERGOT

Ergot (Claviceps purpurea) is a fungus whose sclerotia contain 
ergotoxine and related alkaloids that stimulate smooth muscle. It 
is harvested with the ears of rye and other grasses. Chronic con-
sumption of small amounts causes uterine and vascular contrac-
tion, resulting in abortion, arterial occlusion, and painful gangrene. 
In the Middle Ages, this was called St Anthony’s fi re, because it 
was relieved by a pilgrimage to the shrine of St Anthony, in an 
area that was not affected by the fungus. Acute consumption of 
large amounts can cause headache, vertigo, hallucinations and 
convulsions; the Salem witches may have been victims of this. 
Ergot poisoning, although easy to prevent, still occurs from care-
less harvesting in times of food shortage; it can also occur with 
deliberate hallucinogenic or abortifacient use. Vasodilators, such 
as sodium nitroprusside, ease ischaemic pain and help to prevent 
gangrene.48 Derivatives of ergot are used therapeutically (e.g. 
bromocriptine in Parkinson’s disease) and as hallucinogens 
(e.g. LSD).

GASTROENTERITIS DUE TO COMPOUNDS 
IN PLANTS

Jequirity beans (Abrus precatorius) (Figure 32.18) and castor oil 
beans (Ricinus communis) are bright and attractive and are some-
times made into necklaces. Ricinus is the source of the purgative 
castor oil and Abrus has been used to treat schistosomiasis. 
However, these beans contain poisons that, after a delay of 
1–48 h, can cause fatal gastroenteritis; their toxic principles, abrin 
and ricin, are among the most poisonous substances known;49 one 
bean can kill a child. Acute poisoning is treated by gastric lavage, 
demulcents, and adjustment of fl uid and electrolyte balance. 
Abdominal pain may require analgesics. In serious cases ventila-
tion or haemodialysis may be needed.

Abrin and ricin both consist of two components, an α chain 
and a β chain; the former is toxic and is carried into cells by the 
latter, from which it then dissociates.50 This action has been put 
to use therapeutically, by conjugating the β chain of ricin to 
monoclonal antibodies for use, for example, in the treatment of 
leukaemias.51 The dose is limited by the risk of a vascular leak 
syndrome.

Many other plants can cause gastrointestinal disturbances, such 
as nausea, vomiting and diarrhoea. These include the Euphorbia 
spp., all plants that contain cardiac glycosides, and Phytolacca 
americana (Figure 32.19). Severe gastrointestinal toxicity can 
sometimes cause heart block, secondary to vagal stimulation.52

The leaves of Dieffenbachia spp. cause damage to the mucosa 
of the gastrointestinal tract if chewed or swallowed; this has been 
attributed to their oxalate content.53 The sap can also cause corneal 
damage.

Lectins are phytohaemagglutinins that are resistant to digestion 
in the gut but are removed from food by proper cooking. They 
affect the integrity of the intestinal epithelium and the absorption 
of dietary antigens, and cause release of allergic mediators from 
mast cells in vitro. Many plants, such as Jatropha macrorhiza and 
Euonymus europaeus, contain lectins,54 which, if not destroyed by 

Figure 32.18 Abrus precatorius (jequirity).

cooking, can cause severe vomiting and bloody diarrhoea, in some 
cases followed by damage to the central nervous system, the car-
diovascular system, and the kidneys. Coral plants, Jatropha curcas, 
J. glandulifera, and J. multifi da, grow rapidly and are used as hedges 
in Africa and the West Indies. Their fruits, physic nuts, taste like 
sweet almonds but have been reported to cause colic, cramps, 
thirst, and hypothermia. Another species, J. gossypifolia, is known 
in the West Indies as the bellyache bush (Figure 32.20).

Croton spp., which are widespread in the tropics cause violent 
purgation. They contain phorbol esters, which are carcinogenic.

The ackee, Blighia sapida (Figure 32.21) (named after Captain 
Bligh of the Bounty) is a native of West Africa but is common in 
the West Indies and South America. The fruit has a large fl eshy 
aril and is eaten when ripe; however, the unripe fruit is poisonous 
and has caused ‘vomiting sickness’ in Jamaica and other islands.55 
Unripe ackee fruits contain toxic hypoglycins, polypeptides that 
block gluconeogenesis in the liver and cause acute hypoglycae-
mia.56 Anaphylaxis and cholestatic jaundice have also been 
reported. Typically, poisoning presents with abdominal discom-
fort and vomiting and, a few hours later, convulsions and coma. 
Extreme hypoglycaemia occurs, and unless glucose is given 
promptly, death usually occurs within 12 h of the initial vomiting. 
The liver shows fatty changes, with almost complete absence of 
glycogen.

HAEMOTOXICITY DUE TO COMPOUNDS 
IN PLANTS

Haemolysis in glucose-6-phosphate defi ciency

Defi ciency of the enzyme glucose-6-phosphate dehydrogenase 
(G6PD) in erythrocytes results in reduced production of NADPH. 

Haemotoxicity due to compounds in plants
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Consequently, oxidized glutathione (and to a lesser and insig-
nifi cant extent methaemoglobin) accumulates. If the erythrocytes 
are then exposed to oxidizing agents, haemolysis occurs, probably 
because of unopposed oxidation of sulfhydryl groups in the cell 
membrane, which are normally kept in reduced form by the con-
tinuous availability of reduced glutathione. The prevalence of this 
defect varies with race. It is rare among Caucasians and occurs 
most frequently among Sephardic Jews of Asiatic origin, of whom 
50% or more are affected. It also occurs in about 10–20% of 
blacks. Inheritance of the defect is sex-linked but complex, the 
genetic basis for the abnormal enzyme being heterogeneous; most 
of the variations produce an unstable enzyme. In the variety that 
affects Blacks (but is not confi ned to them) G6PD production is 
probably normal, but its degradation is accelerated, so that only 
erythrocytes older than about 55 days are affected; acute hae-
molysis occurs on fi rst administration of the drug and lasts for 
only a few days, after which continued administration causes 
chronic mild haemolysis. In the Mediterranean variety the enzyme 
is abnormal, and both young and old erythrocytes are affected; in 
this form severe haemolysis occurs on fi rst administration and is 
maintained with continued administration. The reaction is some-
times called favism, because it can result from eating broad beans 
(Vicia faba, Figure 32.22), which contain oxidant substances such 
as divicine and isouramil.57 The condition is rare in Thailand, 
probably because the G6PD mutants that occur there are 
different.58

Impaired platelet aggregation

Some plants contain compounds that inhibit platelet aggrega-
tion,59 for example, Ginkgo biloba, the maidenhair tree, extracts 
from the leaves of which are marketed in some countries for the 
treatment of cerebral dysfunction and of intermittent claudica-
tion, garlic (Allium sativum, Figure 32.23), and saw palmetto 
(Serenoa repens, Figure 32.24). As a result, bleeding complications 
can occur, including strokes.Figure 32.20 Jatropha gossypifolia (bellyache bush).

Figure 32.21 Blighia sapida (ackee).

Figure 32.19 Phytolacca americana (pokeweed).
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Figure 32.22 Vicia faba (broad bean).

HEPATOTOXICITY DUE TO COMPOUNDS 
IN PLANTS

Hepatitis

The number of plants that have reportedly caused acute liver 
damage is legion.60 The pattern is a rise in serum activities of the 
so-called liver enzymes (aspartate and alanine transaminases), 
which is usually rapidly reversible; occasionally death can occur. 
Plants that have been reported to cause acute liver damage include 
Breynia offi cinalis, Camelia sinensis (green tea), Chelidonium majus 
(celandine), Cimicifuga racemosa (black cohosh, Figure 32.25), 
Larrea tridentata (chaparral), Piper methysticum (kava), Polygonum 
multifl orum, Symphytum offi cinale (comfrey), Teucrium spp., and 

Hepatotoxicity Due to Compounds in Plants

Figure 32.23 Allium sativum (garlic).

Figure 32.24 Serenoa repens (saw palmetto).

Uncaria tomentosa (cat’s claw). Of these, black cohosh, chaparral, 
comfrey, and kava are the most common culprits.

Hepatic carcinoma

Aspergillus fl avus and A. parasiticus produce afl atoxins that are toxic 
to the liver and are carcinogenic;61 for example, the consumption 
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Aristolochia fangchi, and perhaps other constituents of Chinese 
herbal slimming remedies, can cause a nephropathy70 through 
progressive interstitial fi brosis. It may also cause urothelial carci-
noma.71 Nephrotoxicity has been incorrectly attributed to Stepha-
nia tetrandra (Chinese: fang-ji) through confusion with Aristolochia 
(Chinese: quang-fang-ji).

Oxalate-rich foods (spinach, rhubarb, beets, nuts, chocolate, 
tea, wheat bran, and strawberries) increase urinary oxalate excre-
tion, predisposing to renal calculi.72 Rarely acute oxalate toxicity 
can occur, for example due to ingestion of raw rhubarb stalks or 
leaves.73

NEUROTOXICITY DUE TO COMPOUNDS 
IN PLANTS

In some countries, the root stocks of cycads (Cycas and Zamia) are 
used as foodstuffs. The seeds of Cycas circinalis (Figure 32.28), 
eaten by the Chamorro people of Guam and neighbouring 
islands74 contain a neurotoxic amino acid, β-N-methylamino-L-
alanine, which is thought to cause amyotrophic lateral sclerosis, 
Parkinsonism and dementia.75

A related condition, lathyrism, is caused by Lathyrus sativus, the 
grass pea (Figure 32.29), which contains the neurotoxin β-N-

Figure 32.25 Cimicifuga racemosa (black cohosh).

Figure 32.26 Crotalaria verrucosa (blue rattlesnake).

of contaminated groundnuts has been linked with hepatic carci-
noma in Africa and Asia.

Veno-occlusive disease and pyrrolizidine alkaloids

Pyrrolizidine alkaloids occur in a large number of plants, notably 
the genera Crotalaria (Figure 32.26), Cynoglossum, Eupatorium, 
Heliotropium, Petasites, Senecio (Figure 32.27) and Symphytum 
(Table 32.3).62 Certain representatives of this class and the plants 
in which they occur are hepatotoxic as well as mutagenic and 
hepatocarcinogenic. They can produce veno-occlusive disease of 
the liver, with clinical features like abdominal pain with ascites, 
hepatomegaly and splenomegaly, anorexia with nausea, vomiting, 
and diarrhea. Sometimes there is also damage to the lungs.

In the West Indies63 veno-occlusive disease is related to the 
consumption of bush tea made from plants such as Crotalaria and 
Senecio.64 Hepatotoxic compounds in Crotalaria, Senecio, Heliotro-
pium, and other composite plants can also enter the diet through 
contamination of cereals with weed seeds. For example, 28 of 67 
patients died with veno-occlusive disease in central India after 
consuming a local cereal, gondli, contaminated with the seeds of 
Crotalaria.65 Heliotropium popovii has been implicated in outbreaks 
in villages in North-Western Afghanistan, with high mortality.66

The primary pathological change of hepatic veno-occlusive 
disease is subendothelial oedema, followed by intimal overgrowth 
of connective tissue, with narrowing and occlusion of the central 
and sublobular hepatic veins. Atrophy or necrosis of liver cells, 
with consequent fi brosis, leads to gross changes similar to those 
seen in cardiac cirrhosis; portal hypertension results.67

NEPHROTOXICITY DUE TO COMPOUNDS 
IN PLANTS

Djenkol beans (Pithecolobium) cause poisoning in Malaysia, Java, 
and Thailand. Blood and casts appear in the urine, and the renal 
tract may be blocked, causing acute kidney damage;68 crystals of 
djenkolic acid can form urinary calculi.69 Treatment is by alkalin-
izing the urine (pH 8) by giving sodium bicarbonate by intrave-
nous infusion (250 mL of a 3.5% solution four times in a single 
day for a 70 kg adult).
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Figure 32.27 Senecio vulgaris (groundsel).

Parasympathetic nervous system actions due to compounds in plants

Figure 32.28 Cycas circinalis (cycad).

Figure 32.29 Lathyrus sativus (grass pea).

The poison nut (Strychnos nux-vomica Figure 32.30) is the source 
of poisonous alkaloids (strychnine, vomicine, icajine, brucine). 
Strychnine is an antagonist of the actions of the inhibitory 
neurotransmitter glycine in the spinal cord and causes painful 
convulsions.78

The fruit of Diospyros mollis (maklua) contains a derivative of 
hydroxynaphthalene and is used in Thailand for treating intestinal 
worms. It is oculotoxic79 and has been reported to cause optic 
neuritis in children.

PARASYMPATHETIC NERVOUS SYSTEM 
ACTIONS DUE TO COMPOUNDS IN PLANTS

Anticholinergic compounds

Anticholinergic compounds, such as atropine, hyoscine (scopol-
amine), and semisynthetic derivatives, are widely used therapeuti-
cally (e.g. in Parkinson’s disease and as adjuncts to anaesthesia). 
Poisoning causes tachycardia, a dry mouth and hot dry skin, 
dilated pupils (mydriasis), blurred vision and loss of accommoda-
tion, diffi culty in micturition, confusion, an acute psychosis with 
hallucinations, and convulsions; glaucoma can occur in elderly 
people, as can acute urinary retention in men with prostatic 
enlargement. Treatment of poisoning is symptomatic (Table 32.3); 
although physostigmine has been used to reverse anticholinergic 
effects,80,81 it has a short duration of action, tolerance to its ben-
efi cial effects occurs, and it has its own adverse effects – it should 
not be used except in life-threatening poisoning.82

oxalylamino-L-alanine.76 It causes a symmetrical motor spastic 
paraparesis, with a pyramidal pattern and greatly increased tone 
in the leg muscles, causing sufferers to walk on the balls of their 
feet with a lurching gait. The arms can also be affected. Sensory 
signs are absent. Grass pea is a profi table cash crop that is used as 
a cheap adulterant in fl our from other pulses; lathyrism is likely 
to occur in places remote from grass pea cultivation and follows 
food shortages in India and Africa. Strains with low toxin content 
have been developed.77
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The thorn apple or Jimson weed, Datura stramonium, grows in 
most parts of the world and is a frequent cause of poisoning in 
cereal crops. The seeds contain alkaloids of the tropane series, 
notably hyoscyamine. One outbreak of poisoning in Tanzania 
involved the consumption of porridge made from millet distrib-

uted by a local branch of the National Milling Corporation.83 
Jimson weed has also been used as a drug of abuse.84

Other plants that can cause anticholinergic poisoning include 
angel’s trumpet (Brugmansia spp., now called Datura),85 found in 
Central and South America and prepared as a tea for its halluci-
nogenic effects, and jessamine (Gelsemium sempervirens, Figure 
32.31),86 which is native to North and Central America.

The seeds of various species of Datura have been used in cases 
of criminal poisoning in tropical countries. D. fastuosa was a 
favourite poison of practitioners of thagi in India; D. sanguinea is 
used in Colombia and Peru, D. ferox and D. arborea in Brazil, and 
the leaves of Hyoscyamus fahezlez by the Tuareg in the Sahara. The 
seeds of D. stramonium with D. metel have been used in East Africa 
for criminal purposes, as an inebriant to facilitate robbery, or to 
elicit confessions of witchcraft.36

Cholinergic compounds

Drugs can cause cholinergic effects either by stimulating acetyl-
choline receptors or by inhibiting acetylcholinesterase.

Drugs that stimulate acetylcholine receptors, of which nicotine 
and muscarine are the prototypes, are used therapeutically (e.g. 
pilocarpine in glaucoma) and are found in a wide variety of 
plants. The effects of poisoning are constricted pupils (miosis); 
hypersalivation and sweating; nausea, vomiting, and diarrhoea; 
bradycardia; and headache, vertigo, confusion, delirium, halluci-
nations, coma, and convulsions. Bronchorrhoea, bronchospasm 
and pulmonary oedema produce respiratory failure, the usual 
cause of death. Most cases of cholinergic poisoning with fl ower-
ing plants have been reported with laburnum in temperate 
zones; other cases have been reported with hemlock (Conium 
maculatum).87

Many fungi contain cholinergic compounds, and muscarinic 
poisoning can occur with, for example, jack o’lantern (Omphalotus 
olearius), Clitocybe spp. and Inocybe spp. In severe cases of poison-
ing with Amanita spp. there may be cholinergic symptoms, but the 
main effects are due to the GABAergic compound muscimol.88

Anticholinesterases potentiate the actions of acetylcholine by 
inhibiting its breakdown. Solanine is one such compound, found 
in plants of the Solanum spp., including the unripe berries of the 
bittersweet nightshade (S. dulcamara) and greened tubers of pota-
toes (S. tuberosum). However, S. dulcamara poisoning can also 
present with anticholinergic effects.89 Accidental or suicidal poi-
soning can occur with anticholinesterase organophosphorus 
insecticides;90 treatment is with atropine91 and cholinesterase reac-
tivators, such as pralidoxime and obidoxime.92

PSYCHOTROPIC DRUGS IN PLANTS

Betel

Chewing betel, the leaves of Piper betle [sic], together with lime 
and areca (betel) nuts (Areca catechu) is a common practice in 
India, Sri Lanka and other Eastern countries. It may act by inhib-
iting GABA uptake. The mouth, lips and cheeks are stained bright 
red and the face is fl ushed; there is euphoria, heightened alertness, 

Figure 32.30 Strychnos nux-vomica (poison nut).

Figure 32.31 Gelsemium sempervirens (jessamine).
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lime or, in India, with betel. Cocaine powder can be sniffed, pre-
pared as a solution for intravenous injection, or separated from 
its hydrochloride and smoked as the free base or as ‘crack’ 
(so-called because of the popping and clicking of exploding impu-
rities when it is burnt). Crack vaporizes at a much lower tem-
perature than cocaine hydrochloride, so that the active ingredient 
escapes pyrolysis and reaches the lungs intact. Because the transfer 
from lung to brain is so fast, the impact of smoked cocaine gives 
a ‘rush’ comparable with that experienced after intravenous injec-
tion. However, the euphoriant effect also wears off quickly, pro-
ducing a most unpleasant downswing of mood in many users, 
which they may attempt to fend off with repeatedly larger and 
larger doses.

The clinical effects of cocaine (‘coke’, ‘snow’, ‘charlie’, or ‘crack’) 
include euphoria, increased drive, increased confi dence, increased 
sociability, loquacity, and increased physical and mental capaci-
ties. After chewing there is loss of sensation in the tongue and 
lips.

The tendency to repeat administration to fend off rebound 
effects, and the rapid tolerance that occurs to the euphoriant 
effects of cocaine, combine to cause a typical pattern of escalating 
doses terminating in ‘crash’, characterized by exhausted sleep fol-
lowed by depressed mood, which fuels the initiation of the next 
binge. Termination of a binge comes about through physical or 
mental exhaustion, or through lack of money or further drug sup-
plies. Repeated sniffi ng can cause perforation of the nasal septum. 
The use of prolonged and high dosages can lead to a cocaine-
induced psychosis, not dissimilar from acute paranoid schizo-
phrenia. There are no major physiological withdrawal phenomena 
from cocaine, but troublesome dysphoria and craving can persist 
for months or even years. When it is taken during pregnancy, 
cocaine can cause constriction of the uterine and placental blood 

sweating, salivation, a hot sensation in the body, and an increased 
capacity to work; there are increases in heart rate, blood pressure, 
sweating, and body temperature.93

Cannabis

Cannabis sativa, the hemp plant, yields marijuana and hashish. A 
cannabis smoker inhales at least 60 mind-altering chemicals, but 
the main psychoactive ingredient is delta-9-tetrahydrocannabinol 
(delta-9-THC), an antiemetic, antispasticity agent, appetite stimu-
lant, analgesic, anxiolytic, hypnotic and antipyretic, which also 
lowers intraocular pressure. However, its benefi cial effects in ter-
minal disease are disappointing.

Marijuana (‘grass’, ‘weed’, ‘bush’, ‘herb’) is the dried mixture of 
crushed leaves and stalks of the plant. The fl owering tops of the 
plant secrete a resin that can be compressed to form hashish 
(‘hash’, ‘blow’, ‘puff’, ‘draw’, ‘ganja’, ‘dope’, ‘pot’), or dissolved 
into an oil or tincture. Marijuana is usually rolled in home-made 
cigarettes (‘spliffs’, ‘joints’, or, if enormous, ‘blunts’), with or 
without tobacco. Hashish is heated and crumbled on to tobacco 
in spliffs, or smoked in a wide variety of pipes. In many parts of 
the world cannabis is an ingredient of a range of culinary 
preparations.

Cannabis has physical and mental effects that begin within 
minutes. The physical effects include an increase in heart rate, 
peripheral vasodilatation, conjunctival suffusion, bronchodilata-
tion, dryness of the mouth, and, in large doses, tremor, ataxia, 
nystagmus, nausea, and vomiting. The mental effects vary from 
person to person, depending on such variables as personality, 
mood, surroundings, expectations, and previous cannabis experi-
ence. Generally there is a feeling of well-being, accompanied by 
feelings of enhanced sensory perception. There may be drowsiness 
or hyperactivity. Ideas fl ow rapidly and may be disconnected. 
Time seems to pass slowly. Motor performance may be altered, as 
it may be by any sedative drug, and driving skills may be 
impaired.

There may be mild tolerance and a mild withdrawal syndrome, 
rather like a mild benzodiazepine withdrawal syndrome. Physical 
dependence does not seem to be a big problem, but psychological 
dependence does occur.

Heavy use of marijuana is associated with social apathy, but 
this often precedes drug use and may not be an adverse effect. 
Adverse psychological effects include anxiety, acute panic reac-
tions, and paranoid ideas. Large doses can cause an acute toxic 
psychosis with confusion and hallucinations. There is controversy 
as to whether marijuana can produce a prolonged psychosis, but 
it can certainly aggravate pre-existing mental disease. Cannabis 
smoke contains more insoluble particulates and carcinogens than 
tobacco smoke, so lung and airways damage can be anticipated 
in heavy regular consumers. Birth defects occasionally follow use 
in pregnancy.

Coca

Erythroxylon coca (Figure 32.32) is widely grown in South America 
and India. The leaves are dried in the sun and are chewed with 

Psychotropic Drugs in Plants

Figure 32.32 Erythroxylon coca (coca).
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vessels and damage the fetus by depriving it of oxygen and other 
nutrients.

Kava

The powdered root of Piper methysticum, prepared as a beverage, 
is drunk on festive occasions throughout Polynesia.94 Formerly, 
the root was prepared by mastication by selected girls, a practice 
that caused the spread of tuberculosis. The actions of some of 
its constituents include altered activity at the GABAA receptor 
and inhibition of voltage-dependent sodium channels. Over-
indulgence in kava causes a state of hyperexcitement, with loss of 
power in the legs. Chronic intoxication leads to debility, with 
ataxia, visual and auditory defects, and a reversible ichthyosiform 
eruption (kava dermopathy). In the west hepatotoxicity has 
often been reported;95 this may be related to the fact that 
western formulations are prepared by lipid rather than aqueous 
extraction.96

Khat

Khat (cafta, miraa, muiragi) is derived from a small tree, Catha 
edulis, indigenous to North Africa.97 The leaves and twigs are 
chewed, infused, or smoked and produce euphoria and loqua-
ciousness, with a misleading sensation of sharpened mental pro-
cesses. Khat produces these effects because it contains cathinone 
and cathine, phenylalkylamines that are related to ephedrine and 
have amphetamine-like properties;98 psychosis has been reported 
with heavy use. Other adverse effects include increased blood 
pressure and depression; long-term abuse can make you manic 
and aggressive; physical dependence does not occur but psycho-
logical dependence does. Chronic consumption may be geno-
toxic. The khat alkaloids are absorbed fi rst from the oral cavity 
and then from the gut, justifying slow chewing.99

Nicotine

The leaves and fl owers of Nicotiana spp. have been universally 
smoked, snuffed, or chewed for their stimulant effects. Prepara-
tions of the leaves applied to the chest to relieve respiratory com-
plaints have sometimes given rise to toxic effects by percutaneous 
absorption of nicotine. However, nicotine is much more wide-
spread in plants, and occurs in such diverse species as Acacia spp., 
Aesculus hippocastanum, Asclepias spp., Duboisia spp. Echeviria spp., 
Erythroxylon coca, Juglans regia, Mucuna pruriens, Prunus spp., Sem-
pervivum arachnoideum, and Urtica dioica. During the nineteenth 
and early part of the twentieth century, Australian aborigines used 
pituri, a nicotine-containing preparation from the cured leaves of 
Duboisia hopwoodii.100

An unusual nostrum made by the Yoruba people of Nigeria is 
‘cow’s urine mixture’, which consists of green tobacco leaves, rock 
salt, citron (Citrus medica), the leaves of the bush basil, Ocimum 
viride, and cow’s urine.101 The remedy is swallowed or rubbed into 
the skin for the prevention and treatment of epileptic or eclamp-
tic fi ts; the toxic effects are those of nicotine – central nervous 
excitation, with vomiting, diarrhoea, dehydration, and hypogly-

caemia, followed by depression and coma, sometimes with per-
manent neurological damage or death. Convulsions must be 
controlled and glucose given intravenously. The poison is removed 
by gastric lavage or cleansing of the skin; blood glucose, electro-
lytes, and fl uid balance should be monitored.

Opium alkaloids and their derivatives

Opioid dependence is a worldwide public health menace associ-
ated with a great deal of criminal activity. Heroin (‘smack,’ ‘junk’, 
‘gear’, ‘brown’) is the opiate chosen by 75%, and heroin-related 
referrals are increasing by at least 15% per year. On initial use, 
there may be nausea, vomiting, and anxiety, but these symptoms 
disappear with subsequent use, and euphoria becomes predomi-
nant. As tolerance develops and the cost of the habit increases, the 
addict may switch to the intravenous route to maximize value for 
money. In an attempt to retain the euphoria (the ‘rush’) that 
results from rapidly increased concentrations of the drug in the 
brain, larger and larger doses will be used. Tolerance to constipa-
tion and pupillary constriction does not occur to any great extent. 
Eventually the addict becomes most concerned with combating 
withdrawal symptoms and needs a regular supply of the drug to 
avoid them.

Withdrawal symptoms begin at about 8 h after the last dose 
and reach a peak at about 36–72 h. Symptoms occur in the fol-
lowing order:
1. Psychological symptoms: anxiety, depression, restlessness, irri-

tability, drug craving
2. Lacrimation, rhinorrhoea, mydriasis, yawning, sweating, 

tachycardia, and hypertension
3. Restless sleep, after which the above symptoms are accompa-

nied by sneezing, anorexia, nausea, vomiting, abdominal 
cramps, diarrhoea, bone pain, muscle pain, tremor, weakness, 
chills and goose-fl esh (‘cold turkey’), twitching and jerking of 
the legs (‘kicking the habit’), and insomnia. Hypotension, 
cardiovascular collapse, and convulsions occur rarely.

These symptoms gradually fade over about 5–10 days, during 
which time general malaise and abdominal cramps persist. This 
withdrawal syndrome is not as bad as has been widely depicted 
in literature and is not fatal.102

With methadone the onset of withdrawal symptoms is delayed 
for 24–48 h and peaks at 3–4 days; because of this slower effect, 
methadone is often used to help an addict withdraw, by substitut-
ing it for morphine or heroin.

TREATMENT OF POISONING103

This is not the place for a thorough description of the treatment 
of poisoning, but a few simple principles are summarized in 
Table 32.4.

DRUG INTERACTIONS WITH COMPOUNDS 
IN PLANTS

Drug interactions can occur between plant medicaments and allo-
pathic medicines.104,105,106 Some of these are summarized in Table 
32.5. Many of these interactions are poorly attested, being anec-
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Drug interactions with compounds in plants

dotal. However, interactions with grapefruit and St John’s wort are 
well described and are dealt with below.

Pharmacodynamic interactions

If a herbal medicine shares a pharmacological action with an 
allopathic remedy, it may potentiate its therapeutic or adverse 
effects; the following are examples:
• digitalis (Figure 32.33) and heart remedies containing cardio-

active glycosides (Strophanthus, Convallaria, Cytisus, Scilla)
• antihypertensive drugs and hypotensive herbs (Rauwolfi a, 

Crataegus, Viscum)
• oral hypoglycaemic drugs and karela, the fruit of Momordica 

charantia; karela, which has a hypoglycaemic action,107 is used 
in curries and is a traditional Indian remedy for diabetes

• antiasthma drugs and betel nut, which is thought to have a 
bronchoconstricting effect

• ACE inhibitors and Capsicum spp.; ACE inhibitors increase the 
amount of bradykinin in the lung and enhance the cough 
response to capsaicin, which acts by depleting substance P from 
nerve endings; this is an example of an interaction enhancing 
an adverse rather than a therapeutic effect of a drug.

Anticoagulants

Table 32.5 is organized according to the plant product, but too 
many plants interact with oral anticoagulants (principally warfa-
rin) to be included separately. The many plants and herbal prod-
ucts that have been reported to increase or reduce the actions of 
warfarin108 include angelica root, anise, arnica fl ower, asafetida, 

Table 32.4 A summary of the management of acute self-poisoning

Target Therapeutic action
 1. Respiratory function Check gag refl ex

Remove dentures

Clear out oropharyngeal obstructions, debris, secretions

Lay on the left side with head down

Insert oral airway or, if cough refl ex lost, an endotracheal tube

Give oxygen if hypoxic

Assist respiration if required

 2. Circulatory function Check heart rate and blood pressure

If systolic blood pressure below 80 mmHg (young patients) or 90 mmHg (old patients):

Raise end of bed
If ineffective, give volume expanders

If fl uid overload and oliguria:
Give dopamine and/or dobutamine

 3. Renal function Monitor urine output

 4. Consciousness Assess level of consciousness (Glasgow coma scale)

 5. Temperature Take temperature rectally; if below 36°C reheat slowly

Warm all inspired air and intravenous fl uids

 6. Convulsions Treat with diazepam, clomethiazole, phenytoin, or anaesthesia with assisted ventilation

 7. Cardiac arrhythmias Treat as required

 8. Gastric lavage Generally of no value after 1 h following poisoning

Add non-specifi c or specifi c antidotes to lavage fl uid or leave in stomach after lavage

 9. Activated charcoal A single dose after gastric lavage

Repeated doses for some poisons

10. Fluid and electrolyte balance Dehydration: oral fl uids usually enough

Unconscious patients: use intravenous fl uids and insert a central venous line

Treat hypokalaemia

11. Emergency measures Specifi c to the poison

12. Chest radiography In drowsy or comatose patients who vomit

After endotracheal intubation

13. Collection of specimens Gastric aspirate (drugs)

Urine (drugs, renal function)

Blood (drugs, arterial gases, electrolytes)
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Table 32.5 Some reported drug interactions with plants and herbal products

Precipitant plant(s) Object drug(s) Outcome
Areca nut (Areca catechu) Neuroleptic drugs Exacerbation of extrapyramidal effects

Berberine (Berberis aristata) Tetracycline Prolonged diarrhoea in cholera

Bran, ispaghula husk (Plantago 
ovale)

Digoxin, iron, lithium, lovastatin, tricyclic 
antidepressants

Reduced absorption

Ginkgo biloba Thiazide diuretics Hypertension

Ginseng (Panax ginseng) Antidepressants Risk of mania

Cocaine Tolerance inhibited

Digoxin Increased plasma digoxin concentration

Methamphetamine Tolerance inhibited

Opioids Reduced pharmacological effects of opioids

Phenelzine Headache, tremulousness, hyperactivity

Warfarin Reduced anticoagulation

Grapefruit juice Amiodarone Risk of amiodarone toxicity (e.g. cardiac arrhythmias)

Antihistamines (astemizole, terfenadine) Prolongation of QT interval; risk of ventricular 
tachycardia

Ciclosporin Risk of ciclosporin toxicity (immunosuppression)

Benzodiazepines (alprazolam, diazepam, 
midazolam, triazolam)

Increased drowsiness; altered psychometric tests

Calcium channel blockers (felodipine, 
nifedipine, nisoldipine)

Reduced blood pressure, increased heart rate, 
headaches, fl ushing, light-headedness

Lovastatin Risk of lovastatin toxicity (including rhabdomyolysis and 
renal insuffi ciency)

Quinidine Prolongation of QTc interval; risk of ventricular 
tachycardia

Saquinavir Risk of saquinavir toxicity

Sertraline Risk of sertraline toxicity (serotonin syndrome)

Guar gum (Cyanopsis 
tetragonolobus)

Digoxin, glibenclamide, metformin, 
phenoxylmethylpenicillin

Reduced absorption

Liquorice (Glycyrrhiza glabra) Corticosteroids Increased risk of hypokalaemia

Spironolactone Reduced potassium-sparing effect

Saint John’s wort (Hypericum 
perforatum)

Amitriptyline, ciclosporin, digoxin, HIV 
protease inhibitors, irinotecan, oral 
contraceptives, phenprocoumon, 
theophylline, warfarin

Induction of metabolism by CYP3A4, causing reduced 
effects (e.g. increased risk of transplant rejection with 
ciclosporin, reduced anticoagulation with warfarin); 
induction of P glycoprotein, increasing intestinal and 
renal secretion

Digoxin, indinavir Induction of P glycoprotein, increasing clearance and 
reducing effects

Serotonin re-uptake inhibitors Serotonin syndrome

Shankhapushpi (an Ayurvedic 
mixture of herbs)

Phenytoin Decreased concentrations of phenytoin, leading to 
seizures

Siberian ginseng (Eleutherococcus 
senticosus)

Digoxin Increased plasma digoxin concentration

Tamarind (Tamarindus indica) Aspirin Increased systemic availability

Xaio chai hu tang (sho-salko-to) Prednisolone Reduced effect of prednisolone

Yohimbine (Pausinystalia yohimbe) Tricyclic antidepressants Increased risk of hypertension
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Drug Interactions with Compounds in Plants

Table 32.6 Some adulterants and contaminants that have been found in herbal products

Type of adulterant/contaminant Examples
Allopathic drugs Albendazole, analgesic and antiinfl ammatory agents (for example aminophenazone, cocaine, 

diclofenac, diethylpropion, indometacin, paracetamol, phenylbutazone), benzodiazepines, 
chlorphenamine, ephedrine, glucocorticoids, ketoconazole, sildenafi l, sulfonylureas, tadalafi l, 
thiazide diuretics, thyroid hormones

Botanicals Aristolochia spp., Atropa belladonna, Digitalis spp. (see Table 32.2), Colchicum, Rauwolfi a 
serpentina, pyrrolizidine-containing plants (see Table 32.3)

Fumigation agents Ethylene oxide, methyl bromide, phosphine

Heavy metals Arsenic, cadmium, lead, mercury

Microorganisms Escherichia coli, Pseudomonas aeruginosa, Salmonella spp., Shigella spp., Staphylococcus aureus

Microbial toxins Afl atoxins, bacterial endotoxins

Pesticides Carbamate insecticides and herbicides, chlorinated pesticides (for example aldrin, dieldrin, 
heptachlor, DDT, DDE, HCB, HCH isomers), dithiocarbamate fungicides, organic phosphates, 
triazine herbicides

Radionuclides 134Cs, 137Cs, 131I, 103Ru, 90Sr

bogbean, borage seed oil, bromelain, capsicum, celery, chamo-
mile, Chinese wolfberry (Lycium barbarum), clove, danshen (Salvia 
miltiorrhiza), devil’s claw (Harpagophytum procumbens), dong quai 
(Angelica sinensis), fenugreek, feverfew, garlic, ginger, ginkgo, 
ginseng, green tea, horse chestnut, liquorice root, lovage root, 
meadowsweet, melilot, onion, papaya, parsley, passion-fl ower, 
poplar, quassia, red clover, rue, sweet clover (in which coumarin 
anticoagulants were originally discovered), sweet woodruff, tonka 
beans, turmeric, vitamin E, and willow bark. The mechanisms 
vary: for example, garlic reduces platelet aggregation; some plants 
(e.g. dong quai) contain anticoagulant coumarins; and some (e.g. 

tonka beans) contain vitamin K, a natural antagonist of the actions 
of coumarin anticoagulants.

Citrus fruits

Various isoforms of the enzyme cytochrome P450 are responsible 
for the oxidative metabolism of many drugs.109 One of these iso-
forms, CYP3A4, is responsible for the metabolism of several drugs 
in the gut wall while they are being absorbed after oral administra-
tion. Inhibition of the enzyme by something in grapefruits (Citrus 
paradisi)and Seville oranges (Citrus bigaradia) causes more of the 
drug to escape presystemic metabolism and enter the circulation 
unchanged, potentially leading to drug toxicity. The compounds 
in grapefruit juice and Seville oranges responsible for these inter-
actions are not known. In some countries, a drug label has been 
introduced, alerting patients to potential drug interactions with 
grapefruit.110 In the UK in 1997, the antihistamine terfenadine was 
withdrawn from over-the-counter sales because of cardiac arrhyth-
mias,111 and 1 year later another antihistamine, astemizole, was 
withdrawn for similar reasons.112 Drugs whose effects can be 
increased by grapefruit juice, causing toxicity113 are listed in 
Table 32.5.

Grapefruit juice probably also inhibits the P glycoprotein that 
is responsible for the intestinal secretion of many drugs,114 and 
therefore other drug interactions are to be expected.

Ginseng

Reported drug interactions with ginseng (Panax ginseng) are listed 
in Table 32.5. The root has been used in China, Korea and Japan 
for centuries, in the belief that it counters fatigue and stress and 
confers health, virility and longevity; it is supposed to enhance 
immunity and to combat the effects of oxidative free radicals that 
cause chronic diseases and ageing.115 The pharmacological basis 
for its reputation is slender, but ginseng is now in fashion world 
wide. It is often adulterated with Eleutherococcus senticosus (Sibe-
rian ginseng, Table 32.5), Mandragora, Rauwolfi a, and other roots 

Figure 32.33 Digitalis purpurea (purple foxglove).
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of similar appearance. Ginseng contains a complex mixture of 
steroids and saponins; it can cause insomnia, tremor, headache, 
diarrhoea, hypertension, and oestrogen-like effects.116 It may also 
increase the risk of gastric cancer.117

St John’s wort118

As an antidepressant, St John’s wort may enhance the effects of 
other antidepressants; since it is an inhibitor of 5-HT re-uptake, 
combination with serotonin reuptake inhibitors can cause the 
serotonin syndrome. Hyperforin, an ingredient of St John’s wort 
(Hypericum perforatum) is an enzyme inducer and increases the 
metabolism of certain drugs, principally through CYP3A4, reduc-
ing their effects; St John’s wort also induces intestinal P glycopro-
tein, leading to increased clearance of some drugs by intestinal 
and renal secretion.119 Examples of these pharmacokinetic interac-
tions are listed in Table 32.5.

ADULTERATION OF HERBAL PRODUCTS

There have been many reports that Chinese herbal remedies have 
been adulterated or contaminated with conventional drugs, heavy 
metals, and even other herbal substances not announced on the 
label.120 Some examples are listed in Table 32.6.
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Section 5 Environmental/Genetic Disorders

Chapter 33 Gordon C. Cook

Podoconiosis (Non-infectious 
Geochemical Elephantiasis)

Confusion has existed for many decades between elephantiasis 
caused by the lymphatic fi lariases (Wuchereria bancrofti and Brugia 
malayi) (Chapter 84) and endemic elephantiasis – which is not 
helminth-related. This latter disease is caused by microparticles of 
silica and aluminosilicates which enter the lymphatics of the lower 
limbs through the soles of the feet. It is a disease mainly associated 
with rural communities (often known locally as ‘big foot disease’) 
and affects individuals not accustomed to footwear. The term 
podoconiosis (Greek: podos, of the foot; konion, dust) has now 
gained widespread acceptance to describe the disease.1,2

HISTORY

Podoconiosis was probably described by the Latin philosopher 
Pliny, Augustine of Hippo (now Tunisia) and Isidore of Seville in 
Spain.1 It was recognized as a ‘specifi c’ disease by the Persian 
physician Muhammed Ibn Zakariya (El Razi) in the tenth century 
AD; his original description in Arabic is (or was) housed at the 
Baghdad Medical School. He considered that ‘if the disease is 
attended to at its onset and treated appropriately it can be cured 
or stopped and will not increase’; this differentiated it from fi lar-
ial elephantiasis. Among early illustrations which probably depict 
podoconiosis is one in the thirteenth-century Mappa Mundi (map 
of the world) preserved at Hereford Cathedral,3 a carved oak pew-
end in the church at Dennington, Suffolk, and in the sixteenth-
century Cosmographia Universalis of Munster.1 Realization by 
Manson in the late nineteenth century that most cases of elephan-
tiasis are associated with W. bancrofti (or B. malayi) infection4,5 led 
to confusion regarding the aetiology of the disease, especially in 
parts of Africa where this helminthiasis seemed to be absent. In 
Guatemala there was apparently confusion with lepromatous 
leprosy.1

EPIDEMIOLOGY

In Africa, where most cases of the disease have been described, 
podoconiosis is most common in highland areas in east and 
central parts of the continent.1,2,6 Here, the red clays are related 
to volcanism in prehistory.7,8 In West Africa, highland areas are 
very limited, involving only Cameroon,9,10 part of Nigeria and 

the Island of Malabo, Gabon, and Equatorial Guinea;11 although 
Onchocerca volvulus is present in some highland areas, W. bancrofti 
is invariably absent. The disease has also been recorded in several 
volcanic oceanic islands: the Cape Verde Islands, Canary Islands, 
and Malabo Island (formerly Fernando Po),11 and more recently 
in Sao Tome and Principe.12 There is also a report for the Mount 
Elgon area of Uganda.13 It has also been recorded in Central 
America, from Mexico to Colombia and Ecuador. Other descrip-
tions are from Guatemala, Costa Rica, Puerto Rico, Surinam, 
French Guiana and Brazil. Reports also exist from north-west 
India14 and Sri Lanka.

Most affected individuals are from families of barefooted 
agriculturalists; the disease is less common in pastoral areas.1 
The altitudes, climates, soil composition and particle size in 
areas endemic for podoconiosis have been studied extensively.15,16 
The soil is invariably volcanic and of red clay, which becomes 
extremely slippery after rain.1,2,14,17 Electron diffraction analysis 
shows this to consist of aluminosilicate kaolinite, with ultrafi ne 
particles of amorphous silica and iron oxides. Thermolumines-
cence and exoemission studies indicate that the dynamic 
surface properties of endemic soils are important criteria in 
cytoxicity.

In summary, the physical characteristics of an endemic area are 
as follows:1,2

• a temperate or near-temperate climate situated within the 
tropics at an altitude >1500 m

• reddish-brown soil, of which approximately half (by weight) 
consists of microparticles <10 mm in diameter and one-third 
<2 mm

• microparticles with a predominance of silica in the 2–10 mm 
portion (silts), and of the aluminosilicate kaolinite in the 
<2 mm portion (clay)

• approximately half of the clay portion is <0.4 mm and often 
0.1 mm; this presupposes that the local population is agrarian 
and walks barefooted.

PATHOGENESIS

Podoconiosis consists of a slowly progressive obstructive lym-
phopathy caused by particles of optimal size (in suitable soil) 
having penetrated the soles of the feet. This has been confi rmed 
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by analysis of biopsy specimens from the dermis, lymphatic 
vessels, lymph glands (by elemental analysis of incinerated resi-
dues) and by electron microscopic microanalysis of particles in 
thin tissue sections.18

The initial pathogenetic event is, therefore, entry of toxic 
mineral microparticles into the dermis of the foot; the pathologi-
cal consequences are dependent on particle size.16,19 This takes 
place to a greater extent in the soft thin skin of young people, and 
by the age of 10–15 years a suffi cient load of toxic material is 
present in the foot to produce clinical evidence of tissue damage.1,2 
The lymphatic vessels leading from the dermis become fi brosed 
and, in some cases, completely obstructed. Regional lymph node 
involvement (in the groin) occurs subsequently. These events are 
followed by fi brotic changes. There seems to be a genetic predis-
position to the disease.20

PATHOLOGY

Pathological features result from lymphatic obstruction and fi bro-
sis. The anatomy and physiology of the lower limb lymphatics 
have been studied extensively. Associated lesions are ‘pillowy’ 
oedema, fi brous nodulation, hyperkeratosis, interdigital bacterial 
and fungal infection, tuberculous adenitis, and other changes 
which are a result of ‘traditional’ management.1,2

CLINICAL FEATURES

Podoconiosis commonly begins between the ages of 10 and 19 
years in both sexes, but has been recorded as young as 5 and as 
late as 60 years of age.1,2 A burning sensation of the sole following 
a long walk often heralds the disease; it may become worse in bed 
at night, after excessive alcohol intake, after prolonged exertion, 
during menstruation, and while standing in front of a fi re. A local 
swelling of the foot, usually on the dorsum near the fi rst toe cleft, 
slowly diminishes in size but recurs after further exertion. The 
lower part of the affected leg is progressively involved over a few 
months to several years, but the thigh is rarely affected. Both legs 
are, in fact, invariably affected, but the disease develops asym-
metrically, so that the swelling of one leg usually increases whilst 
the other remains constant. Femoral lymphadenitis is common 
and a cluster of nodes may reach 5 cm in length and weigh 5–6 g. 
Recurrent acute febrile episodes are a usual, but inconstant, feature, 
and these lead progressively to lymphatic obstruction. The acute 
episodes are easily mistaken for a localized bacterial infection 
and in consequence an antibiotic is prescribed. After a varying 
period of time, lymphoedema (elephantiasis) becomes fi rmly 
established.

In an endemic area, early disease should be suspected in any 
young person complaining of discomfort in the lower legs and 
feet, especially in bed at night and after excessive exertion. Price1 
has summarized early signs indicating oedema of the dorsum of 
the foot and the plantar region:
• increased skin markings and indentation on pressure
• a large second toe
• a splayed forefoot
• lymph dampness of the forefoot skin
• hyperkeratosis (‘mossy foot’)

• ’block toes’ (early oedema of the forefoot causes the toes to 
appear rigid, as if they were wooden and were nailed to the 
forefoot)

• plantar oedema
• persistent itching of a lower part of one or other leg.

In a fully developed case of podoconiosis, appearances vary 
from lymphoedema to thickened, rough and leathery skin of the 
foot, i.e. traditional elephantiasis.1,2 In most cases, both features 
are present. In the oedematous form (‘water bag’ leg) the skin pits 
on pressure and can be pinched up with the fi ngers; it is smooth, 
with little hyperkeratotic change. There may be slight oozing of 
lymph, and skin hairs are usually lost. Secondary infection may 
supervene, and streptococcal lymphangitis may be a complication. 
In the fi brotic (‘leathery’ leg) form, the fi brotic dermis may be 
3 cm or more in thickness and become fi xed to the deep tissues; 
it does not pit and cannot be pinched up between the fi ngers. 
Hyperkeratosis is common and hyperpigmentation is present. 
Nodulation is common at the base of the toes or in front of the 
ankle. Inguinal nodes are usually prominent and tender, and 
abdominal nodes (sometimes tender) may be palpable on abdom-
inal examination. In a minority of cases, the affected area may 
extend above the knee(s). Several conditions associated with pro-
longed lymphatic blockage (e.g. tuberculous adenitis) are described 
elsewhere in this book.

MANAGEMENT

Rhazes, writing in the ninth century AD, considered that ‘This 
malady, if it takes hold, is incurable’, but he continued, ‘If it is 
treated at the beginning it can be stopped with no further 
advances’.1 Those observations remain valid today because the 
pathogenic effect of silica and aluminosilicate penetration into the 
tissues of the foot causes slowly progressive but irreversible path-
ological change. Individuals living in endemic areas have for many 
centuries recognized an association with the soil, and have also 
been aware that migration away from an area of high prevalence 
to one free of the disease arrests its progress, and vice versa. Sec-
tions of the community affl icted by this disorder usually originate 
in the lower strata of society, in which fi nancial resources for 
footwear, etc., are very limited.

Principles of management are as follows:1 (1) the treatment of 
symptoms caused by early or established disease; (2) reduction of 
any additional load of silica particles in the dermis; and (3) either 
elevation of a limb and/or elastic stockings may help to assist in 
reducing the oedema. Obviously, use of footwear prevents further 
absorption of the responsible mineral particles. The use of matting 
to cover bare ground within residential huts should be encour-
aged. This controls the progress of early disease and prevents the 
mineral load reaching pathogenetic proportions in other (usually 
younger) members of the family. If possible, a young individual 
with early signs of the disease should be encouraged to take up 
residence in a non-endemic location, and may return to the site 
of high prevalence when footwear is available and is widely used. 
A change of occupation which reduces contact between the bare 
foot and soil is benefi cial; home industries such as weaving and 
dressmaking may be encouraged. Oedema and fi brogenesis are 
interrelated; prolonged oedema produces fi brosis; similarly, pro-
longed fi brosis predisposes to oedema. Oedema can be reduced 
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by elevation of the limb or by compression with bandages or a 
stocking. A variety of drugs have been used with the object of 
reversing established fi brosis; in Africa, various traditional plant 
derivatives have also been used, but to no avail.

Surgical procedures are unlikely to provide satisfactory results, 
even when the uptake of mineral microparticles has been arrested. 
No method is available by which particles can be removed from 
the dermis, lymphatic tissues of the lower leg and regional lymph 
nodes. Surgery is indicated in the following situations:1

• excision of ‘nodules’ on the foot
• removal of a femoral node which is subject to repeated attacks 

of adenitis
• removal of superfl uous skin, after the use of compression 

methods, in the lymphoedematous type of swelling.

PREVENTION

Podoconiosis is a preventable disease. With greater recognition of 
its prevalence geographically in the future, exposure to pathogenic 
particles should be avoided. However, prevention is also heavily 
dependent on the raising of socioeconomic standards, and the 
provision of footwear.

ECONOMIC ASPECTS

In an assessment of productivity cost(s) attributable to podoco-
niosis, a group of workers in Ethiopia have concluded that it exerts 
‘enormous economic impact’ in affected areas;21 total productivity 
loss amounted to 45% of the working days each year.
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Section 5 Environmental/Genetic Disorders

Chapter 34 Gordon C. Cook

Familial Mediterranean Fever 
(Recurrent Hereditary Polyserositis)

Familial Mediterranean fever is a clinical syndrome with a clear 
genetic basis which gives rise to recurrent febrile episodes associ-
ated with systemic manifestations, notably abdominal pain, pleu-
risy and arthropathy. It affects members of certain groups with an 
ethnic origin, usually but not always, from the Mediterranean lit-
toral or the Middle East.1,2 The major importance of this disease is 
that it forms an important differential diagnosis from other febrile 
illnesses. In addition, it gives rise to substantial morbidity (but not 
mortality) in those affected. In 1997, a new era opened up with 
cloning of the mutated gene (MEFV) responsible for this entity.2

HISTORY

The fi rst description of a familial condition comprising ‘recurring 
attacks of a peculiar nature’ was made by Janeway and Mosenthal3 
in 1908: a 16-year-old Jewish schoolgirl ‘without special neurotic 
inheritance’ had suffered febrile bouts associated with abdominal 
pain, consisting of prodromal, crescendo and recovery phases, 
since the age of 2 weeks. Subsequent reports originated in the 
USA, and were dominated by accounts of individuals of Jewish 
origin.4–6 Large series of cases were recorded involving Jewish 
residents of Israel,7 Turks,8 Armenians (most of them in the 
USA)9,10 and ‘fair-skinned’ Arabs.11 Many names have been applied 
to the syndrome, including:1 benign paroxysmal peritonitis, 
periodic disease, periodic fever, periodic peritonitis, maladie dite 
périodique, épanalepsie méditerranéenne, familial paroxysmal 
polyserositis, recurrent polyserositis, paroxysmal peritonitis, famil-
ial Mediterranean fever (FMF), familial paroxysmal polyserositis, 
familial recurrent polyserositis, and recurrent hereditary polysero-
sitis. Renal amyloidosis was fi rst demonstrated in this condition 
by Mamou and Cattan12 in 1952 (see below). In 1972, colchicine 
was fi rst used successfully in FMF by Goldfi nger,13 and the fi rst 
clear evidence that its administration prevents renal amyloid 
deposition was provided by Zemer and her co-workers14 in 
Jerusalem in 1986.

EPIDEMIOLOGY

One estimate is that 2 million people suffer, or have suffered, from 
FMF, although the precise magnitude of the problem worldwide 

is impossible to ascertain. The major ethnic groups affected are 
Jews (both Sephardic, i.e. those descended from ancestors expelled 
from Spain in the fi fteenth century, and Ashkenazi), Arabs, Arme-
nians and Turks. In Sephardic and Iraqi Jews, an estimated gene 
frequency of 1 : 45 with a prevalence of 1 : 2000 homozygous indi-
viduals has been calculated.1 Corresponding fi gures for Armenians 
in Lebanon are put at 1 : 32 and 1 : 1000. Gene frequencies varying 
between 1 : 52 and 0.032, in non-Ashkenazi Jews and Armenians, 
respectively, have been suggested.10 Sporadic cases (with no clear 
family history of the disorder) have been recorded from many 
countries, including the UK, Ireland, France, Germany, Sweden, 
the former USSR, Japan and India.1,15 Occasional reports of a 
comparable syndrome have also been made in Maoris. In many, 
but not all, of the reported series, a signifi cant male predominance 
has been recorded,7,11 the mean ratio being of the order of 1.7 : 1. 
Most studies have indicated Mendelian recessive transmission,1,10 
although a dominant mode of inheritance has been claimed by 
some. Prevalence rates around 18% have been recorded when 
both parents are healthy, and 36% when only one is affected. In 
the presence of full penetrance, the likely fi gures would be 25% 
and 50%, respectively. In one study, the number of offspring 
affected was signifi cantly lower than that anticipated.16 Incom-
plete penetrance might be more common in females; late appear-
ance of the syndrome in a minority of individuals has been 
suggested as an explanation for this inequality.

AETIOLOGY AND PATHOGENESIS

Table 34.1 summarizes some of the numerous suggested aetio-
logical and pathogenic bases for FMF.2,5 Many investigators have 
concentrated on the likelihood of an immunological defect: sup-
pressor T cell activity and chemotaxis are decreased in untreated 
disease, and these abnormalities are corrected after colchicine 
administration. A C5a-inhibitor defi ciency in joint and peritoneal 
fl uids may play a role in the acute infl ammatory attacks.17,18 
However, none of these hypotheses has been confi rmed.2 Other 
suggested metabolic abnormalities include: a defect in one of the 
lipocortin proteins or a defect in the formation and elimination 
of circulating monohydroxy and dihydroxy fatty acids, and an 
inherited enzymatic error in catecholamine metabolism. There is 
no known relationship with another genetic marker; neither an 
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ABO nor HLA link has been recorded. The fact remains, however, 
in the light of recent research, that the disorder must possess a 
defi nite genetic basis.2,19–22 There is a notable absence of descrip-
tions of this syndrome in historical texts (including the Bible and 
the Koran)1 involving affected groups; this, therefore, leaves the 
possibility that a relatively recently introduced environmental 
factor (possibly dietary) might trigger the onset of the overt clini-
cal syndrome.

PATHOLOGY

FMF is characterized by serosal infl ammation and hyperaemic 
manifestations involving small blood vessels, venules and arteri-
oles;2,7 ultrastructural changes in the latter consist of basement 
membrane thickening, concentric layers being separated by ground 
substance. Serous membranes (precisely why they are the major 
targets of infl ammation in FMF remains unexplained) exhibit 
both hyperaemia and an acute infl ammatory exudate containing 
neutrophils, lymphocytes, monocytes, plasma cells and eosino-
phils. When present, adhesions are thin. Synovia are also affected. 
When present (see below), dermatological changes consist of mild 
acanthosis and hyperkeratosis with infi ltration by neutrophils, 
lymphocytes and histiocytes around smaller blood vessels.

CLINICAL FEATURES

Approximately 50% of cases have an onset during the fi rst decade 
of life; most present by the end of the second, and only about 1% 
at >40 years of age.11 Table 34.2 summarizes the major clinical 
features of FMF. Vomiting in association with the abdominal pain 
is common, but diarrhoea is unusual. A high percentage of affected 
individuals have undergone a previous abdominal operation 

(usually an appendicectomy). Prevalence of symptoms and signs 
varies in different series; arthropathy seems to be more severe in 
Sephardic Jews. Dermatological lesions consist most commonly 
of erysipelas-like lesions involving the legs, ankles and dorsum of 
the feet. Schönlein–Henoch purpura, urticaria, bullous lesions 
and vasculitis have also been recorded. Symptoms are frequently 
alleviated during pregnancy.6,9 A classical presentation of an 
uncomplicated case is described below:

A 46-year-old Arab man, who was born in Jerusalem, was 
referred to a London hospital on account of irregular bouts 
(usually at intervals of about 2 months) of abdominal pain 
since the age of 18 years. A clinical diagnosis of Crohn’s disease 
was made and sulfasalazine prescribed. Fifteen years earlier he 
had been subjected to appendicectomy on account of his recur-
rent abdominal pain. His mother’s sister’s son (i.e. his cousin) 
had experienced similar attacks. Extensive investigation between 
attacks proved negative: erythrocyte sedimentation rate (ESR) 
18 mm/h. Following initiation of colchicine chemotherapy 
(see below) he become totally asymptomatic, and has remained 
so after a follow-up period of several years.

Table 34.3 summarizes some less common clinical features of 
FMF, and Table 34.4 gives some differential diagnoses based on 
clinical criteria.1,2

Precise criteria for a clinical diagnosis of FMF are impossible to 
establish, but the following have been suggested: (1) more than 
four attacks (24–72 hours’ duration) of peritonitis and/or pleurisy 
in the presence of fever, and, in many cases, arthropathy also; (2) 
absence of symptoms between attacks; and (3) lack of a known 
underlying aetiological and/or pathological factor. It is necessary 
to distinguish FMF from various rare clinical entities associated 
with recurrent febrile episodes.2

Table 34.1 Some of the formerly suggested aetiological and 
pathogenic bases for FMF, together with a selection of 
known precipitating factors1

Infective agent of unknown identity

‘Immune defect’

‘Allergen’

Dietary ‘allergy’

Angioneurotic oedema

‘Autoimmune’

C5a-inhibitor defi ciency (joint/peritoneal fl uid)

Inborn error of metabolism

Lipocortin-protein defect

Abnormal catecholamine metabolism

Endocrine

SOME ACKNOWLEDGED FACTORS, IN AN ACUTE ATTACK:

Stress/anxiety

Cold

Physical exercise

Menstruation

Table 34.2 Clinical features of uncomplicated FMF1

Abdominal pain (24–48 hours) + pyrexia (38–40°C) + tachycardia

Acute peritonitis (constipation common; diarrhoea unusual)

Pleurisy (+ effusion) (± 50%)

Arthropathy (large joints; symmetrical; usually non-destructive) 
(± 50%)

Dermatological lesions (usually resembling erysipelas) (10–70%)

Immune complex nephropathy

Table 34.3 Some less common clinical features of FMF1

Severe headaches

Pharyngitis

Pericarditis23

Myocarditis

Myalgia24

Panniculitis

Ophthalmic problems: colloid bodies, episcleritis

Acute orchitis-infertility

Mollaret’s meningitis

Childhood growth retardation
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An association has been recorded with vasculitis,25 demyelin-
ation,26 and intestinal obstruction.27

The most important complication of FMF is amyloid AA forma-
tion. The compound is deposited in many tissues, most impor-
tantly the kidneys (renal glomeruli),12,28 but also involves the 
spleen, lung, heart, liver and intestine. This complication seems 
to be signifi cantly more common in Sephardic Jews and Turks, 
although there might be selective errors in reporting.29–32 Ashke-
nazi Jews, Armenians and Arabs are largely ‘immune’ from this 
complication. It seems possible that genetic mechanisms (as yet 
undefi ned) also protect some ethnic groups from amyloid forma-
tion.29

A protective effect against brucellosis (see Chapter 59) (very 
common in Middle East countries and populations) has been 
hypothesized.33

INVESTIGATIONS

Acute-phase reactants and ESR are elevated during an acute 
episode. However, this does not distinguish the syndrome from 
other conditions with an underlying infl ammatory basis. Also, the 
polymorph leukocyte count is elevated. Transient haematuria may 
be present, and abnormalities can occur in both the electrocardio-
gram and electroencephalogram. Although initially considered to 
be of value, a metaraminol provocation test34 and estimation of 
dopamine-β-hydroxylase concentration35 have not stood the test 
of time. In summary, none of the formerly used laboratory tests 
for FMF has proved satisfactory.2 In affected individuals, rectal/
gum biopsy demonstrates amyloid deposition. The presence of 
amyloid can be confi rmed in a renal biopsy specimen; however, 
renal biopsy is not without risk, as haemorrhage is a real possibil-
ity in the presence of amyloid deposition.

Since the cloning of MEFV, however, diagnosis of FMF has been 
revolutionized.2,36–39 PCR primers can now be used to demonstrate 
the mutations responsible for the disease, three of which are 
present in 85% of FMF carrier chromosomes.

MANAGEMENT

Numerous therapeutic agents have been used historically in the 
management of FMF. These have included: para-aminobenzoic 
acid, chloroquine, corticosteroids, adrenaline (epinephrine), 
ephedrine, atropine, reserpine, nicotinic acid, and tuberculin 
desensitization. In addition, numerous analgesics, narcotics, anti-
emetics and non-steroidal antiinfl ammatory compounds have 
been used, with limited degrees of success. In some studies, a low-
fat diet has been claimed effective, and one low in tyrosine has 
also been advocated. Successful management was heralded by the 
introduction of colchicine in 1972 (see above). Although the 
mode of its action is unknown, 0.5–1.5 mg daily is usually ade-
quate to prevent attacks.13,40,41 Unfortunately, this agent has been 
associated with male infertility. Following widespread use of col-
chicine in the prevention of acute episodes, clear evidence later 
emerged that this form of management also prevents the onset of 
the amyloid nephropathy.14 Therefore, in high-risk groups (for 
amyloid deposition) it is of paramount importance that regular 
colchicine administration be continued indefi nitely.

PROGNOSIS

This is entirely dependent on the presence or absence of amyloid 
AA deposition. Those in a low-risk group for this complication 
(Ashkenazi Jews and Armenians) and others successfully treated 
with colchicine should have a normal life expectancy.1,2
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Section 5 Environmental/Genetic Disorders

Chapter 35 Alan E. Mills and John R. Sullivan

Malignant Disease

Of an estimated total world population of 6.2 billion, some 2.5 
billion people, or more than 40%, are said to reside in the tropics. 
This broad geographical band, encompassing the entire circumfer-
ence of the earth between 23°, 30 min on either side of the 
equator, is a vast terrain, with diverse climatic and topographical 
features. There is wide variation of demographic aspects, with 
numerous ethnic groups expressing a profusion of social and 
cultural practices. It is then clear, that ‘Malignant disease’ in the 
tropics cannot be condensed into a single chapter. Even an entire 
book, completely devoted to the topic, would barely scratch the 
surface of a study of cancers tending to affl ict almost half of the 
entire world population.

This short overview will merely attempt to summarize some 
aspects of selected, commonly recognized tumours having a pro-
clivity to occur in the tropics. Most of the chapter will be confi ned 
to common tropical cancers that have the potential for prevention, 
treatment or possible cure.

Many tropical countries are part of what was formerly termed 
the ‘Third World’, now more correctly referred to as ‘developing 
nations,’ as opposed to ‘developed,’ or ‘First World’ (mainly 
western or industrialized) nations. This dichotomy can result in 
marked disparity in the distribution of common cancers occurring 
in the two settings. The appellation ‘developing’ nation usually 
carries the implication of poverty, often resulting from over-
 population, with exploitation of human resources, attended by 
overcrowding, inadequate housing, and poor standards of educa-
tion, resulting in unemployment, poor hygiene and malnutrition. 
Medical facilities are frequently meagre. Cancer sufferers often 
present with very advanced disease, usually at an incurable stage.1 
This contrasts with western societies, where malignancy is often 
diagnosed in the early and frequently curable stage. The strategy 
of ‘screening’ programmes for detection of common cancers is 
widely employed in affl uent, developed countries, resulting in 
early identifi cation of cancer sufferers and probable enhanced 
survival. Sadly, such facilities are rarely available in tropical 
regions.

There are wide global cancer incidence variations due to the 
fact that political boundaries rarely, if ever, comprise a population 
that is genetically, culturally and socioeconomically homoge-
neous. There is thus considerable variation of cancers observed in 
different regions of the world. Cancer of the cervix, for instance, 
the most common cancer in the developing countries, is the tenth 
most common in the developed countries. On the other hand, 

colorectal cancer, second only to lung cancer in the developed 
countries, is only eighth in the developing countries (Table 35.1). 
These data were extrapolated from Parkin et al.2

Many types of cancer in the tropics, and subtropics have a 
strong association with chronic infections. For instance, schisto-
somiasis with squamous cell carcinoma of the bladder, intestinal 
parasites with Mediterranean lymphoma and hepatitis B virus 
with liver cancer, to mention only a few.1

Tobacco use

Unfortunately, with increasing adoption of a Western lifestyle, 
especially smoking, the lung cancer incidence is expected to rise 
in developing countries. Such an increase has already been 
observed in Shanghai, China’s largest city, in India and in Zimba-
bwe. The male lung cancer incidence recorded in Bulawayo, Zim-
babwe, in 1963–1977 was 70.6/100 000 population.3 The age 
standardized rate (ASR) for lung cancer in the capital, Harare, in 
1990–1992, was 23.7/100 000 population. Such statistics call for 
an urgent need to counteract the ruthless and sophisticated 
smoking campaign launched by the tobacco companies. It is not 
enough to merely persuade individuals to give up smoking, or for 
governments to legislate against tobacco. There are powerful eco-
nomic interests served by the production, promotion and sale of 
tobacco products, which seek to maximize consumption at all 
costs. Tobacco is the major source of foreign exchange revenue in 
some countries. The most prominent cancer risk factor is cigarette 
smoking, associated primarily with lung cancer but contributing 
considerably to cancers of the oropharynx, oesophagus and 
urinary bladder. It has been suggested that tobacco smoking is 
exacting a heavier toll in lives and dollars than cocaine, heroin, 
AIDS, traffi c accidents, murder and terrorist attacks combined.4 It 
is to be hoped that tobacco control policies, such as the WHO 
Framework Convention on Tobacco Control (FCTC), which came 
into being in 2005, will be widely supported by world 
governments.5

Other causes of cancer

Genetic factors are known to play an important role in the causa-
tion of certain cancers, notably increased incidence of skin cancers 
in individuals with defective capacity to repair DNA damage 
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caused by ultraviolet light, namely xeroderma pigmentosum (XP). 
The clinical and epidemiological features of XP have been well 
documented by Gul et al.6 Xeroderma pigmentosum may occur in 
association with, or overlap, other light sensitive genodermatoses, 
especially Cockayne syndrome, an autosomal recessive disorder 
with severe sun sensitivity, growth retardation, and skeletal and 
neurological abnormalities.7 Genetic factors are also important in 
some breast cancers. BRCA1 cancer susceptibility gene was discov-
ered in 1994.8 A woman with a strong family history of breast 
cancer and/or ovarian cancer who carries the germ line mutation 
of BRCA1 faces an almost 85% lifetime risk of developing breast 
cancer, and a 60% chance of developing ovarian cancer.9 In 1995, 
the discovery of the BRCA2 gene was announced,10 and mutations 
of both these genes account for most cases of familial breast 
cancer. The gene locus for BRCA1 is located on chromosome 17, 
and that for BRCA2 on chromosome 13. A possible third, as yet 
undiscovered familial breast cancer susceptibility gene has been 
termed BRCAX. This may not be a single gene, but if it, or more 
genes exist, at least one locus is thought to be on chromosome 8. 
However, it is probably only responsible for a minority of familial 
breast cancers. Many other familial cancer syndromes occurring 
in susceptible kindreds have been observed. For example, heredi-
tary non-polyposis colon carcinoma, or Lynch syndrome (Lynch 
I and II), is related to defective mismatch repair genes, with mic-
rosatellite instability (MSI-high),11 However, most cases of MSI-
associated bowel cancer are sporadic, rather than hereditary. Other 
hereditary colorectal cancer syndromes include familial adenoma-
tosis polyposis, Peutz-Jegher’s syndrome, hyperplastic polyposis 
and Cowden disease. Other family cancer syndromes not usually 
involving the gastrointestinal tract include multiple endocrine 
adenomatosis (MEA types I, II or III), Li Fraumeni syndrome, von 
Hippel Lindau disease and Carney’s triad. However, it is recog-
nized that most cancers are due to environmental factors, which 
explains marked international variation of different cancers in 
different geographical areas.2 This provides challenges to preven-
tion. Environmental factors include physical, chemical and life-
style-related causes. It is noted that carcinoma of the breast in the 
tropics is quite infrequent, for all the same reasons that cervical 
carcinoma is frequent. Endemic nodular goitre is common in 
tropical, inland areas, which do not have access to iodized salt. 

The process may be exacerbated by dietary goitrogens. In such 
regions, unlike western communities, follicular, rather than papil-
lary carcinoma tends to predominate.12

Cancer registration

There are few reliable estimates of cancer incidences in the tropics, 
especially in Africa. Some cancer registries, e.g. Kyadondo county 
in Uganda, record only histologically confi rmed cases. For others, 
though population based, e.g. Bamako in Mali, the proportion of 
histologically confi rmed cases is rather low by the accepted stan-
dards of developed countries. There are several possible reasons 
to account for this shortfall. First, the autopsy rates are low in 
some countries for religious, cultural, or other reasons. Second, 
histopathological facilities are inadequate and are often located 
only in university teaching hospitals. Third, because of the costs 
incurred, most clinicians opt for simpler diagnostic techniques, 
e.g. α-fetoprotein (AFP) estimation for liver cancer. Fourth, most 
patients in the tropics present at an advanced stage of their illness, 
when therapeutic intervention is less important and histological 
diagnosis becomes an academic exercise. Lastly, for some tumours, 
such as liver cancer, therapeutic nihilism still prevails and once a 
clinical diagnosis is suspected the patient is not likely to be referred 
to a centre where the diagnosis can be confi rmed and registered. 
One exception was the excellent cancer registry established by the 
International Union against Cancer (UICC) at Mpilo Hospital, 
Bulawayo, in Zimbabwe’s Matabeleland Province.3 This unit was 
under the directorship of radiation oncologist, Dr Molly Skinner, 
and the collected data was based on all histologically confi rmed 
cases of malignant diseases in the area, together with a very high 
autopsy rate at the hospital. Accurate statistics were compiled for 
incidence (i.e. the number of new cases per year, usually expressed 
as a rate of new cases/10 000 persons per year), prevalence (the 
number of persons alive with disease of interest at a particular 
point in time), and the mortality (the number of deaths expressed 
as a rate of deaths/10 000 persons per year).

CANCER CONTROL AND PREVENTION

Cancer control is the application of existing knowledge covering 
the whole spectrum of approaches designed to actively prevent, 
cure or manage cancer, and to improve the quality of life of cancer 
patients. Treating cancer is an expensive, high-technology process 
that few tropical countries can afford. Prevention must therefore 
be the primary focus. Fortunately in the tropics, a number of 
cancers are amenable to primary and secondary prevention. Liver 
cancer is mostly due to hepatitis B virus. An effective and afford-
able vaccine is available. Universal vaccination of children at birth 
is advocated in preventing primary liver cancer.13 Given the fact 
that cancer of the uterine cervix is the most common cancer in the 
tropics, consideration must be given to prevention of this cancer 
by screening of older women, and deployment of anti-Human 
Papilloma Virus (HPV) vaccination of girls and young women 
prior to sexual activity. Vaccination against HPV is currently 
extremely expensive. It is stressed that there is no point setting up 
a screening programme unless there are facilities in place to diag-
nose and to treat cases identifi ed through screening.

Table 35.1 The 10 most common cancers globally

Developing countries Developed countries
 1. Uterine cervix  1. Lung

 2. Stomach  2. Colorectal

 3. Oropharynx  3. Breast

 4. Oesophagus  4. Stomach

 5. Breast  5. Prostate

 6. Lung  6. Bladder

 7. Liver  7. Lymphoma

 8. Colorectal  8. Oropharynx

 9. Lymphoma  9. Uterine body

10. Leukaemia 10. Uterine cervix
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AIDS-ASSOCIATED TUMOURS

The relatively recent phenomenon of Acquired Immunodefi ciency 
Syndrome (AIDS), due to Human Immunodefi ciency Virus (HIV) 
has obviously had a profound infl uence on the incidence and 
types of cancers in tropical countries. HIV is a retrovirus of the 
lentivirus class, and occurs in two forms, HIV1, which is the most 
widespread, and HIV2 originally confi ned to West Africa, but now 
tending to global extension. HIV is spread by homo- or hetero-
sexual intercourse, blood or blood products, as in transfusion, or 
intravenous drug abuse, or by vertical transmission from mother 
to infant through parturition, or breast-feeding. The prime target 
of HIV is the CD4 epitope of helper T cells. Over time, the helper 
(CD4) to suppressor (CD8) cell ratio, which is normally above 
1.5, slowly declines, eventually becoming reversed. CD4 counts, 
normally above 1000 lymphocytes/μL, fall to below 200/μL in the 
advanced stages. Neoplastic complications of AIDS occur in the 
Center for Disease Control (CDC), Group 4B stage, defi ned as 
full-blown AIDS, with severe opportunistic infections, and/or neo-
plasia.1 The three malignancies that are currently AIDS defi ning 
are Kaposi’s sarcoma (KS), non-Hodgkin’s lymphoma (NHL) and 
invasive cancer of the uterine cervix. The increased incidence of 
KS among homosexual men in the USA led to the recognition of 
AIDS, and KS became AIDS defi ning in 1981. Lymphoma is a 
relatively late manifestation and became AIDS defi ning in 1985. 
Cancer of the uterine cervix was added to the list of AIDS-defi ning 
conditions in 1993. With increased survival of AIDS patients, the 
incidence and types of malignancies can be expected to increase 
over time. Non-AIDS defi ning malignancies include squamous 
cell carcinoma of oral, or anorectal mucosa, non-melanocytic skin 
cancer, lung cancer, and testicular germ cell tumours, among 
others. In the present era of highly active antiretroviral therapy 
(HAART), non-AIDS defi ning malignancies account for more mor-
bidity and mortality than AIDS-defi ning cancers, in western soci-
eties.14 It is not clear if this is so in the tropics.

In tropical Africa the commonest HIV-associated cancers are 
KS, NHL, possibly squamous cell carcinoma of the conjunctiva 
and probably cancer of the uterine cervix. The association of HIV 
with conjunctival squamous carcinoma, however, may be coinci-
dental, as solar damage constitutes the major risk factor.15 Never-
theless, conjunctival squamous cell carcinoma appears to be 
increasing, in concert with AIDS, possibly in association with HPV 
infection.16 While the incidence of KS is on the decline in indus-
trialized countries, it continues to rise exponentially in tropical 
Africa. Even within the African tropical belt, the incidence of HIV-
associated KS varies tremendously. The incidence of KS is rela-
tively low in West Africa, while in East and Central Africa, by 
comparison, it is extremely high. KS is now the commonest male 
tumour in East and Central Africa, and is second only to cancer 
of the cervix in females. KS occurring in a setting of AIDS is an 
expression of co-infection with human herpes virus type 8 (HHV-
8) or Kaposi sarcoma herpes virus (KSHV). KS is also the com-
monest childhood tumour in some African countries, notably 
Zimbabwe. This is the result of vertical HIV transmission from 
mother to child. Children infected with HIV have an increased 
risk of developing Epstein–Barr virus (EBV) associated smooth 
muscle tumours. Deyrup et al. have reviewed leiomyosarcoma 
occurring in the immunocompromised setting.17 In Africa, the 

increase in NHL has been modest. HIV-associated NHL is of B cell 
origin in 80–90% of cases and is either intermediate grade, diffuse 
large cell, high-grade immunoblastic, or small non-cleaved NHL 
(Burkitt’s or non-Burkitt’s type). About 80% have systemic ‘B’ 
symptoms of fever, diaphoresis and cachexia and 60–90% have 
extranodal disease, while about 36% present with primary central 
nervous system lymphoma. Since the introduction of HAART, the 
incidence of primary central nervous system lymphoma appears 
to be decreasing in western communities.18 Rare neoplastic com-
plications of AIDS include HHV-8-related multicentric Castle-
man’s disease,19 EBV related oral plasmablastic lymphoma,20 and 
iatrogenic related artifi cial pneumothorax for tuberculosis, pyo-
thorax associated lymphoma.21 Primary effusion, or so-called 
body cavity lymphoma is related to HHV-8 infection, in AIDS.22 
Cancer of the uterine cervix remains the commonest cancer affl ict-
ing women in most of tropical Africa. It is putatively linked to HIV 
infection, but there is, as yet, no defi nite evidence of increased 
incidence over time. However, since both cancer of the cervix and 
HIV are common, by coincidence alone a large number of women 
can be expected to have both affl ictions concurrently.

The remainder of this chapter will only discuss some of the 
common tumours encountered in the tropics. The choice for 
inclusion is based on the frequency, whether it is preventable and 
whether there is a lesson to learn from the tumour in question.

CANCER OF THE UTERINE CERVIX

Cancer of the uterine cervix is the most common cancer affecting 
women in the tropics.23 This is exemplifi ed by the situation in 
Kenya24 and Nigeria.25 In Latin America and the Caribbean, cancer 
of the cervix is considered to be the leading cause of death in 
women. The disease affects young premenopausal women in over 
50% of cases. More often than not there is considerable delay in 
diagnosis and most centres lack appropriate treatment facilities. 
Recent studies in Kenya, Tanzania, Zimbabwe and Nigeria25 all 
confi rm these observations. The Cancer Registry of Bulawayo has 
confi rmed that cervical cancer is the dominant malignant disease 
in women, in Zimbabwe.3

Aetiology

The relationship between cancer of the cervix and sexual behav-
iour is well established. The most important factors are age at fi rst 
intercourse and the number of sexual partners.26 Many studies 
show a two- to three-fold increased risk in women with more than 
one partner.27 Cancer of the cervix is far more common in married 
than unmarried women, and multiple live births seem to increase 
the risk. The role of the male partner is increasingly being recog-
nized.28 Male circumcision has been shown to reduce the risk of 
cervical cancer.29 In addition, there are some non-sexual factors, 
notably smoking30 and oral contraceptive pill use, that seem to 
play an important role. Interestingly, an association of higher 
grades of invasive cervical SCC, has been correlated in Uganda 
with areas of high malarial endemicity.31 The exact role of smoking 
and oral contraceptives is still debatable32 and this is particularly 
so in the tropics,33 where female smoking and oral contraceptive 
use are recent introductions in lifestyle and behaviour. The 
observed increased incidence of cervical carcinoma in renal 

Cancer of the Uterine Cervix
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allograft recipients34 and in patients with Hodgkin lymphoma35 
suggests a potential role of immunosuppression. However, the 
role of HIV immunosuppression in the development of cervical 
intraepithelial neoplasia (CIN) and the role of HIV in invasive 
cancer of the cervix remains unclear. Although invasive squamous 
cell carcinoma of the cervix was added to the Centers for Disease 
Control (CDC) AIDS defi nition in 1993,36 the situation in Africa 
is far from clear. In most developing countries, and especially in 
sub-Saharan Africa, both HIV and cancer of the cervix are very 
common and by coincidence alone up to 35% of patients can have 
both. However, in such situations cervical carcinoma tends to run 
a rapid downhill course.

Exposure to sexually transmitted agents has been in the lime-
light for over three decades. Initial interest in the 1970s focused 
on herpes simplex virus type 2 (HSV-2). It was suggested that 
HSV-2 might be the initiating agent.37 More recently human pap-
illoma viruses (HPV) (especially HPV types 16 and 18) have 
emerged as the putative transmissible factor for cancer of the 
cervix. Walboomers and colleagues maintain that HPV is a neces-
sary cause of invasive cervical carcinoma.38 The viral transforming 
genes, E6 and E 7, of HPV 16 are thought to cause degradation of 
tumour suppressor proteins, such as p53 gene products (vide 
infra).39 Degradation of another tumour suppressor gene, the 
retinoblastoma gene, pRb, has also been shown to be important 
in progression of cervical cancer.40 The locus for p53 is on 
chromosome 17 (17 p13), and pRb is located on chromosome 
13 (13 q14).

It is thought that p53 is inactivated by E6, and pRb is inacti-
vated by E 7 viral oncoproteins, respectively.40 HPV is a double-
stranded DNA virus and is found in 95% of cervical condylomata 
acuminata.

The complete replication of chromosome ends, or telomeres, 
requires telemorase. In cancers, there is high telemorase activity. 
The human telemorase reverse transcriptase subunit (hTERT), 
which is the catalytic unit of telemorase, is upregulated, removing 
a barrier for unlimited cellular proliferation. This process is 
believed to be induced by the protein product of the proto-onco-
gene, c-myc, which promotes S phase activity in the mitotic cell 
cycle. The gene locus for c-myc is on chromosome 8 (8 q24). 
Increased c-myc expression is associated with cervical cancer.41

Certain histological variants seem to be associated with specifi c 
HPV types. HPV-16 appears commonly in squamous cell carci-
noma, and its precursor lesion CIN. On the other hand, HPV-18 
is seen frequently in adenocarcinoma and its precursor, C GIN 
(formerly AIS).

High risk HPV E7 oncoprotein has been suggested as a marker 
to detect cervical cancer.42

Staging

The staging system in wide use is the one recommended by the 
International Federation of Gynecology and Obstetrics (FIGO) 
(Table 35.2).

Pre-treatment evaluation and assignment of stage, in addition 
to history and physical examination, must include pelvic examina-
tion under anaesthesia, chest X-ray, intravenous pyelography, 
barium enema, cystoscopy and/or sigmoidoscopy. The stage is 
determined clinically and does not change on the basis of surgical 
fi ndings. A recent study using computed tomography (CT) and 
magnetic resonance imaging (MRI) to determine the utility of 
these imaging techniques in detecting local or regional metastasis 

Table 35.2 FIGO staging of carcinoma of the uterine cervix: 1988 update

Stage Characteristics
0 Carcinoma in situ, intraepithelial carcinoma (cases of stage 0 should be included in statistics for invasive carcinoma)

I Carcinoma strictly confi ned to the cervix

I-A1 Minimal, microscopically evident carcinoma of the cervix

I-A2 Lesion detected microscopically that can be measured. The lesion must invade less than 5 mm below the base of the surface or 
glandular epithelium and extend to no more than 7 mm in the horizontal plane

I-B Lesions larger than stage I-A2. Preformed space involvement should not alter the staging but should be recorded

II Carcinoma extends beyond the cervix but does not reach the pelvic wall. The carcinoma involves the vagina, but not the lower 
third

II-A No obvious parametrical involvement

II-B Obvious parametrical involvement

III Carcinoma extends to the pelvic wall. On rectal examination there is no cancer-free space between the tumour and the pelvic 
wall. The tumour involves the lower third of the vagina. All cases with hydronephrosis or non-functional kidney should be 
included unless known to be due to other causes

III-A No extension to the pelvic wall

III-B Extension to the pelvic wall

IV Carcinoma extending beyond the true pelvis or clinically involving the mucosa of the bladder or rectum

IV-A Spread to adjacent organs

IV-B Spread to distant organs
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concluded that the 60% accuracy was too low to warrant routine 
use of these tests for staging.43 The majority of patients present 
with advanced disease stage, with 80–90% being stages III and IV. 
The full pre-staging protocol proposed tends to be time consum-
ing and expensive. A cost-effective protocol which omits some 
investigations without harming patients tends to be employed in 
developing countries.

Prognostic factors

The most reliable prognostic factors are stage at diagnosis, nodal 
status and size and grade of differentiation of primary tumour.

Prevention

Cancer of the cervix is both a preventable, and curable disease. 
Preventable because the pre-invasive in situ stage can be screen-
detected, and is curable in the early stage. Screen detection has 
been based for over 50 years on Papanicolaou exfoliative cytology 
(Pap test), developed by Papanicolaou and Traut in 1943. It has 
been suggested that the time may be approaching when Pap 
testing can be replaced by molecular screening for HPV DNA.44 
However, for the time being, the Pap test remains the cornerstone 
of screening. The process of carcinogenesis from induction to 
development of invasive cancer is approximately 10 years. Precan-
cerous changes can be detected several years before the develop-
ment of invasive cancer by the Pap test, either by traditional 
smear, or liquid based ‘ thin prep’ techniques. Cytological triage 
of women positive for HPV DNA, will determine those requiring 
colposopy.45,48 Cytological screening as a sole method, may result 
in unnecessary colposcopy referrals.46 Nevertheless, there is a need 
for screening in developing countries. However, it is recognized 
that Papanicolaou cytology has a low sensitivity. P16 is a surrogate 
marker for HPV infection, and can be used immunohistochemi-
cally, to detect HPV infected cells.47 It has been suggested that 
screening can be improved by testing for DNA of oncogenic types 
of HPV on the same sample used for cytology.47,48 Vaccination 
protection against HPV for young females, prior to sexual activity, 
has been referred to previously. Kahn and Burk have commented 
that papilloma vaccines have been shown to be highly effective.49 
Gardasil (or Silgard) is a quadrivalent vaccine active against HPV-
16, HPV-18, HPV-6 and HPV-11. HPV types 16 and 18 are respon-
sible for 70% of cervical cancers. HPV-31 and HPV-45 are more 
unusual causes of cervical cancer. HPV types 6 and 11 are mainly 
associated with genital warts. Cervarix is a bivalent vaccine, pro-
tecting against HPV types 16 and 18.50 The vaccines are based on 
in vitro assembly of virus like particles (VLP), and synthesis of the 
major capsid protein, L1. The sub-unit vaccines, composed of VLP, 
are produced by recombinant technology, and as they contain no 
DNA, nor live products, are considered non-infectious.51 It has 
been suggested that vaccination of 9–15-year-old girls could be 
extended to boys in the same age range, with some possible further 
advantage.51 Anti-HPV vaccination may prevent about 70%, but 
not all cases of cervical cancer. It is therefore logical that vacci-
nated women should remain in a cervical cytology screening 
programme.

It has been suggested by some that cervical screening is not 
‘cost-effective’. Most of these observations refl ect Western culture 

where cancer of the cervix is not common and it would therefore 
cost exorbitant sums of money to identify one case. The situation 
in the tropics is clearly different, and although cost-benefi t analy-
ses have not been systematically undertaken, the sheer numbers 
of victims would suggest that screening should be advocated.

Male circumcision has been previously alluded to.29 Circumci-
sion reduces penile HPV infection, and therefore probably reduces 
the risk of cervical cancer.

Management

Cervical screening, if successfully carried out, will reduce the inci-
dence of clinically invasive squamous cell carcinoma and thus 
lower morbidity and mortality.

Carcinoma in situ (CIN 111 or stage 0), specifi cally in the third 
world situation, is best treated by abdominal hysterectomy, with 
or without vaginal cuff. If the patient wishes to retain fertility and 
she can be relied upon to return for regular review, then a cone 
biopsy may be adequate. The outcome for stage 0 is excellent, with 
<2% of patients developing recurrent cancer in situ or invasive 
carcinoma.52 The treatment of stage I-A with minimal invasion is 
similar to that for stage 0. For stages I-B and II-A the treatment is 
either surgery (radical hysterectomy and pelvic lymphadenec-
tomy) or radiotherapy, which consists of external beam irradia-
tion and brachytherapy (temporary insertion of intrauterine and 
vaginal colpostats loaded with isotope, usually caesium-137). 
Surgery is the preferred approach for younger women who wish 
to retain ovarian function and avoid vaginal irradiation, which 
may result in stenosis. Radiotherapy is to be recommended for 
patients who are elderly and/or have surgical contraindications. 
The survival for the two approaches (radiation and surgery) is 
about equivalent, with survival at 5 years ranging from 80% to 
90% under ideal conditions. Stages II-B and III patients are to be 
considered for radical hysterectomy and pelvic lymphadenectomy 
or external beam irradiation (4500–5500 cGy) followed by intra-
cavitary brachytherapy. Patients with locally invasive stage IV-A or 
recurrence after radiotherapy may be considered for pelvic exen-
teration. Down-staging for patients with locally advanced disease 
is being advocated.

Role of chemotherapy

The main cause of death among women with cancer of the cervix 
is uncontrolled disease within the pelvis. The use of chemotherapy 
has several theoretical advantages. Given in a neoadjuvant fashion, 
it may result in down-staging and may facilitate surgical resection 
or enhance the effect of radiation. Chemotherapy may also act as 
a radiation sensitizer if used concurrently with radiotherapy. The 
possible mechanisms include: (1) the inhibition of repair of radi-
ation-induced damage, (2) the promotion of synchronization 
of cells into radiosensitive phase of the cell cycle, and (3) 
the reduction of the hypoxic cell fraction that is known to be 
radio-resistant.

A number of randomized phase III trials have recently been 
published which support the use of chemotherapy for various 
stages of locally advanced cervical carcinoma. In one study a group 
of patients with bulky (>4 cm in diameter) node-negative, stage 
I-B were randomized to either receive radiation alone, or radiation 
together with 40 mg/m2 of cisplatin given weekly for the 6 weeks 
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of radiation. This phase was followed 3–6 weeks later by adjuvant 
hysterectomy. The relative risk of progression was 0.51 (95% CI, 
0.34–0.75) p < 0.001 and the overall survival was 0.54 (95% CI, 
0.34–0.86) p = 0.008, both favouring combined treatment. As 
expected, there were more transient grades 3 and 4 haematological 
toxicity (21% vs 2%), and more gastrointestinal effects (14% vs 
5%) in the combined treatment arm.53 Another study was reported 
by Rose et al.,54 which included previously untreated invasive 
squamous, adenosquamous or adenocarcinoma stages II-B, III or 
IV-A without pelvic node involvement. Patients with adequate 
marrow reserve (WBC >3 × 109/L, platelets > 100 × 109/L) and 
good renal function (creatinine < 177 μmol/L) were randomized 
in addition to radiotherapy to receive one of three treatment 
arms.

Various regimens of cisplatinum, with or without infusional 5 
fl uorouracil and hydroxyurea have yielded similar favourable 
outcomes.

The results of these and other studies led the United States 
National Cancer Institute to issue rare clinical announcements to 
the effect that ‘strong consideration should be given to the inclu-
sion of concurrent cisplatin-based chemotherapy with radiation 
therapy in women who require radiation therapy for treatment of 
cervical cancer’.55

The situation in Africa and most developing countries is such 
that the recommendations highlighted above may be inappropri-
ate. Most patients present with disease at very advanced stage 
when even pelvic exenteration may not be possible. In many situ-
ations neither radiotherapy nor chemotherapy is available. Sur-
vival is diffi cult to ascertain as default rate is high. Most patients 
request for discharge to try alternative forms of therapy. Such 
pathetic situations underscore the need to develop comprehensive 
palliative care services, including pain control.

HEPATOCELLULAR CARCINOMA

Primary liver cancer includes hepatocellular carcinoma (HCC), 
which is very common, cholangiocarcinoma, which is quite 
uncommon, apart from parts of Asia, especially North East Thai-
land, and angiosarcoma of the liver, which is very rare. This dis-
cussion will concentrate on HCC. HCC is among the 10 most 
common cancers worldwide.2 It is estimated that there are at least 
260 000 new cases every year; the majority of these are to be found 
in sub-Saharan Africa, South-east Asia and the western Pacifi c. 
In Shanghai, the incidence rate is 34.4/100 000 males and 
11.6/100 000 females. In the Philippines, the fi gures quoted are 
17.5/100 000 males and 7.1/100 000 females.20 In sub-Saharan 
Africa, primary liver cancer has, until the emergence of AIDS-
 associated Kaposi’s sarcoma, been the most common cancer 
affecting men. The highest recorded incidence rate is in Mozam-
bique, among the Mozambican Shangaans, and HCC accounts for 
>2⁄3 of all male and 1⁄3 of female tumours, with an incidence rate 
of over 100/100 000 population.56 A more recent survey in 
Mozambique recorded incidence rates ranging from 9.3 to 
60.7/100 000 males and from 3.7 to 13.0/100 000 females.57 The 
striking feature was the high rates in the very young, with esti-
mated crude rates for those aged 20–29 years being 82.2/100 000 
and for those aged 30–39 being 85.8/100 000.

Rates intermediate between those of the Far East and those of 
Europe and North America are reported in countries of the Middle 
East, the Caribbean and parts of South America.

Aetiology

HCC is multifactorial in aetiology and causal factors differ in dif-
ferent parts of the world. Hepatitis B virus (HBV) is believed to 
play a causal role in about 80% of patients with HCC worldwide. 
The incidence of HCC among HBV patients has been identifi ed, 
using an automated data algorithm.58 In low-risk populations 
about one-half of HCC cases in men and one-third in women can 
be attributed to a viral aetiology. Hepatitis C is spread similarly 
to HBV. The non-viral aetiological factors associated with HCC are 
iron overload, afl atoxin, cigarette smoking, oral contraceptives 
and alcohol ingestion.

Hepatitis B and C virus infection

About 80% of HCCs result from infection with HBV, a virus which 
causes other liver ailments as well, and is second only to tobacco 
as a known single cause of cancer. The evidence for its causal role 
in HCC is derived from epidemiological case-control and cohort 
studies, clinical data and laboratory investigations.59 Follow-up of 
patients with chronic liver disease associated with HBV markers 
indicates that hepatitis B surface antigen (HBsAg)-positive indi-
viduals with chronic hepatitis and/or cirrhosis have a greater risk 
of developing HCC. The most convincing epidemiological evi-
dence for the role of HBV as a causative agent for HCC comes 
from the prospective case-control surveillance of 22 000 middle-
aged Chinese males in Taiwan observed for 75 000 man-years of 
follow-up. In the 15% who were HBsAg carriers there was a 223-
fold excess risk of HCC over the non-carriers.60 Integration of HBV 
DNA into human hepatocytes was fi rst detected in a continuous 
cell line expressing HBsAg derived from a male HBV carrier with 
HCC. HBV DNA is now known to be incorporated into the host 
genome of HCC patients whether they have evidence of viral 
infection or not.61

Hepatitis C virus (HCV), is spread similarly to HBV. HCV is an 
enveloped single strand fl avivirus. HCV infection leads progres-
sively to cirrhosis, with many patients subsequently developing 
HCC. Cirrhosis is found in 86–100% of untreated anti-HCV-
positive HCC patients. It is estimated that over 50% of cases of 
HCC diagnosed annually in Japan are probably HCV related. The 
role of HCV in the tropics is poorly defi ned. In Egypt, the preva-
lence may approach 20% of the population. However, the inci-
dence of infection is probably signifi cant in most tropical areas, 
and co-infection with HBV and/or HIV may worsen the prognosis, 
with acceleration of liver disease.62,63

Afl atoxin

Afl atoxin was fi rst isolated in 1961 following an outbreak of fatal 
jaundice in turkeys. The ‘turkey-X’ disease was traced to poultry 
feed containing peanuts imported from Brazil contaminated with 
Aspergillus fl avus. Subsequently afl atoxin B (so called because of its 
blue fl uorescence) was found to be potently hepatotoxic and car-
cinogenic in a variety of animal species. Afl atoxins are a group of 
compounds produced by the mould A. fl avus, which grows readily 
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in warm, humid conditions. Although groundnuts are the sub-
strate of choice for the mould, it can grow on other cereals, notably 
maize, millet, peas and sorghum.

People in some areas of the tropical world are frequently 
exposed to food contaminated with afl atoxin. In Mozambique 
8% of prepared meal samples contain measurable afl atoxin. The 
average contamination level is 38.1 mg/kg wet food. The afl atoxin 
levels in food samples observed in Mozambique are the highest 
in the world.57 In the Transkei the frequency of food sample con-
tamination is much higher (25%) but the level of contamination 
is much lower than that in Mozambique.

The carcinogenic risk of afl atoxin has been evaluated and 
reported.64 Laboratory research has demonstrated the hepatocar-
cinogenic properties of afl atoxin.65,66 There is a clear correlation 
between HCC and the rate of afl atoxin ingestion.57,67,68 Further 
confi rmation of an aetiological role for afl atoxin in HCC has come 
from a case-control study in the Philippines where the mean con-
tamination level of different dietary items was established and 
individual levels of consumption determined retrospectively.69 
Studies in Kenya70 and Thailand have more or less found similar 
results. In Egypt, a country with a very low level of afl atoxin con-
tamination because the climate is hot and dry, the incidence of 
HCC is relatively low. In Botswana, which is very dry, and Green-
land, which is very cold, the incidence of HCC is low and presum-
ably A. fl avus growth in such unfavourable climates is inhibited.

The mechanism of carcinogenesis is not well understood, but 
several plausible explanations have been suggested. Afl atoxin B is 
metabolized by a microsomal mixed function oxidase system to 
produce afl atoxin B-2,3-epoxide, which is believed to be the car-
cinogen.71 It has also been suggested that afl atoxin may suppress 
cell-mediated immunity and facilitate persistent HBV infection 
and eventually HCC.72 There is a suggestion that afl atoxin only 
accumulates in the liver after the liver’s ability to degrade afl atoxin 
has been impaired by persistent HBV infection.73

Cigarette smoking

Where studies have been done, in high-risk populations, as in 
South African blacks, the evidence supports the conclusion that 
cigarette smoking plays no aetiological role in HCC in South 
Africa.74 In low-risk areas of the world, however, cigarette smoking 
is a signifi cant risk factor with a relative risk ratio of >2.75

Alcohol

It is estimated that heavy alcohol consumption is another risk 
factor, especially in the low incidence areas. HCC is almost fi ve-
fold as common in men who imbibe more than 80 g of ethanol 
per day than in non-drinkers.75 However, in tropical countries, 
most HCCs are associated with macronodular post-hepatitic rather 
than micronodular alcoholic cirrhosis.76 There is very little evi-
dence to implicate alcohol as playing a role in high-incidence 
areas of HCC.

Sex

Prevalence of HCC in men is higher than in women. The ratio of 
male to female cases of HCC is between 2 : 1 and 4 : 1. This may 
be a refl ection of disturbance of the interleukin 6 (IL6) – myeloid 
differentiation factor 88 (MyD88) signalling mechanism. In the 

liver, IL6 is secreted by Kupffer cells, in response to hepatocyte 
injury and utilizes MyD88 as a messenger protein to transmit a 
signal to liver cell nuclei promoting cellular proliferation. Up-
regulation of IL6, in nitrosamine induced carcinogenesis in mice, 
is neutralized by oestrogen, which has a protective effect. This may 
perhaps provide an explanation for the sex bias?77

Iron overload

African iron overload, or nutritional haemosiderosis, are prefera-
ble terms to haemochromatosis which has become virtually syn-
onymous with genetic or familial haemochromatosis. Genetic 
haemochromatosis, a common disorder of northern European 
kindreds, is related to mutation of the iron loading gene, HFE, 
located on chromosome 6. Single amino acid substitutions lead 
to the mutant genes, C282Y, or H63D, and more rarely, S65C. It 
is usually an autosomal recessive condition, but sometimes may 
be a complex heterozygous state. By contrast, African iron over-
load has been thought to be non-genetic, blamed on consumption 
of large amounts of iron in maize beer, which has a low pH, and 
is traditionally brewed in iron skillet pots. This theory seems to 
be reinforced by the observation that HCC seems to be declining, 
as more Africans are taking to commercially brewed beer, and 
western style alcoholic drinks. However, Gordeuk et al., have 
demonstrated that there is a genetic component associated with 
African iron overload.78 This putative gene is not linked to the HLA 
locus. Other causes of iron overloading also exist in the tropics. 
These include transfusional siderosis, for transfusion dependent 
anaemia, such as sickle cell disease, other haemoglobinopathies, 
and thalassaemia, for instance.

Membranous obstruction of the inferior vena cava is an unusual 
condition, mainly confi ned to Southern Africa and Japan. It is 
said to result from incomplete resolution of thrombus leading 
to hepatic outfl ow obstruction, cirrhosis and subsequent 
carcinoma.1

Clinical features

The clinical and epidemiological features of HCC have recently 
been reviewed by Mazzanti et al.57 HCC presents with right upper 
quadrant pain or discomfort, abdominal mass and distension. 
Physical examination reveals hepatomegaly in 90% of cases, 
wasting and ascites in 50%. Abdominal venous collaterals, if 
looked for, occur in 30% and icterus in 25%. A few patients may 
present with pathological fractures due to bone metastases. In 
Uganda, bone is the second most common site of metastases in 
HCC. Some patients have marked itching due to obstructive jaun-
dice and about 10% may present with haematemesis and melaena 
following rupture of oesophageal varices in cases of advanced cir-
rhosis. Elevated alkaline phosphatase is detected in 75% of cases 
and AFP is above the normal level in 60%.

HCC affects young individuals, with remarkably high rates in 
the 10–29-year age group in Mozambique. In Uganda the peak 
incidence is observed during the third and fourth decades. The 
male to female ratio is 2–4 : 1. The clinical diagnosis of HCC in 
the tropics is relatively simple. This is because other tumours likely 
to metastasize to the liver are relatively rare. Thus in the tropics 
any young adult male presenting with abdominal pain and mass 
and found to have hepatomegaly has HCC until otherwise proven. 

Hepatocellular Carcinoma
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If alkaline phosphatase is elevated this raises the suspicion even 
further. A positive AFP almost certainly confi rms the diagnosis. 
However, if an intervention is contemplated a needle biopsy is 
recommended. The most common differential diagnosis in the 
tropics is an amoebic liver abscess.

Prognosis

HCC in the tropics runs a fulminant downhill course. The mean 
interval from onset to death in South African patients was 11 
weeks.79 In a study which included Algerian and French patients, 
the mean survival time of untreated patients was 73 days, suggest-
ing the natural history of French patients may be similar to African 
and Asian patients with HCC.80 Most patients present with a very 
advanced single massive tumour when fi rst seen (Figure 35.1).

The fi brolamellar variant of HCC,81 which occurs primarily in 
the young (peak in second to third decade), affects both male and 
female patients with non-cirrhotic livers and is rarely associated 
with positive AFP but has a better prognosis (average survival 44 
months), is extremely rare in the tropics. No case of fi brolamellar 
HCC has been seen in South African blacks.82

Signs of poor prognosis include wasting, abdominal venous 
collaterals, ascites, elevated bilirubin and encephalopathy.80,83–85

Management

The treatment of HCC remains unsatisfactory. Surgical resection 
provides the only prospect for cure. However, <2% present at a 
stage when this approach is feasible. Even apparently early cases 
have advanced cirrhosis and recurrence in the remaining lobe 
after apparently curative resection is the rule rather than the 
exception.

The goal of treating most patients with HCC is palliation. 
Hepatic artery ligation is an effective way of relieving symptoms, 
especially pain, and in individuals who have had spontaneous 
intraperitoneal rupture, a common complication.86 The rationale 
is based on the observation that liver tumours (primary and sec-
ondary) derive their blood supply from the hepatic artery, while 
normal liver is supplied from both the hepatic artery and the 

portal vein. Before hepatic artery ligation can be recommended 
the patency of the portal vein must be established.

Radiation therapy is rarely recommended because liver tissue 
is extremely sensitive even to low-dose radiation. However,90 
Y-labelled microspheres are undergoing clinical trials. 
Radiofrequency ablation (RFA), and direct injection of the lesion 
with alcohol have been used.

Chemotherapy appears to be an effective form of pallia-
tion. The best single agent seems to be the anthracycline 
doxorubicin.85,87

Several drug combinations have been tried, with disappointing 
results.87,88 The combination of doxorubicin and cisplatin has 
been reported to result in a dramatic response, although it was 
complicated by the reactivation of hepatitis B infection.89

It should be stressed that in tropical areas the goal of treatment 
of HCC is to relieve symptoms and therefore the patient’s quality 
of life is paramount. A recently completed quality of life-focused 
randomized clinical trial in Zimbabwe concluded that chemo-
therapy with doxorubicin, either at conventional monthly or 
weekly low doses, did not improve the quality of life or survival 
of patients so treated. While not practical in all tropical areas, liver 
transplantation for HCC in Asia has shown promising results.90

Prevention

Since 80% of HCC is attributed to HBV infection and an effective 
vaccine against the virus is now available, the prospect for cancer 
prevention is certainly in sight.91 A vaccination trial sponsored by 
the World Health Organization was started in 1986 in The Gambia, 
West Africa, to determine its effi cacy in preventing chronic liver 
disease and HCC in particular.13 As HBV transmission in Africa 
occurs by horizontal spread, with a second wave of infection 
occurring at the time of school entry (5–6 years), it is possible to 
include HBV vaccine in the expanded programme of immuniza-
tion. A pilot study started in the villages of Keneba and Manduar 
in Gambia in 1984 revealed that the overall vaccine effi cacy in 
1993 against HBV infection was about 95%. Despite rapidly 
falling antibody concentration in vaccinated children and the 
presence of viral variants, the effi cacy of HBV vaccination against 
HBV and HbsAg carrier was maintained.92 In unvaccinated chil-
dren in the Far East, early infection with HBV leading to a carrier 
state results from vertical perinatal transmission from replicative 
carrier mothers. To prevent this, the fi rst dose of the vaccine must 
be given soon after birth. This approach has greatly reduced the 
carriage rate in Asian children.

Screening using modern imaging techniques, CT and ultraso-
nography, as well as serial AFP testing, have been tried, but are 
not cost effective, in the tropical setting. The highest incidence of 
cholangiocarcinoma in the world is in north east Thailand. This 
has been related to infestation with the liver fl uke, Opisthorchis 
viverrini, which is endemic in the region.93

SQUAMOUS CELL CANCER OF 
THE OESOPHAGUS

Squamous cell carcinoma of the oesophagus is relatively rare in 
most of Europe, apart from the French provinces of Brittany and 
Normandy, which have incidence rates in excess of 80/100 000 

Figure 35.1 Hepatocellular carcinoma. Mass in liver.
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population. Outside Europe, high rates are recorded in Linxian 
province in northern China, in the province of Mazandarin in Iran 
on the Caspian sea, in east, central and southern Africa, India and 
Central America. In Linxian province of the Peoples’ Republic of 
China the incidence rate is 130/100 000 population and oesoph-
ageal cancer is second only to stomach cancer as the leading 
cause of cancer deaths in China, according to the 1974–1976 
statistics.

In most tropical areas, cancer of the oesophagus has an uneven 
geographical distribution. Both rural and urban dwellers appear 
to be equally affected. In South Africa, cancer of the oesophagus 
was a curiosity in the 1920s but it has now become one of 
the most common cancers affecting black males. The highest rates 
are recorded in the Transkei: up to 63/100 000 males and 
65/100 000 females. More recently, high rates have been recorded 
in Zimbabwe, Zambia, Malawi, parts of Tanzania and in the 
region around Kisumu in Kenya. By contrast, oesophageal carci-
noma appears to be rare in south-west Uganda, Democratic 
Republic of Congo and in West Africa. In all high incidence areas 
there is a strong male dominance but in recent years the tumour 
has been increasing in frequency in women in South Africa.

Oesophageal squamous cell carcinoma tends to occur in the 
mid-oesophagus, and must be clearly distinguished from oesoph-
ageal adenocarcinoma, which occurs in the lower oesophagus, 
and is a completely separate entity.94 Adenocarcinoma probably 
arises on a basis of dysplasia evolving from goblet cell, intestinal 
or so-called Barrett’s metaplasia, which in turn is probably an 
acquired condition, initiated by gastro-oesophageal refl ux disease 
(GERD). Barrett’s oesophagus is thought to be a disease mainly 
affecting white Caucasian males of higher socioeconomic status.95 
That said, however, it is claimed the prevalence of Barrett’s 
oesophagus in Eastern countries is rising to match the prevalence 
in the West.96

Aetiology

Alcohol and tobacco acting together have been established as the 
major cause of oesophageal squamous cancer in the industrialized 
world. Epidemiological studies in France show that those who 
smoke or drink heavily run a 44 times greater risk of oesophageal 
cancer than light drinkers and smokers. It has been postulated that 
alcohol might act as a solvent facilitating the passage of carcino-
gens into the inner layers of the oesophagus. The role of alcohol 
in the causation of cancer of the oesophagus in developing coun-
tries is not clearly documented. In Iran, for instance, it is not the 
custom of Turkoman people to drink and very few of the oesoph-
ageal cancer victims smoke. In China, of 527 patients 83% reported 
that they did not drink alcohol, and those who drank did so only 
on rare occasions. Gastric atrophy has emerged as a risk factor for 
oesophageal SCC.97 The demographics of oesophageal squamous 
cell carcinoma and adenocarcinoma also have an East–West vari-
ation (as apposed to tropical–non-tropical differences), because 
in Japan more than 90 % of oesophageal cancers are of squamous 
cell type.98 Abnormalities of chromosome 17 have been linked 
to oesophageal squamous carcinoma.99 The tylosis oesophageal 
gene, mapped to chromosome 17q25, is a marker for oesophageal 
SCC. Tylosis is an uncommon autosomal recessive genodermato-
sis, in which hyperkeratosis of palms and soles occurs. It is associ-

ated with a high risk of oesophageal carcinoma. At variance with 
the usual pattern of risk factors in the West is the apparent lack 
of appreciable effects of alcohol usage on the disease in Zulus. 
Observations in South Africa appear to lend support to nutritional 
predisposing factors to cancer of the oesophagus. Dietary staples 
appear to be low in vitamins and minerals. This conforms with 
data from the Cancer Registry of Bulawayo, Zimbabwe, which 
established that low socioeconomic status / malnutrition is a 
signifi cant risk factor.100 The Cancer Registry of Bulawayo has also 
shown that bladder cancer frequency is also increased in low 
socioeconomic groups,101 paralleling the situation with oesopha-
geal carcinoma. In China and Iran, the so-called oesophageal 
cancer belt of south-central Asia, oesophageal cancer may also be 
related to nutritional factors. It has been demonstrated that victims 
of oesophageal cancer are malnourished and get neither vitamin 
A nor ribofl avine requirements. One study showed over 40% 
consumed <10% in winter and <20% in spring and autumn of 
vitamin A requirements. A defi ciency of vitamin A has been shown 
to lead to carcinogenesis, while an adequate intake of vitamin C 
has been shown to have an anticarcinogenic effect. In China, 
death from oesophageal cancer has been closely linked with inges-
tion of pickled vegetables.

Unfortunately, the addition of ribofl avine, retinol and zinc had 
no effect on the high prevalence of precancerous oesophageal 
lesions.102 There are several possible explanations for this negative 
result. First, the treatment may not have been given for a period 
long enough or the dosages were not large enough to effect change. 
Second, the precancerous oesophageal lesions, like gastritis, may 
be irreversible. Third, the hypothesis linking ribofl avine/retinol 
defi ciency with precancerous oesophageal lesions may not be 
correct.

Oesophageal carcinoma has been linked to exposure to silica 
dust in underground workers.103

Clinical features

In high-incidence areas, cancer of the oesophagus may be seen in 
the fourth and fi fth decades of life. Men are two to three times 
more commonly affected, except in northern Iran, where women 
predominate, and in South Africa, where the frequency in women 
is on the increase. The disease often becomes symptomatic, with 
progressive dysphagia and severe weight loss and wasting.

Staging

Pre-treatment evaluation for accurate staging should include 
history, physical examination, barium swallow, upper gastrointes-
tinal endoscopy and biopsy and a CT scan of the thorax and upper 
abdomen, and endoscopic ultrasound, if available. Direct laryn-
goscopy and bronchoscopy is advisable. Positron emission tomo-
graphy (PET) scan has been shown to be a useful adjunct to 
conventional, non-invasive staging procedures. PET signifi cantly 
improves the detection of stage IV disease and improves the diag-
nostic specifi city for lymph nodes.104 However, PET is not avail-
able as yet in many developing country cancer centres. Staging 
recommended by the American Joint Committee on Cancer 
(AJCC), as shown in Table 35.3 applies the tumour, node and 
metastasis (TNM) system. The following clinical, radiographic and 

Squamous Cell Cancer of the Oesophagus



35. Malignant Disease

644

endoscopic evidence may suggest extension of the cancer outside 
the oesophagus: (1) recurrent laryngeal, phrenic or sympathetic 
nerve involvement; (2) fi stula formation; (3) tracheal or bronchial 
tree involvement; (4) vena caval or azygos vein obstruction; and 
(5) malignant effusion.

Management

Treatment of patients with oesophageal cancer remains unsatisfac-
tory. The goal of treatment is palliation. There are several possible 
approaches: surgery, radiotherapy, laser therapy, oesophageal 
intubation, oesophageal stenting and combined chemoradiother-
apy. Surgical mortality has greatly improved,105–107 with most 
series reporting 1–2% mortality. Following ‘curative’ resection, the 
5-year survival ranges from 8% to 22%.108 Improved outlook for 
surgically treated patients is the result of better preoperative and 
postoperative care, especially nutritional and respiratory support. 
Alexiou et al. maintain the perioperative outcome is worse for 
oesophageal SCC than it is for adenocarcinoma.109

However, survivors of surgery appear to have a better long-term 
outlook with SCC than with adenocarcinoma.110,111 Improvements 
in the results of radiotherapy have been less impressive. 
Radiotherapy on its own or in addition to surgery has not altered 
prognosis.112,113 Radiotherapy is frequently chosen as a means 
of palliation but its effectiveness may be marred 
by serious complications. These include fi stula formation, if 
the tumour is adherent to the bronchus and postirradiation 
stricture.

It is clear that late presentation is the limiting factor in improv-
ing results. Intubation should be reserved for patients with 
advanced disease and limited prognosis. Intubation provides poor 
palliation. Blockage of the tube is not infrequent and swallowing 
is far from optimal.

Given the limited usefulness of both surgery111 and radiother-
apy112 and since systemic disease is a major factor in the failure 
pattern, there is growing interest in neoadjuvant trials (giving 
chemotherapy before defi nitive primary surgery).114 Animal 
models have suggested the superiority of giving systemic therapy 
prior to surgery. In addition, preoperative chemotherapy allows 
an in vivo assessment of tumour sensitivity to the drugs.

More recently, concurrent chemoradiotherapy is preferred. This 
was based on promising observations of a similar approach for 
anal canal and rectal cancers. Preliminary observations reported 
greatly improved palliation as well as improved 12- and 24-month 
survival, using preoperative chemoradiotherapy.115 At Wayne State 
University the approach utilized 5-fl uorouracil and mitomycin C, 
later changed to 5-fl uorouracil and cisplatin (because of the 
unpredictable toxicity of mitomycin C), concurrently with radio-
therapy.116,117 The choice of 5-fl uorouracil and cisplatin is based 
on their known anti-tumour activity in oesophageal cancer and 
because they are established radiation sensitizers.118–120 Apart from 
possible radiosensitization of hypoxic cells, other mechanisms 
postulated include inhibition of repair of sublethal or potentially 
lethal damage, increased induction of chromosomal aberrations 
and binding to thiols. The pathological complete response is 
about 25–30%. Such combined chemoradiotherapy appears to 
provide excellent palliation but no studies have been done to 
assess the quality of life of patients undergoing such treatment. 
The toxicity encountered includes nausea, vomiting, oesophagitis, 
mucositis, stomatitis, leucopenia and thrombocytopenia.

A number of randomized clinical trials assessing the effi cacy of 
preoperative chemoradiotherapy have recently been published. 
One study by Walsh et al. compared preoperative chemoradio-
therapy to surgery alone in 113 patients with adenocarcinoma of 
the oesophagus.121 They observed a signifi cantly better median 
survival and survival at 3 years for the combined modality treat-
ment. The European Organizations for Research and Training in 

Table 35.3 AJCC staging system for cancer of the oesophagus

Stage Description
Tx Minimum requirement to assess primary tumour not met

T0 No evidence of primary tumour

Tis Cancer in situ

T1 Involves 5 cm or less of oesophageal length, producing no obstruction and no circumferential involvement and no 
extraoesophageal spread

T2 Greater than 5 cm of oesophageal length without extraoesophageal spread or tumour of any size that produces obstruction

T3 Any tumour with extraoesophageal spread

Nx Minimum requirement for nodal assessment not met

N0 No clinically palpable or radiological evidence of nodal involvement

N1 Movable unilateral palpable nodes or radiological evidence of 1 cm, 5 cm in length; unilateral or bilateral palpable movable 
nodes

N2 Movable bilateral palpable or radiological evidence of >1 cm, <3 cm diameter nodes

N3 Fixed palpable nodes >3 cm on radiology

Mx Minimum requirement to assess metastases not met

M0 No evidence of distant metastases

M1 Distant metastases present
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Cancer (EORTC) enrolled 288 patients with squamous cell carci-
noma of the oesophagus in a study comparing preoperative 
chemoradiotherapy to surgery alone.122 No survival difference was 
noted. More recently, Urba et al. of the University of Michigan 
reported no differences in median survival or survival at 3 years.

MALIGNANT TUMOURS OF THE SKIN

The skin is sometimes referred to as the window of human biology 
and pathology because many processes of life are refl ected on the 
body surface. In addition, the skin is the largest organ of the 
body.

In light-pigmented people, i.e. inhabitants of Europe and 
North America, exposure to solar ultraviolet light is responsible 
for the very high incidence of skin cancers such as basal cell and 
squamous cell cancers and melanomas. Other factors which may 
infl uence the frequency and distribution of skin cancers include 
occupation, clothing, hairstyles and leisure habits, all of which 
determine the degree of exposure to the ultraviolet component of 
the sun.

Dark-skinned individuals appear to be well adjusted to the hot 
tropical environments. The protective and adaptive elements 
include the increased melanin and the large number of sweat 
glands. The dark pigment absorbs heat readily, such that ‘sunbath-
ing’ is not a comfortable activity for dark-skinned people, contrary 
to the general belief that dark-skinned people enjoy heat! In any 
case, more suntan is not needed and not prized. Ultraviolet-related 
skin cancers are commonly observed in individuals with certain 
genetic abnormalities such as albinism, a group of inherited con-
ditions in which there is a defect in melanin production and 
metabolism. Decreased pigmentation is particularly noticeable in 
the skin, hair and eyes. The skin becomes dry and wrinkled on 
exposure to sunlight. Albinos develop multiple skin tumours 
(basal cell and squamous cell), usually in the exposed areas of the 
body (head, neck, ears, conjunctiva and limbs). Oculocutaneous 
albinism, an autosomal recessive disorder, is common in sub-
Saharan Africa. It is estimated that albinos are 1000 times more 
likely to develop basal cell cancers than pigmented people. Para-
doxically, there does not appear to be much increased incidence 
of melanoma in this group of individuals. Another genetic dis-
order associated with skin cancers is xeroderma pigmentosum 
(XP), which has already been referred to. It is an inherited defect 
of DNA repair following ultraviolet-induced damage.6,7 This auto-
somal recessive genodermatosis has a high gene frequency in parts 
of Africa, especially North Africa, where consanguinity rates are 
also high. Children with XP are prone to develop all types of skin 
cancers, including SCC, BCC, malignant melanoma and Kaposi’s 
sarcoma.

Squamous cell cancer

Squamous cell cancer (SCC) of the skin is very common among 
fair-skinned individuals residing in hot climates, where actinic 
damage and solar keratoses are precursor lesions. The role of HPV 
infection in this setting has been established.123 However, SCC in 
dark-skinned people is also common in some tropical popula-
tions, especially in poverty-stricken rural areas. In the tropics, 
these SCCs occurring in indigenous inhabitants are clinically and 

aetiologically distinct from those seen in Europeans. The majority 
arise in areas of damaged skin, most frequently in scars of long-
standing tropical ulcers (Figure 35.2), old burns or epithelialized 
sinuses. Tropical ulcers are areas of chronic ulceration occurring 
on the lower leg, and foot. They are probably the result of poly-
microbic synergistic bacterial infection involving spirochetes and 
Fusobacterium species bacilli. SCC occurring in old scars has been 
termed Marjolin’s ulcer, and tends to be aggressive. Burn scarring 
frequently occurs in epilepsy sufferers, as a result of falling into 
unprotected cooking fi res, while fi tting. In Uganda the annual 
incidence of squamous cell cancer is 1.70 men and 1.33 
women/100 000 population; it accounts for 12% of all malignan-
cies. This relative frequency is similar to what has been observed 
in other tropical areas as far apart as Nigeria in West Africa and 
the Solomon Islands in the South Pacifi c. Squamous cell cancer 
may also occur as a result of certain cultural practices, such as the 
Kangri cancer of India.

Apart from actinic, thermal or ulcerative cutaneous damage, 
other precursor lesions may also be responsible for evolution of 
SCC. These include tar keratosis, and chronic exposure to inor-
ganic arsenic, resulting in ‘rain drop’ pigmentation, with sub-
sequent development of arsenical keratosis, particularly evident as 
keratosis of palms and soles. The therapeutic use of arsenic is no 
longer practised. However, arsenic is associated with many ores, 
such as gold, and may pose a threat to those employed in the 
mining industry.1 This risk is especially high, where labour prac-
tises are unsafe, such as may happen in the ‘Third World.’ Arsine 
gas may also escape into the atmosphere from smelting plants, 
posing a hazard to the nearby population.

Since about 80% of SCCs are superimposed upon or compli-
cate long-standing tropical ulcers, the increased availability of 
clean water, soap and to a lesser extent antibiotics may lead to 
marked decline of these tumours in the tropics. However, once 
the tumour is established wide surgical excision of the localized 
lesion remains the treatment of choice. The role of radiotherapy 
and chemotherapy in the management of these tumours is not 
well documented, apart from topical 5 fl uorouracil for preinva-
sive, or in situ SCC. Cassarino and colleagues have provided a 
comprehensive clinicopathological classifi cation of cutaneous 
SCC, with stratifi cation into low, intermediate and high-risk 
groups.123

Figure 35.2 Squamous cell carcinoma in long-standing tropical 
ulcer. (Courtesy of E. H. Williams.)

Malignant Tumours of the Skin
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Malignant melanoma

Malignant melanomas of the skin occur most commonly in those 
areas of the world where light-skinned people, by default, live in 
an environment of abundant sunshine, e.g. Australia, Israel and 
South Africa. Sunbathing is a popular summer relaxation habit 
with light-skinned people. The incidence of malignant melanoma 
has increased 10-fold in the past three to four decades in Western 
countries, with a lifetime risk in the USA of 1 : 75, and in 
Australia of 1 : 25 individuals. In dark-skinned persons the primary 
site of malignant melanoma is on the non-pigmented sole of the 
foot (Figure 35.3) or less commonly on the palmar side of the 
hands or fi ngers. It is extremely rare for dark-skinned people to 
develop melanoma in a pigmented site. If they do there is often 
preceding vitiligo.

It is probable that melanomas arise from pre-existing naevi, but 
because of the generally dark skin colour, events that predict 
malignant change may be diffi cult to observe and overlooked, 
especially if the primary lesion is located on the sole of the foot. 
Thus malignant melanoma tends to present at a very advanced 
stage as an exophytic fungating lesion, usually with regional ade-
nopathy. It has been suggested that trauma (physical, chemical or 
thermal) may play a role in the aetiology of these tumours in the 
tropics. There has, however, been no reduction of incidence 
observed among shoe-wearing urban dwellers in the tropics. Mel-
anoma arising on soles or palms, are termed acral lentiginous 
melanoma. The prognosis appears poorer than other types of 
melanoma, mainly because the condition is advanced at the time 
of diagnosis.124

There is a clear relationship between thickness of the tumour 
and survival.124 Early melanoma is potentially curable by wide 
excision. In the past, the accepted surgical approach was a wide 
excision with a 5 cm margin. The current trend is towards a 
narrower margin tailoring to tumour thickness. In general, for 
tumours <1 mm thickness a 1 cm margin is adequate, while 2–
3 cm margins are recommended for thicker tumours.

Prognostic factors

The most important predictors of relapse and survival are 
Breslow’s thickness of the primary melanoma, and whether the 
regional nodes are involved. Tumours with Breslow’s thickness 
>4 mm have 50% risk of recurrence, and individuals with positive 
nodes have a 60–85% risk of recurrence. While Breslow’s thick-
ness remains the cornerstone prognostic criterion, the disease is 
sometimes unpredictable. Cell kinetic parameters, such as Ki-67 
estimation of proliferation index may have a prognostic role.125

Staging

Sentinel node biopsy has become a valuable prognostic parame-
ter. This may be performed in conjunction with positron emission 
tomography (PET). However, sentinel node status has been shown 
to be more sensitive than PET, stage I and II melanomas.126

The AJCC applies the TNM staging system. In 1997 a modifi ca-
tion was proposed to the AJCC staging system. T1 is for 1 mm, T2 
for 2 mm, T3 up to 4 mm, and T4 >4 mm thickness. Subcategory 
‘a’ denotes absence and ‘b’ presence of ulceration. The proposed 
changes to the N refer to the number of involved nodes, rather 
than the diameter of nodes. In this proposal, N1 refers to one 
positive node, N2 for 2–4 nodes, and N3 for >4 nodes; subcategory 
‘a’ for microscopic involvement and ‘b’ for macroscopic involve-
ment; M1a for favourable sites, e.g. skin, nodes, soft tissue, M1b for 
pulmonary involvement and M1c for patients with elevated LDH. 
This system was further modifi ed in 2001, to incorporate sentinel 
node status. Evaluation of the amended AJCC system on a large 
cohort of patients established that mitotic activity was the second 
most predictive prognostic factor, after Breslow’s thickness, and 
was more sensitive than ulceration.127

While sentinel node biopsy remains an important aspect of 
current management, it still remains to be completely validated. 
Completion lymph node dissection following a positive sentinel 
node biopsy may show a signifi cant proportion of non-sentinel 
nodes to be negative for tumour.128

Elective node dissection

Results of multicentre, randomized trials show no survival advan-
tage for patients with intermediate-thickness melanoma (1–4 mm) 
undergoing elective node dissection when compared to observa-
tion without node dissection.129 Only 20% of individuals who 
undergo an elective node dissection are found to have microscopic 
disease, making the procedure unnecessary in 80%. Sentinel node 
mapping accurately refl ects the presence or absence of disease in 
95% of patients. The use of intraoperative gamma probes leads to 
a high degree of accuracy in identifying sentinel nodes.130 A nega-
tive sentinel node on biopsy is a reliable indicator that the nodal 
basin is not affected or involved by tumour.

Adjuvant therapy

Individuals often considered for adjuvant therapy are those at 
high risk of relapse and mortality, namely those with thick primary 
lesions and those with positive nodes. Several postsurgical adju-
vant approaches have been used in the past three decades, includ-
ing chemotherapy, immune modulation with bacillus 
Calmette-Guérin (BCG), Corynebacterium parvum, levamisole and 

Figure 35.3 Malignant melanoma on sole of foot. (Courtesy of E. H. 
Williams.)
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more recently the use of biological agents, notably interferons. 
Results were uniformly negative until the recent two large coop-
erative group trials, which published the results of high-dose inter-
feron-α2b. The fi rst Eastern Cooperative Oncology Group (ECOG) 
1684 trial was activated in 1984 and accrued 280 assessable 
patients from 29 centres. Eligibility criteria included patients with 
T4 lesions, with or without involved regional nodes. One group 
received an induction therapy consisting of 20 million units/m2 
i.v. daily for 5 days for 4 weeks and then a maintenance phase of 
10 million units/m2 subcutaneously three times per week for 48 
weeks. The control group was observed without active treatment. 
The median relapse-free survival for interferon-α2b was 1.72 years 
and was signifi cantly better than 0.98 years for the observation 
group (p = 0.0025). The median survival for the treated group was 
3.8 years and for the control group was 2.8 years. A subgroup 
analysis of node-positive subgroups showed a striking, enhanced 
effect with interferon resulting in a disease-free survival of 1.7 
years, which was signifi cantly better than 0.55 years for the obser-
vation group (p = 0.0004). The median time to death for the 
treated group was 3.8 years and 2.06 years for the observation 
group (p = 0.0086). The same impact from adjuvant treatment 
with interferon-α2b was not observed in the subset of node-nega-
tive patients. The toxicity was considerable. Constitutional fl u-like 
symptoms were severe in fi ve patients; seven had severe neuro-
logical toxicities and there were two deaths from hepatic failure.131 
Based on the results of this study, the Food and Drug Administra-
tion (FDA) recommended approval for interferon-α2b for patients 
with melanomas >4 mm thick with positive nodes.

In 1991, an intergroup study, E1690, was initiated to confi rm 
the result of E1684, and to test the effi cacy of low-dose interferon-
α2b. A total of 608 eligible patients were randomized to receive 
either high-dose interferon-α2b, as in E1684 or low-dose inter-
feron-α2b, 2 million units subcutaneously three times per week 
for 2 years, or observation only. After a median follow-up of 52 
months, the estimated relapse-free survival at 5 years for high dose 
was 44%; 40% for low dose and 35% for observation only group. 
High-dose interferon resulted in signifi cant impact on relapse-free 
survival, when compared with observation (p = 0.03), but there 
was no signifi cant difference for low-dose interferon. Neither high 
dose nor low dose had any benefi t on overall survival. Several 
factors may have confounded results of E1690 study. The median 
survival for the observation group for E1690 was 6 years, as com-
pared with 2.8 years for E1684, so that there may have been a 
stage migration phenomenon. In trial 1690, lymphadenectomy 
was not required. Several relapsed patients on low dose or obser-
vation were placed on high-dose interferon.

A European study randomized 444 patients to low-dose inter-
feron-α2a, 3 million units subcutaneously three times per week, 
or to observation for 3 years. There was no signifi cant difference 
in disease-free survival or overall survival. This and the E1690 
study clearly indicated the lack of therapeutic advantage of low-
dose interferon.

In the ECOG E1694 study 800 patients with resected high-risk 
melanoma were randomized to a vaccine given subcutaneously 
weekly for 1 month and then quarterly for 2 years, or high-dose 
interferon. An interim analysis in April 2000 revealed 151 had 
relapsed in the vaccine arm and 98 in the high-dose interferon 
arm. The relapse-free hazard ratio associated with high-dose inter-
feron treatment was 1.47 (p = 0.0015). The hazard ratio for overall 

survival favouring interferon was 1.52 (p = 0.009). The data safety 
board recommended premature closure of the study.

Management of metastatic melanoma

Patients with metastatic disease have a median survival of 6–9 
months with only 1–2% having long-term disease-free survival. 
The goal of treatment is palliative. Chemotherapeutic agents 
showing anti-tumour effects are imidazole carboxamide (DTIC), 
platinum analogues and nitrosoureas. DTIC is the best single 
agent, with response rates of 15–25%, and complete responses of 
2–5% and response duration lasting 4–6 months, and has been 
the standard chemotherapeutic agent for melanoma.132 Interferon-
α2b leads to response rates of 10–20%. A study comparing DTIC 
with or without interferon-α2b at doses of 20 mg/m2 i.v. for 5 
days, every 28 days for DTIC, and 15 million units/m2 i.v. for 5 
days for 4 weeks, then 10 million units/m2 subcutaneously 3 times 
per week, showed the combination to be signifi cantly better in 
terms of response rates at 53% (95% CI, 26–72%) for the combi-
nation, as opposed to 20% (95% CI, 17–39%) for single agent 
(p = 0.007). Time to relapse was 2.53 months for single agent and 
8.96 months for combination.133 Temozolomide is a novel, oral 
alkylating agent with a broad spectrum of antitumour activity with 
relatively little toxicity. Both temozolomide and DTIC are pro-
drugs of the active alkylating agent 5-(3-methyltriazen-1-yl) imid-
azole-4-caraboxamide (MTIC). Temozolomide offers an oral, less 
toxic alternative to DTIC.134

KAPOSI’S SARCOMA

Kaposi’s sarcoma (KS) is a tumour that commonly presents with 
skin involvement, although visceral and bone tumours are fre-
quently observed. Epidemiologically KS can be classifi ed into spo-
radic, endemic and epidemic forms. Juvenile nodal KS is a distinct 
entity, with favourable prognosis.135 The sporadic (classic) form 
represents what was originally described in 1872 by Moricz Kaposi. 
It is commonly seen in elderly males of Jewish, southern European 
or Mediterranean origin. The endemic form was described in 
sub-Saharan Africa, especially in eastern Zaire (now Democratic 
Republic of Congo) and western Uganda, with decreasing inci-
dence from this ‘epicentre’. The epidemic form was fi rst described 
in the large North American cities of New York and Los Angeles, 
where the increased incidence of KS among homosexual men led 
to the recognition of AIDS, and KS became AIDS defi ning in 
1981.

Aggressive forms of KS were observed in Uganda and Zambia 
at about the same time as the epidemic variety was described in 
North America. The distribution of AIDS in Africa corresponds 
closely to that of the endemic pre-epidemic KS. There is often 
confusion as to the nature of a particular case. In the USA the 
incidence of KS complicating AIDS is actually on the decline. In 
most of sub-Saharan Africa the incidence continues to rise expo-
nentially. While the reported incidence of KS remains relatively 
low in West Africa, the incidence in East and Central Africa 
by comparison is very high. In fact, KS is now the commonest 
male tumour in East and Central Africa, and is second only to 
cancer of the cervix in females. KS is also the commonest child-
hood tumour in some African countries, notably Zimbabwe.14 

Kaposi’s Sarcoma
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This is the result of the vertical HIV transmission from mother to 
child.

Aetiology and pathogenesis

Kaposi’s sarcoma is one of the tumours that is known to develop 
in iatrogenically immunosuppressed renal transplant recipients, 
where there is an observed 400–500-fold increase.136 In cases of 
endemic African KS, multiple parasitic infestations, including 
malaria and bacterial and viral infections, could be the source of 
continuous activation. In classic KS high levels of anti-cytomega-
lovirus (CMV) antibodies were previously reported.

Cytochemical and phenotypic marker studies have demon-
strated KS cells to have features of vascular channel and endothe-
lial cell lineage.

Human herpes simplex virus, type 8 (HHV-8) has been 
identifi ed as the putative agent for KS, and has been designated 
Kaposi’s sarcoma-associated herpes virus (KSHV).137 KSHV / HHV8 
is a human γ2 herpes virus, classifi ed as a rhadinovirus. HHV-8 is 
detectable by PCR in all forms of KS and its seroprevalence cor-
relates with the risk of developing KS. HHV-8 is closely related to 
the Epstein-Barr virus (human herpes virus 4) and infects CD19-
positive B cells, as well as the endothelial-derived spindle cells of 
KS. Du et al. have recently reviewed the role of HHV 8, not only 
in Kaposi’s sarcoma, but also in other non-Kaposi related lympho-
proliferative disorders.137 For instance, HHV-8 is known to be 
associated with primary effusion lymphomas, and the plasma cell 
rich variant of multicentric Castleman disease. Unlike other herpes 
viruses, HHV-8 is not ubiquitous and is known to be rare in Asia. 
Geographical variation in the incidence of KS suggests environ-
mental factors have a role. It has been suggested the blood sucking 
arthropods may facilitate the spread of HHV-8.138 Increased viral 
load of HHV-8, low haemoglobin and immune perturbation with 
decreased CD4 counts have been shown to correlate with increased 
risk of overt KS.139 Only a small fraction of HHV-8 infected indi-
viduals develop KS.140 Classical, endemic and AIDS-associated KS 
have recently been reviewed in two endemic areas of the world: 
Morocco and Brazil.142 The utility of immunostaining for HHV-8 
latent nuclear antigen (LNA-1) in the histological diagnosis of 
early KS has been stressed.141 Immunostaining for LNA-1 has also 
been shown to be important in HHV-8 related lymphomas.143 The 
epidemiology of HHV-8, and the role of latent and lytic genes 
have been reviewed.144,145 Studies have shown HHV-8 to be shed 
in oral cavity and saliva of some patients with KS, and less so in 
seminal fl uid and rectum.146 This may have a bearing on mecha-
nisms of transmission.

Clinical features

There are features which distinguish epidemic AIDS-related KS 
from endemic African KS. These include peak age at presentation, 
sex distribution, clinical course and response to therapy. In addi-
tion, opportunistic infections are commonly observed in epidemic 
KS. In the tropics, tuberculosis is the most common infection 
related to HIV, while Pneumocystis carinii is rare.147 ‘Slim disease’, 
a clinical syndrome dominated by chronic diarrhoea and weight 
loss, is a common presentation. In some parts of Africa, entero-
pathic AIDS (slim disease) accounts for over 70% of AIDS cases. 

The cause is as yet unknown, but the protozoa Cryptosporidium 
parvum, Isospora belli and Enterozoa are likely to be involved, and 
tuberculosis is a probable contributing factor.148 In the tropics 
there are no real high-risk groups for HIV infection, as is the case 
in Europe and North America where homosexuality and intrave-
nous drug abuse are high-risk behaviours. In the tropics HIV is 
spread by heterosexual contact. Blood screening is not universally 
practised and non-screened blood may be a common mechanism 
of spread as well.

Endemic KS presents mostly with unilateral limb oedema and 
skin nodules (Figure 35.4). Nodules may arise in the subcutane-
ous tissue (nodular form) (Figure 35.5) or from deeper than the 
deep fascia and may resemble granuloma pyogenicum (fl orid 
form) (Figure 35.6). Visceral involvement is frequent. The lymph-
adenopathic form of KS is rare in endemic form except in chil-
dren149 but is common in epidemic AIDS-related KS. Complications 
reported include haematemesis,150 intestinal obstruction,151 perfo-
ration,152 diarrhoea with protein-losing enteropathy153 and intus-
susception.154 Studies from East Africa have suggested that visceral 
involvement may occur frequently, despite a lack of abdominal 
or pulmonary symptoms and signs.155,156 The epidemic AIDS-
related KS presents with a combination of marked cachexia, skin 
hyperpigmentation (Figure 35.7) and oropharyngeal palatal and 
tongue involvement (Figure 35.8). The oropharynx may either 
exhibit purple KS nodules or ulcerations and plaques due to 
tumour or secondary fungal infections. Visceral involvement, 
especially pulmonary, is common. Systemic symptoms of fever, 
diaphoresis and weight loss are of prognostic signifi cance.

Staging

Because of the multicentric nature of KS, staging has been diffi cult. 
The four-stage classifi cation originally described by Krigel and co-
workers157 included epidemic as well as non-epidemic forms of 
disease. The staging system of Mitsuyasu and Groopman158 was 
designed especially for classifi cation of epidemic AIDS-related KS 
and takes into consideration the extent of tumour involvement, 
the presence of systemic symptoms and the presence of opportu-

Figure 35.4 Endemic Kaposi’s sarcoma. Nodular and plaque forms 
with oedema. (Courtesy of E. H. Williams.)
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nistic infections. Considerable data also support the use of immu-
nological staging as a predictor of both survival and response to 
therapy. Patients with systemic symptoms are likely to have a low 
number of CD4 cells and low CD4 : CD8 ratios. The poor prog-
nosis of such patients is related to the presence of opportunistic 
infections.159

Management

Studies from Uganda indicated that nodular and plaque forms of 
endemic KS respond to simple therapies, including oral alkylating 
agents.160,161 The more aggressive endemic forms responded well 
to combination chemotherapy consisting of actinomycin D, vin-
cristine and imidazole carboximide.162 Localized endemic forms 
respond well to radiotherapy. Aggressive multi-agent chemother-
apy exacerbates the existing immune impairment of patients with 
epidemic AIDS-related KS and such combination chemotherapy 
not only worsens the prognosis but may also increase mortality. 
A recently completed four-arm, randomized clinical trial of AIDS-
associated KS in Zimbabwe suggests that, funds permitting, single-
agent oral etoposide may be the most pragmatic approach and 
leads to less dramatic decline in quality of life than best support-
ive care, hemi-body radiotherapy, or three-drug combination.163

ENDEMIC TYPE A OR SO-CALLED AFRICAN 
BURKITT’S LYMPHOMA

Endemic Burkitt’s lymphoma (BL) is a malignant lymphoma of B 
cell origin. Denis Burkitt,164 an Irish surgeon working in Kampala, 
Uganda, literally put this entity on the map. Although earlier 
observers had noted similar tumours presenting at separate sites 

Figure 35.5 Endemic Kaposi’s sarcoma. Nodular form. (Courtesy of 
E. H. Williams.)

Figure 35.6 Endemic Kaposi’s sarcoma. Florid variety.

Figure 35.7 Epidemic AIDS-associated Kaposi’s sarcoma. Note 
marked wasting and skin hyperpigmentation on chest wall, arms and 
face.

Endemic Type A or So-Called African Burkitt’s Lymphoma
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like jaws, orbits, ovaries, kidneys, adrenals, thyroid, testes and 
breasts and had concluded that they were all separate entities, it 
was Burkitt who felt that although the involved sites varied from 
patient to patient, a pattern emerged that suggested a unitary 
process. He then undertook a journey around Africa (the famous 
‘tumour safari’) and was able to map out the geographical distri-
bution of this tumour within Africa, the so-called ‘lymphoma 
belt’. He further observed that the distribution was very similar to 
the malaria map and suggested that the tumour might be caused 
by an arthropod (mosquito)-borne virus. Subsequently, at a con-
ference on lymphoreticular tumours held in Paris in 1963, it was 
unanimously agreed to give the tumour the eponym Burkitt’s 
lymphoma in recognition of his pioneering work. Classifi cation 
of non-Hodgkin’s lymphoma has retained the eponym.166

Epidemiology

Endemic type A, or African BL is restricted to the geographical 
latitudes 10–15° north and south of the equator and to altitudes 
below 1500 m, occurring in Africa, and Papua New Guinea. It is 
rare in places where the diurnal temperature drops to below 16°C 
frequently and in places where the rainfall is <50 cm per annum. 
Outside tropical Africa BL is found in those areas of the tropical 

belt with the above climatic conditions, namely Papua New 
Guinea. In these endemic regions BL accounts for more than 50% 
of childhood tumours.

The highest incidence of BL is in the West Nile district of 
Uganda, where the number recorded approaches 13/100 000 pop-
ulation. It is in the same area where time-space clustering has been 
recorded.165 In most of the Westernized world, Type B, sporadic, 
non-endemic or American BL is a common childhood lymphoma, 
tending to present with bulky abdominal disease, centred on the 
ileo-caecal junction. A third variant of BL is immunodefi ciency-
associated BL, particularly occurring in association with AIDS, and 
tending to be node based. Variants include atypical or Burkitt-like 
lymphoma. This is the classifi cation advocated by the WHO.166 
The clinical features of these non-endemic cases differ from those 
of the endemic forms (Table 35.4).

Aetiology

A cell line of endemic BL was established in which a hitherto 
unknown herpes virus was identifi ed with electron microcopy by 
Epstein, Achong and Barr. This EBV virus bears two of their 
names.167 EBV is known to transform human B lymphocytes in 
vitro; patients with BL have a signifi cantly higher EBV serological 
response (viral capsid antigen, VCA; early antigen, EA; EB-
determined nuclear antigen, EBNA) than controls and Burkitt’s 
tumours carry footprints of the virus (EBV genome), detected 
either as EBV DNA or EBNA.168 EBV infection, malaria, immuno-
defi ciency and spontaneous mutation can all contribute to the 
origin of BL.169

It was originally thought that only B lymphocytes possessed 
the EBV receptor (CD21). However, there is now evidence that 
other cells, including oropharyngeal epithelium, and some T cell 
subsets, possess the appropriate epitopes.170

Two strains of EBV have been described. Type A, with a world 
wide distribution, and type B occurring mainly in tropical Africa 
and Papua New Guinea.

EBV is the major causative agent of infectious mononucleosis 
(human herpes virus type 6 or HHV-6 also can cause an identical 
syndrome). The epidemiology of EBV is complex. Based on VCA 
IgG titres, it appears that in Third World countries there is almost 
universal infection of young children, who exhibit a very high 
prevalence of IgG antibodies by 4 years of age. Infection of young 
children seems to be asymptomatic. Infectious mononucleosis is 
very rare in indigenous inhabitants of Africa. By contrast, in 

Figure 35.8 Epidemic AIDS-associated Kaposi’s sarcoma. Note 
lesions on the hard palate.

Table 35.4 Comparison between endemic and sporadic Burkitt’s lymphoma

Endemic Sporadic
Related to climate Unrelated to climate

Common in children Common in children

>95% EBV associated Less commonly EBV associated

Chromosomal translocation: invariable Chromosomal translocation: invariable

Clinical features: Presents commonly with jaw tumour, nodal and marrow disease Clinical features: Presents commonly with adominal mass. 
Nodal and marrow disease

Rare Common



651

Western countries, the prevalence of infection is rare in young 
children, but infectious mononucleosis is common in adolescents 
and young adults.

EBV is strongly associated with the nasal form of angiocentric 
NK/T cell lymphoma, occurring in South-east Asia, especially 
Southern China and parts of South America, other forms of lym-
phoma, such as HIV-related and post-transplant large cell lym-
phoma, Hodgkin lymphoma, nasopharyngeal carcinoma and 
HIV-associated leiomyosarcoma.

The role of malaria in endemic BL may be to facilitate the 
development of lymphoma through either polyclonal B cell pro-
liferation and/or T cell immunosuppression. Malaria prophylaxis 
was started in the North Mara province of Tanzania and this 
appeared to coincide with a downward trend. However, the 
curious geographical distribution of endemic BL in sub-Saharan 
Africa and in Papua New Guinea is best explained on the basis of 
malaria endemicity. In addition, studies in Uganda have suggested 
that other non-Burkitt, non-Hodgkin’s lymphomas may also be 
related to malaria endemicity.169,171

Chromosomal abnormalities

Central to the evolution of BL, is amplifi cation of the cellular 
oncogene, or so called proto-oncogene, c-myc, which is normally 
located on the long arm of chromosome 8 (8 q24). Manolov and 
Manolova fi rst reported a characteristic chromosome abnormality 
in BL in 1972. Part of the long arm of chromosome 8 was trans-
located to the long arm of chromosome 14, i.e. t (8 : 14).172 Some 
90% of BL tumours have this translocation, which always involves 
the same bands of the two chromosomes, namely band q24 of 
chromosome 8 and band q32 of chromosome 14. The remaining 
10% of BL tumours exhibited two variant translocations: a recip-
rocal translocation involving q24 of 8 with either band p11 of 
chromosome 2 or band q11 of chromosome 22, i.e. t (2 : 8), or t 
(8 : 22). These translocations were observed in all BL tumours 
irrespective of EBV genome status and whether they were endemic 
or non-endemic.

Tumour suppressor gene p53

The p53 gene is a recessive oncogene, also termed a tumour sup-
pressor gene, or so-called anti-oncogene. It is located on the short 
arm of chromosome 17 (17p13), and is inactivated by deletion 
and/or point mutation in most solid tumours.173 The p53 gene 
encodes for a 53 kilo dalton (kD) nuclear phosphoprotein 
involved in negative regulation of cell proliferation by promoting 
apoptotic cell death. The abnormal, inactive, overexpressed, 
mutant form in cancers has a long half-life, and unlike the native 
form, with a short half-life, may be detected immunohistochemi-
cally. The role of p53 in tumours has been reviewed.174 In endemic 
and sporadic BL as well as L3 ALL (Burkitt’s acute lymphoblastic 
leukaemia) p53 mutation has been identifi ed in the great majority 
of cases.175

Although p53 mutation is associated with features of poor 
prognosis, e.g. large tumour burden, low response to intensive 
chemotherapy and short survival in other haematological malig-
nancies, notably acute myeloid leukaemia and myelodysplastic 
syndrome, this does not seem to be the case with either BL or 
L3ALL.176

Clinical features

Endemic BL presents usually with jaw swelling (75%), abdominal 
swelling (60%) and central nervous system involvement (30%). 
Patients with jaw swellings generally present with maxillary 
involvement more commonly than mandibular tumour. Maxil-
lary tumours often spread upwards to involve the orbit (Figure 
35.9). Bilateral maxillary tumour is common. Bilateral mandibu-
lar disease is rare unless all four quadrants are involved. Patients 
present complaining of loose teeth, and a lateral oblique radio-
graph of the jaw reveals loss of lamina dura. Abdominal swelling 
is a presenting feature in about 60% of patients, usually more so 
in females than in males. Almost any organ within the abdomen 
can and does get involved in the tumorous process and often 
malignant ascites is an accompanying feature. Central nervous 
system involvement is seen in about 30% of patients at presenta-
tion. This may be either as cranial nerve palsy (III, VI, VII com-
monly) or paraplegia or just malignant CSF pleocytosis alone. The 
peak age at presentation is 4–9 years. The tumour is unseen below 
1 year, <1% under 2 years and peaks from 4 to 9 years, and then 
falls off such that <5% of patients are over 15 years of age.

The diagnosis of BL is often evident because of the clinical 
presentation in a child from an endemic area. However, histo-
logical confi rmation must always be sought as other tumours, 
notably embryonal rhabdomyosarcoma, neuroblastoma, lympho-
blastic lymphoma and Wilms’ tumour, may all mimic BL. Histo-
logically the classical ‘starry sky’ picture (Figure 35.10) is suggestive 
of BL and is due to the presence of large numbers of phagocytic 
macrophages among tumour cells.

Figure 35.9 Burkitt’s lymphoma. Jaw tumour.
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Staging

The staging system recommended by WHO for BL is based on the 
Murphy system.166

Cell kinetics

BL is a very rapidly growing tumour. It is the fastest-growing 
tumour in man and has been referred to as the human equivalent 
of the L1210 mouse model. It has a growth fraction of 100%, 
mean cell cycle time of 26 h and observed volume doubling time 
of 2.8 days. The cellular proliferation index, as assessed immuno-
histologically by Ki 67 (Mib 1) immunostaining, approaches 
100%.166 This is histologically helpful in distinguishing BL from 
other high-grade non-Hodgkin lymphomas.166

Management

Because of the peculiar cell kinetics, BL is extremely responsive to 
drug therapy and is one of the early tumours noted to be curable 
by drugs alone. However, the management of this tumour requires 
a multidisciplinary approach. The role of surgery includes biopsy 
for diagnosis, spinal cord decompression and insertion of an 
Ommaya reservoir, but, most importantly, debulking. BL is one 
of the tumours where debulk surgery has been clearly shown to 
be benefi cial.177 An attempt should be made by the surgeon to 
remove as much tumour (>90%) as possible. In case of bilateral 
ovarian involvement, this means bilateral oophorectomy. Patients 
who have had >90% of their tumour taken out surgically have a 
survival advantage equal to those with early stage I or A disease. 
If the surgeon cannot remove suffi cient tumour, removal of less 
tumour does not infl uence prognosis. BL is a radiosensitive tumour 
but because of its peculiar rapid growth conventional radiother-
apy is ineffective as the tumour regrows between each day’s 

therapy. This problem is circumvented by superfractionation of 
each day’s dose of irradiation into three treatments given 4 h 
apart. Such an approach is not practical in a busy radiotherapy 
department. However, prophylactic craniospinal irradiation failed 
to show any value in preventing or delaying central nervous 
system relapse.178

The treatment of choice for BL is chemotherapy. The single 
most effective agent is cyclophosphamide. Although single-agent 
cyclophosphamide is as effective as a three-drug combination 
consisting of cyclophosphamide, vincristine and methotrexate 
(COM), the combination is superior in preventing systemic 
relapse.179 All in all about 80% of patients achieve complete 
tumour regression, 10% partial response. About 50% will relapse: 
those who relapse early, within 3 months, do poorly, while those 
who relapse late, after 3 months, respond well even to initial 
induction agents.180 Patients remaining relapse-free after 1 year 
can be considered cured and the overall relapse-free survival at 10 
years is 35–50%.181

Prevention

Epstein et al.182 developed an EBV vaccine using the high molecu-
lar weight glycoprotein component of EBV membrane antigen. 
This vaccine conferred 100% protection against a lymphomagenic 
dose of EBV in the cotton-top tamarind (a South American mar-
moset). Further developments will hopefully yield safe vaccines 
capable of preventing infectious mononucleosis, and then BL and 
nasopharyngeal carcinoma183 (vide infra). These may have a 
potential therapeutic role.193

NASOPHARYNGEAL CARCINOMA

Incidence and geographical distribution

Nasopharyngeal carcinoma (NPC) is an uncommon tumour in 
the white populations of Europe and North America, with an ASR 
of 1/100 000 population, but has long been recognized as an 
important problem in parts of the Far East, particularly southern 
China. In regions which have a high incidence the tumours are 
poorly differentiated, non-keratinizing squamous cell carcinomas 
and often show a heavy infi ltration with lymphocytes and other 
infl ammatory cells. This feature gave rise to the old term ‘lympho-
epithelioma’. These tumours appear to be aetiologically distinct 
from the well-differentiated squamous cell carcinomas that may 
occur anywhere in old people. The highest incidence rates are 
found in the southern provinces of China, particularly around 
Guandong, and in Hong Kong and Singapore, where rates of 
between 12 and 26/100 000 are recorded. There is also a high 
incidence in the Chinese population of Malaysia, Thailand, Indo-
nesia and Hawaii. NPC is some 20 times more common in 
the Chinese population of Malaysia than in Indians living there. 
The incidence of NPC in South-east Asia is directly related to the 
degree of inbreeding within the immigrant populations from 
southern China.

Regions of intermediate frequency (from 1.5 to 9/100 000 a 
year) are found in several parts of Africa; these include the high-
land areas of Kenya, and parts of the Sudan, Tunisia, Morocco and 
Algeria. In some of these countries the age distribution of the 

Figure 35.10 Burkitt’s lymphoma. ‘Starry sky’ picture.
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tumour shows two peaks, with the fi rst occurring between 10 and 
20 years.

Aetiology

The high incidence of NPC in peoples of southern Chinese descent 
who live in different environments, often contrasting with a low 
incidence in neighbouring ethnic groups, is suggestive of a genetic 
factor. HLA-typing has shown that Cantonese Chinese with A2, 
B17, BW46 haplotypes have an increased risk of developing 
NPC.

Epstein–Barr virus

Clinical disorders associated with EBV, as previously stated, 
include infectious mononucleosis, endemic BL and NPC, among 
other conditions. In infectious mononucleosis both IgG and IgM 
antibodies directed at the VCA are detected. Nuclear antigen anti-
bodies are absent as these develop 2–6 months after initial infec-
tion. The relationship between NPC and EBV was postulated on 
the basis of the fi nding of antibodies to EBV in the serum and the 
identifi cation of viral genomes by in situ hybridization of epithe-
lial tumour cells.184 In NPC IgG specifi c to EBV EA is often present 
as well as the IgA directed against VCA. These antibodies precede 
the appearance of the tumour and serve as a prognostic indicator 
of remission and relapse. Recently, plasma EBV DNA monitoring 
has been suggested as a tumour marker.185 There is a correlation 
with the histological classifi cation (Table 35.5), with the keratin-
izing squamous cell type (type I) having a much lower incidence 
of positive antibodies than the non-keratinizing or undifferenti-
ated types.

EBV receptors have been demonstrated on, and virus binding 
to, the surface of oropharyngeal epithelial cells. Regardless of 
whether a patient with NPC lives in an area of endemic or spo-
radic incidence, the tumours contain EBV DNA.186 Preinvasive 
lesions of NPC, including dysplasia and carcinoma in situ, are 
infected with EBV. The EBV is clonal, indicating that the lesions 
represent a focal cellular growth, which arose from a single cell 
infected with EBV. EBV infection appears to be an early and pos-
sibly an initiating event in the pathogenesis of NPC. The detection 
of EBV-transforming gene in all the neoplastic cells suggests that 
its expression is essential for the preinvasive epithelial prolifera-
tion associated with NPC.187

Dietary factors

It has been observed that ethnic differences in similar geographi-
cal regions (e.g. southern China) are associated with marked 
variations in the frequency of NPC and that these differences may 
be related to dietary habits. Evidence of the causative role of salted 
fi sh, especially if it is consumed early in life, has been postulated. 
Relatively high levels of nitrosamines have been identifi ed in Can-
tonese salted fi sh and extracts have been shown to activate EBV in 
Raji cells (a BL cell line) in vitro.188

Clinical features

The diagnosis of NPC is often diffi cult because the nasopharynx 
is hard to visualize and the primary lesion tends to infi ltrate sub-
mucosally and can easily be missed in a superfi cial biopsy.

Many cases of NPC are diagnosed late or remain undiagnosed 
until they present with clinical nodes without an obvious primary 
site.189,190 The majority of patients seen with NPC in East Africa 
present with enlarged, often massive, cervical lymph nodes which 
may be mistaken for tuberculosis or malignant lymphoma (Figure 
35.11). In some instances lymphadenopathy is a late phenome-
non and such patients have, in addition, multiple cranial nerve 
palsies and pain due to tumour extension through the base of the 
skull. A small percentage (about 5%) present only with cranial 
nerve palsies. Because of the location of the primary tumour 

Nasopharyngeal Carcinoma

Table 35.5 World Health Organization classifi cation of 
nasopharyngeal carcinoma and EBV antibodies

Classifi cation EBV ANTIBODIES
IgG EA (%) IgA VCA (%)

Type I Keratinizing 
squamous cell

35 16

Type II Non-keratinizing 
squamous cell

94 84

Type III Undifferentiated 
carcinoma

83 89

Figure 35.11 Nasopharyngeal carcinoma with massive cervical 
lymphadenopathy. (Courtesy of M. A. O. Malik.)
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patients may present with blockage of the Eustachian tube, causing 
otitis media. Thus any adult with persistent or recurrent otitis 
media should be suspected of having NPC. Less frequently patients 
may present with nasal blockage or epistaxis. Serological diagno-
sis of NPC is proving promising.191,192

Management

Radiotherapy is the primary treatment of NPC regardless of the 
stage. The recommended dose is 6500–7000 cGy delivered to a 
port encompassing the nasopharynx as well as the base of the 
skull. Often a boost to the nasopharynx is considered, using intra-
cavitary implants. Surgery plays a limited role and is usually 
reserved for salvage therapy of residual cervical nodal disease. 
Several cytotoxic agents show activity in NPC. These include meth-
otrexate, bleomycin, 5-fl uorouracil, doxorubicin, cisplatin and 
vinblastine. Combination chemotherapy has often been given in 
sequential fashion with radiotherapy. Concurrent chemoradio-
therapy applying radiosensitizers, cisplatin and 5-fl uorouracil is 
now better established, in the management of non-Asian patients 
with the disease.

In most tropical areas, mortality from NPC is high because 
patients present at a very advanced disease stage and most do not 
have access to radiotherapy facilities. Whenever possible, focus 
should be placed on prevention.

Prevention

Mirror and endoscopic examination, and serological screening 
should be considered for high-risk populations.

Prevention should also focus on dietary education. The pros-
pect for vaccination is in sight. It has been suggested that a com-
bined vaccine to both EBV associated Hodgkin’s disease and 
nasopharyngeal carcinoma may be the path to follow, as preven-
tion of Hodgkin’s lymphoma will have more commercial appeal.192 
Duraiswamy and colleagues have developed an experimental 
polyepitope vaccine for EBV-associated Hodgkin’s lymphoma, 
and nasopharyngeal carcinoma.193

ORAL AND OROPHARYNGEAL CARCINOMA

Incidence and geographical distribution

Mouth cancer is the most common cancer in South-east Asia, 
home to one-fi fth of the world’s population. Squamous cell car-
cinoma of the mucosa of the oral cavity and oropharynx is a 
tumour whose incidence is closely related to particular cultural 
habits. There is a high incidence in most of the populations of the 
Indian subcontinent and in peoples of Indian extraction living 
in other countries of the Far East, such as Singapore, Sri Lanka, 
Thailand and Vietnam. These types of cancer account for nearly 
50% of cancer patients registered at the Tata Memorial Hospital 
in Bombay, and incidence rates of over 20/100 000 have been 
recorded in some districts of India. In Malaysia, these tumours 
account for 30% of all malignancies, and in Sri Lanka and India, 
approximately 35–40% of all cancers occur in the oral cavity, 
compared with only 2–3% in the UK and USA.

Aetiology

A high incidence of oropharyngeal tumour is related to the cul-
tural practice of chewing betel quid and, less frequently, to 
smoking locally made cheroots called bidi. Betel quid consists of 
the young leaf of betel vine (Piper betel) mixed with slices of areca 
nut and varying quantities of slaked lime. Tobacco and spices are 
often added to this mixture. The resultant quid is held for long 
periods of time in the buccal sulcus. The development of squa-
mous cell carcinoma is usually preceded by the development of 
precancerous leucoplastic changes in the oral epithelium. A high 
alcohol intake, vitamin A defi ciency, dental caries and sepsis may 
be contributory factors in some patients. There is confl icting evi-
dence as to the relative roles of tobacco and other constituents of 
the quid in the development of cancer.

Prevention and management

Oral pre-cancer and cancer meet the essential requirements of a 
screening programme. Up to 15 years may elapse before lesions 
in the mouth turn cancerous. Various studies in India have indi-
cated a high prevalence of oral premalignant lesions. These are 
leucoplakia and oral submucous fi brosis. If these lesions, which 
are the fi rst signs of danger, are detected in suffi cient time for 
treatment, the disease is curable through surgery and radio-
therapy. Unfortunately, most patients seek medical attention only 
when they are in pain, which is a late symptom, and therefore too 
late for any therapy but pain relief.

In a study using primary healthcare workers in Sri Lanka, it was 
demonstrated that the pre-cancerous lesions can be detected by 
this category of workers.196 This approach has been found to be 
reliable and pragmatic, and since these primary healthcare workers 
outnumber dentists by a ratio of 10 : 1, they may give a lead on 
how to approach other cancers in remote populous tropical envi-
ronments. Any improvement in general nutrition, particularly an 
adequate intake of vitamins, trace elements and animal protein, 
is likely to reduce the incidence in high-risk populations. Reduc-
tion of alcohol intake, and particularly tobacco consumption, 
should also be encouraged. Novel agents to target various growth 
factor receptor kinases, tyrosine kinase and serine/threonine 
kinase, which are major components of cell signalling pathways 
offer promise. Imatinib (Glivec), is the prime example of a drug 
of this class. Newer agents to treat oral cancer include ZD 1839 
(Iressa), and erlotinib (Tarceva). Soulieres and colleagues report 
prolonged disease stabilization in a large group of patients 
with advanced head and neck cancer, treated with erlotinib.194 
Evaluation and staging of oral cancer has been suggested by 
Broumand and colleagues.195 Preventative strategies are outlined 
by Kuriakose and Sharan.196

CARCINOMA OF THE URINARY BLADDER

Incidence and geographical distribution

Bladder cancer is the sixth most common form of cancer in the 
developed world (see Table 35.1), with an age-standardized rate 
of approximately 25/100 000. The majority of tumours are transi-
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tional cell carcinoma (TCC) in histological type and over 75% 
occur in elderly men. Within most of the tropics the rates are low 
for TCC, but in parts of east, central and southern Africa, Egypt 
and the Sudan and some regions of the Middle East rates are high 
for bladder cancer, of predominantly squamous cell carcinoma 
(SCC) type. In Bulawayo, Zimbabwe, for example, they are 17.9 
and 9.5/100 000 in men and women, respectively101.

Aetiology

The geographical distribution of high-incidence bladder cancer in 
the tropics parallels that of Schistosoma haematobium infection, an 
association that was fi rst noted by Fergusson in Egypt in 1911. 
The aetiology, and natural history of squamous cell carcinoma of 
the urinary bladder has been reviewed by El Sebaie et al.197 A 
clinicopathologic analysis of a large series of bladder squamous 
cell carcinoma has been reported by Lagwinski et al.198 Estimated 
incidence rates in different districts and regions of east and central 
Africa show a close relationship between the prevalence and inten-
sity of S. haematobium infection and high rates of bladder 
cancer.3

The mechanisms of carcinogenesis are uncertain. Heavy, 
chronic infection with S. haematobium leads to infl ammation, 
fi brosis and calcifi cation of the bladder with impairment of func-
tion and inadequate emptying. This predisposes to recurrent, 
mixed bacterial infections. In such patients, carcinogenic nitrosa-
mines, which are formed from excreted nitrates, and nitrites have 
been detected.199 It is thought that these substances acting on 
hyperplastic and metaplastic epithelium give rise to the character-
istic squamous cell carcinomas. Lozano has demonstrated ampli-
fi cation of DNA Schistosoma-specifi c gene copy number by gene 
profi ling, associated with bladder SCC in contrast to TCC.200

Human papilloma virus (HPV) infection has been suggested 
as being a co-player in vesical SCC, but a study from Egypt 
refutes this.201

Clinical features

Schistosomal bladder cancer occurs mostly in young individuals. 
It is commonly a well-differentiated squamous cell carcinoma and 
has less tendency to spread via the bloodstream and lymphatics. 
The mean age at presentation is about 45 years and in Egypt about 
75% of the victims are under 50 years of age. It is rarely observed 
in the under-20 age group. This is in contradiction to non-
 schistosomal bladder cancer, where the mean age is about 65 years 
and <10% are under 50 years of age. The male to female ratio for 
schistosomal bladder cancer is 4–5 : 1. The male preponderance 
may be related to increased male exposure to schistosomal infec-
tion. Unfortunately the cardinal early sign of bladder cancer (pain-
less terminal haematuria) is often ignored in schistosomal endemic 
areas as most of the populace will have had haematuria since 
childhood. For this and other reasons, the great majority of the 
cases present very late with symptoms of cystitis and obstructive 
uropathy. A plain radiograph of the abdomen may reveal a calci-
fi ed outline of the urinary bladder. Cystoscopy and biopsy estab-
lishes the diagnosis. In centres such as the Cairo Cancer Institute, 
where investigators are experienced, urine cytology provides a 
fairly accurate diagnosis. Biopsy is still necessary to confi rm the 

diagnosis, although ‘aggressive biopsy’ to determine the depth of 
tumour muscle invasion may cause perforation because of the 
advanced nature of most cases. Pre-staging work-up should include 
history and physical examination, urinalysis for cytology, and 
urine examination, to identify schistosomal eggs and malignant 
cells, and a plain radiograph of the abdomen. Urography should 
be followed by bimanual examination under anaesthesia. Cystos-
copy and biopsy are essential. The currently recommended staging 
system is the TNM staging advocated by the International Union 
Against Cancer (UICC), for bladder cancer, including squamous 
cell carcinoma. This is a modifi cation of the Jewiit Strong Marshall 
scheme.

Management

Radical surgery is the only curative treatment modality. However, 
radical cystectomy is associated with postoperative morbidity 
and mortality as high as 15–30% in some series. Adjuvant radio-
therapy has been used postoperatively to prevent or delay recur-
rence. Radiotherapy as the sole treatment modality has been 
disappointing. This may be due to the massive tumour bulk asso-
ciated with fi brosis and bacterial infection. Effective single cyto-
toxic agents include cisplatin, bleomycin, gemcitabine and 
methotrexate. The effi cacy of combination chemotherapy or con-
current chemoradiotherapy has yet to be demonstrated. Unfortu-
nately, most studies are patients with transitional cell carcinoma 
and the results cannot be extrapolated to include squamous cell 
carcinomas.

Prevention

The prevention of bladder cancer in those regions where schisto-
somiasis is endemic is dependent on effective schistosomal 
control. There is a minimum of 20 years lag period between infec-
tion and the development of bladder cancer. Schistosomal bladder 
cancer should therefore be amenable to screening. Screening has 
been advocated for high-risk populations in Egypt. Before such a 
practice is embarked upon on a wide scale, its cost-effectiveness 
needs to be carefully evaluated.
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Section 5 Environmental/Genetic Disorders

Chapter 36 Ayesha A. Motala and Fraser J. Pirie

Diabetes in the Tropics

Diabetes mellitus (diabetes) is a global disease but its prevalence 
varies greatly. The introduction of standardized diagnostic criteria 
for glucose tolerance in the 1980s by the National Diabetes Data 
Group (NDDG)1 and the World Health Organization (WHO),2,3 
allowed for assessment and comparison of current and projected 
estimates on a global level.4–7

The revised classifi cation of diabetes by the American Diabetes 
Association8 and WHO9,10 encompasses three clinical stages 
of glycaemia (normoglycaemia, impaired glucose regulation 
(impaired glucose tolerance, impaired fasting glucose) and diabe-
tes) and four aetiological types of diabetes (type 1, type 2, gesta-
tional and other specifi c types).

By far the most common forms of diabetes globally are type 1 
and type 2, accounting for 5–10% and 90–95%, respectively 
(Tables 36.1, 36.2).8 Other forms of diabetes encountered in 
the tropics include malnutrition-modulated diabetes mellitus 
(MMDM), tropical chronic pancreatitis and ketosis-prone type 2 
diabetes mellitus.8–13

Recent estimates of the International Diabetes Federation14 
indicate that worldwide there are 246 million people with dia-
betes in 2007 and this is projected to increase by 55%, to 380 
million in 2025; the corresponding prevalence rates are 6% 
(2007) with a 23% increase to 7.3% in 2025. The greatest pro-
portional increases are estimated to occur in developing regions 
of the world including Africa, South-east Asia, South and Central 
America, Eastern Mediterranean and the Middle Eastern Crescent, 
in the order of 73–102%. Such increases are due in part to the 
projected increase in the urban and ageing populations in these 
regions.

The epidemiology and pathogenesis of each type of diabetes 
will be discussed, with emphasis on the pattern of disease in 
tropical countries.

TYPE 1 DIABETES

Type 1 diabetes, a chronic immune-mediated disease associated 
with selective pancreatic beta cell destruction, is regarded as a 
condition predominantly affecting young people in the developed 
world and it is clear that the highest incidence rates are found in 
Europe and North America. The epidemiology of type 1 diabetes 
in many tropical countries is unknown and in these countries, 

additional health issues, including HIV infection, tuberculosis and 
malaria, coupled with high infant mortality, frequently over-
shadow less common diseases, such as type 1 diabetes.15

The WHO DIAMOND project reported the epidemiology 
of type 1 diabetes in children ≤14 years of age, worldwide, over a 
10-year period (1990–1999).16 Although data from the developed 
world were extensive, there was limited information from much 
of the developing world, including the tropics. Except for Central 
America and the West Indies, the DIAMOND study showed a 
steady increase in incidence of type 1 diabetes. In Africa, epide-
miologic data on type 1 diabetes were available for a number of 
North African countries, but no sub-Saharan countries were rep-
resented. In North Africa, type 1 diabetes has an intermediate 
incidence (5–9.99/100 000/year). Incidence rates are low (1–
4.99/100 000/year) in China, Japan, Pakistan and South Korea. In 
Central America and the West Indies, incidence of type 1 diabetes 
is highest in Puerto Rico (16.8/100 000/year) and lowest in Bar-
bados (2.0/100 000/year). Annual change in incidence fell by 
46.1% in Dominica – more than in any other country included 
in the DIAMOND study. In South America, incidence rates 
varied from low in Venezuela, to high (10–19.99/100 000/year) 
in Argentina. This is in sharp contrast with incidence rates from 
Europe and North America and in particular with those from 
Finland (40.9/100 000/year), Sardinia (37.8/100 000/year), 
Sweden (30.0/100 000/year) and Canada (24.5/100 000/year). In 
the majority of countries in Europe and North America, the inci-
dence of type 1 diabetes is high to very high (≥ 20/100 000/year) 
and annual incidence rates are increasing.16

Type 1 diabetes develops as a consequence of immune-medi-
ated destruction of the pancreatic beta cells by CD4+ and CD8+ 
T-lymphocytes and macrophages.17 There is considerable evidence 
that type 1 diabetes develops in association with genetic suscep-
tibility, principally encoded by the human leucocyte antigen 
(HLA) system on chromosome 6p21 (Figure 36.1).18 It is esti-
mated that approximately half of the genetic risk for type 1 dia-
betes resides in the highly polymorphic HLA system.17 In high risk 
populations, HLA risk is conferred by DR4-DQ8 and DR3-DQ2 
haplotypes.19 Additional genetic loci associated with type 1 diabe-
tes include the CTLA4 gene at 2q33, the variable number tandem 
repeat (VNTR) sequence of the insulin gene at 11p15 and the 
lymphoid specifi c tyrosine phosphatase (PTPN22) locus at 
1p13.20
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remains before the full characterization of type 1 diabetes in these 
populations is achieved.

Studies from sub-Saharan Africa have shown that type 1 
diabetes HLA risk alleles and haplotypes are, in general, similar 
to those in populations in the developed world. In South 
African Zulu subjects type 1 diabetes is associated with HLA 
DQB*0302, DRB1*09, DRB1*0301, DQA*03 and DQB*02 alleles 
and DRB1*0301-DQA*0501, DRB1*04-DQA*03, DRB1*04-
DQB*0302, DRB1*0301-DQB*0201, DQA*0501-DQB*0201 and 
DQA*03-DQB*0302 haplotypes.22 Similar results have been found 
in Zimbabwean Shona subjects.23 In Cameroon, DQB*0201, 
DRB1*0301 and DQA*0301 are associated with type 1 diabetes 
but not DQB*0302.24 In Puerto Rico, DPB1*0301 has been shown 
to be associated with type 1 diabetes, with similar results found 
in Mexican Americans and Caucasians.25 Very few studies have 
addressed the role of other genetic loci in conferring susceptibility 
to type 1 diabetes in populations in the tropics.

Autoantibodies have been studied in a number of populations 
from developing countries in tropical regions. In subjects with 
type 1 diabetes in South Africa, antibodies to GAD65 have been 
reported to occur with a prevalence of 31.8% and to IA-2 with a 
prevalence of 13.3%.26 In Cameroon, GAD65 antibodies are found 
in 34% and antibodies to IA-2 in 6.4% of affected subjects.27 In 
Northern India, 22.4% of subjects with type 1 diabetes and mean 
disease duration of 5.5 ± 6.0 years were positive for both GAD65 
and IA-2 antibodies. Only 14.2% were positive for GAD65 alone.28 
In Brazil, GAD65 antibodies were found in 80% and IA-2 antibod-
ies in 62.9% of subjects with short duration type 1 diabetes.29 It 
therefore appears that the prevalence of antibodies to GAD65 and 
IA2 in type 1 diabetes is usually, but not uniformly, lower than 
that reported from developed nations. It is not clear if this repre-
sents a difference in patient selection, disease duration at the time 
of testing, or a real difference within different populations.

As with the developed countries, there are no clear indications, 
in populations residing in tropical countries, as to the identity of 
possible environmental precipitants of type 1 diabetes and very 
few studies have addressed this issue. The wide disparity in living 
conditions between populations resident in the tropics and those 
in the developed world, argues against common environmental 
precipitants and promoters.

TYPE 2 DIABETES

Type 2 diabetes is the most common form encountered globally. 
Four major pathogenic disturbances are implicated in the devel-
opment of overt (fasting) hyperglycaemia: a variety of genetic 
and acquired (including obesity, physical inactivity) factors 

Table 36.1 Worldwide prevalence of type 1 diabetes

Country Prevalence per 1000
Finland 2.2

USA 1.0

UK 0.7

France 0.24

India 0.06–0.7a

China 0.09

Japan 0.03

Tropical Africa 0.03b

a The range given refl ects regional differences in prevalence rates in India.
b Accurate prevalence fi gures not yet available for tropical Africa; the fi gure 
given is a realistic estimate based on available data.

Table 36.2 Prevalence of type 2 diabetes in 
different populations

Population Prevalence (%)

WHITE CAUCASIAN

Europe 2

USA 4

ASIAN

South India 6

North India 1.2

UK 12

South Africa 20

Tanzania 7

AFRO-CARIBBEAN

Tanzania 1.1

Nigeria 1.4

USA 5

OTHERS

Mauritius 10

Pima Indians (USA) 50

Micronesians (Naura) 50

Clinical expression of genetic risk requires environmental 
factors and the steady rise in incidence of type 1 diabetes in 
Europe can only be explained by an increasing or an altering 
environmental infl uence, the identity of which remains unknown.21 
It has been known for many years that markers of the immune 
attack are specifi c autoantibodies. Antibodies directed at insulin, 
glutamic acid decarboxylase (GAD) 65 and protein tyrosine 
phosphatase-like molecule (IA-2) are measurable markers of the 
autoimmune process and also serve to identify individuals at 
increased risk of developing type 1 diabetes.17

The available data suggest that type 1 diabetes in tropical coun-
tries has a genetic and humoral immune profi le broadly similar 
to that described in Europe and North America, but much work 

Figure 36.1 Simplifi ed diagram of the HLA system on 
chromosome 6.
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affect both insulin secretion leading to pancreatic beta cell dys-
function and insulin action leading to insulin resistance: (i) the 
reduced insulin secretion decreases insulin signalling in its target 
tissues (liver, muscle and adipose tissue) leading to (ii) increased 
hepatic glucose output, (iii) decreased peripheral glucose uptake, 
and (iv) reduced suppression of lipolysis, with resultant hyper-
glycaemia and increased circulating free fatty acids characteristic 
of type 2 diabetes; these, in turn, will feed back to worsen both 
the insulin secretion and resistance, i.e. glucotoxicity, and lipo-
toxicity and the resultant ‘disharmonious quartet’ involved in 
pathogenesis.30,31

Until the 1960s, diabetes was considered to be rare in sub-
Saharan Africa (SSA); however, over the past few decades it has 
emerged as an important medical problem. Studies done in 
Africa prior to the 1980s suggested low diabetes prevalence, 
between 0 and 1%.32,33 Using standardized 1985 WHO criteria, 
studies show variable prevalence, with low rates (<3%) in 
both urban and rural communities in West and East Africa; by 
contrast, moderate rates (3–10%) are reported in rural, semi-
urban and urban communities in South Africa, Tunisia and in 
African-origin populations in Sudan, comparable with rates in 
developed countries; high prevalence (>10%) is reported in urban 
Egyptians and populations of mixed Egyptian ancestry in North-
ern Sudan.33

Using the recent ADA8,34 and WHO9,10 criteria, diabetes preva-
lence is low in rural communities in Tanzania35 with moderate 
rates in urban Tanzanians, urban and rural Ghanians36 and rural 
South Africans.14

In most studies, diabetes prevalence is higher in urban com-
munities, especially striking in Egypt and Tanzania, where urban 
rates are 2–5-fold higher than rural rates.33,35

Studies from Tanzania and South Africa show that diabetes 
prevalence is lower in the indigenous African population than 
in migrant Asian groups (African vs Asian, 5.3 vs 13.1% in 
Durban, South Africa; 1.1 vs 9.1/7.1% in Dar-es-Salaam, Tanza-
nia) and when compared with a community of mixed ancestry 
(Khoi-East Indian-Europid, 8 vs 10% in the Cape Province, South 
Africa).33,37–40

The impact of environmental infl uences in populations of 
similar genetic origin has been confi rmed in studies which showed 
that diabetes rates are lower in native African populations from 
Nigeria and Cameroon than in populations of West African origin 
in the Caribbean, UK and USA.33

Although global estimates reported a male excess for sub-
Saharan Africa (SSA),6 gender distribution varies widely both 
between and within countries. As in other regions of the world, 
diabetes prevalence increases with age, both in men and women, 
with peak prevalence in the 45–64 year or >65 year age group and 
age is a signifi cant risk factor for diabetes.33

Several African studies have examined and confi rmed the asso-
ciation between diabetes prevalence and measures of adiposity, 
including body mass index (BMI) (total body obesity), waist 
circumference (WC) and waist–hip ratio (WHR) (upper body/
abdominal obesity).33 Diabetes prevalence increases with higher 
BMI, WHR and WC; mean BMI, WHR and WC are higher in sub-
jects with diabetes; BMI/total body obesity and WHR/abdominal 
obesity are independent risk factors for diabetes.33,35A positive 
family history of diabetes is a signifi cant association in some 
studies.33

Although physical activity was not found to be an independent 
risk factor for diabetes in studies in which it was examined, there 
is an inverse relationship between physical activity and diabetes 
in some populations.33,35

Studies in urban Tanzania provide evidence for an increase in 
diabetes prevalence, from 2.3% in the 1980s to 4.4% in 1996; in 
the age group 35–54 years, there is a three-fold increase in men, 
from 3.3% to 9.9% and a seven-fold increase in women, from 
0.9–6.8%.33,35,41

In SSA, chronic disease, such as diabetes, receives low priority, 
due in part to misconceptions that the adult population will be 
decimated by HIV/AIDS and that few will live long enough to 
develop chronic diseases. A recent report on the estimated impact 
of HIV/AIDS on projected patient load for the years 1995 and 2010 
showed that the total number of people with diabetes will increase 
regardless of the expected impact of HIV/AIDS or the change in 
the prevalence of diabetes.42

There are no published reports of longitudinal African studies 
which have examined the incidence of diabetes or natural history 
of intermediate stages of glucose tolerance (IGT/IFG) and there is 
a dearth of data on the impact of dietary and genetic factors and 
the role of insulin from population studies.

For India, earlier studies also reported low diabetes prevalence 
(1.2–3%) in both urban and rural communities.43 Studies between 
1971 and 2004 show that the prevalence in India is rising rapidly 
especially in urban populations, with a 10-fold increase (from 
1.2% to 12.1%), both in national44 and regional urban surveys.43 
In a recent national survey,45 overall diabetes prevalence was 
4.3%, with higher rates in urban (5.6%) than rural (2.7%) com-
munities. Reports from South India show that between 1989 and 
2003, there has been a three-fold increase (from 2.4% to 6.4%) 
even in rural communities46; important contributors include an 
increase in family income, educational status, motorized tran-
sport and a shift in occupational structure, i.e. socioeconomic 
transition.

Whereas onset is rare below age 40 years in the Western world, 
diabetes in Asian Indians appears at least 10–15 years earlier, with 
some reports of age of onset <50 years in up to 50%.47

The risk of diabetes starts at lower levels of BMI than in the 
Western world and increases with small weight changes at a BMI 
>22 kg/m2. Cut-off values for healthy BMI in Indians are <23 kg/
m2 vs <25 kg/m2 in Europids, as is normal WC: 85 cm in men and 
80 cm in women vs 94 and 80 cm, respectively, in Europids; also, 
abdominal obesity is reported to occur even at lean BMI values.48 
In Indians, central obesity shows a stronger association with 
diabetes than total body obesity.44 The excess visceral body fat 
and low muscle mass, even in the non-obese, may explain the 
high prevalence of hyperinsulinaemia and insulin resistance and 
high risk of type 2 diabetes in Asian Indians.48,49

KETOSIS-PRONE TYPE 2 DIABETES (KPD)

Over the past two decades, a ketosis-prone form of diabetes, which 
was initially observed in young African-Americans, has emerged 
as a new clinical entity. This syndrome of episodic diabetic 
ketoacidosis (DKA) without immunological markers of type 1 
diabetes is characterized by insulin dependence at the time of 
presentation as in type 1 diabetes, but followed by absence of 

Ketosis-prone Type 2 Diabetes (KPD)
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insulin requirements for years as observed in type 2 diabetes.13 
Such persons present with new diagnosis of DKA but have clinical, 
metabolic and immunological features of type 2 diabetes during 
follow-up.13,50

The absence of a defi ned pathophysiological mechanism led 
the ADA8 and WHO9 to classify this form as idiopathic type 1 or 
type 1B diabetes, i.e. type 1 diabetes with no known aetiologies. 
Because of the mixed features of type 1 and type 2 diabetes, this 
variant has been variously referred to as atypical diabetes, Flatbush 
diabetes, type 1.5 diabetes and more recently, ketosis-prone type 
2 diabetes (KPD).13,50 It is mostly observed in African-origin 
populations, accounting for 20–50% of African-American and 
10–15% of SSA adult persons with new diagnosis of DKA, but 
has also been reported in Hispanics, Native-American, Japanese 
and Chinese.13,50

Most patients with KPD are obese, middle-aged men with a 
strong family history of type 2 diabetes, but a lack of genetic 
association with HLA and a low prevalence of autoimmune 
markers of type 1 diabetes (antibodies to islet cell (ICA) and glu-
tamic acid decarboxylase, GAD). From studies in migrants from 
SSA, mean age at diagnosis was 39.1 years, 76% were men, 75% 
had a family history of type 2 diabetes, mean BMI 24.9 kg/m2 and 
49.5% were overweight or obese.13,50,51

There is an acute initial clinical presentation of type 1 diabetes 
with severe symptomatic hyperglycaemia (polyuria, polydipsia, 
weight loss) and ketosis or ketoacidosis without a precipitating 
cause. Insulin treatment is mandatory at onset. However, after a 
few days or weeks of insulin treatment, they may enter a period 
of near normoglycaemic remission, which may last for a few 
months to several years, and may be interrupted by hyperglycae-
mic relapses. During remission, it is possible to maintain adequate 
glycaemic control without insulin.13,50,51 In SSA migrants, discon-
tinuation with subsequent remission was achieved in 76% after 
a mean of 14.3 weeks of insulin therapy; 40% did not require 
insulin 10 years after their fi rst presentation.13,50 In some studies, 
the remission period lasted less than 2 years when patients were 
treated with diet alone; however, low dose sulphonylurea and 
metformin therapy delayed the recurrence of hyperglycaemia and 
readmission for ketoacidosis.50

At presentation, they have markedly impaired insulin secretion 
and insulin action but aggressive treatment with insulin results in 
signifi cant improvement in β-cell function and insulin sensitivity, 
suffi cient to allow discontinuation of insulin therapy within a few 
months of follow-up, i.e. the β-cell dysfunction is due to transient 
functional abnormality but not irreversible β-cell damage.

The underlying mechanisms for the β-cell dysfunction are not 
known; however, preliminary evidence suggests an increased sus-
ceptibility to beta-cell desensitization due to glucose toxicity.50

In most studies, there is a lack of association with HLA suscep-
tibility alleles of type 1 diabetes.13,50 Although genetic susceptibil-
ity to KPD is likely, it is not known whether it is polygenic or 
monogenic.

Most studies have reported a low prevalence (0–18%) of auto-
immune markers of type 1 diabetes (ICA and GAD antibodies) in 
KPD.

Factors predictive of future near-normoglycaemic remission in 
adults with DKA include ethnicity (African-American, African, 
Hispanic), newly diagnosed diabetes, obesity, family history of 
diabetes, negative autoantibodies (ICA or GAD), fasting c-peptide 

levels (>0.33 nmol/L within 1 week after resolution of DKA or 
>0.5 nmol/L after 6–8 weeks of follow-up) and glucagon-stimu-
lated c-peptide (>0.5 nmol/L at presentation and >0.75 nmol/L at 
follow-up).50

MALNUTRITION, TROPICAL PANCREATITIS 
AND DIABETES

The current WHO classifi cation of diabetes no longer includes 
the clinical class of malnutrition-related diabetes mellitus 
(MRDM), which was previously sub-typed as fi brocalculous 
pancreatic diabetes (FCPD) (see chapter 10) and protein-defi -
cient pancreatic diabetes (PDPD), also referred to as protein-
defi cient diabetes mellitus (PDDM). In 1995, an international 
workshop proposed that the term MRDM be replaced by mal-
nutrition-modulated diabetes mellitus (MMDM) and that the 
previous conditions classifi ed as PDPD (PDDM) be included 
in this group.11 These conditions are distinct from FCPD, which 
appears in the current WHO classifi cation under the category 
of other specifi c types.9 FCPD is a well characterized entity 
and appears to be a consequence of tropical chronic pancre-
atitis. MMDM, however, is less clearly defi ned as a distinct 
entity and, indeed, may encompass a heterogeneous group of 
specifi c forms of diabetes in which the clinical expression is 
modulated by malnutrition.

Tropical chronic pancreatitis (TCP) is defi ned as a juvenile 
form of non-alcoholic pancreatitis, exclusive to the tropics, char-
acterized by the presence of large intraductal calcium-containing 
calculi and a high risk of development of diabetes mellitus and 
pancreatic cancer.52 Many of the data on TCP are from India, 
although the condition has been described in other areas of the 
developing world, including Nigeria, Uganda, some countries in 
South America, Thailand, Bangladesh and Sri Lanka. Although 
the clinical disease has been well described, the epidemiology of 
the condition is not well understood as most descriptions are 
clinic-based, and few population-based studies have been 
reported. In several areas of India, however, TCP is endemic.52

The onset of clinical disease is typically in young persons (the 
majority are under 40 years of age) and is characterized by recur-
rent episodes of upper abdominal pain.52 Some years later, symp-
toms of pancreatic exocrine insuffi ciency develop. Glucose 
tolerance is usually normal at the onset of clinical pancreatitis. 
Impaired glucose tolerance develops as TCP progresses and overt 
diabetes mellitus (designated FCPD at this stage) develops years 
later. In India, approximately half of a cohort of subjects with TCP 
and normal glucose tolerance at baseline developed diabetes after 
a mean follow-up of 7 years.53 In most cases, diabetes requires 
insulin therapy for glycaemic control, although there is consider-
able variability in treatment requirements, ranging from dietary 
management only, to oral anti-hyperglycaemic therapy and insulin 
regimens. A characteristic feature of both FCPD and MMDM is 
resistance to ketosis, explained on the basis of either glucagon 
defi ciency, retention of some beta cell reserve with suffi cient 
insulin secretion to prevent ketoacidosis, defi ciency of non-
esterifi ed fatty acids due to reduced subcutaneous adipose tissue, 
or carnitine defi ciency.52 Microvascular diabetes complications, 
including retinopathy, nephropathy, renal failure, peripheral 
neuropathy and autonomic neuropathy, previously considered to 
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be rare in FCPD, have been reported from a number of centres. 
Macrovascular disease, however, appears to be an uncommon 
complication of FCPD.54

Despite clear clinical and pathologic descriptions of TCP and 
FCPD, the aetiology of the condition, including the relationship 
to malnutrition, remains unknown. Some of the diffi culty in 
defi ning pathogenetic mechanisms relates to the lack of popula-
tion-based epidemiology of the disease. Although early observa-
tions described the disease occurring predominantly in poor, 
malnourished communities, more recent studies have reported 
the occurrence of TCP and FCPD in persons of normal body 
weight (even in obese individuals) and in India the majority of 
affected persons are not underweight.52 Furthermore, in many 
tropical countries where malnutrition is widespread, TCP and 
FCPD do not occur. Whether this relates to poor recognition of 
the disease or low incidence is, however, speculative without the 
support of population-based studies. This paucity of population-
based data similarly hampers the understanding of MMDM, about 
which there is very little epidemiological, clinical or pathological 
information. Indeed the existence of an aetiological relationship 
between malnutrition and diabetes has been questioned and it 
may well be that malnutrition is a consequence of unrecognized 
and poorly treated diabetes, rather than an associated pathoge-
netic factor.55

A number of environmental and genetic factors have been 
studied in regard to the pathogenesis of TCP and FCPD. Although 
previously considered an aetiological factor, cassava toxicity is no 
longer regarded as a cause of TCP and FCPD. The evidence against 
cassava is largely epidemiological, with some substantiation by 
experimental studies. Pancreatic damage by free radicals, due to 
poor availability of antioxidant micronutrients, has also been pro-
posed as a factor in the development of TCP by some authors.52,55

TCP appears to have a genetic basis and mutations in the serine 
protease inhibitor, Kazal type 1 (SPINK1) gene have been identi-
fi ed in affected subjects.55 SPINK1 mutations are associated with 
a reduced capacity to inhibit activation of trypsinogen. More 
recently, polymorphisms in the cathepsin B (CTSB) gene have 
been found in association with TCP and the possible mechanism 
involved in the induction of pancreatitis is premature activation 
of trypsinogen.56 MMDM, on the other hand, has been associated 
with polymorphisms in the MHC class 1 chain-related gene a 
(MIC-A) and with HLA DR3-DQ2, suggesting that the conditions 
are indeed separate and unrelated entities.57–59 The genetic dichot-
omy suggests that FCPD develops as a consequence of chronic 
pancreatitis and the disease susceptibility is encoded in the genes 
responsible for premature activation of trypsinogen, whereas 
MMDM has features of an immune-mediated pathogenesis. More 
work is required to clarify whether MMDM is a form of autoim-
mune type 1 diabetes, with a distinctive phenotype that is infl u-
enced by nutritional deprivation.

Complications

From WHO estimates, the global excess mortality attributable to 
diabetes for the year 2000 is 2.9 million, equivalent to 5.2% of 
world all-cause mortality and similar in magnitude to those of 
HIV/AIDS in the same year, making diabetes the 5th leading cause 
of death in the world. Of the excess deaths, 1.9 million (65.5%) 

are from developing regions of the world where 1 in 10 excess 
deaths in economically productive individuals (35–65 years) can 
be attributed to diabetes; yet diabetes is perceived as a disease of 
affl uent countries.60

The natural history and clinical course of diabetes in Africa are 
poorly understood and this is due in many instances to poor 
follow-up.61 From the limited evidence, mortality rates are unac-
ceptably high and the major contributors still include preventable 
acute metabolic complications and infective causes. Mortality rates 
of 5.0–11.8% have been reported from clinic studies and of 7.6–
41% from outcome studies; the major causes of death were diabetic 
ketoacidosis (DKA) and infection. However, reports from Ethiopia 
and South Africa indicate that there is a changing pattern, with 
renal disease accounting for 30–50% of deaths in type 1 diabetes. 
From earlier necropsy studies, most deaths were due to DKA (34–
54%) and infection was the second leading cause. However, the 
limitations of these studies were that they included mixed cohorts 
of subjects with type 1 and type 2 diabetes and varying diabetes 
duration.61 Premature mortality related to type 1 diabetes has been 
highlighted in rural Mozambique where life expectancy after the 
diagnosis is drastically reduced to only 0.6 years, whereas in urban 
Zambia, life expectancy is an estimated 27 years.63

Previous impressions that chronic complications of diabetes 
are rare in Africa are likely related to the decreased survival from 
the disease and inadequate screening.32,62,64 Clinic-based studies 
on mixed cohorts of type 1 and type 2 diabetes and varying dia-
betes duration have shown that, where examined, the prevalence 
of macrovascular disease is uncommon (peripheral vascular 
disease, 1.7–10%; angina 0.4–10.0%), hypertension is common 
(19–50%) and diabetic foot disease was reported in 0.6–36.6%. 
Regarding microvascular complications, the prevalence of reti-
nopathy ranges from 2.9–57.1 %, of nephropathy from 1.0–30.5%, 
and of neuropathy from 5.9–69.6%.32,61,63

The only population-based study, on the prevalence of micro-
vascular complications in Egyptians with type 2 diabetes, showed 
rates among subjects with known diabetes and subjects with 
newly (survey) diagnosed diabetes of 41.5% and 15.7%, respec-
tively, for retinopathy 6.7% and 6.8% for nephropathy, 21.9% and 
13.6% for neuropathy, and 0.8% for both groups for foot ulcers. 
Each of the microvascular complications was signifi cantly associ-
ated with increased blood glucose.61

Most of the data on long-duration disease in defi ned patient 
groups are from studies in type 1 diabetes; these data have shown 
rates of microvascular complications ranging from 40–50% for 
retinopathy, 20–40% for neuropathy, and 20–30% for nephropa-
thy.61 In South African Indians and Africans (Blacks) with long 
duration (>10 years) type 2 diabetes, retinopathy was found in 
64.5%, nephropathy in 25%, treatment-requiring hypertension in 
68%, abnormal serum creatinine in 25% and abnormal glomeru-
lar fi ltration rate in 42%. There was no signifi cant ethnic difference 
for the prevalence of complications except for hypertension, which 
was more prevalent in Africans (84.8%) than in Indians 
(47.4%).64

Therefore, the available data indicate that with improving sur-
vival rates and the emergence of larger African populations with 
long-duration diabetes, the prevalence of chronic complications 
will approach that seen in the developed world. What needs to be 
established though is the apparent low frequency of macrovascu-
lar disease and the high prevalence of hypertension.

Malnutrition, Tropical Pancreatitis and Diabetes
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Section 5 Environmental/Genetic Disorders

Chapter 37 Mohammed R. Essop and 
Datshana P. Naidoo

Hypertension in the Tropics

INTRODUCTION

Almost one-half of the world’s population resides in the tropics. 
Despite geographical uniformity, the region is characterized by 
much ethnic, cultural and socioeconomic diversity. Apart from 
Cuba, whose infant and adult mortality rates approximate those 
of the industrialized nations, overall mortality rates for the rest of 
the tropics are much higher. In the poorest regions of the tropics, 
much of the burden of disease is related to risk factors such as 
malnutrition, sanitation and hygiene. However, a large segment 
of the tropics characterized as lower-mortality, developing regions, 
where almost one-third of the global population live, shows a risk 
factor transition from mainly communicable diseases to those 
seen in established economies, including hypertension, hypercho-
lesterolaemia, obesity and tobacco consumption. The increase in 
global burden of disease due to these risk factors, notably heart 
failure, coronary artery disease, stroke and renal failure, has largely 
occurred as a result of huge epidemiological changes in develop-
ing countries, with migration from rural areas to the cities, changes 
in diet, cigarette smoking, sedentary habits and psychosocial 
stresses.

The impact of hypertension on the global burden of disease 
was highlighted by the Comparative Risk Assessment Collaborat-
ing Group.1 Worldwide, hypertension was the leading cause of 
death (12.78% of global mortality) and the third leading cause of 
disability-adjusted life years (64 million DALY), preceded only by 
childhood and maternal underweight (138 million DALY) and 
unsafe sex (92 million DALY). Furthermore, the global burden of 
hypertension is predicted to increase from 972 million (26.4% of 
the adult population) in 2000 to 1.56 billion in 2025 (29.2%).2 
Signifi cantly, some two-thirds of the world’s hypertensive popula-
tion belongs to the developing countries.2 Both at a global and 
regional level, hypertension presents a major public health chal-
lenge and will require an enormous effort directed at population- 
and individual-based interventions in order to stem the pandemic 
rise of cardiovascular disease.

DEFINITION AND CLASSIFICATION

The ability to measure blood pressure occurred just over 100 years 
ago with the introduction of the conventional sphygmomanom-
eter by Scipione Riva-Rocci in 1896 and later modifi ed by Nicolai 

Korotkoff in 1905. For much of the fi rst half of the twentieth 
century, elevated blood pressure was regarded to be compensatory 
and any attempt at lowering blood pressure frowned upon. Sub-
sequent attempts to defi ne the limits of normal blood pressure 
were severely hampered by lack of standardization in the tech-
nique of measurement, changes in blood pressure with age and 
geographical location, lack of consensus on the relative impor-
tance of systolic versus diastolic pressure, and, most importantly, 
the inherent biological variation of arterial pressure. Thus, physi-
cal and mental stress, and diurnal variation may result in fl uctua-
tions in blood pressure of 10–20% or more.

The current defi nition of hypertension as a blood pressure 
exceeding 140/90 mmHg is completely arbitrary, since there is a 
consistent, strong and graded relationship across the entire spec-
trum of systolic blood pressure, from levels as low as 110 mmHg, 
with several cardiovascular disease outcomes, including cardiovas-
cular death, myocardial infarction, heart failure, stroke and renal 
dysfunction.3 Furthermore, since hypertension is but one compo-
nent of a number of risk factors which often cluster in a single 
individual, the decision to initiate treatment based on a threshold 
blood pressure alone may be inappropriate. This is refl ected by 
most current guidelines on the treatment of blood pressure,4–6 
which emphasize therapy according to total calculated cardiovas-
cular risk rather than an isolated threshold blood pressure.

The classifi cation of hypertension is shown in Table 37.1.4 The 
categories of normal and high normal blood pressure have been 
combined as prehypertension in the JNC 7 classifi cation.7 The 
reasons for this include the rapid progression from prehyperten-
sion to hypertension in many patients, the higher prevalence of 
other cardiovascular risk factors in prehypertensive as compared 
with normotensive individuals, and the increased incidence of 
cardiovascular disease in prehypertensive patients.8 Isolated sys-
tolic hypertension is defi ned as a systolic pressure exceeding 
140 mmHg with a diastolic pressure lower than 90 mmHg.

EPIDEMIOLOGY

Hypertension is as much a disease of populations as of individu-
als. In addressing the problem of hypertension, therefore, we need 
to consider why in some populations the entire distribution of 
blood pressure is shifted to the right, and the separate but related 
question of why some individuals within a population have blood 
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pressure levels at the upper tail of the normal distribution (Figure 
37.1). It is accepted that the development of hypertension refl ects 
a complex and dynamic interaction between environment and 
genetic factors. Differences in genetic susceptibility probably 
account for much of the blood pressure variation within popula-
tions exposed to a broadly similar environment, whereas differ-
ences in environmental factors largely determine variation in 
blood pressure levels between populations.

Apart from several rural and very isolated communities, a strik-
ing feature that is observed to a varying extent across all popula-
tions, whether defi ned by race, geographical location or gender, 
is the increase in blood pressure with age. Further, migration 
from rural to urban environs, and from developing to established 
market economies is associated with signifi cant rises in blood 
pressure. Putative mechanisms include dietary changes with excess 
calories and obesity, increased salt and diminished potassium 
intake, physical inactivity and excess alcohol consumption.

Data on global estimates of blood pressure by age, sex and 
WHO subregions were published by Lawes et al.9 Of note, mean 
systolic blood pressures were highest for Eastern Europe, followed 
closely by countries of West Africa, with lowest levels in the South-
east Asian and Western Pacifi c regions. In terms of the prevalence 
of hypertension, defi ned as blood pressure above 140/90 mmHg, 
a similar distribution has been observed.2

Although hypertension is more frequent in economically 
developed countries (37.3%) than in developing ones (22.9%), 
the absolute number of individuals affected – and therefore the 
population attributable risk – is much higher in the developing 
nations due to their larger populations.2

RISK FACTORS FOR HYPERTENSION

Age

Advancing age is the most predictable risk factor for increasing 
blood pressure. In the age group 30–44 years, mean systolic pres-
sure is higher in males versus females. However, after 60 years, 
females tend to have higher systolic pressures than males, refl ect-
ing a steeper age–systolic pressure gradient in females.9 However, 
blood pressure during childhood does not appear to correlate with 
blood pressure later in life.

Social gradient

An emerging phenomenon in tropical countries is that people of 
middle and upper socioeconomic class tend to have higher rates 
of hypertension than poorer groups. This excess is partly due to 
greater body mass, but other factors, including physical inactivity 
and nutritional infl uences, including alcohol consumption, and a 
high-salt diet with a low intake of potassium-rich foods, may also 
be involved.10 Studies in developed societies show the opposite 
phenomenon, with an inverse relationship between social class 
and blood pressure. As urbanization and development in the 
tropics stabilize, this trend for hypertension and its complications 
to be more common in people of higher social class may reverse, 
as it did in the West about 50 years ago.

Obesity and insulin resistance

A series of abnormalities associated with insulin resistance, 
including hyperinsulinaemia, impaired glucose tolerance, obesity, 
increased plasma triglyceride levels, decreased high-density lipo-
protein (HDL) concentrations and high blood pressure, have been 
reported in studies in Britain and the USA (see also Chapter 38). 
This constellation is now widely recognized as the metabolic syn-
drome. Most of these factors are independently related to the 
development of ischaemic heart disease. Based on these consider-
ations, it has been suggested that insulin resistance and hyperin-
sulinaemia may be involved in the aetiology of hypertension.11 
Further support for this comes from two recently published studies 
that attempt to identify predictors of hypertension.12,13 In the 
Strong Heart Study,12 a population-based longitudinal cohort 
study of risk factors for hypertension in adults, not surprisingly, 
initial blood pressure was a strong predictor of incident hyper-
tension. In patients with optimal blood pressure at baseline 

Table 37.1 Defi nitions and classifi cation of blood pressure 
levels (mmHg)

From the European Society of Hypertension–European Society of Cardiology.4
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Figure 37.1 Current and optimal distribution of systolic blood 
pressure in populations. (Redrawn with permission from World Health 
Organization, International Society of Hypertension Writing Group.6)
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(<120/80 mmHg), abdominal obesity, abnormal lipid profi le 
and diabetes were signifi cant predictors for the development of 
hypertension. The Physicians’ Health Study13 also found a power-
ful association between disturbed lipid metabolism and the risk 
for developing hypertension. Together, these observations under-
score the potential role of dysregulated glucose and lipid metabo-
lism for the development of hypertension.

However, the evidence for a relationship between insulin resis-
tance and hypertension in non-European populations is inconsis-
tent. For instance, hypertension rates are not increased in Pima 
Indians, Mexican Americans and several other ethnic groups with 
high rates of obesity and type II diabetes mellitus. Furthermore, 
there is only a weak association between blood pressure and 
insulin levels.14

Since there is still a low incidence of ischaemic heart disease in 
hypertensive patients in Africa, it could be argued that insulin 
resistance and its effects on lipid metabolism are less important. 
Animal fat intake in Africa is lower than in the West and this may 
explain the relative rarity of coronary heart disease, while hyper-
tension-related strokes and renal failure are common. As in all 
populations, there is an excess of hypertension associated with 
diabetes mellitus. Community studies carried out in Cameroon 
and Madagascar put the association at between 20% and 30%. 
The association of raised blood pressure with non-insulin-depen-
dent diabetes mellitus is associated with increased mortality rates 
from cardiovascular disease. Both risk factors are closely related 
to lifestyle, so their rising prevalence should be preventable.

Alcohol

Excess alcohol intake is a well-established risk factor for hyperten-
sion. It is of interest that the second-ever study reporting a rela-
tionship between alcohol and blood pressure was conducted in 
Bombay.15 While earlier reports suggest that the risk of hyperten-
sion appeared at the level of about fi ve drinks per day, recent data 
suggest that there is a relationship even at lower alcohol levels.10 
Epidemiological and clinical studies show that the alcohol–blood 
pressure relationship is rapidly reversible with moderation or ces-
sation of drinking.

Sodium and potassium

Numerous studies have shown an important role for excess sodium 
and reduced potassium intake in the pathogenesis of hyperten-
sion.16 Essential hypertension and the age-related increase in blood 
pressure almost never occur in populations with a daily consump-
tion of sodium chloride of less than 50 mmol per day, and are 
observed mainly where daily salt intake exceeds 100 mmol. In the 
International Study of Salt and Blood Pressure (INTERSALT) of 
over 10 000 subjects across 52 countries, median 24-hour urinary 
excretion – an index of daily sodium intake – was 170 mmol per 
day.10 A difference in mean sodium intake of 50 mmol/day was 
associated with a difference of 5 mmHg systolic and 3 mmHg dia-
stolic blood pressure rise over 30 years. Furthermore, lower dietary 
potassium intakes are associated with an increased risk of hyper-
tension. Both salt restriction and potassium supplementation can 
reduce blood pressure. INTERSALT demonstrated that hyperten-
sion is most common in populations with the lowest potassium 

consumption and the highest 24-hour urinary sodium excretion.10 
Thus, the ratio of potassium to sodium intake may be more impor-
tant than the absolute intake of each.16 In rural communities that 
ingest a diet rich in fruit and vegetables, the potassium:sodium 
ratio usually exceeds 3, whereas this ratio is less than 0.4 in indus-
trialized countries.16 Daily consumption of sodium and potassium 
impacts not only on blood pressure but also on other endpoints 
such as left ventricular hypertrophy and stroke.

Some of the electrolyte differences may be related to socioeco-
nomic factors. Potassium-rich foods, which reduce blood pressure 
and hence strokes, are expensive and there is evidence, mainly 
from the USA, that their consumption in poor urban black com-
munities is lower than in the rural populations and also lower 
than in white people.

Inter-individual variation in susceptibility to the pressor effect 
of salt loading, termed salt sensitivity, has been well documented. 
Salt sensitivity is affected by age, race and associated disease states, 
and hence is more common in the elderly, blacks and type II 
diabetics. Clinical studies in the USA have shown that black 
people are more sensitive to a given dietary salt load, exhibiting 
a greater rise in blood pressure and a delayed natriuresis when 
compared with whites.17 Thus, black people may be more salt-
sensitive even though they may consume similar amounts of salt. 
However, there is also evidence that a low-salt diet is more effec-
tive at reducing blood pressure in black compared with white 
hypertensives.

Physical activity

Although there are important health benefi ts associated with 
physical activity, there is surprisingly little good scientifi c evidence 
to show a signifi cant reduction in blood pressure with exercise. A 
meta-analysis of eight randomized control trials showed a non-
signifi cant reduction in systolic/diastolic pressure of 0.8/3.7 mmHg 
in hypertensive and 0.2/0.1 mmHg in normotensive subjects.18

Psychosocial stress

While the association between psychosocial stress and blood pres-
sure is controversial, the best evidence that anxiety may play a 
signifi cant role is the observation of offi ce hypertension with 
normal home or ambulatory blood pressure – the so-called white-
coat effect, seen in almost one-third of patients. Diurnal variation 
with higher daytime pressures in day shift workers and nighttime 
pressures in night shift workers would also support the association 
between psychosocial factors and blood pressure. Finally, migrant 
studies may suggest a role for stress and the development of 
hypertension.19 Unfortunately, there is very little evidence to show 
a benefi cial effect on blood pressure of stress management 
techniques.

Birth weight and hypertension

The Barker hypothesis that birth weight and adult blood pressure 
are reciprocally related has had a considerable impact on how we 
now view exposure to factors in utero or in early postnatal life.20,21 
The association is consistent and has been found in many settings; 
it implies a causal relationship, although the mechanisms remain 
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unclear. Disproportional impaired growth of the fetus and pla-
centa appears to be a critical factor. Babies who were ‘small for 
dates’ are most at risk. A recent meta-analysis estimated the impact 
as 1 mmHg increase in systolic pressure per 500 g decrease in birth 
weight.21 It remains unclear whether maternal nutritional status, 
specifi c placental nutrient supply, or poor placentation or placen-
tal function due to raised blood pressure underlies the association. 
Recently, both inadequate and excess ‘catch-up’ growth in child-
hood have been found to amplify the risk.22

The association is particularly relevant to analysis of ethnic 
differences in high blood pressure, because black populations, 
notably African Americans, continue to have average birth weights 
consistently some 200–300 g lighter than European Americans. 
The same applies to almost all other developing societies where 
hypertension as a chronic disease epidemic has emerged. There is 
evidence that population average birth weights are socioeconom-
ically determined, with higher-status African-origin women having 
heavier babies, making a genetic basis unlikely.23 There are few 
studies of the birth weight–later blood pressure question in African 
Americans, but a clear link has been reported in Jamaica24 and 
India, where maternal undernutrition and low birth weight are 
common.

GENETICS OF ESSENTIAL HYPERTENSION

Essential hypertension is considered to be polygenic but the 
number of alleles and polygenes contributing to the hypertension 
phenotype is not yet known. Data from family and twin studies 
suggest that about 30–60% of blood pressure variability may be 
due to genetic mutations.25 The expression of these genetic abnor-
malities depends on interaction with environmental factors such 
as salt intake, alcohol, obesity and stress. Although it is not known 
how many genes infl uence blood pressure, alleles at many differ-
ent loci are suggested to contribute to the ultimate disease trait, 
and specifi c combinations of causative alleles may be different 
between individuals. In agreement with this observation, linkage 
or association analysis has consistently shown that blood pressure 
is not due to a single genetic variant.

SECONDARY HYPERTENSION

In a small minority of hypertensive patients, less than 5 %, a treat-
able underlying disease may be found which is the cause of raised 
blood pressure, and these are discussed in more detail elsewhere.26 
Intrinsic renal diseases such as glomerulonephritis and pyelone-
phritis are more common in Africa, but polycystic kidney disease, 
renal artery stenosis, endocrine diseases (Cushing’s syndrome, 
primary aldosteronism, phaeochromocytoma and acromegaly) 
and coarctation of the aorta do not seem to occur with greater 
frequency. There is also an excess incidence of systemic lupus 
erythematosus in African-origin populations, which is an impor-
tant cause of high blood pressure, especially in young women. 
Estimations of the prevalence of secondary hypertension are infl u-
enced by the availability of modern diagnostic facilities, and this 
presents problems for most tropical countries. Extensive investiga-
tion reveals that between 10% and 20% of patients with hyperten-
sion presenting to hospital in some African countries have evidence 

of renal impairment, but this kidney damage may be a conse-
quence rather than a cause of the hypertension.

Hypertension during pregnancy is an important problem in the 
tropics and is associated with increased maternal and fetal mortal-
ity. Perinatal and maternal mortality rates are high in developing 
countries and about one-third of these deaths may be due to 
hypertension. The diagnosis of pre-eclampsia is made on the pres-
ence of proteinuria and elevation of the blood pressure. If the 
diastolic blood pressure remains consistently below 100 mmHg, 
drug treatment should not be given. Many mothers develop ges-
tational or pregnancy-induced hypertension in which blood pres-
sure rises in pregnancy and falls after pregnancy is over. Where 
this elevation of blood pressure is mild, and not associated with 
proteinuria, drug treatment should not be given.

HYPERTENSION AND THE BURDEN OF DISEASE

Hypertension is an important public health challenge because it 
is frequent, is a major contributor – together with other risk factors 
including cholesterol, diabetes and obesity – to the epidemic of 
cardiovascular, cerebrovascular and kidney disease, and is modifi -
able. Currently, cardiovascular diseases, including myocardial 
infarction, heart failure and stroke, are responsible for 30% of 
global mortality, with an increasingly severe impact in emerging 
market economies where the middle-aged and economically pro-
ductive are mostly affected.

Cardiovascular disease

The association between blood pressure, total cholesterol and 
body mass index and cardiovascular disease is continuous, linear, 
additive and evident across a broad range of values down to a 
systolic blood pressure of 115 mmHg, total cholesterol 3.8 mmol/
L and body mass index 21 kg/m2 (Figure 37.2). Also evident from 
the graph are, fi rst, that over the range of values depicted, none 
of the risk factors show evidence of a plateau or J curve at the 
lower limits, and, second, much of the risk of blood pressure, 
cholesterol and weight occurs at levels much lower than what 
would be defi ned as normal.

Globally, non-optimal blood pressure is the major contributor 
to the cardiovascular disease burden, accounting for 45% of the 
attributable risk, followed by cholesterol (28%) and obesity 
(15%) (Figure 37.3). The burden of cardiovascular disease, even 
in the tropics, varies by geographical region, with deaths and 
DALYs due to stroke predominating in the Western Pacifi c and 
Africa subregions and cardiovascular disease the main burden 
elsewhere.27,28 This may in part refl ect the higher prevalence of 
hypertension in the stroke-prone areas9 and elevated cholesterol 
in South-east Asian countries with high incidence of myocardial 
infarction. Despite these differences, in general, it would appear 
that the same risk factors for myocardial infarction are operational 
worldwide and that the approach to prevention can be based on 
similar principles in all regions.29

Cerebrovascular disease

Globally, some 15 million people succumb to strokes each year, 
of whom about a third die and another third are left permanently 
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disabled. Two-thirds of strokes occur in developing nations. 
Notably, cerebrovascular mortality exceeds coronary heart disease 
in China and sub-Saharan Africa.28 Several non-modifi able (blacks, 
males, older age) and modifi able (smoking, excess alcohol, dys-
lipidaemia, carotid artery disease, atrial fi brillation) factors predis-
pose to stroke. However, hypertension is by far the most powerful 
predictor of stroke, accounting for 60% of the population attribut-
able risk. In a review of 61 cohort studies, the Prospective Studies 
Collaboration3 showed a strong log-linear correlation without a 
threshold between stroke mortality and blood pressure, starting 
at levels of 115 mmHg systolic and 75 mmHg diastolic and con-

sistent across the age range of 50–89 years (Figure 37.4). Between 
the ages of 40 and 69 years, each difference in blood pressure of 
20 mmHg systolic or 10 mmHg diastolic was associated with a 
more than two-fold difference in stroke mortality.

The proportion of cerebral haemorrhage to infarction is low 
(less then 10%) in western populations, but remains much higher 
in Africa and the Far East, although more precise data are not 
available.

Other complications of hypertension

Concentric left ventricular hypertrophy is an important cardiovas-
cular phenotype that frequently accompanies hypertension and 
has been shown to be associated with an increased risk for several 
adverse clinical outcomes, including heart failure, myocardial 
infarction, stroke, arrhythmias and sudden death. It appears to be 
more frequent in long-standing severe hypertension and in blacks, 
and although most frequently diagnosed by ECG, is more accu-
rately detected and quantifi ed by means of echocardiography. Not 
surprisingly, it is the most frequent antecedent of heart failure, 
with population attributable risks of 40% for males and 60% for 
females in recent estimates from the Framingham study.30 Acute 
pulmonary oedema, associated with severe hypertension and 
normal ejection fraction, is not infrequently encountered in sub-
Saharan Africa and most likely is due to diastolic dysfunction.

Less common but potentially life-threatening complications 
of hypertension include aortic aneurysm and dissection. Equally 
catastrophic, and also not uncommon in Africa, is the syndrome 
of malignant hypertension with acute renal failure, heart failure, 
encephalopathy and papilloedema on fundoscopy. Prompt and 
aggressive control of blood pressure may reverse all of the abnor-
malities, including renal dysfunction, but 5-year mortality remains 
high at around 50%.

Hypertensive nephrosclerosis, with or without diabetes, is the 
most common cause of end-stage kidney disease and the need for 
dialysis. The distinction between hypertensive-induced renal dys-
function and hypertension secondary to some other primary renal 
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Figure 37.3 Contribution of blood pressure, cholesterol and body 
mass index to the global burden of cardiovascular disease. (Redrawn 
with permission from Rodgers A, Lawes CMM, Gaziano TA, et al. The 
growing burden of risk from high blood pressure, cholesterol, and 
bodyweight. In: Murray CJL, Lopez AD, Mathers CD, et al., eds. 
Disease Control Priorities in Developing Countries. 2nd edn. New York: 
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disease may be diffi cult, although certain factors such as black 
race, long history of antecedent hypertension, target organ involve-
ment of the heart and eyes, and absence of any primary renal 
disease would support the former.

DIAGNOSIS OF HYPERTENSION

The frequency of hypertension, and the far-reaching implications 
for both the patient and society which has to shoulder the eco-
nomic burden of treating this disease, make it imperative that the 
diagnosis is made simply, accurately and effi ciently. Since symp-
toms are unusual and non-specifi c, the diagnosis rests entirely on 
accurate measurement of blood pressure. It is therefore crucial that 
appropriate guidelines be adhered to when measuring blood pres-
sure (Box 37.1). Several national bodies have published detailed 
guidelines on the equipment and technique for measuring blood 
pressure, and for further information the reader is referred to 
these.4–7

The standard mercury manometer, when used properly, is 
still the gold standard for measuring blood pressure. Automated 
manometers are increasingly being used but may be problematic 
if not accurately calibrated. The manometer should be well main-
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Box 37.1 Guidelines for blood pressure management

When measuring blood pressure, care should be taken to:
Allow the patients to sit for several minutes in a quiet room before 

beginning blood pressure measurements.
Take at least two measurements spaced by 1–2 minutes, and 

additional measurements if the fi rst two are quite different.
Use a standard bladder (12–13 cm long and 35 cm wide) but 

have a larger and a smaller bladder available for fat and thin 
arms respectively. Use the smaller bladder in children.

Have the cuff at the heart level, whatever the position of the 
patient.

Use Phase 1 and V (disappearance) Korotkoff sounds to identify 
systolic and diastolic blood pressure, respectively.

Measure blood pressure in both arms at fi rst visit to detect 
possible differences due to peripheral vascular disease. In this 
instance, take the higher value as the reference one, when the 
auscultatory method is employed.

Measure blood pressure 1 and 5 minutes after assumption of the 
standing position and in other conditions in which orthostatic 
hypotension may be frequent or suspected.

Measure heart rate by pulse palpitation (30 seconds) after the 
second measurement in the sitting position.



675

tained, with the mercury column vertical, and at rest the mercury 
should be at 0 mmHg. If the manometer is sloping away from the 
vertical, due to damaged hinges, this leads to overestimation of 
the pressure. The rubber bladder inside the arm cuff should encir-
cle at least 80% of the upper arm. The use of too small a cuff leads 
to overestimation of blood pressure.

Blood pressures should normally be measured after at least 5 
minutes of quiet sitting with the patient’s feet on the fl oor and 
the arm supported at heart level. The arm should be slightly exter-
nally rotated and supported to avoid the isometric exercise 
required to hold the arm raised. The manometer cuff should be 
infl ated to 15 mmHg above the level needed to occlude the bra-
chial pulse and the stethoscope should be placed where the pulse 
was felt, on the medial side of the antecubital fossa. The column 
of mercury should be defl ated slowly (2 mm/s). The systolic blood 
pressure is taken at the fi rst appearance of Korotkoff sounds (phase 
I) and diastolic pressure at the fi nal disappearance of sounds 
(phase V). Measurement of diastolic blood pressure at the phase 
of muffl ing of sounds (phase IV) is now obsolete.

The blood pressure recorded should be the average of two read-
ings taken 1 minute apart; however, if the difference exceeds 
5 mmHg, additional readings should be taken. In patients with 
mild hypertension, decisions on starting therapy should only be 
made after three repeat measurements taken on separate occasions 
within 2 months. Seated and standing blood pressure is important 
in the elderly and diabetics to exclude postural hypotension; 
and in patients seen for the fi rst time, measurements should be 
taken in both arms to exclude coarctation.

In addition to measuring blood pressure in the clinic, home 
measurement using an automated device and 24-hour ambulatory 
blood measurement monitoring (ABPM) are increasingly being 
used. These devices cannot be routinely recommended in a 
resource-poor setting but do provide greater insight into the 
dynamics of blood pressure not apparent with clinic measurement 
alone. The 24-hour blood pressure load, absence of the normal 
nocturnal decline in blood pressure (non-dipping) and early 
morning surge of blood pressure are easily computed from ABPM 
and may refi ne the ability to predict cardiovascular risk and need 
for pharmacological therapy. In patients with treated hyperten-
sion, a higher ambulatory systolic or diastolic blood pressure is 
able to predict cardiovascular events even after adjustment for 
classic risk factors including offi ce measurement.31 Unfortunately, 
current guidelines on antihypertensive therapy are based entirely 
on clinic measurement, which remains the mainstay of clinical 
decision making. An additional problem with ABPM is the absence 
of a large body of data to defi ne the limits of normality for 
daytime and nighttime blood pressure. Blood pressure measured 
by ABPM is typically lower than clinic pressure. Currently, ambu-
latory hypertension is defi ned as a pressure exceeding 130/80 mmHg 
over 24 hours, 135/85 mmHg for the daytime and 120/70 mmHg 
for nightime. A recent publication, in which diagnostic thresholds 
for ABPM were based on 10-year cardiovascular risk, suggests even 
lower limits for optimal ambulatory blood pressure.32

Occasionally, despite accurate measurements, offi ce blood 
pressure may consistently over-estimate home or ambulatory 
blood pressure. This phenomenon, termed white-coat hyperten-
sion, is seen more commonly in the elderly, women, diabetics and 
during pregnancy. The diagnosis may be important since it is 
generally accepted that patients with white-coat hypertension are 

at relatively low risk and are unlikely to benefi t from antihyper-
tensive treatment.33

PATIENT EVALUATION

Further evaluation of the patient should aim to identify:
• secondary causes for the hypertension
• additional risk factors for cardiovascular disease
• target organ damage
• associated clinical conditions.

Based on this evaluation, which comprises a minimum of a 
clinical examination, blood and urine tests, and electrocardio-
gram, the patient is risk-stratifi ed, with further management being 
dictated by the level of blood pressure and estimated cardiovas-
cular risk.

Clinical examination

A thorough clinical examination includes assessment of height, 
weight, body mass index and waist circumference. The general 
appearance may suggest endocrine hypertension, such as thyro-
toxicosis or Cushing’s. Nicotine-stained fi ngers indicate a signifi -
cant smoking history. Fundoscopy is essential and hypertensive 
retinopathy graded according to the classifi cation of Keith–
Wagener–Barker. Yellow nodules around the eye or tendon xan-
thomas are suggestive of dyslipidaemia. Radio-femoral delay may 
be the only clue to coarctation, and absent radial pulse with sub-
clavian bruits, especially in Asian or black patients, may indicate 
Takayasu’s arteritis. Evidence of left ventricular hypertrophy and 
heart failure should be sought. Abdominal examination should 
include auscultation for renal arterial bruits pointing to renovas-
cular hypertension and palpation for polycystic kidney disease. 
Absent lower limb pulses and bruits point to the presence of 
peripheral vascular disease.

Laboratory investigations

Investigations depend on the severity of the hypertension and 
availability of facilities and are listed in Table 37.2. All patients 
receiving antihypertensive drug therapy should ideally have 
routine urine testing, and full biochemical profi ling together with 
an ECG.

Haematuria and proteinuria may be due to hypertension or to 
underlying renal disease. For a given level of pressure, if there is 
proteinuria, mortality is approximately doubled. Haematuria may 
also be due to a neoplasm of the urinary tract. The measurement 
of microalbuminuria (urine albumin below 300 mg/L) is of value 
in diabetic hypertensives but its signifi cance in other hypertensives 
is uncertain.

Current guidelines for the diagnosis of diabetes include symp-
toms of diabetes plus a fasting glucose greater than 7 mmol/L or 
a 2-hour postprandial glucose more than 11.1 mmol/L during an 
oral glucose tolerance test.

All patients should undergo at least one blood test to estimate 
plasma sodium and potassium levels. Serum potassium levels are 
low in both primary and secondary hyperaldosteronism, and if 
hypokalaemia is encountered this needs detailed investigation. 
The most common cause of hypokalaemia is diuretic therapy, 
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which must be discontinued at least 4 weeks prior to testing. 
Serum urea or creatinine levels should be measured to obtain an 
estimate of renal function. The estimation of creatinine clearance 
is not valuable unless there is severe renal failure. Serum total, 
LDL and HDL cholesterol levels should be measured, preferably 
in the fasting state.

Haematological profi ling with estimations of plasma viscosity 
or erythrocyte sedimentation rate (ESR) may provide evidence of 
connective tissue diseases which may cause high blood pressure. 
In such cases, proteinuria may also be present.

If renal impairment is present or there is unexplained hypoka-
laemia, more detailed investigation with renal ultrasound scan-
ning is necessary. If one or both kidneys are found to be small but 
with a smooth outline, then the possibility of correctable renal 
artery stenosis should be borne in mind and renal angiography 
is worth considering. If the kidneys are small with an irregular 
outline, pyelonephritis is more likely and investigations should 
be conducted to exclude obstructive uropathy with vesicoureteric 
refl ux. If hypokalaemia is present, patients should undergo esti-
mation of plasma renin and aldosterone levels. In primary hyper-
aldosteronism, plasma renin is low, while concurrent plasma 
aldosterone levels are high. If these features are found, patients 
should proceed to computed tomography to detect an adrenal 
adenoma. In Conn’s syndrome, removal of the aldosterone-
 secreting adenoma may lead to cure of hypertension.

Patients with symptoms of a paroxysmal nature with sweating, 
blanching, tachycardia, weight loss, constipation and panic attacks 
should be investigated to exclude phaeochromocytoma. This 
requires a 24-hour urine test for catecholamines, metanephrines 
or 4-hydroxy-3-methoxymandelic acid.

Electrocardiographic evidence of left ventricular hypertrophy, 
with the sum of the R wave in leads V5 or V6 and the S wave 
in V1 amounting to more than 35 mm, is specifi c but lacks 
sensitivity.

MANAGEMENT

Population-based strategies

Since elevated blood pressure is as much an affl iction of popula-
tions as of the individual, it follows that a comprehensive strategy 
to combat this disease requires targeting not only the affected 
individual but also the whole population (Figure 37.1). Not only 
will a small reduction in blood pressure in the entire population 
be expected to have a far greater impact on the global burden of 
hypertension than would a large reduction in a small number of 
affected individuals, but also the benefi ts reaped will be at a far 
lower fi nancial cost. The concept of a population-based strategy 
for the control of hypertension is founded on sound scientifi c and 
economic principles, but implementation requires a concerted 
effort on the part of governments, industry, the media, physician 
societies, schools and, ultimately, the practitioner. Implementa-
tion of a population-based strategy is even more urgently needed 
in developing regions – where two-thirds of the global at-risk 
population resides, fi nancial resources are severely limited, and 
where many of the inhabitants are largely ignorant of the benefi ts 
of lifestyle modifi cation.

Targets of a population-based strategy and the expected benefi t 
in term of systolic blood pressure reduction are illustrated in Table 
37.3. It should be emphasized that atherosclerotic vascular disease 
begins early in life and therefore many of these preventative strat-
egies need to be initiated from childhood.

Patient-targeted strategies

In patients with hypertension, blood pressure-lowering therapy 
on average reduces the risk of stroke and myocardial infarction by 
only 35–40% and 20–25%, respectively. Much of this lack of 
success may be explained by the ‘rule of halves’ which states that 
only 50% of those with hypertension are detected, only half of 
those detected are treated, and of those treated, only half have 
their blood pressure adequately controlled (i.e. 12.5% of the 
total). However, an equally plausible explanation for the failure 
of antihypertensive therapy is the realization over the past decade 
that hypertension frequently clusters with other risk factors such 
as insulin resistance, diabetes and dyslipidaemia and that for each 
of these risk factors there is a linear relationship with cardiovas-
cular risk.34 By implication, a signifi cant reduction in the burden 
of cardiovascular and cerebrovascular disease would require tar-
geting all known risk factors and not only blood pressure. Also, 
in the presence of other risk factors, even milder forms of hyper-
tension require aggressive management. Support for the concept 
of total cardiovascular risk comes from several studies. In the 

Table 37.2 Laboratory investigations in a patient 
with hypertension

From the European Society of Hypertension–European Society of Cardiology.4
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HOPE study,35 intensive antihypertensive therapy with ramipril 
in patients with minimally elevated blood pressure but frequent 
additional cardiovascular risk factors produced a signifi cant benefi t 
in most endpoints. Similarly, in PROGRESS,36 therapy with per-
indopril in patients with stroke resulted in signifi cant reductions 
in rates of recurrent stroke and major vascular events, irrespective 
of blood pressure. In the ABCD trial,37 intensive blood pressure 
lowering in normotensive diabetics produced signifi cant reduc-
tions in stroke, proteinuria and retinopathy compared with a less 
aggressive strategy. Finally, in ASCOT,38 lipid-lowering therapy in 
addition to antihypertensive treatment resulted in signifi cant 
reduction in all endpoints.

Further refi nements to the determination of cardiovascular risk 
are made by a search for evidence of target organ damage and 
associated clinical conditions (Table 37.4). Most national guide-
lines have embraced, to a greater or lesser extent, the principle of 
global risk assessment4–7 and an example is shown in Table 37.5, 
from the ESH–ESC guidelines.4 Based mainly on the Framingham 
data, patients are stratifi ed by the 10-year risk of cardiovascular 
disease as low risk (<10%), medium risk (10–20%), high risk 
(20–30%) and very high risk (>30%). While there is consensus 
amongst the various guidelines regarding cardiovascular risk 
assessment, unfortunately, these guidelines have emerged solely 
from studies of western populations and their generalizability to 
most of the Asian subcontinent, Latin America and Africa is 
questionable.

THERAPEUTIC APPROACH

Lifestyle modifi cation

Vigorous modifi cation of lifestyle as outlined in Table 37.3 should 
be encouraged in all patients, irrespective of the severity of hyper-
tension. Although there is no direct link between smoking and 
hypertension, patients should be advised to stop smoking in order 
to reduce the overall cardiovascular risk. While the INTERHEART 

study29 confi rmed that, in broad principle, the risk factors for 
cardiovascular disease and recommendations regarding lifestyle 
modifi cation are universal, the emphasis might vary depending 
on racial, cultural, regional or other peculiarities. Thus, smoking 
is a signifi cant problem in China but not India, excess dietary salt 
is frequent in Africa, obesity is endemic in African women, and 
lack of exercise is a signifi cant problem in South-east Asia.

Drug therapy

Since the commitment to pharmacological treatment for hyper-
tension is lifelong, great care has to be exercised before starting 
therapy. Most guidelines recommend antihypertensive therapy 
based on calculated cardiovascular risk.4–6 Although similar in 
broad terms, a modifi cation of the WHO cardiovascular disease 
risk management package for low- and medium-resource settings 
is appropriate for the tropics (Figure 37.5).39 Patients judged to be 
at low or moderate risk should be started on drug therapy only if 
after an appropriate period of monitoring, blood pressure remains 
above 140/90 mmHg despite lifestyle modifi cation. High-risk 
patients should be commenced on therapy immediately. A list of 
available drugs, dosages and frequency of administration are 
shown in Table 37.6, and guidelines for initial drug selection in 
Table 37.7.

General principles of drug therapy

Despite claims to the contrary, there is abundant clinical trial 
evidence that, in general, most classes of antihypertensive agents 
reduce a variety of cardiovascular outcomes to a similar extent and 
that the choice of a particular agent may not be as important as 
the effective lowering of blood pressure.40 Furthermore, many 
patients will require two or more agents for effective blood pres-
sure control, rendering the debate on class superiority less rele-
vant. What is important is to choose an effective drug, with 
minimal side-effects, at the cheapest possible cost. The literature 
on hypertension is replete with mega-trials purporting to demon-

Table 37.3 Lifestyle modifi cations and expected reduction in blood pressure*

MODIFICATION RECOMMENDATION APPROXIMATE SYSTOLIC 
BP REDUCTION, RANGE

Weight reduction Maintain normal body weight (BMI, 18.5–24.9) 5–20 mmHg/10 kg weight loss

Adopt DASH eating plan Consume a diet rich in fruits, vegetables and low-fat dairy products 
with a reduced content of saturated and total fat

8–14 mmHg

Dietary sodium reduction Reduce dietary sodium intake to no more than 100 mEq/L (2.4 g 
sodium or 6 g sodium chloride)

2–8 mmHg

Physical activity Engage in regular aerobic physical activity such as brisk walking (at 
least 30 minutes per day, most days of the week)

4–9 mmHg

Moderation of alcohol consumption Limit consumption to no more than 2 drinks per day (1 oz or 
30 mL ethanol [e.g. 24 oz beer, 10 oz wine or 3 oz 80-proof 
whiskey]) in most men and no more than 1 drink per day in 
women and lighter-weight persons

2–4 mmHg

BMI, body mass index calculated as weight in kilograms divided by the square of height in metres; BP, blood pressure; DASH, Dietary Approaches to Stop 
Hypertension.
*For overall cardiovascular risk reduction, stop smoking. The effects of implementing these modifi cations are dose and time dependent and could be higher for some 
individuals.
From the JNC 7 report.7
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Table 37.4 Factors infl uencing prognosis in the patient with hypertension

*Lower levels of total and LDL-cholesterol are known to delineate increased risk, but they were not used in the stratifi cation.
From the European Society of Hypertension–European Society of Cardiology.4

Table 37.5 Risk stratifi cation of the hypertensive patient

ACC, associated clinical conditions; DBP, diastolic blood pressure; SBP, systolic blood pressure; TOD, target organ damage.
From the European Society of Hypertension–European Society of Cardiology.4

strate superiority of one class of drugs over another. While these 
data may be informative, their broader applicability may be chal-
lenged given the limitations of trial design such as patient selec-
tion, variable endpoints, inadequate statistical power, inequalities 
in achieved blood pressure and short duration of follow-up. 
Bearing these limitations in mind, the choice of initial antihyper-
tensive therapy may be infl uenced by associated features such as 
age, race, cardiovascular risk profi le, target organ damage, and 
co-morbid diseases such as stroke, coronary disease, heart failure, 
diabetes, proteinuria and renal insuffi ciency.

Elderly patients

Elderly patients are characterized by a higher prevalence of hyper-
tension (almost two-thirds), predominant systolic hypertension 
that is a more important risk factor than diastolic hypertension 
and more diffi cult to control, greater frequency of co-morbid 
disease, predisposition to postural hypotension, and are more 
likely to be on medication for other medical conditions. The 
benefi ts of antihypertensive therapy have been clearly demon-
strated, and although diuretics and calcium channel blockers are 
the drugs of choice, all other classes of drugs may be effective, 
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Stratify according to added risk
BP level + major risk factors + target organ damage

+ associated clinical conditions

Low
added risk

Moderate
added risk

Lifestyle modification as appropriate

High/very high
added risk

SBP >_ 140
or DBP >_ 90

SBP >_ 140
or DBP >_ 90

SBP < 140
or DBP < 90

SBP < 140
or DBP < 90

Continue to monitor
Begin drug
treatment

Adapted WHO cardiovascular disease-risk management package for low-medium settings

Monitor BP and
other risk factors
for 6–12 months

Monitor BP and
other risk factors
for 3–6 months

Figure 37.5 Management of the hypertensive 
patient according to added risk. (Redrawn with 
permission from the Joint National Hypertension 
Guideline Working Group 2006.39)

Table 37.6 Oral antihypertensive drugs*

Class Drug (Trade name) Usual dose, range, 
mg/day

Daily frequency

Thiazide diuretics Chlorothiazide (Diuril) 125–500 1

Chlorthalidone (generic) 12.5–25 1

Hydrochlorothiazide (Microzide, HydroDIURIL)† 12.5–50 1

Polythiazide (Renese) 2–4 1

Indapamide (Lozol)† 1.25–2.5 1

Metolazone (Mykrox) 0.5–1.0 1

Metolazone (Zaroxolyn) 2.5–5 1

Loop diuretics Bumetanide (Bumex)† 0.5–2 2

Furosemide (Lasix)† 20–80 2

Torsemide (Demadex)† 2.5–10 1

Potassium-sparing diuretics Amiloride (Midamor)† 5–10 1–2

Triamterene (Dyrenium) 50–100 1–2

Aldosterone-receptor blockers Eplerenone (Inspra) 50–100 1–2

Spironolactone (Aldactone)† 25–50 1–2

β-Blockers Atenolol (Tenormin)† 25–50 1

Betaxolol (Kerlone)† 5–20 1

Bisoprolol (Zebeta)† 2.5–10 1

Metoprolol (Lopressor)† 50–100 1–2

Metoprolol extended release (Toprol XL) 50–100 1

Nadolol (Corgard)† 40–120 1

Propranolol (Inderal)† 40–160 2

Propranolol long-acting (Inderal LA)† 60–180 1

Timolol (Blocadren)† 20–40 2

Continued

Therapeutic Approach
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Class Drug (Trade name) Usual dose, range, 
mg/day

Daily frequency

β-Blockers with intrinsic 
sympathomimetic activity

Acebutolol (Sectral)† 200–800 2

Penbutolol (Levatol) 10–40 1

Pindolol (generic) 10–40 2

Combined α- and β-blockers Carvedilol (Coreg) 12.5–50 2

Labetalol (Normodyne, Trandate)† 200–800 2

ACE inhibitors Benazepril (Lotensin)† 10–40 1–2

Captopril (Capoten)† 25–100 2

Enalapril (Vasotec)† 2.5–40 1–2

Fosinopril (Monopril) 10–40 1

Lisinopril (Prinivil, Zestril)† 10–40 1

Moexipril (Univasc) 7.5–30 1

Perindopril (Aceon) 4–8 1–2

Quinapril (Accupril) 10–40 1

Ramipril (Altace) 2.5–20 1

Trandolapril (Mavik) 1–4 1

Angiotensin II antagonists Candesartan (Atacand) 8–32 1

Eprosartan (Tevetan) 400–800 1–2

Irbesartan (Avapro) 150–300 1

Losartan (Cozaar) 25–100 1–2

Olmesartan (Benicar) 20–40 1

Telmisartan (Micardis) 20–80 1

Valsartan (Diovan) 80–320 1

Calcium channel blockers – 
non-dihydropyridines

Diltiazem extended release (Cardizem CD, Dilacor XR, Tiazac)† 180–420 1

Diltiazem extended release (Cardizem LA) 120–540 1

Verapamil immediate release (Calan, Isoptin)† 80–320 2

Verapamil long-acting (Calan SR, Isoptin SR)† 120–360 1–2

Verapamil-coer (Covera HS, Verelan PM) 120–360 1

Calcium channel blockers – 
dihydropyridines

Amlodipine (Norvasc) 2.5–10 1

Felodipine (Plendil) 2.5–20 1

Isradipine (Dynacirc CR) 2.5–10 2

Nicardipine sustained release (Cardene SR) 60–120 2

Nifedipine long-acting (Adalat CC, Procardia XL) 30–60 1

Nisoldipine (Sular) 10–40 1

α1-Blockers Doxazosin (Cardura) 1–16 1

Prazosin (Minipress)† 2–20 2–3

Terazosin (Hytrin) 1–20 1–2

Central α2-agonists and other 
centrally acting drugs

Clonidine (Catapres)† 0.1–0.8 2

Clonidine patch (Catapres TTS) 0.1–0.3 1 weekly

Methyldopa (Aldomet)† 250–1000 2

Reserpine (generic) 0.05–0.25 1‡

Guanfacine (generic) 0.5–2 1

Direct vasodilators Hydralazine (Apresoline)† 25–100 2

Minoxidil (Loniten)† 2.5–80 1–2

ACE, angiotensin-converting enzyme.
*Dosages may vary from those listed in the Physicians’ Desk Reference, which may be consulted for additional information.
†Are now or will soon become available in generic preparations.
‡A 0.1 mg dose may be given every other day to achieve this dosage.
From the JNC 7 report.7

Table 37.6 Oral antihypertensive drugs*—cont’d
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with the exception of the β-blockers. While many of these patients 
may be on an α-blocker for prostate hypertrophy, the results of 
the large ALLHAT study,41 in which the doxazosin arm was termi-
nated early because of a higher incidence of combined cardiovas-
cular disease events, are of some concern.

Race and ethnicity

Although cardiovascular risk factors in general are similar among 
most populations, it is well established that, at least in part, quan-
titative and qualitative differences segregate along racial and 
ethnic lines. The phenotypic expression of hypertension in black 
populations (including Afro-Americans, Afro-Caribbeans and 
Africans) is both more frequent and more aggressive, beginning 
at an earlier age and accompanied by greater target organ damage. 
Fundamental differences in pathogenetic mechanisms may also 
be present, since low-renin, salt-sensitive hypertension is much 
more frequent in blacks. Apart from hypertension, the prevalence 
of other cardiovascular risk factors is low. The cardiovascular 
disease burden is correspondingly characterized by a preponder-
ance of stroke, non-ischaemic heart failure and chronic kidney 

disease, although the incidence of coronary disease is on the rise. 
From a therapeutic standpoint, compared with whites and Asians, 
blacks respond poorly to β-blockers and angiotensin-converting 
enzyme (ACE) inhibitors as monotherapy, although this differ-
ence tends to disappear when combined with thiazide diuretics. 
The ALLHAT study41 recruited more than 15 000 blacks of Ameri-
can and Afro-Caribbean ancestry with hypertension. Black patients 
randomized to receive the ACE inhibitor (lisinopril) had higher 
average follow-up blood pressure, a 40% higher risk of stroke and 
a 30% higher risk of heart failure as compared with those random-
ized to receive a diuretic. Despite this, black patients with heart 
failure, kidney disease or diabetes should not be denied the ben-
efi ts of ACE inhibitor therapy. Diuretics and calcium channel 
blockers appear to be the most effective agents for the control of 
blood pressure in general and stroke in particular.42

South Asians have a particular predisposition to coronary artery 
disease. This appears to be explained by higher risk factor levels 
at younger ages.43 The response to antihypertensive drugs in South 
Asians is broadly similar to that in whites. However, the high 
incidence of diabetes mellitus, glucose intolerance and hyper-
lipidaemia means that the thiazides, shown to be benefi cial in 

Table 37.7 Guidelines for selecting initial drug treatment of hypertension

Class of drug Compelling indication Possible 
indication

Absolute 
contraindication

Relative 
contraindication

Side-effects

Thiazide
diuretics

Heart failure
Elderly patients
Systolic hypertension
Blacks

Diabetes Gout Pregnancy
Dyslipidaemia

Hypokalaemia 
Hyperglycaemia
Hyperuricaemia
Dyslipidaemia

β-Blockers Angina
Post infarction
Heart failure
Tachyarrhythmias

Diabetes Heart block
Asthma/COPD

Dyslipidaemia
Metabolic syndrome
Athletes
Peripheral vascular 
disease
Stroke prevention

Dyslipidaemia
Impaired glucose 
tolerance
Fatigue
Impotence

ACE inhibitors Heart failure
Left ventricular dysfunction
Post myocardial infarction
Diabetes
Chronic kidney disease
Proteinuria
Recurrent stroke 
prevention
High coronary disease risk

Pregnancy
Hyperkalaemia
Bilateral renal artery 
stenosis

Cough
Angio-oedema
Hyperkalaemia
Fetal malformations in 
pregnant women

Calcium channel 
blockers

Angina
Elderly patients
Systolic hypertension

Diabetes
High coronary risk
Peripheral vascular 
disease

Heart block (only 
with verapamil and 
diltiazem)

Heart failure
Antiretroviral therapy

Headache
Oedema
Constipation
Heart block (verapamil)

Aldosterone 
antagonists

Heart failure
Post myocardial infarction

Renal failure
Hyperkalaemia

Hyperkalaemia
Gynaecomastia

Angiotensin 
receptor blockers

Heart failure
Post myocardial infarction
Diabetic nephropathy
Proteinuria
ACE cough

Pregnancy
Bilateral renal artery 
stenosis
Hyperkalaemia

Hyperkalaemia

Therapeutic Approach
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hypertensive diabetics, should only be used in low dose (e.g. 
bendrofl uazide up to 2.5 mg/day or hydrochlorothiazide up to 
25 mg/day).

Although overall cardiovascular mortality rates in Chinese 
populations are similar to those in western populations, much of 
this can be attributed to stroke rather than coronary mortality.44 
Since almost 60% of the risk of stroke can be attributed to hyper-
tension, aggressive strategies to manage blood pressure with any 
of the available drug classes are appropriate, although diuretics 
and calcium channel blockers may be more, and β-blockers less, 
effective. For secondary prevention of recurrent cerebrovascular 
events, most guidelines would recommend a combination of a 
diuretic (preferably indapamide) and an ACE inhibitor, based on 
the results of the PROGRESS study.36

Concomitant disease

Hypertension is frequently associated with additional abnormali-
ties, both as a direct consequence of elevated blood pressure and 
the phenomenon of clustering of risk factors. These include dia-
betes, coronary heart disease, heart failure, cerebrovascular disease, 
proteinuria and chronic kidney disease. Therapeutic decisions in 
these patients should be formulated both to lower blood pressure 
and to prevent or ameliorate the associated abnormality.

The incidence of diabetes is increasing rapidly, more than half 
of all diabetics are hypertensive, and serious cardiovascular events 
are twice as common in patients who suffer from both as com-
pared with either alone. The important issues in diabetics with 
hypertension include the potential adverse effects of certain anti-
hypertensives on glucose tolerance and insulin sensitivity, the 
appropriate level of blood pressure at which antihypertensive 
therapy should be initiated, by how much blood pressure should 
be lowered, and the best choice of antihypertensive agent. Much 
of the controversy has centered on the association between thia-
zides and the development of diabetes. Although there is a clear 
relationship between exposure to thiazides and dysglycaemia, a 
vast body of literature has shown that they are as effective as any 
other agent for preventing cardiovascular events, and, more 
importantly, incident diabetes associated with their use carries no 
adverse prognosis (at least in the medium term). The risk of inci-
dent diabetes is also inversely related to potassium levels, suggest-
ing that dietary supplementation may be useful. What has been 
clearly established, however, is that ACE inhibitors (or angioten-
sin receptor blockers) are effective in preventing incident diabetes, 
and, in patients with already-known diabetes, reduce proteinuria 
and retard the development of chronic kidney disease. A sub-
analysis of the ALLHAT study,45 which is the largest study of the 
treatment of hypertension in diabetics, showed no superiority for 
the ACE inhibitor for the outcome of coronary events in diabetics, 
no inferiority for the use of the calcium channel blocker, and, 
most importantly, demonstrated the safety and effi cacy of thia-
zides in this population group. The target blood pressure recom-
mended by most guidelines is less than 130/80 mmHg, although 
studies are underway to determine if even lower targets would 
confer greater benefi t.

With respect to coronary heart disease and stroke, it would 
appear that ACE inhibitors are preferable to calcium channel 
blockers for the former, but that the reverse is true for the latter.46 
For patients with heart failure, diuretics, β-blockers (metoprolol, 

carvedilol and bisoprolol) and ACI inhibitors have a compelling 
indication based a large amount of documented evidence. 
However, calcium channel blockers may be detrimental and 
should only be used for signifi cant associated hypertension refrac-
tory to other classes of drugs. Most guidelines recommend that 
patients who have hypertension and renal insuffi ciency, whether 
or not they are diabetic, should receive an ACE inhibitor. There is 
no cutoff value for serum creatinine at which ACE inhibitor 
therapy is inappropriate. Furthermore, a transient rise in creati-
nine may occur but this is not a reason to withhold therapy. As 
in the case of diabetics, the target blood pressure should be less 
than 130/80 mmHg.

Combination drug therapy

Most hypertensive patients will require more than one agent to 
achieve target levels of blood pressure. Rational drug combina-
tions are depicted in Figure 37.6. The rationale for these preferred 
combinations includes synergism and mutual attenuation of side-
effects. A classic example is the combination of a diuretic and ACE 
inhibitor, where the refl ex activation of the renin–angiotensin 
system induced by the thiazide is countered by the ACE inhibitor. 
Furthermore, insulin resistance, hyperglycaemia, hypokalaemia 
and hyperuricaemia caused by thiazides are all attenuated by the 
ACE inhibitor.

Fixed drug combinations are an extension to the concept of 
combination therapy. In recognition of the effectiveness of com-
bination therapy, the European Guidelines Committee4 has rec-
ommended beginning therapy with fi xed dose combinations in 
most patients, while the Joint National Committee7 recommends 
this approach only in stage 2 or higher hypertension. The advan-
tages of fi xed dose combinations include fewer pills with better 
compliance, better tolerability due to lower individual doses, con-
venience, lower cost and more speedy attainment of target blood 
pressure.

Resistant hypertension

Resistant hypertension is defi ned as a blood pressure of at least 
140/90 mmHg (or 130/80 mmHg in patients with diabetes and 

AT1 -receptor
blockers

Diuretics

ACE inhibitors

β-blockers

α-blockers
Calcium

antagonists

Figure 37.6 Preferred drug combinations for the treatment of 
hypertension. (Redrawn with permission from European Society of 
Hypertension–European Society of Cardiology Guidelines Committee.4)
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chronic kidney disease) despite treatment with full doses of at 
least three antihypertensive agents, one of which is a diuretic. The 
incidence is probably as high as 40% and is more frequent in the 
elderly. Potential causes include non-compliance, concomitant 
use of drugs that antagonize antihypertensive agents (ephedrine, 
steroids, cocaine, amphetamines, appetite suppressants, non-
 steroidal antiinfl ammatory agents, antidepressants, ciclosporin, 
tacrolimus and erythropoietin), signifi cant alcohol abuse, excess 
salt intake, obesity and, fi nally, secondary causes of hypertension. 
Since many of these patients are volume overloaded, an increase 
in diuretic therapy or substitution of the thiazides with loop 
diuretics may ameliorate the blood pressure. If blood pressure 
remains refractory, additional therapy with aldosterone antago-
nists (spironolactone or eplerenone), combined α- and β-blockers 
(labetalol or carvedilol), centrally acting agents (clonidine or α2-
blockers), reserpine and direct vasodilators (hydralazine or min-
oxidil) may be necessary in some patients.

Hypertensive crises

Hypertensive crises may occur in three settings:
• marked elevation in blood pressure with severe headache and 

dyspnoea (hypertensive urgency)
• evidence of acute end-organ involvement such as grade 3 or 4 

retinopathy, acute heart failure or coronary syndromes, enceph-
alopathy or rapidly progressive renal dysfunction (hypertensive 
emergency)

• pregnant women with severe hypertension, proteinuria, 
neurological manifestations, renal failure, pulmonary oedema, 
thrombocytopenia or disseminated intravascular coagulation 
(eclampsia).
While blood pressure in hypertensive urgencies may be reduced 

slowly, in the case of hypertensive emergencies it should be 
lowered rapidly over a period of several hours. Therapy with nife-
dipine orally or intravenous treatment with nitroglycerin, nitro-
prusside, furosemide, hydralazine or labetalol may be effective.

CONCLUSION

Hypertension has become a disease of epidemic proportions. 
Control of hypertension, even in high-income countries, is 
unacceptably low. The tropical regions, apart from being poorly 
resourced, are in the grip of a double pandemic, one from infec-
tious diseases and the other from cardiovascular disease. For this 
region, the most cost-effective strategy to manage the looming 
cardiovascular crisis is for all stakeholders, ranging from govern-
ment to practitioners, to encourage a healthy lifestyle. While much 
may be achieved by education and advertisement, formal legisla-
tion to curb the sale of tobacco and limit the salt content of foods 
may be required.

Since hypertension is for the most part silent, screening pro-
grammes undertaken by primary healthcare givers may uncover 
larger numbers of people at risk. Furthermore, there is a dearth of 
data on risk factors for hypertension and cardiovascular disease 
and on best medical therapy in the developing regions of the 
world. Unfortunately, most of the studies in this fi eld, and all of 
the guidelines, emanate from predominantly western populations 
and may not be appropriate to the tropics.

For the individual identifi ed with hypertension, a concerted 
effort should be made to identify associated risk factors, clinical 
conditions and target organ damage. If pharmacological therapy 
is required, this should be with the most cost-effective drug, 
which, in most cases, would be the thiazide diuretics, since they 
are widely available, cheap and effective, with some metabolic 
side-effects the clinical relevance of which has not yet been 
established.
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Section 5 Environmental/Genetic Disorders

Chapter 38 Nigel Unwin and Julia A. Critchley

Ischaemic Heart Disease

INTRODUCTION

Ischaemic heart disease (IHD) is the single largest cause of death 
worldwide and, with the exception of sub-Saharan Africa, is esti-
mated to be responsible for around 1 in 8 of all deaths globally.1,2 
As populations age and lifestyles change, this burden will grow. 
This chapter aims to provide a description of the global distribu-
tion, risk factors, pathogenesis and clinical manifestations of this 
disease.

DEFINITION

Ischaemia refers to the situation where the oxygen supply to a 
tissue or organ is inadequate for its needs. IHD is the disturbance 
of cardiac function due to inadequate oxygen supply. Most com-
monly this is due to narrowing or complete occlusion of the 
coronary arteries caused by coronary atherosclerosis and associ-
ated thrombosis, and this chapter is concerned largely with isch-
aemia of atherosclerotic origin. There are, of course, many other 
causes of ischaemia related to either increased oxygen demand 
from the heart or decreased oxygen-carrying capacity of the blood. 
For example, ischaemia may also arise in severe ventricular hyper-
trophy due to hypertension or aortic stenosis, or in extremely 
severe anaemia. Quite commonly, two or more causes of 
ischaemia will co-exist, such as coronary atherosclerosis with 
increased oxygen demand due to the ventricular hypertrophy of 
hypertension.

GLOBAL DISTRIBUTION OF ISCHAEMIC HEART 
DISEASE AND RECENT TRENDS

Diseases of the cardiovascular system are found in populations at 
all stages of economic development. They are a signifi cant con-
tributor to morbidity and mortality in populations as diverse as 
those of rural Africa and North America. However, the types of 
cardiovascular disease that predominate differ with the level of 
economic development.3 This changing pattern of cardiovascular 
diseases with economic development is part of a broader picture 
known as the ‘epidemiological transition’.4 This provides a useful 
framework for considering the interrelationships between demo-

graphy, disease patterns and social and economic conditions. The 
nature of the epidemiological transition and the relationships 
between these various factors are summarized in Figure 38.1. The 
fi gure illustrates the change from high fertility and high mortality, 
largely from infectious diseases that particularly affl ict infants and 
children, to low fertility and low mortality, largely from chronic 
non-infectious diseases that particularly affl ict adults and the 
elderly. The pace and details of change can and do vary greatly 
between populations and between subgroups, such as the rich and 
poor, within populations. The falling mortality and fertility is 
associated with huge changes in population age structure, from a 
very young age structure to that found in Western industrialized 
countries today. Four stages can be identifi ed within this process 
according to the predominant disease patterns and life expectancy. 
Table 38.1 lists the predominant causes of death from cardiovas-
cular disease at each of these stages. Table 38.1 illustrates the fact 
that IHD becomes a predominant contributor to mortality only 
in the later stages of the transition.

Global distribution of ischaemic heart disease

IHD is estimated to be the single largest cause of death world-
wide.1,2 Around 13% of all deaths globally are due to IHD. Some 
75% of IHD deaths occur in low and middle income countries, 
partly refl ecting the fact that 8 of 10 of all deaths worldwide occur 
in developing countries.5

There is marked regional variation in the importance of IHD 
as a cause of death (Figure 38.2). Thus, fi gures for the year 20006 
in ‘developed regions’ (established market economies and former 
socialist economies) showed that around 23–28% of all deaths 
are due to IHD. In ‘developing regions’ (all other regions), the 
proportion varies from the lowest of 3% (sub-Saharan Africa) to 
the highest of just under 17% (Middle Eastern Crescent and 
India). Broadly, these differences represent different stages of the 
epidemiological transition described above. When the proportion 
of deaths due to IHD is examined by age group, in some develop-
ing regions, notably India and the Middle Eastern Crescent, IHD 
is found to contribute a similar, or in some age groups a greater, 
proportion of deaths than in developed regions. Estimates of age-
specifi c death rates from IHD (Figure 38.3A, B) also suggest that 
these are higher in India and the Middle Eastern Crescent than in 
established market economies. In summary, most IHD deaths 
occur in developing countries and in some developing countries 
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those of northern Europe, North America, Australia and New 
Zealand. This epidemic was most pronounced in men, in whom, 
even allowing for the contribution of artefacts such as changes in 
diagnostic practice, there was a very substantial rise in age-specifi c 
mortality rates from IHD over the fi rst half of the twentieth 
century.7 In women, for reasons not fully understood, increases in 
age-specifi c death rates were much less marked.8 The evidence 
suggests that early in the epidemic, rates of IHD were highest in 
the socioeconomically better off but moved across socioeconomic 
groups to produce the current picture, where the least well off have 
the highest rates.9

In Western industrialized countries, age-specifi c mortality rates 
from IHD began to fall from around 1970. Declines of between 
20% and 50% occurred between 1965 and 1990. The precise 
reasons for these declines remain the subject of debate, but are 
likely to represent a combination of falls in levels of risk factors 
and improvements in clinical care. Most estimates suggest that 
half or a little more of the decline can be attributed to trends in 
the major risk factors (smoking, dyslipidaemia and high blood 
pressure), and most of the rest to improvements in both the effec-
tiveness and uptake of clinical care (particularly drug treatments 
for secondary prevention).10–12

In the former socialist economies of Russia and Eastern Europe, 
recent trends have been somewhat different, with rising age-
 specifi c death rates from these and other conditions in adults 
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Figure 38.1 Representation of the epidemiological transition. The 
dashed line represents a ‘protracted and polarized’ transition, where 
persistent or new infectious disease (such as HIV) are found alongside 
rising levels of NCDs. This is the case in many of the world’s poorest 
countries.

Table 38.1 Deaths from cardiovascular disease (CVD) by stage of epidemiological transition3

Stage of transition Deaths from CVD (%) Main CVDs Examples
Pestilence and famine 5–10 Rheumatic fever, infectious and nutritional 

cardiomyopathies
Sub-Saharan Africa, Rural India

Receding pandemics 10–35 As above + hypertensive heart disease and 
haemorrhagic stroke

China

Degenerative and human-made 
diseases

35–55 All stroke, IHD at relatively young ages Urban India

Delayed degenerative diseases <50 Ischaemic stroke and IHD at older ages Western Europe, USA
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Figure 38.2 Estimated percentage of deaths due to IHD in 2000 for men and women in different regions of the world. EME, established 
market economies; FSE, former socialist economies; sSA, sub-Saharan Africa; LA & Caribbean, Latin America and the Caribbean.6

IHD is now a more important contributor to mortality in adults 
than in developed regions.

Trends in ‘developed’ regions

The beginning of the twentieth century witnessed the start of an 
epidemic of IHD in most industrialized countries, particularly 
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during the 1980s.13 This rise seemed to coincide with the end of 
the socialist system in these countries and may be related to 
increases in excessive alcohol consumption, falls in the consump-
tion of fresh fruit and vegetables, and widening inequalities in 
income.14 In some Eastern European countries, CHD mortality 
rates have now started to decline after peaking in the early 1990s 
(1990–94), (by about 3% per year in Poland, 2% per year in 
Hungary, and 5% per year in the Baltic states).15 But in other coun-
tries, particularly in Russia, they remain very high, especially among 
males from lower socioeconomic groups. Some, but not all, of this 
high mortality rate may be related to alcohol consumption.16

Trends in ‘developing’ regions

The lack of good quality data means that trends in developing 
regions are often based on the earlier experience of developed 
regions. It is a safe prediction that crude IHD rates (e.g. per 1000 
total population per year) will increase substantially over the 

coming years as the population age structure of developing regions 
grows older.17 It also seems a safe prediction that in many – prob-
ably most – developing nations age-specifi c IHD rates will increase 
as the proportion of the population living in urban rather than 
rural areas increases. There are data from several developing 
regions, including India17 and sub-Saharan Africa,18 that demon-
strate marked differences in IHD risk factor levels between rural 
and urban populations. Thus traditional rural lifestyles in devel-
oping countries tend to be associated with low levels of IHD risk 
factors (see below), with high complex carbohydrate diets, high 
levels of physical activity, and low levels of dyslipidaemia, obesity, 
hypertension and diabetes. In contrast, urban living is associated 
with high rates of obesity, physical inactivity, saturated fat intake, 
smoking, alcohol intake, dyslipidaemia, hypertension and diabe-
tes. A recent study from Beijing showed a 50% increase in age-
specifi c CHD mortality in men, and a 27% increase in women 
between 1984 and 1999; most of this increase was explained by 
considerable rises in total cholesterol levels and diabetes (refl ect-
ing substantial changes in traditional Beijing diets).19
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Global Distribution of Ischaemic Heart Disease and Recent Trends
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Contrary to popular perception, high levels of these risk factors 
are not limited to the urban wealthy. For example, in a middle-
income area of Dar es Salaam, one in fi ve adults was hypertensive 
and one in 20 had diabetes.20 The global burden of disease study 
of 1996 estimated that between the year 2000 and 2020, the crude 
death rates from IHD will increase by 9% for the world as a whole, 
but with more substantial increases in all developing regions, 
except for sub-Saharan Africa (Figure 38.4). A more recent analy-
sis from the World Health Organization1 suggests that by 2030 
IHD will be the leading cause of death in all regions of the world, 
including low income countries, and account for between 13% 
(low income countries) and 16% of all deaths (high income 
countries).

RISK FACTORS FOR ISCHAEMIC 
HEART DISEASE

A risk factor for ischaemic heart disease is simply an attribute or 
exposure that is associated with an increased probability of either 
having or developing the disease. More than 250 possible cardio-
vascular risk factors have been identifi ed. However, a much smaller 
number has been shown consistently to be important (Figure 
38.5).21–24 Most risk factor studies have been carried out in devel-
oped countries, but the recent INTERHEART study (a case-control 
study of fi rst myocardial infarction) took place globally in 52 
countries throughout Asia, Europe, the Middle East, Africa, Aus-
tralia, and North and South America.25 The results were similar 
across the world, and suggested that about 90% of fi rst heart 
attacks (myocardial infarction) can be attributed to nine risk 
factors, including cigarette smoking, an abnormal ratio of blood 
lipids, high blood pressure, diabetes, abdominal obesity, stress, a 
lack of daily consumption of fruits and vegetables, as well as a 
lack of daily exercise.

Risk factors are often grouped simply into those that cannot be 
changed (unmodifi able) and those that can be changed (modifi -

able), and are thus of potential importance for the prevention of 
IHD. The major risk factors under these headings are described 
below.

Unmodifi able risk factors

Unmodifi able risk factors include increasing age, male sex, strong 
family history of IHD and genetic markers.

Age and sex

Death rates from IHD tend to increase exponentially with age in 
populations with both low and high rates of IHD. Rates are higher 
in men than in women in all populations. Below the age of 50 
years, rates tend to be 4–5-fold higher in men compared with 
women. With increasing age above 50 years, rates in women 
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approach but never reach those of men. This pattern of male to 
female rates is thought by most researchers to refl ect premeno-
pausal protective effects of oestrogen, mediated at least partly 
through higher levels of high density lipoprotein (HDL) choles-
terol (see below), and the loss of these effects following the 
menopause.

Family history and genetic markers

A strong family history of IHD, often measured as a history of 
IHD in a fi rst-degree relative below the age of 60 years, is associ-
ated with an increased risk over and above the effect of shared risk 
factors between family members. In the Framingham study, for 
example, such a family history was associated with a 30% increased 
risk independent of other risk factors.23 At the time of writing, a 
limited number of genetic markers has been associated with an 
increased risk of IHD and it seems likely that the number will 
increase rapidly with the increasing use of genome wide associa-
tion studies.26 Two recent publications based on genome wide 
approaches have suggested that a region of chromosome 9 (p21) 
is associated with the risk of IHD and myocardial infarction.26,27 
However, in a disease as complex as IHD it is likely that a large 
number of genetic markers, for example refl ecting aspects of such 
areas as lipid metabolism, blood pressure control and endothelial 
function, will be identifi ed.

Modifi able risk factors

High total or low density lipoprotein (LDL) cholesterol (particu-
larly when associated with low HDL cholesterol), high blood 
pressure and smoking have been shown to be the most important 
modifi able risk factors in most populations. Diabetes and lesser 
forms of glucose intolerance are also discussed here.

Dyslipidaemia

Total serum cholesterol concentration is strongly related to differ-
ences in IHD rates between and within populations. There is a 
strong and continuous relationship, for example, between the 
average serum cholesterol level in a population and that popula-
tion’s rate of IHD.28 Within a population there is a strong and 
continuous relationship between an individual’s cholesterol level 
and their risk of developing IHD. Total cholesterol is made up of 
several components, the most important of which are LDL and 
HDL cholesterol. The main atherogenic component of total cho-
lesterol is LDL cholesterol, which is made particularly atherogenic 
through oxidation (see the section on pathogenesis). HDL 
cholesterol is independently related to a reduced risk of IHD. This 
is thought to be through its role in removing cholesterol from 
the tissues, including the arterial wall, and returning it to the 
liver. The single most predictive measures of dyslipidaemia 
that were found in the Framingham study are the ratios of LDL 
cholesterol : HDL cholesterol or of total cholesterol : HDL choles-
terol. For example, a total HDL cholesterol ratio of 9.6 is associ-
ated with double the rate of IHD compared with a ratio of 5.0, 
which is associated with double the rate compared with a ratio of 
3.4.23 There is now substantial randomized controlled trial evi-
dence of the benefi ts of lowering total or LDL cholesterol levels 
by means of pharmacological agents. The strongest evidence is for 

the use of hydroxymethylglutaryl coenzyme A (HMG CoA) reduc-
tase inhibitors, the statins. These are highly effective at lowering 
total and LDL cholesterol levels, and several randomized con-
trolled trials have found that they reduce coronary events by 
around one-third.29 However, it is possible that not all of this 
effect is due to lowering LDL cholesterol levels, as intermediates 
of cholesterol synthesis are involved in the regulation of several 
functions, including the infl ammatory response, which may also 
be important.30

Blood pressure

Raised blood pressure is a strong and independent risk factor for 
IHD. Prospective data on over 350 000 men in the USA, screened 
as part of the Multiple Risk Factor Intervention Trial (MRFIT),31 
demonstrated a continuous positive relationship between dia-
stolic blood pressure from a level of 75 mmHg. With systolic 
blood pressure there was evidence of a plateau below 120 mmHg 
and a continuous positive relationship with IHD incidence above 
this. These and similar data suggest that a 5–6 mmHg reduction 
in diastolic blood pressure should lead to a 20–25% reduction in 
IHD events. A meta-analysis of 14 randomized controlled trials of 
blood pressure lowering, involving 37 000 individuals with dia-
stolic hypertension, demonstrated a signifi cant reduction in IHD 
events of around 14% in those receiving treatment.32 The differ-
ence between this and the predicted value may refl ect some 
unwanted effects of antihypertensive agents on lipid and glucose 
metabolism.

Left ventricular hypertrophy, often a consequence of prolonged 
hypertension, is also a risk factor for IHD events. Left ventricular 
hypertrophy is also associated with diabetes and obesity, and 
participants in the Framingham study with either electrocardio-
graphic or echocardiographic evidence of this condition were at 
two to three times the risk of IHD.23

Smoking

There is overwhelming evidence for a causal role of cigarette 
smoking in IHD. Both the duration of smoking and the amount 
of tobacco smoked daily are directly related to the risk of IHD 
events. The relative risk associated with smoking varies by age, 
being highest in younger adults. For example, in a study of over 
30 000 male British physicians, the risk of IHD death in those 
smoking ≥25 cigarettes a day was 15 times higher than in non-
smokers. However, the risk was twice as high in those aged 55–64 
years. Across all age groups, smokers of >25 cigarettes a day were 
40% more likely to die from IHD than non-smokers.33 Because 
smoking is common, it contributes substantially to IHD event 
rates. For example, smoking is estimated to be responsible for 
between one-sixth and one-fi fth of all IHD deaths in North 
America and Britain, respectively.34

Although randomized controlled trial evidence is not available 
on the benefi ts of smoking cessation (apart from the practical 
diffi culties, such a study would now be ethically unacceptable), 
there are many ‘natural experiments’ where people who stop 
smoking have been followed over time. For example, people who 
stop smoking after a myocardial infarction have around a 40% 
reduction in death rate compared with those who continue 
smoking.35

Risk Factors for Ischaemic Heart Disease
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Diabetes and glucose intolerance

In the vast majority of populations studied, the incidence of IHD 
is higher in people with diabetes than in those without. In men 
it is roughly twice as high, and in women three times as high at 
all ages. The relative advantage in IHD rates that women have over 
men is lost in people with diabetes.36 Some, but not all,37 of the 
excess IHD incidence in people with diabetes is accounted for by 
higher levels of other risk factors, particularly dyslipidaemia and 
high blood pressure. Lesser forms of glucose intolerance, such as 
impaired glucose tolerance, are also associated with higher rates 
of IHD. Pooled prospective data from Europe with over 20 000 
participants demonstrate that impaired glucose tolerance predicts 
IHD mortality independently of other major cardiovascular risk 
factors.38

Obesity, aspects of lifestyle and 
cardiovascular risk

Obesity and certain aspects of lifestyle, such as physical inactivity, 
alcohol consumption and aspects of diet, are risk factors for car-
diovascular disease. Much of the effect of these is through their 
infl uence on the risk factors described above. For example, obesity 
is related to dyslipidaemia, particularly low HDL cholesterol and 
raised triglyceride levels, glucose intolerance, raised blood pres-
sure and insulin resistance (a group of disorders referred to as the 
‘metabolic syndrome’).39 Physical inactivity is related to a similar 
group of disorders.40 At a population level, the saturated fat 
content of the diet is the most important determinant of mean 
population total and LDL cholesterol levels. In individuals the 
relationship between saturated fat content and cholesterol con-
centration is less clear. This is probably because at the individual 
level dietary intake interacts with several different genetic factors 
to determine cholesterol level. There is evidence that other aspects 
of diet, such as fresh fruit and vegetable content, are also likely to 
be important in determining the risk of IHD. Likely mechanisms 
include the role of antioxidants in protecting against the oxidation 
of LDL cholesterol (see Pathogenesis below) and the benefi cial 
effects of potassium, and the detrimental effects of sodium, on 
blood pressure. The protective effects of moderate alcohol con-
sumption, around 2 units/day, on IHD in populations at high risk 
of the condition are well documented. At least part of this benefi t 
is through the effect of alcohol on raising HDL cholesterol levels. 
An important caveat to the protective effects of alcohol is that 
these are associated with regular drinking, and that heavy binge 
drinking may have quite the opposite impact on cardiovascular 
outcomes.41

The interactive nature of risk factors

As would be expected, the greater the number of risk factors an 
individual possesses the higher is the probability of an IHD event, 
such as sudden death, myocardial infarction or the development 
of angina. The risk associated with a combination of risk factors 
is often greater than simply adding the risk associated with the 
individual risk factors together: it tends to be multiplicative. This 
is illustrated in Figure 38.6, which is based on a risk prediction 
formula from the Framingham study.23 The fi gure shows how the 
risk of developing IHD in a 50-year-old man currently without 

IHD varies over seven-fold with different levels of the three main 
modifi able risk factors. Several scoring systems have been derived 
to provide an estimate of the risk of IHD within individuals based 
on their risk factor levels. Factors that are usually taken into 
account include age, sex, presence or absence of diabetes, blood 
pressure level, smoking status, and total : HDL cholesterol ratio. 
Such scoring systems are being promoted as aids to decision-
making, for example to help determine who should receive lipid- 
or blood pressure-lowering medication, with the decision based 
on ‘overall’ or absolute risk of cardiovascular disease (expressed, 
for example as a percentage over the subsequent 10 years), rather 
than simply on high levels of one or more risk factors, and only 
on IHD, as in the past. A limitation of these systems is that they 
tend to be based on data from high-risk populations of European 
origin (in the past, the majority were based on data from one 
study, the Framingham study). There is evidence that the level of 
risk associated with both individual factors and combinations of 
factors varies between populations, depending both on their 
overall level of risk and the infl uence of less well understood IHD 
risk factors.42–45 New scoring systems have recently been derived, 
including HEARTSCORE (based on a large European database of 
almost 3 million person-years of observation followed for almost 
10 years with >7000 fatal cardiovascular events as an endpoint),46 
the Reynolds Risk score (designed specifi cally for women),47 and 
ASSIGN (based on data from Scotland, including explicitly the 
effects of socio-economic deprivation on risk).45 The Asia Pacifi c 
Studies Collaboration has also recently recalibrated a ‘limited-
information’ version of the Framingham equations (which requires 
data only on age, systolic blood pressure, cholesterol and smoking 
status), for use in a low risk Asian population, and compared its 
performance with risk equations based on local (Chinese) cohorts. 
Both sets of equations discriminated cardiovascular risk well in 
Chinese cohorts.48 Hence, there are now scoring systems more 
appropriate for both higher and lower incidence Western popula-
tions, and Asian populations, although the latter have not yet 
been widely used.
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The ‘only 50%’ explanatory power of the major 
IHD risk factors

It is commonly stated that the major IHD risk factors described 
above can explain only about half the variation in IHD incidence.7 
In other words, within a population only about half the cases of 
IHD can be predicted by the above risk factors. Or, when compar-
ing populations with different IHD rates, such as different socio-
economic groups, only about half the difference in rates appears 
to be due to differences in smoking, lipid levels, blood pressure 
and diabetes. The ‘only 50%’ explanatory power has recently been 
challenged from several sources. A very large cohort study from 
the US found that non-smoking individuals with low blood pres-
sure and low total cholesterol level had one-fi fth or less the inci-
dence of IHD compared with the rest.44 Further, it is important to 
realize that both imprecision in measurement of a risk factor, and 
variation in measurement over time in the same individual can 
underestimate the importance of a risk factor (regression dilution 
bias). Analysis of data from the British Regional Heart Study has 
suggested that just three major risk factors (cigarette smoking, 
blood pressure, serum cholesterol) can account for 80% of varia-
tion in the risk of CHD events, after adjusting for this bias.49 
Nonetheless, the apparent inability of the major risk factors to 
explain much more than 50% of variation in IHD incidence has 
led to a huge research effort to identify other risk factors that 
may improve our ability to predict IHD. There is a very long 
list of putative risk factors under investigation.24 The list includes 
new putative atherogenic factors, such as homocysteine. Clinical 
homocysteinuria is associated with very premature IHD, but epi-
demiological evidence suggests that levels of homocysteine within 
the general population are also related to increased risk of IHD, 
and that this risk is reduced by intake of vitamin B12 and folate, 
vitamins that promote the metabolism of homocysteine. Throm-
bogenic risk markers under investigation include fi brinogen, 
factor VII and plasminogen activator inhibitor. Markers and pro-
moters of infl ammation are also of interest and include C-reactive 
protein and interleukin 6, with the possibility that certain infec-
tions, such as Chlamydia pneumoniae, may increase the risk of 
atherosclerosis. Finally, a quite different category of risk markers 
that are being investigated are psychosocial stressors, such as psy-
chological traits, working environment and social support. There 
is good observational evidence that some of these are associated 
with IHD risk,50 although the biological mechanisms for such 
effects remain to be elucidated. The relative importance of each 
of most of these ‘newer’ risk factors is currently unclear.

Ethnic group differences in IHD risk factors

The associations between IHD and the major modifi able risk 
factors described above have been demonstrated in a wide variety 
of populations, whether defi ned by ethnic group or by geography. 
This has been confi rmed by a recent collaboration, the Asia–Pacifi c 
Cohort study, which has carried out individual patient data meta-
analysis from cohort studies (over 40) in the Asia-Pacifi c region 
to provide robust evidence about determinants of stroke, coronary 
heart disease and other common causes of death. Results have 
generally been very consistent between Asian and Pacifi c cohorts, 
and with studies elsewhere in the world. For example, they recently 

confi rmed that smoking is a risk factor for IHD and stroke, inde-
pendent of other confounders (such as BMI, blood pressure, and 
cholesterol levels) in Asia. The was no difference between Asian 
and Caucasian populations (in Australia and New Zealand), and 
the risk reduction on quitting was similar.51

In this respect, the evidence suggests that ethnic groups are 
much more alike than different in terms of the causes of IHD. 
Analyses of the predictive power of risk factors have found some 
differences between groups, for example between southern and 
northern European populations,43 or between Japanese and white 
populations in the USA. Thus, for example, an analysis suggested 
that the risk prediction formula used to produce Figure 38.6 
applies equally well to African and white Americans. However, 
some modifi cation is needed to account for underlying differences 
in the prevalence of risk factors and the overall IHD rates before 
the formula can be applied to Japanese and native American 
groups.42 The reasons for differences between ethnic groups are 
likely to be complex. Possible explanations include differences 
in exposures to lifestyle and environmental factors mediated 
by geography, socioeconomic status and culture. Differences in 
genetic background leading to differences in gene–environment 
interactions may also be important.

Migrant populations whose ancestral origins are from the 
Indian subcontinent suffer from particularly high rates of IHD 
compared with indigenous populations.52 As with other groups, 
the major modifi able risk factors are important, but they do not 
appear to account for the higher rates of IHD,53 and other factors 
have been suggested, including a higher prevalence of insulin 
resistance and metabolic syndrome.54

PATHOGENESIS OF ATHEROSCLEROSIS AND 
ISCHAEMIC HEART DISEASE

Atherosclerosis is a patchy, nodular type of arteriosclerosis (thick-
ening and hardening of the arterial wall) that occurs mainly in 
large and medium-sized elastic and muscular arteries. It is charac-
terized by lipid accumulation, hyperplasia and scarring in the 
arterial intima. These are refl ected in the derivation of the term 
atherosclerosis, which comes from the Greek words ‘athero’ 
(meaning gruel or paste) and ‘sclerosis’ (hardness).

Atherosclerosis underlies the vast majority of ischaemic vascu-
lar disease, including IHD. Its major complications are myocar-
dial, cerebral and peripheral (particularly lower limb) ischaemia 
and infarction. A broad spectrum of clinical disease is associated 
with atherosclerotic lesions in the coronary arteries. For example, 
atherosclerotic lesions may be silent and not give rise to any 
symptoms or signs. They may gradually lead to narrowing of a 
coronary artery giving rise to stable angina, or their surface may 
be disrupted leading to thrombus formation and the acute coro-
nary syndromes of unstable angina and myocardial infarction. 
The evolution and behaviour of atherosclerotic lesions and their 
relationship to clinical disease are considered below.

Morphology and classifi cation of 
atherosclerotic lesions

At the beginning of the twentieth century, two types of intimal 
lesion were recognized and associated with atherosclerosis. These 
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were the fatty streak (a thin lipid deposit in the intima in children) 
and the fi brous plaque (a thick lipid and fi brous lesion in adults). 
At this time it was not universally accepted that these two lesions 
were the early and advanced expressions of a single disease. By 
the 1950s, however, a classifi cation that consisted of the sequence 
fatty streak, fi brous plaque and complicated lesion was widely 
used. The term ‘complicated lesion’ was used for a fi brous plaque 
that contained a haemorrhage or had ulcerated or fi ssured with 
associated thrombosis. The World Health Organization’s classifi -
cation, published in 1958, added the term ‘atheroma’ to these 
three terms.55 This was added to distinguish advanced lesions with 
a predominantly lipid component (atheroma) from those with a 
predominantly collagenous component (fi brous plaque). More 
recently, the American Heart Association (AHA) reviewed the clas-
sifi cation of lesions and using the latest available histological 
evidence proposed a classifi cation based on six main types of 
lesion.56,57 The classifi cation essentially incorporates both the type 
and sequence of lesions described in previous classifi cations 
(Figure 38.7). Types I and II are early lesions and include the fatty 
streak. Types IV–VI are advanced lesions and include atheroma 
through to complicated lesions. Type III represents the transitory 
phase between early and advanced lesions.

Pathogenesis of atherosclerotic lesions

Exactly how atherosclerosis begins and evolves, and what factors 
drive and determine the direction of this whole process, is not 
fully known. However, any description of its pathogenesis must 
be able to account for the fact that lesions are not uniformly dis-
tributed throughout the arterial tree. Whether in human popula-
tions with a high or low incidence of atherosclerotic disease, or 
in animal models of atherosclerosis, the distribution of lesions is 
highly characteristic. They occur predominantly at bifurcation 
points and bends of the arteries. The ‘response to injury hypoth-
esis’ suggests that endothelial and other cells within the arterial 
wall actively respond to a range of potential insults in a way that 
initiates and may promote the atherosclerotic process. One source 
of ‘injury’ is haemodynamic forces, and at arterial bifurcation 
points and bends there are low shear forces and turbulent blood 

fl ow. In such regions there is increased residence time for circulat-
ing blood constituents, some of which may also be causes of 
injury.58 In these regions, endothelial cells alter their normal 
homeostatic properties leading to increased adhesiveness for 
monocytes, T lymphocytes and platelets, and increased permeabil-
ity to lipids. Their responses include the formation of vasoactive 
molecules, adhesion molecules, cytokines and growth factors. 
Such responses will be increased and sustained by the presence of 
other causes of injury and insult to the endothelium. These may 
include raised and modifi ed LDL cholesterol levels, free radicals 
caused by cigarette smoking, hypertension and diabetes mellitus, 
raised plasma homocysteine concentrations and infectious micro-
organisms such as herpes viruses or Chlamydia pneumoniae.

Type 1 and type 2 atherosclerotic lesions (Figure 38.7) occur 
in all human populations studied, including those with a low 
incidence of IHD. These lesions, therefore, appear to represent a 
controlled, limited and universal infl ammatory response to certain 
haemodynamic forces. The development of more advanced lesions 
seems to be dependent upon greater and continuing stimulation 
of this response.59 Particularly central to this is the accumulation, 
within the arterial intima, of LDL cholesterol that has been mildly 
oxidized (oxLDL) when crossing the endothelial cell, and may be 
further modifi ed within the intima. Accumulation of oxLDL acts 
as an attractant for monocytes and promotes their conversion to 
macrophages. Macrophages ingesting large amounts of oxLDL 
become foam cells. In addition, continuing infl ammation sees 
migration, probably from the arterial media, and proliferation of 
smooth muscle cells. Smooth muscle cells are found in two main 
phenotypes: those of the contractile type, which are rich in myo-
fi laments, and those of the synthetic type (derived from the con-
tractile type in response to stimuli associated with injury), which 
are rich in rough endoplasmic reticulum. The synthetic phenotype 
of smooth muscle cells responds to various growth factors and 
secretes extracellular matrix components including collagen.

The lipid core of type IV lesions contains cholesterol and its 
esters,57 some in crystalline form, and includes debris from mac-
rophage and foam cell death. The lipid core is surrounded by 
macrophages. These are highly activated infl ammatory cells, pro-
ducing cell mediators such as tumour necrosis factor α, interleu-
kins and metalloproteinases (connective tissue matrix degrading 
enzymes).59 The connective tissue capsule surrounding the lipid 
core consists of collagen and matrix synthesized by smooth muscle 
cells, and as the size of the capsule increases and a fi brous cap 
clearly develops the lesion can be classifi ed as a type V lesion.

Ulceration or fi ssuring of the fi brous cap is the precursor of 
complicated (type VI) lesions in which thrombus formation 
occurs (Figure 38.7). Highly activated macrophages are involved 
in both ulceration and fi ssuring. Ulceration is due to endothelial 
denudation exposing subendothelial connective tissue on which 
thrombus forms. Fissuring exposes the highly thrombogenic lipid 
core of the plaque. Thrombus forms initially within the plaque 
and may then extend into the arterial lumen.60

Relationship between coronary atherosclerosis 
and presentation of IHD

Clinically overt IHD is largely associated with type IV-type VI 
lesions.57 Reduction in the diameter of the coronary artery by an 

Figure 38.7 Types of atherosclerotic lesion.56
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atherosclerotic lesion can lead to ischaemia when the demands 
for blood supply through that artery are increased (e.g. by physi-
cal activity or emotion). Chronic stable angina and stable silent 
ischaemia (ischaemia without classical symptoms and detected 
through electrocardiography) are the clinical outcomes of this 
situation. Interestingly even large stable atherosclerotic lesions 
may not lead to symptoms. This is because much of the initial 
growth of the lesion occurs outwards, producing a bulging and 
remodelling of the arterial wall and leaving the cross-sectional 
area of the lumen untouched. Narrowing of the lumen starts 
to occur only when the lesion occupies >40% of the circumfer-
ence.61 Even then, the narrowing needs to be 50% or more before 
blood fl ow starts to decrease. One of the implications of these 
facts is that a coronary artery that appears normal on coronary 
arteriography may nonetheless be substantially diseased and, 
although not currently producing symptoms, may threaten an 
acute coronary syndrome (myocardial infarction or unstable 
angina).

Myocardial infarction and unstable angina arise from compli-
cated (type VI) lesions. Thrombus formation, in response to 
plaque rupture or erosion of its surface, may occlude the lumen 
of the artery and thus lead to infarction of the heart muscle sup-
plied by that artery. Unstable angina is associated with thrombus 
formation that neither fully occludes the artery nor fully resolves.60 
The thrombus thus severely restricts blood fl ow, producing symp-
toms without causing infarction.

CLINICAL SYNDROMES OF ISCHAEMIC 
HEART DISEASE

Classifi cation and presentation of IHD

IHD can present in several ways. Figure 38.8 provides a classifi ca-
tion based on how people with IHD may fi rst come to the atten-
tion of clinicians. It is important to note that the categories are 
not mutually exclusive. For example, someone may present with 
the symptoms of myocardial infarction and cardiac insuffi ciency, 
and be subject to dysrhythmias. Similarly, once IHD has become 
manifest, an individual may through the course of the disease 
experience several of the categories shown in Figure 38.8. For 

example, they may be diagnosed with angina, suffer from episodes 
of silent ischaemia, be prone to dysrhythmias because of isch-
aemic damage to the conducting system of the heart, and develop 
cardiac insuffi ciency (heart failure) through accumulated isch-
aemic damage to the cardiac muscle.

Figure 38.9 shows the presentation of new cases of IHD in the 
Framingham study. In this cohort the fi rst indication of IHD in 
around 15% of men and women was death as a result of the 
condition, with two-thirds of these deaths occurring within 1 h of 
the onset of symptoms (the defi nition of ‘sudden death’). Women 
more commonly presented with angina than men, with a small 
proportion presenting with unstable rather stable angina. One-
third of myocardial infarctions in men, and almost half in women, 
were unrecognized at the time (many presumably because they 
were painless) and picked up later by electrocardiographic 
changes.

Uncommon clinical presentations Common clinical presentations Silent ischaemia Sudden death

Ischaemic heart disease

Heart failure Arrhythmias Angina pectoris Myocardial infarction

Stable Unstable Painful Painless

Figure 38.8 A classifi cation of ischaemic heart disease based on its clinical presentation.
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Stable or classical angina pectoris

The pain of stable angina pectoris is brought on by an increase in 
cardiac workload. Examples of activities that can result in angina 
include physical exertion, such as walking up hill, carrying a heavy 
load, emotion, eating a heavy meal or cold weather. The site of 
pain of angina pectoris is typically mid-sternal with radiation to 
the left arm. It may also radiate to the angle of the jaw and through 
to the back. It is usually described as a ‘gripping’ or ‘tight’ pain. 
Patients may describe it as like having a tight band around their 
chest. However, in some cases the pain is little more than a dull 
ache, and this may be felt only in the arm or jaw and not neces-
sarily in the chest.

The pain of angina is typically relieved rapidly by rest. Thus, 
usually within 2 min or so of stopping exertion, the pain has gone. 
Another factor that should lead to rapid relief of the pain is the 
use of nitroglycerine tablets or spray (applied under the tongue). 
Indeed nitroglycerine is sometimes used to assist with diagnosis 
and to help distinguish angina pectoris from other causes of chest 
pain.

Unstable angina pectoris

Unstable angina is often also called ‘angina at rest’. This is anginal 
chest pain that is not associated with exertion and which can come 
on suddenly while the patient is at rest. It may range from brief 
single episodes to prolonged and repeated episodes. Clinically it 
may be diffi cult to distinguish from a myocardial infarction, 
requiring further investigations such as electrocardiography and 
measurement of cardiac enzymes to determine whether the pain 
represents ‘unstable angina’ or ‘myocardial infarction’. Indeed, 
unstable angina often signifi es advanced disease and impending 
infarction.

Myocardial infarction

The pain of myocardial infarction is similar in distribution to that 
of angina, but is typically much more severe, lasts from 30 min 
to several hours, and is not relieved by rest or nitroglycerine. 
Patients often describe it as a crushing pain, as though a heavy 
weight or person was sitting on their chest. Nausea, vomiting and 
sweating may be present, especially at the start of the pain. With 
large infarcts, breathlessness may be present from left ventricular 
failure.

Although myocardial infarction is usually painful, it is painless 
in a substantial proportion (possibly more than one-fi fth) of 
cases. Painless myocardial infarction is commoner in people with 
diabetes and increases with age.62 The patient may present with 
non-specifi c complaints such as transient loss of consciousness, 
acute confusion, a sense of weakness or nausea. Other painless 
signs include the appearance of an arrhythmia (such as atrial 
fi brillation of heart block) or an unexplained drop in blood pres-
sure. Thus a high degree of suspicion is necessary, particularly in 
the elderly and in people with diabetes, in order to detect such 
cases.

The most immediate life-threatening complication of myocar-
dial infarction comes from arrhythmias, particularly ventricular 
fi brillation. Around 25–30% of people suffering a myocardial 

infarction die before they reach hospital, largely from ventricular 
fi brillation. This knowledge has led to great efforts in many coun-
tries both to reduce the time between the onset of symptoms and 
admission to hospital, and to make resuscitation equipment and 
people trained to use it more widely available in public places. 
Heart failure and clinical shock may ensue in the hours and days 
after large infarcts, with low blood pressure, low cardiac output 
and poor oxygenation of the blood. Other potential complica-
tions in the fi rst few days include myocardial rupture, rupture of 
the interventricular septum, mitral regurgitation following damage 
to the papillary muscle, and systemic and pulmonary embolism. 
Typically a quarter of patients admitted to hospital with myocar-
dial infarction die before discharge, although modern intensive 
therapy can reduce the mortality rate substantially.

Sudden cardiac death

By defi nition, ‘sudden cardiac death’ occurs within 1 h of the onset 
of symptoms. Sudden cardiac death is often associated with myo-
cardial infarction leading to ventricular fi brillation, as described 
above. However, fatal arrhythmias may also occur in the absence 
of recent myocardial infarction, with a poorly functioning ven-
tricle damaged by previous ischaemia being susceptible to arrhyth-
mias including ventricular fi brillation.

Silent ischaemia

The widespread use of electrocardiography (ECG), including exer-
cise ECG and continuous ambulatory monitoring, has identifi ed 
people who have ECG evidence of ischaemia (S-T depression) on 
exertion but no symptoms. Such individuals are at an increased 
risk of coronary events, such as sudden death, myocardial infarc-
tion and clinical angina. Silent ischaemia is commoner in people 
with diabetes.

CONCLUSIONS AND CHALLENGES

This chapter aimed to provide a description of IHD, from its epi-
demiology to its pathogenesis. It has not aimed to cover treatment 
or prevention, although within these lie immense challenges, par-
ticularly in low- and middle-income countries. Much of the treat-
ment given for IHD in richer countries is beyond the resources of 
low- and middle-income countries for all but the most privileged 
few of their population. Yet some cheap and highly effective treat-
ments do exist, greater access to which in low and middle income 
countries could have a signifi cant impact on disease burden from 
IHD. For example, aspirin and beta-blockers in people with estab-
lished IHD or acute myocardial infarction are likely to be highly 
cost-effective or cost-saving in all income settings, poor and rich 
countries alike.2 Similarly, the use of a low cost ACE inhibitor in 
people with congestive heart failure is also highly cost-effective.2 
A major challenge is insuring that in low and middle income set-
tings such treatments are delivered in an equitable and effi cient 
way, and this demands well working health systems covering the 
majority of the population.63

The primary prevention of IHD is possible.64 As this chapter 
has shown, the major modifi able risk factors of tobacco smoking, 
high blood pressure, dyslipidaemia and glucose intolerance are 
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consistent across different populations, and WHO has estimated 
that 80% of IHD is preventable based on current knowledge.63 
High blood pressure, dyslipidaemia and glucose intolerance arise 
from the common soil of an atherogenic diet (high in saturated 
fat and salt, low in fresh fruit and vegetables), physical inactivity 
and obesity. Methods appropriate to the cultural, social and eco-
nomic contexts within each population will need to be developed 
and evaluated. Lessons should be learnt from the experience of 
population-based preventive measures in developed regions.65,66 
Approaches likely to be cost-effective in most contexts include 
broad-based policy and fi scal measures, particularly supporting 
tobacco control, the supply and marketing of certain food prod-
ucts and the design of environments and living arrangements 
conducive to physical activity.63,67,68
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Section 6 Viral Infection

Chapter 39 Jane N. Zuckerman and Arie J. Zuckerman

Viral Hepatitis

Viral hepatitis is a major public health problem throughout the 
world affecting several hundreds of millions of people. Viral 
hepatitis is a cause of considerable morbidity and mortality in 
the human population, from both acute infection and chronic 
sequelae which include, with hepatitis B and hepatitis C infection, 
chronic active hepatitis, cirrhosis and primary liver cancer.

The hepatitis viruses include a range of unrelated and often 
unusual human pathogens:
• Hepatitis A virus (HAV): a small unenveloped symmetrical RNA 

virus, which shares many of the characteristics of the picorna-
virus family. This virus has been classifi ed in the hepatovirus 
genus, and is the cause of infectious or epidemic hepatitis 
transmitted by the faecal–oral route.

• Hepatitis B virus (HBV): a member of the hepadnavirus group 
of double-stranded DNA viruses which replicate by reverse 
transcription. Hepatitis B virus is endemic in the human popu-
lation and hyperendemic in many parts of the world.

• Hepatitis C virus (HCV): an enveloped single-stranded RNA 
virus which appears to be distantly related (possibly in its 
evolution) to fl aviviruses, although hepatitis C is not trans-
mitted by arthropod vectors. Infection with this virus is 
common in many countries, and it is associated with chronic 
liver disease and also with primary liver cancer.

• Hepatitis D virus (HDV): an unusual single-stranded circular 
RNA virus with a number of similarities to certain plant viral 
satellites and viroids. This virus requires hepadnavirus helper 
functions for propagation in hepatocytes, and is an important 
cause of acute and severe chronic liver damage in some regions 
of the world.

• Hepatitis E virus (HEV): an enterically transmitted non-
enveloped, single-stranded RNA virus which shares many bio-
physical and biochemical features with caliciviruses. Hepatitis 
E virus is an important cause of large epidemics of acute hepa-
titis in the subcontinent of India, central and South-east Asia, 
the Middle East, parts of Africa and elsewhere; this virus is 
responsible for high mortality during the third trimester of 
pregnancy.

HEPATITIS A

Outbreaks of jaundice have been described for many centuries and 
the term ‘infectious hepatitis’ was coined in 1912 to describe the 

epidemic form of the disease. HAV is spread by the faecal–oral 
route and is endemic throughout the world and hyperendemic 
in areas with poor standards of sanitation and hygiene. Common-
source outbreaks are initiated most frequently by faecal con-
tamination of food and water, and sporadic cases result from 
person-to-person contact. The seroprevalence of antibodies to 
HAV has declined since World War II in many industrialized 
countries. The exact incidence is diffi cult to estimate because of 
the high proportion of subclinical infections and infections 
without jaundice, differences in surveillance and differing patterns 
of disease. The extent of under-reporting is very high. Hepatitis A 
is recognized as an important travel-related infection in travellers 
from low prevalence areas to endemic countries.

The incubation period of hepatitis A is about 28 days. The virus 
replicates in the liver. Very large amounts of virus are shed in the 
faeces during the incubation period, before the onset of clinical 
symptoms and a brief period of viraemia occurs (Figure 39.1). The 
severity of illness ranges from asymptomatic to anicteric or icteric 
hepatitis and rarely fulminant hepatitis. The virus is non-
cytopathic when grown in cell culture. Its pathogenicity in vivo, 
which involves necrosis of parenchymal cells and histiocytic peri-
portal infl ammation, may be mediated via the cellular immune 
response. By the time of onset of symptoms, excretion of virus in 
the faeces has declined and may have ceased and anti-HAV IgM, 
which is diagnostic of acute infection and appears late during 
the incubation period, increases in titre. Anti-HAV IgG may be 
detected 1–2 weeks later and persists for years. The virus does 
not persist and chronic excretion of HAV does not occur. There is 
no evidence of progression to chronic liver disease.1

Diagnostic tests are based mostly on enzyme-linked immuno-
sorbent assays (ELISA).

Classifi cation

Examination by electron microscopy of concentrates of fi ltered 
faecal extracts from patients during the incubation period reveals 
27 nm unenveloped spherical particles typical of the Picornaviri-
dae. The entire nucleotide sequence of the viral genome has been 
determined.

Comparison with other picornavirus sequences revealed limited 
homology to the enteroviruses or, indeed, the rhinoviruses; how-
ever, the structure and genome organization are typical of the 
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Picornaviridae. HAV is now considered as a separate genus 
(Hepatovirus) within the Picornaviridae as are the cardioviruses 
(of mice) and apthoviruses (foot and mouth disease viruses). 
There is one human serotype of HAV. Seven genotypes have 
been identifi ed from wild-type strains, but all have a highly 
conserved single immunodominant epitope which generates 
neutralizing antibodies.

Organization of the HAV genome

The HAV genome comprises about 7500 nucleotides (nt) of 
positive sense RNA, which is polyadenylated at the 3′ end and has 
a polypeptide (VPg) attached to the 5′ end. A single, large open 
reading frame (ORF) occupies most of the genome and encodes 
a large polyprotein.

The viral polyprotein is processed to yield the structural (located 
at the amino terminal end) and non-structural viral polypeptides. 
Many of the features of replication of the picornaviruses have been 
deduced from studies of prototype enteroviruses and rhinoviruses, 
in particular poliovirus type 1. The virus replicates in the cyto-
plasm of hepatocytes.

HAV is stable at low pH and is resistant to degradation by 
environmental conditions.

Prevention and control of hepatitis A

Passive immunization

Control of hepatitis A infection is diffi cult. Since faecal shedding 
of the virus is at its highest during the late incubation period and 

the prodromal phase of the illness, strict isolation of cases is not 
a useful control measure. Spread of hepatitis A is reduced by 
simple hygienic measures and the sanitary disposal of excreta.

Normal human immunoglobulin, containing at least 100 IU/
mL of anti-hepatitis A antibody, given intramuscularly before 
exposure to the virus or early during the incubation period, will 
prevent or attenuate a clinical illness. The dosage should be at 
least 2 IU anti-hepatitis A antibody/kg body weight, but in special 
cases, such as pregnancy or in patients with liver disease, that 
dosage may be doubled. Immunoglobulin does not always prevent 
infection and excretion of HAV, and inapparent or subclinical 
hepatitis may develop. The effi cacy of passive immunization is 
based on the presence of hepatitis A antibody in the immuno-
globulin, but the minimum titre of antibody required for protec-
tion has not yet been established. Immunoglobulin is used most 
commonly for close personal contacts of patients with hepatitis A 
and for those exposed to contaminated food. Immunoglobulin 
has also been used effectively for controlling outbreaks in institu-
tions such as homes for the mentally handicapped and in nursery 
schools. Prophylaxis with immunoglobulin is recommended for 
persons without hepatitis A antibody visiting highly endemic 
areas. After a period of 6 months the administration of immuno-
globulin for travellers should be repeated, unless it has been 
demonstrated that the recipient has developed his or her 
own hepatitis A antibodies. Active immunization (see below) is 
strongly recommended.

Active immunization: Hepatitis A vaccines

In areas of high prevalence most children have antibodies to HAV 
by the age of 3 years and such infections are generally asymptom-
atic. Infections acquired later in life are of increasing clinical sever-
ity. Less than 10% of cases of acute hepatitis A in children up to 
the age of 6 years are icteric but this increases to 40–50% in the 
6–14 age group and to 70–80% in adults. Of 115 551 cases of 
hepatitis A in the USA between 1983 and 1987, only 9% of the 
cases, but more than 70% of the fatalities, were in those aged over 
49. It is important, therefore, to protect those at risk because of 
personal contact with infected individuals or because of travel to 
highly endemic areas. Other groups at risk of hepatitis A infection 
include staff and residents of institutions for the mentally handi-
capped, day care centres for children, sexually active male homo-
sexuals, intravenous narcotic drug abusers, sewage workers, 
healthcare workers, military personnel and members of certain 
low socioeconomic groups in defi ned community settings. Active 
immunization for travellers is strongly recommended. It is also 
recommended that food handlers should be immunized. In some 
developing countries the incidence of clinical hepatitis A is increas-
ing as improvements in socioeconomic conditions result in infec-
tion later in life and strategies for immunization are yet to be 
agreed. Immunization against hepatitis A is also recommended 
for patients with chronic liver disease, and patients with chronic 
blood clotting disorders.

Hepatitis A vaccines

The foundations for a hepatitis A vaccine were laid in 1975 by the 
demonstration that formalin-inactivated virus extracted from the 
liver of experimentally infected marmosets induced protective 

Figure 39.1 Electron micrograph showing the large number of 
hepatitis A virus particles in faeces during the incubation period of the 
infection. (Reduced from ×120 000. From a series by Anthea Thornton 
and A. J. Zuckerman.)
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antibodies in susceptible marmosets on challenge with live virus. 
Subsequently HAV was cultivated, after serial passage in marmo-
sets, in a cloned line of fetal rhesus monkey kidney cells (FRhK6), 
thereby opening the way to the production of hepatitis A vaccines. 
Later it was demonstrated that prior adaptation in marmosets was 
not a prerequisite to growth of the virus in cell cultures and 
various strains of virus have been isolated directly from clinical 
material using several cell lines, including human diploid fi bro-
blasts, and various techniques have been employed to increase the 
yield of virus in cell culture. The vaccines are inactivated, highly 
immunogenic and provide long-term protection against infection. 
Combined preparations of killed hepatitis A vaccines with hepa-
titis B vaccine and other vaccines are available or are under clini-
cal trial. Combination vaccines are available: hepatitis A and B, 
hepatitis A and typhoid, and other polyvalent vaccines are under 
development.

HEPATITIS E

Retrospective testing of serum samples from patients involved in 
various epidemics of hepatitis associated with contamination of 
water supplies with human faeces led to the conclusion that an 
agent other than hepatitis A or hepatitis B was involved. Epidem-
ics of enterically transmitted non-A, non-B hepatitis in the Indian 
subcontinent were fi rst reported in 1980, but outbreaks involving 
tens of thousands of cases have also been documented in the 
former USSR, South-east Asia, northern Africa and Mexico. Infec-
tion has been reported in returning travellers. The average incuba-
tion period is longer than that for hepatitis A, with a mean of 6 
weeks. The highest attack rates are found in young adults, and 
high mortality rates (up to 20%) have been reported in women 
in the third trimester of pregnancy.

Virus-like particles measuring 28–34 nm in diameter have been 
detected in faecal extracts of infected individuals by immune elec-
tron microscopy using convalescent serum. However, such studies 
have often proved inconclusive because a large proportion of the 
excreted virus may be degraded during passage through the gut. 
Cross-reaction studies between sera and virus in faeces associated 
with a variety of epidemics and other viral isolates in several dif-
ferent countries indicate that there are at least four major geno-
types and phylogenetic and sequence analyses defi ne at least nine 
different groups.

Studies on HEV have progressed following transmission to 
susceptible non-human primates. Man is the natural host of HEV.2 
A number of non-human primates such as chimpanzees, cyno-
molgus monkeys, rhesus monkeys, pigtail monkeys, owl monkeys, 
tamarins and African green monkeys are susceptible to natural 
(and experimental) infection with human strains of HEV. Swine 
strains have been identifi ed and are able to infect humans. In 
endemic areas, antibodies to HEV acquired naturally have been 
found in 42–67% of domestic farm animals: cows, sheep and 
goats. In addition, there is evidence of widespread HEV or HEV-
like infection in rodents in the USA, raising the possibility of 
reservoirs of HEV infection in industralized countries.

The problem of degradation of HEV in the gut was circum-
vented when the bile of infected monkeys was found to be a rich 
source of virus. This material permitted the molecular cloning of 
DNA complementary to the HEV (RNA) genome and the entire 

7.5 kb sequence was determined. The organization of the genome 
is distinct from the Picornaviridae and the non-structural and 
structural polypeptides are encoded respectively at the 5′ and 3′ 
ends. HEV resembles the caliciviruses in the size and organization 
of its genome as well as in the size and morphology of the 
virion.

Laboratory tests

Sequencing of the HEV genome has resulted in the development 
of a number of specifi c diagnostic tests. For example, HEV RNA 
was detected, using the polymerase chain reaction (PCR), in faecal 
samples. An enzyme-linked immunosorbent assay (ELISA), which 
detects both IgG and IgM anti-HEV, has been developed using a 
recombinant HEV-glutathione-S-transferase fusion protein and 
used to detect antibodies in sporadic cases of infection in children 
and adults and during a number of epidemics. Epidemics are 
usually associated with warm weather and poor sanitation leading 
to faecal contamination of drinking water. Sporadic cases occur 
where HEV is endemic and also in Western countries in individu-
als without a history of travel to endemic countries.

Epidemiology

HEV is spread by the faecal-oral route. Consumption of drinking 
water contaminated with faecal material has led to epidemics, and 
the ingestion of raw or uncooked shellfi sh has caused sporadic 
infections and epidemics in endemic areas. The highest prevalence 
of infection occurs in regions with low standards of sanitation 
and non-chlorinated drinking water. The incubation period is 
2–9 weeks, with an average of 6 weeks. Zoonotic spread of HEV 
appears likely, particularly from swine and possibly rodents. For 
example, although hepatitis E is not endemic in the USA and other 
developed countries, anti-HEV has been found in a signifi cant 
proportion (up to 28% in some areas) of healthy persons in these 
countries. Subclinical infection might be the explanation. Infec-
tion in town dwellers might be caused by rodents. The prevalence 
of anti-HEV in blood donors (a highly selected sector of the 
population) in Central Europe and North America is 1.4–2.5%, 
in South Africa 1.4%, Thailand 2.8% , Saudi Arabia 9.5% and 24% 
in Egypt.

The prevalence of anti-HEV in endemic regions is 3–26%, 
which is much lower than expected, although HEV infections 
account for more than 50% of acute sporadic hepatitis in some 
highly endemic areas.

Virus is excreted from the liver via the bile duct into the intes-
tine and faeces. Viraemia and shedding of HEV in the faeces reach 
a peak during the incubation period, and excretion in the faeces 
continues for up to 14 days after the onset of jaundice. The quan-
tity of virus in the faeces is small, which is consistent with the 
low rate of secondary spread by person-to-person contact. There 
is no evidence for sexual transmission or for transmission by 
transfusion.

Clinical features

The clinical spectrum of infection with hepatitis E is similar to 
infection caused by other hepatitis viruses, and includes subclini-

Hepatitis E
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cal and anicteric infections, acute hepatitis with jaundice and 
fulminant hepatitis. Cholestatic features are common. Hepatitis E 
does not progress to chronic liver disease and there is no evidence 
of persistent infection. As with other forms of viral hepatitis, 
hepatitis E is more likely to be asymptomatic, subclinical and 
anicteric in young children.

Infection with hepatitis E is associated with a relatively high 
mortality of 1–4% of patients admitted to hospital from the 
general population. Fulminant hepatitis in pregnancy may lead to 
a mortality rate of 20% during the third trimester. Premature 
delivery and infant mortality of up to 33% have been observed.

Control and prevention

Outbreaks are more common in countries with a hot climate, and 
have been reported from many countries. Most outbreaks have 
occurred following heavy rain and fl ooding and contamination of 
drinking water, contamination of well water, and untreated sew -
age gaining access into city water treatment plants. Food-borne 
outbreaks have been associated with raw or uncooked shell -
fi sh. Therefore, the provision of safe (and chlorinated) drinking 
water and safe disposal of sanitary waste are essential, including 
safeguarding the water supply from animal waste from farm 
animals.

Smaller outbreaks and sporadic cases have been reported from 
many countries from South-East Asia, Central Asia, the Middle 
East, Northern and Western Africa, Mexico and also Italy and 
Spain. Sporadic cases have been reported from many other coun-
tries including Taiwan, Japan, the USA, South America and many 
countries in Europe among returning travellers and also among 
those who have not undertaken travel outside their own 
country.

In highly endemic areas, boiling is a good way of treating 
drinking water, and should be available both for drinking and for 
brushing teeth. Bottled water or water in sealed cans of well-
known brand names should be used for drinking.

Raw or uncooked shellfi sh must be avoided, and the other 
usual elementary food hygiene precautions are recommended. 
These include not eating uncooked fruit or vegetables that are not 
peeled or prepared by the consumer.

Pregnant women travelling to countries where outbreaks have 
been reported and countries where HEV is endemic should be 
counselled and the importance of the precautions outlined above 
must be stressed.

Immunoprophylaxis

Passive protection with immunoglobulin prepared from pooled 
plasma obtained from blood donors from endemic countries does 
not afford protection. Several recombinant and subunit HEV vac-
cines are undergoing clinical trials.

HEPATITIS B

HBV was recognized originally as the cause of ‘serum hepatitis’, 
the most common form of parenterally transmitted viral hepatitis, 
and an important cause of acute and chronic infection of the liver 
in many countries. More than one-third of the world’s population 

has been infected with HBV, and WHO estimates that it results in 
1–2 million deaths every year. The incubation period of hepatitis 
B is variable, with a range of between 1 and 6 months. The clini-
cal features of acute infection resemble those of the other viral 
hepatitides. Frequently, acute hepatitis B is anicteric and asymp-
tomatic, although a severe illness with jaundice can occur and 
acute liver failure may develop. The virus persists in about 10% 
of infected immunocompetent adults and in as many as 90% of 
infants infected perinatally, depending on the ethnic group of the 
mother. About 350 million people worldwide are persistent carri-
ers of hepatitis B. Liver damage is mediated by the cellular immune 
response of the host to the infected hepatocytes. Approximately 
25% of all patients with chronic hepatitis will progress to cirrho-
sis and about 20% of those with cirrhosis will develop hepatocel-
lular carcinoma. Hepatocellular carcinoma is one of the most 
common cancers worldwide.3

During the fi rst phase of chronicity, virus replication continues 
in the liver and replicative intermediates of the viral genome may 
be detected in DNA extracted from liver biopsies. Markers of virus 
replication in serum include HBV DNA, the pre-S1 proteins (see 
below) and a soluble antigen, hepatitis B e antigen (HBeAg), 
which is secreted by productively infected hepatocytes. In those 
infected at a very young age this phase may persist for life but, 
more usually, virus levels decline over time. Eventually in most 
individuals there is immune clearance of infected hepatocytes 
associated with seroconversion from HBeAg to anti-HBe. During 
the period of replication the viral genome may integrate into the 
chromosomal DNA of some hepatocytes and these cells may 
persist and expand clonally. Rarely, seroconversion to anti-HBs 
follows clearance of virus replication but, more frequently, the 
surface antigen (HBsAg) persists during a second phase of chronic-
ity as a result of the expression of integrated viral DNA.

Structure of the virus

The hepatitis B virion is a 42 nm particle comprising an electron-
dense nucleocapsid or core, 27 nm in diameter, surrounded by an 
outer envelope of the surface protein (HBsAg) embedded in mem-
branous lipoprotein derived from the host cell (Figure 39.2). The 
surface antigen is produced in excess by the infected hepatocytes 
and is secreted in the form of 22 nm particles (initially referred 
to as Australia antigen) and tubular structures with the same 
diameter.

The 22 nm particles are composed of the major surface protein 
in both non-glycosylated (p24) and glycosylated (gp27) form in 
approximately equimolar amounts, together with a minority com-
ponent of the so-called middle proteins (gp33 and gp36) which 
contain the pre-S2 domain, a glycosylated 55 amino acid N-
terminal extension. The surface of the virion has a similar com-
position but also contains the large surface proteins (p39 and 
gp42) which include both the pre-S1 and pre-S2 regions. These 
large surface proteins are not found in the 22 nm spherical par-
ticles (but may be present in the tubular forms in highly viraemic 
individuals) and their detection in serum correlates with viraemia. 
The domain which binds to the specifi c HBV receptor on the 
hepatocyte resides within the pre-S1 region.

The nucleocapsid of the virion consists of the viral genome 
surrounded by the core antigen (HBcAg). The carboxy terminus 
of the core protein is arginine rich and this highly basic domain 
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is believed to interact with the genome. The genome, which is 
approximately 3.2 kb in length, has an unusual structure and is 
composed of two linear strands of DNA held in a circular con-
fi guration by base pairing at the 5′ end. One of the strands is 
incomplete and the 3′ end is associated with a DNA polymerase 
molecule which is able to complete that strand when supplied 
with deoxynucleoside triphosphates. In the past, this endogenous 
DNA polymerase reaction was used as a serological assay for the 
hepatitis B virion but this has now been superseded by DNA-DNA 
hybridization and PCR. The 5′ ends of both strands of the genome 
are modifi ed. The 5’ end of the complete strand is covalently 
linked to a protein and the 5′ end of the incomplete strand is an 
oligoribonucleotide. In both cases these moieties seem to be 
primers for the synthesis of the respective strands during the 
genome replication. A motif of 12 base pairs is repeated directly 
in the genome near to the 5′ ends of the two strands (DR1 and 
DR2, respectively) and these sequences play an important role in 
replication.

Organization of the HBV genome

To date, the genomes of more than a dozen isolates of HBV have 
been cloned and the complete nucleotide sequences determined. 
Analysis of the coding potential of the genome reveals four ORFs, 
which are conserved between all of these isolates (Figure 39.3), 

Figure 39.2 Hepatitis B virus. (Reduced from ×250 000. From a 
series by A. J. Zuckerman et al.)

Figure 39.3 Organization of the genome of hepatitis B virus.

Hepatitis B
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but there is some variation of sequence of up to 12% of nucleo-
tides. These have the same polarity as the incomplete strand of 
genomic DNA, which therefore has been designated the plus 
strand.

The fi rst ORF encodes the various forms of the surface protein 
and contains three in-frame methionine codons which are used 
for initiation of translation. Both the middle (gp33 and gp36) and 
major (p24 and gp27) proteins are translated from a family of 
2.1 kb mRNAs transcribed from a promoter located in the pre-S1 
region and polyadenylated in response to a signal sequence 
located just downstream from the start of the core ORF.

A second promoter is located upstream of the pre-S1 initiation 
codon. This directs the synthesis of a 2.4 kb mRNA which is co-
terminal with the other surface messages and is translated to yield 
the large (pre-S1) surface proteins. This promoter seems to be 
weak (or may be downregulated) so that the message is of low 
abundance and relatively little of the large surface proteins is 
synthesized. Unlike the middle and major surface proteins, the 
large surface region is not secreted from the cell. In fact its synthe-
sis inhibits the secretion of the smaller proteins and may be a 
signal for virus assembly.

The core ORF also has two in-phase initiation codons. The 
‘precore’ region is highly conserved, has the properties of a signal 
sequence and is responsible for the secretion of HBeAg.

The third ORF, which is the largest and overlaps the other three, 
encodes the viral polymerase. The fourth ORF was designated ‘x’, 
but is now identifi ed as a transcriptional transactivator, and may 
be an ‘early’ gene product which functions to upregulate the viral 
promoters.

Replication of the HBV genome

Following infection of a hepatocyte the single-stranded region of 
the virion DNA is repaired by the endogenous polymerase and the 
genome appears on a covalently closed, circular form in the 
nucleus. This DNA is the template for the transcription of all of 
the viral RNAs. Synthesis of minus strand DNA is primed by a 
protein, now believed to be the amino terminal domain of the 
polymerase, and proceeds with the concomitant degradation of 
the RNA template by the RNAase H activity. There is no semi-
conservative replication of the covalently closed circular DNA 
in the nucleus and a pool of up to 30 copies of template DNA 
initially is built up by transfer of some of the progeny DNA from 
the cytoplasm to the nucleus. The mode of replication of the 
viral genome resembles those of the phylogenetically related 
retroviruses and, more closely, a family of plant viruses (the 
caulimoviruses).

Mode of spread of hepatitis B virus

Specifi c laboratory tests for hepatitis B confi rmed the importance 
of the parenteral routes of transmission and blood-to-blood 
contact, and infectivity appears to be especially related to blood. 
However, the infection is not spread exclusively by blood and 
blood products. There are observations that under certain experi-
mental circumstances the virus is infective by mouth and the 
infection may be endemic in closed and semi-closed institutions 
and in institutions for the mentally handicapped. It is more 

prevalent in adults in urban communities and among those liv -
ing in poor socioeconomic conditions. Considerable differences 
in prevalence of the infection and of the carrier state exist in 
different geographical regions and between different ethnic and 
socioeconomic groups.

There is much evidence for the transmission of hepatitis B by 
intimate contact and by the sexual route. The sexually promiscu-
ous, particularly active male homosexuals who change partners 
frequently, are at very high risk of infection with HBV. Hepatitis 
B surface antigen has been found in blood and in various body 
fl uids such as saliva, menstrual and vaginal discharges, seminal 
fl uid, colostrum and breast-milk and serous exudates, and these 
have been implicated as vehicles of transmission of infection. 
Contact-associated hepatitis is thus of major importance. Trans-
mission of infection may result from accidental inoculation of 
minute amounts of blood or body fl uids contaminated with 
blood, such as may occur during medical, surgical and dental 
procedures, immunization with inadequately sterilized syringes 
and needles, intravenous and percutaneous drug abuse; tattooing, 
ear-piercing and nose-piercing, and acupuncture with non-sterile 
equipment; laboratory accidents and accidental inoculation with 
razors, shared toothbrushes, bath brushes, towels and similar 
objects which have been contaminated with blood. Additional 
factors may be important for the transmission of hepatitis B infec-
tion in the tropics and in warm-climate countries. These include 
traditional tattooing and scarifi cation, blood-letting, ritual cir-
cumcision and repeated biting by blood-sucking arthropod 
vectors. Results of investigations into the role which biting insects 
may play in the spread of hepatitis B are confl icting. Hepatitis B 
surface antigen has been detected in several species of mosquito 
and in bedbugs which have either been trapped in the wild or fed 
experimentally on infected blood, but no convincing evidence for 
replication of HBV in insects has been obtained, and there is no 
epidemiological evidence of mechanical transmission of the 
infection by insects.

The presence of hepatitis B surface antigen has been reported 
in faeces, bile and urine, usually as a result of contamination with 
blood. Hepatitis B is not transmitted by the faecal–oral route and 
urine is not infectious unless contaminated with blood. There is 
no evidence that air-borne infections occur. Clustering of hepatitis 
B also occurs within family groups, but it is not related to genetic 
factors and does not refl ect maternal or venereal transmission. The 
mechanisms of intrafamilial spread of hepatitis B infection remain 
to be established.

Mother-to-infant transmission

Transmission of hepatitis B from carrier mothers to their babies 
can occur during the perinatal period and appears to be the single 
most important factor in determining the prevalence of the infec-
tion in some regions, particularly in China and South-east Asia. 
The risk of infection in the infant may reach 90% and appears 
to be related to ethnic groups. Infection of infants is especially 
important because a large proportion of these infants will become 
carriers. Infectivity is directly related to the presence of high titres 
of hepatitis B surface antigen and/or hepatitis B e antigen in the 
mother’s circulation. When e antigen is present, as many as 95% 
of newborn children are infected, usually in the perinatal period. 
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The prevalence of e antigen among surface antigen maternal car-
riers, and thus the infectivity of mothers for their infants, varies 
markedly in different geographical areas and in different ethnic 
groups.

In some parts of Asia, particularly in South-east Asia, 30–50% 
of surface antigen carrier women of child-bearing age also carry e 
antigen in their blood, and perinatal infections may account for 
about half the carriers in the population. Perinatal transmission 
is of intermediate frequency in mothers of west Asian or Afro-
Caribbean origin. In contrast, the carrier state and perinatal trans-
mission are uncommon in Caucasian mothers. The pattern of 
mother-to-infant transmission and establishment of the carrier 
state is different in Africa, where e antigen is less frequent in carrier 
mothers and infection of infants occurs most commonly during 
the fi rst 5 years of life as a result of horizontal transmission. 
Another mode of transmission of hepatitis B is infection of chil-
dren of non-carrier mothers by contact with children who had 
been infected by their carrier mothers.

There is a substantial risk of perinatal infection if the mother 
has acute hepatitis B, particularly during the third trimester of 
pregnancy or within 2 months after delivery. Intrauterine infec-
tions are uncommon, since the virus does not cross the intact 
placenta and the few infections which occur in utero are probably 
the result of a leakage of maternal blood into the fetal circulation 
associated with a tear in the placenta.

Finally, the precise mechanism of perinatal infection is uncer-
tain but it probably occurs during or shortly after birth as a result 
of a leak of maternal blood into the baby’s circulation or its inges-
tion or inadvertent inoculation. Most of the children infected 
during the perinatal period become persistent carriers.

The carrier state

The carrier state is defi ned on the basis of longitudinal studies as 
persistence of the hepatitis B surface antigen in the circulation for 
more than 6 months. The carrier state may be life-long and may 
be associated with liver damage varying from minor changes in the 
nuclei of hepatocytes to persistent hepatitis, chronic active hepa-
titis, cirrhosis and hepatocellular carcinoma. In carriers of hepati-
tis B virus with or without histological evidence of liver disease, 
integration of the viral DNA may be at many sites or at a unique 
site in the host genome. Most of these carriers have circulating 
surface antigen with or without other viral markers such as e 
antigen or e antibody, DNA polymerase and HBV DNA, and it has 
been suggested that the continued expression of the surface antigen 
in patients may result from integrated viral DNA. Some carriers, 
however, may have hepatitis B viral DNA in their liver without 
expression of the surface antigen (latent viral infection). It is esti-
mated that there are over 350 million carriers worldwide.

Several risk factors have been identifi ed in relation to the devel-
opment of the carrier state. It is commoner in males, more likely 
to follow infections acquired in childhood, as described above, 
than those acquired in adult life and more likely to occur in 
patients with natural or acquired immune defi ciencies. A carrier 
state becomes established in approximately 5–10% of infected 
adults.

The prevalence of carriers among apparently healthy adults, 
particularly among blood donors, who have been studied most 

intensively, varies geographically. The world can be divided 
broadly into three zones according to the prevalence of infection 
with HBV:
• Hyperendemic regions where the infection is almost universal 

including many countries in South-east Asia (including China), 
the Western Pacifi c and sub-Saharan Africa. Carrier rates in 
these populations vary from more than 5% to 20%. In most of 
these countries infection in early life is very common.

• Intermediate endemic regions in which the overall prevalence 
of infection as judged by serological markers of HBV such as 
HBsAg, anti-HBs and anti-HBc ranges from 20% to 50% and 
carriers of HBsAg from 1% to 5% of the general population. 
These include countries of north Africa, the Middle East, parts 
of southern and eastern Europe and South America.

• Low-prevalence areas include northern Europe, most western 
European countries, the USA, Canada, Australia and New 
Zealand. In these countries less than 10% of the population 
have serological evidence of infection with HBV and the carrier 
rate is 0.1% or less. However, even in these countries the prev-
alence of infection and carriers may vary considerably within 
different groups of the population including the distribution 
of ethnic groups.

Age distribution and the prevalence of infection

Two different patterns of age distribution of infection are recog-
nized. In populations with a high prevalence of hepatitis B virus, 
infection is usually acquired early in the life, and the highest infec-
tion and carrier rates are seen among children and young adults, 
with lower prevalence among older age groups. The e antigen has 
been found more commonly in young than in adult carriers, while 
the prevalence of e antibody is higher in older age groups. These 
fi ndings suggest that young carriers could be the most infective.

In countries in which infection with hepatitis B virus is rela-
tively uncommon, the highest prevalence of hepatitis B surface 
antigen is found in the 20–40 age group. The highest rates of 
infection are found among groups who have an increased risk of 
contact with blood or blood products, as outlined above, includ-
ing healthcare personnel, certain categories of patients, intrave-
nous drug abusers and male homosexuals who change partners 
frequently.

It should be noted that the prevalence of HBV infection 
and the age distribution of infection and the carrier rate are chang-
ing, and in some countries changing dramatically, with the 
implementation of a strategy of universal immunization against 
hepatitis B.

Prevention and control of hepatitis B

Hepatitis B virus has been classifi ed into six genotypes designated 
A–F based on phylogenetic analysis of complete viral genomes. 
Genotypes A and D are disseminated widely throughout the Old 
World, while genotypes B and C are confi ned to the East Asian 
populations, and genotype E to sub-Saharan Africa. Genotype F 
is more divergent from the other genotypes and is found in 
aboriginal American populations. All six genotypes share a 
common immunodominant region on the surface antigen, termed 
the a determinant, which spans amino acids 124–147. The a 
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determinant is hydrophilic and is believed to be in a form of two 
major and one minor loops with cysteine disulphide bonds. Neu-
tralizing antibodies induced by immunization are targeted prin-
cipally to the conformational epitopes of the a determinant, and 
evidence is reviewed below that amino acid substitutions within 
this region of the surface antigen can allow replication of HBV in 
vaccinated persons since antibodies induced by current vaccine do 
not recognize critical changes in the surface antigen domain.

The major response to immunization with the current hepatitis 
B vaccines is to the common a epitope of the virus with conse-
quent protection against all subtypes of the virus.

Passive immunization

Hepatitis B immunoglobulin (HBIG) is prepared from pooled 
plasma with high titre of hepatitis B surface antibody (anti-HBs) 
and may confer temporary passive immunity under certain defi ned 
conditions. The major indication for the administration of HBIG 
is a single acute exposure to HBV, such as occurs when blood 
containing surface antigen is inoculated, ingested or splashed on 
to mucous membranes and conjunctivae. The optimal dose has 
not been established but doses in the range of 250–500 IU have 
been used effectively. It should be administered as early as 
possible after exposure and preferably within 48 h, usually 3 mL 
(containing 200 IU of anti-HBs/mL) in adults. It should not be 
administered 7 days following exposure. It is generally recom-
mended that two doses of HBIG should be given 30 days apart.

Results with the use of HBIG for prophylaxis in babies at risk 
of infection with HBV are encouraging if the immunoglobulin is 
given as soon as possible after birth or within 12 h of birth, and 
the chance of the baby developing the persistent carrier state is 
reduced by about 70%. More recent studies using combined 
passive and active immunization indicate an effi cacy approaching 
90%. The dose of HBIG recommended in the newborn is 1–2 mL 
(200 IU of anti-HBs/mL).

Active immunization

Immunization against hepatitis B is required for groups which are 
at an increased risk of acquiring this infection. These groups 
include individuals requiring repeated transfusions of blood or 
blood products, prolonged in-patient treatment, patients who 
require frequent tissue penetration or need repeated access to the 
circulation, patients with natural or acquired immune defi ciency 
and patients with malignant diseases. Viral hepatitis is an occupa-
tional hazard among healthcare personnel and the staff of institu-
tions for the mentally handicapped and in some semi-closed 
institutions. High rates of infection with hepatitis B occur in nar-
cotic drug addicts and drug abusers, male homosexuals who 
change partners frequently and prostitutes. Individuals working 
in high endemic areas are also at increased risk of infection. 
Women in areas of the world where the carrier state in that group 
is high are another segment of the population requiring immuni-
zation in view of the increased risk of transmission of the infec-
tions to their offspring. Young infants, children and susceptible 
persons living in certain tropical and subtropical areas where 
present socioeconomic conditions are poor and the prevalence of 
hepatitis B is high should also be immunized.

The failure to grow HBV in tissue culture has directed attention 
to the use of other preparations for active immunization. Since 

immunization with HBsAg leads to the production of protective 
surface antibody, purifi ed 22 mm spherical surface antigen parti-
cles have been developed as vaccines. These vaccines have been 
prepared from the plasma of symptomless carriers. Trials on pro-
tective effi cacy in high-risk groups have demonstrated the value of 
the vaccines and their safety. There is no risk of transmission of 
the acquired immune defi ciency syndrome (AIDS) or any other 
infection by vaccines derived from plasma which meet the World 
Health Organization requirements of 1981, 1983 and 1987. Local 
reactions reported after immunization have been minor, occurring 
in less than 20% of immunized individuals, and consist of 
slight swelling and reddening at the site of inoculation. Tempera-
ture elevations of up to 38ºC were observed in only a few 
individuals.

Site of injection for vaccination

Hepatitis B vaccination should be given intramuscularly in the 
upper arm or the anterolateral aspect of the thigh and not in the 
buttock. There are over 100 reports of unexpectedly low antibody 
seroconversion rates after hepatitis B vaccination using injection 
into the buttock. In one centre in the USA a low antibody response 
was noted in 54% of healthy adult healthcare personnel. Many 
studies have since shown that the antibody response rate was 
signifi cantly higher in centres using deltoid injection than centres 
using the buttock. On the basis of antibody tests after vaccination, 
the Advisory Committee on Immunization Practices of the Centers 
for Disease Control, USA, recommended that the arm be used as 
the site for hepatitis B vaccination in adults, as have the Depart-
ments of Health in the UK.

A comprehensive study in the USA by Shaw et al.4 showed that 
participants who received the vaccine in the deltoid had antibody 
titres that were up to 17 times higher than those of subjects who 
received the injections into the buttock. Furthermore, those who 
were injected in the buttock were two to four times more likely to 
fail to reach a minimum antibody level of 10 mIU/mL after vac-
cination. (Recent reports have also implicated buttock injection 
as a possible factor in a failure of rabies postexposure prophylaxis 
using a human diploid cell rabies vaccine.)

The injection of vaccine into deep fat in the buttocks is likely 
with needles shorter than 5 cm, and there is a lack of phagocytic 
or antigen presenting cells in layers of fat. Another factor may 
involve the rapidity with which antigen becomes available to the 
circulation from deposition in fat, leading to delay in processing 
by macrophages and eventually presentation to T and B cells. An 
additional factor may be denaturation by enzymes of antigen 
which has remained in fat for hours or days. The importance of 
these factors is supported by a fi nding at the Royal Free Hospital, 
London, and elsewhere, that thicker skin fold was associated with 
a lowered antibody response.

These observations have important public health implications, 
well illustrated by the estimate that about 20% of subjects immu-
nized against hepatitis B via the buttock in the USA by March 1985 
(about 60 000 people) failed to attain a minimum level of anti-
body of 10 mIU/mL and were therefore not protected.

Hepatitis B surface antibody titres should be measured in all 
individuals who have been immunized against hepatitis B by 
injection into the buttocks, and when this is not possible a com-
plete course of three injections of vaccine should be administered 
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into the deltoid muscle or the anterolateral aspect of the thigh – 
the only acceptable sites for hepatitis B immunization.

Intradermal immunization

The high cost of hepatitis B vaccines is a serious economic obsta-
cle to extensive immunization against hepatitis B, which is needed 
in many countries in Africa and Asia. The possibility of reducing 
the amount of antigen required for immunization by reducing 
the dose of vaccine or by using the intradermal route has been 
explored. Presentation of antigen to the immune system intrader-
mally results in a macrophage-dependent T lymphocyte response 
via specifi c epidermal cells, and the intradermal route has been 
used for immunization against tuberculosis, diphtheria, typhoid, 
cholera, infl uenza, rabies and other infections. A second reason 
for attempting to use hepatitis B vaccine intradermally is to accel-
erate the immune response in persons who suddenly experience 
a high risk of infection – for example, after accidental exposure to 
hepatitis B or infants born to carrier mothers.

A review of reports on the intradermal administration of hepa-
titis B vaccines raises several important and unresolved issues:
1. The immunogenicity of the plasma-derived vaccine given 

intradermally in doses of 0.1 mL (2.0 mg of antigen protein) 
has been clearly demonstrated. However, although the anti-
body titres after two intradermal or intramuscular doses given 
1 month apart were similar, the booster injection at 6 months 
resulted in anti-HBs levels which were 10 times higher after 
intramuscular than intradermal inoculation.

2. Multi-site intradermal inoculation of a single reduced dose of 
rabies vaccine resulted in rapid seroconversion and antibody 
levels similar to those obtained with the extended intramus-
cular immunization route. However, after multi-site intrader-
mal inoculation of a single reduced dose of hepatitis B vaccine, 
seroconversion was slower than that with intramuscular 
injection, and the antibody titres after the booster injection 
were also lower after intradermal than after intramuscular 
injections.

3. Intradermal inoculation requires skill, and subcutaneous 
injection into fat will result in a poor immune response.

4. Although adverse reactions after intradermal injection were 
not marked, local reactions at the site of administration of the 
vaccine (which contains aluminium hydroxide as adjuvant) 
frequently included the development of an erythematous 
macule 5–10 mm in diameter after 24–48 h; the lesion would 
subside after days or weeks, leaving a small pigmented macule, 
occasionally overlying a small palpable nodule.

5. The use of jet injectors for inoculation of hepatitis B vaccine 
has been considered. Current advice is that until further studies 
clarify the risk of transmission of infection (such as hepatitis 
B and the human immunodefi ciency virus) by different types 
of jet injectors their use should be restricted to special situa-
tions where large numbers of persons need to be immunized 
within a short time. The use of jet injectors in the UK has been 
generally discouraged (although this does not apply to the use 
of jet injectors by individuals for self-administration of insulin 
or low-dose heparin).

Trials of intradermal hepatitis B vaccines in Gambian children 
illustrate many of the problems reviewed above. In the fi rst trial 
1 mg of a plasma-derived vaccine was given to neonates intrader-

mally in the same syringe with BCG followed by two further doses 
of 1 mg of intradermal HBV vaccine. The trial was considered a 
failure because 19 of 32 neonates (59.4%) had a low response of 
less than 10 mIU/mL of anti-HBs compared with two of the 33 
neonates who received the vaccine intramuscularly (p < 0.01). In 
the second trial in young children, two different regimens were 
used: two doses of 2 mg of the vaccine were given intradermally 
after a 20 mg intramuscular dose or three doses of 2 mg were 
given intradermally. In both cases the geometric mean antibody 
responses were signifi cantly lower than in the control group who 
were given 20 mg intramuscularly followed by two 10 mg doses 
intramuscularly. Vaccine failures, defi ned as the presence of surface 
antigen or core antibody or the absence of surface antibody, were 
also signifi cantly higher in the intradermal groups. In the third 
trial, 4 mg of vaccine were given intradermally with a multiple-
orifi ce puncture gun to 20 young children and all had a good 
surface antibody response. It was pointed out, however, that this 
was a large dose, 40% of the recommended intramuscular dose, 
and might have been just as successful if it had been given intra-
muscularly. It was concluded that in an endemic area people soon 
become infected with hepatitis B virus and that at present the 
conventional intramuscular regimens using relatively large doses 
of vaccine are to be preferred, despite their considerable costs.5 
The overriding consideration is effi cacy of protection. In most of 
the studies reported to date, those who received hepatitis B vaccine 
intradermally were young healthy subjects, in whom the antibody 
response is known to be good, and the vaccine was given by 
experienced staff under ideal conditions. There are no data on 
the longer-term duration of anti-HBs, on the subclass(es) of the 
antibody induced, or on antibody specifi city and affi nity. Further-
more, protective effi cacy studies of intradermal immunization 
against hepatitis B have not been reported so far.

International and national requirements for vaccine manufac-
ture and licence require assurance on safety, immunogenicity 
and protective effi cacy of the recommended dosage and schedule 
of administration. It seems imprudent to ignore these require-
ments and recommendations. Careful evaluation and review of 
the intradermal route (and indeed of low-dose schedules) are 
essential, especially in countries where circumstances are not ideal 
either for storage or for accurate intradermal administration of a 
vaccine.

Immunization strategies and the kinetics of 
antibody production

Immunization strategies

Immunization against hepatitis B is recognized as a high priority 
in all countries, and strategies for immunization have been imple-
mented. Universal vaccination of infants and adolescents is rec-
ommended, and more than 168 countries now offer hepatitis B 
vaccine to all children. A few countries with a low prevalence of 
hepatitis B (such as the UK) recommend at present immunization 
of only groups at an increased risk of acquiring this infection (see 
above).

There are three main approaches to developing new hepatitis 
B immunization strategies:
1. The introduction of universal antenatal screening to identify 

hepatitis B carrier mothers and vaccination of their babies. It 
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is important that any other strategies do not interfere with the 
delivery of vaccine to this group. Immunization of this group 
will have the greatest impact in reducing the number of 
new hepatitis B carriers. For children outside this group it is 
diffi cult to estimate the lifetime risk of acquiring a hepatitis 
infection.

2. Vaccinate all infants.
3. Vaccinate all adolescents. This approach delivers vaccination 

at a time close to the time when ‘risk behaviour’ would 
expose adolescents to infection. Vaccination could be deliv-
ered as part of a wider package on health education in general, 
to include sex education, the risk of AIDS, the dangers of drug 
abuse and smoking, and the benefi ts of a healthy diet and 
lifestyle.

The problems with this approach are as follows:
• Persuading parents to accept vaccination of the children against 

a sexually transmitted disease, a problem they may not wish to 
address at that time

• Ensuring that a full course of three doses is given
• Evaluating and monitoring vaccine coverage. The systems for 

monitoring uptake of vaccine in this age group may not operate 
effi ciently.

The advantages of vaccinating infants are as follows:
• It is now known that effective hepatitis B vaccination can be 

delivered to babies
• Parents will accept vaccination against hepatitis B along with 

other childhood vaccinations, without reference to sexual 
behaviour.

The disadvantages are:
• It is not known whether immunity will last until exposure in 

later life (but see below). This may become less of a problem 
as more people are vaccinated and the chance of exposure to 
infection thereby reduced

• The introduction of another childhood vaccination may reduce 
the uptake of existing childhood vaccinations. The problem 
would be avoided if hepatitis B could be delivered in a com-
bined vaccine containing DPT (diphtheria, polio, tetanus), and 
such preparations have been developed.

Vaccination of infants is preferable to vaccination of adolescents, 
as there are suffi cient mechanisms to ensure, monitor and evaluate 
cover. A booster dose could be given in early adolescence, com-
bined with a health education package. A rolling programme 
could be introduced, giving priority to urban areas.

It should also be stressed that in 31% of acute hepatitis B in 
the USA the mode of infection is not known (Centers for 
Disease Control, Atlanta, Georgia, 1992–1993) and this is there-
fore a powerful argument for universal immunization against 
hepatitis B.

Finally, travellers constitute an important group which is often 
overlooked. Susceptible adults and younger persons who have not 
been immunized are at risk of hepatitis B when travelling, par-
ticularly to areas where socioeconomic conditions are poor and 
the prevalence of hepatitis B is high, and should be immunized. 
A combined vaccine with hepatitis A is recommended.

The kinetics of anti-HBs response

The titre of vaccine-induced anti-HBs declines, often rapidly, 
during the months and years following immunization. The 

highest anti-HBs titres are generally observed 1 month after 
booster vaccination followed by rapid decline during the next 
12 months and thereafter more slowly. Mathematical models 
have been designed and an equation was derived consisting of 
several exponential terms with different half-life periods. It is 
considered by some researchers that the decline of anti-HBs 
concentration in the serum of an immunized subject can be 
predicted accurately by such antibody kinetics and recommen-
dations made on booster vaccination (reviewed by Zuckerman6 
and the European Consensus Group7). If the minimum 
protective level of anti-HBs is accepted at 10 IU/L, which is 
being debated, consideration should be given to the diversity 
of the individual immune response and the decrease in levels 
of anti-HBs as well as to possible errors in quantitative anti-
HBs determinations. It would then be reasonable to defi ne a 
level of >10 IU/L and <100 IU/L as an indication for booster 
immunization, particularly in certain risk groups (but see 
below). It has been demonstrated that a booster inoculation 
results in a rapid increase in anti-HBs titres within 4 days. 
However, even this time delay might permit infection of 
hepatocytes.

Several options should therefore be considered for maintaining 
protective immunity against hepatitis B infection:
1. Relying upon immunological memory to protect against 

clinical infection and its complications – a view which is 
supported by in vitro studies showing immunological memory 
for HBsAg in B cells derived from vaccinated subjects who have 
lost their anti-HBs but not in B cells from non-responders and 
by clinical data.

2. Providing booster vaccination to all vaccinated subjects at 
regular intervals without determination of anti-HBs. This 
option is not supported by a number of investigators because 
non-responders must be detected. In addition, while an anti-
HBs titre of about 10 IU/L may in theory be protective, this 
level is not protective from a laboratory point of view since 
many serum samples may give non-specifi c reactions at this 
antibody level.

3. Testing anti-HBs levels after the fi rst booster and administer -
ing the next booster before the minimum protective level 
is reached. A protective level of 100 IU/L seems to be 
appropriate.

The European Consensus Group,7 however, concluded that long-
term protection against clinically signifi cant breakthrough hepa-
titis B infection and persistent carriage of the virus depends on 
immunological memory, which lasts for at least 15 years in the 
immunocompetent, allowing for a rapid and protective anamnes-
tic antibody response, and therefore there is no need to adminis-
ter booster doses of hepatitis B vaccine after the primary course of 
immunization had been completed. Groups at risk of hepatitis B 
infection need to be considered separately and several countries 
have a policy of administering booster doses. Boosters are required 
for immunocompromised patients, particularly when the anti-
body titre falls below 10 IU/L, and boosters may be used 
to provide reassurance of protective immunity, for example 
in healthcare workers undertaking invasive procedures. The 
group also concluded that long-term follow-up studies should 
continue to monitor groups of immunized individuals to deter-
mine if breakthrough infections occur or whether a carrier state 
develops.
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Production of hepatitis B vaccines by recombinant 
DNA techniques

Recombinant DNA techniques have been used for expressing 
HBsAg and HBcAg in prokaryotic cells (Escherichia coli and Bacillus 
subtilis) and in eukaryotic cells, such as mutant mouse LM cells, 
HeLa cells, COS cells, CHO cells and yeast cells (Saccharomyces 
cerevisiae).

Recombinant yeast hepatitis B vaccines have undergone exten-
sive evaluation in clinical trials. The results have indicated that 
this vaccine is safe, antigenic and free from side effects (apart from 
minor local reactions in a proportion of recipients). The immu-
nogenicity is similar, in general terms, to that of the plasma-
derived vaccine. Recombinant yeast hepatitis B vaccines are now 
being used in many countries. A vaccine based on HBsAg expressed 
in mammalian (CHO) cells is in use in the Peoples’ Republic of 
China.

Mutations of hepatitis B surface antigen

The emergence of variants of hepatitis B virus, possibly due to 
selection pressure associated with extensive immunization in an 
endemic area, was suggested by the fi ndings of hepatitis B infec-
tion in individuals immunized successfully.8 These studies were 
extended subsequently by the fi nding of non-complexed HBsAg 
and anti-HBs and other markers of hepatitis B infection in 32 of 
44 vaccinated subjects, and sequence analysis from one of these 
cases (AS) revealed a mutation in the nucleotide encoding the a 
determinant, the consequence of which was a substitution from 
glycine to arginine at amino acid position 145 (G145R).9

Various mutations and variants of HBsAg have since been 
reported from many countries including Italy, the UK, Holland, 
Germany, the USA, Brazil, Singapore, Taiwan, China, Japan, 
Thailand, India, west and South Africa and elsewhere. However, 
the most frequent and stable mutation was reported in the G145R 
variant. A large study in Singapore of 345 infants born to carrier 
mothers with HBsAg and HBeAg who received hepatitis B immu-
noglobulin at birth and plasma-derived hepatitis B vaccine within 
24 h of birth and then 1 month and 2 months later revealed 41 
breakthrough infections with HBV despite the presence of anti-
HBs. There was no evidence of infection among 670 immunized 
children born to carrier mothers with HBsAg and anti-HBe, nor 
in any of 107 immunized infants born to mothers without 
HBsAg.10 The most frequent variant was a virus with the G145R 
mutation in the a determinant. Another study in the USA of serum 
samples collected between 1981 and 1993 showed that 94 (8.6%) 
of 1092 infants born to carrier mothers became HBsAg positive 
despite postexposure prophylaxis with hepatitis B immunoglobu-
lin and hepatitis B vaccine. Following amplifi cation of HBV DNA, 
22 children were found with mutations of the surface antigen, 
most being in amino acids 142–145; fi ve had a mixture of wild-
type HBV and variants, and 17 had only the 145 variant.11

The recent report from Taiwan12 of the increase in immunized 
children in the prevalence of mutants of a determinant of HBV 
over a period of 10 years, from 8 of 103 (7.8%) in 1984 to 10 of 
51 (19.6%) in 1989, and 9 of 32 (28.1%) in 1994, is of particular 
concern. The prevalence of HBsAg mutants among those fully 
immunized was higher than among those not vaccinated (12/33 
vs 15/153, p = 0.0003). In all 27 children with detectable mutants, 

the mean age of those vaccinated was lower than of those not 
vaccinated, and mutation occurred in a region with greatest hydro-
philicity of the surface antigen (amino acids 140–149) and more 
frequently among those vaccinated than among those not vacci-
nated. More mutations to the neutralizing epitopes were found in 
the 1994 survey in Taiwan.

Another important aspect of the identifi cation of surface 
antigen variants is the evidence that HBsAg mutants may not be 
detected by all of the blood donor screening tests and by existing 
diagnostic reagents. The detection of HBsAg mutants is infl uenced 
by the assay format and monoclonal antibody binding sites. 
Such variants may therefore enter the blood supply or spread by 
other means. This is emphasized by the fi nding in Singapore, 
between 1990 and 1992, of 0.8% of carriers of HBV variants in 
a random population survey of 2001 people. These fi ndings add 
to the concern expressed in a study of mathematical models 
of HBV vaccination, which predict, on the assumption of no cross-
immunity against the variant by current vaccines, that the 
variant will not become dominant over the wild-type virus for at 
least 50 years – but the G145R mutant may emerge as the com -
mon HBV in 100 or more years time.13

It is important therefore to institute epidemiological monitor-
ing of HBV surface mutants employing test reagents which have 
been validated for detection of the predominant mutations; and 
consideration should be given to incorporating into current 
hepatitis B vaccines antigenic components which will confer pro-
tection against infection by the predominant mutant(s).

HBV precore mutants

When DNA–DNA hybridization replaced the less sensitive assay 
of the endogenous DNA polymerase activity as a method for 
detecting hepatitis B virions in serum, it became clear that some 
patients with anti-HBe were seropositive for virus. These and other 
early reports suggested that this fi nding was more common in 
Greece and other Mediterranean regions than elsewhere, raising 
the possibility of the involvement of a variant form(s) of HBV.

Vaudin et al.14 reported the nucleotide sequence of the genome 
of a strain of HBV cloned from the serum of a naturally infected 
chimpanzee. A surprising feature was a point mutation in the 
penultimate codon of the precore region which changed the 
tryptophan codon (TGG) to an amber termination codon (TAG). 
The nucleotide sequence of the HBV precore region from a number 
of anti-HBe-positive Greek patients was investigated by direct 
sequencing PCR-amplifi ed HBV DNA from serum.15 An identical 
mutation of the penultimate codon of the precore region to a 
termination codon was found in seven of eight anti-HBe-positive 
patients who were positive for HBV DNA in serum by hybridiza-
tion. In most cases there was an additional mutation in the pre-
ceding codon. Similar variants were found in an Italian study 
by amplifi cation of HBV DNA from serum from a further seven 
anti-HBe-positive patients, one of whom seemed to be co-infected 
with wild-type virus. These variants are not confi ned to the 
Mediterranean region; the same nonsense mutation (without a 
second mutation in the adjacent codon) has been observed in 
patients from Japan and elsewhere, as well as rarer examples of 
defective precore regions caused by frameshifts or loss of the ini-
tiation codon for the precore region.

Hepatitis B



39. Viral Hepatitis

708

Patients without HBeAg with high levels of HBV replication 
from various geographical areas may be infected frequently by 
viruses with variant precore regions. Presumably, these can repli-
cate without secretion of HBeAg. The majority of patients who are 
infected with these variants are anti-HBe positive, implying past 
infection with non-defective HBV. It is not clear whether these 
patients were infected originally with a mixture of wild-type and 
mutant viruses or whether the variants arose throughout the 
course of natural infection. The process of seroconversion from 
HBeAg to anti-HBe seems to select the variant viruses and this may 
be related to the expression of HBeAg on the surface of hepato-
cytes infected by the wild-type virus.

In many cases, precore variants have been described in patients 
with severe chronic liver disease and who may have failed to 
respond to therapy with interferon. This observation raises the 
question of whether they are more pathogenic than the wild-type 
virus. For example, a nosocomial outbreak of fatal fulminant 
hepatitis B in Israel was associated with transmission of mutant 
HBV from a common source to fi ve individuals; and in a study of 
British patients with fulminant hepatitis B, precore mutants were 
found in eight of nine HBeAg-negative patients but in none of six 
who were HBeAg positive on presentation.

HBV and hepatocellular carcinoma

Regions of the world where persistent carriage of HBV is common 
have been found to coincide with a high prevalence of primary liver 
cancer. Furthermore, in these areas patients with the tumour are 
almost invariably seropositive for HBsAg. In a prospective study in 
Taiwan, 184 cases of hepatocellular carcinoma occurred in 3454 
carriers of HBsAg at the start of the study, but only 10 such tumours 
occurred in 19 253 control males who were HBsAg negative.16

Southern hybridization of tumour DNA yields evidence of 
chromosomal integration of viral sequences in at least 80% of 
hepatocellular carcinomas from HBsAg carriers. There is no simi-
larity in the pattern of integration between different tumours, and 
variation is seen both in the integration site(s) and in the number 
of copies or partial copies of the viral genome. Sequence analysis 
of the integrants reveals that the direct repeats in the viral genome 
often lie close to the virus-cell junctions, suggesting that sequences 
around the ends of the viral genome may be involved in recom-
bination with host DNA. Integration seems to involve microdele-
tion of host sequences, and rearrangements and deletions of part 
of the viral genome may also occur. When an intact surface gene 
is present, the tumour cells may produce and secrete HBsAg in the 
form of 22 nm particles. Production of HBcAg by tumours is rare, 
however, and the core ORF is often incomplete and modifi cations 
such as methylation may also modulate its expression.

Cytotoxic T cell targeted against core gene products on the 
hepatocyte surface seems to be the major mechanism of clearance 
of infected cells from the liver, and cells with integrated viral DNA 
which are capable of expressing these proteins may also be lysed. 
Thus there may be immune selection of cells with integrated viral 
DNA which are incapable of expressing HBcAg.

The mechanism(s) of oncogenesis by HBV remains obscure. 
HBV may act non-specifi cally by stimulating active regeneration 
and cirrhosis, which may be associated with long-term chronicity. 
However, HBV-associated tumours occur occasionally in the 

absence of cirrhosis and it is diffi cult to explain the frequent 
fi nding of integrated viral DNA in tumours. In rare instances the 
viral genome has been found to be integrated into cellular genes 
such as cyclin A and a retinoic acid receptor. Translocations and 
other chromosomal rearrangements also have been observed. 
Although insertional mutagenesis of HBV remains an attractive 
explanation for oncogenicity, supportive evidence is lacking. In 
contrast to these fi ndings in human hepatocellular carcinoma, 
liver cancer in woodchucks associated with persistent infection 
with the woodchuck hepatitis virus frequently involves integration 
of the viral genome in or near to cellular myc genes.

An alternative possibility is that tumour formation is associated 
with a viral gene product. The product of the x gene is known to 
be a transactivator of transcription and so may cause inappropriate 
upregulation of cellular genes. Truncated forms of HBsAg, which 
may be produced from incomplete surface ORFs integrated in 
tumour cells, can also have transactivating activity, perhaps through 
interaction with receptors in the cell membrane. Like many other 
cancers, the development of hepatocellular carcinoma is likely to 
be a multifactorial process. The clonal expansion of cells with 
integrated viral DNA seems to be an early stage in this process and 
such clones may accumulate in the liver throughout the period of 
active viral replication. In areas where the prevalence of primary 
liver cancer is high, virus infection usually occurs at an early 
age and virus replication may be prolonged, although the peak 
incidence of tumour is many years after the initial infection.

HEPATITIS D

Delta hepatitis was fi rst recognized following the detection of 
a novel protein, delta antigen (HDAg), by immunofl uorescent 
staining in the nuclei of hepatocytes from patients with chronic 
active hepatitis B. Hepatitis delta virus (HDV) requires a helper 
function of HBV for its replication. HDV is coated with HBsAg, 
which is needed for release from the host hepatocyte and for entry 
in the next round of infection.

Two forms of delta hepatitis infection are known. In the fi rst, 
a susceptible individual is co-infected with HBV and HDV, often 
leading to a more severe form of acute hepatitis caused by HBV. 
Vaccination against HBV also prevents co-infection. In the second, 
an individual chronically infected with HBV becomes superin-
fected with HDV. This may accelerate the course of the chronic 
liver disease and cause overt disease in asymptomatic HBsAg 
carriers. HDV itself appears to be cytopathic and HDAg may 
be directly cytotoxic.

Delta hepatitis is common in some areas of the world 
with a high prevalence of hepatitis B infection, particularly the 
Mediterranean region, parts of eastern Europe, the Middle East, 
Africa and South America. It has been estimated that 5% of HBsAg 
carriers worldwide (approximately 15 million people) are infected 
with HDV. In areas of low prevalence for hepatitis B, those at risk 
of hepatitis B infection – particularly intravenous drug abusers – 
are also at risk of HDV infection.17

Structure and replication of HDV

The HDV particle is approximately 36 nm in diameter and is 
composed of an RNA genome associated with HDAg, surrounded 
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by an envelope of HBsAg. The virus reaches higher concentrations 
in the circulation than HBV – up to 1012 particles per millilitre 
have been recorded. The HDV genome is a closed circular RNA 
molecule of 1679 nucleotides with extensive sequence comple-
mentarity that permits pairing of approximately 70% of the bases 
to form an unbranched rod structure. The genome thus resembles 
those of the satellite viroids and virusoids of plants, and similarly 
seems to be replicated by the host RNA polymerase II with auto-
catalytic cleavage and circularization of the progeny genomes 
via trans-esterifi cation reactions (ribozyme activity). Consensus 
sequences of viroids which are believed to be involved in these 
processes are also conserved in the delta virus.

Unlike the plant viroids, however, HDV codes for a protein, 
HDAg. This antigen, which contains a nuclear localization signal, 
was originally detected in the nuclei of infected hepatocytes and 
may be detected in serum only after removing the outer envelope 
of the virus with detergent.

Prevention and control of HDV are similar to those for hepa-
titis B. Immunization against hepatitis B protects against HDV. 
The problem is protection against HDV superinfection of estab-
lished carriers of hepatitis B. Specifi c HDV immunization based 
on HDV antigens is under development.

Laboratory diagnosis and epidemiology

Laboratory diagnosis of actue HDV infection is based on specifi c 
serological tests for anti-HDV IgM or HDV RNA or HDAg in 
serum. Acute infection is usually self-limited and markers of HDV 
infection often disappear within a few weeks.

Superinfection with HDV in chronic hepatitis B may lead to 
suppression of HBV markers during the acute phase. Chronic 
infection with HDV (and HBV) is the usual outcome in non-
fulminant disease. Outbreaks of severe hepatitis with high mortal-
ity have been reported in native Indians of the Amazon Basin and 
in areas of Central Africa.

Antibody to delta hepatitis has been found in most countries, 
commonly among intravenous drug abusers, patients with hae-
mophilia and those requiring frequent treatment with blood and 
blood products. A high prevalence of infection has been found in 
Italy and the countries bordering the Mediterrranean, Eastern 
Europe and particularly Romania; the former Soviet Union; South 
America and particularly the Amazon Basin, Venezuela, Columbia 
(hepatitis de Sierra Nevada de Santa Marta), Brazil (Labrea black 
fever) and Peru; and parts of Africa, particularly West Africa.

The ratio of clinical to subclinical cases of HDV and superinfec-
tion is not known; however, the general severity of both forms of 
infection suggests that most cases are signifi cant clinically. A low 
persistence of infection occurs in 1–3% of acute infections and 
about 80% or higher in superinfection of chronic HBV carriers. 
The mortality rate is high, particularly in the case of superinfec-
tion, ranging from 2% to 20%.

Prevention and control

Prevention and control measures of HDV are similar to those for 
hepatitis B. Immunization against hepatitis B protects against 
HDV. The diffi culty is protection against superinfection of the 
many millions of established carriers of hepatitis B. Studies are in 

progress to develop specifi c immunization in hepatitis B carriers 
against HDV based on HDAg.

Treatment with interferon at high doses for six months (or 
longer) results in biochemical and virological improvement. 
However, many patients relapse when treatment is stopped.

HEPATITIS C

Before the identifi cation of hepatitis C virus (HCV), transmission 
studies in chimpanzees established that the main agent of paren-
terally acquired non-A, non-B hepatitis was likely to be an envel-
oped virus some 30–60 nm in diameter. These experimental 
studies provided a pool of plasma that contained a relatively high 
titre of the agent. In order to clone the genome, the virus was 
pelleted from the plasma. Because it was not known whether the 
genome was DNA or RNA, a denaturation step was included prior 
to the synthesis of cDNA so that either DNA or RNA could serve 
as a template. The resultant cDNA was then inserted into the 
bacteriophage expression vector l gt11 and the libraries screened 
using serum from a patient with chronic non-A, non-B hepatitis. 
This approach led to the detection of a clone (designated 5-1-1) 
which was found to bind to antibodies present in the sera of 
several patients with non-A, non-B hepatitis. This clone was used 
as a probe to detect a larger, overlapping clone in the same library. 
It was possible to demonstrate that these sequences hybridized to 
a positive-sense RNA molecule of around 10 000 nt which was 
present in the livers of infected chimpanzees but not in uninfected 
controls. By employing a ‘walking’ technique it was possible to 
use newly detected overlapping clones as hybridization probes in 
turn to detect further virus-specifi c clones in the library. Thus 
clones covering the entire viral genome were assembled and 
the complete nucleotide sequence determined. The organization 
of the genome closely resembles those of the pestiviruses and 
fl aviviruses.

Detection of HCV infection

Since the 5-1-1 antigen was detected originally by antibodies in 
the serum of an infected patient it was an obvious antigen for the 
basis of an ELISA to detect anti-HCV antibodies. A larger clone, 
C100, was assembled from a number of overlapping clones and 
expressed in yeast as a fusion protein using human superoxide 
dismutase sequences to facilitate expression. This fusion protein 
formed the basis of fi rst-generation tests for HCV infection. The 
5-1-1 antigen comprises amino acid sequences from the non-
structural, NS4, region of the genome and C100 contains both 
NS3 and NS4 sequences. It is now known that antibodies to C100 
are detected relatively late following an acute infection. Further-
more, the fi rst generation ELISAs were associated with a high rate 
of false positivity when applied to low-incidence populations and 
there were further problems with some retrospective studies on 
stored sera. Data based on this test alone should, therefore, be 
interpreted with caution.

Second and subsequent generation tests include antigens from 
the nucleocapsid and further non-structural regions of the genome. 
The former (C22) is particularly useful, and antibodies to the HCV 
core protein seem to appear relatively early in infection. These 
second-generation tests confi rmed that HCV is the major cause of 
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parenterally transmitted non-A, non-B hepatitis. Routine testing 
of blood donations is now in place in many countries and preva-
lence rates vary from 0.2–0.5% in northern Europe to 1.2–1.5% 
in southern Europe and Japan. Most of those with antibody have 
a history of parenteral risk, such as a history of transfusion or 
administration of blood products or of intravenous drug abuse. 
There is little evidence for sexual or perinatal transmission of HCV 
and the natural routes of transmission have yet to be identifi ed.

The availability of the nucleotide sequence of HCV made the 
use of PCR possible as a direct test for the genome of the virus 
itself. The fi rst step is the synthesis of a cDNA copy of the target 
region of the RNA genome using reverse transcriptase (primed by 
the antigenomic PCR primer or, better, by random hexamers) and 
the product of this reaction is then a suitable target for amplifi ca-
tion. The concentration of virus in serum samples is often very 
low, so that the mass of product(s) from the PCR reaction is insuf-
fi cient for visualization on a stained gel. Thus either a second 
round of amplifi cation (with nested primers) or detection of the 
primary product by southern hybridization is required. There is 
considerable variation in nucleotide sequences among different 
isolates of HCV, and the 5′ non-coding region, which seems to be 
highly conserved, is the preferred target for the PCR.

Organization of the HCV genome

The genome of HCV (Figure 39.4) resembles those of the pestivi-
ruses and fl aviviruses in that it comprises around 10 000 nt of 
positive-sense RNA, lacks a 3′ poly A tract and has a similar gene 
organization. It has been proposed that HCV should be the 
prototype of a third genus in the family Flaviviridae. All of 
these genomes contain a single large ORF which is translated to 
yield a polyprotein from which the viral proteins are derived 
by post-translational cleavage and other modifi cations.18

There is a short, untranslated region at the 5′ end of the genomic 
RNA and a further untranslated region at the 3′ end, the large ORF 
accounting for over 95% of the sequence. The structural proteins 
are located forwards at the 5′ end and the non-structural proteins 
towards the 3′ end. The fi rst product of the polyprotein is the 
non-glycosylated capsid protein, C, which complexes with the 
genomic RNA to form the nucleocapsid. As with the fl aviviruses, 
a hydrophobic domain may anchor the growing polypeptide in 
the endoplasmic reticulum and facilitate cleavage by a cellular 
signalase, releasing the nucleocapsid precursor (anchored C). The 
amino acid sequence of the nucleocapsid protein seems to be 
highly conserved among different isolates of HCV.

The next domain in the polyprotein also has a signal sequence 
at its carboxy terminus and may be processed in a similar fashion. 
The product is a glycoprotein which is probably found in the viral 
envelope and is referred to as E1/S or gp35. The third domain may 
be cleaved by a protease within the viral polyprotein to yield what 
is probably a second surface glycoprotein, E2/NS1 or gp70. These 
proteins are of considerable interest because of their potential use 
in tests for the direct detection of viral proteins and for HCV vac-
cines. Nucleotide sequencing studies reveal that both domains 
contain hypervariable regions. It is possible that this divergence 
has been driven by antibody pressure and that these regions 
specify important immunogenic epitopes.

The non-structural region of the HCV genome is divided into 
regions NS2-NS5. In the fl aviviruses, NS3 has two functional 
domains: a protease which is involved in cleavage of the non-
structural region of the polyprotein and a helicase which is pre-
sumably involved in RNA replication. Motifs within this region of 
the HCV genome have homology to the appropriate consensus 
sequences, suggesting similar functions. NS5 seems to be the 
replicase and contains the gly-asp-asp motif common to viral 
RNA-dependent RNA polymerases. The HCV protease is a major 
target for antiviral therapy.

Epidemiology and clinical features

Infection with HCV occurs throughout the world. Many of the 
seroprevalence data are based on blood donors, who represent a 
selected population. The prevalence of antibodies to HCV in 
blood donors varies from 0.02% to 1.25% in different countries. 
Higher rates have been found in southern Italy, Spain, central 
Europe, Japan and parts of the Middle East, with as many as 19% 
in Egyptian blood donors. Until screening of blood donors was 
introduced, hepatitis C accounted for the vast majority of non-A, 
non-B post-transfusion hepatitis. However, it is clear that, while 
blood transfusion and the transfusion of blood products are effi -
cient routes of transmission of HCV, these account for a small 
proportion of cases of acute clinical hepatitis in a number of 
countries (with the exception of patients with haemophilia). 
Current data indicate that in 30% or more of patients in industri-
alized countries the source of infection cannot be identifi ed; 
although transmission by contact with blood and contaminated 
materials is likely to be important, 35% of patients have a history 
of intravenous drug misuse; household contact and sexual expo-
sure do not appear to be major factors in the epidemiology of this 
common infection (6–8%); and occupational exposure in the 
healthcare setting accounts for about 2% of cases. Transmission 
of HCV from mother to infant occurs in about 10% of viraemic 
mothers and the risk appears to be related to the level of viraemia. 
It should be noted, however, that information on the natural 
history of hepatitis C is limited because the onset of the infection 
is often unrecognized and the early course of the disease is indo-
lent and protracted in most patients.

Most acute infections are asymptomatic: less than 30% of 
patients with acute infections have non-specifi c symptoms 
and some develop mild jaundice. Fulminant hepatitis has been 
described. Extrahepatic manifestations include mixed cryoglobu-
linaemia, membranous proliferative glomerulonephritis and por-
phyria cutanea tarda.Figure 39.4 Hepatitis C viral genome. HV, hypervariable.
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Between 50% and 80% of patients do not clear the virus by 6 
months and develop chronic hepatitis. The majority have fl uctuat-
ing abnormal alanine transaminase levels, but some 30% have 
normal levels. Histological examination of liver biopsies from 
asymptomatic HCV carriers (blood donors) reveals that none has 
normal histology and that up to 70% have chronic active hepati-
tis and/or cirrhosis. The rate of progression of chronic hepatitis is 
highly variable. The presence of antibodies to specifi c antigen 
components is variable and may or may not refl ect viraemia, and 
in the case of interferon treatment there is a correlation between 
response and loss of specifi c antibodies to the E2 component.

Detection and monitoring of viraemia are important for man-
agement and treatment and sensitive techniques are available for 
the measurement of HCV RNA. The identifi cation of specifi c types 
and subtypes is important, with observations suggesting an asso-
ciation between response to interferon and particular genotypes.

The response of the immune system to infection with HCV is 
complex and persistence of infection is common.19

Chronic hepatitis C infection leads to cirrhosis within two 
decades of the onset of infection in at least 20% of patients. 
Chronic infection is also associated with an increased risk of 
hepatocellular carcinoma, which occurs on a background of 
infl ammation and regeneration related to chronic hepatitis over 
three or more decades. The risk of developing hepatocellular car-
cinoma (HCC) is estimated at 1–5% after 20 years, but this varies 
considerably in different areas of the world. It develops more 
commonly in men than in women.20

A vaccine against HCV is not available.
There is evidence that alcohol and hepatitis C may aggravate 

synergistically hepatic damage. Alcohol restriction is essential and 
abstinence from alcohol is strongly recommended.

Antiviral therapy for HCV infection is described below.

MANAGEMENT OF ACUTE VIRAL HEPATITIS

There is no specifi c treatment. General measures include bed-rest 
and a generally nutritious diet. Patients should be encouraged to 
exercise regularly if they feel well. Consumption of alcohol should 
be avoided during the acute phase and continue to be modest after 
convalescence.

Corticosteroids and non-steroidal antiinfl ammatory drugs are 
not indicated and should not be used.

TREATMENT OF CHRONIC HEPATITIS 
B INFECTION

Specifi c treatment is now available following the demonstration 
that interferon-α inhibits replication of HBV, and that prolonged 
treatment can lead to remission of the disease.

Antiviral therapy is aimed at patients with active disease and 
viral replication, preferably at a stage before signs and symptoms 
of cirrhosis or signifi cant injury have occurred. Eradication of the 
disease is possible in only a minority of patients. Permanent loss 
of HBV DNA and HBeAg results in an improvement in necroin-
fl ammatory change(s), and reduced infectivity. It is possible that 
the accompanying histological improvement reduces the risk of 
cirrhosis and hepatocellular carcinoma.

Unfortunately, treatment of chronic hepatitis with interferon is 
effective in less than half of those treated. It is relatively expensive, 
requires administration by injection and is not free of side-effects. 
Nonetheless, recombinant interferon α has been licensed for treat-
ment of chronic hepatitis B in the UK and several European 
countries.

The interferons act by interaction with specifi c membrane 
receptors, thereby inducing a number of enzymes and proteins, 
the best characterized of which are the 2′,5′-oligoadenylate syn-
thetases (2′,5′- A synthetases) and protein kinases. The expression 
of the class I major histocompatibility antigen (MHC) genes is 
activated by all interferons, and those of class II by interferon-γ, 
to increase the expression of MHC at the cell surface, and thereby 
amplify viral antigen recognition and display. Interferons also 
modify the cellular and humoral immune response.

Three preparations of interferon-α are currently available, two 
of which are recombinant preparations and one of which is pre-
pared from a lymphoblastoid cell line. Approximately 40%–50% 
of patients respond. Highest response rates are usually seen in 
carriers with higher baseline serum aminotransferase levels, lower 
levels of HBV DNA and without AIDS. Although these factors 
provide some predictive information, none of these criteria is 
absolute, and individual carriers, for example ethnic Chinese, with 
active disease or those patients with anti-HIV antibodies but 
normal CD4 lymphocyte counts may respond, making the predic-
tion of treatment outcome somewhat diffi cult. The appropriate 
dose of interferon is not yet established, but 5–10 mU three times 
weekly for 3–4 months is currently prescribed.

The subclinical exacerbation of the hepatitis frequently seen 
in responders suggests that interferon acts by augmenting the 
immune response to HBV, perhaps triggered by the inhibition of 
viral replication as well as the effects of interferon on cytotoxic T 
cells. Although residual HBV DNA can be detected by PCR, the 
disease appears to be ameliorated. Approximately 20% of patients 
who respond to treatment with clearance of HBeAg will also clear 
HBsAg within a year of treatment, and up to 65% may later clear 
HBsAg after 6 years of follow-up.

Pulsed corticosteroid treatment and interferon may also be of 
benefi t in patients without elevated serum aminotransferases. This 
treatment regimen should be used with caution in those patients 
with decompensated hepatitis B because of the risk of inducing 
severe hepatic necrosis.

The major early side-effects of interferon include an infl uenza-
like illness. Later side-effects include malaise, muscle aches, head-
aches, poor appetite, weight loss, increased need for sleep, 
irritability, anxiety and depression, hair loss, thrombocytopenia 
and leucopenia. Unusual or severe side-effects include seizures, 
acute psychosis, bacterial infections, autoimmune reactions, 
thyroid disease, proteinuria, cardiomyopathy, skin rashes and 
interferon antibodies.

Pegylated interferon (PEG interferon) is used now.

Other antiviral drugs

A number of other agents have been used for the treatment of 
hepatitis B. These include interferon-γ, aciclovir (acycloguano-
sine), 6-deoxyaciclovir, ganciclovir, foscarnet (trisodium 
phosphonoformate), azido-3′-deoxythymidine triphosphate, 
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2′,3′-dideoxycytidine and 2′,3′-dideoxyinosine, adenine arabino-
side 5′-monophosphate (ara-AMP), phyllanthrus amarus, inter-
leukin 2, isoprinosine, thymosin, tumour necrosis factor, transfer 
factor, adenine arabinoside 5′-monophosphate conjugated with 
lactosaminated albumin, interferon-γ plus α, interferon-γ plus β, 
and aciclovir plus interferon. Few of these agents are useful 
clinically.

Lamivudine, a second-generation nucleoside analogue, inhib-
its both HBV DNA-dependent and RNA-dependent DNA poly-
merase activity. This may cause suppression of HBV DNA 
replication at four sites, and also has the indirect effect of restoring 
T cell hyporesponsiveness. The decline in viral titre is rapid and 
dose related, and maximum inhibition is observed with treatment 
with 100 mg by mouth once daily. While production of virus is 
inhibited rapidly, production of viral protein which is dependent 
on the presence of the RNA pregenome is unaffected by lamivu-
dine. Reduction of viral protein concentrations depends on the 
destruction of infected liver cells, and with immune control of 
HBV replication viral protein production also declines.

Approximately 20% of patients clear HBeAg and HBV DNA 
within 1 year of starting treatment with lamivudine. Long-term 
therapy may be required, and extended therapy is feasible as, in 
contrast to interferon-α, lamivudine can be taken orally and is 
associated with a lower incidence of adverse events. Extended 
therapy with lamivudine has also been found to produce signifi -
cant improvements in liver histology and increasing levels of sero-
conversion. In one cohort about 40% of patients seroconverted 
after 3 years. Seroconversion rates are likely to be enhanced if 
patients with alanine aminotransferase (ALT) elevations are 
selected (i.e. ALT levels >2× the upper limit of normal).

As with all antiviral agents, prolonged treatment with lamivu-
dine is associated with a risk of HBV variants (mutants). The key 
variant with lamivudine therapy involves the highly conserved 
tyr-met-asp-asp (YMDD) motif, which forms part of the active site 
of the polymerase. Although experimental studies have shown 
that such YMDD variants confer resistance of lamivudine in vitro, 
they also have reduced replication competence both in vitro and 
in the clinical setting. As such their emergence is not a signal to 
stop treatment with lamivudine. In patients with HBeAg, 14% of 
patients developed the variant. While this was associated in one 
study with elevation of HBV DNA and ALT, these had not reached 
baseline levels by week 52, and the variant was not associated with 
any reduction in the histological response. The YMDD variants 
also emerged in anti-HBe patients, and while 40% of such patients 
have lost HBV DNA by 52 weeks, about 25% have the variant. In 
either case, the emergence of the variants is not a signal to stop 
treatment with lamivudine. Indeed, HBeAg seroconversion can 
still occur in patients with the YMDD variant.21

Nevertheless, in considering treatment options in the future for 
those who develop YMDD variants, other antiviral agents that do 
not share cross-resistance with lamivudine may be added. In vitro 
data suggest that lamivudine-resistant and famciclovir-resistant 
variants remain sensitive for example to adefovir, but combina-
tion therapy is yet to be evaluated clinically.

The introduction of lamivudine has made transplantation fea-
sible in patients with decompensated liver disease with HBV DNA. 
It may also be of benefi t in suppression of replication in non-
decompensated patients prior to transplantation, and in post-
transplant patients. The combination of lamivudine and hepatitis 

B immunoglobulin is an effective prophylaxis against recurrent 
hepatitis B after transplantation, leading to improved graft and 
patient survival. Lamivudine is effective for the treatment of recur-
rent HBV infection after transplantation.

Other antiviral agents have also been developed including gan-
ciclovir, famciclovir and adefovir dipivoxil. Combination therapy 
is also being used.22

The development of specifi c antiviral therapies offers a new 
opportunity to treat chronic carriers of hepatitis B virus, and while 
there is a need to defi ne more precisely the indications for treat-
ment, the costs of treatment and the logistics of screening for 
asymptomatic hepatitis B infection and assessment of active rep-
licative HBV infection are substantial and constitute a major chal-
lenge particularly in countries where HBV is hyperendemic.

Several newer nucleoside analogues suppress hepatitis B in 
vitro, and these drugs are at present undergoing clinical trial in 
humans.

TREATMENT OF CHRONIC HEPATITIS 
C INFECTIONS

Treatment with pegylated interferon-alpha is indicated for patients 
with well-documented chronic hepatitis C in whom other causes 
of chronic hepatitis have been excluded, and who have at least a 
two-fold elevation of serum alanine aminotransferase. Interferon 
α ameliorates disease activity in approximately 50% of patients 
with hepatitis C after short courses (6 months) of treatment. Liver 
biopsy histology provides useful information regarding the extent 
of liver damage. Treatment should be started at a dose of 3 × 106 
units, three times weekly, and administered subcutaneously for 6 
months. Treatment can be discontinued after 3 months if no 
response has occurred. However, approximately 50% of respond-
ers relapse when treatment is stopped. Almost all of these relapses 
tend to re-respond to retreatment.

Ribavirin, a nucleoside analogue which is taken orally, has also 
been shown to inhibit HCV. This drug may be a better choice for 
patients with cirrhosis, who respond poorly to interferon, or it can 
be used in combination with pegylated interferon.
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Section 6 Viral Infection

Chapter 40
David W. Smith, Roy A. Hall, 
Cheryl A. Johansen, Annette K. Broom 
and John S. Mackenzie

Arbovirus Infections

Arboviruses (arthropod-borne viruses) are a diverse group of 
viruses that survive in nature by transmission from infected to 
susceptible hosts by certain species of mosquitoes, ticks, sand fl ies 
or biting midges.1,2 These viruses multiply within the tissues of the 
arthropod to produce a high level of virus viraemia (extrinsic 
incubation period) and are then passed on to humans or other 
vertebrates by the bites of the insect. Most diseases caused by 
arboviruses are zoonoses, that is they are primarily infections of 
vertebrates other than humans; however, a number of these viruses 
can cause incidental infections in humans. Two major exceptions 
to this are o’nyong-nyong (ONNV) and dengue (DENV) viruses, 
whose only known vertebrate host is the human. However, for 
dengue virus, monkeys have been implicated as an alternative 
vertebrate host to man in rural settings and it is presumed that 
there is an unidentifi ed vertebrate host for ONNV. Some viruses 
are classed as arboviruses even though they have not been associ-
ated with an arthropod vector.

The names by which these viruses are known are of mixed 
origin. Some are dialect names for the illnesses they cause (chi-
kungunya, o’nyong-nyong), some are place names (West Nile, 
Bwamba) and some derive from clinical characteristics (Western 
equine encephalitis, yellow fever).1,2

In this chapter, we will concentrate on the medically important 
arboviruses. For more detailed information about the viruses and 
the diseases they cause, a number of major reviews of specifi c 
viruses are cited at the beginning of each section.

AETIOLOGY

There are over 500 arboviruses recognized worldwide2 but only 
some are implicated in human disease. Some infect humans only 
occasionally or cause only mild illness, whereas others are of great 
medical importance and can cause large epidemics with consider-
able mortality (Table 40.1).

In this chapter, viruses are classifi ed according to the eighth 
report of the International Committee on Taxonomy of Viruses.3 
Most arboviruses causing human disease belong to three major 
families: Togaviridae (genus Alphavirus), Flaviviridae (genus Flavi-
virus) and Bunyaviridae (Bunyavirus, Orthobunyavirus, Nairovirus 
and Phlebovirus genera). The alphaviruses and fl aviviruses are 
enveloped, single-stranded, positive-sense RNA viruses. They are 

spherical particles, measuring from 40 to 70 nm.4,5 The bunyavi-
ruses are enveloped, negative-strand RNA viruses. They are gener-
ally spherical and measure 80–120 nm in diameter.

The fl aviviruses are the most important group medically and 
three infections caused by viruses in this group, yellow fever virus 
(YFV), DENV and Japanese encephalitis virus (JEV), are suffi ciently 
prevalent to be of global concern.6 Other arboviruses, including 
tick-borne encephalitis virus (TBEV), Venezuelan equine encepha-
litis virus (VEEV), St. Louis encephalitis virus (SLEV) and West 
Nile virus (WNV), are usually restricted to specifi c regions. 
However, the spread of arboviruses across several regions may 
cause international health problems.1 This has occurred most 
recently with WNV moving from Africa into North and South 
America, Rift Valley fever virus (RVFV) moving from Africa to the 
Middle East, JEV moving into the Australasian region and chikun-
gunya virus (CHIKV) moving into islands in the south-west Indian 
Ocean. The major reasons for virus movement will be discussed 
later in the chapter.

EPIDEMIOLOGY

For effective arbovirus transmission to occur, three components are 
necessary: the vector (mosquito, tick, sandfl y, biting midge), the 
vertebrate host(s) and suitable environmental conditions. Trans-
mission cycles range from simple (involving one vector and one 
host) to the highly complex involving multiple vectors and hosts. 
The epidemiology of human arboviral diseases usually involves 
one of two transmission cycles. In the jungle or sylvatic cycle, an 
infected arthropod bites either a human or domestic animal that 
has strayed into the ecological niche of the virus/vector. This mode 
of infection results in small clusters of cases initiated at the same 
site. The second is the urban cycle where a person or domestic 
animal, infected via the sylvatic mode or moving from another area 
with urban activity, acts as an amplifi er host in the transfer of the 
virus to other persons or domestic animals in the community. 
These cases occur as epidemics or epizootics in nature.2 The vector 
species involved in the urban cycle may be the same or different to 
that in the sylvatic cycle. YFV is a good example of an arbovirus that 
undergoes both modes of transmission.7

Figure 40.1 shows examples of the types of transmission cycles 
that can occur in nature.
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Table 40.1 Arboviruses

Virusa Geographical distribution Transmission Fever Clinical 
form

Rash

TOGAVIRIDAE

Alphavirus genus

Babanki Africa Mosquito

Barmah Forest virus (BFV)b Australia Mosquito + A +

Chikungunya virus (CHIKV)b Africa, India, South-east Asia Mosquito + H/A +

Getah virus (GETV) Asia, Australasia Mosquito +

Mayaro virus (Uruma) (MAYV)b South America Mosquito + +

O’nyong-nyong virus (ONNV)b Africa Mosquito + A +

Ross River virus (RRV)b Australia, South Pacifi c Mosquito + A +

Sindbis virus (SINV)b Africa, Asia, Europe, Australia Mosquito + A + (Africa 
only)

Semliki Forest virus (SFV) Africa, Russia Mosquito +

Ockelbo virus (OCKV)b Europe Mosquito + A +

Eastern equine encephalitis virus 
(EEEV)b

North and South America Mosquito + E

Western equine encephalitis virus 
(WEEV)b

North and South America Mosquito + E

Venezuelan equine encephalitis virus 
(VEEV)b

North and South America Mosquito + E

FLAVIVIRIDAE

Flavivirus genus

Mosquito-borne

Banzi virus (BANV) Southern Africa Mosquito +

Bouboui virus (BOUV) Central Africa Mosquito

Bussuquara virus (BSQV) Central and South America Mosquito + A

Dengue virus-type 1–4b Africa, Asia, America, the Caribbean 
and Pacifi c Islands, China, Taiwan, 
Indonesia, Australia

Mosquito + H +

Edge Hill virus (EHV) Australia Mosquito + A

Ilhéus virus (ILHV) South and North America Mosquito + E

Japanese encephalitis virus (JEV)b Asia, Australasia Mosquito + E

Karshi virus (KSIV) Kazakhstan, Uzbekistan Tick +

Kedougou virus (KEDV) Senegal, Central Africa Mosquito

Kokobera virus (KOKV) Australia, New Guinea Mosquito + A +

Koutango virus (KOUV) Senegal Mosquito + A +

Kunjin virus (KUNV)b Australia, Indonesia, Malaysia Mosquito + A/E +

Murray Valley encephalitis virus 
(MVEV)b

Australia, New Guinea Mosquito + E

Rocio virus (ROCV)b Brazil Mosquito + E

Sepik virus (SEPV) New Guinea Mosquito +

Spondweni virus (SPOV) South Africa Mosquito + A

St Louis encephalitis virus (SLEV)b Americas Mosquito + E

Usutu virus (USUV) Sub-Saharan Africa Mosquito + +

Wesselsbron virus (WESSV) Africa, Asia Mosquito + E +
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Virusa Geographical distribution Transmission Fever Clinical 
form

Rash

West Nile virus (WNV)b Africa, the Middle East, India, Europe, 
North and South America

Mosquito + E +

Yellow fever virus (YFV)b Africa, South and Central America Mosquito + H

Zika virus (ZIKV) Africa Mosquito + +

Tick-borne

Kyasanur Forest disease virus (KFDV)b India Ixodid tick + H/E +

Langat virus (LANV) Malaysia, Asia, Japan Ixodid tick + E

Louping ill virus (LIV)b Britain, southern Europe Ixodid tick + E

Omsk haemorrhagic fever virus 
(OHFV)b

Siberia Ixodid tick + H +

Powassan virus (POWV)b Canada, USA, Russia Ixodid tick + E

Tick-borne encephalitis virus (TBEV)b

Far-Eastern subtype TBEV(RSSE) Russia, Siberia, Asia Ixodid tick + E

European subtype TBEV Europe Ixodid tick + E

Siberian subtype TBEV Russia and Siberia Ixodid tick + E

Tyuleniy virus (TYUV) Northern Europe, Russia, North America Tick + A

Other vectors

Rio Bravo virus (RBV) USA, Trinidad Bat saliva? + E, meningitis

BUNYAVIRIDAE

Bunyavirus genus

Bunyamwera virus (BUNV) Africa, North and South America Mosquito + E

Caraparu virus (CARV) South America, Panama Mosquito +

Itaqui virus (ITQV) South America Mosquito +

Marituba virus (MTBV) Trinidad, South/Central America Mosquito +

Oriboca virus (ORIV) South America Mosquito +

California group

California encephalitis virus (CEV)b USA, Canada Mosquito + E

Inkoo virus (INKV) Finland Mosquito + Meningism

La Crosse virus (LACV)b USA, Canada Mosquito + E

Tahyna virus (Lumbo) (TAHV)b Europe, Africa Mosquito +

Trivattatus virus (TVTV) USA Mosquito +

Orthobunyavirus genus

Bwamba virus (BWAV) Africa Mosquito +

Guaroa virus (GROV) South and Central America Mosquito +

Oropouche virus (OROV)b South America Mosquito/
culicoides

+ E/A

Guama virus (GMAV) South America Mosquito +

Catu virus (CATUV) South America Mosquito +

Nairovirus genus

Crimean–Congo group

Crimean–Congo haemorrhagic fever 
virus (CCHFV)b

Europe, Africa, Middle East, central Asia, 
Pakistan

Ixodid tick + H +

Dugbe virus (DUGV) Africa Ixodid tick +

Nairobi sheep disease virus (NSDV) Africa, India Ixodid tick + A

Table 40.1 Continued

Epidemiology
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Virusa Geographical distribution Transmission Fever Clinical 
form

Rash

Phlebovirus genus

Sandfl y fever virus (Naples, SFNV; 
Sicily, SFSV)b

Africa, Asia, central Europe Sandfl ies +

Toscana virus (TOSV) Italy, Portugal, Cyprus Sandfl ies E, meningitis

Rift Valley fever virus (RVFV)b Africa, Middle East Mosquito + H/E

Chandiru virus (CDUV) Brazil ? +

Chagres virus (CHGV) Panama Phlebotomines/ 
mosquito?

+

Other unassigned Bunyaviridae

Bhanja virus (BHAV) India, southern Europe Tick +

Tataguine virus (TATV) Nigeria Mosquito +

REOVIRIDAE

Coltivirus

Colorado tick fever virus (CTFV)b North America Tick + H/E (in 
children)

+

Kemerovo complex Former USSR and central Europe Tick + E

Orungo virus (ORUV) Africa Mosquito +

H, haemorrhagic; E, encephalitis; A, arthralgia.
a Classifi cation of viruses according to virus taxonomy: 8th Report of the International Committee on Taxonomy of Viruses (2005).3 For a complete list of mosquito 
vectors and the arboviruses they transmit, see Appendix IV.
b Of clinical importance.

Table 40.1 Continued

The interactions of the vectors, hosts and environmental condi-
tions that are necessary for virus transmission to occur will now 
be briefl y discussed.

Vertebrate hosts

The major hosts for arboviruses are mammals and birds.1 The 
potential for virus dispersal is dependent on the type of vertebrate 
host involved. Migratory birds can facilitate virus movement over 
large distances whereas most animal hosts are more sedentary and 
virus activity tends to be restricted to a particular region. These 
were reviewed elsewhere8 and are summarized below.

Reservoir hosts

These include hosts that have previously been referred to else-
where as either maintenance or amplifi er hosts. These hosts are 
responsible for virus transmission and are essential for the con-
tinued existence of the virus. The immune status of the host 
species will affect the rates of transmission of arboviruses. Reser-
voir hosts become infected by the virus and produce high-titre 
viraemias to allow virus transmission to occur; however, they are 
generally not susceptible to disease. Arboviruses may have more 
than one host species involved in transmission cycles. An example 
of this is the fl avivirus JEV, for which birds (particularly herons) 
are considered to be the major maintenance hosts in natural 
cycles. However, in Asia pigs are often kept in close proximity to 

human dwellings and it has been shown that these animals 
amplify the virus to high titres and therefore can readily infect 
mosquitoes, which can then transmit the virus to humans. This is 
thought to have occurred in the Torres Strait (Australia) in 1995, 
when JEV was detected in the region for the fi rst time.

Incidental hosts

These become infected but transmission does not occur with suf-
fi cient regularity for stable maintenance. Humans are usually an 
incidental host, often, but not always, being a dead end in the 
chain. Incidental hosts may or may not show symptoms.

Disseminating hosts

These host species may move virus from an area of active transmis-
sion to another location. Movement by viraemic waterbirds has 
been suggested as a mechanism of movement for a number of 
arboviruses including Murray Valley encephalitis virus (MVEV), 
JEV, WNV and Eastern equine encephalitis virus (EEEV). Arbovi-
ruses can also be introduced into new areas by the movement of 
humans, particularly as air travel now allows people to travel long 
distances during the few days that they are viraemic. This has been 
implicated in the spread of DENV between continents. Infected 
arthropod vectors may also disseminate disease if they are carried 
on air, marine, rail or road transport. This has been proposed as 
the most likely mechanism for introduction of WNV into the USA 
in 1999.
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Dead-end hosts

These species can become infected by the virus but do not develop 
a high enough viraemia to enable transmission to other vectors. 
Humans are thought to be a dead-end host for many arboviruses. 
Occasionally, one or a few abortive cycles of transmission may 
occur between these hosts and the vectors, but they cannot be 
sustained.

A wide variety of host species have been implicated in arbovi-
rus diseases. These include birds, mammals (including primates), 
rodents, marsupials and bats. The host species associated with the 
major human and animal pathogens described in this chapter are 
included in the sections on the specifi c viruses.

Vectors/invertebrate hosts

Arthropod-borne viruses are distinguished from other animal 
viruses because of their ability to infect both vertebrate and inver-
tebrate hosts. The virus replicates within the cells of the arthropod 
vector before being transferred to a susceptible host.9 Occasion-
ally, arthropods may also transmit viruses by a mechanical means 
whereby the vector simply transfers the virus from an infected to 
a susceptible host.

Invertebrate hosts include mosquitoes, sandfl ies, ticks and 
Culicoides (biting midges). Most arboviruses have been recovered 
from mosquitoes; a list of the vectors is given in Table 40.1 and 

Human

Mosquito

Mosquito

YFV

Monkey

Monkey

MosquitoMosquito
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Human
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Figure 40.1 Transmission of some arboviruses. 
CTFV, Colorado tick fever virus; EEEV, Eastern 
equine encephalitis virus; JEV, Japanese encephalitis 
virus; TBEV, tick-borne encephalitis virus; WEEV, 
Western equine encephalitis virus; YFV, yellow fever 
virus.
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Appendix IV. Ixodid ticks are involved in transmission of a 
closely interrelated subgroup of the fl aviviruses and also in some 
of the other groups. Genera of ticks involved in arbovirus trans-
mission include Haemaphysalis, Ixodes and Dermacentor (see also 
Appendix IV).

TRANSMISSION

Transmission by arthropods involves several processes:
• Ingestion by the arthropods of virus in the blood (usually) or 

other body fl uids of the vertebrate hosts
• Penetration of the viruses into the tissue of the arthropods, in 

the gut wall, or elsewhere after passing through the gut wall 
(‘gut barrier’)

• Multiplication of the viruses in the arthropod cells, including 
those of the salivary glands.10

The time interval between the ingestion of a viraemic blood meal 
and the ability of a vector to transmit the virus is known as the 
extrinsic incubation period of the disease. In mosquitoes this 
period is short: 10 days at 30°C (ambient temperature) and longer 
at lower temperatures. The quantity of blood, and therefore the 
amount of virus ingested, also affects the length of the extrinsic 
incubation period. This is extremely important in determining the 
transmission effi ciency of a vector and may also vitally affect the 
course of an epidemic. Mosquitoes remain infective for life without 
any apparent ill-effects, and their effectiveness as transmitters 
depends upon longevity and the frequency with which they bite. 
Different species of female mosquitoes vary in their ability to 
transmit different arboviruses so that some species are only able 
to transmit a single virus, while other mosquito species can trans-
mit many arboviruses (e.g. Culex tarsalis vectors both Western 
equine encephalitis virus, WEEV and SLEV, Cx. annulirostris vectors 
MVEV, JEV, Kunjin virus (KUNV), Ross River virus, RRV and 
Barmah Forest virus, BFV).

Viruses have been reported to persist in overwintering mosqui-
toes and this could be an important factor in virus survival. This 
has been shown to occur in Cx. tritaeniorhynchus infected with JEV 
and in Cx. tarsalis infected with WEEV (which remain infective 
by bite for up to 8 months). Transovarial or vertical transmis -
sion from one generation to the next via the desiccation-resistant 
eggs of some Aedes species has also been suggested as a possible 
mechanism of persistence for some arboviruses. However, Turell11 
suggests that other methods, including reintroduction of virus by 
migratory birds or survival in other vectors, may be more impor-
tant in the long-term persistence of these viruses. Transmission of 
virus between the developmental stages (trans-stadial) is normal 
in ticks and transovarial passage has been observed in some 
species, and both are of great epidemiological importance. Some 
arboviruses may also persist for long periods in hibernating mam-
malian hosts.

Some important factors in transmission by arthopods 
include:
• Susceptibility of the arthropods to infection and ability to 

transmit
• Breeding habits of the arthropods and preferred habitats, 

whether near humans or other hosts of the virus
• Biting habits of the arthropods – in mosquitoes whether they 

are anthropophilic (attracted to humans) or zoophilic (attracted 

to animals), exophilic (feeds outdoors) or endophilic (feeds 
inside)

• Longevity of the arthropods, which depends to a great extent 
on temperature, humidity and (especially in ticks) the 
availability of hosts to feed on. Persistence of the virus by 
overwintering in adult mosquitoes or vertical transmission 
between generations may carry virus from one year to the 
next

• Abundance of the arthropods. An effi cient vector may have a 
wide range of animals on which to feed, but even if it bites 
humans only infrequently in the presence of other (and pre-
ferred) animals, large vector numbers will still allow signifi cant 
numbers of human infections. For instance, Cx. tritaeniorhyn-
chus, which bites mostly pigs, birds, cattle, and dogs, and only 
to a limited extent humans, can maintain transmission of JEV 
from pigs to humans by sheer numbers

• Migratory birds can help by spreading virus that is circulating 
in their blood or by carrying infected ticks

• Interactions in ecological systems are of primary importance in 
transmission of many of the mosquito-borne and tick-borne 
arboviruses. A good example of this is the circulation of YFV 
in East Africa among forest monkeys and tree-living mosqui-
toes. Monkeys often leave the forests and raid banana planta-
tions. Hence, YFV can then infect mosquitoes in these locations 
and from there can be transmitted to humans. Similarly, 
humans become infected with Kyasanur Forest disease virus 
(KFDV) when they enter the domain of infected monkeys and 
pick up infected ticks.

Although transmission of arboviruses usually takes place through 
the bites of arthropods, it is important to remember that some of 
the viruses can, in some instances, be transmitted in other ways. 
European TBEV can be acquired by drinking the milk of infected 
goats, VEEV (in cotton rats) apparently via urine or faeces infecting 
the nasopharynx, WEEV possibly through aerosol from a patient 
and EEEV (in pheasants) by one bird pecking another. Laboratory 
infections have been reported with KUNV in Australia and WNV 
has been transmitted by blood transfusion. DENV, JEV, WNV and 
CHIKV have all been transmitted from mother to fetus following 
infection during pregnancy, but this is rare.

Humans are usually only an incidental host in arbovirus infec-
tions. However, it is their behaviour as well as environmental 
factors that determine the activity and spread of these viruses.1 
Many human activities encourage transmission of these animal 
viruses to people. The construction of dams and extensive areas 
of irrigation often promotes the breeding of enormous numbers 
of mosquitoes. For instance, the development of rice fi elds 
encourages Cx. tritaeniorhynchus in Sarawak, spreading JEV, and 
Mansonia uniformis and Anopheles gambiae in Kenya spreading 
CHIKV, ONNV, possibly WNV and Sindbis virus (SINV). The 
seasonal cutting of old vegetation in Sarawak produces heavily 
polluted pools that support massive populations of culicines. 
The keeping of cattle driven into marginal forest areas in India 
promotes the growth and transport of ticks, and the intrusion of 
people into forest areas lays them open to infection with YFV 
and the tick-borne diseases. In many countries, the practice of 
using large containers for water storage has helped to increase 
the Aedes aegypti populations and hence has increased the trans-
mission of DENV, CHIKV and other viruses vectored by this 
species.12
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For a fuller discussion of the effect of human-related be -
haviour on arbovirus transmission, other reviews should be 
consulted.13

Environmental conditions

Environmental conditions, particularly rainfall, temperature and 
humidity, have an important role in arbovirus transmission cycles. 
Arbovirus activity is generally seasonal. For example, the alpha-
viruses transmitted by mosquitoes in temperate regions cause 
disease in summer during periods of increased vector activity.14 In 
tropical areas, human infections caused by arboviruses usually 
occur during the wet season, with increased virus activity again 
coinciding with periods of high vector numbers.

Rainfall

Mosquito larvae and pupae are aquatic and hence require water 
for breeding.15 The abundance of arthropod vectors is directly 
affected by the amount of rainfall and fl ooding in a particular 
region. Rainfall is also required to maintain permanent water 
bodies, or in some cases create temporary water bodies that 
provide a sanctuary and breeding grounds for waterbirds that act 
both as mechanisms for introducing the virus into that area and 
for amplifying the virus. A good example of the latter occurred in 
northern Australia during the 2000 wet season. This resulted in 
the unprecedented southerly spread of MVEV activity from areas 
of the tropical north of Western Australia to subtropical and tem-
perate regions. High tides can also lead to increased mosquito 
breeding and hence increased activity of viruses that are vectored 
by salt-marsh mosquitoes.

Temperature

High external temperatures may have an adverse effect on vector 
survival. In addition, some mosquito species are temperature 
limited in their breeding. For example, Cx. annulirostris, the major 
vector of MVEV, RRV, and JEV in Australia, will not breed when 
the daily temperatures fall below 17.5°C.16 Temperature can also 
affect the length of the extrinsic incubation period and most 
studies have shown that the extrinsic incubation period for mos-
quitoes is shorter at 30°C than at lower temperatures.10 Hence the 
mosquito will become ‘infectious’ in a shorter time at higher 
temperatures.

Humidity

Increased humidity facilitates increased survival of mosquitoes.

Climate change

It is predicted that future climate changes such as those associated 
with global warming may affect arbovirus transmission cycles 
throughout the world. It has been suggested that global warming 
will affect the amount and extent of rainfall, frequency of high 
tides and actual tide heights, temperature, humidity, movement 
of vertebrate hosts and movement of human populations. The 
extent of these environmental changes is unknown but, because 
of the complex interactions between these viruses, their hosts and 

vectors and the environment, it seems likely that even minor 
changes will affect arbovirus activity in different regions. This may 
result in an increased number of cases or a greater geographical 
spread of these viruses.15,17

IMMUNE RESPONSE TO ARBOVIRUS 
INFECTION18,19

After inoculation of an arbovirus into the skin of a vertebrate by 
the arthropod vector, the virus probably multiplies fi rst in local 
tissues and regional lymph nodes where the earliest immune 
responses occur. As with most viral infections, non-specifi c innate 
responses occur during the fi rst few days. These include the 
antiviral effects of macrophages, natural killer cells and virus-
induced interferon. However, within 4–7 days after infection, the 
pathogen-specifi c humoral (antibody) and cell-mediated (T cell) 
immune responses come in to play. IgM antibodies are usually 
produced within the fi rst few days after onset of illness, while IgG 
antibodies appear within 7–14 days. One of the characteristics of 
arbovirus infections is the long-term persistence of IgM, com-
monly for many months, therefore unlike many other infections, 
detection of IgM is not, of itself, a completely reliable indicator 
of recent infection. In general, antibody responses to arbovirus 
infections appear early and are long lasting; however, some viruses 
do not produce high antibody titres in humans while others 
produce short-lived or late responses.

A person who recovers from an arbovirus infection generally 
possesses life-long immunity against reinfection with the homol-
ogous virus. Neutralizing antibodies can be found as early as a 
few days after the beginning of the disease and persist for many 
years. This persistence of immunity does not depend upon re-
exposure to the virus. While neutralizing antibodies are a good 
indication of protective immunity, antibodies that do not neutral-
ize virus in vitro may also provide protection in vivo via other 
immune mechanisms such as complement-mediated cytolysis 
(CMC) or antibody-dependent cell-mediated cytotoxicity (ADCC). 
Non-neutralizing antibodies have also been implicated as a 
cause of more severe disease due to antibody dependent enhance-
ment (ADE). The best known example of this is dengue haemor-
rhagic fever/dengue shock syndrome following secondary dengue 
infection with a heterologous serotype. This process may also 
have a role in the pathogenesis of arthritis following alphavirus 
infections.20

Flaviviruses are known to evoke very broad, cross-reactive anti-
body responses, particularly the IgG responses. Arboviruses are 
often grouped together according to antigenic similarity. For 
example, JEV, MVEV and WNV are all members of a single antigenic 
complex within the Flavivirus genus, while the four serotypes of 
DENV represent another. Infection with any fl avivirus will usually 
result in antibody responses that react with antigens from a broad 
range of other fl aviviruses, more so within the same antigenic 
complex. Indeed, recovery from an infection by one member of the 
group may provide a degree of resistance to a subsequent infection 
by another member of the same group; for instance, immunity to 
MVEV may provide subsequent protection against JEV, and vice 
versa. This may reduce the severity of clinical disease but is not yet 
proven. As mentioned above, cross-reacting non-neutralizing anti-
body may also increase disease severity due to ADE in dengue. The 

Immune Response to Arbovirus Infection
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importance of antibodies in protecting against disease is illustrated 
by the ability of passively transferred immunoglobulin to protect 
against a range of fl avivirus diseases in a mouse model. However, 
while immunoglobulin may protect against homologous virus, it 
can potentially enhance infection by related fl aviviruses, as has 
been shown with MVEV and JEV infection.21

The role of the T cell-mediated immune response is not as clear 
as that of the antibody response. Broadly cross-reactive CD8+ 
cytotoxic T cells are induced by infection with fl aviviruses and 
alphaviruses and are likely to have an important role in the clear-
ance of the virus. Paradoxically however, the infl ammatory 
responses and cytolysis caused by these cells contributes to the 
pathology of some, if not all, arbovirus infections.

It is also clear that host factors infl uence the susceptibility and 
severity of infections due to arboviruses. Severe manifestations of 
infection due to fl aviviruses and the alphavirus CHIKV are more 
common in young children, the elderly and those with pre-exist-
ing illnesses. In contrast, the arthritic manifestations of alphavirus 
infections are less common in children. Genetic factors are also 
probably important. For example, genetically determined suscep-
tibility to fl aviviruses has been shown in mice, and persisting 
arthritis following RRV infection has been associated with HLA-
DR7 positivity in humans.20

CLINICAL FEATURES IN GENERAL

Arbovirus infections are distributed throughout most of the world, 
and in areas with endemic or regular epidemic activity infection 
rates may be quite high within the human populations. However, 
the vast majority of infected individuals will have had either an 
asymptomatic or non-specifi c mild illness, and only a handful of 
those infected will develop one of the recognizable clinical syn-
dromes. For the fl aviviruses the case:infection ratio is usually very 
low (e.g. around 1 : 300 for encephalitis due to JEV) but varies 
depending on the virus. It may be higher during epidemic (rather 
than endemic) disease activity, and will be modifi ed by host sus-
ceptibility factors. In particular, the major burden of disease is felt 
at the extremes of life – the very young and the elderly. For the 
alphavirus infections, particularly those causing arthritis, the ratio 
of symptomatic to asymptomatic infection is much higher, varying 
from 1 : 40 to 3 : 1.

If clinical manifestations arise after infection they do so after an 
intrinsic incubation period lasting from a few days to a week or 
more. During that time, the virus replicates at the site of in -ocula-
tion, then further amplifi es within the reticuloendothelial system 
before it becomes viraemic and spreads to its target organs.

The most important clues to a possible arbovirus infection lie 
in a detailed travel and exposure history, coupled with a current 
knowledge of the viruses circulating in the potential area of expo-
sure. That can be diffi cult if the patient is a returned traveller, 
especially if they have travelled through a number of countries 
during the potential period of infection. Information can be 
obtained from travel health websites such as those of the World 
Health Organization (http://www.who.int/topics/travel/en/) or 
the Centers for Disease Control in the USA (http://www.cdc.gov/
travel/), or from commercial software programs. However, it may 
also be necessary to seek the advice of local experts to get the full 
picture in diffi cult cases.

The major clinical syndromes may be grouped as follows:
1. Systemic febrile disease
2. Arboviral haemorrhagic fever
3. Encephalitis
4. Polyarthralgic illness.

Systemic febrile disease

Arbovirus infection often produces a systemic febrile illness as part 
of the clinical illness. Fever is very common with fl avivirus infec-
tions, whereas some symptomatic alphavirus infections produce 
fever in 50% or less. This illness may be completely non-specifi c 
or even suggest another viral illness, including gastrointestinal and 
respiratory infections, particularly in the early stages. There are 
some clinical features that are more characteristic of arbovirus 
infections. Headache is common and may be severe (even with 
the arboviruses that rarely, if ever, cause encephalitis) and accom-
panied by meningism. Muscle and joint aches are also common, 
especially with alphavirus infections where many also develop 
joint swelling and stiffness. Rash may be present and is usually 
generalized and maculopapular, although occasionally it is vesic-
ular. Petechial rashes are less common and may be an early indi-
cator of the haemorrhagic fevers. In the vast majority of cases the 
febrile illness is followed by recovery. In the remainder the illness 
progresses to one of the more serious forms of disease, sometimes 
following a few days of remission. Occasionally the infections 
have a fulminant course, particularly in young children, where the 
initial febrile illness is short and advances rapidly to severe 
illness.

The notable exception to the generally benign nature of the 
febrile illnesses is YF. This virus produces suffi cient liver damage 
to cause clinical jaundice and a resulting severe febrile illness, even 
without progressing to haemorrhagic disease.

Haemorrhagic fever22

Most commonly caused by:
• Flaviviruses: DENV, YFV, KFDV, OHFV
• Alphaviruses: CHIKV
• Bunyaviruses: RVFV
These are the most serious manifestations of arbovirus infection. 
Haemorrhagic disease most often manifests as bleeding from 
the gums or gastrointestinal haemorrhage (haematemesis and 
melaena) and as cutaneous petechiae and purpura. The patho-
genesis is complex and poorly understood for most. YF produces 
suffi cient liver dysfunction to cause a reduction of the coagulation 
factors produced in that organ. However, in severe YF, there is also 
a consumptive coagulopathy (disseminated intravascular coagu-
lopathy; DIC) due to complement and cytokine activation, result-
ing in a reduction of most coagulation factors and a rise in the 
levels of fi brin degradation products. There may also be platelet 
dysfunction.

DHF is associated with a marked thrombocytopenia and plate-
let dysfunction, and DIC may develop in severe disease. Comple-
ment activation is likely to be important in the induction of the 
coagulopathy, as is cytokine release from mononuclear cells. 
However, the major problem in DHF relates to endothelial cell 
damage and increased vascular permeability resulting in loss of 
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fl uid from the intravascular into the extravascular spaces. It appears 
that these processes are triggered by the host immune response, 
particularly uptake of virus into macrophages, followed by the 
release of cytokines and other infl ammatory mediators from these 
cells and activated T cells, which in turn leads to complement 
activation and capillary leakage. There has been a lot of interest 
in the potential role of non-neutralizing antibodies in enhancing 
uptake of virus into macrophages (i.e. ADE) leading to this exces-
sive immune response. With dengue, this may occur when past 
infection with one serotype results in cross-reactive non-neutral-
izing antibody if the person gets a subsequent infection with 
another serotype. This phenomenon has been widely observed 
in experimental systems with other fl aviviruses and with some 
alphaviruses.

There is little information about KFDV, Omsk haemorrhagic 
fever virus (OHFV), RVFV and CHIKV, but DIC seems to be an 
important component of the severe haemorrhagic disease. It is 
likely that all the arbovirus haemorrhagic diseases will have 
a similar pathogenesis, but this is complex and not yet fully 
determined.

Treatment is directed mainly at control of the haemorrhage, 
maintenance of intravascular fl uid volumes to prevent hypoten-
sion, and management of complications such as pneumonia and 
renal failure. Replacement of fl uid loss in DHF is important and 
various solutions, such as 5% dextrose in saline, plasma, plasma 
substitutes or colloidal solutions may be used. If the haemoglobin 
level is falling, blood transfusion is needed.

Fresh frozen plasma may be used to provide coagulation factors, 
although they need to be used with caution owing to 
the potential for worsening DIC. In the early stages of YF 
when there is a selective decline in the hepatic coagulation factors, 
these can be replaced selectively. Vitamin K has also been 
suggested, but it is doubtful that the liver will be able to respond 
to this.

If signifi cant bleeding is occurring as a result of thrombocyto-
penia, platelet transfusions may be necessary, but they should be 
used with caution when DIC is established.

There is some experimental evidence that ribavirin may be 
useful for RVFV, but clinical data are lacking.

Encephalitis23

Most commonly caused by:
• Alphaviruses: EEV, WEEV, VEEV
• Flaviviruses: JEV, MVEV, WNV, KUNV, SLEV, TBEV, LIV, 

KFDV
• Bunyaviruses: RVFV.
Many of the arboviruses are capable of infecting the central 
nervous system. It is assumed that they enter across the blood–
brain barrier after the viraemic phase of infection. However, this 
has not yet been established and there is some evidence that entry 
via the olfactory bulb may be important. In either event, the result-
ing encephalitis has a fairly characteristic pattern of involvement. 
The major effects are seen within the central cerebral structures 
including the midbrain, basal ganglia and brainstem. The cerebel-
lum and upper spinal cord are also often affected, particularly the 
anterior horn cells of the latter. As a result of the involvement of 
essential structures, encephalitis may result in coma, respiratory 

failure and fl accid paralysis. Milder manifestations include cranial 
nerve palsies, tremor, cogwheel rigidity, cerebellar ataxia and 
upper limb weakness. The differential diagnosis in the early stages 
includes herpes simplex encephalitis, early bacterial cerebritis and 
tuberculous meningitis. Once signs of involvement of central cere-
bral structures appear, then it is more characteristic of arboviral 
encephalitis. Occasionally herpes simplex, post-infectious enceph-
alitis, acute cerebral vasculitis and others may produce a similar 
picture.

The frequency and nature of sequelae varies with the virus, the 
severity of the initial illness and the age of the patient. Many 
survivors are left with mild residua and a few unfortunate ones 
with major intellectual and physical disabilities. Late neuro-
psychiatric manifestations are also prominent with the arboviral 
encephalitides, while other patients develop Parkinsonian-type 
features.

During the acute illness the CSF usually shows a mild to mod-
erate lymphocyte pleocytosis (although a neutrophil predomi-
nance may be seen in early illness), accompanied by some increase 
in the levels of protein but a normal glucose concentration. 
Samples of serum and CSF should be collected for IgM testing as 
early as possible. If available, virus isolation and/or RNA detection 
by reverse transcriptase-polymerase chain reaction (RT-PCR) 
should also be performed on these samples. Computed tomogra-
phy (CT) may show changes in the affected central structures, but 
magnetic resonance imaging (MRI) is more sensitive. Late scans 
in those with chronic disease show destructive changes in the 
thalamus and other central structures.

Limited data are available on treatment of arboviral encepha-
litis and no specifi c antiviral agents are currently available. Ste-
roids have been shown to be ineffective in JE, but interferon-α 
may be benefi cial. In view of the similarity of the different forms 
of arbovirus encephalitis, it seems likely that the same will apply 
to other fl avivirus infections. Specifi c immunoglobulin has been 
used experimentally in mice with fl avivirus infection, and success-
ful treatment of a patient with WNV encephalitis has also been 
reported.24

However, treatment of these conditions is largely supportive in 
order to ensure that the patient does not succumb to respiratory 
failure or haemodynamic instability, or die from complications 
such as pneumonia that may arise with any serious illness.

Polyarthralgic illness

Most commonly caused by:
• Alphaviruses: CHIKV, RRV, BFV, SINV, ONNV, MAYV
• Flaviviruses: KUNV, KOKV
• Bunyaviruses: OROV, Sandfl y fever
A number of the alphavirus infections have polyarthralgia as a 
common and prominent component of the presenting illness. 
This is commonly accompanied by myalgia and fatigue, and may 
be accompanied by fever and/or rash. Typically, the small joints 
of the hands and feet, the wrists, elbows, shoulders and knees are 
involved. Symptoms may consist just of joint pain, but often there 
is evidence of true arthritis manifesting as joint swelling and 
morning stiffness. The tenderness and swelling are largely due to 
synovitis rather than effusions. Multiple joints are involved, 
usually in a symmetrical pattern. Back pain is common with some 
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viruses, and neck or jaw pain may occur. Arthralgia is usually 
accompanied by myalgia and fatigue. Tendonitis and fasciitis may 
also be clinically evident, and paraesthesiae due to nerve entrap-
ment also occur in the limbs. Most patients recover within a 
month, but prolonged arthralgia and myalgia is a feature of alpha-
virus infections, persisting for months or years in up to 50% of 
patients. There is mounting evidence that alphavirus arthritis is due 
to infection of synovial monocytes/macrophages and synovial 
cells resulting in release of infl ammatory mediators and induction 
of a cytotoxic T cell response. The latter is probably important in 
viral clearance, but also contributes to the infl ammatory response. 
Studies on RRV suggest that the chronic arthritis is due to persis-
tence of the virus in a non-replicating form resulting in an ongoing 
infl ammatory response. The persistence may be due to impaired 
antiviral cytokines as a result of antibody dependent enhancement 
of viral uptake into macrophages.

Flaviviruses less commonly produce polyarthralgia, with the 
exception of DENV, which causes joint pains but not a true arthri-
tis. KOKV and KUNV are uncommon causes of an alphavirus-like 
polyarthritis.

The acute polyarthritis has a wide differential diagnosis. In 
some areas more than one arbovirus will be potentially respon-
sible for the illness. In addition there are a number of other causes 
of polyarthritis with or without rash, including rubella, acute 
hepatitis B, parvovirus B19 (erythema infectiosum), human 
immunodefi ciency virus (HIV) seroconversion illness, Henoch– 
Schoenlein purpura, drug-related serum sickness, and the acute 
onset of other non-infectious arthritides. Subacute or chronic 
disease following RRV or BFV infection may be confused with 
rubella or parvovirus B19 arthritis, as well as other chronic arthri-
tides including rheumatoid arthritis, systemic lupus erythemato-
sus and adult Still’s disease.

Treatment is symptomatic with rest, gentle exercise, analgesics, 
and non-steroidal antiinfl ammatory drugs. There are no specifi c 
antiviral agents. Steroids have been used to treat some patients 
with RRV arthritis,20 but they should be used with caution until 
further data emerge. Small uncontrolled trials have found a benefi t 
for arthritis following CHIKV infection, consistent with its use for 
treatment of rheumatoid arthritis.

DIAGNOSIS

Virus detection

Viraemia lasts for a few days after the onset of illness and virus 
can be isolated from blood at that time. However, as it is techni-
cally demanding, limited in availability and often fails to yield a 
positive result, virus culture is rarely undertaken as a part of 
routine diagnosis. This should be reserved for unusual cases or 
rare pathogens. In cases of meningitis or encephalitis, culture from 
the CSF may also be undertaken, but with the same constraints as 
above. Where culture is attempted, blood and/or CSF should be 
collected as early as possible in the course of illness. Postmortem 
tissue may yield virus in the later stages of illness. Many will grow 
in a variety of cell lines, but maximum sensitivity for the mos-
quito-borne alphaviruses and fl aviviruses is achieved by initially 
inoculating the sample on to a mosquito cell line (e.g., C6/36, 

AP-61 or TRA-284) and incubating for 3–4 days at 28°C. In order 
to obtain a cytopathic effect, this must be blind passaged to Vero, 
BHK, PS, chick embryo or various other cell lines and incubated 
at 37°C for a few days. Virus can also be isolated by inoculation 
of specimen into suckling mouse brain or intrathoracic inocula-
tion in appropriate mosquito species. Virus growth in mice man-
ifests as paralysis and death after a few days, and is confi rmed by 
identifi cation of the virus in the brain. For the Bunyaviridae, suck-
ling mouse brain inoculation or culture in mosquito cells (C6/36 
or AP-61) is suitable. Coltiviruses grow in suckling mouse brain 
or in Vero or BHK-21 cell lines.

When an arbovirus is isolated in cell culture, it is most easily 
identifi ed by monoclonal antibody binding in immunofl uores-
cent antibody (IFA) or enzyme immunoassay (EIA) formats. Neu-
tralization (N) with antisera or complement fi xation (CF) assays 
are used less commonly. Specifi c reverse transcription PCR (RT-
PCR) assays may also be used for identifi cation, and sequencing 
of the product can provide detailed genetic mapping.

Virus may also be detected directly in clinical samples by ampli-
fi cation of viral RNA by RT-PCR or other nucleic acid amplifi ca-
tion tests. Methods have been described for most of the fl aviviruses 
and some of the alphaviruses. They are more sensitive and quicker 
to perform than virus culture and are now more accessible and, 
with real-time PCR protocols, results can be available within a few 
hours. Like culture, they can be performed on blood, CSF or 
tissues, and should be done as early as possible in the course of 
illness.

Postmortem tissues can be used for virus detection if available. 
The preferred site for sampling is dictated by the major sites of 
involvement. PCR can be performed on fi xed tissues, even if par-
affi n embedded, but the sensitivity of detection for these samples 
is lower than fresh material. Amplifi ed nucleic acid can be used 
for virus identifi cation and characterization directly from patient 
samples using sequencing, DNA microarrays, or species-specifi c 
probes.

A variety of antigen detection methods have also been described, 
either by IFA or antigen capture EIA. They have been used for 
blood, CSF and tissues, but are less sensitive than the other virus 
detection methods and many have been replaced by PCR-based 
tests.

Serological diagnosis

This is the main routine diagnostic method for arboviral infec-
tions. Antibody may be detected by EIA, IFA, HI, N or CF assays. 
Most diagnosis is based on EIA and HI tests, with some use of IFA. 
The EIA and IFA tests can be formatted to detect either IgG or IgM, 
or both in the case of competitive EIA formats. HI will detect both 
IgG and IgM, and differentiation between them requires separa-
tion of the antibody classes by sucrose density centrifugation or 
in chromatography columns. They are now rarely used for IgM 
detection as they are less sensitive than EIA and IFA, and are more 
diffi cult to perform. N assays are regarded as the most specifi c of 
the tests, but are confi ned to specialized laboratories that are able 
to culture the viruses. More recently, epitope-defi ned blocking 
EIAs have come into use for identifi cation of viral-specifi c anti-
body. These assays measure the inhibition of monoclonal anti-
body to virus-specifi c epitopes by serum antibody in a competitive 
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format. If inhibition occurs then there is a signifi cant amount of 
specifi c antibody in the patient’s serum.

Recent infection is best diagnosed by an increase in antibody 
levels between acute and convalescent samples tested in parallel, 
but it may take 2–4 weeks before a diagnostic rise is detected. 
Detection of IgM is helpful in making an earlier diagnosis. IgM 
usually appears within a few days after onset of illness. A negative 
IgM using a sensitive test such as EIA or IFA in a sample collected 
a week or more into the illness makes recent infection very 
unlikely. For samples collected earlier in the illness or where there 
is a strong clinical suspicion despite the negative IgM fi nding, a 
second sample at least 2 weeks after onset is recommended. As 
IgM often persists for weeks or months, it does not reliably dis-
tinguish between acute infection and recent past infection. There-
fore diagnosis of acute infection based on detection of IgM alone 
requires a clinically consistent illness and a suitable exposure 
history.

Cross-reactivity between antibodies within the major sub-
groups of arboviruses is a problem and may result in a misleading 
diagnosis. Alphavirus antibodies show limited cross-reactivity and 
standard tests are usually suffi cient to identify the infecting virus, 
although it does depend on the particular alphaviruses circulating 
within that region. However, antibodies to the different fl avivi-
ruses generally cross-react widely, so that detection of IgM and/or 
IgG to one of these viruses in the routine tests is not defi nitive 
evidence of infection due to that virus rather than another fl avi-
virus. The clinical and epidemiological circumstances may indi-
cate that only one fl avivirus is possible, for example detection of 
DENV antibody in a person with clinical dengue during a known 
epidemic. Otherwise specifi c serological tests, such as N or epitope-
blocking EIA, are needed to identify the antibody.

Diagnosis may be further complicated by the phenomenon of 
‘original antigenic sin’. This occurs in people who have had a 
previous fl avivirus infection, and who have a new infection with 
a different fl avivirus. Owing to the antigenic similarities, they may 
mount a vigorous anamnestic antibody response to the original 
virus before they develop specifi c antibody to the new virus. As a 
result, serological tests may initially suggest recent infection with 
their previous virus. Late convalescent sera may clarify the situa-
tion, but sometimes it is not possible to determine the infecting 
virus. Occasionally a similar phenomenon is seen with closely 
related alphaviruses such as CHIKV and ONNV.

A detailed travel and exposure history is important for the 
accurate interpretation of arbovirus serology.

MANAGEMENT

There are no specifi c antiviral agents currently in use for the treat-
ment of arboviral infections, nor are these likely in the near future. 
Treatment is supportive and symptomatic. Limited data on ste-
roids, interferon, hydroxychloroquine and ribavirin are discussed 
under the relevant viruses.

IMMUNIZATION18,19,25

Highly effective vaccines have been developed against several 
arboviruses of public health signifi cance. However, only vaccines 

against YFV, JEV, KFV and TBEV are licensed for use in the wider 
community.

The YFV 17D vaccine is one of the safest and most successful 
viral vaccines ever produced. This live vaccine was derived from a 
highly virulent strain of YFV (Asibi) that has been attenuated by 
in vitro serial passage in mouse embryonic tissue and chick embryo 
cells. After prolonged propagation in this medium, it was found 
that neurotropism and viscerotropism were both greatly reduced, 
but the virus retained its antigenic properties. The 17D vaccine is 
still widely used and highly effective, giving protection for at least 
10 years, and probably longer. Less than 10% of vaccinees experi-
ence headache and malaise, while allergic reactions, liver function 
abnormalities and neurological complications are extremely 
uncommon. Nevertheless, recent reports have indicated that neu-
rological complications may be more common than previously 
believed and, since 1996, a number of cases of disseminated infec-
tion due to vaccine strains have been reported. Estimates of the 
risk of neurological disease, mainly benign, are 1–16 per million, 
and of visceral disease, 2.5 per million doses. The vaccine is con-
traindicated for infants under 6 months of age for whom the 
frequency of neurological incidents is signifi cantly increased. 
Depending on the relative risk of natural infection, immunization 
should also be avoided in pregnant women. Immunization against 
YFV is required by law before travellers are allowed into certain 
countries either for their protection or to prevent the importation 
of the disease to areas where Ae. aegypti is present.

Formalin-inactivated vaccines against JEV are licensed for use 
in several countries, one derived from infected mouse brain and 
the other cell culture of the attenuated S14-14-2 strain. Immuniza-
tion is recommended for individuals living in endemic areas, or 
for travellers visiting regions that are experiencing current out-
breaks. This vaccine is also used to immunize military personnel 
and laboratory workers who may be exposed to the virus. At least 
three doses of the vaccine at 7–14-day intervals are required to 
achieve more than 90% seroconversion, with booster doses rec-
ommended after 12 months. Minor side-effects such as local ten-
derness and mild systemic symptoms occur in 10–30% of 
vaccines, although more serious neurological complications are 
rare. Allergic responses, particularly in Western travellers, are not 
uncommon, with up to 1% of vaccinees experiencing reactions 
within 7 days of inoculation. A number of other vaccines, includ-
ing live-attenuated, recombinant, virus-like particles and naked 
DNA vaccines are at various stages of development.

Inactivated vaccines against TBEV are used widely in several 
European countries. The highly purifi ed Austrian vaccine induces 
seroconversion rates of more than 97% in the fi eld with negligible 
side-effects. Immunization may be warranted for people living 
in endemic areas or those involved in high-risk activities, such 
as laboratory workers, military personnel, foresters, farmers or 
campers. Passive immunization with TBEV immunoglobulin is 
also used before or after exposure to tick bite in some European 
countries. As for JEV, a number of other types of vaccines are in 
development.

An inactivated RVFV vaccine has been shown to be safe and 
immunogenic in military personnel.26 It is given as three subcuta-
neous doses (at 0, 7 and 28 days) and induces a greater than 
90% seroconversion rate in recipients. It has been used for protec-
tion of the military and laboratory staff, but is not widely 
available.

Immunization
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There is a clear need for a safe and effective vaccine against 
DENV and a number of candidate vaccines are in development. 
However, to avoid vaccine-induced ADE of infection with heter-
ologous serotypes, the vaccine must be delivered as a multivalent 
preparation so that immunization against each of the four sero-
types is concurrent. Obtaining good immune responses to all four 
serotypes has been problematic.

WNV vaccines have been developed for veterinary use, but are 
not yet available commercially for humans.

Although no alphavirus vaccines have been licensed for wide-
spread human use, several preparations have been used to protect 
laboratory workers or livestock. Inactivated EEEV and WEEV and 
VEEV whole-virus vaccines are available for restricted human use 
and have a veterinary application in horses. Vaccines for CHIKV, 
RRV and VEEV have had limited testing in volunteers and labora-
tory workers. There is ongoing commercial interest in alphavirus 
vaccines using new technologies, particularly for the encephalitis 
viruses, and some may become more widely available over the 
next few years.

CONTROL

Vector control

Vector control has been successful in some circumstances, for 
instance during the construction of the Panama Canal when, by 
strict discipline, all collections of water capable of breeding Ae. 
aegypti (and vectors of malaria) were eliminated from the area. 
Similar methods have been applied to cities and towns in 
South America under the threat of YFV. When DDT was intro-
duced, extensive use in Guyana and elsewhere soon eradicated Ae. 
aegypti and with it the threat of urban YFV. In Africa, however, Ae. 
aegypti became resistant to DDT, and in some areas it is exophilic 
in habit, so that spraying dwellings with insecticide is ineffective. 
Forest mosquitoes, of course, are not susceptible to ordinary 
methods of spraying. Tick control by residual insecticides has, 
however, achieved some success in the former USSR. However, 
the problems of vector control, especially in rural areas, are 
formidable.

MEDICALLY IMPORTANT ARBOVIRUSES

The remaining sections describe the distribution, aetiology, trans-
mission cycles, clinical features, diagnosis, treatment, control and 
epidemiology of individual medically important arboviruses in 
more detail.

ALPHAVIRUSES (FAMILY TOGAVIRIDAE, 
GENUS ALPHAVIRUS)

Barmah Forest virus (BFV)27

Geographical distribution

BFV is confi ned to the Australian mainland. It was fi rst isolated 
in south-eastern Australia in 1974. Human infections have been 

described in all mainland states, but most disease occurs in the 
tropical north and the temperate coastal region of the south-west 
and northern and central parts of the east coast.

Aetiology

BFV is an alphavirus that occupies its own antigenic group.

Transmission

Transmission is similar to that of RRV.

Clinical features

Natural history

The incubation period is probably 7–9 days though it is likely 
that, like RRV, some patients will have a longer or shorter incuba-
tion period. Clinical illness is similar to the more common RRV 
infection, although joint pain is slightly less common (about 
85%) and joint swelling or stiffness occurs in only about 30% of 
cases. Skin rash occurs in 50–100% of patients in different series. 
It is usually maculopapular, but may be urticarial or vesicular. 
Chronic illness has been reported in about 10% of patients. BFV 
disease occurs mainly between the ages of 20 and 60 years of age. 
Infection of children in endemic or epidemic areas is common, 
but clinical illness is infrequent.

Diagnosis

The diagnostic methods used are similar to those described 
for RRV. IgM may persist for many months following acute 
infection.

Management

In the absence of any controlled data, the infection is usually 
managed symptomatically, as recommended for RRV disease.

Epidemiology

BFV is found only on the Australian mainland and has an epide-
miology similar to that of RRV, although it is less common. It is 
carried by the same mosquito vectors as RRV, probably uses the 
same marsupial vertebrate hosts as RRV and activity requires the 
same environmental conditions as RRV, but does not necessarily 
occur at the same time. BFV causes small epidemics as it enters a 
new area, with low level seasonal epidemics following that.

Chikungunya virus (CHIKV)14,18,28–32

Geographical distribution

CHIKV was fi rst isolated from patients in Tanzania during an 
epidemic in 1952–1953. Its name is a local word meaning ‘that 
which contorts or bends up’. Infection and human disease are 
widespread in Africa, and CHIKV is also present in Saudi Arabia, 
India (Calcutta and southern India), Thailand, Cambodia, 
Myanmar, Vietnam, Malaysia, Laos, Borneo, Indonesia and the 
Philippines (Figure 40.2). Large outbreaks have occurred in 
urban settings in many parts of Africa and Asia, and these may 
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Figure 40.2 Geographical distribution of chikungunya virus.

extend over several years. At the beginning of 2005, CHIKV 
emerged in islands of the south-west Indian Ocean including the 
Comoros, Mayotte, Seychelles, La Réunion Island, Mauritius and 
Madagascar, spreading to India and causing imported cases of 
CHIKV disease in countries in Europe, North and South America, 
the Caribbean and Australia.28 It has been estimated that more 
than 1.25 million cases have occurred in India alone, including 
several fatalities.29

There are two major lineages of the virus, one of which is found 
worldwide and is further subdivided into Asian and East African 
sublineages, and the other restricted to West Africa. However, 
CHIKV continues to evolve and large epidemics are usually due 
to a unique strain of the virus, as has been seen in the recent 
Indian Ocean outbreak.

Aetiology

CHIKV is an alphavirus in the Semliki Forest complex, and is most 
closely related to ONNV.

Transmission

The main vector to humans is Ae. aegypti, although a number of 
other species can transmit infection. Ae. albopictus was the most 
likely vector on La Réunion Island in 2005–2006. In Africa, the 
virus appears to be maintained in forest and savannahs in a cycle 
involving non-human primates and a variety of Aedes species and 
Mansonia africana. In Asia, Ae. aegypti is responsible for urban 
epidemics (Table 40.1 and Appendix IV). During the recent out-
break in the Indian Ocean, there was also evidence for non-vector 
early maternal–fetal transmission, possibly causing deaths in 
utero.30

Pathology

The pathology is not known, but is probably the same as for 
DENV.

Clinical features

Natural history

The incubation period is 3–12 days, with an average of 2–7 days. 
Classical illness begins with the rapid onset of severe arthralgia. 
Back pain may be prominent. There is associated myalgia, high 
fever, generalized lymphadenopathy and conjunctivitis. This 
usually improves after 2–3 days and is followed by the onset of a 
generalized maculopapular rash in about half. Fever may recur 
after a break of 1–2 days. Petechiae, bleeding from the gums and 
a positive tourniquet test have been described in many patients, 
so that the disease may clinically be mistaken for dengue. More 
severe haemorrhagic manifestations occur and are more common 
in children, but overall are rare. Some patients develop a febrile 
illness without rash or arthralgia. Most patients recover fully over 
a few weeks, although 5–10% experience chronic joint symptoms 
including pain, stiffness and swelling that may persist for years. 
The erythrocyte sedimentation rate is often mildly raised in acute 
and chronic disease.

In the past, severe and/or fatal illness has been due to haemor-
rhagic disease in children. However, in the recent Indian Ocean 
outbreak a number of fatalities in the elderly or those with pre-
existing illnesses have occurred, as well as several cases of enceph-
alitis. Children who are infected are less likely to develop the 
characteristic clinical illness.

There are no specifi c treatments though small, uncontrolled 
trials of hydroxychloroquine have shown a possible effect on the 
arthritis.

Alphaviruses (Family Togaviridae, Genus Alphavirus)
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Diagnosis

Virus can be detected in the serum in the fi rst 3–4 days of illness, 
with PCR methods being more sensitive than culture. IgM can be 
detected by IFA or EIA in acute sera and persists for weeks or 
months. Acute infection can be confi rmed by showing rising HI 
or N antibody titres on paired sera. There are cross-reactions with 
other alphaviruses, especially Semliki Forest virus (SFV) and 
ONNV, although they are less frequent with IgM than with IgG. 
This may pose diagnostic diffi culties in Africa where SFV and 
ONNV are also found, and in travellers who may have been 
exposed to multiple viruses.

Epidemiology

There is a forest cycle involving monkeys (vervets and baboons), 
transmitted by Ae. africanus and other mosquitoes. Rodents may 
also be hosts as they show a transient viraemia on being inocu-
lated with virus, whereas monkeys show a high viraemia. This 
sylvatic cycle results in low level endemic human infections. Epi-
demic disease is associated with the wet season and with rises in 
the number of Ae. aegypti and, in Asia, Ae. albopictus. These epi-
demics are large, infrequent, often last 2–3 years and are followed 
by a prolonged absence from that area. It has been hypothesized 
that introduction of CHIKV into immunologically naïve popula-
tions and/or unique molecular changes that may have led to 
adaptation of CHIKV to mosquito vectors is the reason for the 
massive outbreak of disease in residents and visitors to islands in 
the south-west Indian Ocean and India in 2005–2006.28,31

Equine Encephalitides

Western equine encephalitis virus (WEEV)14,18,33

Geographical distribution (Figure 40.3)

WEEV is found in North America in Texas, Colorado and Saskatch-
ewan where it causes disease in horses and humans. It is also found 
in Argentina, Brazil, Mexico and Guyana, where equine epizootics 
occur, but human infections have not been described.33

Aetiology

WEEV is an alphavirus that is in the same group as SINV. It has 
several antigenic variants, particularly among the South American 
strains.

Transmission

Transmission is by mosquitoes. Cx. tarsalis, which feeds readily on 
birds, transmits the infection in the western USA, and Culiseta 
melanura in areas where Cx. tarsalis does not occur (eastern USA) 
(see Appendix IV). Transplacental transmission can also occur in 
humans.

Immunity

Immunity is antibody mediated and protects against second 
attacks. Serological surveys show inapparent infections, and chil-
dren are most affected in epidemics.

Pathology

The CNS shows extensive changes with neuronal necrosis, peri-
vascular infl ammatory changes and meningeal infl ammation. 
These are found in the cerebral cortex, striatum, thalamus, pons, 
cerebellum and spinal cord.

Clinical features

Natural history

The majority of infections are asymptomatic or non-specifi c. 
Encephalitis occurs in about 1 in 1000 adults, but about 1 in 50 
children, especially infants. The case fatality rate is 3–7% and is 
highest in the elderly. Severe sequelae are largely confi ned to 
infants.

Symptoms and signs

The incubation period is 5–10 days.
The onset in older children and adults is gradual, with mild 

fever, malaise, headache, photophobia, nausea, vomiting and sore 
throat, sometimes with meningism and drowsiness. In the minor-
ity who progress to encephalitis, the fever and headache increase, 
with deterioration of conscious state, possibly with fl accid or 
spastic paralysis. Infants have a much more rapid course with 
fever, convulsions and coma. There is a peripheral leucocytosis in 
the early stages and the CSF shows a pleocytosis with increased 
protein levels in those with CNS involvement. Most adults recover 
fully, although this may take months. Some have residual paraly-
sis, intellectual disability, epilepsy or neuropsychiatric disease. 
High rates of residual paralysis and severe intellectual impairment 
are seen in infants, especially those under 3 months.

Diagnosis

The virus may be isolated from serum early in illness, but this is 
unusual. It can be isolated from postmortem brain and has been 
detected in the CSF in some cases. PCR-based tests have also been 
used successfully, but the diagnostic sensitivity is not yet known. 
Recent infection can be diagnosed by the detection of rising titres 
in HI or N tests. IgM detection by EIA is usually positive in the 
serum at the time of presentation.

Epidemiology

WEEV circulates in more than 75 species of wild birds and some 
domestic ones. The basic transmission cycle is between Cx. tarsa-
lis and birds in the summer. Overwintering of the virus may occur 
in hibernating mammals but is more likely in overwintering mos-
quitoes. Epizootics in horses acting as amplifying hosts precede 
human epidemics. In humans, the highest attack rates are in 
infants and young males in a rural environment.

Control

Anti-mosquito measures are diffi cult in rural areas, but where 
small towns are involved ‘fogging’ with insecticide may terminate 
an epidemic. A non-neurotropic strain of virus isolated from 
birds has been used successfully as a vaccine, but only 
experimentally.



729

Alphaviruses (Family Togaviridae, Genus Alphavirus)

Figure 40.3 Geographical distribution of mosquito-borne encephalitis in the New World. California encephalitis virus, St Louis encephalitis 
virus, Western equine encephalitis virus, Eastern equine encephalitis virus, Venezuelan equine encephalitis virus.
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Eastern equine encephalitis virus (EEEV)14,18,34,35

Geographical distribution (Figure 40.3)

EEEV is found in the eastern USA (where epizootics occur 
in horses but human cases are rare), Mexico, Panama, Brazil, 
Argentina and Guyana. Two small human outbreaks have occurred 
in Dominica and Jamaica, and in 1962, there was a major epi-
demic of 6762 cases in Venezuela; 0.6% were fatal.

Aetiology

EEEV is an alphavirus that occupies its own antigenic group. There 
are two major variants: North American (including Caribbean 
strains) and South American.

Transmission

Transmission is by mosquitoes; the Culiseta spp (Cs. melanura and 
Cs. morsitans) are the major vectors that maintain the enzootic 
cycle, while Aedes spp act as sources of transmission to humans 
and horses. Isolations of virus have been made from other mos-
quitoes in the fi eld (Table 40.1 and Appendix IV).

Immunity

Immunity is antibody mediated and affords protection against 
second attacks.

Pathology

The CNS shows extensive changes with neuronal necrosis, perivas-
cular infl ammatory changes and meningeal infl ammation. These 
are found in the cerebral cortex, hippocampus and pons, and 
more severely in the thalamus and basal ganglia. There is little 
involvement of the cerebellum and spinal cord.

Clinical features

Natural history

This is the most severe arboviral encephalitis of humans. While 
most infections are asymptomatic or mild, the rate of encephalitic 
disease is very high, being 5% or more. The mortality rate for 
encephalitis is 50–75%, with most survivors having severe 
sequelae. Outcomes are worst in children and the elderly.

Signs and symptoms

The incubation period is 7–10 days.
The illness begins as a febrile illness lasting up to 2 weeks. In 

most this resolves, but in about 2% of adults and 6% of children 
there is sudden onset of encephalitis. Headache, meningism and 
reduction of conscious state develop. This progresses to coma 
and convulsions, with most dying in the fi rst few days. There is a 
peripheral leucocytosis in the early stages, and the CSF usually 
shows an early polymorph pleocytosis, with a mildly to moder-
ately raised protein level. Those who recover usually have 
intellectual disability, neuropsychiatric illness and possibly 
paralysis.

Diagnosis

It is possible to isolate the virus from patients in the prodromal 
period, but this is rarely achieved in practice. The virus can be 
isolated from postmortem brain. Virus has been detected by PCR 
in horses and humans, but its diagnostic reliability in humans is 
unknown. Recent infection can be diagnosed by the detection of 
rising titres in HI or N tests. IgM detection by EIA is usually 
positive in the serum at the time of presentation.

Management

There is no specifi c treatment for this virus. High-level supportive 
therapy is required for patients with encephalitis.

Epidemiology

The virus is maintained in a bird-mosquito cycle across an exten-
sive geographical area. Infection of horses and humans is inciden-
tal, and in the centre of the area serological evidence of inapparent 
human infection can be found. EEEV may cause a high mortality 
rate in birds, both wild and domestic, though asymptomatic infec-
tion with prolonged viraemia is more common. Infection in 
horses is severe, most dying within a few days.

Control

Mosquito control is the only method. Vaccination is not yet 
available.

Venezuelan equine encephalitis virus 
(VEEV)14,18,36,37

Geographical distribution (Figure 40.3)

Extensive outbreaks with human cases have occurred in Venezuela 
(100 000 equine cases occurred in 1962 – almost wiping out the 
equine population), Trinidad, Colombia, Brazil and Panama. The 
virus has also spread through Mexico and the southern USA, with 
evidence of human infection in Florida.

Aetiology

VEEV is an alphavirus with a number of antigenic subtypes. The 
IABCE subtypes cause epizootic disease, with associated epidemics 
of human infection. The other subtypes circulate enzootically and 
cause occasional human infections.

Transmission

The main vectors are Culex spp (particularly the subgenus Melano-
conion), as well as Mansonia, Psorophora and Aedes species. Isola-
tions have been made from about 40 other species (Table 40.1 and 
Appendix IV). Simulium spp. may transmit infections and there 
is a possibility of person-to-person spread by droplet infection; 
spread among horses can occur without an insect vector. Aerosol 
transmission to humans has occurred in laboratory settings.

Immunity

Immunity is antibody mediated and provides protection against 
second attacks. It therefore takes about 10 years to build up a 
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susceptible population of humans and equines to sustain a new 
epidemic.

Clinical features

Natural history

Most infections are inapparent and the majority of the overt infec-
tions are mild and transient, although virulence may vary in 
epidemics.

Signs and symptoms

The incubation period is 2–5 days.
The onset is sudden, with fevers, rigors, headache and myalgia. 

A sore throat and upper respiratory symptoms are common, as are 
vomiting and conjunctivitis. Some also have diarrhoea. In some 
cases, and in about 4% of children under 15 years of age, symp-
toms progress with involvement of the CNS. Neck stiffness, 
convulsions, coma, and fl accid or spastic paralysis may develop. 
There is an initial leucopenia and sometimes thrombocytopenia, 
with pleocytosis and raised protein levels in the CSF. Long-term 
sequelae seem to be uncommon, but mental depression is 
common.

Aerosol spread can occur, so appropriate respiratory precau-
tions should be used in hospitals to protect staff, visitors and other 
patients.

Diagnosis

Virus may be detected by culture or by RT-PCR from the blood 
in the acute phase, especially within 48 h of onset, and also from 
the throat. Recent infection can be diagnosed by the detection 
of rising titres in HI or N tests. IgM detection by EIA is usually 
positive in the serum within 1 week of onset.

Aerosol spread can occur and laboratory-acquired infections 
are well documented. The virus and samples likely to contain virus 
should be handled with extreme caution, and people working 
with the virus should be vaccinated.

Management

There is no specifi c treatment for this virus. High-level supportive 
therapy is required for encephalitis cases.

Vaccination

A live attenuated vaccine (TC-83) is available for primary immu-
nization against the epidemic strains. It does not elicit good 
responses in people with previous alphavirus infections, nor is it 
very effective as a booster. An inactivated vaccine (C-84) seems to 
be better for these applications.

Epidemiology

VEEV circulates silently in small mammals and, with a high rain-
fall and an increase in the number of mosquitoes and their biting, 
horses become infected, acting as amplifying hosts. Equine cases 
precede human cases, most commonly children in whom the 
disease is more severe. A high proportion of equines develop 
immunity so that 10 years is necessary to build up another sus-
ceptible population.

Control

Mosquito control is diffi cult in rural conditions.

Mayaro virus (Mayv)38

MAYV is an alphavirus found initially in Trinidad and has since 
been recognized in Central America, northern South America and 
the Amazon basin. Two genotypes have been identifi ed, one of 
which (Una virus) is restricted to northern Brazil. It is transmitted 
by Haemagogus mosquitoes, and wild vertebrates may serve as the 
animal hosts. Outbreaks are becoming more common as human 
populations move into forest areas. Clinically it resembles 
CHIKV and some develop persisting arthralgias (Table 40.1 and 
Appendix IV).

O’nyong-nyong virus (Onnv)14,18,39,40

Geographical distribution

ONNV is probably endemic in East Africa. A large epidemic begin-
ning in 1959 involved over 2 million people in Uganda, Kenya, 
Tanzania, Zaire, Malawi, Mozambique, Senegal, Zambia and 
southern Sudan, and it has also been found in the Central African 
Republic and Cameroon. The next epidemic occurred in Kenya 35 
years later. A variant, Igbo Ora virus is found in West Africa, 
including Nigeria, the Ivory Coast and the Central African Repub-
lic (Figure 40.4).

Aetiology

ONNV is an alphavirus closely related to CHIKV.

Transmission

Anopheles funestus is the major vector but An. gambiae is also 
involved (see Appendix IV). A non-human mammalian host has 
not yet been identifi ed.

Clinical features

The clinical illness is very similar to CHIKV, with the exception 
that cervical lymphadenopathy is common, while fever is less 
prominent. Joint pains may persist for many months.

Epidemiology

There is no animal reservoir identifi ed, though there is likely to 
be some form of animal–mosquito sylvatic cycle to maintain the 
virus. Large epidemics occur when the environmental conditions 
are supportive and there are enough susceptible subjects. Up to 
70% of the population may be attacked, with all the age groups 
affected. Spread of the virus is believed to be by movement of 
viraemic humans.

Control

Avoidance of mosquito exposure by the use of protective clothing, 
mosquito nets and mosquito repellents is recommended during 
epidemic periods.

Alphaviruses (Family Togaviridae, Genus Alphavirus)
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Ross river virus (RRV) disease14,18,27,41

Geographical distribution

RRV is named after the area in which it was fi rst isolated from 
Aedes vigilax in 1974. Disease occurs throughout Australia, but 
most commonly in northern, north-eastern and south-western 
parts. Epidemics have occurred in Fiji, American Samoa, the Cook 
Islands and New Caledonia. Antibody studies have shown infec-
tion to be present in New Guinea, Solomon Islands, the Moluccas 
and Vietnam.

Transmission

Transmission is by a range of mosquito species including Ae. 
vigilax, Ae. camptorhynchus, Cx. annulirostris, Ae. notoscriptus and 
Ae. sagax in Australia42 and Ae. polynesiensis in the Cook Islands.43 
Ae. aegypti and Ae. albopictus are effi cient experimental vectors 
(Table 40.1 and Appendix IV).

Pathology

Arthritis is associated with a predominantly mononuclear infl am-
matory response in the synovium and the synovial fl uid. Viral 

Figure 40.4 Geographical distribution of 
o’nyong-nyong fever. (Courtesy of the 
Department of Entomology, London School 
of Hygiene and Tropical Medicine.)
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antigen and RNA have been found in joint tissue from patients 
and RRV is able to replicate in synovial macrophages in vitro. The 
pathogenesis of alphavirus arthritis is discussed earlier.

Clinical features

Natural history

The incubation period for RRV disease is usually 7–9 days but may 
vary from 3 to 21 days. Illness usually begins as joint pains (in a 
distribution typical of alphavirus arthritis) and myalgia, accompa-
nied by lethargy in most patients and fever in about half. A gener-
alized maculopapular rash occurs in 50%, usually after the onset 
of joint pains but sometimes preceding it. The rash is occasionally 
vesicular. Headache, photophobia, sore throat and lymphadenop-
athy may accompany the acute illness. Overall joint pains, swelling 
and stiffness develop in 80–90% of individuals. The swelling is 
largely due to synovitis without effusion. The lethargy may be 
profound and debilitating. The acute illness may resolve over 
weeks to months, but 10–25% will have joint pains, lethargy and 
myalgia persisting for over a year, and for several years in some. 
The chronic illness may follow a relapsing and remitting course.

Diagnosis

Viraemia lasts only a few days and infection is rarely diagnosed 
by virus isolation. RNA can be detected by PCR in acute serum, 
but is relatively insensitive. IgG and IgM can be detected by HI, 
EIA or IFA. There is some cross-reaction with antibody to other 
alphaviruses such as BFV, SINV and CHIKV, but IgM reactions are 
usually limited to the infecting virus. If necessary, specifi c anti-
body may be identifi ed by N titres. IgM persists for many months 
after infection and is therefore only a presumptive indicator of 
recent infection. Demonstration of seroconversion or a signifi cant 
rise in IgG levels is required to confi rm recent infection.

Management

Treatment is symptomatic, with judicious use of non-steroidal 
antiinfl ammatory agents and simple analgesics for the relief of 
joint and muscle pains. Physiotherapy and graduated exercise pro-
grammes help some people. Corticosteroids provide relief of 
symptoms, but are not currently recommended until there are 
further data on long-term benefi ts and risks.

Epidemiology

Macropods (kangaroos and wallabies) are thought to be the 
natural vertebrate hosts, but in epidemics the virus can spread 
from humans to mosquitoes to humans. In Australia cases occur 
annually between summer and autumn. Explosive epidemics have 
occurred in Fiji, Samoa and the Cook Islands when the disease 
encountered a fresh non-immune population. Infection rates were 
90%, with 40% of the population showing clinical attacks.

Sindbis virus (SINV)14,18

Geographical distribution

The virus was fi rst isolated at Sindbis in Egypt, and has since been 
found to be widely distributed through sub-Saharan Africa, 

Europe, the Middle East, India, Asia, the Philippines, Australia and 
New Zealand. However, signifi cant human epidemics occur only 
in Sweden (where it causes Ockelbo fever), Finland (Pogosta 
fever), adjacent parts of Russia (Karelian fever) and South Africa. 
There are two major antigenic lineages: the Oriental/Australian 
and the Paleoarctic/Ethiopian, with a third lineage being detected 
in south-western Australia.44

Aetiology

SINV is an alphavirus in the Western equine encephalitis sero-
group. Ockelbo virus is a variant of SINV.

Transmission

A range of bird species, including migratory birds, are susceptible 
to SINV infection. Transmission to birds is via various Culex 
species, including Cx. univittatus and Cx. pipiens. Depending on 
the geographical region, humans may be infected by Aedes, Culex, 
Culiseta or Mansonia species.

Clinical features

Natural history

Descriptions of clinical illness are most detailed for Ockelbo and 
Pogosta diseases.45 The incubation period is up to 1 week. Onset 
is usually joint pains typical of alphavirus infection, usually accom-
panied by a rash, malaise and fatigue. Fever is mild or absent. The 
rash is initially widespread and maculopapular. Chronic joint 
pains are common.

Diagnosis

SINV may be isolated form blood during acute illness and, more 
often, RNA can be detected by PCR. HI antibody can be detected 
but does cross-react with other alphaviruses. IgM can be detected 
by EIA and IFA, as well as HI.

Management

Treatment is symptomatic, as for other alphavirus arthritides.

Epidemiology

SINV is maintained primarily in a mosquito-bird cycle. Birds 
develop a prolonged viraemia, and infected migratory birds may 
be responsible for spread of the virus. The patterns of disease vary. 
Ockelbo outbreaks occur each summer/autumn, Pogosta occurs 
approximately every seven years, and irregular SINV epidemics 
occur in South Africa.

FLAVIVIRUSES (FAMILY FLAVIVIRIDAE, 
GENUS FLAVIVIRUS)

Dengue virus (DENV)

See Chapter 41 for information on Dengue virus.

Flaviviruses (Family Flaviviridae, Genus Flavivirus)
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Japanese encephalitis virus (JEV)46–51

Geographical distribution

The geographical range of JEV now extends from Japan, maritime 
Siberia and Korea in the north, through all except two provinces 
of China to the Philippines in the east, through South-east and 
southern Asia to Sri Lanka, India, Pakistan and Nepal in the west, 
and as far south as Indonesia, Papua New Guinea and far northern 
Queensland in Australia (Figure 40.5).

Aetiology

JEV is 50 nm in diameter and shares antigens with SLEV and 
MVEV.

Transmission

Culex tritaeniorhynchus, a rice-fi eld breeding mosquito, is the main 
vector in north Asia and Japan. Other vectors include Cx. annu-
lirostris in Guam and northern Australia, Cx. gelidus and Cx. fuso-
cephala in India, Malaysia and Thailand, and Cx. vishnui in India 
(see Table 40.1 and Appendix IV). Vertical transmission of JEV in 
both Culex and Aedes mosquitoes has been demonstrated.

Pathology

After inoculation, the virus may replicate in the lymphatic tissues 
and possibly other organs before invading the CNS. In the brain 
there are areas of necrosis with small haemorrhages and perivas-
cular cuffi ng in the grey matter of the cerebral cortex and in the 

thalamus, midbrain, cerebellum, brainstem and anterior horns of 
the spinal cord.

Immunity

An antibody-mediated immunity protects against second attacks 
and builds up resistance in the population.

Clinical features

Natural history

Many infections are asymptomatic or non-specifi c, with encepha-
litis estimated to occur in only 1 in 300 infections. Encephalitis 
has a mortality rate of 10–25%, but rises to 40–50% for 
comatose patients. Death is more common in children and in the 
elderly.

The incubation period is 6–16 days. The onset is sudden, 
although it may be preceded by gastrointestinal disturbance, espe-
cially in children. Fever, headache, altered mental state and, in 
children, convulsions are the main presenting features. Patients 
may show generalized weakness or paralysis, cranial nerve palsies 
and a coarse tremor. A characteristic attitude with head retracted, 
arms and knees bent, and shoulders pressed to the chest has been 
described (Figure 40.6). Some patients make a rapid and complete 
recovery, but generally severe depression of conscious state and/or 
evidence of respiratory paralysis are poor prognostic signs. If the 
acute stage is survived, recovery is slow and 25–50% will have 
neurological residua. These include paralysis, ataxia, Parkinson-
ism, mental deterioration, psychiatric disorders and speech 
diffi culties.

The CSF usually shows a pleocytosis, initially due to neutro-
phils and later lymphocytes, while the protein concentration is 
normal or moderately raised. Electroencephalography (EEG) and 
CT fi ndings are usually non-specifi c, though the latter may show 
thalamic and basal ganglia changes in severe cases. MRI has proven 
more useful in showing these changes.

JEV neurological disease may also present as benign aseptic 
meningitis, as polio-like acute fl accid paralysis, as an acute psy-
chosis or without overt signs of encephalitis. A variety of psychi-
atric disturbances occur in many patients several months after 
recovering from the acute infection.

JEV infection in pregnancy is rare but can result in intrauterine 
infection and fetal death.

Figure 40.5 Geographical distribution of Japanese encephalitis virus. Figure 40.6 A 5-year-old boy with Japanese encephalitis virus.
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Diagnosis

The virus has occasionally been cultured from human material, 
mainly CSF in severe cases. The viraemia is short lived so samples 
need to be collected early in infection. JEV will grow in mosquito 
cell lines, a wide range of mammalian cell lines and suckling 
mouse brain. A number of RT-PCR methods have been described 
and, if the test is available, it should be performed on early serum 
samples, CSF and brain tissue where collected. Antigen detection 
methods have also been used for virus detection in brain. Paired 
sera taken in the fi rst few days after onset and 2–3 weeks later will 
show rising antibody levels by HI test, EIA or IFA. IgM is usually 
detected by EIA or IFA and is present in the serum in the early 
stages of illness in 80% of cases and virtually all by 10 days after 
onset. IgM may persist for weeks or months in the serum. It can 
be detected in CSF in most cases of encephalitis. IgM detection 
needs to be interpreted with caution in areas where other fl avivi-
rus infections occur as it may cross-react on tests. IgG antibodies 
will cross-react broadly with other fl aviviruses. The specifi city of 
antibody can be determined by N tests or by monoclonal antibody 
epitope blocking enzyme immunoassays.

Management

Treatment is supportive, and access to high-level support is impor-
tant in the survival of severe cases. Neither dexamethasone nor 
interferon-α has been shown to infl uence the outcome.

Epidemiology

The main source of infection is rice fi elds where the vector Cx. 
tritaeniorhynchus breeds, becoming infected from pigs or birds. 
Three weeks after mosquito breeding begins in the spring, virus 
can be found in birds and pigs, but humans are not involved until 
there is a high density of mosquitoes. The virus is amplifi ed by 
pigs and conveyed to humans. Birds (night herons and egrets) 
carry the infection from rural to urban areas. There is a seasonal 
summer incidence, with most activity occurring between June and 
September in temperate northern regions, with a longer period of 
transmission further south. In tropical areas transmission is often 
linked to local monsoonal weather patterns. Most cases are in 
children and elderly people, although visitors of any age are 
affected.

Control

An inactivated vaccine derived from the attenuated Nakayama 
strain grown in mouse brain is available, and is given in three 
injections at 0, 7 and 28 days. Boosters are required every 3 years. 
Local reactions to the vaccine are common. Serious hypersensitiv-
ity reactions occur in 1 in 200 people, and may be delayed for 
several days after administration. Several cases of acute encepha-
lomyelitis have been reported following vaccination, but it is 
not yet certain that these are due to the vaccine. Two other 
vaccines are currently used extensively in China, including the 
live SA14/14/2 attenuated vaccine. Vector control using chemical 
larvicides and adulticides has been successful in many areas, 
although there are increasing problems with insecticide 
resistance.

Kyasanur Forest disease virus (KFDV)52–54

Local synonym: ‘Monkey disease’

Geographical distribution

KFDV was fi rst described in 1957 in the Kyasanur Forest of Mysore 
(now Karnataka) in south-western India, but has been gradually 
spreading from there (Figure 40.7). Alkhurma virus is a subtype 
of KFDV that has been found in Saudi Arabia.

Aetiology

KFDV is a fl avivirus (Table 40.1) belonging to the Russian spring 
summer encephalitis virus group. It is antigenically related to 
OHFV and POWV, but there is no cross-immunity.

Transmission

KFDV is transmitted by the nymphal stages of ticks that have been 
infected in the larval stage from a rodent or monkey. The ticks are 
Haemaphysalis spinigera, H. turturis and H. papuana (kinneari). 
KFDV is also carried by Ixodes petauristae and I. ceylonensis, and 
has been recovered from Dermacentor nymphs (Table 40.1 and 
Appendix IV).

Pathology

There are degenerative changes in the large organs. The spleen 
shows reduction of malpighian corpuscles and erythrophagocyto-
sis. There is focal haemorrhagic bronchopneumonia with focal 
necrosis of the liver and gastrointestinal tract. The kidneys show 
acute degeneration of the proximal and collecting tubules. Enceph-
alitis has not been described in human cases.

Immunity

Immunity is antibody mediated. Little is known about immunity 
to second attacks, but monkeys that recover are immune. There is 
no cross-immunity to other fl aviviruses.

Clinical features

Natural history

KFD is mainly a severe febrile illness with complete recovery fol-
lowing a prolonged convalescence. However, meningoencephali-
tis and/or haemorrhagic disease may develop in a small proportion 
of cases. The mortality rate is 3–5%, and no sequelae have been 
reported in survivors.

Signs and symptoms

The incubation period is 3–8 days after the infective tick bite. In 
about 20% of cases the disease is biphasic.

The onset is sudden with fever, headache, myalgia, cough, 
vomiting, diarrhoea, dehydration, hypotension and bradycardia. 
In the majority of cases there are no haemorrhages, but gastroin-
testinal bleeding and haemoptysis may occur. After 10 days the 
illness subsides. In 20% of cases, the fever returns 1–2 weeks after 
the fi rst phase, lasting 1–7 days. There may then be symptoms of 
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meningoencephalitis, with neck stiffness, mental disturbance, 
tremors and giddiness, lasting until the fever subsides. After recov-
ery there is a prolonged convalescence, the patient remaining weak 
for some time. There is a marked leucopenia and a heavy albu-
minuria with casts in the urine. The CSF is normal in the fi rst 
phase, but shows increased levels of protein but without cells in 
the second phase.

Diagnosis

Virus can be isolated from the blood up until the 12th day in 
suckling mice, hamster, monkey kidney or HeLa cells with cyto-
pathic effect. Serological diagnosis can be made with rising 
antibody (IFA, HI and N) titres in acute and convalescent sera, 
as well as by EIA tests.

Management

Treatment is supportive. Care must be taken in the fi rst 12 days to 
avoid exposure of medical and nursing staff to the patient’s 
blood.

Epidemiology

KFDV circulates in forest rodents, especially the shrew (Suncus 
murinus) but also Rattus wroughtoni, R. blandfordi and a squirrel 
(Funambulus tristriatus), maintained mainly by larval ticks of 
H. spinigera, H. turturis and H. papuana (kinneari).

Langur monkeys (Presbytes entellus) and bonnet macaques 
(Macaca radiata) acquire larval ticks when foraging on the ground 

and become infected. Many die, but some recover and are immune 
for life. When infected, the monkeys show a heavy viraemia. The 
larvae emerge from the ground as nymphs and come into contact 
with humans, to whom they transmit the infection as a dead-end 
infection.

Birds (grey jungle fowl and golden-backed woodpecker) are 
important in spreading the vector ticks, but are not thought to 
have a role in maintaining the infection in nature.

The risk of human infection has risen since humans moved into 
forest environments for rice cultivation, timber felling and cattle 
ranching. The cattle act as a good food source for the ticks, increas-
ing the infection rates in monkeys and thus amplifying the virus 
and increasing the chance of human exposure.

Control

Control is essentially a breaking of the tick–human contact. Alter-
ation of the environment and keeping cattle out of the forest are 
important. Personal protection involves regular (daily) de-ticking 
of the body and the use of repellents and protective clothing. A 
formalin-inactivated vaccine produced in chick embryo fi broblasts 
is now used in the endemic areas.

Kunjin virus (KUNV)55,56

KUNV is a fl avivirus in the JE antigenic group and is a subtype of 
WNV. Human infection and disease have been demonstrated only 
in Australia, although the virus has been isolated from mosquitoes 
in South-east Asia. The distribution, reservoirs and transmission 
seem to be the same as for MVEV. Most infections are asymptom-

Figure 40.7 Geographical distribution of tick-borne encephalitis virus (TBEV) – RSSE, Russian spring-summer encephalitis (Eastern subtype 
TBEV); TBEV, European tick-borne encephalitis virus; KFDV, Kyasanur Forest disease virus – and the main vectors. I.pr, Ixodes persulcatus; I.rc, 
Ixodes ricinus; H.s, Haemophysalis spinigera. (Courtesy of the Department of Entomology, London School of Hygiene and Tropical Medicine.)
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atic, although some produce a febrile illness with headache, with 
or without arthralgia, myalgia, fatigue and a maculopapular rash. 
Rare encephalitis cases occur that are clinically identical to MVEV 
but with a less severe disease and without fatalities.

Louping ill virus (LIV)57,58

LIV is a sheep virus transmitted by Ixodes ricinus and found in 
the UK and parts of southern Europe (Spain, Greece and 
Turkey). Tick-transmitted cases are rare, with the majority of natu-
rally acquired human infections associated with occupational 
contact with infected animals. Laboratory acquired infections 
are common. It causes an illness very similar to the European 
subtype TBEV, and the vaccine for that virus will also protect 
against LIV.

Murray Valley encephalitis virus (MVEV)55,59–62

Geographical distribution

MVEV is found in Australia and New Guinea. Human disease has 
been identifi ed mainly in the tropical northern areas of Australia, 
particularly the western and central areas of the north. Epidemic 
activity occasionally occurs outside these regions, and rarely it 
extends to the south-eastern corner of the mainland.

Aetiology

MVEV is a fl avivirus that lies in the JE antigenic group.

Transmission

Cx. annulirostris is the major mosquito vector. MVEV has also been 
isolated from a number of Aedes species and vertical transmission 
in these mosquitoes is proposed as a mechanism of persistence in 
many arid areas.

Pathology

The pathology of MVE is similar to that of JE, with perivascular 
cuffi ng in the grey matter, most marked in the thalamus and sub-
stantia nigra. These may extend into cerebral white matter, the 
cerebellum and spinal cord. In more advanced disease there is 
neuronal loss and areas of focal necrosis in the basal ganglia and 
thalamus. In severe residual disease these changes are more 
marked and thalamic necrosis may be seen.

Clinical features

The majority of infections are asymptomatic or non-specifi c. Only 
about 1 in 500 to 1 in 1000 develop encephalitis.

The incubation period is not well established, but is in the 
range of 1–3 weeks. Non-encephalitic illness consists of fever 
and headache, with or without arthralgia. It settles over 1–2 weeks, 
although full recovery may take some time. Encephalitic illness in 
children presents as fever of 1–2 days’ duration, almost always 
with convulsions. Reduction of mental state and respiratory failure 
may follow. In adults, the encephalitic illness begins with head-
ache, fever and altered mental state. Tremor may be apparent on 
examination and cranial nerve palsies may develop. The course 

may then vary from rapid recovery to a prolonged illness with 
respiratory paralysis or even death. Some patients recover rapidly, 
whereas others progress to more severe disease characterized by 
involvement of central brain structures, brain stem and possibly 
the spinal cord, often with respiratory paralysis. The mortality rate 
is around 25%, and about 50% of survivors have neurological 
residua varying from mild cranial nerve palsy to spastic quadra-
paresis. Death and severe residua are much more likely in the 
elderly and in infants.

In encephalitis cases the CT fi ndings are usually unremarkable 
or show non-specifi c cerebral oedema, and the EEG shows non-
specifi c changes. MRI in late disease has been reported to show 
thalamic destruction. Occasionally it mimics Herpes simplex 
encephalitis clinically, and may show temporal lobe changes on 
CT or MRI scan. The CSF shows a variable leucocyte pleocytosis, 
usually with lymphocyte predominance, and raised protein 
levels.

Diagnosis

The virus has rarely been cultured from human material, and the 
viraemia is likely to be short lived. It will grow in mosquito cell 
lines and suckling mouse brain. RT-PCR has been used to detect 
virus in the serum and CSF in the fi rst few days of infection. Paired 
sera taken shortly after onset and 2–3 weeks later will show rising 
antibody levels by HI, EIA or IFA, although the HI test is the least 
sensitive and levels may rise late or not at all. IgM is nearly always 
present in the serum in the early stages of illness, and can also be 
detected in about 75% of CSF samples in encephalitis. IgM may 
persist for weeks or months in the serum. Antibody will cross-react 
with other fl aviviruses, particularly KUNV and JEV, which may 
also cause encephalitis in the same geographical area. The specifi c-
ity of antibody can be determined by N tests or epitope-blocking 
EIA, although misleading results may occur in patients who have 
had a previous fl avivirus infection.

Management

Treatment is supportive, and access to respiratory support is 
important in the survival of severe cases. Based on the experience 
with JE, steroids are not recommended, although dexamethasone 
may be used to reduce intracranial pressure if needed. In contrast, 
preliminary data on the possible effectiveness of interferon-α for 
WNV infections suggest that this may be useful.

Epidemiology

The virus is maintained in a cycle involving water birds and 
mosquitoes. The vector Cx. annulirostris becomes infected with 
MVEV after feeding on birds, which can carry the infection 
widely by migration. There is also evidence for vertical transmis-
sion. A variety of wild and domesticated animals can be infected, 
but their role in the natural history is unclear (Table 40.1 and 
Appendix IV).

Immunization

There is no specifi c vaccine for MVEV. There are data from a mouse 
model that antibody induced by the inactivated JEV vaccine may 
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enhance disease; this is a cause for concern in areas where both 
viruses may circulate.

Omsk haemorrhagic fever virus (OHFV)52,58

Geographical distribution

OHFV occurs in the Omsk and Novosibirsk regions of western 
Siberia.

Aetiology

OHFV is a fl avivirus (Table 40.1), morphologically similar to but 
antigenically and genetically distinct from TBEV. The virus can be 
grown in HeLa cells or chick embryos.

Transmission

The virus is harboured by ticks – Dermacentor reticulatus and 
D. marginatus – with trans-stadial and transovarial transmission. 
The ticks transmit the infection to humans from rodents, mainly 
muskrats (Table 40.1 and Appendix IV). The mechanism of inter-
rodent transmission in nature is not known, but mites may trans-
mit the infection between muskrats and other rodents. Infection 
by direct contact with muskrat carcasses and pelts is common, and 
inter-human transmission occurs. There is some evidence of infec-
tion by the respiratory route.

Pathology

The pathology of fatal cases is that of haemorrhagic fevers with 
haemorrhage in tissues and necrotic areas in the liver. Immunity 
is antibody mediated; little is known about second attacks.

Clinical features

OHF is essentially a self-limiting acute infection in the majority 
of cases, although a small proportion develops haemorrhagic 
disease. The mortality rate is 1–3%.

The incubation period is 3–7 days.

Symptoms and signs

The illness is similar to KFD. Complete recovery is usual, although 
it may take several weeks. Some patients have a biphasic illness 
with pneumonia, neurological and/or renal disease.

Diagnosis

Virus can be isolated from the blood in the febrile period. Sero-
logical diagnosis is made by the CF, HI and N tests, and differen-
tiation needs to be made with TBEV antibody.

Epidemiology and control

The reservoir of infection is the muskrat and ticks. Human infec-
tion depends upon muskrat–human contact, which may be via 
ticks or the handling of muskrat carcasses and pelts. When there 
is a great mortality of muskrats then contact is greater and out-
breaks occur. TBEV vaccine may offer cross-protection against 
OHFV.

Powassan virus (POWV)52,58

Geographical distribution

POWV is found in Russia, the USA and Canada, and has been 
isolated from several tick species, including Ixodes species, Derma-
centor species and Haemophysalia longicornis. The natural hosts 
are mainly wild rodents. Human infections are probably largely 
asymptomatic. However, some infected individuals develop a 
non-specifi c febrile illness that progresses to meningoencephalitis. 
The disease may resemble acute herpes simplex encephalitis, while 
other cases are similar to illness due to the Far-Eastern subtype of 
TBEV, with upper limb paralysis.

Rocio virus (ROCV)63,64

ROCV emerged as a cause of outbreaks of encephalitis in Brazil in 
1975–1976 and since then sporadic cases have continued to be 
identifi ed but there have not been further epidemics. It is probably 
carried by wild birds and transmitted by Psorophora ferox and Aedes 
scapularis mosquitoes (Table 40.1). It has an incubation period of 
7–14 days, and illness begins with headache, fever, nausea and 
vomiting, sometimes with pharyngitis and conjunctivitis. Menin-
gitis or encephalitis follows in many, with altered men tal state and 
cerebellar tremor. Convulsions are uncommon. The mortality rate 
is about 10%. Death occurs in patients of all ages, and neuro-
logical sequelae are common. Gait distur -bances may appear in 
survivors. There is no specifi c therapy or vaccine.

St Louis encephalitis virus (SLEV)64–67

Geographical distribution

SLEV was the most important arbovirus in the USA prior to the 
introduction of WNV. It is widespread throughout North America 
but has also occurred in Trinidad, Central America, Brazil and 
Argentina (Figure 40.3).

Aetiology

SLEV is 30–40 nm in diameter and is antigenically related to JEV 
and WNV.

Transmission

The basic transmission cycle is between birds and several culicine 
mosquitoes with most activity in the summer months. This sea-
sonal activity may be due to reintroduction of the virus by migra-
tory waterbirds, or possibly over-wintering in hibernating bats, 
other mammals or mosquitoes. The main vectors for transmission 
to humans are Cx. quinquefasciatus in urban areas, and Cx. tarsalis 
and Cx. nigripalpus in rural areas. Transovarial transmission has 
been demonstrated in these three species (Table 40.1 and Appen-
dix IV).

Pathology

The nervous system shows changes similar to the other fl avivirus 
infections, with lymphocytic infl ammation and neuronal degen-
eration in the basal ganglia, brainstem, cerebellum and spinal 
cord.
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Clinical features

Natural history

The vast majority of infections are asymptomatic or non-specifi c. 
When clinically apparent, infection most often manifests as 
encephalitis, and less frequently as meningitis or as fever with 
severe headache. Children are less likely to develop symptomatic 
disease and it is usually mild. The overall mortality rate is 7%, but 
is age dependent with most deaths being in the elderly.

The incubation period is 6–16 days.
Onset is sudden, with fever and severe headache. Neck stiffness 

and photophobia may occur. Progression to CNS involvement is 
shown by drowsiness and confusion. Cerebellar ataxia, cranial 
nerve palsies and cogwheel rigidity may develop, and about 60% 
have intention tremor. Upper limb paralysis may occur. Convul-
sions are more common in children and, if severe and prolonged, 
are a poor prognostic sign. The CSF usually shows a mild to mod-
erate lymphocyte pleocytosis and a raised protein concentration, 
though a neutrophil predominance may be seen in early infection. 
Changes in the basal ganglia may be seen on MRI scanning. 
Following recovery from the acute encephalitis, mild to serious 
sequelae may be found, particularly in the elderly. Parkinsonism, 
paralysis, tremor, confusion, gait disturbances and more general 
declines in cerebral function are seen. Neuropsychiatric disease is 
a relatively common late effect.

Diagnosis

Virus may be isolated from CSF in the early stages of the illness, 
but rarely from acute blood. It is best grown in newborn white 
mice, but also grows in hamster and chicken kidney cell cultures. 
Antigen may be detected by IFA in brain tissue or CSF mononu-
clear cells. Nucleic acid detection tests have also been used, but 
are usually negative by the time patients present. Serological diag-
nosis is achieved by showing rising antibody levels by HI, CF or 
N tests, and IgM detection by EIA helps to diagnose early infec-
tion. Detection of IgM in the CSF is a reliable indicator of enceph-
alitis. IgM is relatively specifi c for the infecting virus, though 
possible cross-reactivity with WNV IgM should be considered. As 
with other fl aviviruses, IgM persists in serum for several months 
after acute illness. To confi rm the specifi city of the antibody, N 
tests are required to differentiate it from antibody to other fl avi-
viruses such as WNV.

Epidemiology

Cx. quinquefasciatus, being an urban mosquito, is responsible for 
urban outbreaks, while Cx. tarsalis and Cx. nigripalpus are respon-
sible for rural outbreaks. In urban areas both children and adults 
are affected equally, but elderly people are most affected. In rural 
areas people with outdoors occupations are most at risk. Epidem-
ics occur in the late summer and early autumn.

Treatment

Treatment is largely supportive, the level depending on the sever-
ity of disease. Interferon-α improves survival in a mouse model 
and, based on anecdotal experience with WNV encephalitis, it 
should be considered in severe cases.

Control

Surveillance and vector control are key to managing outbreaks 
of SLEV. ‘Fogging’ with insecticides may be necessary during 
epidemics.

Tick-borne encephalitis virus (TBEV)

This tick-borne fl avivirus52,58,68,69 has three subtypes: the Far-Eastern, 
the Siberian and the European, although there is considerable 
overlap. Other names include Russian epidemic encephalitis, 
Russian Far-East encephalitis, Russian spring-summer, central 
European encephalitis, Negishi virus and others.

Geographical distribution

The Far-Eastern subtype is seasonally epidemic in scattered foci in 
the far eastern part of the former USSR and extending across into 
China and Japan. The Siberian subtype occurs in the Urals, Siberia 
and far-eastern Russia, and the European subtype includes most 
virus isolates from Europe. The Siberian and Far-Eastern subtypes 
have also been detected in Europe (Figure 40.7).

Aetiology

TBEV is spherical, 50 nm in diameter, with a dense centre and 
surface membrane. It shares antigens with LIV, OHFV and KFDV, 
but not JEV.

Transmission

Ixodes ricinus is the major vector of European TBEV, while Ix. per-
sulcatus is involved in transmission of the Siberian and Far-Eastern 
subtypes (see also Table 40.1 and Appendix IV). Ix. ovatus, Ix. 
gibosus, Dermacentor species and Haemaphysalis species have also 
been implicated. Viral infection is maintained by transovarial and 
trans-stadial transmission in ticks, as well as possible horizontal 
transmission by close proximity. In addition to tick bites, people 
may also become infected from drinking infected unpasteurized 
milk and less commonly by entry through injured skin or mucosa, 
such as crushing an infected tick on the skin. Rare aerosol trans-
mission may occur.

Pathology

The virus enters via a tick bite, ingestion of infected milk or, rarely, 
through injured skin or mucosa or by inhalation. After multiply-
ing at the site of injection it spreads through the reticuloendothe-
lial system where it is further amplifi ed. In some cases it then 
invades the CNS. It causes neuronal destruction in the cerebral 
cortex, basal ganglia, cerebellar cortex, brainstem and anterior 
horns of the spinal cord.

Clinical features

Natural history

The infection is often inapparent but when overt, is severe. The 
Far-Eastern subtype (mortality rate 20%) is more severe than the 
European (mortality rate 1–2%) and Siberian (mortality 1–3%) 
subtypes.
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The incubation period is 3–14 days. Illness due to the Far-
Eastern subtype usually presents with fever, headache, nausea, 
and myalgia. Up to 50% develop neurological signs such as men-
ingitis, meningoencephalitis, ataxia, cranial and spinal nerve 
palsies, and paralysis. Rare haemorrhagic disease has occurred. 
The European subtype begins as an infl uenza-like illness that 
lasts a few days and may lead to a full recovery. In about one-
third of cases a second phase begins several days later, with fever 
and a mild meningoencephalitis. Some have more severe disease 
resembling the Far-Eastern subtype. In rare cases a poliomyelitis-
like syndrome with upper limb and respiratory paralysis occurs. 
The Siberian subtype produces a disease of intermediate severity. 
Residual neurological disease is common, such as neuropsychi-
atric disease, progressive weakness and Parkinsonism. The virus 
has been shown to persist in the brain for over 10 years in some 
patients.

Diagnosis

Virus can be isolated from the blood in the fi rst week, but this is 
rarely done in practice. A number of RT-PCR assays have been 
developed and appear to be highly sensitive for detection of virus 
in the blood in early infection, prior to the appearance of anti-
body. Testing of CSF or of blood after the appearance of antibod-
ies has a much lower yield.70 IgM can be detected in acute serum 
and possibly the CSF. Serum IgM persists for many months. Paired 
acute and convalescent sera will show rising IgG levels by HI, CF, 
IFA, EIA or N tests. Specifi c antibody can be identifi ed by N 
tests.

Treatment

Hyperimmune serum may be used in the fi rst week, preferably 
within the fi rst 3 days of onset of the initial illness, but its 
effectiveness is not clearly established. Otherwise, treatment is 
supportive.

Epidemiology

The virus circulates in small wild animals, chiefl y rodents, and is 
transmitted by larval and nymphal ticks which, when they 
mature, feed on larger mammals, including humans. The inci-
dence of the disease is seasonal – spring and early summer – 
occurring in small epidemics in the eastern part of the former 
USSR, where it is a disease of the forest and the taiga. In Europe 
it is a forest disease and occurs from late spring until early 
autumn, and outbreaks often follow a period when voles are 
numerous.

Control

Tick repellents and protective clothing may be of help. Pesticide 
treatment of large areas or restriction of access has been used.

Immunization

A formalin-inactivated vaccine grown in chick embryo cells is 
commercially available for the European subtype. The initial 
vaccine had a high rate of reactions, but that is not a problem with 
the current purifi ed vaccines. It is 97–98% effective and has been 

used for mass vaccination in Austria and Germany. It is also rec-
ommended for people going to work in or visiting high-risk areas, 
and for laboratory personnel working with the virus. Hyperim-
mune globulin can also be used as prophylaxis before and after 
exposure.

Formalin-inactivated vaccines made from infected mouse brain 
and later from chick embryo cells have also been produced for the 
Far-Eastern subtype.

West Nile virus (WNV)19,71

Geographical distribution

Serological surveys, virus isolations and reports of disease out-
breaks in humans and animals indicate that WNV is widely spread 
throughout Africa, the Middle East, southern Europe, Russia, 
southern India, parts of South-east Asia, North America and more 
recently South America (Figure 40.8). In addition, the Australian 
virus KUNV has now been recognized as a subtype of WNV.72

Virus morphology

WNV is a member of the JE antigenic complex within the Flavi-
virus genus. Similar to other fl aviviruses, the virion is roughly 
spherical and approximately 40–50 nm in diameter. A lipid enve-
lope encloses a nucleocapsid that contains the single-stranded, 
positive-sense RNA genome.

Transmission

Culex mosquitoes, particularly those that feed on birds, have a 
major role in the transmission of WNV. The virus has also been 
isolated from mosquitoes of other genera, including Aedes and 
Mansonia, which may also serve as natural vectors. WNV has also 
been isolated from several species of ticks, some of which have 
been shown to transmit the virus under laboratory conditions. 
These long-lived vectors may have an important role in the dis-
persal and overwintering of the virus.

WNV can also be transmitted via blood transfusion. Currently 
blood donations in the US are screened for the presence of WNV, 
and travel history to WNV endemic areas is used to screen donors 
in several countries. This approach has been effective in substan-
tially reducing transfusion-transmission events. Other mecha-
nisms of transmission include organ transplantation, percutaneous 
exposure, intrauterine infection and possibly via breast milk. Oral 
transmission occurs among animals by ingestion of infected 
animals or carcasses. There is some evidence to suggest faecal–oral 
transmission among confi ned animals.

Pathology

Following an infected mosquito bite, the virus replicates locally, 
probably in dendritic cells, then spreads via the reticuloendothe-
lial system and the blood. In those who develop neurological 
disease, the virus infects neurones of the cerebral cortex, brainstem 
and spinal cord (especially the anterior horn), resulting in neuro-
nal death. There are infi ltrates of microglia and polymorphonu-
clear leucocytes, perivascular cuffi ng, neuronal degeneration, and 
neuronophagia. Immunohistochemical staining has demonstrated 
viral antigens in neurones, neuronal processes, and areas of necro-
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sis. The histopathologic lesions and immunostaining are more 
prominent in the brainstem and spinal cord, which may explain 
the clinical manifestation of muscle weakness in some patients.73 
Virus has been detected in other organs in infected animals and 
in cancer patients, but this has not been demonstrated in immu-
nocompetent humans.

Clinical features73

Natural history

In the great majority of cases WNV causes an inapparent infection; 
in others there is an acute dengue-like fever (for which it has often 
been mistaken) followed by recovery, but a few patients develop 
meningoencephalitis. Encephalitis has developed in about 1% of 
infected individuals in the USA, and is much more likely and 
more severe in adults than in children. The mortality rate from 
encephalitis is 10–40%.

The incubation period is 2–14 days. Historically, the disease 
has been typically mild, with fever, headache, myalgia, backache 
and anorexia. Generalized lymphadenopathy, maculopapular 
rash and nausea are also commonly reported. Other reported 
manifestations include hepatitis, myocarditis and rhabdomyoly-
sis. Where progression to CNS involvement occurs, the patient 
develops severe headache, confusion and depression of conscious 
state, neck stiffness, cranial nerve palsies, tremors and generalized 
weakness. Presentations with a poliomyelitis-like syndrome and 
Guillain–Barré syndrome have both been reported. The CSF shows 
a mild pleocytosis, initially with neutrophil predominance and 
later lymphocytic, with a raised protein level. CT and MRI scans 
are usually not helpful in early disease and the EEG shows non-
specifi c changes. Most survivors have signifi cant neurological 
residua.

Diagnosis

Virus may be detected in clinical samples by isolation or RNA 
detection by PCR, especially in the fi rst week after onset of illness.74 
A number of tests are now available for the detection of WNV-
specifi c IgM in acute-phase serum of patients, and a positive result 
provides reliable evidence of recent infection. However, it is rec-
ommended to also test for IgM to other fl aviviruses that may be 
present in the same area to exclude serological cross-reaction. 
Indeed, the initial diagnosis of index cases of WN in New York in 
1999 was confounded by cross-reactions of WNV IgM with SLEV. 
Detection of IgM in CSF is a good indicator of encephalitis, but 
is absent in many cases. Recent infection results in seroconversion 
or a rise in IgG measured by HI, IFA or EIA. Specifi c WNV antibody 
can be identifi ed using N titres or monoclonal antibody epitope-
blocking enzyme immunoassays. It is not currently possible to 
serologically distinguish between antibody to the different lin-
eages or sublineages of WNV, so KUNV infection is serologically 
identical to other WNV infections.

Treatment

Supportive therapy is the main component of patient manage-
ment. Anecdotal experience with interferon-α in a small number 
of patients suggest that it may be useful, but further experience is 
needed.75 Hyperimmune globulin has also been tried and may 
have some benefi ts.

Epidemiology

WNV is maintained in nature primarily in bird-mosquito cycles. 
Several species, including crows, bluejays and house sparrows, 
develop high titres of virus in the blood and provide an infectious 

Figure 40.8 Geographical distribution of West Nile and Kunjin viruses.
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blood meal for competent mosquito vectors. Although humans 
and horses exhibit clinical disease, they are probably dead-end 
hosts. WNV may be widely dispersed by migration of infected 
birds.

Following its fi rst isolation from a patient in Uganda in 1937, 
serological studies in Egypt and the Sudan revealed that human 
infections with WNV were extremely common, indicating the 
virus was endemic in parts of Africa. However, the disease had 
historically manifested as sporadic cases and epidemics of dengue-
like febrile illness in that continent, with rare incidents of CNS 
involvement. In the 1990s, outbreaks of WNV encephalitis 
occurred in Europe and Russia, with spread to the Americas, 
beginning in North America in 1999. These outbreaks had a much 
higher mortality rate than previously experienced with WNV.

WNV exists as two main genetic lineages (I and II). While the 
latter appears to be restricted to Africa and has been associated 
with febrile illness, virus strains of lineage I have been found on 
several continents and are responsible for nearly all human 
disease, including the outbreaks of WNV encephalitis. Viruses in 
this lineage also cause disease in horses and death in a range of 
bird species. Lineage 1 has been subdivided into genetic clades. 
Clade 1a strains appear to be responsible for the recent outbreaks 
of severe disease in humans, horses and birds, In contrast clade 
1b stains, which are mainly confi ned to Australia where they are 
also called KUNV, rarely cause encephalitis and do not cause 
disease in animals or mortality in birds.

Immunization

Several candidate vaccines are in development or evaluation, 
including live vaccines, subunit vaccines, recombinant and chime-
ric vaccines. Immunogenicity, safety and protective effi cacy have 
been shown in animals for some vaccines, but none are yet avail-
able for human use. There is also evidence that immunization 
with JE vaccine provides some cross-protection against WNV in 
mice. However, data suggesting possible enhancement of infection 
due to heterologous vaccine-induced antibody21 mean that this 
approach requires careful evaluation.

Yellow fever virus (YFV)

Geographical distribution

YFV (see Chapter 40)7,76,77 is found in the tropical forest areas of 
Africa and South America (Figure 40.9) and until early last century 
caused large epidemics in the Caribbean and the subtropical and 
temperate regions of North America as far north as Baltimore and 
Philadelphia. ‘Jungle’ YF still occurs in Brazil and there was an 
outbreak in Trinidad in 1978–1979, with 18 cases and eight 
deaths. Many other epidemics have occurred in South America, 
and a large epidemic in Ethiopia was responsible for many deaths 
in 1960–1962, and in Senegal in 1965–1966. YF has caused 
fatalities in tourists, especially in West Africa, who have not been 
vaccinated.

Genetic studies support the hypothesis that YFV probably orig-
inated in East and central Africa and was initially introduced into 
West Africa and then transported to South America, possibly by 
ships carrying infected mosquitoes in the post-Columbian period. 
YFV has never been established in Europe, Asia or Australasia 

although potential vectors (Ae. aegypti in South-east Asia) abound, 
so that if it were introduced into Asia catastrophic epidemics could 
potentially occur.

Aetiology

YFV is a fl avivirus (Table 40.1) 25–65 nm in size, which can 
survive at 4°C for 1 month and freeze-dried for many years. There 
are several strains that can infect humans. African strains of YFV 
possess an antigen absent from American strains. The 17D strain, 
which is used so successfully as a live vaccine, has acquired an 
antigen absent from the original ‘Asibi’ strain from which it was 
developed. Seven genotypes have been identifi ed, comprising fi ve 
from Africa and two from South America.

Transmission

Mosquitoes

In nature, mosquitoes (Table 40.1 and Appendix IV) of several 
genera transmit YFV. In the Americas the forest cycle is maintained 
by mosquitoes belonging to the genera Haemagogus and Sabethes. 
Ae. aegypti is responsible for urban outbreaks. Virus has also been 
isolated from Ae. fulvus in Brazil. In Africa, Ae. africanus maintains 
the monkey-mosquito-monkey cycle in the forest, while Ae. simp-
soni, which breeds close to humans in the axils of banana plants, 
becomes infected from monkeys raiding the plantations, and 
transmits YFV to people. Other Aedes involved in the forest cycle 
include Ae. luteocephalus, Ae. opok, Ae. furcifer and Ae. taylori. 
Vertical transmission of YFV from one generation to another in 
mosquitoes is thought to be important for virus survival dur -
ing the dry season. In Africa the urban cycle is maintained by 
Ae. aegypti.

Mosquitoes can become infected from the fi rst to third day of 
fever in the host. The intrinsic cycle in the mosquito is 4 days at 
37°C and 18 days at 18°C. Mosquitoes remain infected for life. 
The possibility of transovarial transmission has already been 
mentioned.

Ticks

YFV has been isolated from Amblyomma variegatum in Brazil and 
trans-stadial transmission was demonstrated by infecting nymphs 
and passing on the infection to uninfected monkeys at the adult 
stage. The epidemiological signifi cance of this is not clear.

Other methods

Other methods of transmission have not been identifi ed in nature. 
However, the high level viraemia in infected humans and animals 
raises a potential for transmission though exposure to blood or 
infected tissues. Caution should be exercised in handling these 
materials.

Pathology

YFV replicates initially in the reticuloendothelial system before 
spreading to multiple organs, including liver, spleen, bone 
marrow, myocardium and skeletal muscle. Pathological changes 
are seen in all of these organs, characterized by cell damage. The 
kidneys show acute tubular necrosis, and there is damage of 



743

myocardial cells. In the liver of acutely infected patients, YFV 
produces fatty degeneration of liver cells and central coagulative 
necrosis of the lobules with sparing of the borders (Figure 40.10). 
The nuclei of the liver cells are pyknotic and the coagulated 
contents of the cells stain deeply with eosin, the Councilman 
bodies resulting from this degeneration taking on a salmon-pink 
colour (Figure 40.11). These resolve completely in recovered 
cases. Cerebral changes may occur with oedema and petechial 
haemorrhages. Haemorrhages may also be seen in other organs 
such as the lungs, liver and spleen. The bleeding abnormalities are 
probably a result of a combination of reduced production of 
coagulation factors by the liver, combined with platelet dysfunc-
tion and DIC.

Death usually results from failure of the liver or kidneys or 
both, although cardiac damage may contribute.

Immunity

Immunity is antibody mediated, and lifelong immunity follows 
infection with YFV. In many endemic areas where contact with 
virus-carrying mosquitoes is constant (i.e. near the forest), infec-
tion in childhood is common, leading to reactivation in later life.

Figure 40.9 Geographical distribution of yellow fever virus.

Flaviviruses (Family Flaviviridae, Genus Flavivirus)

Figure 40.10 Postmortem appearance of the liver of a rhesus 
monkey with yellow fever, showing well marked mid-zonal necrosis 
and minimal infl ammatory changes.
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Clinical features

Natural history

Asymptomatic infections, especially in endemic areas, are common, 
leading to high levels of immunity within indigenous populations. 
When disease occurs in endemic areas it is generally mild with a 
mortality rate of 5–10%. During epidemics the mortality rate is 
several magnitudes higher, but the exact fi gure is unclear.

Symptoms and signs

The incubation period is usually 3–6 days. Most infections are 
asymptomatic or mild, with only a small proportion progressing to 
severe classical YF. The mild form is an acute febrile illness with 
sudden onset of fever and headache without other symptoms, 
lasting 48 h or less. In some other patients the headache is more 
severe, accompanied by myalgia, low back pain and slight protein-
uria. The characteristic bradycardia in relation to temperature is 
present and the illness may last several days with recovery.

In severe illness the onset is abrupt with higher fever, severe 
headache, nausea, vomiting, abdominal pain and distressing pain 
in the back, loins and limbs. The patient is dehydrated with a dry 
tongue and foul breath. Early signs of jaundice may appear in the 
conjunctivae and skin, and minor bleeding from the gums and 
nose may be noted. This is called the ‘period of infection’ corre-
sponding with the viraemia. It lasts about 3 days, and the patient 
may recover spontaneously after this. If they progress, there may 
be a 24-h period of apparent improvement, followed by rapid 
deterioration. Jaundice worsens and there is frank haemorrhaging 
from the gastrointestinal tract and other sites. Epigastric pain and 
vomiting develop and there is a deterioration of renal function 
and albuminuria. There can be hypotension and heart failure, with 
a characteristic prolongation of the PR and QT intervals on elec-
trocardiography. The patient may recover rapidly after a period of 
3–4 days, or recovery may take over 2 weeks. Death occurs in 
20–50%, typically on the seventh to tenth day of illness. Bad 
prognostic signs are increasing proteinuria, haemorrhages, a rising 
pulse, hypotension, oliguria and azotaemia.

If the patient recovers from a severe attack, convalescence tends 
to be long but usually without sequelae. Late deaths after conva-
lescence are very rare and are related to myocardial damage, 
cardiac arrhythmia or cardiac failure.

Disease in children is usually milder and dominated by 
jaundice.

Diagnosis

Virus can be isolated from the blood in the fi rst few days, or from 
autopsy samples. Antigen-capture EIA in serum is positive in most 
cases. RNA detection by RT-PCR appears to be more sensitive and 
easier than these other techniques.

Serological diagnosis

IgM can be detected during the acute phase by EIA, IFA or HI, and 
persists for several months following infection. IFA, HI and N 
antibodies appear within 1 week of onset and CF antibodies later. 
Paired acute and convalescent sera showing a rising titre are diag-
nostic of recent infection, but IgG shows broad cross-reactions 
with other fl aviviruses, though specifi c IgG can be identifi ed by N 
titres. Previous YFV vaccination may produce low level antibodies 
in serum, and IgM may remain for several months.

Management

There is no specifi c therapy and treatment is supportive and similar 
to the management of other haemorrhagic fevers such as DHF. 
Neither serum nor interferon has been shown to be useful.

Epidemiology

There are two cycles: the forest cycle (jungle yellow fever) and the 
urban cycle (urban yellow fever).

Forest cycle (jungle yellow fever)

In the Americas YFV is maintained in rainforests in a cycle involv-
ing monkeys and marmosets and Haemagogus (tree-hole breeding) 
mosquitoes. Recurrent epizootics occur in howler (Alouatta) 
monkeys who die in large numbers, starting in Panama and 
spreading up the east coast of Central America to Guatemala, 
confi rming the belief recorded by Balfour in 1914 that a ‘silent 
forest’ where all the howler monkeys had died denoted the pres-
ence of YFV. A number of other monkey species also have a role: 
spider (Ateles) monkeys, squirrel (Saimiris) monkeys and owl 
(Aotus) monkeys develop fatal infections, while other species such 
as capuchin (Cebus) monkeys are asymptomatic but have viraemia 
suffi cient to be infectious. Humans predominantly contract the 
disease when clearing forest areas; Haemagogus mosquitoes bite 
in and around houses in forest clearings. Sabethes (a drought-
resistant mosquito) transmits infection during the dry season 
(see Appendix IV).

In the forests of West, Central and East Africa, a jungle cycle 
exists as an inapparent infection in monkeys, mainly Cercopithecus 
(vervet) monkeys. Other susceptible primates with asymptomatic 
infections include colobus (important in Ethiopia), mangabeys 
(Cercocebus) and baboons (Papio). In East Africa some species of 
bushbaby (Galago), which are susceptible to the virus, have been 
shown to have high levels of YFV antibodies and may be involved 

Figure 40.11 Councilman body in the liver cell of a rhesus monkey 
affected with yellow fever.
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in transmission cycles. Several different Aedes spp. are important 
vectors of YFV in Africa (see the section on YFV transmission). 
Human infections generally follow the movement of humans into 
forested areas for agricultural purposes.

An endemic area population will show a rising percentage of 
positive antibody tests with age, whereas an epidemic situation 
will be shown by antibodies in the older age and none in the 
younger age groups.

Urban cycle (urban yellow fever)

When there is a high population of Ae. aegypti, intense transmis-
sion among humans occurs, with large epidemics where there are 
enough non-immunes in the population, which can be brought 
about by immigration, increased urbanization, poor maintenance 
of vaccination campaigns or a rising number of people born since 
the last epidemic. In the early years of the twentieth century 
huge epidemics of this nature frequently spread throughout the 
Caribbean and up the east coast of North America. Once Ae. 
aegypti was controlled, these epidemics ceased, and no urban cases 
of YF were described from the Americas for more than 40 years. 
However, urban cases continue to occur sporadically and the 
potential for future epidemics remains.

Regular YF epidemics continue in sub-Saharan Africa. In the 
Nuba mountains of southern Sudan in 1940 there was an epi-
demic (17 000 cases; mortality rate 10%) and in south-western 
Ethiopia along the Omo River in 1960–1962 (15 000–30 000 
deaths; mortality rate up to 85%). In 1965–1966 in Senegal there 
was an epidemic mainly affecting children under 10 years with a 
mortality rate of 15%. Since then activity has occurred in a number 
of countries in sub-Saharan Africa.

Control

Eradication and control of Ae. aegypti is the key to the prevention 
of urban YF in the Americas. This includes an attack on the breed-
ing sites in water containers and tanks, and a monitoring system 
that gives an Aedes index of the numbers of Aedes mosquitoes. 
When this reaches a certain level an epidemic may result. In the 
presence of an epidemic, adult control by ‘fogging’ of towns and 
cities with insecticide will bring the epidemic to a halt. Ae. aegypti 
had been eradicated from the USA but has now returned to 
Louisiana, once a hotbed of YFV, in its previous numbers.

Vaccination

YF 17D is a safe, live, attenuated vaccine providing a long-lasting 
immunity. For purposes of certifi cation, 10 years is considered the 
limit but immunity after 40 years has been documented and it 
may be lifelong. Vaccination to YFV is imperative for travellers to 
endemic areas and certifi cates are demanded for travellers from 
endemic areas to non-infected tropical areas. Immunity develops 
within 10 days of vaccination. Serious complications are rare. No 
consequences for the fetus have been recorded but pregnant 
women should avoid vaccination unless the risk from YFV is con-
sidered great. Vaccination is not recommended for children under 
6 months of age, and especially children aged less than 4 months, 
because of an increased risk of encephalitis. It should also be 
avoided in immunosuppressed patients. The vaccine is prepared 
in chick embryos and people sensitive to egg protein may have 

reactions. Serious side-effects are rare with the 17D vaccine. 
Encephalitis, classical YF and severe multisystem illness have been 
reported. The risk of neurological disease is 1–16 per million 
doses, and of visceral disease is 2.5 per million doses.

BUNYAVIRUSES (FAMILY BUNYAVIRIDAE, 
GENUS BUNYAVIRUS)

California encephalitis virus (CEV)78

CEV was the fi rst identifi ed member of the California serogroup 
of bunyaviruses. It was identifi ed as a cause of encephalitis 
in California in the 1940s, but rarely causes human infection 
(Figure 40.3). Human infections occur more commonly with 
the closely-related La Crosse virus and Jamestown Canyon virus. 
It infects rabbits and rodents, and is transmitted by Aedes 
species.

Oropouche virus (OROV)78

OROV is a member of the Simbu group of bunyaviruses (Table 
40.1) and is a major cause of disease in the Amazon region of 
Brazil and Peru. It is transmitted by the midge Culicoides paraensis 
and some mosquito species. It is maintained in a jungle cycle 
involving sloths and monkeys. Disease onset is sudden, with fever, 
chills, headache, myalgia, arthralgia and photophobia being 
most common. The illness lasts 1–2 weeks and patients make 
a full recovery. Virus can be detected in blood in the fi rst few 
days, but diagnosis is usually by serology.

Rift Valley fever virus (RVFV)79–81

Geographical distribution

RVFV was fi rst recognized in Kenya in 1931 as causing a disease 
in sheep and humans. Until 1977 it was restricted to humans and 
domestic animals in sub-Saharan Africa, with epizootics in Kenya, 
South Africa, Zimbabwe, Sudan, Egypt, Uganda, Tanzania and 
Zambia. A similar virus (Zinga virus) was found to be present 
in West Africa (Mali, Nigeria and Zaire) and in Botswana and 
Mozambique, but without epizootics. In 1977 RVFV spread to 
Egypt where it caused massive epidemics and epizootics, and 
showed a capability to spread beyond sub-Saharan Africa (Figure 
40.12). The Egyptian episode was centred largely in the Nile delta 
where approximately 600 human deaths are thought to have 
occurred. This was probably preceded by a massive epizootic 
along the Nile bank from Aswan in the south to Cairo in the 
north. RVF occurred again in Aswan in 1993 and several cases with 
ophthalmic complications have been seen in the Nile delta. The 
largest ever recorded outbreak of RFV occurred in Kenya and 
Somalia in 1997–1998 (when up to 89 000 people were affected), 
and an outbreak was also recorded in the Arabian Peninsula in 
2000.

Aetiology

RVFV is a member of the genus Phlebovirus in the Bunyaviridae 
family (Table 40.1). RVFV is an enveloped virus of up to 

Bunyaviruses (Family Bunyaviridae, Genus Bunyavirus)
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120 nm in size, and the RNA genome is divided into three 
segments.

Pathology

The pathogenesis of RVFV appears to be similar to that of YFV, 
with initial spread to lymphatic tissue and then to the liver, with 
necrotic change in the latter. In a small proportion this is followed 
by haemorrhage which is probably due to a combination of 
reduced production of coagulation factors and DIC. Cerebral inva-
sion with encephalitis and retinitis may occur 1–4 weeks after 
recovery.

Transmission

The virus infects a large range of domestic animals. Transmission 
between the zoonotic hosts is by mosquitoes of the Eretmapodites, 
Mansonia, Anopheles, Aedes and Culex groups (Table 40.1 and 
Appendix IV), and possibly to humans by Ae. caballus and Cx. 
theileri in South Africa and Cx. pipiens in Egypt. Mechanical trans-
mission may also occur by other biting insects including Culicoides 
and Simulium species. Direct transmission, especially during epi-
demics, is by the aerosol route from infected animal tissues. 
Person-to-person transmission does not occur but acute-phase 
blood and infected animal tissues are highly infectious, especially 
in abattoirs. Laboratory-acquired infections have been described 
and the virus should be handled with extreme caution.

Immunity

Active immunity

Immunity is antibody mediated and there is prolonged immunity 
to reinfection with homologous strains after recovery. Antibodies 

formed are of the usual viral response (HI, CF and N). HI and 
CF antibodies are used in diagnosis, and N antibodies give 
specifi city.

Passive immunity

A passive immunity can be transferred via the placenta to the child 
and lasts for several months; the possession of antibodies, espe-
cially N antibodies, can be used in treatment using convalescent 
sera.

Clinical features

Natural history

RVFV is a self-limiting disease in the great majority of infections, 
with a short, acute, febrile phase and complete recovery. However, 
in less than 5% of cases, encephalitis, retinal lesions, haemorrhage 
and hepatic disease develop.

Symptoms and signs

The incubation period is 2–6 days. The onset is abrupt with 
fever, headache, joint and muscle pains, conjunctivitis and 
photophobia. In the majority of cases this is followed by complete 
recovery. In a few cases there may be recrudescence of symptoms 
after the initial short illness and convalescence may be prolonged. 
Retinal disease develops in 5–10% of cases, between 1 and 3 
weeks after the febrile illness, with macular exudates and, in 
some instances, retinal haemorrhages and vasculitis. About half 
of the patients are left with permanent impairment of vision. In 
a further 5%, encephalitis develops, but is rarely fatal. Haemor-
rhagic disease occurs in approximately 1% of cases and is very 
similar to YF. Mortality rates are in the region of 10%, but deaths 

Figure 40.12 Geographical distribution of Rift Valley fever virus.
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are nearly always found in those with more severe forms of the 
disease.

Diagnosis

Virus can be detected in blood by culture or PCR in the fi rst week 
of illness. Antigen detection methods are also available. Detection 
of IgM by EIA aids diagnosis of early infection.82 Standard sero-
logical diagnosis is by HI test on paired sera, using a standard 
antigen from the World Health Organization. EIA has also been 
used for IgG and IgM detection, and the latter can assist early diag-
nosis. The N tests can be used to show RVF-specifi c antibody.

Management

High-level supportive care may be needed for the more serious 
cases. Ribavirin has activity against this virus in animal models 
and is recommended for treatment of haemorrhagic disease in 
humans.83 Immune serum, if available, may also be tried for severe 
cases.

Epidemiology

RVFV is maintained in the forest in an enzootic fashion 
between vertebrates and the vector mosquito species. Spectacular 
epizootics in domestic animals are the result of large numbers 
of susceptible (European) breeds of cattle and sheep, high arthro-
pod densities (resulting from heavy rainfall or irrigation), and 
spillover from the forest cycle. Originally restricted to domestic 
animals and humans in sub-Saharan Africa, since 1997 it has 
spread to Egypt, causing explosive epidemics in humans and 
domestic animals. The spread was possibly by camels from 
the Sudan carrying infection or arthropods, establishing new 
enzootic foci in the changing arthropod and vertebrate population 
after the construction of the Aswan High Dam. There is evidence 
in some areas that RVFV maintains endemnicity by transovarial 
transmission.

Control

Quarantine is not effective, but movements of animals should be 
controlled and sick animals should be allowed to die or recover, 
and not be slaughtered, to avoid spreading the infection in abat-
toirs. Control of abattoirs and vaccination of workers should be 
enforced. Vector control is also recommended.

Immunization

Vaccination of exposed laboratory workers and veterinary staff 
using a formalin-inactivated cell culture vaccine (expensive) should 
be performed.

Veterinary vaccines are the fi rst line of defence against the 
spread of RVFV. Both live and inactivated vaccines have been used 
to control the spread in animals, with some success.

Sandfl y fever

Geographical distribution

Sandfl y fever (Sandfl y fever Naples virus, SFNV; Sandfl y fever 
Sicilian virus, SFSV)84–86 is widespread throughout the Mediter-

ranean and Middle East, Malta, Aegean Islands, Egypt and Iran, 
North Africa, Red Sea and Arabian Gulf; and in Asia in the Cau-
casus and Himalayas up to 4000 feet.

Aetiology

The viruses causing sandfl y fever are phleboviruses. There are 
numerous antigenically distinct strains, only two of which, 
Sicilian and Naples, cause human disease. The others have been 
isolated from insects and animals.

Transmission

The sandfl y responsible for transmission, Phlebotomus papatasii, 
becomes infective 6 days after feeding and remains infective for 
life. Transovarial transmission occurs so that newly emerged 
sandfl ies are capable of transmitting infection. It is possible 
that a parasitic mite of the sandfl ies acts as a reservoir.

Clinical features

Natural history

Sandfl y fever is an acute self-limiting disease lasting 2–4 days, with 
complete recovery and immunity to further attacks, and no 
mortality.

The incubation period is 3–6 days.

Symptoms and signs

The onset is abrupt, with high fever, headache, myalgia, arthralgia 
and neck stiffness. After 3 (range 2–8) days the fever settles. Retro-
orbital pain may be prominent and persist after resolution of 
fever. Mild neck stiffness develops in some patients. Occasionally 
there is a recrudescence (saddle back fever) lasting for 1–2 days. 
Rare cases of meningitis have been described.

Diagnosis

The viraemia lasts for only 24–36 h, so attempts at virus isolation 
from serum are unlikely to be successful. IgG and IgM enzyme 
immunoassays have been developed. Paired sera for HI and N 
antibody tests can show recent infection.

Management

There is no specifi c treatment.

Epidemiology

There are no animal reservoirs. In endemic areas transmission lasts 
from April to October. Epidemics occur among non-immune 
entrants to the community, especially military forces.

Tahyna virus (TAHV)

TAHV is a bunyavirus transmitted by Aedes species and causing 
occasional outbreaks of an infl uenza-like illness in central Europe 
(Table 40.1 and Appendix IV).

Coltiviruses (Family Reoviridae, Genus Coltivirus)
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Toscana virus (TOSV)

TOSV86–88 is a Phlebovirus currently recognized as a member of the 
SFNV serological complex. It is found in Italy, Portugal, France 
and Spain, and possibly occurs in other Mediterranean countries. 
It is transmitted by Phlebotomus perniciosus and P. perfi liewi and 
animal reservoir hosts are not known. TOSV causes a benign 
meningitis and occasional meningoencephalitis, with full recov-
ery. Serological cross-reactivity occurs between TOSV and other 
serotypes of SFNV. Diagnosis is usually by serology, but virus can 
be detected in the CSF by culture and by RT-PCR.

COLTIVIRUSES (FAMILY REOVIRIDAE, 
GENUS COLTIVIRUS)

Colorado tick fever virus (CTFV)

CTF89 is caused by a coltivirus, and is a member of the Reoviridae. 
It is found in the mountain regions of western USA and Canada, 
especially in the Rocky Mountain area in Colorado. Clinical 
illness consists of headache, fever, myalgia, arthralgia, retro-
orbital pain, photophobia and neck stiffness, accompanied by 
a macular, maculopapular or petechial rash in about 10% of 
cases. It is biphasic in about half the patients, characterized by 
2–3 days of illness, then 2 days of remission, followed by 2–3 
days’ more illness. Children may develop encephalitis. The most 
important hosts are the chipmunk and the golden-mantled 
ground squirrel, which infect immature ticks (Dermacentor ander-
soni). Other species of rodents may act as alternative secondary 
hosts of the virus.

MISCELLANEOUS ARBOVIRUSES

There are a large number of other arthropod viruses that only 
rarely cause human infection or whose role in human disease is 
uncertain.

Alphaviruses

Babanki virus (BBKV)

Babanki is related to SINV and has been found in West and 
Central Africa, and Madagascar. It has been isolated from humans, 
but its role as a cause of disease is uncertain.

Getah virus (GETV)

This mosquito-borne virus is closely related to RRV. It is distrib-
uted widely through Asia, South-east Asia and Australia. Human 
infection is rare and it is not clearly associated with any disease.

Semliki Forest virus (SFV)

This virus90 is transmitted by various mosquito species in sub-
Saharan Africa. Its role in human disease has not been established, 
but a laboratory-acquired case of fatal encephalitis has been 
reported.

Flaviviruses

Banzi virus (BANV)

BANV is a mosquito-borne rodent virus found in southern and 
eastern Africa and transmitted by Culex species. Febrile illness has 
been reported.

Bouboui virus (BOUV)

This mosquito-borne virus is found in central Africa and is closely 
related to BANV. Human infection is asymptomatic.

Bussuquara virus (BSQV)

This is a Central and South American rodent virus transmitted by 
Culex species; it causes fever, headache and arthralgia.

Edge Hill virus (EHV)

EHV has been isolated from Ae. vigilax and Cx. annulirostris mos-
quitoes and is widely distributed in Australia. Human infection 
occurs and a single possible case of polyarthralgic illness has been 
described.

Ilheus virus (ILHV)

This virus is found in numerous mosquito species. Disease and/or 
virus has been detected in people in Central and South America 
and in Trinidad. Rare cases of fever with headache, and a case of 
encephalitis, have been documented.

Karshi virus (KSIV)

KSV is a tick-borne virus that causes febrile illness. It has been 
found in Kazakhstan and Uzbekistan.

Kokobera virus (KOKV)

KOKV is found in Australia and New Guinea and is transmitted 
by Ae. vigilax and Cx. annulirostris mosquitoes. Human infections 
on the east coast of Australia have been documented in serosur-
veys. Kokobera virus can cause a polyarthralgic illness, sometimes 
with rash.

Kedougou virus (KEDV)

KEDV is a mosquito-borne virus that has been shown to infect 
children in Senegal and the Central African Republic. No illness 
has been identifi ed.

Koutango virus (KOUV)

KOUV is a mosquito-borne virus found in Senegal. Natural human 
infection is not known to occur, but one laboratory-acquired 
infection caused fever, headache, arthralgia and rash.

Rio Bravo virus (RBV)

This is a fl avivirus, but does not appear to be arthropod-borne. 
It is transmitted directly from bats to humans, with one case of 
febrile illness being reported.
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Sepik virus (SEPV)

SEPV has been found in a variety of mosquito species in Papua 
New Guinea and has caused a case of fever with headache.

Spondweni virus (SPOV)

SPOV is transmitted by several mosquito species in South Africa. 
It may cause fever, headache and arthralgia. SPOV is closely related 
to ZIKV.

Tyuleniy virus (TYUV)

TYUV is a tick-borne virus, reported to have caused a single human 
infection with arthralgia and skin haemorrhages. Meaban virus 
and Saumarez Reef virus are closely related.

Usutu virus (USUV)

This virus is found in sub-Saharan Africa and Europe. It is pri-
marily an avian virus transmitted by several mosquito species, 
causing fever and rash.

Wesselsbron virus (WESSV)

WESSV is found in sub-Saharan Africa and Thailand. It is trans-
mitted by several mosquito species. Human illness is character-
ized by fever, hepatosplenomegaly, rash and sometimes 
encephalitis, with full recovery.

Zika virus (ZIKV)

This virus is transmitted by Aedes species in East, Central and West 
Africa, and maintained in a cycle similar to that of YFV. It causes 
fever, headache and rash. ZIKV is closely related to SPOV.

Bunyaviruses91

There is a large number of bunyaviruses that have been implicated 
in rare and mild human infection.

Nairoviruses

Congo-Crimean haemorrhagic fever virus (CCHFV)58

CCHFV is transmitted by Hyalomma species of ticks, especially 
H. marginatum and H. anatolicum, or by crushing those ticks. 
Nosocomial infection of medical workers after exposure to blood 
and secretions from patients occurs relatively frequently, and ter-
tiary cases have occurred in family members of medical workers. 
Infection can also occur through butchering infected animals. This 
serious infection is discussed in Chapter 42 with the non-arthro-
pod-borne viral haemorrhagic fevers.

Dugbe virus (DUGV)

This virus was found to cause a mild febrile illness in Nigeria and 
Central African Republic, with rare meningitis.

Nairobi sheep disease virus (NSDV)

NSDV infects sheep and goats and is transmitted by a number of 
tick species. Human infection has been reported from East Africa 

and India, consisting of a fever and arthralgia. The illness is mild 
and recovery is full.

Orbiviruses

Kemerovo complex

This is a complex of a large number of viruses found in the former 
USSR and central Europe. They are tick-borne, and cause illnesses 
varying from fever to meningoencephalitis.

Orungo virus (ORUV)

Orungo virus is found in West and Central Africa and may be 
transmitted by a number of mosquito species. It is separated into 
four serotypes and causes fever and headache, with rare cases of 
encephalitis.
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Section 6 Viral Infection

Chapter 41 Suchitra Nimmannitya

Dengue and Dengue 
Haemorrhagic Fever

Dengue infections caused by the four antigenically distinct dengue 
virus serotypes (DENV1, DENV2, DENV3, DENV4) of the family 
Flaviviridae are the most important arbovirus diseases in humans, 
in terms of geographical distribution, morbidity and mortality. 
The infection is transmitted from person to person by Aedes mos-
quitoes. Dengue infections may be asymptomatic or may lead to 
an undifferentiated fever (or viral syndrome), dengue fever or 
dengue haemorrhagic fever (DHF).1 Each year there are an esti-
mated 50–100 million dengue infections, 500 000 cases of DHF 
and 20 000 deaths, mainly children.

DENGUE FEVER

Geographical distribution

Dengue is a worldwide condition spread throughout the tropical 
and subtropical zones between 30°N and 40°S, where environ-
mental conditions are optimal for dengue virus transmission by 
Aedes mosquitoes. There are 2.5 billion people living in these areas 
who are at risk of contracting dengue. It is endemic in South-east 
Asia, the Pacifi c, East and West Africa, the Caribbean and the 
Americas, where all dengue serotypes are prevailed.2,3

Aetiology

The dengue virus, a member of genus Flavivirus in the family 
Flaviviridae, is a single-stranded enveloped RNA virus, 30 nm in 
diameter, which can grow in a variety of mosquitoes and tissue 
cultures. There are four distinct but closely related serotypes 
(DENV1–4). They possess antigens that cross-react with other 
members in the same genus such as yellow fever, Japanese enceph-
alitis and West Nile viruses. There is evidence from fi eld and 
laboratory studies that there are distinct strain differences between 
dengue viruses. Recent development in molecular virology has led 
to increasing availability of viral gene sequence studies. It has been 
shown that there is abundant genetic variation within each sero-
type in the form of phylogenetically distinct clusters of sequences 
dubbed subtypes or genotypes.4 At present, three subtypes can be 
identifi ed in DENV-1, six in DENV-2 (one of which is only found 
in non-human primates), four in DENV-3 and four in DENV-4 
(with another exclusive to non-human primates). A more notable 

observation is that subtypes often have differing geographical 
distributions, with some more widespread than the others. As 
for DENV-2, there are two subtypes apparently restricted to South-
east Asia and another to America.5 It has also been proposed that 
some subtypes differ in virulence, i.e. their capacity to cause severe 
disease as dengue haemorrhagic fever.6

Transmission

Dengue virus is transmitted from human to human by mosquito 
bites. Man is the main reservoir of the virus, though studies have 
shown that the monkey is the jungle reservoir in Malaysia and 
Africa.2

Ae. aegypti is the most effi cient of the mosquito vectors because 
of its domestic habits. The female mosquito bites humans during 
the day. After feeding on a person whose blood contains the virus, 
the female Ae. aegypti can transmit dengue, either immediately by 
a change of host when its feeding is interrupted, or after an incu-
bation period of 8–10 days during which time the virus multiplies 
in the salivary glands. Once infected, the mosquito host remains 
infective for life (30–45 days).

Other Aedes mosquitoes capable of transmitting dengue include 
Ae. albopictus, Ae. polynesiensis and several species of the Ae. scutel-
laris complex. Each of these species has its own particular geo-
graphical distribution and they are in general less effi cient vectors 
than Ae. aegypti.

Transovarian transmission of dengue viruses has been 
documented but its epidemiological importance has not been 
established.2

Pathology

From experimental studies in rhesus monkeys, after inoculation 
the virus reaches the regional lymph nodes and disseminates to 
the reticuloendothelial system, in which it multiplies and from 
which it enters the blood.7 Skin lesions in non-fatal, uncompli-
cated dengue fever seen in human volunteers were studied by 
biopsy. The chief abnormality occurred in and around small 
blood vessels and consisted of endothelial swelling, perivascular 
oedema and infi ltration with mononuclear cells. Extensive extra-
vasation of blood without appreciable infl ammatory reaction was 
observed in the petechial lesions.8
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Immunity

Immunity is antibody mediated. After an acute phase of infection 
by a particular dengue serotype there is an antibody response to 
all four dengue serotypes. There is a long-lasting immunity to the 
homologous serotype of the infecting strain. A cross-reactive het-
erotypic immunity has been reported by Sabin8 to last for about 
2 months in experimental human volunteers, while another com-
munity study reported a period of up to 1 year.9 After infection 
by one serotype, the individual concerned will be immune to 
other serotypes for 2–12 months and become susceptible there-
after. A second attack of dengue has been reported.10 The waning 
cross-reactive heterotypic antibody is implicated in the occurrence 
of DHF.11

Clinical features

The clinical features of dengue fever are age dependent: infants 
and children infected with dengue virus for the fi rst time (i.e. 
primary dengue infection) usually develop a simple fever or undif-
ferentiated febrile illness; dengue fever is most common in adults 
and older children and may be benign or may be a classical inca-
pacitating disease (classical dengue fever) with severe muscle, 
joint and bone pain (break bone fever).1

Typically, after an incubation period of 5–8 days following an 
infective mosquito bite, the disease in adults begins with a sudden 
onset of fever with severe headache, and any of the following: 
chilliness, pain behind the eyes – particularly on eye movement 
or eye pressure-photophobia, backache, and pain in the muscles, 
bone and joints of the extremities.

The temperature is usually high (39–40°C); the fever may be 
sustained for 5–6 days and may occasionally have a biphasic 
course. As the disease progresses the patient becomes anorexic and 
may show marked weakness and prostration. Other common 
symptoms include sore throat, altered taste sensation, colicky pain 
and abdominal tenderness, constipation, dragging pain in the 
inguinal region and general depression. A relative bradycardia is 
common during the febrile phase. Symptoms vary in severity and 
usually persist for several days.

Several types of skin rash have been described. Initially, diffuse 
fl ushing, mottling or fl eeting pinpoint eruptions may be observed 
on the face, neck and chest. These are transient in nature. A second 
type of skin rash is a conspicuous rash that may be maculopapu-
lar or scarlatiniform and appears on approximately the third or 
fourth day. This rash starts on the chest and trunk and spreads to 
the extremities and face and may be accompanied by itching and 
dermal hyperaesthesia.

There is generalized enlargement of the lymph nodes but the 
liver and spleen are not usually palpable. A positive tourniquet 
test and petechiae on extremities are not uncommon.

Towards the end of the febrile period or immediately after 
defervescence the generalized rash fades and localized clusters of 
petechiae may appear over the dorsum of the feet and on the legs, 
hands and arms. This confl uent petechial rash is characterized by 
a scattered pale round area of normal skin (Figure 41.1).

Convalescence may be abrupt and uneventful but is often pro-
longed in adults, sometimes taking several weeks, and may be 
accompanied by pronounced asthenia and depression. Bradycar-

dia is common during this period. Loss of hair has been reported 
during convalescence.

Haemorrhagic complications such as epistaxis, gum bleed -
ing, gastrointestinal haemorrhage, haematuria and hypermenor-
rhoea have been reported in many epidemics of dengue fever, 
and on rare occasions severe bleeding has caused deaths in some 
epidemics.8,10

Dengue fever with encephalitic signs but with normal cerebro-
spinal fl uid has been reported in some epidemics.10 Reye’s syn-
drome associated with dengue infection is not uncommon.12 
Recently there has been an increase in reported cases of dengue 
encephalitis which was confi rmed either by demonstration of 
virus, antigen or anti-dengue IgM antibody in cerebrospinal 
fl uid.13

The most signifi cant laboratory fi nding during the acute illness 
is leucopenia, which is usually noted 2–3 days after onset and lasts 
throughout the febrile phase. Mild to moderate thrombocyto-
penia is occasionally observed.14

Diagnosis

It is not possible to make a diagnosis of mild dengue or classical 
dengue fever from the clinical features as they resemble those of 
many other diseases, particularly chikungunya infection. Differen-
tial diagnosis includes malaria, leptospirosis and other viral, bac-
terial and rickettsial diseases. The presence of fl ushed face, a 
positive tourniquet test and leucopenia are helpful in differentiat-
ing dengue from other diseases. The diagnosis is best accom-
plished by serological tests for antibodies and virus isolation, 
or detection of dengue antigen by polymerase chain reaction 
(PCR).1

Virological diagnosis

See DHF below.

Management

This is entirely symptomatic and supportive.

Epidemiology

The fi rst reported epidemics of dengue or dengue-like disease 
occurred in 1779 and 1780 in Egypt and Indonesia and in 1780 
in the USA (Philadelphia).10 It is clear that dengue and other 

Figure 41.1 Dengue fever: convalescent rash – confl uent petechial 
rash.
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arboviruses with similar ecology had a widespread distribution in 
the tropics as long as 200 years ago. Historically, Asia has been 
the area of highest endemicity, with all four dengue serotypes 
circulating in the large urban centres in most countries.2,3

During and after World War II, Ae. aegypti became more wide-
spread in Asia and with an increased facility of communication 
and travel of susceptible foreigners into the endemic areas, together 
with the subsequent urbanization that occurred in most countries, 
the incidence of dengue infection increased dramatically. These 
changes coincided with the emergence of a newly described DHF 
in the 1950s. The advent of commercial jet air transport in the 
1960s promoted the ideal mechanism for the carriage of dengue 
virus by persons who had visited endemic areas and were travel-
ling during the incubation period. A trend of increased spread 
of dengue throughout the world has since developed. Increased 
epidemic activity was observed in the Pacifi c Islands and the 
Caribbean basin in the 1970s and epidemics of all four dengue 
serotypes were documented in both regions. Epidemiological 
changes in the American region have been the most dramatic; all 
four viruses are now endemic.2,3

In the 1980s increased dengue activity was observed in Africa, 
and all four dengue serotypes have now been documented in 
Africa.2,3

The incidence of dengue infection has increased markedly since 
the 1960s, fi rst in Asia then in the Pacifi c and Americas and fi nally 
in Africa. It appears that most of the tropical world, with an esti-
mated population of 2.5 billion, is at risk of infection with 
dengue.

Dengue transmission occurs throughout the year in endemic 
tropical areas; however, in most countries there is a distinct 
seasonal pattern, with increased transmission usually associated 
with the rainy season. While in some areas increases in dengue 
transmission coincide with periods of increased rainfall, the 
interactions between temperature and rainfall or variation in 
daily microclimates may be important determinants of dengue 
transmission.2

In dengue endemic areas with multiple serotypes children 
become infected early in childhood. Classical dengue fever is rare 
among indigenous people as most of the adults are immune. In 
these areas, both mild dengue illness and DHF occur mainly in 
children.

Control

See DHF below.

DENGUE HAEMORRHAGIC FEVER (DHF)

Geographical distribution

DHF (see also Chapters 40 and 41) is widespread in the South-east 
Asian and Western Pacifi c regions. Since its fi rst epidermic in the 
Philippines in 1953–54 it is now occurring in most countries in 
tropical Asia. During the past two decades there has been a dra-
matic geographical expansion of epidemic DHF. DHF fi rst 
appeared in Cuba in 1981 and since then it has been reported 
from 28 countries in Central and South America. To date, a DHF 

epidemic has not been reported in Africa or the Middle East, 
except a few imported cases reported from Saudi Arabia.2,3

Aetiology and pathogenesis

All four dengue serotypes are capable of causing dengue fever 
or DHF, depending on the immune status and probably age of 
the host, as DHF occurs almost exclusively in children under 
the age of 16 years and is associated with secondary dengue infec-
tion. A strong association between DHF and secondary dengue 
infection has led to Halstead’s proposed concept of two sequential 
infections. Based on his in vitro and monkey studies, an antibody-
dependent immune enhancement theory has been hypothesized 
by Halstead11: it is suggested that during the second infection 
with a heterotypic dengue virus which differs from the fi rst 
one, pre-existing antibody from the fi rst infection fails 
to neutralize and may instead enhance viral uptake and repli-
cation in the mononuclear phagocytes. Such infected cells may 
then become the target of an immune elimination mechanism 
which can trigger the production of mediators with activation of 
complement and the clotting cascade and eventually produce 
DHF.11

In Thailand, studies over the last 40 years have demonstrated 
transmission of all four dengue serotypes,15 with dengue type 2 
as the predominating serotype up to 1990.16 The studies and 
experience in Thailand, as well as in Cuba, confi rmed the sugges-
tion that the interval between the two dengue infections and the 
sequences of infecting dengue serotypes, i.e. secondary infection 
with DENV2 following DENV1 infection may be important factors 
in determining the occurrence and severity of DHF.11,17 
The interval between the two infections was fi rst suggested to be 
1–5 years following Cuban experience with the fi rst outbreak of 
DHF with DENV2 in 1981 which followed the outbreak of dengue 
fever with DENV-1 in 1977. The second outbreak of DHF in 
Santiago, Cuba in 1997 with DENV-2 after a period of apparent 
elimination of vectors and dengue virus for 16 years led to 
two important observations: (1) immune enhancement could 
occur after a long duration of 20 years and (2) primary DENV2 
infection in children under 16 years did not cause DHF.18 A study 
by Vaughn et al. revealed that increased dengue disease severity 
(dengue vs DHF) correlated with high viraemia titre, secondary 
dengue infection and DENV2 serotype.19 The most recent study 
on the role of T cells in the pathogenesis of DHF has described a 
phenomenon of original antigenic sin.20 The group has found a 
paradoxical T cell response in that many of the T cells had a rela-
tively low affi nity for the current infecting DENV serotype but 
showed higher affi nity for serotypes which had been encountered 
before. This phenomenon resulted in delayed elimination of the 
secondary infecting serotype, allowing further proliferation and 
high viral load.20

Other theories involving a virulent strain of dengue virus21 and  
genetic differences in the hosts22,23 have been proposed. The asso-
ciation of the introduction of a specifi c (South-east Asian) geno-
type of DENV2 and the appearance of DHF in America suggested 
that a certain genotype has potential to cause severe dengue 
(DHF).6 The fi nding that the same DENV2 genotype may cause 
dengue fever or DHF in Thailand suggested that both virus geno-
type and secondary infection are important contributing factors 
in the pathogenesis of DHF.24

Dengue Haemorrhagic Fever (DHF)



41. Dengue and Dengue Haemorrhagic Fever

756

Pathophysiology and pathology

The pathophysiological hallmarks of DHF are plasma leakage 
and abnormal haemostasis. Evidence supporting plasma leakage 
includes a rapid rise in haematocrit, pleural effusion and ascites, 
hypoproteinaemia and reduced plasma volume. A signifi cant 
loss of plasma leads to hypovolaemic shock and death. The 
acute onset of shock and the rapid and often dramatic clinical 
recovery when the patient is treated properly, together with the 
absence of infl ammatory vascular lesions, suggest a transient 
functional increase in vascular permeability that results in plasma 
leakage.

A disorder in haemostasis involves all major components:14 
(1) vascular change(s) including capillary fragility changes that 
lead to a positive tourniquet test and easy bruisability; (2) throm-
bopathy with impaired platelet function and moderate to severe 
thrombocytopenia; (3) coagulopathy, acute-type disseminated 
intravascular clotting (DIC) is documented in severe cases, often 
with prolonged shock and responsible for the severe bleeding. 
Evidence for DIC includes hypofi brinogen and the presence of 
fi brinogen degradation products (FDP) and D-dimer. The clotting 
factors II, V, VII, VIII, IX and XII are low. (4) Bone marrow changes 
include depression of all marrow elements, with maturation arrest 
of megakaryocytes during the early phase of the illness, which is 
readily reversed when the fever subsides and during the stage of 
shock.

Kidney studies in non-fatal cases show changes similar to glo-
merulonephritis but these are usually mild and transient.1,25

Postmortem studies show that serous effusions with high 
protein content, mostly found in pleural and peritoneal cavities, 
and widespread petechial haemorrhages in many organs are 
constant fi ndings.25 The sites of common haemorrhage include 
gastrointestinal tract, skin, heart, pleura and lungs, soft tissue, 
periadrenal tissue.25

Histological changes1,25

Signifi cant changes are found in major organ systems:
• Vascular changes include vasodilatation, congestion, perivascu-

lar haemorrhage and oedema of arterial walls
• Proliferation of reticuloendothelial cells with accelerated 

phagocytic activity is observed frequently
• The lymphoid tissues show increasing activity of the B lym-

phocyte system with active proliferation of plasma cells and 
lymphoblastoid cells

• In the liver there is focal necrosis of the hepatic and Kupffer 
cells, with formation of Councilman-like bodies.

Dengue virus antigen is found predominantly in cells of the spleen, 
thymus and lymph nodes, in Kupffer cells and in the sinusoidal 
lining cells of liver and alveolar lining cells of the lung.

The pathogenetic mechanism of DHF is presumed to be immu-
nological, involving both humoral and cell-mediated immune 
modulation. A constant fi nding in DHF is activation of the com-
plement system with profound depression of C3 and C5 levels.1 
Immune complexes have been described in DHF cases associated 
with secondary infection, and they may contribute to complement 
activation. The C3a and C5a anaphylatoxins are released and their 
association with the time of leakage, shock and disease severity 
has been demonstrated.26 They are the most likely vascular perme-

ability-increasing mediators among the other as yet unidentifi ed 
agents.

A most recent study in Thailand on the role of non-structural 
protein NS1 and complement in the pathogenesis of plasma 
leakage revealed that complement activation mediated by NS1 led 
to local and systemic generation of anaphylatoxin C5a and the 
terminal SC5b-9 complex. The plasma levels of NS1 and SC5b-9 
complexes correlated with disease severity and they were present 
in the pleural fl uid from patients with dengue shock syndrome 
(DSS). This is a novel fi nding that implicates the major role of 
NS1 as an important trigger for complete complement activation 
and the role of the terminal SC5b-9 complex in the pathogenesis 
of plasma leakage.27 Notably, it was also shown in this study and 
by Libraty et al. that high circulating levels of NS1 that can be 
detected early in dengue illness are correlated with the develop-
ment of DHF.28

Immunity

The immune status of the host appears to be the important com-
ponent that determines the development of DHF as the disease 
occurs with high frequency in two immunologically defi ned 
groups: (1) children who have experienced a previous dengue 
infection; and (2) infants with waning levels of maternal 
dengue antibody. The acute phase of infection by a particular 
dengue serotype is believed to provoke long-lasting homotypic 
immunity. A cross-reactive heterotypic immunity has been 
reported to last about 2 months in one study of experimental 
infection,8,10 while another community study presented epidemio-
logical data suggesting that this cross-reactive heterotypic immu-
nity might last up to 1 year.9 It is hypothesized that this 
cross-heterotypic antibody, when weak and failing to neutralize 
the infecting dengue virus during the second infection, can 
enhance virus multiplication in the mononuclear phagocyte and 
trigger immune modulation and eventually produce DHF.11 
Passive IgG dengue antibody from the mothers of infants under 
the age of 1 year has been shown to be capable of enhancing virus 
replication when falling to below the neutralization level and to 
produce DHF during primary infection.11,29

A study of the cell-mediated immune response revealed that 
during a secondary dengue infection serotype cross-reactive 
dengue-specifi c T lymphocytes are activated and proliferate with 
production of lymphokines and monokines. It is suggested that 
this response, while contributing to recovery from infection, may 
also in some circumstances play a role in the immunopathogen-
esis of DHF.30 Recently, it has been shown that cytokines, includ-
ing tumour necrosis factor α (TNFα) interleukin 2 (IL-2), IL-6, 
IL-8 and interferons IFNγ, were released into the circulation during 
the early phase of DHF and their levels correlated well with disease 
severity.31 The recently described T cell antigenic sin may lead to 
the complex series of events; slow clearance of the (second) infect-
ing DENV leading to high virus load and massive T cell activation 
which will cause both direct T cell mediated cytotoxicity and the 
release of a variety of infl ammatory cytokines. This in turn will 
lead to tissue damage and be involved in causing the leakage of 
plasma in DHF.20

A second attack of DHF is very rare: it has been shown to occur 
in about 0.5% of cases in a study over a 16-year period at the 
Children’s Hospital in Bangkok.32
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Clinical features

DHF is a severe form of dengue infection that is accompanied 
by haemorrhagic diathesis and a tendency to develop fatal shock 
(dengue shock syndrome: DSS) as a consequence of plasma 
leakage selectively into pleural and peritoneal cavities. The clinical 
course could be divided into febrile, critical and convalescence 
phases (Figure 41.2).

Typically, the disease begins with the febrile phase with an 
abrupt onset of high fever, accompanied by facial fl ush and head-
ache. Some patients with an infected pharynx may complain of 
sore throat but rarely have rhinitis or cough. Anorexia, vomiting 
and abdominal pain are common. During the fi rst few days of the 
febrile phase, which usually lasts for 2–7 days, the illness resem-
bles dengue fever in many respects but a maculopapular rash and 
myalgia are less common. Occasionally the body temperature may 
be as high as 40–41°C and febrile convulsions may occur.

A haemorrhagic diathesis commonly presents in the febrile 
phase as scattered petechiae on extremities, axillae, trunk and face 
(Fig. 41.3). A positive tourniquet test and/or tendency to bruise at 
venepuncture sites are invariably present. Bleeding from the nose, 
gums and gastrointestinal tract are less common. Haematuria is 
extremely rare.

The liver is often enlarged, soft and tender but jaundice is 
not observed. Splenomegaly is rarely observed in small infants. 
Generalized lymphadenopathy is noted in about half of the 
cases.

The critical phase, which is the period of plasma leakage, is 
reached near or by the time the fever subsides. Accompanying, or 
shortly after, a rapid drop in the temperature there are varying 
degrees of circulatory disturbance. The patient is often sweating 
and restless and has cool extremities. In less severe cases (grade 
I, II) the changes in vital signs are minimal and transient; the 
patient recovers spontaneously or after a brief period of therapy. 
In more severe cases shock ensues. The skin is cold and clammy 
and the pulse pressure becomes narrow (≤20 mmHg) with a slight 
elevation of diastolic level, e.g. 100/80 mmHg. The course of 
shock is brief and stormy. If no treatment is given the patient 
deteriorates rapidly into the stage of profound shock with an 
imperceptible pulse and blood pressure and dies within 12–24 h. 
Prolonged shock is often complicated by metabolic acidosis 
and severe bleeding, which indicates a poor prognosis. However, 
if the patient is properly treated before irreversible shock has 
developed, rapid, often dramatic recovery is the rule. Infrequently, 
encephalitic signs associated with metabolic or electrolyte 
dis turbances, intracranial haemorrhage or hepatic failure (a 
form of Reye’s-like syndrome) occur and give rise to a more com-
plicated course and grave prognosis.12 The critical phase usually 
lasts 24–48 h.

The convalescence phase is usually short and uneventful. Sinus 
bradycardia is common. A characteristic confl uent petechial rash 
with scattered round areas of pale skin, as described in dengue 
fever, which is frequently observed on the lower extremities is 
found in about 20–30%. The course of the illness is about 7–10 
days in most uncomplicated cases.

A normal white blood count or leucopenia is common and 
neutrophils may predominate initially. Towards the end of the 
febrile phase there is a reduction in the number of total leucocytes 
and neutrophils shortly before or simultaneously with a relative 
increase in lymphocytes with the presence of atypical lympho-
cytes. The leucopenia usually reaches a nadir shortly before the 
temperature and platelets drop. This observation is valuable in 
predicting the end of the febrile period and the beginning of the 
critical phase. Thrombocytopenia and haemoconcentration are 
constant fi ndings. The platelet count drops shortly before or 
simultaneously with the haematocrit rise (≥20%) and both 
changes occur before the subsidence of fever and before onset of 
shock. Clotting abnormalities are usually found, especially in 
severe cases with shock. Other changes include hypoproteinaemia, 
hypoalbuminaemia, hyponatraemia and mildly elevated alanine 
aminotransferase/aspartate aminotransferase levels.33

Disease severity is arbitrarily classifi ed as ‘non-shock’ cases 
(grades I and II – grade II is more severe than grade I with the 
presence of spontaneous haemorrhage) and ‘shock’ cases (grades 
III and IV – the latter is a profound shock with imperceptible pulse 
and/or blood pressure).1

Figure 41.2 Dengue haemorrhagic fever: typical clinical course in a 
9-year-old girl (with secondary dengue infection). TT, tourniquet test; 
PMN, polymorphonuclear leucocytes; LYMP, lymphocyte; RA, Ringer’s 
acetate; HI, haemagglutination inhibition (antibody test by HI titres).
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Figure 41.3 (A–B) Massive gastric bleeding. (C) Coffee ground (old blood) vomitus. (D–F) Haemorrhagic diathesis: TT positive, easy bruising, 
petechiae. (G,H) Haemorrhagic manifestations, most common on skin as petechiae. (I) Subconjunctival haemorrhage.
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Diagnosis

The clinical features of DHF are rather stereotyped; thus it is pos-
sible to make a correct clinical diagnosis based on the major 
characteristic manifestations as described. The World Health 
Organization established criteria for clinical diagnosis:1,33 high 
continuous fever for 2–7 days; a haemorrhagic diathesis; 
hepatomegaly and shock; together with two laboratory changes: 
thrombocytopenia (≤100 000/mm3) with concurrent haemocon-
centration (haematocrit elevation of 20% or more). The time 
course relationship between the drop in platelet count and a rapid 
rise in haematocrit appears to be unique in DHF. These changes, 
which represent the major pathophysiological hallmarks of 
DHF, i.e. abnormal haemostasis and plasma leakage, clearly distin-
guish DHF from dengue fever and other diseases. Evidences of 
plasma leakage could be confi rmed by chest X-ray at the right 
lateral decubitus position or by ultrasound to detect pleural effu-
sion/ascites. A normal or low erythrocyte sedimentation rate (ESR) 
observed in DHF and DSS helps in differentiating DSS from 
septic shock.34

Virological diagnosis

Aetiological diagnosis can be confi rmed by serological testing and 
virus detection by isolation or molecular technique from the 
blood during the early febrile phase. Antibodies to dengue virus 
antigens increase rapidly in patients with secondary dengue infec-
tion. A diagnostic (four-fold) increase in dengue antibody by the 
haemagglutination inhibition test can usually be demonstrated 
from paired sera obtained early in the febrile phase or on admis-
sion, and 3–5 days later. A third specimen 2–3 weeks after onset 
is, however, required to confi rm diagnosis of primary dengue 
infection.1

Serological diagnosis by detection of anti-dengue IgM and IgG 
by enzyme-linked immunosorbent assay (ELISA) is now widely 
used to document primary and secondary infection. IgM antibody 
capture (MAC) – ELISA is a relatively new test. It is specifi c in 
distinguishing dengue from other fl avivirus infections and has the 
advantage over the haemagglutination test in that a defi nite diag-
nosis can be made from an acute blood specimen alone, with a 
sensitivity of about 78%; when convalescent sera are tested the 
sensitivity is >97%.35

Recently an ELISA assay for dengue NS1 antigen detection has 
been developed and commercial test kits are now available.

Management

The management of DHF is entirely symptomatic and supportive 
and is principally aimed towards replacement of plasma loss 
during the period of active leakage of about 24–48 h. Prognosis 
depends on early clinical recognition and frequent monitoring for 
a drop in platelet count and rise in haematocrit. Early volume 
replacement when the haematocrit rises sharply (≥20%) as plasma 
leaks out can prevent shock and/or modify severity.

The management of DHF during the febrile phase is similar to 
that of dengue fever. Usually DHF can not be distinguished from 
dengue fever until platelets drop, with a concurrent rise in haema-
tocrit as plasma leakage starts by the end of the febrile phase. 
Therefore parents or care takers should be advised to observe for 

the warning signs of circulatory disturbance and bring the patients 
to the hospital for proper treatment. The warning signs include:
• refuse food or drinking water
• become drowsy or restless
• protracted vomiting
• acute abdominal pain
• oliguria/thirsty
• worsening of general condition when temperature drops
• any bleeding.
Antipyretics may be needed to control the high fever; aspirin and 
ibuprofen must not be used (to avoid gastric irritation and severe 
bleeding and as a precaution to prevent Reye’s syndrome (aspirin) 
associated with dengue infection). Oral fl uid and electrolyte therapy 
are recommended for patients who have anorexia and vomiting.

The critical period when plasma leakage occurs and shock may 
develop is at the transition from the febrile to the afebrile phase, 
which is varied according to the duration of febrile phase (2–7 
days). Shock could develop as early as on the third day of illness 
in a patient whose febrile phase is two days. A drop in the platelet 
count to 100 000/mm3 or less usually precedes a rise in the hae-
matocrit. A rise in haematocrit of 20% or more (e.g. from baseline 
35% to 42% or more) indicates signifi cant plasma loss and intra-
venous fl uid therapy is indicated. In mild to moderately severe 
cases (grades I and II) fl uid therapy can be given for a period of 
12–24 h at an out-patient clinic where there are facilities to 
monitor vital signs and haematocrit. Patients who continue to 
have high haematocrit or present with any warning signs should 
be admitted to the hospital.

As there is active and continuous leakage of plasma into the 
pleural and peritoneal cavities during the critical period, judicious 
volume replacement is mandatory.

Guiding principles for volume replacement in DHF:
• Intravenous fl uid replacement is indicated when plasma leakage 

occurs, as indicated by rising haematocrit with concurrent 
thrombocytopenia

• The type of fl uid used should be isotonic solution that has an 
electrolyte composition similar to plasma, e.g. 5% dextrose in 
normal saline solution (NSS) or Ringer’s acetate solution. In 
case of massive leakage colloidal solution, e.g. Dextran 40 or 
other plasma expander may be needed

• The volume needed should be just suffi cient to maintain effec-
tive circulation, which could be guided by vital signs, urine 
output and haematocrit level. The total volume needed during 
the period of leakage is approximately maintenance plus 5–6% 
defi cit (similar to mild or moderate dehydration)

• The rate of fl uid infusion must be adjusted according to the 
rate and extent of plasma leakage, which is more rapid during 
the 6–12 h around the time temperature drops

• The need for intravenous replacement usually lasts for no longer 
than 48 h, the time by which plasma leakage stops. Fluid replace-
ment must be stopped when the haematocrit and vital signs 
become stable and return to normal and a diuresis ensues.

When shock has developed, satisfactory results have been obtained 
with the following regimen:
1. Immediately and rapidly correct hypovolaemia from plasma 

loss with isotonic salt solution at the rate of 10–20 mL/kg per 
hour until improvement in vital signs is apparent. In cases of 
profound shock with no blood pressure and/or pulse percep-
tible, a bolus of 10 mL/kg (1–2 bolus) should be given. 
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Colloidal solution may be needed if the haematocrit remains 
high after initial resuscitation. Oxygen should be given to all 
shock cases.

2. Continue to replace further plasma losses to maintain effective 
circulation for a period of 24–48 h. The rate of infusion should 
be reduced after initial resuscitation and adjusted according to 
rate of plasma leakage.

3. Correct metabolic and electrolyte disturbances e.g. metabolic 
acidosis, hypoglycaemia, hyponatraemia.

4. Blood transfusion is indicated in cases with signifi cant clinical 
bleeding, most often with haematemesis and melena. Fresh 
whole blood is preferable and the blood should be given only 
in volume to achieve a normal red cell concentration. Blood 
components, e.g. concentrated platelets are rarely needed.

A case with persistent shock, despite adequate volume replace-
ment and declining haematocrit level (e.g. from 50% to 40%), 
indicates signifi cant (concealed) bleeding which requires prompt 
blood transfusion. It is a most diffi cult situation to recognize and 
estimate the degree of internal blood loss with the presence of 
haemoconcentration due to plasma loss. It is thus recommended 
to give fresh whole blood in small volumes (10 mL/kg) at a time. 
Then follow-up vital signs, haematocrit, for further bleeding.

Haematologic indicators such as coagulogram, prothrombin 
time, partial thromboplastin time, and thrombin time should be 
measured in all shock cases to document the onset and severity 
of DIC; results of these tests can provide valuable information for 
proper management and prognosis.

Fluid overload is the most common complication of fl uid 
therapy in DHF/DSS. It is important to adjust the rate of intrave-
nous infusion according to the rate of plasma leakage as guided 
by the haematocrit level, vital signs and urine output to avoid 
excessive fl uid replacement. It must be emphasized that the 
total volume of fl uid replacement should be just suffi cient to 
maintain effective circulation during the period of leakage. Exces-
sive fl uid infusion will cause massive pleural effusion and ascites 
leading to respiratory compromise. Fluid replacement must be 
discontinued when leakage stops after 48 h. If further fl uid replace-
ment is given at this stage it can cause cardiac failure 
and/or acute pulmonary oedema when extravasated plasma is 
reabsorbed.33

With this regimen the fatality rate of DHF cases at the Chil-
dren’s Hospital in Bangkok has fallen to below 0.5%. There is no 
evidence that corticosteroids are of benefi t in reducing the fatality 
rate or reducing the disease severity.36 The effi cacy of heparin in 
the treatment of cases with severe bleeding from disseminated 
intravascular coagulation has not been proved.14,37

Good nursing care with close observation 24 h a day is essential 
for management of patients with DHF/DSS.

Epidemiology

Since it was fi rst recognized in the Philippines in 1954, DHF has 
occurred in Thailand, Malaysia, Singapore, Sri Lanka, Vietnam, 
India, Myanmar and Malaysia, several Pacifi c islands, China, Laos 
and Kampuchea. Between 1956 and 1995, there were 3 683 023 
cases with 58 554 deaths reported from 12 Asian countries, the 
Pacifi c Islands, Cuba and Venezuela. The fi rst outbreak of DHF to 
occur outside the South-east Asian and Western Pacifi c regions 

was in Cuba in 1981. Since then sporadic cases of DHF have been 
reported from the Caribbean and small outbreaks occurred in 
Venezuela in 1989 and Rio de Janeiro in 1991.38 Between 1981 
and 2005, DHF has emerged to become a major public health 
problem in 28 countries in tropical America. There were 34 739 
reported cases of DHF with 514 deaths reported between 1981 and 
1995. More adult cases were observed in these areas.3,18 Recent 
outbreaks of DHF in adults who had DENV2 in 1997 following 
primary DENV1 infection in 1977 or 1981 in Cuba confi rmed the 
role of secondary infection and sequence of DENV1–DENV2 
infections as risk factors for the occurrence of DHF. It is note-
worthy that DENV2 involved in the outbreak both in 1981 and 
1997 in Cuba was of South-east Asian genotype.6,18

Outbreaks occur most frequently in areas where environ-
mental conditions are optimal for dengue transmission and 
multiple types of dengue virus are simultaneously endemic or 
sequentially epidemic, and infections with heterologous types are 
frequent. In endemic areas where dengue infection is frequently 
asymptomatic and occurs in early childhood, classical dengue 
fever is rarely a recognizable disease among indigenous people. 
DHF occurs most frequently in children aged between 2 and 15 
years. Older, and many of the younger, inhabitants are usually 
immune and escape DHF. However, cases in infants as young as 
2 months and in young as well as aged adults have been increas-
ingly reported. DHF is usually associated with secondary dengue 
infection but can appear during a primary infection, especially in 
infants under the age of 1 year, all of whom possess maternal IgG 
dengue antibody.11 Notably, DHF in older children associated with 
primary infection caused by DENV-1 and DENV-3 is not uncom-
mon. With increasing reports of dengue in adults, neonatal dengue 
cases including DHF as a result of vertical transmission have also 
been increasing.39

A seasonal incidence pattern usually coincides with the rainy 
season in many countries in tropical zones.

Prevention and control

The control of dengue depends on control of the vector, particu-
larly Ae. aegypti, an anthropophilic domestic mosquito which lives 
intimately with its human host(s). These mosquitoes breed 
primarily in man-made containers such as those used for water 
storage, fl ower vases, old jars, tin cans and used tyres in and 
around human dwellings. Elimination of these breeding sites is 
an effective and defi nitive method of controlling the vector and 
preventing dengue transmission. The use of larvicides and insec-
ticides during outbreaks has some limitations. Efforts are now 
focusing on health education and community participation in an 
attempt to control the vector(s) by eliminating or reducing the 
breeding sites.1

There is no dengue vaccine available for public health use at 
present. Research is in progress to develop an effective and safe 
tetravalent dengue vaccine. Many candidate dengue vaccines, e.g. 
live attenuated, inactivated whole virus, and recombinant vaccines 
are in the process of development. Some have been in phase 2 fi eld 
trials.40 In the absence of a dengue vaccine for public health use at 
present, prevention and containment of dengue outbreaks will 
require an effective long-term vector control with community par-
ticipation and aggressive epidemiological surveillance.
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Section 6 Viral Infection

Chapter 42 Tom Solomon and Gail Thomson

Viral Haemorrhagic Fevers

Few diseases create such fear among the general public and health-
care community as the viral haemorrhagic fevers (VHFs). Although, 
in terms of the actual risks, this fear is often unfounded, there are 
many questions relating to the origin, pathogenesis, treatment 
and control of VHFs that remain to be answered. The term haem-
orrhagic fever dates back to the 1930s, when it was fi rst used to 
describe an outbreak occurring in the region encompassing the 
Manchurian–Russian–Korean triangle in East Asia, which was 
probably caused by a hantavirus.1

EPIDEMIOLOGY

The haemorrhagic fever viruses are a diverse group of viruses from 
four viral families – the Arenaviridae, Filoviridae, Bunyaviridae 
and Flaviviviridae – which are considered together because of the 
similarity of the clinical syndrome they produce (Table 42.1). 
There have important differences in their natural cycles, geograph-
ical distributions, and their potential for nosocomial transmis-
sion, which can be confusing. The epidemiology can be simplifi ed 
by considering three questions (see Figure 42.1):
• How is the virus transmitted in its natural cycle – via arthro-

pods, directly or unknown?
• How do human index cases get infected – via insects, directly 

or unknown?
• Is there nosocomial transmission from the human index case 

to secondary cases?
Most haemorrhagic fever viruses exist in enzootic (animal) 

cycles, causing little harm in their natural hosts. Humans become 
infected by these viruses coincidentally when they encroach upon 
this enzootic cycle. (Dengue is an important exception because 
humans are the natural host.) The viruses are transmitted naturally 
between host animals either via biting insects, or directly via excre-
tions such as urine.2 Those that are transmitted by insects – dengue, 
yellow fever, Crimean–Congo haemorrhagic fever (CCHF) and 
Rift Valley fever (RVF) – are labelled with the ecological term 
arboviruses (arthropod-borne viruses – Chapter 40). Viruses trans-
mitted naturally via animal excreta include Lassa and Hantaan, 
the cause of haemorrhagic fever with renal syndrome (HFRS).

Some haemorrhagic fever viruses are particularly important 
because of their potential for direct transmission from one human 
to another, in blood and other secretions. This group includes 
Lassa fever, CCHF, and Ebola and Marburg – whose natural cycle 
remains unknown.

PATHOGENESIS

Although different pathophysiological processes occur in different 
VHFs, the following are common:
• vascular damage, which may be due to direct viral invasion of 

endothelial cells, complement and cytokine activation, and 
immune complex deposition

• disorders of coagulation, which may be due to thrombocyto-
penia (caused by bone marrow suppression and increased con-
sumption), abnormal platelet function, impaired production 
of clotting factors by the liver, and disseminated intravascular 
coagulation (DIC)

• immunological impairment, which inhibits the immune 
response and allows uncontrolled viral replication

• end-organ damage, which is most often due to direct viral 
cytopathology (e.g. hepatic damage in yellow fever), or in some 
cases is due to the host infl ammatory response (e.g. nephritis 
in HFRS).

CLINICAL FEATURES

The clinical manifestations that may result from these patho-
physiological processes include:
• Increased vascular permeability which allows leakage of plasma 

from the vessels into the tissue and leads to two problems:
–  low blood pressure, which may manifest with cold clammy 

and sweaty skin, irritability, drowsiness, and, in children, a 
prolonged capillary refi ll time and a narrow pulse pressure 
(i.e. the difference between systolic and diastolic BP is less 
than 20 mmHg); if uncorrected, secondary complications 
of hypovolaemic shock occur, such as acidosis, renal failure, 
and other metabolic complications3

–  pulmonary oedema, pleural effusions, oedema of the face 
and neck (which can all contribute to respiratory failure); 
in some VHFs, pericardial and retroperitoneal effusions.

• Haemorrhagic manifestations are sometimes relatively minor, 
e.g. skin petechiae, bruising, oozing from venepuncture sites, 
gum or nose bleeding. More serious manifestations include 
gastrointestinal bleeding. However, for most VHFs, when shock 
occurs, it is a result of vascular leakage, not haemorrhage.

• Increased capillary fragility, determined by a positive tourni-
quet test (Figure 42.2).
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Natural
cycle

Lassa
Ebola and
Marburg

Hantaan
(HFRS)

Human
infection

Nosocomial
spread

Directly transmitted viruses Anthropod-borne viruses

?

Crimean–Congo HF RVF
Yellow
fever Dengue

Figure 42.1 Ecological overview of viral haemorrhagic fevers, showing natural cycle, transmission to humans, and potential for nosocomial 
spread. Note the distinction between directly transmissible viruses, arboviruses, and those transmitted by both routes (CCHF and RVF). HF, 
haemorrhagic fever; HFRS, haemorrhagic fever with renal syndrome; RVF, rift valley fever.

• Hepatic failure, including mild hepatitis and jaundice or ful-
minant hepatic failure.

• Renal failure, which may be a consequence of hypovolaemia, 
or, in HFRS, direct renal damage.

• Encephalopathy, which may be secondary to the severe meta-
bolic disturbances or, for some VHFs, caused by virus invading 
the central nervous system (CNS).4

MANAGEMENT OF VHF

Although the general principles are the same, the practicalities of 
managing a suspected case of VHF in a traveller returning from 
the tropics are different from those of managing a patient locally 
during a known epidemic. Specifi c issues for each disease are 
addressed later in the chapter. In general, management incorpo-
rates:
• identifying, diagnosing and treating a suspected VHF patient
• for the directly transmissible VHFs, limiting any further 

spread
• identifying others who may have been infected.

IDENTIFYING VHF CASES

Most patients with suspected VHF turn out to have malaria, 
typhoid, gastroenteritis or another non-transmissible disease. A 

travel history should include details of not only the countries 
visited, but also the regions of the country. Under natural cir-
cumstances, the directly transmissible VHFs are most often 
acquired in rural rather than urban areas. Because their impor-
tance may not be realized by the patient, specifi c questions 
should be asked about activities which could potentially have 
allowed exposure to haemorrhagic viruses, e.g. caving, exposure 
to monkeys, or to rat urine. In addition, it is important to ascer-
tain whether they were in contact with any sick individuals, their 
tissues, or even those of sick animals. An interval of 3 weeks or 
more between the last possible exposure and onset of illness rules 
out the diagnosis of VHF. Many early symptoms are non-specifi c, 
but certain features should ring alarm bells (Figure 42.3). These 
include pharyngitis (especially if there are ulcers on the pharynx 
or it is severe enough to cause pain on eating), retrosternal chest 
pain, conjunctival injection, and prostration. Haemorrhagic man-
ifestations may not be obvious initially. Look for gum bleeding, 
petechiae in the axillae and skin folds, and microscopic haema-
turia, and perform a tourniquet test (Figure 42.2). Vascular 
leakage may also not be apparent immediately. Ask relatives if 
they think the patient’s face looks puffy around the eyes. A decu-
bitus chest X-ray may reveal a small pleural effusion. Laboratory 
investigations that may suggest a VHF include a rising haemato-
crit (a consequence of increased vascular permeability, which is 
easily measured and a useful early marker of impending shock), 
leucopenia, thrombocytopenia, elevated transaminases, pro-
longed clotting times and proteinuria.

Identifying VHF Cases
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A

B

C

Figure 42.2 The tourniquet test of capillary fragility. A blood 
pressure cuff infl ated to halfway between systolic and diastolic pressure 
for 5 minutes (A) causes more than 20 petechiae in a 2.5 cm square 
over the forearm (B & C). Note also bruising around a venepuncture 
site in the antecubital fossa. (Photo: Tom Solomon.)

DIFFERENTIAL DIAGNOSIS OF VHF

The differential diagnosis of VHF includes many causes of fever 
in the tropics (Table 42.2). Repeated blood fi lm examination by 
an experienced technician may be needed to exclude malaria, 
especially if the patient had prophylaxis, or partial treatment. 
Blood cultures should be performed, and presumptive treatment 
will often be started before a diagnosis of VHF is considered.5

DIAGNOSIS

Extreme care must be taken in obtaining specimens, and they 
must be labelled so that their infectivity is clear. Serum, throat 
swabs, urine and, where appropriate, CSF samples should be sent 
to laboratories with biosafety level (BSL)-4 facilities. VHFs are 
diagnosed by virus isolation, reverse transcription PCR (RT-PCR) 
or antigen detection early in the disease, or by antibody detection 
later in the illness. PCR and antigen detection enzyme-linked 
immunosorbent assays (ELISAs) have the advantage that they can 
be performed on clinical samples that have been rendered non-
infectious by γ-irradiation. The traditional serological method 
used for diagnosing many VHFs, the indirect fl uorescent antibody 
test, has been replaced by IgM and IgG capture ELISAs.

TREATMENT

The antiviral drug ribavirin (a guanosine analogue) is effective in 
Lassa fever and CCHF, and, based on laboratory data and limited 
clinical data, it should also be used in severe RVF and HFRS. An 
intravenous (i.v.) loading dose of 30 mg/kg should be followed 
by 16 mg/kg i.v. every 6 hours for 4 days, then 8 mg/kg i.v. every 
8 hours for 6 days.3 All VHF patients should be given oxygen, pain 
relief and gentle sedation, if necessary, and supportive treatment 
for the complications of infection:
• Hypovolaemic shock: this occurs as a consequence of increased 

capillary permeability. Patients need to be rehydrated with 
intravenous colloid or crystalloid. However, injudicious use 
can lead to respiratory failure because of pulmonary oedema. 
For some VHFs, e.g. dengue haemorrhagic fever in children, 
treatment protocols have been published.5 Intravenous crystal-
loid is recommended before colloid, though recent studies 
from Vietnam suggest earlier use of a colloid may be benefi cial 
in patients who are severely shocked.6–8 For Ebola and Marburg, 
treatment with oral rehydration solution is preferable to intra-
venous rehydration, where possible. It puts healthcare workers 
at less risk, and may be less likely to lead to oedema and hypo-
kalaemia. However, many such patients are severely weakened, 
unable to sit up or hold a cup, and can only manage small sips. 
Yet, with extensive support from nursing staff or relatives, some 
patients will drink many litres of fl uid in the fi rst 24 hours, and 
subsequently survive. Daily provision of a 5 L plastic can of 
oral rehydration solution to each patient allows easy assess-
ment of their fl uid intake. Reducing the concentration to 80% 
and adding orange juice concentrate may improve patients’ 
intake (Mardel S, personal communication). Ionotropes are 
useful in some VHFs, particularly late in the disease or if there 
is evidence of cardiac dysfunction.
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1. Obtain a travel history:

Directly transmissible VHF(a)

Directly transmissible VHF

Recent contact (< 3 weeks) with any sick individual with unexplained
fever and bleeding

Africa
Middle East

Asian subcontinent
Europe
Far East

Americas

Ebola/
Marburg Lassa

South
American

VHFs

Cleaning
basements,

etc.

Pharyngitis

Conjunctival injection

Retrosternal chest pain

Prostration

Rash

Venepuncture oozing

Petechial haemorrhages

Mucosal bleeding

Facial oedema

Small pleural effusions

Abdominal pain

Tender hepatomegaly

Proteinuria

Haematuria

Renal impairment

Prolonged TT, APTT

Raised transaminase levels

CCHF RVF(b)

Ebola/
Marburg Lassa

South
American

VHFs
CCHF RVFb

Non-directly transmissible VHF

DHFHFRS
Yellow
fever

Non-directly transmissible VHF

DHF YFHFRS

+

6. Start intravenous ribavirin if likely to respond:

– + + + ––++

2. Ask about activities that may have caused exposure to virus:

Exposure to
human cases

Early features

Shock

Pleural effusions

Ascites

Pericardial effusions

Haematemesis

DIC

Hepatic failure

Renal failure

Encephalopathy

Acidosis
Late features

?Monkeys
?Bats

Jungle visits,
caving

Farming,
harvesting

Farming, abattoir work,
rural activities

Rodent excreta Livestock Monkeys
(urban) (rural)

Rodent
excreta

Rural,
agricultural

work

Urban
mosquito
exposure

Jungle
mosquito
exposure

Exposure to
animal reservoir

Activities
undertaken

+
+

+
+

+ + +
+
+

+

+

+
+
+

+

+

+

–

– – –

3. Look for suggestive clinical features:

Leucopenia

Thrombocytopenia

Rising haematocrit

4. Consider investigative findings common in VHFs:

For a directly transmissible VHF, begin isolation procedure;
alert medical, nursing, laboratory, cleaning and laundry staff and public
health officials

For non-transmissible VHF,
ensure standard safe practices are being
followed; inform public health authorities

5. If malaria film and other tests negative and patient deteriorating despite presumptive treatment, suspect VHF:

Notes:
a Directly transmissible between humans.
b Patients with VHF due to RVF should be treated as infectious, although direct transmission between humans has not yet been shown.

Figure 42.3 Algorithm for suspecting VHF in the febrile patient.

Treatment
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• Fluid overload is common, especially since in some VHFs the 
vascular permeability can return to normal rapidly. The rate of 
fl uid infusion needs to be carefully tailored according to the 
vital signs, haematocrit, and urine output. Even cautious treat-
ment may precipitate fl uid overload. Central venous pressure 
monitoring using a line inserted via a compressible site, such 
as the internal jugular or femoral veins, or measurement of 
pulmonary capillary wedge pressure with a Swan-Ganz cathe-
ter, if possible, is helpful. Diuretics and ventilatory support are 
sometimes needed.

• Respiratory failure may occur secondary to swelling of the neck 
and larynx, pulmonary oedema or effusions.

• Bleeding diatheses: in many patients this presents as minor 
bleeding. Blood transfusions are therefore not required in most 
patients. Fresh frozen plasma is used in severely ill patients 
with deranged clotting. Although thrombocytopenia is 
common, it is not normally severe enough to require platelet 

transfusions. Intramuscular injections should be avoided, as 
should aspirin because of its antiplatelet effects, and potential 
to further damage the liver in a Reye’s-like syndrome.

• Acid–base imbalance, renal failure, liver failure and encepha-
lopathies are managed along standard lines.

RECOVERY

For survivors of VHFs, especially fi lovirus outbreaks, there are 
major issues to deal with in terms of their own psychological state, 
and being accepted back into the community. Witnessing other 
patients dying of Ebola was a major negative experience for some 
survivors in one outbreak.9 World Health Organization (WHO) 
outbreak teams now include anthropologists, psychiatrists and 
psychologists. Something as simple as a letter stating it is now safe 
for a survivor to return to their village may be helpful.

Table 42.2 Differential diagnoses of viral haemorrhagic fever

VIRAL HAEMORRHAGIC FEVERS (IN ORDER OF INCIDENCE) FEVER WITH RASH DUE TO ARBOVIRUSES

Dengue haemorrhagic fever
Haemorrhagic fever with renal syndrome
Yellow fever
Lassa fever
Crimean–Congo haemorrhagic fever
Argentine, Bolivia, and Venezuelan haemorrhagic fevers
Rift Valley fever
Kyasanur Forest disease and Omsk haemorrhagic fever
Ebola and Marburg haemorrhagic fevers

Alphaviruses
 Barmah Forest
 Chikungunya
 O’nyong nyong
 Mayaro
 Ross River
 Sindbis
Bunyaviruses
 Oropouche
Coltiviruses
Colorado tick feverFEVER WITH RASH/HAEMORRHAGE DUE TO 

PARASITES/BACTERIA

Parasites
 Malaria
Bacteria
 Meningococcus
 Typhoid
 Septicaemic plague
 Shigella
 Any severe sepsis with DIC
Rickettsia
 Tick and epidemic typhus
 Rocky mountain spotted fever
Spirochaetes
 Leptospirosis
 Borrelia

FEVER WITH RASH DUE TO NON-ARTHROPOD-BORNE VIRUSES

Enteroviruses
 Coxsackieviruses
 Echoviruses
 Enteroviruses 68–71
Paramyxoviruses
 Measles
Herpesviruses
 Herpes zoster virus 
 Human herpesvirus 6 and 7
Orthomyxoviruses
 Infl uenza A and B
Rubiviruses
 Rubella

FULMINANT HEPATIC FAILURE MISCELLANEOUS

Hepatitis viruses A–E
Paracetamol and other drugs
Reye’s syndrome
Alcohol

Drug reactions
Toxins
Acute surgical emergencies (upper gastrointestinal bleeding)
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PREVENTION OF NOSOCOMIAL SPREAD

Patients with suspected directly transmissible VHF should be iso-
lated from other patients and strict barrier-nursing techniques 
practised. The risk of human-to-human transmission is highest 
during the later stages of the disease. Hospital staff coming into 
contact with patients should wear personal protective equipment 
(PPE) such as gowns, gloves, goggles and masks, which must not 
be reused unless disinfected. A ‘buddy system’ has proved a useful 
way of ensuring PPE is worn properly. Needlestick injuries carry 
the greatest risk of transmission to healthcare workers, and so 
extreme care should be taken. Thought also needs to be given to 
the ‘administrative issues’ and physical environment. Where pos-
sible, staff should work in a safe, well-lit building with a reliable 
water supply, and ‘traffi c control’ of patient and staff movements. 
Staff should have regular rest time to reduce the risk of mistakes. 
There should be regular disinfection, and the patient should use 
a chemical toilet.

The risks of respiratory spread of VHFs between humans are 
low (possibly documented once only for Lassa fever10), but, in the 
West, patients are transferred to specialized isolation units with 
negative pressure or a tent facility.

Laboratory staff processing samples for routine investigations 
and for tests to rule out other causes (e.g. full blood count and 
blood fi lm) must also be warned about the nature of the speci-
mens. Particular attention should be paid to the disposal of clin-
ical waste and sharps.

When patients die, preparation of the body by traditional 
healers can result in further spread of the virus.11 Thus, an early 
priority in an outbreak is training personnel to become burial 
teams. Patients should be promptly buried or cremated by special-
ist teams trained to avoid the risk of further contamination.12 
However, allowing relatives to view the body in a safe manner 
before burial is important. In African settings where directly trans-
missible VHFs may occur, advance planning, which includes train-
ing staff in VHF procedures, and identifying a VHF coordinator, 
may save many lives in the event of an outbreak. Comprehensive 
manuals are available to facilitate such planning.5

Some have found the following algorithm useful to remind 
healthcare workers of the important points to prevent nosocomial 
spread (Mardel S, personal communication):
A – Alert – be alert to the possibility of a VHF
B – Barriers – use personal protective equipment and isolation 

facilities/practices
C – Clean and disinfect where appropriate
D – Disposal – safely dispose of all waste generated
E – Evaluate – keep all measures under constant evaluation.

Contact tracing

Contact tracing requires the identifi cation of hospital personnel, 
family members and others who may have had contact with the 
patient (usually before the diagnosis was suspected). ‘High-risk’ 
contacts who were exposed to blood, secretions or body fl uids, or 
had close physical contact with the patient should have their body 
temperature checked twice daily for 3 weeks after their last contact. 

Any in whom the temperature rises above 38.5°C should be 
immediately hospitalized, isolated and ribavirin started if appro-
priate. Casual contacts who are only at low risk should be warned 
of their low risk of exposure and asked to report any fever.

The presence of VHFs in the community causes much fear and 
alarm. In the African setting, identifying community leaders and 
other resources to help educate about the risks of transmission 
can be very important. When VHF cases occur in the West, dealing 
with the media is one important and time-consuming aspect of 
the care.

ARENAVIRUSES

Arenaviruses cause chronic infections of rodents indigenous to 
Europe, Africa, America and possibly other continents. They are 
transmitted between rodents via their urine, and humans become 
infected when they come into contact with excreted viruses. For 
some there may then be secondary nosocomial transmission. 
Lymphocytic choriomeningitis virus (LCMV), the fi rst arenavirus 
isolated, was discovered during a study of a St Louis encephalitis 
epidemic in 1933. It has received most attention as a model of 
viral immunology, being instrumental in developing concepts of 
immune tolerance, immune complex disease, and cytotoxic T cell 
function13 LCMV is not typical of other arenaviruses in that in 
humans it causes occasional CNS, rather than haemorrhagic, 
disease. It is transmitted by the house mouse (Mus complex) and 
is widely distributed. Serosurveys have shown an antibody preva-
lence of 10% in parts of Europe and America.14

The fi rst haemorrhagic arenaviruses isolated were Junin virus, 
which causes Argentine haemorrhagic fever, and then Machupo 
virus, which causes Bolivian haemorrhagic fever.15 Lassa virus, the 
most important arenavirus to humans, was recognized in Africa 
in 1969.16 In total, seven arenaviruses cause signifi cant disease in 
humans and at least 11 others have been isolated (Table 42.3, 
Figures 42.4 & 42.5). The New World arenaviruses are each asso-
ciated primarily with a single rodent host, and are focal in their 
geographical distribution. Phylogenetics studies have shown that 
they are closely related to each other, and group separately from 
the Old World arenaviruses.17

Virology

Arenaviruses (genus Arenavirus, family Arenaviridae) are small 
single-stranded RNA viruses, usually 100–130 nm in diameter 
(but ranging from 50 to 500 nm), with a lipid membranous 
envelope that contains projections on the surface. Within the 
virion are cellular ribosomes which resemble grains of sand on 
electron microscopy (arena = Latin for sand) and two circular 
nucleocapsid segments. The genome comprises two linear seg-
ments of single-stranded RNA: a long (L) segment, which encodes 
the viral RNA polymerase and a zinc-binding protein, and a 
small (S) segment, encoding the nucleoprotein (NP) and two 
glycoproteins (GP-1 and GP-2). Most of the genome is negative 
sense, but a small portion is positive sense, making it an ambisense 
virus.

Arenaviruses
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Table 42.3 Arenaviruses pathogenic for humans*

Virus Disease Natural host Geographical distribution

OLD WORLD ARENAVIRUSES

Lassa Lassa fever Mastomys species West Africa

Lymphocytic choriomeningitis Aseptic meningitis Mus domesticus, Mus muluscus Europe, Americas, ?elsewhere

NEW WORLD ARENAVIRUSES

Junin Argentine haemorrhagic fever Calomys musculinus Argentine pampas

Machupo Bolivian haemorrhagic fever Calomys callosus Beni region of Bolivia

Guanarito Venezuelan haemorrhagic fever Zygodontomys brevicauda Plains of Venezuela

Sabia Not yet named Unknown São Paulo, Brazil

Whitewater Arroyo Not yet named Neotoma albigula Southern USA

*Arenaviruses isolated that are not signifi cant pathogens for humans include the Old World viruses, Mopeia, Mobala and Ippy, and the New World viruses, Tacaribe, 
Amapari, Parana, Tamiami, Pichinde, Latino, and Flexel virus, which has caused two symptomatic laboratory infections.

Lassa
Mopeia

Probable Lassa

Oliveros

Parana

Junin

Machupo

Cupixi
Amapari

Tacaribe

Pirital

Latino

Pichinde

Flexal

Sabia

Guanarito

Whitewater
Arroyo

Figure 42.4 Geographical location of Lassa virus and the related Old 
World arenavirus, Mopeia.

Figure 42.5 Geographical location of New World arenaviruses, 
including those that cause disease in humans (•), and those that are 
not signifi cant human pathogens (+).17Pathogenesis of Arenavirus infections

Following aerosol inhalation, arenaviruses are believed to initially 
replicate in the lung and hilar lymph nodes before disseminat-
ing.17 The reticuloendothelial system, and particularly the macro-
phages, are major sites of replication throughout infection. 
Immunosuppression facilitates chronic infections in rodents, and 
probably contributes to the pathogenesis in humans. The exact 
mechanisms leading to haemorrhage and vascular leakage are 
incompletely understood, but pathological changes in the host 
tissues are relatively minor, and infl ammatory cells are minimal 

or absent.18 Direct viral invasion of vascular endothelium has been 
demonstrated in vitro and, to a lesser extent, in vivo,19 and may 
lead to damage of blood vessels.20 Mild thrombocytopenia and 
disrupted coagulation may also contribute.20,21

Cytokines secreted from infected macrophages are thought to 
be responsible for many of the circulatory changes seen and are 
associated with a worse prognosis. Unlike other viral haemor-
rhagic fevers, activation of complement or coagulation pathways 
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does not appear to be important in the pathogenesis. Immuno-
logical recovery from arenavirus infections is now thought to 
mostly be mediated by cellular immunity. Production of neutral-
izing antibodies is late and ineffi cient in Lassa fever, but may be 
more important with other arenaviruses.18

Pathology of Arenavirus infection

At autopsy of the liver there is a focal eosinophilic necrosis of 
hepatic cells with the presence of eosinophilic bodies resembling 
Councilman bodies (seen in yellow fever). The extent of necrosis 
is not thought to be suffi cient to explain the observed hepatic 
insuffi ciency22 but animal models show that histologically normal 
hepatocytes are also infected. The spleen shows lymphoid deple-
tion with areas of eosinophilic necrosis; the lungs show pleural 
and peritoneal effusions and focal patches of pneumonitis, and 
the kidneys focal necrosis of renal tubules. There are interstitial 
haemorrhages in other organs. The CNS shows meningoencepha-
litis with oedema, congestion, neuronophagia and perivascular 
cuffi ng.

Lassa fever

In 1969, a nurse in a mission hospital in Lassa, north-eastern 
Nigeria, developed a febrile illness with haemorrhage, was trans-
ferred to a hospital in Jos, Nigeria, and subsequently died.10 Two 
other nurses at the second hospital became ill, and a new arena-
virus was isolated from one of them, who had been evacuated to 
New York, by arbovirologists at Yale University.16,23 It has since 
been shown that Lassa virus is common in West Africa, and 
although Lassa fever can be fatal, and person-to-person transmis-
sion is a risk, neither the lethality nor the contagiousness is as 
pronounced as was initially suspected. However, during the 1970 
outbreak, one of the physicians involved (Dr Jeanette Troup) died 
– thought to have become infected while performing an autopsy. 
Deaths of healthcare workers has sadly been a recurrent theme in 
the fi ght against this disease.24

Epidemiology

Lassa virus is enzootic in the ubiquitous West African multimam-
mate mouse (Mastomys natalensis), in which it causes a chronic 
asymptomatic infection with constant excretion of virus in the 
urine, droppings and saliva. This peri-domestic rodent lives in or 
near human dwellings, breeds year round and is widely distrib-
uted across Africa (Figure 42.4). The virus is stable and infectious 
in aerosols, and is transmitted horizontally between rodents, as 
well as vertically to their offspring. Humans are thought to be 
infected by inhalation of the virus. In addition, excreta containing 
virus may be ingested with food, or enter through cuts. Secondary 
cases of Lassa fever may occur by nosocomial spread, mostly 
through needlestick injuries and other direct contact with infec-
tious bodily fl uids. Although air-borne transmission was postu-
lated to be signifi cant in one outbreak,10 it is not generally thought 
to be a major risk.25 Because of the high prevalence of Lassa virus, 
and its relatively long incubation period, it is the most common 
directly transmissible VHF of international travellers. Cases have 
occurred in the USA, the Netherlands, Japan, Israel Germany and 
the UK.26

Geographical distribution

Lassa fever is confi ned to West Africa, though related arenaviruses 
(not pathogenic for humans) occur in other parts of Africa (Figure 
42.4). The virus has caused major outbreaks in Nigeria, Guinea, 
Liberia and Sierra Leone. In addition, antibody surveys and occa-
sional confi rmed cases implicate the Ivory Coast, Mali, Burkino 
Faso and Senegal. Serological surveys indicate that millions of 
West Africans have antibody. In most cases the infection causes a 
minor illness or inapparent infection.27 However, recent estimates 
suggest that over 200 000 people are infected per year across West 
Africa, causing over 3000 deaths and leaving another 30 000 
people with deafness.28 Cases peak in the dry season, but out-
breaks occur when human exposure to Mastomys increases. For 
example, major outbreaks were associated with the migration of 
nearly 100 000 people to the surface diamond mines in Sierra 
Leone.27 More recently, armed confl icts in Sierra Leone and Liberia 
have created the circumstances for enhanced transmission to 
humans.

Clinical features

Patients typically present 7–14 days after exposure to the virus, 
though the incubation period may range from 5 days to 3 weeks. 
There is a gradual onset of non-specifi c fever with malaise and 
myalgia, followed by conjunctival injection, sore throat, cough, 
chest pain, and abdominal pain with vomiting and diarrhea.29 The 
pharynx is often infl amed with characteristic white or yellow 
patches on the tonsils, and sometimes ulcers. The pain may be so 
severe that patients are unable even to swallow their saliva. In a 
case–control study performed over 2 years in Sierra Leone (1977–
1979), a combination of fever, pharyngitis, retrosternal pain and 
proteinuria was found to be the best predictor of Lassa fever (pre-
dictive value together 0.81).29 In patients with mild disease, these 
features resolve within 10 days. However, in a proportion, there 
is a rapid progression, with facial and laryngeal oedema (which 
causes stridor and respiratory distress), central cyanosis, a mild 
bleeding diathesis and shock. Once patients have overt bleeding, 
the chances of recovery are slim.21 Pleural and pericardial effu-
sions are common, and there may be bradycardia. There is often 
mild thrombocytopenia. Neurological complications include con-
fusion, tremors, convulsions and coma, and carry a poor progno-
sis. Sensorineural deafness, which may be bilateral, occurs as a 
late complication in 30% of patients, and is thought to be immune-
mediated.30 About half of the patients show a near or complete 
recovery by 3–4 months after onset, but in others signifi cant deaf-
ness persists and may become permanent. Infection with Lassa 
virus is also an important cause of admission among children.31 
Like other arenaviruses, Lassa crosses the placenta into the fetus, 
causing abortion and maternal death (particularly in the third 
trimester). The virus has also been isolated from milk, and may 
be a risk to breast-feeding infants. In one case–control study 
involving 1087 patients admitted with a febrile illness in Sierra 
Leone, 441 were confi rmed as Lassa fever and the case fatality rate 
was 16.5%.29

Investigations reveal that the platelets are often reduced and 
have been shown in vitro to have dysfunction. The leukocyte 
count may be normal, low or even moderately elevated. The 
plasma aspartate amino transferase (AST) is usually elevated, and 
albuminuria is common.

Arenaviruses
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Prognostic indicators

Approximately 15% of hospitalized patients die. A prospective 
clinical study found patients with vomiting, sore throat, 
tachpynoea, bleeding, diarrhoea or pyrexia (≥39°C) were more 
likely to die. The combination of fever, sore throat and vomiting 
carried fi ve times the risk of death.29 Other poor prognostic indi-
cators include the peak viraemia, peak Lassa virus antigen level, 
and elevation in the plasma AST, above150 IU/mL.32 Elevated 
viraemia and AST together carry a risk of death of nearly 80%.28

Differential diagnosis

The most important conditions in the differential include falci-
parum malaria, typhoid, other VHFs, meningococcaemia and sep-
ticaemia. (Table 42.2). In one study, concurrent infections occurred 
in 43% of patients.20 In an endemic area of Sierre Leone, the 
combination of fever, exudative pharyngitis, retrosternal pain and 
proteinuria was able to distinguish Lassa fever from other febrile 
illness with a positive predictive value of 80%.29

Laboratory diagnosis

Lassa fever is confi rmed by isolating virus from blood, throat 
swabs or urine in a BSL-4 laboratory, or by demonstrating anti-
body to the virus. Viraemia persists into the second week, and 
virus can also be isolated from urine and semen for 2–3 months 
(hence, precautions must be taken in convalescence). A new ELISA 
that detects Lassa virus antigen and RT-PCR allow more rapid 
diagnosis. The traditional technique for detecting antibodies, the 
indirect fl uorescent antibody test, lacked specifi city. It is being 
replaced by a new IgM ELISA, which has high sensitivity and 
specifi city for acute infection, and an IgG ELISA that can be used 
to diagnose recent infection.33

Management

As with other VHFs, the issues in management are to treat the 
patient, identify others who may have been infected, and limit any 
further spread (see p. 765). Close monitoring for evidence of 
vascular leak, such as oedema, a rising haematocrit or proteinuria, 
is important, as these signs may indicate progression to severe 
disease.20

High-dose intravenous ribavirin administered during the fi rst 
6 days reduces the mortality signifi cantly.34 It has been used prin-
cipally in patients with a poor prognosis (i.e. those with an AST 
>150 IU/mL). Oral ribavirin also has some effect, and has been 
used as prophylaxis for close contacts, or given at the fi rst sign of 
fever. Immune convalescent serum with high antibody content 
has also been used, with apparent success. However, there are 
concerns about the transmission of infectious agents, including 
Lassa virus itself, during such treatment, as well as practical diffi -
culties of collection and storage. The development of standardized 
monoclonal antibody directed against specifi c Lassa virus epitopes 
offers one possible future therapeutic approach. In the vast major-
ity of cases, Lassa virus is not transmitted from a patient to second-
ary cases. Early in the disease and in mild cases, the risks of 
transmission are thought to be minimal. However, virus has been 
detected intermittently in the urine for up to 60 days after infec-
tion, and so the patients should be given appropriate advice to 

minimize the chance of infecting others. Nosocomial outbreaks 
and infection of multiple contacts is more likely for patients who 
are severely ill.

New treatments are in development. In human dendritic cells 
and macrophages, type I interferons or their inducers are involved 
in the control of Lassa virus replication.35 In a hamster model of 
infection with the related arenavirus Pichinde, combined treat-
ment with ribavirin and interferon alfacon-1 was effective.36 The 
identifi cation of α-dystroglycan as a receptor for Lassa virus,37 as 
well as LCMV, may point the way towards new interventions, as 
may the discovery of a key structural protein, protein Z, as a crucial 
component in viral budding.38

Control

Although complete control of the rodent reservoir, Mastomys, is 
not possible, reducing their numbers (by trapping, poisoning and 
using cats) and their contact with humans may have some effect. 
An inactivated vaccine, despite producing high titres of antibody 
against all viral proteins, does not prevent virus replication and 
death in experimental animals – probably refl ecting the impor-
tance of T cell immunity in controlling infection. Vaccination of 
macaque monkeys with vaccinia virus expressing Lassa virus struc-
tural nucleoproteins and glycoproteins protects against Lassa 
virus, and offers hope for the development of a human 
vaccine.39

Argentine haemorrhagic fever

Argentine haemorrhagic fever was fi rst recognized in the 1950s, 
and the arenavirus responsible, Junin virus, was isolated in 
1958.17

Epidemiology

The virus is enzootic in Calomys voles (particularly Calomys mus-
culinus) which inhabit the maize fi elds of the pampas. Agricultural 
workers are exposed to the virus by contact with the rodent and 
its excretions, particularly at harvest times. At its peak, between 
100 and 800 cases were diagnosed annually.

Clinical features

Patients present with a non-specifi c febrile illness. Within 3 to 4 
days they may be prostrated and have signs of vascular damage, 
which include conjunctival injection, facial and neck fl ushing, 
mild hypotension, and petechiae in the axilla, soft palate and 
gingival margin.15 Neurological signs are more common than in 
Lassa fever, and include irritability, lethargy, hyporefl exia, and 
tremor of the tongue and hands. In severe cases there is bleeding 
of the mucous membranes, haemorrhage, shock, anuria, coma 
and convulsions. Untreated, approximately 15–30% of hospital-
ized patients die.

Diagnosis

The diagnosis is confi rmed in the fi rst few days of illness by isola-
tion of Junin virus from blood (in a BSL-4 laboratory), or antigen 
ELISA. Subsequently, IgM and then IgG antibodies are detected by 
ELISA.
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Treatment

Immune treatment with convalescent plasma from patients who 
have recovered reduced the mortality of Argentine haemorrhagic 
fever from 15–30% to 1–2%. However, it is associated with a late 
neurological syndrome in 10% of patients. Preliminary studies 
with ribavirin have also been promising.17 A range of other poten-
tial therapeutic agents have been identifi ed by high-throughput 
screening, and are being assessed in animal models.40 The recent 
identifi cation of transferrin receptor 1 as a cellular receptor for 
Junin, and related New World Arenaviruses, may point the way 
towards new therapies.41

Prevention and control

Control of the rural rodent Calomys is not practical. A live attenu-
ated Junin vaccine is effective40 and has been used widely among 
adult males and, more recently, women and children. Its use in 
pregnant women should be avoided because of the risk to the 
fetus.17

Bolivian haemorrhagic fever

Bolivian haemorrhagic fever is caused by the arenavirus Machupo 
virus, which appears to be confi ned to the Beni, an isolated agri-
cultural region in north-east Bolivia. The clinical features are 
similar to those of Argentine haemorrhagic fever. The natural host 
is the rodent Calomys callosus, which lives in the grasslands and 
invades houses in villages and small towns. Urban cases have been 
reduced with rodent trapping, but rural cases continue. One of 
these was recently followed by six fatal secondary cases in family 
members.17

Venezuelan haemorrhagic fever

Guanarito virus was discovered in 1990 during investigations of 
VHF cases that followed the clearing of forests in the municipality 
of Guanarito on the plains of Venezuela (Figure 42.5). The cane 
mouse Zygodonomys brevicauda is thought to be the main natural 
host. However, the risk of infection is low even in those with high 
occupational exposure to appropriate hosts.42 Clinically, Venezu-
elan haemorrhagic fever is similar to Argentine haemorrhagic 
fever, with thrombocytopenia, bleeding and, in some cases, neu-
rological involvement.43

Sabia virus infection

This arenavirus was isolated from a patient with a fatal viral haem-
orrhagic fever, who was from Sabia, outside São Paulo, Brazil, in 
1990. There was extensive liver necrosis, and yellow fever was 
initially suspected. Later, a laboratory worker and a virologist 
became infected. The latter was successfully treated with ribavi-
rin.44 The natural host of Sabia virus, presumed to be a rodent 
localized to this part of Brazil, has yet to be identifi ed.

Whitewater Arroyo virus

This virus is a newly recognized North American arenavirus. It was 
fi rst isolated from the white-throated woodrats (Neotoma albigula) 

collected from north-western New Mexico, but is widely distrib-
uted throughout the south-western United States.45 To date, two 
human cases of VHF had evidence of acute Whitewater Arroyo 
virus infection.

FILOVIRUSES

In 1967, an outbreak of haemorrhagic fever occurred among 
employees of a viral laboratory in Marburg, and spread to medical 
personnel and their relatives. Similar events occurred in Frankfurt, 
and in Belgrade, former Yugoslavia, at around the same time. The 
outbreak was traced to African green (Vervet) monkeys (Cercopi-
thicus aethiops) imported from Uganda. A long fi lamentous virus 
was isolated from both humans and monkeys, and named Marburg 
virus (see Figure 42.6).46 Nine years later, two further epidemics 
of haemorrhagic fever occurred simultaneously in Africa (Table 
42.4). One originated in villages near the Ebola river in the rain-
forests of the Democratic Republic of Congo (then known as 
Zaire), the other 600 km away in southern Sudan (see Figure 
42.7). Secondary nosocomial spread was an important feature of 
both outbreaks. A virus, morphologically identical to but anti-
genically distinct from Marburg, was isolated from both sites and 
named Ebola.47 Subsequently, the two distinct biotypes were des-
ignated Ebola Zaire and Ebola Sudan, the former appearing to 
have a higher mortality rate. Two further subtypes have been 
isolated since then, including one originating in the Philippines, 
which caused an outbreak in Reston outside Washington DC (see 
below) (Table 42.4). The natural host and ecology of the viruses 
have remained elusive despite extensive investigation. However, 
procedures for controlling outbreaks have been devised, and 
shown to be effective.48

The search for the fi lovirus reservoir

The natural reservoir of Ebola and Marburg viruses remains 
unknown. Primary infection in humans has always occurred in 
rural areas (sometimes bat-infested), or following contact with 
non-human primates. However, primates are unlikely to be the 
natural hosts, given that the virus causes disease in them, and they 
do not have latent infections. Studies in South Africa have shown 
that, following inoculation, bats have a prolonged asymptomatic 
viraemia, which one would expect for a natural host.49 Similar 
experiments have failed to show fi lovirus replication in insects, 
reptiles or plants. It is presumed that the natural reservoir is a 
small mammal that has largely asymptomatic infection, and does 
not live in close association with humans.50 Attempts to fi nd evi-
dence of natural infection have so far proved negative in more 
than 3000 vertebrates (including 500 bats) and 30 000 arthro-
pods.51 However, Ebola virus RNA has been detected in a small 
number of rodents and shrews from the Central African Republic, 
suggesting they have been exposed to the virus, even if they are 
not the natural reservoir.52

Virology

Filoviruses (fi lo = thread in Latin) appear as long, fi lamentous, 
U-, branch- or S-shaped rods, or more compact convoluted forms 

Filoviruses
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Table 42.4 Outbreaks and cases of fi lovirus disease

Virus and 
subtype

Year Location No. of cases Mortality 
rate (%)

Source and spread

MARBURG VIRUS

 Marburg 1967 Germany (Marburg and 
Hamburg), Yugoslavia 
(Belgrade)

32 23 First ever cases, from Vervet monkeys 
imported from Uganda

 Marburg 1975 South Africa (Johannesburg) 3 33 Index case infected in Zimbabwe, travelled 
to South Africa; secondary cases in 
companion and nurse

 Marburg 1980 Western Kenya (Nzoia) 
then Nairobi

2 50 Index case in Mount Elgin region; secondary 
case was in infected doctor who survived

 Marburg 1987 Western Kenya (Kisumu) 1 100 Visited bat-infested cave in Mount Elgon 
region

 Marburg 1999 DRC (Yambuku) 86 57 Community outbreak

EBOLA VIRUS

 Ebola Zaire 1976 DRC (Yambuku) 318 88 Unknown origin, nosocomial spread

 Ebola Sudan 1976 Southern Sudan (Maridi) 284 53 Origin in a bat-infested cotton factory; 
nosocomial spread

 Ebola Zaire 1977 Zaire (Tandala) 1 100 Sporadic case

 Ebola Sudan 1979 Southern Sudan (Nzara and 
Yambio)

34 65 Site close to 1976 outbreak

 Ebola Reston 1989 USA (Reston, Virginia) 4 0 Disease in monkeys imported from 
Philippines; humans asymptomatic

 Ebola Reston 1990 USA (Reston, Virginia, 
and Texas)

0 0 Monkeys imported from Philippines only

 Ebola Reston 1992 Italy (Sienna) 0 0 Monkeys imported from Philippines

 Ebola Zaire 1994 Gabon (Minkouka) 44 63 Origin unknown; outbreak identifi ed 
retrospectively in 1995

 Ebola Côte d’Ivoire 1994 Ivory Coast (Tai Forest) 1 0 Conducted autopsy on dead chimpanzee, 
evacuated to Switzerland

 Ebola Côte d’Ivoire 1994 Liberia 1 0 Serological diagnosis only

 Ebola Zaire 1995 DRC (Kikwit) 315 77 Source unknown; secondary nosocomial and 
family cases

 Ebola Zaire 1996 Gabon (Mayibout) 31 68 Contact with dead monkeys; secondary 
family cases

 Ebola Zaire 1996 Gabon (Booué) 60 75 Index case a hunter; secondary nosocomial 
cases included doctor transferred to South 
Africa, and nurse infected there

 Ebola Reston 1996 USA (Alice, Texas) 0 0 Monkeys imported from Philippines

 Ebola Sudan 2000 Uganda (Gulu) 425 53 Community and nosocomial cases

DRC, Democratic Republic of Congo (formerly Zaire).

(Figure 42.6). They are composed of a lipid bilayer envelope with 
glycoprotein spikes, surrounding a helically wound nucleocap-
sid.53 The virions are 80 nm in diameter, and may be as long as 
14 000 nm. Within the nucleocapsid is a single strand of nega-
tive-sense RNA encoding seven structural proteins – NP, VP35, 
VP40, GP, VP30, VP24 and L. The viral envelope is composed of 

host-derived plasma membrane studded with a virally encoded 
type 1 glycoprotein (GP), which mediates viral entry into host 
cells. VP24 protein is also likely to be part of the envelope. The 
viral polymerase complex is composed of the large (L) protein 
and a phosphoprotein (VP35). Assembly of the replicated virus 
within the cell cytosol is thought to be led by VP40.54
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Pathogenesis and pathology of fi lovirus infections

The pathogenesis of fi lovirus disease appears to be a combina-
tion of direct viral cytopathology, cytokine-mediated vascular 
leakage, and an impairment of the host immune response 
(including an infl ammatory response) that inhibits clearance of 
the virus.

Macrophages and monocytes are thought to be infected early, 
impairing the immune response, and disseminating the virus 
around the body. Viral particles are found in endothelial cells, 
macrophages and the parenchymal cells of almost all organs in 
the body.55 The increased vascular permeability is thought to be a 
result of direct infection with virus, and the effects of elevated 
levels of cytokines. Tumour necrosis factor (TNF)-α, interleukin 
(IL)-2, IL-10, interferon (IFN)β and IFNγ are all elevated in fi lovi-
rus infections.56 Virus-like particles containing the Ebola virus 
transmembrane glycoprotein are potent activators of endothelial 
cells.57 In vitro studies suggest the GP protein on the virus’s outer 
coat may have a major role by inhibiting T cell proliferation and 
causing loss of endothelial cell adhesion.58 In most fatal cases, no 
antibodies are detected. In prolonged cases and survivors, a 
delayed humoral response occurs, but a vigorous cell-mediated 
immune response is thought to be the major mechanism of viral 
clearance.59

More recent studies of cytokine and chemokine responses in 
fatal cases, survivors and asymptomatic infections (close contacts 
of cases who seroconverted) have helped elucidate the critical role 
of the infl ammatory response. A transient early release of pro-

infl ammatory cytokines (IL-1β, IL-6, TNF-α, macrophage infl am-
matory protein [MIP]-1α and MIP-1β) is seen in survivors,60 which 
is similar to that seen in asymptomatic infection,61 but is not seen 
in fatal cases.60 CD4 and CD8 T cells are important in virus clear-
ance in a mouse model of Ebola infection.62 When human CD4 
and CD8 cells are infected in vitro, massive virus-mediated apop-
totic cell death occurs,63 and clinical studies have shown reduced 
T cells, including activated CD8 T cells, in fatal cases, compared 
with survivors.64

Pathologically there is extensive necrosis in the parenchymal 
cells of many organs, particularly the liver, spleen and kidneys, 
without much infl ammatory infi ltrate. Soluble glycoprotein from 
the virus has been shown to inhibit the infl ammatory response.57 
In the liver, intracytoplasmic inclusion bodies (aggregates of viral 
nucleocapsid material) are seen in intact hepatocytes.

Transmission to humans

Secondary human cases of fi lovirus infection occur among those 
who come into contact with patients, their blood or other secre-
tions. In the early outbreaks, the reuse of unsterilized needles and 
lack of barrier nursing led to rapid nosocomial spread. Family 
members who have contact with body fl uids are also at risk. Occa-
sionally, those who have just touched the skin have become 
infected (e.g. mourners at a burial services).65 This may be 
explained by histological studies showing virus in the skin and in 
sweat glands. The exact route of entry is unknown for all second-
ary cases, but based on animal models is thought to be via cuts 
in the skin and contact with the conjunctivae. There is no fi rm 
evidence for aerosol spread in humans, though it has been shown 
in animals, and there is concern over large droplets and fomites.66 
Marburg virus has been isolated from semen, and sexual transmis-
sion has been documented. Serological surveys using ELISAs have 
revealed an antibody prevalence of around 10% among gold 
panners in Gabon and rural villagers in the Democratic Republic 
of Congo.

Ebola haemorrhagic fever

Epidemiology and geographical distribution

The fi rst outbreaks of Ebola haemorrhagic fever occurred in 1976 
simultaneously in northern Democratic Republic of Congo (then 
Zaire) and southern Sudan47 (Figure 42.7). No clear index case 
was identifi ed in the Congo outbreak, but in the Sudan outbreak 
the fi rst patients came from a bat-infested cotton-weaving factory. 
In both outbreaks, subsequent spread to relatives, hospital staff 
and other patients occurred. In 1989, another Ebola subtype 
(Ebola Reston) was isolated from sick cynomoglus monkeys that 
had been imported to the USA from the Philippines, and were 
being kept at a holding facility in Reston, Virginia. There were no 
human cases, but serological evidence showed humans had had 
asymptomatic infection with Ebola Reston. On subsequent 
occasions, the same virus has been isolated from sick monkeys 
imported to the USA and Italy, which always originated from the 
same export facility in the Philippines. How the virus arrived at 
this facility is uncertain. In 1994, an ethnologist became sick after 

Figure 42.6 Electron micrograph of Ebola virus, showing the long 
fi lamentous forms. (Courtesy of Centers for Disease Control and 
Prevention.)

Filoviruses
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performing a necropsy on a chimpanzee in the Ivory Coast. She 
was evacuated to Switzerland and the fourth Ebola species, Ebola 
Cote d’Ivoire, was isolated. Ebola Zaire caused a large outbreak 
around Kikwit, Democratic Republic of Congo, in 1995, with 325 
cases (81% fatal), and in 2000–2001 there were 425 cases (53% 
fatal) of Ebola Sudan in Uganda. In December 2001, a new out-
break of Ebola haemorrhagic fever was confi rmed in Gabon (65 
cases, 50 fatal), with 37 cases in the neighbouring Republic of 
Congo (19 fatal). In 2002 there were a further 13 cases in the 
Republic of Congo, with further larger outbreaks in 2003 (one of 
143 cases with 128 deaths, one 35 cases with 29 deaths). The last 
Ebola outbreak in the Republic of Congo was 2005, when there 
were 12 cases. After 20 years of no Ebola cases in Sudan, an out-
break occurred in 2004, when there were 17 cases of Ebola Sudan 
subtype. An outbreak occurred in the Democratic Republic of 
Congo and there is an outbreak ongoing in Uganda as this volume 
goes to press (December 2008).

Clinical features

After an incubation period of 4 to 10 days, patients present with 
an abrupt onset of fever, severe headache, myalgia, abdominal 
pain, diarrhoea and sore throat, with herpetic lesions on the 
mouth and pharynx.67 Asthenia (lack of strength and energy) is 
also very common. There is severe conjunctival injection and 
gingival haemorrhages. A maculopapular rash may be evident 

(especially on white skin). This is followed by bleeding with 
petechiae, echymosis, oozing from venepuncture sites, mucosal 
haemorrhage, haematemesis and bloody diarrhoea. In one out-
break, approximately 40% of patients had bleeding manifesta-
tions.68 Neurological manifestations (hemiplegia, psychosis, 
coma, convulsions) are common. Later complications include 
shock, severe metabolic changes, and a diffuse coagulopathy. 
Death occurs most commonly around day 10. Tachypnoea was a 
better predictor of fatal outcome than was haemorrhage.68 Mortal-
ity rates are higher for Ebola Zaire (60–90%) than Ebola 
Sudan (50–60%), and higher among patients who were infected 
by injection.48,67

Laboratory investigations reveal an initial leucopenia and lym-
phopenia, with a later increase in neutrophils and the appearance 
of large abnormal lymphocytes with dark cytoplasm (virocytes). 
There is a marked thrombocytopenia, and experiments in non-
human primates have shown abnormal platelet function. Serum 
transaminases are elevated, whereas alakaline phosphatase and 
bilirubin are normal or only mildly elevated.

Differential diagnosis

The differential diagnosis for Ebola infection is broad. In patients 
with appropriate risk factors (travel to endemic areas, or potential 
contact with infected people or animals), the presence of fever, 
abdominal pain and bloody diarrhoea should arouse suspicion in 
the physician.

Laboratory diagnosis

Ebola infection is diagnosed early in the disease by virus isolation 
in Vero cells, RT-PCR or antigen-capture ELISAs. Higher viral loads 
are detected by RT-PCR in the blood of fatal cases than in that of 
survivors;69 virus can also be detected in the saliva.70 In those who 
survive long enough to make them, IgM and then IgG antibodies 
can be detected by ELISAs.71

Treatment

Patients are managed as for other VHFs (see p. 765), the empha-
sis being on providing compassionate care, whilst minimizing the 
risk to healthcare workers and other patients.

There is no established antiviral treatment. IFNα, although 
used in one patient, has little effect in vitro or in animal models. 
Convalescent serum has been used, as has whole blood transfused 
from convalescent patients, with some apparent improvement.72 
However, with no control patients, interpretation of these fi ndings 
is diffi cult. Moreover, a neutralizing human monoclonal anti-
body, KZ52, which protects guinea pigs, was shown to have no 
effect on viral replication or outcome in rhesus macaque monkeys, 
even at very high doses.73 Alternative approaches include modulat-
ing the host response to the infection, or using vaccines for post-
exposure treatment, similar to the approach used for rabies. 
rNAPc2 is a recombinant nematode anticoagulant protein that 
inhibits tissue factor-initiated blood coagulation, and provided 
some protection in the macaque model.74 A recombinant vesicular 
stomatitis virus-based vaccine expressing Ebola virus glycoprotein 

Ebola
Marburg

Mount Elgon

Figure 42.7 Location of outbreaks or isolated cases of Ebola and 
Marburg haemorrhagic fevers in Africa (Ebola subtype Reston has been 
isolated in monkeys from the Philippines).
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protected small animals and macaques if given soon after expo-
sure to the virus.75 It might offer protection to those exposed in 
laboratory accidents, or in controlling secondary transmission 
during outbreaks.

Prevention and control

Since the source of Ebola virus and the means by which humans 
become infected are not known, primary prevention is not pos-
sible, although contact with sick or dead primates should be 
avoided. Control measures are therefore focused on limiting the 
spread from primary to secondary cases. This comprises contain-
ment of suspected cases, and contact tracing to identify further 
possible cases (see p. 769). In recent outbreaks there has been less 
nosocomial spread, probably because of better implementation of 
these practices. For example, in Zaire in 1995 nearly 30% of cases 
occurred in medical personnel, compared with less than 7% in 
Uganda in 2000.48,67

There is no vaccine for Ebola. However, the recombinant vesic-
ular stomatitis virus-based vaccine, described above, is protective 
in a mouse model, when given orally as well as systemically.76 
Virus-like particle vaccines are also showing promise, providing 
protection in macaques,77 and an adenovirus-based vaccine is pro-
tective in mice.78

Marburg haemorrhagic fever

Epidemiology

Marburg virus was the fi rst fi lovirus identifi ed, when, in 1967, it 
caused an outbreak of haemorrhagic fever in a polio vaccine lab-
oratory in Marburg, Germany. It affected laboratory staff who 
handled blood tissue or cell cultures from African green monkeys. 
Secondary cases occurred in Marburg and Frankfurt and in Bel-
grade (former Yugoslavia).46 There were 31 cases with seven 
deaths. The monkeys had been imported from the Kyoga region 
of Uganda, in a shipment that included sick monkeys. Excess 
deaths had also been seen among monkey colonies near Lake 
Kyoga to the east of Mount Elgon in Kenya (Figure 42.7). A few 
sporadic cases occurred in 1975 and 1987 (Table 42.4), and then 
in 1999 there was a large community outbreak in the Democratic 
Republic of Congo. This started among gold-mine workers in 
Durba and affected around 100 people, with 60% mortality.79 In 
addition, up to four cases of suspected Marburg fever were reported 
from the Democratic Republic of Congo during March 2002. 
There was a large Marburg outbreak in Angola in 2005, with 374 
cases, including 329 deaths. More recently, Marburg reappeared 
in Uganda, killing one.

Clinical features

The clinical features are similar to those of Ebola, but the mortal-
ity is around 25–30%. Uveitis complicated one case80 and virus 
was isolated from the anterior chamber of the eye 80 days after 
onset. In one laboratory infection, the illness was mild and recov-
ery complete after a long convalescence.

Diagnosis

Like Ebola virus, Marburg virus is diagnosed during the acute 
stage by virus isolation, PCR or antigen detection. Virus has 
been isolated from semen up to 3 months after the initial infec-
tion. In survivors, IgM and then IgG antibodies are subsequently 
elevated.

Control

Secondary control of Marburg infection is the same as that of 
Ebola: namely, barrier nursing to prevent, and tracing and moni-
toring of contacts.

BUNYAVIRIDAE

The family Buyaviridae is made up of fi ve genera:
• the Hantavirus genus includes Hantaan virus, the cause of 

haemorrhagic fever with renal syndrome (HFRS)
• the Nairovirus genus includes Crimean–Congo haemorrhagic 

fever virus
• the Phlebovirus genus includes Rift Valley fever virus
• the Bunyavirus genus contains viruses that cause fever with 

rash (e.g. Oropouche) or CNS disease (e.g. La Crosse encepha-
litis) but not VHF, and so is not discussed further in this 
chapter

• the Tospovirus genus includes plant viruses but has no human 
pathogens.

Virological properties

All members of the family Bunyaviridae are spherical virions, 
90–100 nm in diameter, with a lipid envelope that contains gly-
coprotein peplomers and encloses three circular nucleocapsids. 
The genome consists of three linear segments of single-stranded 
RNA, designated L (large), M (medium) and S (small), which code 
for a transcriptase (L protein), a nucleocapsid protein (N), and 
two glycoproteins (G1 and G2). Most have negative-sense 
genomes, but the S segment of Phleboviruses is ambisense.

Haemorrhagic fever with renal syndrome (HFRS)

During the Korean war of 1950–1952, more than 3000 United 
Nations troops developed a disease characterized by fever, haem-
orrhagic manifestations, acute renal failure and shock, with up to 
10% mortality,81 which was originally named Korean or epidemic 
haemorrhagic fever. In 1978, the virus which caused it was iso-
lated from the fi eld mouse (Apodemus agrarius),82 and named 
Hantaan virus after the river where the original cases occurred. 
Similar diseases with different names had been recognized earlier 
in China, and the former Soviet Union. Later, three other hanta-
viruses were isolated and shown to be associated with similar 
clinical syndromes elsewhere: Dobrava virus causes a severe haem-
orrhagic fever syndrome in the Balkans, Seoul virus causes a 
milder syndrome in the Far East, and Puumula virus causes 
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Table 42.5 Summary of major hantaviruses causing disease in humans

Virus Disease Natural host Geographical distribution

CAUSING HFRS

Hantaan HFRS (previously known as Korean or epidemic 
haemorrhagic fever)

Apodemus agrarius Asia, Far East, Russia

Dobrava Severe HFRS Apodemus fl avicollis Balkans, Europe

Seoul Mild HFRS Rattus norvegicus, R. rattus Worldwide

Puumala HFRS with predominant renal disease: ‘nephropathia 
epidemica’

Clethrionomys glareolus Beni region of Bolivia

CAUSING HPS

Sin Nombre HPS Peromyscus maniculatus North America

Andes HPS Oligoryzomys longicaudatus Argentina and Chile

HFRS, haemorrhagic fever with renal syndrome.
HPS, hantavirus pulmonary syndrome. At least 16 other hantaviruses, each associated with its own host in the Sigmodontinae rodent subfamily, have been isolated in 
the Americas; many of these viruses cause HPS.

HPS HFRS

Hantaan and Seoul
Dobrava

Puumala
Sin Nombre

Figure 42.8 Location of major hantaviruses causing haemorrhagic fever with renal syndrome (HFRS) and hantavirus pulmonary syndrome 
(HPS).

‘nephropathia epidemica’ in Scandinavia (Table 42.5, Figure 
42.8). Subsequently, these diseases have all been grouped together 
as haemorrhagic fever with renal syndrome (HFRS). In 1993, a 
new syndrome of fever, non-cardiogenic pulmonary oedema and 
shock was described in North America (hantavirus pulmonary 
syndrome – HPS). It is caused by Sin Nombre virus, transmitted 
by the common deer mouse (Peromyscus maniculatus). Related 

hantaviruses transmitted by different rodents cause HPS through 
much of North and South America.

Epidemiology and geographical distribution

Following infection, rodents excrete hantaviruses in urine, faeces 
and saliva for several months. Transmission among rodents is 
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thought to occur primarily by biting and scratching. Humans 
become infected following inhalation of infectious virus in rodent 
excretions.83 There is no evidence of human-to-human transmis-
sion. Most cases of hantavirus disease are sporadic, but epidemics 
do occur (see below). Each hantavirus is associated with a unique 
rodent host, and its epidemiology and geographical distribution 
refl ect that natural reservoir.

Hantaan virus causes epidemic HFRS in Korea, eastern China 
and far-eastern Russia. Because it is transmitted by a fi eld mouse 
(Apodemus agrarius), agricultural workers are at greatest risk of 
infection. Most cases of HFRS occur in adult males, and peak in 
the autumn, possibly because virus-infected mice are abundant at 
this time, and exposure is increased during the harvest. Approxi-
mately 100 000 cases are reported annually from China, and up 
to 1000 in Korea.

Dobrava virus is transmitted by the rural Apodemus fl avicollis 
and causes a similar severe HFRS in the Balkans and possibly other 
parts of Europe. Approximately 200 cases are seen annually. Epi-
demics have been seen in times of confl ict, when rodent popula-
tions are high, and the number of troops and civilians living 
outside is increased. During 2005, more than 1000 cases were 
seen in Belgium, France, Germany, the Netherlands and 
Luxembourg.84

Seoul virus is transmitted by the domestic rat (Rattus norvegicus 
and R. rattus) and causes mild HFRS in urban areas. Although this 
rodent and the virus are found worldwide, for reasons that are 
unclear, Seoul virus-related HFRS is rare outside of China, Korea 
and laboratory institutions that house rats. Cases of HFRS due to 
Seoul virus peak in the spring and early summer, and are fre-
quently related to cleaning barns or basements, or other activities 
that result in human exposure to rodent excreta.

Puumula virus causes nephropathia epidemica which is a milder 
disease, and is transmitted by the bank vole (Calomys callosus) 
across Scandinavia and northern Europe, including the UK.

Pathogenesis and pathology

Hantaviruses are thought to infect humans primarily via the respi-
ratory mucosa, entry into cells being mediated by cell surface 
integrins. Viral DNA is detectable in patients’ blood early in the 
disease. Viral antigens are subsequently found in endothelial cells 
throughout the body, particularly in the kidney in HFRS85 and the 
lung in HPS. However, there are no viral cytopathic effects associ-
ated with these infected cells, and, unlike most VHFs, the damage 
is thought to be mediated by the host immune response. In HFRS, 
renal biopsies show acute tubulointerstitial nephritis, with a mod-
erate infl ammatory infi ltrate, increased expression of cytokines 
(TNF-α, TGF-β, platelet-derived growth factor), upregulation of 
endothelial adhesion molecules (CD54, CD106, VCAM, CD31), 
and deposition of immune complexes. Similar changes are seen 
in the lung in HPS. As with other VHFs, the bleeding manifesta-
tions are thought to be due to a combination of increased vascu-
lar permeability (caused by a combination of viral infection, 
complement activation, the cytokine cascade, and immune 
complex deposition) and a reduced number of functionally 
impaired platelets. There is some evidence that certain HLA hap-
lotypes (HLA-B8 DRB1*301) are associated with more severe 
disease.

Clinical features

Classically, patients with infected with Hantaan or Dobrava virus 
go through fi ve phases. After an incubation period that is relatively 
long for VHFs (usually 2–3 weeks, but ranging from 2 days to 2 
months), patients present with an acute fl u-like illness. There is 
fl ushing of the face and neck, with conjunctival and pharyngeal 
injection, which are thought to refl ect capillary dilatation. Lower 
back pain caused by retroperitoneal oedema is also common. The 
febrile phase is followed by a hypotensive phase, with mild shock 
lasting 1–2 days and haemorrhagic manifestations. These range 
from a mild petechial rash to major gastrointestinal bleeding, 
and are associated with marked thrombocytopenia and, in some 
patients, a low-grade DIC. An oliguric phase associated with 
hypertension and biochemical renal failure follows, contributing 
to about half the deaths if untreated.81 At this stage there may also 
be pulmonary oedema and CNS signs. Patients who survive then 
have a diuretic phase that may last several months, followed by a 
convalescent phase. The mortality of patients with these classical 
features is 5–15%, though many patients with milder disease are 
probably not recognized. Laboratory fi ndings include leukocyto-
cis, thrombocytopenia, a rising haematocrit, deranged clotting 
and rising proteinuria.

Patients infected with Seoul virus tend to have milder HFRS, 
typically with just febrile and mild haemorrhagic manifestations. 
Hepatomegaly and hepatic impairment with mildly elevated 
serum transaminase levels is common. Puumula infection results 
in the mildest form of HFRS, with fever, mild hypotension, and 
petechiae rather than haemorrhage. Around the sixth day there is 
oliguria or renal failure, and this is often the cause of hospital 
admission (hence the pseudonym nephropathica epidemica). 
About 10% of patients require renal dialysis, and about 20% of 
patients have mild transient neurological features (e.g. confusion, 
dizziness).

Differential diagnosis

In endemic parts of Asia and northern Europe, any febrile patient 
with thrombocytopenia and renal impairment should be ques-
tioned about possible rodent exposure, and investigated for han-
tavirus infection. The differential includes leptospirosis, typhus, 
pyelonephritis, post-streptococcal glomerulonephritis, an acute 
abdomen and other haemorrhagic fevers.

Diagnosis

Since antibodies are almost always in evidence at presentation, 
hantavirus infections are diagnosed serologically. The indirect 
fl uorescent antibody test has been replaced by IgM capture ELISAs 
which use infected cell preparations or recombinant nucleocapsid 
proteins as antigen. Attempts to isolate the virus are usually nega-
tive (presumably because of the strong host immune response), 
but RT-PCR has been used.

Treatment

In a double-blind placebo-controlled trial, ribavirin was shown 
to reduce the mortality and morbidity of HFRS in China.86 Sup-
portive treatment is similar to that for other VHFs (see p. 768), 
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paying particular attention to fl uid balance and the risk of renal 
failure. In the febrile phase, overhydration should be avoided; 
during the hypotensive phase, salt-poor plasma expanders and 
ionotropes should be used; during the oliguric phase, electrolyte 
balance and acid–base status should be carefully monitored. 
Severe hyperkalaemia, or fl uid overload causing pulmonary 
oedema, should be treated with haemodialysis or peritoneal 
dialysis. Data from animal models suggest that a post-exposure 
prophylaxis regimen consisting of passive immunoprophyaxis 
and active vaccination might be effective for HPS, as has been 
shown for other viral diseases such as rabies, hepatitis A and B, 
and varicella.87

Prevention and control

Measures to minimize human exposure to rodent excreta include 
trapping rodents, rodent-proofi ng homes, correctly storing food, 
airing closed cabins, and removing rodent droppings. Several for-
malin-inactivated vaccines for Hantaan and Seoul viruses are used 
in Asia, and recombinant DNA vaccines are in development.88

Crimean–Congo haemorrhagic fever (CCHF)

CCHF is an arboviral infection, transmitted by ticks, which causes 
a severe viral haemorrhagic fever with high mortality and the 

potential for secondary nosocomial spread. Crimean haemor-
rhagic fever was fi rst described in people bitten by ticks while 
harvesting crops in the Crimean peninsula in 1944, though 
descriptions of a compatible disease have existed since antiquity.89 
After the virus was isolated in 1967, it was shown to be identical 
to Congo virus, which had been isolated from a febrile child in 
1956 in the Belgian Congo (now the Democratic Republic of 
Congo),90 and the combined name has been used since. CCHF 
virus is a member of the Nairovirus genus (family Bunyaviridae), 
which contains at least 32 principally tick-borne viruses, though 
a few isolates have been made from culicoides fl ies and mosqui-
toes. The genus is named after the prototype, Nairobi sheep 
disease virus, which was isolated from sheep in 1910. This virus, 
along with Dugbe virus, causes occasional mild febrile disease in 
humans.

Epidemiology and geographical distribution

CCHF virus is maintained in nature in ixodid ticks, which are 
fi eld-dwelling three-host ticks. Virus is transmitted vertically to the 
tick’s offspring (via transovarial and trans-stadial transmission), 
venereally from males to females for some species, and horizon-
tally to vertebrate hosts, when the ticks take a blood meal. Ticks 
of the genus Hyalomma appear to be the most important vectors 
for transmitting CCHF virus to vertebrates. The wide geographical 
distribution of CCHF in Eastern Europe, Asia and Africa coincides 
with the distribution of Hyolamma ticks (Figure 42.9). Small 
mammals such as hares are the preferred host for immature ticks, 
while adults prefer large herbivorous species, including sheep, 
goats, cattle and ostriches. Infection is usually inapparent in these 
animals.

Humans become infected with CCHF virus after being bitten 
by, or crushing, infected ticks, or by contact with blood from 
infected livestock or patients.91 Thus, taking an occupational 
history is important. Direct transmission is thought to occur 
through contact of viraemic blood or other fl uids with broken 
skin. Most nosocomial spread occurs before barrier nursing has 
been instituted. Needlestick injuries have been particularly impli-
cated. Most patients are farmers, veterinarians or slaughtermen, 
but CCHF also occurs in town dwellers visiting the country, and 
health staff. The disease tends to occur sporadically in endemic 
countries, but in recent years there have been outbreaks in Afghan-
istan, Pakistan, the Russian Federation, Kosovo, Turkey and South 
Africa.

Pathogenesis and pathology

Viraemia and antigenaemia levels are high, and decline as anti-
body appears, after the fi rst week.92 In fatal cases there is little 
evidence of an antibody response.93 Pro-infl ammatory cytokines, 
IL-6 and TNF-α, were signifi cantly higher in fatal cases than in 
survivors.94 Histologically, necrotic lesions are seen in the liver, 
which are disproportionate to the amount of viral antigen dem-
onstrated by immunofl uorescence.93

Clinical features

Unlike with many other arboviruses, most infections with CCHF 
virus appear to cause symptoms. The incubation period is 1–3 

Figure 42.9 Distribution of Crimean–Congo haemorrhagic fever.
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days following a tick bite, or 5–6 days following exposure to 
infected blood. Patients present with a sudden onset of febrile 
illness with chills, headache, dizziness, neck pain and myalgia. 
Lymphadenopathy and tender hepatomegaly are common. This 
is followed by facial fl ushing and haemorrhage, which may range 
from petechiae to ecchymoses or major bleeds (Figures 42.10 & 
42.11). Unlike in other VHFs, bleeding is more important than 
vascular leakage. Gastrointestinal bleeding may be profuse, and 
confused with surgical causes of bleeding.95 The patients them-
selves may be confused or aggressive. Laboratory abnormalities 
include thrombocytopenia, leucopenia and elevated transami-
nases. Severely ill patients develop DIC, hepatic, renal and pul-
monary failure, and coma. Approximately 30% of patients 
die. High viral load, leukocytosis = 10 × 109/L, thrombocytope-
nia = 20 × 109/L, aspartate aminotransferase (AST) = 150 U/L, 
activated partial thromboplastin time (APTT) = 60 seconds, and 
fi brinogen titre = 110 mg/dL have each been associated with a 
fatal outcome.93,96

Diagnosis

CCHF should be suspected in patients with an acute febrile illness 
and known exposure to tick bites or contact with livestock or their 
fresh products. The diagnosis is confi rmed by virus isolation or 
antigen-detection ELISA, under BSL-4 conditions. Antibody may 
be detected by IgM ELISAs in patients who ultimately survive, but 
is rare in fatal cases.

Treatment

Ribavirin is effective against CCHF virus in vitro and in the 
mouse model. Oral ribavirin has been used successfully in 
Pakistan when surgeons were infected nosocomially while operat-
ing on a patient whose gastrointestinal bleeding turned out to be 
due to CCHF virus.95 This remarkable paper includes the surgeons’ 
personal accounts of their illness. Treatment with hyperimmune 

serum was also used in one outbreak, with apparent temporary 
improvements.97

Prevention and control

Exposure to tick bites is minimized by those in the agricultural 
and related industries by treating their clothing with pyrethroid 
preparations, and using insect repellents containing DEET on their 
skin. Workers in the livestock industry should wear appropriate 
clothing to reduce their exposure to potentially infected blood and 
tissue products. Patients with suspected CCHF should be barrier-
nursed, and measures taken as for other directly transmissible 

A

B

Figure 42.10 Petechial rash in a patient with Crimean–Congo 
haemorrhagic fever. (Courtesy of Professor Salih Ahmeti.)

Figure 42.11 (A) Ecchymoses in a patient with Crimean–Congo 
haemorrhagic fever. (B) Hyalomma tick (the vector for Crimean–
Congo haemorrhagic fever) engorging on the skin. (A & B, Courtesy 
of Professor Salih Ahmeti.)

Bunyaviridae
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VHFs (see p. 769). Formalin-inactivated vaccines have been devel-
oped in Eastern Europe, but have not been widely used.98

Rift Valley fever (RVF)

RVF virus is an arbovirus transmitted by a range of mosquitoes 
(see p. 764), which is genetically related to the sandfl y fever viruses 
(and hence a member of the Phlebovirus genus of the Bunyaviridae 
family). It is zoonotic in livestock, in which it causes abortions. 
Originally found in the Rift Valley of Kenya, the virus is distrib-
uted across sub-Sarahan Africa, Egypt, Saudi Arabia and the 
Yemen.99 Disease in animals follows the explosive increases in 
mosquito populations caused by heavy rains or new irrigation 
projects. Humans become infected by mosquitoes or contact with 
animal blood or other products. Although direct transmission 
between humans has never been documented, patients should be 
managed as for other directly transmissible VHFs. Most human 
infections cause a non-specifi c febrile illness, but about 2% cause 
retinitis, 1% cause CNS disease, and 1% result in VHF.100 This is 
associated with hepatitis, and has a high mortality. Ribavirin treat-
ment is probably effective, based on laboratory studies. Control 
measures include vaccination of livestock (with a live attenuated 
or inactivated vaccine), mosquito control, and personal protec-
tion of workers in the livestock industry.

FLAVIVIRUSES101

The VHFs caused by fl aviviruses are all transmitted by mosquitoes 
or ticks, with no risk of nosocomial spread, and thus are discussed 
in detail in Chapter 40. The genus Flavivirus (family Flaviviridae) 
is named after the prototype, yellow fever virus (fl avus = yellow in 
Latin). Its members include important causes of CNS disease, such 
as Japanese encephalitis virus,102 as well as major causes of VHF.

Dengue haemorrhagic fever (DHF)

This is the most common VHF worldwide, and the one most likely 
to be seen in returning travellers. It is unusual among VHF viruses 
in that humans are the natural hosts. There are an estimated 100 
million cases per year and 2.5 billion people at risk. Dengue has 
spread dramatically since the end of World War II, linked to a 
resurgence of the principal vector Aedes aegypti. Virtually every 
country between the Tropics of Capricorn and Cancer is now 
affected. Infection with one of the four serotypes of dengue virus 
can lead to a non-specifi c febrile illness, dengue fever (a fever–
arthralgia rash syndrome) or DHF.101

DHF is characterized by a massive increase in vascular perme-
ability, which leads to plasma leakage, an elevated haematocrit, 
oedema and effusions.103 In addition there is thrombocytopenia 
and haemorrhagic manifestations (which may range from a few 
petechiae to frank bleeding). When the leakage is suffi cient to 
cause shock, this is known as dengue shock syndrome. There is 
often also tender hepatomegaly, and sometimes neurological 
disease.4 Diagnosis of DHF has been facilitated by new rapid 
diagnostic kits.104 With early recognition and careful fl uid manage-
ment, the mortality of DHF has been reduced from around 30% 
to less than 0.02 %. Ringer’s lactate is appropriate treatment for 

moderately severe dengue shock syndrome; in severe shock, a 
colloid solution should be used.8 Control of Aedes mosquitoes is 
the main preventative measure. Tetravalent vaccines are currently 
undergoing clinical trials.

Yellow fever

Yellow fever virus is transmitted by mosquitoes between non-
human primates in sylvatic cycles in South America and Africa. 
Humans become infected by entering this cycle, and may then 
carry the virus to populated areas. Here, Aedes aegypti spreads the 
disease, causing ‘urban yellow fever’. In the savanna of Africa, 
smaller epidemics are known as ‘intermediate yellow fever’. After a 
short incubation, there is an acute febrile illness, sometimes associ-
ated with a paradoxical slowing of the pulse (Faget’s sign – indicat-
ing viral cardiac damage). After a brief period of remission, about 
15% of patients develop VHF with mild jaundice (due to hepatitis) 
and impaired renal function. The mortality is 20–50%. The diag-
nosis is confi rmed by ELISA, virus isolation or, in fatal cases, post-
mortem liver biopsy. There is no antiviral treatment. A live 
attenuated vaccine, available for very many years, was generally 
considered to be one of the safest vaccines known, though recently 
documented adverse events are prompting a rethink.105,106

Omsk haemorrhagic fever (OHF)

OHF virus is unusual among fl aviviruses in that the vectors, 
Dermacentor ticks, are important reservoirs of the virus. It is found 
in the Omsk area of Siberia107 and causes disease in many of the 
small mammals (including muskrats) to which it is transmitted. 
Muskrat hunters become infected by direct contact with infected 
carcasses, or tick bites. Most infections are asymptomatic, but 
there may be a papulovesicular eruption on the soft palate, and 
mucosal and gastrointestinal bleeding.

Kyasanur Forest disease

Kyasanur Forest disease is caused by a closely related tick-borne 
fl avivirus found in forest rodents in south-western India. It is 
transmitted by Haemaphysalis ticks and causes annual outbreaks 
of febrile or haemorrhagic disease in monkeys and humans. A 
formalin-inactivated vaccine appears to be effective.108 Other pre-
ventative measures include treatment of cows with acaricides 
to reduce the tick population, and the personal use of insect 
repellents.
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Section 6 Viral Infection

Chapter 43 Hilary Williams and Dorothy H. Crawford

Epstein–Barr Virus and 
Associated Diseases

Epstein–Barr virus (EBV) was fi rst isolated from cultures of 
Burkitt’s lymphoma (BL) biopsy material and was rapidly shown 
to be a unique herpesvirus.1 EBV is a ubiquitous human virus, 
infecting over 90% of the human population globally. This large 
DNA virus is normally transmitted via saliva; EBV is present in the 
oral secretions of most infected individuals and a naive host 
becomes infected through contact with infectious virus shed in 
saliva.2 Most people undergo subclinical infection as infants; 
however, in the West delayed primary infection as a young adult 
may result in infectious mononucleosis (IM). After primary infec-
tion the virus persists for life; EBV infects memory B lymphocytes 
and these cells are the site of the long-term viral reservoir (latent 
infection).3

In the vast majority of healthy carriers EBV does not cause 
disease. This is because a delicate balance is maintained between 
the host immune system, which limits production of new virus, 
and the virus, which persists and is successfully transmitted in the 
face of host antiviral immunity. Disruption of this balance, due to 
primary or acquired abnormalities of the host’s immune system, 
may lead to the development of EBV associated disease.

EBV plays a central role in the development of a number of 
lymphoid and epithelial cell-derived cancers. Viral-driven cell pro-
liferation is thought to be key to the development of both BL and 
nasopharyngeal carcinoma (NPC), and, like other cancers driven 
by an infectious agent, these cancers are more common in the 
developing world than the West. Overall, infectious agents are 
responsible for 21% of all tumours in the developing world and 
9% in the West. NPC comprises 0.7% of new tumours occurring 
on a worldwide basis each year.4 The global HIV pandemic has 
caused signifi cant changes in the profi le of EBV-related conditions. 
Most crucially, EBV is associated with many non-Hodgkin’s 
lymphomas and with oral hairy leukoplakia in HIV-positive 
individuals. Lymphocytic interstitial pneumonia may also be 
linked to EBV infection.

INFECTION IN HEALTHY INDIVIDUALS

Primary infection with EBV is commonly subclinical, occurs pre-
dominantly in early childhood, and gives rise to a lifelong carrier 
state.5 In most populations, seropositivity increases with age, and 
over 90% of adults have persistent infection. However, the rate of 
seroconversion varies according to economic status, such that over 

90% of children over the age of 2 years in developing countries 
have evidence of persistent infection,6 whereas seroconversion 
may be delayed until adolescence in high socioeconomic groups 
of industrialized countries. It is thought that close family contact 
is the main route of spread in young infants, and that large family 
size and close proximity of living conditions are likely to aid 
spread. In the West, 5–10% of people remain EBV negative for 
life, whereas in Africa over 97% of the population carry the virus.7 
Most normal hosts carry only one of the two major virus subtypes 
of EBV, A or B (also called 1 and 2),8 which have 70–80% sequence 
homology.9 Type A is most common throughout the world; type 
B is rare, but is more prevalent in Africa and the Far East than the 
West.10,11 In addition to EBV subtypes, minor sequence variants 
are classifi ed as strains. It has recently been recognized that immu-
nocompetent individuals may carry multiple strains of the virus, 
whereas previously multiple strain carriage was thought to be 
limited to the immunosuppressed.12 Up until now there was no 
evidence that variation of either strain or type affected disease 
pathogenesis, but recent work on IM has revealed that type A more 
commonly gives rise to IM than type B, and this is not merely a 
refl ection in the different geographical distribution of 
the 2 viral types.13

In healthy adults 1–50 B cells per million in peripheral blood 
are latently infected.14 Signifi cant numbers of these B cells can be 
identifi ed in tonsils, where activation of virus-infected cells may 
lead to virus production (lytic infection) and continuous or inter-
mittent low-level shedding of free virus in the oral cavity.15 Infec-
tious virus has also been recovered from male and female genital 
secretions (see later).

INFECTIOUS MONONUCLEOSIS

Infectious mononucleosis (IM) is an acute febrile illness, caused 
by primary infection with EBV, which presents with sore throat, 
fever, lymph node enlargement and severe fatigue.

Epidemiology

IM mainly affects affl uent groups in the West, and is the com-
monest cause of prolonged illness in young army recruits in the 
USA.16 In a recent study in the UK up to 25% of students enter -
ing university were seronegative for EBV,17 and of those who sero-
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converted at university only 25% developed IM, which is lower 
than previously documented rates of approximately 45–65%.18,19 
The remaining primary infections are asymptomatic or non-spe-
cifi c, as in primary infection in young children. Until now it has 
not been clear what factors predispose to the development of 
clinical illness; however, a genetic link between HLA class I poly-
morphisms and risk of development of clinical IM has recently 
been recognized (KA McAulay, pers comm). Interestingly, these 
same polymorphisms have been associated with development of 
EBV-positive Hodgkin’s disease.20

Transmission

IM is colloquially known as the ‘kissing disease’, and it is pre-
sumed that the initiation of sexual activity in adolescence places 
seronegative individuals at risk of contact with infectious virus in 
saliva. However, infectious virus is present in both male and 
female genital secretions of asymptomatic carriers21,22 and recent 
evidence suggests that IM often results from spread during sexual 
intercourse.23,24,25

Pathogenesis and EBV

Primary infection occurs when virus particles infect B lymphocytes 
in the oropharynx (or possibly the genital tract) of EBV-negative 
individuals. It was originally thought that the initial site of infec-
tion was oropharyngeal squamous epithelial cells. However, it has 
not proved possible to identify EBV-infected epithelial cells in 
tonsils taken from patients with IM, although latent and lytic 
infection in B cells can be seen. Therefore, the consensus of 
opinion now is that the B cell is the site of both viral replication 
and persistence. The EBV major viral envelope glycoprotein (gp 
350) binds to the CD21 receptor (also called complement recep-
tor, CR2) on resting B cells, followed by fusion of the viral enve-
lope with the cell membrane and release of the capsid into the 
cell. Once a cell is infected, the virus may replicate (lytic infection) 
with new virus production and cell death, or lie dormant in B cells 
(latent infection). During IM lytic infection predominates in the 
oropharynx, with large amounts of new virus produced and 
excreted into saliva. Individuals with IM may carry multiple strains 
of the virus.26,27 In lytic infection nearly 100 viral proteins are 
transcribed which are important in modulating the host immune 
response, replicating viral DNA and forming the structural com-
ponents of new virions.28

One of the ways the virus attenuates the host immune system 
is by producing virally encoded cytokines. The EBV BCRF1 protein 
has 70% homology with human interleukin 10.29 This inhibits 
the production of interferon-γ (IFNγ), which is key to the host’s 
response to early viral infection.

Neutralizing antibody to gp 350, the main viral envelope gly-
coprotein, is produced during primary infection, and there is 
increasing evidence that innate immune mechanisms, particularly 
natural killer cells, are important in controlling the early events 
in primary infection.30

The prolonged systemic symptoms of IM are thought to be 
caused by a dramatic cellular immune response to EBV-infected B 
cells, with large expansions of characteristic ‘atypical’ lympho-
cytes. These are predominantly, but not exclusively, CD8-positive 

cytotoxic effector cells. Large amounts of cytokines are released; 
IFNγ, tumour necrosis factor α (TNFα) and TNFβ have all been 
identifi ed in IM tonsils.31 Analysis of CD8 T cell antigen specifi ci-
ties from patients with acute IM has revealed that up to 50% of 
the total T cell numbers in peripheral blood are directed against 
single viral epitopes.32 These virus-specifi c activated lymphocytes 
are thought to be essential in limiting virus spread to uninfected 
B cells.

After acute infection a state of viral persistence is established, 
with long-term cellular immunity provided by EBV-specifi c CD8 
positive cytotoxic T lymphocytes. These cells can be detected in 
the circulation in all normal seropositive individuals.

Clinical features

It is estimated that IM occurs 30–50 days after exposure to the 
virus. The majority of patients experience fever, lymphadenopathy, 
sore throat and fatigue. Examination normally reveals marked 
tonsillar enlargement, sometimes with associated exudate and 
petechia, lymphadenopathy (which may be generalized or 
restricted to the cervical region) and splenomegaly. A degree of 
hepatomegaly and mildly abnormal liver function tests are also 
common, but jaundice is rare (<10%). Urticarial skin rashes can 
occur, most commonly associated with the use of ampicillin. Rare 
complications include acute liver necrosis, splenic rupture, pha-
ryngeal or tracheal obstruction, and haematological disorders, 
including autoimmune thrombocytopenia and haemolytic 
anaemia.33

In the vast majority of cases IM is a benign and self-limiting 
disease with prolonged fatigue being the most disabling symptom, 
and full recovery after 6–8 weeks is the norm. Treatment is 
supportive, with advice to avoid both alcohol (particularly if 
hepatitis is present) and vigorous exercise, the latter because of 
the risk of splenic rupture. Steroids have long been advocated 
for serious complications of IM; however, a recent Cochrane 
review has identifi ed a lack of evidence to support this, and in 
particular the lack of data on potential long-term side-effects.34 
Aciclovir inhibits viral replication but is ineffective in altering 
the clinical course of IM, since symptoms are not due to viraemia, 
but to the marked immune response to EBV, which is well 
established by the time of clinical presentation. IM cases may 
continue to harbour high EBV DNA loads in saliva, even up to 
6 months after onset of symptoms, thus potentially remaining 
infectious.35

Relapses can occur in the fi rst 6–12 months following infec-
tion, and IM may be a risk factor, in the short term, for the 
development of a prolonged fatigue syndrome and depres-
sion.36 However, there is no evidence that the chronic fatigue 
syndrome is caused by an abnormal immunological response 
to EBV.37

It is likely that milder forms of the disease occur without 
detection, and a spectrum of clinical features exists ranging 
from mild sore throat to full-blown IM. Rare cases of IM have also 
been documented in children, middle-aged adults and the 
elderly.38

X-linked lymphoproliferative syndrome is a rare familial condi-
tion, in which primary infection with EBV leads to uncontrolled 
lymphoproliferation and usually death from subsequent hepatic 
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or bone marrow failure. A few individuals survive primary infec-
tion, but later develop fatal EBV-driven lymphomas. The defect on 
the X chromosome underlying this disorder has been identifi ed 
as mutations in SAP (signalling lymphocyte activation molecule 
(SLAM) associated protein).39,40

Chronic active EBV infection is another rare, but non-familial, 
disorder that again presents with inability to control primary EBV 
infection. Most identifi ed cases have been in the Far East, and 
some of those affected develop severe EBV-linked organ failure or 
lymphoma. Treatment options are improving with the introduc-
tion of the use of etoposide and adoptive transfer of EBV-specifi c 
cytotoxic T lymphocytes.41

Laboratory diagnosis

The majority of individuals with IM have a profound lym-
phocytosis, with ‘atypical’ lymphocytes (activated T cells) in the 
peripheral blood. The presence of these cells is not diagnostic of 
IM because they are also found to a lesser extent in other infec-
tions, including HIV seroconversion illness, cytomegalovirus 
infection, viral hepatitis, toxoplasmosis, rubella, mumps and 
roseola.42

In the early stages of infection serum antibodies appear to a 
variety of viral antigens (Figure 43.1), but the gold standard for 
the diagnosis of IM is detection of IgM antibodies to viral capsid 
antigen (VCA). Most laboratories use an enzyme-linked immuno-
sorbent assay (ELISA) as a screening method, but may supplement 
this with an indirect immunofl uorescence assay as a more 
sensitive test.

Infection and activation of B cells by EBV results in polyclonal 
antibody production, leading to elevated titres of heterophile anti-
bodies, which form the basis for the rapid monospot test used for 
diagnostic screening. This is positive in 85% of acute IM cases 
(Figure 43.1). On occasion, auto-antibodies, such as cold aggluti-
nins, cryoglobulins, antinuclear antibodies or rheumatoid factor, 
arise. Two studies have found a positive relationship between 
increasing EBV DNA load and illness severity;43,44 however, one 

much smaller study45 found similar viral DNA loads in symp-
tomatic and asymptomatic seroconvertors.

EBV-ASSOCIATED MALIGNANCIES

EBV infection is increasingly linked to a diverse group of lymphoid 
and epithelial cell-derived malignancies. Experimental infection 
of cotton-topped tamarins rapidly leads to lymphoid tumour 
development46 and this, combined with EBV’s ability to transform 
cultured B cells to continuously proliferating long-lived lympho-
blastoid cell lines, has confi rmed its oncogenic potential.47 A 
limited set of viral gene products are expressed by these trans-
formed B cells, and identifi cation of their function, both in labo-
ratory models and EBV-associated tumours, has been key to the 
understanding of viral driven oncogenesis. Our understanding 
of the role of EBV in the pathogenesis of these viral-associated 
tumours has increased substantially in the last 5 years. This has 
allowed us to exploit the relationship between the virus and the 
tumour to monitor treatment outcome more accurately and 
develop novel therapies. Unfortunately, the burden of these malig-
nancies falls in the developing world, where access to even basic 
cytotoxic drugs and radiotherapy is very limited.48

However, we will only know how fundamental EBV infection 
is to tumour development if vaccination leads to a reduction in 
EBV-linked tumours.49

EBV-associated lymphoid malignancies

EBV DNA is present in approximately 95% of endemic Burkitt’s 
lymphoma, and this was the fi rst malignancy to be linked to EBV.50 
It is now recognized that EBV is linked to three groups of lym-
phoid tumours: non-Hodgkin’s lymphoma (NHL), including 
Burkitt’s lymphoma and AIDS-related NHL, Hodgkin’s disease, 
and lymphoproliferative disease in the immunocompromised 
host. AIDS-related tumours will be discussed in the section on EBV 
and HIV.

Figure 43.1 Profi le of serum antibodies to EB 
virus-associated antigens before, during and 
after primary infection. EA(D), diffuse form 
of early antigen; VCA, viral capsid antigen; 
HA, heterophile antigen; EBNA, EB virus 
nuclear antigen.
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Burkitt’s lymphoma

Burkitt’s lymphoma (BL) is a high-grade B-cell NHL, which com-
monly occurs in children.

Epidemiology (endemic, sporadic and intermediate)

The incidence of BL is categorized as high (endemic), low 
(sporadic) and intermediate.

Endemic BL is the most common childhood cancer in parts of 
equatorial Africa and Papua New Guinea (Figure 43.2A), with 
an annual incidence in Africa of 15–20 cases per 100 000 
population.51 Endemic BL occurs between the ages of 3 and 15 
years, with a peak incidence at 5–7 years and a male predomi-
nance. The endemic areas, though geographically separate, have 
climatic features ideal for holoendemic malaria. These include an 
annual rainfall above 55 cm and a minimum temperature above 
16.5°C.52 In the Ivory Coast, West Africa, it has also been noted 
that the majority of children with BL live in rural communities, 
more often coming from forested areas (where tumour incidence 
is 5 : 100 000) than the savannah (where the incidence is less than 
1 : 100 000).53

BL is not unique to endemic regions; the disease exists through-
out the world at low incidence, and several areas of intermediate 
incidence have recently been recognized. In a series of children 
treated for NHL in north-east Brazil, 92 of 98 tumours were clas-
sifi ed as being of Burkitt subtype, with 8 out of 11 cases studied 
being EBV-positive.54 This area of tropical Brazil has a similar 
pattern of communicable disease and poverty to Africa.55 Small 
studies of childhood lymphoma have also identifi ed several other 
areas of intermediate incidence such as temperate South America, 
including Chile and Argentina, and Turkey. A review of cases 
in Turkey found that affected children were often from low 
socioeconomic groups.56

Childhood tumours with BL-like characteristics also occur in 
the West, but this sporadic form has an incidence which is 50–100 
times lower than the endemic form, and an EBV association of 
10–25%.50 Further work is needed to clarify the epidemiology and 
patterns of disease in these different geographical areas. Of 
particular interest will be incidence in other countries where 
EBV-related tumours are common, e.g. China.

Pathogenesis and EBV

The transformation of a normal B lymphocyte to a malignant BL 
cell is a complex multi-step process, in which early childhood 
infection with EBV, chronic malaria infection and chromosomal 
translocation have all been identifi ed as important contributory 
factors.

A constant feature of BL is the presence of a reciprocal chromo-
somal translocation between the c-myc oncogene on chromosome 
8 and the immunoglobulin (Ig) heavy chain locus on chromo-
some 14 or, more rarely, the light chain loci on either 2 or 22.57 
This translocation event in B cells leads to deregulation of c-myc, 
a gene which normally drives cell proliferation, and this predis-
poses to lymphoma development. Mutations in the tumour sup-
pressor gene p53 have also been identifi ed in BL tumour cells, 
although these are thought to occur late in tumorogenesis.58

EBV DNA is present in up to 95% of tumours from endemic 
areas. The viral genome is clonal, indicating that virus infection 
was present in the initial tumour cell. Nearly all children in 
endemic areas are likely to have encountered EBV in early child-
hood. However, a prospective study of 42 000 children in Uganda 
found that those children who subsequently developed BL had a 
10 times higher geometric mean IgG antibody titre to EB VCA than 
matched controls.59 A similar pattern has been seen in more recent 
studies in Turkey.60 In BL cells the only EBV protein expressed is 
EB viral nuclear antigen (EBNA)-1, which is required for viral 
replication and EBV genome maintenance. The classic EBV onco-
genes, latent membrane protein (LMP)-1, EBNA-2 are not 
expressed, and the role of the virus in BL is therefore unclear. 
However, it is thought that this limited viral gene expression 
reduces recognition by the host immune system.61

At present it is not clear how early EBV infection, chronic 
parasitaemia and c-myc deregulation are linked in tumour patho-
genesis. It is postulated that chronic parasite infection, be it 
malaria or other agents, leads to immunosuppression, altered 
cytokine profi les and polyclonal B cell stimulation. The increased 
turnover of B cells resulting from polyclonal activation increases 
the chance of a c-myc translocation occurring during Ig gene 
rearrangement, whereas the immunosuppression reduces EBV-
specifi c cytotoxic T cell activity and allows a correspondingly 
higher number of circulating EBV-infected B cells to survive. 
This expanded pool of infected B cells also increases the chance 
of a translocation event occurring in a cell infected with EBV.

The role of malaria in BL is supported by the identifi cation of 
high EBV DNA loads in serum of children, particularly those aged 
from 1–4, who live in holoendemic malaria regions62 and that the 
treatment of malaria is associated with falling serum EBV DNA 
loads.63 Additionally, the incidence of BL is known to fall in areas 
in which malaria has been eradicated.64 It has also been postulated 
that sickle cell trait may reduce the risk of BL development as a 
consequence of its protection from malaria; however, epidemio-
logical investigations have not reached statistical signifi cance.65 
Though holoendemic malaria is thought to be an important 
co-factor in African BL, in other areas where a high rate of EBV-
associated BL has been identifi ed there is little Plasmodium falci-
parum malaria. In tropical Brazil young children commonly suffer 
from other infections such as schistosomiasis and leishmaniasis, 
in which chronic parasitaemia also leads to polyclonal B cell 
stimulation, and immunosuppression. Recent reports from Brazil 
have identifi ed BL tumors in close association with schistosomia-
sis granuloma, and it is postulated that this chronic parasite infec-
tion predisposes to BL by inducing a change in local cytokine 
expression and a reduction in local immune surveillance.55 This 
hypothesis requires further investigation.

Clinical features

BL is a very fast-growing tumour which in endemic areas classi-
cally presents in the jaw, possibly in association with molar tooth 
development (Figure 43.3). At diagnosis the tumour is often mul-
tifocal, with other common sites being the testis, ovary, breast 
(in pubertal girls), liver, stomach and intestine. Intra-abdominal 
lesions are being recognized more frequently with increased avail-
ability of ultrasound imaging. Lymph nodes and spleen are rarely 
involved, and bone marrow invasion only occurs during the ter-
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Figure 43.2 Worldwide distribution of incidence of EB virus-associated tumours: (A) Burkitt’s lymphoma, and (B) nasopharyngeal carcinoma.
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minal phase of the disease. The tumours cause little constitutional 
disturbance, and this, combined with the low socioeconomic 
status of the children, means presentation is often late.53 Neuro-
logical complications such as facial palsy carry a poor prognosis 
(clinical management reviewed by Magrath66).

Outside endemic areas the clinical presentation is more vari-
able. In some areas of intermediate incidence an abdominal mass 
is a common mode of presentation and in the USA the primary 
lesion is rarely in the jaw. It is not clear whether these differences 
in presentation refl ect distinctive biological patterns of disease.67

The diagnosis of BL is made on clinical and histological 
grounds. Histopathological examination reveals a small, non-
cleaved cell lymphoma, typically infi ltrated with large pale-
staining histiocytes giving a classical ‘starry sky’ pattern (Figure 
43.4). Once the lesion is identifi ed, treatment should not be 
delayed, as the disease may advance very rapidly. Chemotherapy 
is the mainstay of treatment, with surgical debulking only required 
when there is no access to chemotherapy. The regimen normally 
includes cyclophosphamide, vincristine, prednisolone and doxo-
rubicin. Because of the large tumour burden and extreme sensitiv-
ity to chemotherapy, therapy carries a signifi cant risk of renal and 
metabolic complications.66

With adequate access to healthcare, the prognosis in children is 
excellent; survival rates are 80–90%. However, the outcome 
in resource-poor countries where the majority of cases occur is 
poor. In Malawi BL is the most common childhood malignancy; 
in one paediatric oncology unit 77% of cancer patients had BL, 
but treatment is gravely hampered by resource limitations and thus 
compliance with prolonged courses of chemotherapy.48 A review 
of 18 years’ experience from the Côte d’Ivoire identifi ed 433 BL 
patients, of whom only 219 completed systemic chemotherapy. Of 
these, 117 achieved complete remission, 40 achieved partial remis-

sion, 21 died during chemotherapy, and 41 were lost to follow-up. 
The 2-year survival rate was 70% of those that achieved complete 
remission.53 Survival was linked not only to availability of chemo-
therapy, but the ability to manage common complications such as 
secondary infection and uricosaemic renal failure. Ultimately, the 
outcome of BL is linked to socioeconomic status.

Hodgkin’s disease

Hodgkin’s disease is a lymphoid tumour which is characterized 
by the presence of large malignant multinucleate Reed–Sternberg 
cells, in a reactive background of lymphocytes, eosinophils and 
fi brous tissue.

Epidemiology

Hodgkin’s disease is the most common lymphoma in young 
people in the West, but in the developing world NHL occurs more 
frequently. The link between Hodgkin’s disease and EBV is well 
established; studies in South America have found that up to 79% 
of tumours harbour EBV, whereas in the USA and UK the associa-
tion is between 40% and 60%. The presence of EBV in Hodgkin’s 
disease varies with age and tumour type.68

Pathogenesis and EBV

The link between EBV and Hodgkin’s disease was fi rst suggested by 
the clinical observation of a three-fold increased risk of Hodgkin’s 
disease in the 5 years following IM. Further serological investiga-
tions revealed that abnormal antibody profi les to EBV antigens 
occur prior to tumour development.69 More direct evidence of the 
role of EBV in pathogenesis has come from detailed studies of the 
virus in tumour sections, including detection of EBV DNA and 
latent gene expression in the Reed–Sternberg cell. The demonstra-
tion of viral clonality indicates that infection was present at the 
time of malignant transformation, suggesting that the virus con-
tributes to the initial transformation event.70 Extensive laboratory 

Figure 43.4 Histological section of Burkitt’s lymphoma showing 
monomorphic lymphoid cells with histocytic infi ltration (H&E, ×800). 
(Courtesy of P. Isaacson, University College Hospital, London.)

Figure 43.3 An African male child with Burkitt’s lymphoma of the 
jaws.
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studies have identifi ed expression of a number of key genes in EBV 
replication and oncogenesis. Of these EBNA-1, which is vital to 
replication, and LMP1, which is a viral oncogene, have both been 
identifi ed in Hodgkin’s disease.71,72 As in other EBV-linked tumours, 
the restricted number of EBV genes expressed probably limits the 
ability of the immune system to identify aberrant malignant cells.

Another important clinical insight into the role of EBV in the 
disease is the increased incidence of Hodgkin’s in those with HIV, 
even those on highly active antiretroviral therapy (HAART),73 and 
the link with EBV is stronger in the immunosuppressed than the 
immunocompetent.74

Clinical features

Hodgkin’s disease classically presents with lymph node enlarge-
ment and is treated with a combination of chemotherapy and 
radiotherapy. Prognosis is linked to stage, and age at presentation, 
but the overall 10-year survival is approximately 75–85% in the 
West. Early evidence from the UK, India and South Africa suggests 
that individuals with EBV-associated tumours have a better 
response to therapy, but it is not yet clear whether overall survival 
rates are also improved.75,76,77 In the search for new treatment 
strategies, the presence of EBV in the tumour may be exploited to 
develop immunotherapy targeted at viral antigens.78

Post-transplant lymphoproliferative disease

Solid organ transplant recipients require long-term immunosup-
pression to prevent organ rejection. This places the recipient at 
risk of loss of immune control of persistent viruses as well as 
infection with new or unusual agents. EBV infection in this context, 
either as primary infection in children, or increased viral replica-
tion in adults, can predispose to the development of clonal B cell 
expansions and B cell lymphoma, collectively known as B cell 
lymphoproliferative disease (BLPD).79 Between 1% and 10% of 
solid organ transplant recipients develop BLPD; the tumours are 
nearly always associated with EBV and usually follow an aggres-
sive course. First-line treatment for BLPD is reduction of immu-
nosuppression; however, recurrences often occur, and mortality 
remains high. Novel immunotherapies are currently being devel-
oped,79 which may be extended for use in AIDS-related lymphoma 
and Hodgkin’s disease.78

Epithelial cell tumours and EBV

Although there is no direct evidence of EBV infection of epithelial 
cells in the healthy host, EBV is able to infect epithelial cells in a 
number of pathological situations, both benign and malignant, 
oral hairy leukoplakia being an example of the former and naso-
pharyngeal carcinoma of the latter.80,81

Nasopharyngeal carcinoma

On a world wide basis, nasopharyngeal carcinoma (NPC) is one 
of the most common of the EBV-associated malignancies, and the 
one which is most consistently linked with EBV. NPC arises from 
squamous epithelial cells in the post-nasal space, and histopatho-
logically it is subdivided into three categories: WHO I, II, III. WHO 
I is a keratinizing squamous carcinoma, WHO II is a non-

keratinizing epidermoid type, and WHO III is undifferentiated 
or anaplastic (Figure 43.5). WHO III is invariably linked to EBV 
and is the most common type.82

Epidemiology

NPC has a distinct geographical pattern (Figure 43.2B): 44% of all 
NPC cases occur in China and 23% in South-east Asia. Endemic 
areas include southern China (Guangdong, Guanxi, Hunan and 
Fujian), where it is the most common tumour in men and the 
second commonest in women, and additionally Hong Kong, 
Thailand and Vietnam.4 Outside Asia the incidence is lower, the 
only other high-risk population being the Inuit in Alaska and 
Greenland. The incidence is moderate in Morocco, Algeria, Sudan, 
Kenya and the Mediterranean basin, but NPC is rare in the rest 
of the world. In emigrés from endemic areas the incidence falls 
in one or two generations, but remains above that of low-risk 
populations.83

Pathogenesis and EBV

The presence of EBV DNA in malignant cells from nearly every 
case of undifferentiated NPC strongly suggests the virus has an 
essential role in oncogenesis. The events leading to malignant 
transformation are yet to be fully identifi ed, but a number of 
important observations support a central role for the virus in the 
malignant process. Clonal EBV DNA has been identifi ed in prein-
vasive NPC lesions, indicating that infection is a premalignant 
event.84 The EBV oncogene LMP-1 is expressed in the malignant 
epithelial cells. Patients with NPC have abnormal EBV serology, 
typically with raised titres of IgA antibody against EBV early 
antigen (EA) and VCA which correlate with tumour burden.82 
Environmental and genetic co-factors are thought to be important 
in tumour development. The restricted geographical pattern of 
disease suggests that a genetic predisposition is important, and 
linkage to a HLA locus has been identifi ed in Chinese populations 
at risk of NPC.85 Childhood consumption of chemical carcinogens 
in preserved food has been suggested as a further risk factor in 

Figure 43.5 Histological section of undifferentiated nasopharyngeal 
carcinoma showing scattered malignant epithelial cells with heavy 
infi ltrate of small lymphocytes (H&E, ×400).
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diverse geographical groups, including the Cantonese, Tunisians 
and Eskimos.86

Clinical features

NPC commonly occurs in the postnasal space and may present 
with non-specifi c symptoms such as nose bleeds or prolonged 
otitis media. However, the disease is often not symptomatic until 
spread to cervical lymph nodes or invasion of cranial nerves has 
occurred. The mainstay of treatment is radiotherapy, and 5-year 
survival rates following treatment are 80% for tumours limited to 
one site, but this is reduced to 20% for those with metastatic 
disease. Quantifi cation of plasma EBV DNA may be a useful 
marker of disease burden in NPC, and had been shown to predict 
clinical outcome in patients with advanced disease.87 Following 
the clinical success of EBV specifi c cytotoxic T cell therapy in 
PTLD79 and Hodgkin’s disease,78 early trials have been reported 
for advanced NPC.88,89

Early detection is the best way to improve survival, and studies 
of EBV antigen-specifi c IgA in serum and saliva have proved useful 
for screening high-risk groups in southern China.90 Rising anti-
body titres following treatment may herald a recurrence of disease; 
low or declining titres are indicative of a good prognosis.

Despite this clinical experience, a large population-based eval-
uation of screening strategies is warranted to establish the optimal 
panel of antibodies, as well as the sensitivity, specifi city, cost 
effectiveness and timing of screening. The majority of survival data 
come from countries with adequate access to healthcare, with 
limited data from resource-poor countries. In one series of 150 
patients in India the 5-year survival was only 13%.91

EBV and other cancers

Stomach cancer is the second most common cause of cancer death 
worldwide and EBV is associated with 4–18% of all stomach 
cancers, thus it represents the largest group of EBV-associated 
malignancies.92 In tumours positive for the virus, EBV infection 
can be identifi ed in every malignant cell and the DNA is clonal. 
These facts, as well as the identifi cation of EBV in pre-malignant 
gastric lesions, suggest that EBV infection has a role in tumour 
pathogenesis.93 EBV-positive gastric adenocarcinomas may be a 
distinct subset which have a lower frequency of lymph nodes 
metastasis;94 however, larger studies are required. Other malignan-
cies which have been linked to EBV include nasal T cell lym-
phoma, smooth muscle tumours in transplant recipients and 
salivary gland tumours.

EBV AND HIV

The immunodefi ciency of HIV disturbs the tight control the host 
immune system has over quiescent persistent viral infections such 
as EBV, Kaposi’s sarcoma-associated herpes virus, human papil-
loma virus and hepatitis C. Those with advancing HIV disease 
have decreased EBV-specifi c cytotoxic T cell activity, which allows 
increased viral replication and increased numbers of infected B 
cells, and results in high EBV loads in both blood and oropharyn-
geal secretions.95,96 Reconstitution of EBV-specifi c T cells has been 
documented in patients on highly active antiretroviral therapy; 

however, two small studies suggest that HAART does not substan-
tially impact on EBV DNA load.97,98 Diseases which occur in HIV 
have become some of the most common clinical problems associ-
ated with EBV.

Oral hairy leukoplakia

Oral hairy leukoplakia (OHL) is common in HIV-infected indi-
viduals throughout the world; in South Africa as many as 20% of 
those infected with HIV have evidence of OHL.99 OHL presents as 
a white plaque with a characteristic ribbed appearance, typically 
on the lateral border of the tongue. It may occur as part of a sero-
conversion illness or as an early sign of progressive HIV disease.

Multiple strains of EBV infect the superfi cial layers of the squa-
mous epithelium, resulting in epithelial cell hyperproliferation. In 
OHL the infected epithelial cells contain actively replicating virus, 
but there is no evidence that infection leads to malignant 
transformation.80

The lesions respond to a 2–3-week course of high-dose aci-
clovir, or to topical application of aciclovir cream or retinoic 
acid gel.

Lymphocytic interstitial pneumonitis

In lymphocytic interstitial pneumonitis (LIP) the lung alveolar 
septa are infi ltrated by mononuclear cells leading to expansion of 
the lung interstitium. LIP is a common manifestation of HIV in 
children, particularly in Africa.100 Like other opportunistic infec-
tions, the incidence of LIP has fallen in the West since the intro-
duction of highly active antiretroviral therapy. LIP also occurs in 
those affected by autoimmune disease or treated with immuno-
suppressive therapies. Children usually present with hypoxia and 
the chest radiograph typically shows bilateral diffuse reticular-
nodular shadowing. Ideally, the diagnosis is confi rmed by lung 
biopsy.

LIP in children has been linked to primary EBV infection, or 
may refl ect increased viral replication due to reduced immune 
function. Examination of lung biopsy material has identifi ed 
expansions of foci of B cells infected with EBV.101 Further studies 
are warranted to clarify the role of EBV in the disease process.

EBV and AIDS-related cancers

Non-Hodgkin’s lymphoma and EBV

AIDS-NHL are commonly aggressive high-grade B cell tumours, 
and are classifi ed as an AIDS-defi ning illness. ‘AIDS-related BL’ and 
‘Burkitt-like lymphoma’ (BLL) both have different epidemiologi-
cal and biological characteristics from endemic childhood BL. BLL 
has morphological features intermediate between BL and large cell 
lymphoma, and commonly occurs in HIV, though not exclusively 
so.102 Other AIDS-related NHL include AIDS-related primary 
central nervous system lymphoma (PCNSL) and AIDS-related 
diffuse large cell lymphoma (DLCL).

Epidemiology

NHL is the second commonest cancer in HIV-infected individuals, 
Kaposi’s sarcoma being the most common,103 and the aetiology of 
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both cancers is linked to latent herpes virus infections. It is well 
established in the West that HIV-infected individuals have a much 
higher incidence of NHL, the risk of developing NHL being 60 
times the risk of the general population.104 In Africa, now that the 
median survival with HIV has increased to around 10 years,105 the 
burden of AIDS-associated cancers has become apparent. In 
Uganda signifi cant increases in incidence of NHL, including BL in 
children, have been identifi ed.106 In the West the incidence of NHL 
has fallen following the introduction of HAART. All types of AIDS-
related NHL are linked to EBV, but the percentage of tumours in 
which EBV DNA can be identifi ed varies with tumour type.107 
PCNSL is invariably linked with EBV, whereas 80% of DLCL are 
EBV positive and BL is only linked in around 50% of cases in the 
West.70

Pathogenesis and EBV

As in BL, the development of NHL in AIDS is a complex multi-step 
process, in which EBV infection may be one signifi cant event. As 
already noted, HIV-infected individuals has impaired immune 
surveillance of EBV, and the combination of decreased cytotoxic 
T cells against EBV and increased viral load have been correlated 
with increased risk of AIDS DLCL. Persistent generalized lymph-
adenopathy (PGL) has long been recognized as being a common 
feature of HIV infection, and is caused by chronic B cell stimu-
lation and expansion. The identifi cation of EBV infection in 
PGL tissue may be a predisposing factor for the evolution of 
lymphoma.108

Clinical features

BL tends to occur quite early in the course of HIV, when the 
immune system is still relatively intact, and it typically occurs 
in young adults. It is not clear if the clinical course of BL in 
African children has changed in the context of marked 
immunosuppression.

In contrast to BL, primary cerebral NHL usually occurs with a 
CD4 count less than 50 × 106 and has a particularly poor progno-
sis. The majority of patients present with systemic features of 
weight loss, night sweats and fevers, combined with extranodal 
disease. Diagnosis may be confi rmed by biopsy, but when this is 
not appropriate, identifi cation of EBV in the cerebrospinal fl uid 
of a patient with a cranial mass may help confi rm the diagnosis 
of cerebral lymphoma.109

Primary effusion lymphoma is a rare variant of HIV-associated 
lymphoma in which there is no solid mass, but effusions in serosal 
cavities; both EBV and Kaposi’s sarcoma-associated herpes virus 
can be often identifi ed in the malignant cells.

The outcome for AIDS-related NHL remains poor, with the 
prognosis most critically linked to the degree of immunosuppres-
sion. Ideally, combination chemotherapy should be offered to 
those in the better prognostic groups. However, median survival 
even in the West is only 7–9 months, though outcomes have 
improved since the introduction of highly active antiviral 
therapy.110

Vaccine development

Both primary and persistent EBV infections are associated with 
signifi cant pathology and this has led to interest in the develop-

ment of an EBV vaccine. An ideal vaccine would prevent the 
main complication of late primary infection, IM, and prevent 
viral persistence, thereby potentially eradicating EBV-driven 
cancers.

Induction of neutralizing antibody to gp 350 should prevent 
virus binding to CD21, the key B cell receptor, and thus prevent 
infection. Gp 350 vaccines are under trial,111 but it is not yet clear 
whether induction of an antibody response, possibly with induc-
tion of cytotoxic T cells to the same viral epitope, will provide 
sterile immunity.112
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Section 6 Viral Infection

Chapter 44 Mary J. Warrell

Rabies

Rabies is a widespread infection of certain mammal species which 
is occasionally transmitted to man. Rabies is also known as hydro-
phobia, la rage in French, la rabbia in Italian, la rabia in Spanish, 
la ravia in Portuguese and die Tollwut in German.

HISTORY

Transmission of the infection from dogs’ saliva was known to the 
Egyptians at the time of the Pharaohs, and suggested methods of 
treatment are found in Chinese manuscripts from the fi fth century 
BC.1 Animal rabies was described by Aristotle in the fourth century 
BC, and the Roman, Celsus, wrote of the human illness in the fi rst 
century AD, when knowledge and fear of the disease were wide-
spread. A sixteenth-century Italian physician, Fracastoro, described 
the clinical features of rabies.2

John Hunter initiated a scientifi c approach to rabies in 1793 
and experiments on transmission of the infection were carried out 
in Germany by Zinke, and in France by Magendie early in the 
nineteenth century. Louis Pasteur’s work in the 1880s demon-
strated that rabies was an infection of the central nervous system. 
He repeatedly passaged virulent ‘street’ virus in rabbits, attenuat-
ing it to a ‘fi xed’ laboratory strain, used to make the fi rst rabies 
vaccine.2

Growth of the virus in tissue culture was achieved in the 1930s 
and the virus was fi rst visualized by electron microscopy in the 
early 1960s.3

VIRUS

Rabies virus is a species of the genus Lyssavirus (Gk lyssa, rage/
frenzy) of the large family of Rhabdoviridae (Gk rhabdos, rod). 
Seven genotypes are now recognized:4 rabies genotype 1 and 
rabies-related viruses genotypes 2–7 (Table 44.1). All but one have 
caused fatal infection in man (see below). The lyssaviruses are 
divided into two phylogroups. Phylogroup II is relatively less 
pathogenic. Novel unclassifi ed viruses have been identifi ed in 
bats.5 Other rhabdoviruses which very rarely cause disease in 
humans are: the vesicular stomatitis viruses, Chandipura, Piry and 
Le Dantec viruses.6

The bullet-shaped rabies virion (Figure 44.1) measures 
180 × 75 nm, and contains a single strand of negative-sense RNA 

encoding fi ve proteins. The genome combines with a nucleopro-
tein, a phosphoprotein and RNA polymerase to form a helical 
coil. This viral core, the ribonucleoprotein complex, is covered by 
a matrix protein and then by a glycoprotein bearing club-shaped 
spikes (Figure 44.1B) which project outward through a host 
cell-derived lipid bilayer.7,8

Inactivation

Rabies virus is rapidly inactivated by heat. At 56°C the half-life is 
less than 1 min, but at 37°C it is prolonged to several hours in 
moist conditions. At 4°C, there is little loss after 2 weeks.9

The lipid coat is disrupted by detergents or a simple 1% soap 
solution. Other virucidal agents include 45% ethanol, iodine 
solutions (1 : 10 000 available iodine) and 1% benzalkonium 
chloride, but phenol is not so effective.

GEOGRAPHICAL DISTRIBUTION

Rabies and rabies-related lyssaviruses are endemic worldwide with 
a few exceptions. Areas recently been reported to be rabies-free 
include: New Zealand; Papua New Guinea; Japan; Taiwan; Hong 
Kong Islands; Singapore; Peninsula Malaysia, Sabah, Sarawak, 
some islands of Indonesia (e.g. Bali), and in the Indian Ocean; 
many Pacifi c islands, e.g. Solomon Islands, Fiji, Samoa and Cook 
Islands; Ireland, Iceland, Finland, Sweden, Norway, Portugal, Italy, 
Greece, Mediterranean islands; some Caribbean islands (e.g. Bar-
bados, Bahamas, Jamaica and Antigua); and Antarctica. The UK, 
along with other Western European countries and Australia, have 
rabies-related lyssaviruses in bats but not in terrestrial species. 
Although some countries have no canine or sylvatic rabies, infected 
wild animals cross land borders. Imported rabies is a universal 
risk.

The rabies virus occurs in separate cycles of transmission within 
dogs and wild mammal reservoir species. Infection sometimes 
spills over to other species, including domestic mammals and 
humans. Strains of virus from different species and locations can 
be identifi ed by genetic sequence analysis or by antigenic typing 
using a panel of monoclonal antibodies. The enzootic in domes-
tic dogs is of most importance to man, and is the cause of more 
than 95% of human rabies cases (Figure 44.2). The pattern of 
sylvatic (wildlife) rabies shows great geographical variation, and 
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knowledge of local current epizootics enables the prevention of 
human rabies fatalities (Figures 44.3–44.5). The distribution of 
dominant reservoir species is summarized in Table 44.2.10–22

INCIDENCE

In endemic tropical areas, especially where dogs are the dominant 
vector, the true incidence of human rabies is unknown because of 
under-reporting or lack of published fi gures. Estimates for Asia 
and Africa include an annual mortality of 55 000, with an inci-
dence of 1.4/105 population, but gross under-reporting is sus-
pected and the fi gures may be 30-fold higher.23 There is a high 
mortality, 20 000/year, in India and also in Bangladesh and 
Pakistan. Human deaths from dog rabies in China increased 30% 
between 2005 and 2006. Low mortalities persist in Latin America,14 
especially in Brazil, Colombia, El Salvador and Haiti, and in out-
breaks of vampire bat rabies in Amazonian regions of Peru and 
Ecuador. In the USA, where sylvatic rabies is endemic, there have 
been 48 deaths over 16 years up to 2006. A total of 81% were 
indigenous, and 90% of these were due to infection from bats, 
although most do not report a bat bite. Recent European data 
show an average of 11 deaths annually, of which two are imported 
and the majority of indigenous cases are in Russia.

RABIES-RELATED VIRUS INFECTIONS

All lyssavirus genotypes10,18 (Table 44.1) have caused human 
deaths, except for genotype 2: Lagos bat virus. Mokola virus, geno-
type 3, caused fatal encephalitis in a Nigerian child, while another 
recovered from pharyngitis and probably a febrile convulsion.24,25 
A laboratory worker recovered from an accidental infection.26 
Duvenhage virus is named after the fi rst of three patients who had 
rabies-like encephalitis caused by the virus.27,28

European insectivorous bats harbour European bat Lyssavirus 
genotypes 5 (EBLV 1) and 6 (EBLV 2), and each is subdivided into 
subtypes a and b (Table 44.1).21 Five human infections from bats 
have been reported in Europe. Two Russian girls died of rabies 
following bat bites.29,30 In Finland in 1985, a Swiss zoologist bitten 
by a bat from an unknown source died in Finland of furious 
rabies-like encephalitis, due to EBLV 2b.31 In 2002, a bat conser-
vationist in Scotland, UK, died from infection with EBLV 2a,32 and 
a Ukranian died from clinically diagnosed infection including 
hydrophobia after a bat bite.33 A similar case occurred in China 
the same year.34

In Australia in 1996, fl ying foxes (fruit bats, genus Pteropus) 
were discovered to harbour the Australian bat Lyssavirus (genotype 
7),16,22 which has caused a rabies-like fatal illness in two women. 

Table 44.1 Classifi cation of genus lyssavirus of the rhabdoviridae family

Lyssavirus genotype Source Known distribution

PHYLOGROUP I

1. Rabies virus Dog, fox, mongoose, raccoon, skunk etc., bats 
(in Americas only)

Widespread

4. Duvenhage Insectivorous bat, e.g. Nycteris thebaica South Africa, Zimbabwe (very rare)

5.  European bat 
Lyssavirus

1a bats, e.g. Eptesicus serotinus Denmark, Germany, Netherlands, Russia, Poland, 
France, Hungary Czech Republic

1ba bats, e.g. Eptesicus serotinus Netherlands, France, Spain

6.  European bat 
Lyssavirus

2a Myotis dasycneme bats Netherlands, France (rare)

Myotis daubentonii bats UK

2b Myotis daubentonii bat Switzerland (very rare)

7.  Australian bat 
Lyssavirus

Flying foxes/fruit bats (Pteropus spp.); insectivorous 
bats

Australia

Unclassifi eda,b

 Irkut Murina leucogaster bat Siberia

 Aravan Myotis blythi bat Kyrghyzstan

 Khujand Myotis mystacinus bat Tajikistan

PHYLOGROUP II

3. Mokola Shrews (Crocidura spp.), catsc, dogsc Southern Africa, Nigeria, Cameroon, Ethiopia (rare)

2. Lagos bat virusa Fruit bats, catsc, dogsc Africa (rare)

Unclassifi eda,b

 West Caucasian bat 
 virus

Miniopterus schreibersi bat Russia

a Viruses have not been detected in man.
b Single isolates only.
c Not reservoir species, but have been infected and are potential vectors.



801

A

B

Figure 44.1 (A) and (B) Negatively stained electron micrographs of 
bullet-shaped rabies virions; (B) shows projections on the surface of 
the glycoprotein coat, covering all but the blunt end of the virion. 
(Courtesy of C. J. Smale and Joan Crick.)

Figure 44.2 Domestic dog with paralytic rabies in Bangkok. Paralysis 
of neck and drooling of saliva. (©D. A. Warrell.)

Figure 44.3 Black-backed jackal (Canis mesomelas), an important 
vector/reservoir of sylvatic rabies in Zambia, Zimbabwe and Namibia. 
(©D. A. Warrell.)

Rabies-related Virus Infections
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Figure 44.4 Rabid husky dog in Greenland. Probably infected with 
an arctic fox strain of virus. (©D. A. Warrell.)

Figure 44.5 Raccoon (Procyon lotor), an important vector/reservoir 
of sylvatic rabies in North America. (©D. A. Warrell.)

Table 44.2 Distribution of important reservoir species of 
rabies genotype 1 and other lyssaviruses

Species Distribution

AFRICA10

Domestic dog11 Widespread dominant vector

Black-backed jackals (Canis 
mesomelas)11

Zambia, Zimbabwe, Namibia

Yellow mongoose (Cynicitis 
penicillata)12

South Africa

AMERICAS13,14

Arctic fox (Alopex lagopus) North-west Canada, Alaska

Striped skunk (Mephitis 
mephitis)

Central Canada and USA, 
California

Raccoon (Procyon lotor) Mid-Atlantic states and 
south-east USA

Fox Arizona, Texas and north-eastern 
USA, Canada

Coyote (Canis latrans) Southern Texas

Insectivorous bats15,16 USA and South America

Domestic dog14 Widespread Mexico, Central and 
parts of South America

Vampire bat 
(Desmodontidae)14,16

Southern Texas, Mexico, Trinidad 
and Tobago, Central and South 
America south to Argentina and 
Chile

Mongoose (Herpestes species)17 Puerto Rico, Grenada, Cuba, 
Dominican Republic

ASIA18

Domestic dog Widespread dominant vector

Wolf Iran, Iraq, Afghanistan

EUROPE AND MIDDLE EAST18

Fox19 Widespread from France, east to 
Russian Federation

Arctic fox (Alopex lagopus) Northern Russia

Raccoon dog (Nycterentes 
procyonoides)20

Baltic states, Russia, Poland, 
Ukraine

Wolf20 Russian Federation

Dog Turkey, southern Russian states

Insectivorous bats16,21,a Germany, Denmark, Netherlands, 
Russia, Poland, Spain, France, 
Czech Republic, Switzerland, 
Hungary, UK

AUSTRALIA16,22

Fruit bats (fl ying foxes) 
(Pteropus spp.)b

Northern and Eastern coastal 
regions

All rabies virus genotype 1, except for agenotypes 5 and 6 in Europe (European 
bat Lyssavirus) and bgenotype 7 in Australia (Australian bat lyssavirus).
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and the neural cell adhesion molecule. Rabies enters the cell by 
glycoprotein-dependent endocytosis.44

Once inside a neurone the virus moves centripetally carried by 
retrograde axonal transport at a rate of 3 mm/h experimentally. 
There is evidence that attachment to dynein molecular motors may 
occur via the phosphoprotein on naked nucleocapsids or perhaps 
indirectly, via the p75 neurotrophin receptor (p75NTR), to the 
glycoprotein surface of a whole virion.35 Its progress can be halted 
by sectioning nerves or by microtubule inhibitors, such as colchi-
cine. Rabies ascends through ganglia, eventually reaching the brain 
by trans-synaptic spread, where intraneuronal replication occurs 
on a massive scale. Viral proteins accumulate in the cytoplasm, 
appearing as inclusions – the classical Negri bodies. Involvement 
of the limbic system causes aggressive behaviour and enables trans-
mission from a vector species to another host. The often minimal 
histopathological changes do not account for the gross neuronal 
dysfunction, but there is evidence of viral infl uence on the expres-
sion of host genes accounting for suppression of immune responses 
and possibly altered neurotransmitter activity.

The rabies virus remains virtually confi ned to neurones as cen-
trifugal dissemination progresses via autonomic and peripheral 
nerves. The virus has been isolated from human skeletal and 
cardiac muscle, skin, lung, kidney, adrenal, lacrimal and, of course, 
salivary glands.36 Rabies antigen is found in neuronal tissue in 
most of these areas and around the gastrointestinal tract.45

In contrast to events in neurones, virus replication in acinar 
cells of the salivary glands produces large amounts of extracellular 
virus. Although there is no evidence of viraemia, rabies virus is 
shed in human lacrimal and respiratory tract secretions and pos-
sibly in urine36 and in milk.

Rabies infection infl uences host neuronal gene expression, 
altering neuronal function and probably contributing to clinical 
effects. The virus evades immunological surveillance until a late 
stage of the disease. At the site of inoculation, some virus is briefl y 
exposed, but once within the CNS virions and their antigens are 
hidden. During the fi nal centrifugal phase of infection, when 
extracellular virus is produced, rabies antigens are expressed on cell 
membranes but if an immune response is induced, it is too late to 
combat the overwhelming infection (see Immunity, below).

PATHOLOGY

Cerebral congestion and a few petechial haemorrhages are usual 
fi ndings in rabies encephalitis, but not gross cerebral oedema.46,47 
A lymphocytic perivenous infi ltrate is common, and neutrophils 
are occasionally seen, perhaps only early in the disease. Eosino-
philic cytoplasmic inclusions (Negri bodies) are found in 75% of 
cases, most frequently in large neurones of the hippocampus, Pur-
kinje cells of the cerebellum and medulla.48 Negri bodies contain 
eosinophilic rabies nucleoprotein matrix, occasional virions and 
small basophilic masses, probably fragments of host cell organ-
elles, mechanically trapped during fusion of smaller inclusions.3

Neuronophagia, microglial reaction, foci of demyelination 
and perineural infi ltration (Babès’ nodules) also occur.48 The brain 
stem and spinal cord are predominantly affected, but changes are 
often widespread. A meningeal reaction is common in children, 
and in paralytic disease the spinal cord is most severely affected. 
The extent of the histopathological change varies from complete 

Lyssavirus antibodies, some related to genotype 7, have been 
reported in bats in the Philippines, Cambodia, Thailand and Ban-
gladesh. In Europe, EBLV seropositive bats with PCR-positive 
saliva indicate that bat infections are not always fatal. There is no 
evidence of chronic infection or virus excretion in bats.35

TRANSMISSION OF INFECTION

Animal contact

Humans are usually infected by virus-laden saliva, inoculated 
during the bite of a rabid dog. Inoculation of rabies virus into a 
wound or onto a mucous membrane may result in infection. This 
includes contamination of an unhealed lesion. Intact skin is a 
barrier against viral entry. The chance of developing rabies follow-
ing exposure is revealed by data from the pre-vaccine era (see 
Effi cacy of post-exposure prophylaxis, below).

Human-to-human

There are old anecdotal reports of infections from contact with 
human saliva, kissing, biting, sexual intercourse, breast-feeding 
and eating infected meat, but these routes remain unproven in 
man. Viraemia has not been detected.36

Transmission has occurred through grafting of infected corneas. 
Six virologically proven cases followed transplants from donors 
with unsuspected rabies. In Texas and in Germany, a mysterious 
encephalitis killed a total of seven organ transplant recipients. Liver, 
kidney, pancreas and even an iliac artery graft transmitted rabies 
virus from two donors aged 20 and 26 years old, who both died 
of undiagnosed neurological disease. Subsequent histories elicited 
a previous bat bite in the USA and contact with a dog in India.37,38,39 
Two cornea transplant recipients were given rabies post-exposure 
prophylaxis and remain healthy.39

Transplacental infection occurs in animals and a Turkish woman 
and her 2-day-old infant died of virologically confi rmed rabies.40 
This is exceptional. Many mothers with rabies have been delivered 
of healthy babies.

Other routes

Two rabies infections resulted from inhaled aerosols of ‘fi xed’ 
virus in laboratory accidents.41,42 Two more people were possibly 
infected by inhalation of aerosolized virus in bat-infested caves, 
but direct bat contact was not excluded.15

PATHOGENESIS

The extraordinary journey of rabies virions along nerves up to the 
brain, and then outward to many organs, is gradually being unrav-
elled.8,43 It usually begins with the bite of a rabid animal inoculat-
ing virus-laden saliva through the skin, often into muscle. 
Experiments show viral replication occurring locally in striated 
muscle or mucous membrane, or directly invading a nerve cell. 
The virus can attach to several types of cell receptors. Neuronal 
infection may involve specifi c binding to the post-synaptic 
nicotinic acetylcholine receptor at neuromuscular junctions, 

Pathology
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disruption of neuronal structure and axonal degeneration of 
peripheral nerves following intensive care,49 to an absence of any 
infl ammation or degeneration.46,47

Extraneural pathology includes focal degeneration of salivary 
glands, liver, pancreas, adrenal medulla and lymph nodes,50 and 
also interstitial myocarditis.45,51

IMMUNOLOGY

Response to infection

Following a rabid bite, no immune response is detectable in unvac-
cinated subjects before encephalitis has developed. Rabies anti-
body is fi rst found in serum, then in cerebrospinal fl uid (CSF) at 
least a week after the onset.52 Neutralizing antibody may rise to a 
high level if life is prolonged. Specifi c rabies IgM antibody is occa-
sionally found, but is unhelpful in diagnosis as it does not appear 
early and can also be present in postvaccinal encephalitis.53

There is little evidence of lymphocyte-mediated responses to 
encephalitis in man. Pleocytosis is observed in only 60% of 
patients, with a mean leucocyte count of 75/mm3,52 Peripheral 
blood lymphocyte transformation has been shown in a few cases 
of furious rabies.54 Very low levels of interferon have been found 
in the serum and CSF of about 30% of patients with rabies 
encephalitis.55 Animal models show that clearance of virus from 
the CNS is dependent on CD4+ T lymphocytes by non-specifi c 
cytokine induction (e.g. γIFN) and as a B-cell helper to produce 
neutralizing antibody.56 Survival following attenuated rabies 
infection is associated with increased neuronal apoptosis and cell 
surface expression of viral glycoprotein, features which are prob-
ably connected.43,35

Response to vaccine

The best available measure of immunity after vaccine treatment is 
the level of glycoprotein-induced neutralizing antibody, which 
usually appears 7–14 days after starting a primary vaccine course. 
The amount of antibody needed for protection against rabies in 
man cannot be determined, but the World Health Organization 
(WHO) recommends that a minimum neutralizing antibody level 
of 0.5 IU/mL should be attained to demonstrate unequivocal sero-
conversion.57 The production of neutralizing antibody following 
rabies vaccine is infl uenced genetically. A relatively delayed, lower 
response occurred in up to 10% of vaccinees.58 Increasing age 
(over 50 years) also impairs antibody production.59

The role of cell-mediated immunity in protection against 
disease is not clear. A small amount of interferon may be induced 
briefl y following a fi rst dose of rabies vaccine,60 but it is very 
unlikely to afford signifi cant protection in man.

CLINICAL FEATURES

Incubation period

The interval between inoculation and the onset of symptoms is 
between 20 and 90 days in at least 60% of cases,61 but it has varied 
from 4 days62 to 19 years.63 It is reported to be over a year in 4–

6%.61 In general, the nearer the bite is to the head, the shorter the 
incubation period.

Prodromal symptoms

Itching or paraesthesiae at the site of the healed bite wound are 
the only specifi c prodromal symptoms, occurring in about 40% 
of patients (Figure 44.6).62 The wide range of non-specifi c features 
include fever, headache, myalgia, fatigue, sore throat, gastrointes-
tinal symptoms, irritability, anxiety and insomnia. The disease 
progresses to either furious or paralytic rabies encephalomyelitis, 
usually within 1 week.64

Furious rabies

This familiar presentation is probably the more common in 
humans. Malfunction of the brain stem nuclei, limbic system, 
reticular activating system and higher centres results in the char-
acteristic hydrophobic spasms. This is a refl ex contraction of 
inspiratory muscles provoked by attempts to drink water, and 
later, through conditioning, even the sound or mention of water, 
and also sometimes by draughts of air (aerophobia), touching 
the palate, bright lights or loud noises.

Intense thirst forces patients to try to drink. They may have a 
tight feeling in the throat, the arm trembles, and jerky spasms of 
the sternomastoids, diaphragm and other inspiratory muscles lead 
to a generalized extension, sometimes with convulsions and opis-
thotonos (Figure 44.7).64 There is an associated inexplicable 
feeling of terror which occurs during the fi rst episode, and is not 
a learned response.51 Respiratory or cardiac arrest following a 
hydrophobic spasm is fatal in one-third of cases.

Episodes of excitation, aggression, anxiety or hallucinations 
interspersed with periods of calm lucidity, during which no neu-
rological abnormality may be detectable and patients realize their 
appalling predicament. Other features include cardiac arrhyth-
mias, myocarditis, respiratory disturbances (e.g. cluster breathing), 
meningism, lesions of cranial nerves III, VII and IX, abnormal 
pupillary function, muscle fasciculation,64 autonomic stimulation 
with lacrimation, salivation (Figure 44.8), labile blood pressure 
and temperature and rarely increased libido, priapism and 
spontaneous orgasms.65,66 Low cerebral oxygen uptake suggests 

Figure 44.6 Intense itching of the bitten limb provoking scratching 
and excoriation, a common prodromal symptom of rabies encephalitis. 
(©D. A. Warrell.)
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irreversible brain damage.51 Coma eventually ensues, with fl accid 
paralysis, and the agonizing illness rarely lasts more than a week 
without intensive care.

Paralytic rabies

Less common than furious rabies, paralytic or ‘dumb’ rabies may 
be missed unless there is a high level of suspicion. Paralytic disease 
is characteristic of vampire bat-transmitted rabies67 and it is more 
common following infections by attenuated viruses,41,42,68 and 
perhaps after post-exposure vaccination.

Prodromal symptoms are followed by paraesthesiae or hypo-
tonic weakness, commonly starting near the site of the bite and 
spreading cranially. Fasciculation or piloerection may be seen. The 
ascending paralysis results in constipation, urinary retention, 
respiratory failure and inability to swallow. Flaccid paralysis, espe-
cially of proximal muscles, is associated with loss of tendon and 
plantar refl exes, but sensation is often normal. Hydrophobic 
spasms may occur in the terminal phase and death ensues after 
1–3 weeks.64

Management and complications

Patients with suspected rabies should be admitted to hospital and 
given adequate doses of sedatives and analgesics to relieve their 
agonizing symptoms. It remains a fatal infection, although rare 
recoveries have been reported (see below). Intensive care therapy 
can prolong life for 3–4 weeks, occasionally for months42,69 and 
exceptionally for years (see below).70,71

During this time complications arise in every system. Cardiac 
arrhythmias are controlled by pacing, and respiratory failure 
requires ventilation. Full barrier nursing of the unconscious 
patient is needed, with specifi c treatment for likely complications 
such as convulsions, fl uctuating blood pressure, pneumonia, 
pneumothorax, cerebral oedema, hyper- or hypopyrexia, inap-
propriate antidiuretic hormone secretion (diabetes insipidus) and 
haematemesis from stress ulceration.64

Treatment with hyperimmune serum and several antiviral 
agents, including intrathecal tribavirin (ribavirin) and interferon-
α, have not been effective6,55,72 and the success claimed for a 
regimen of sedation and multiple antiviral drugs in a girl infected 
by bat rabies in the USA73 has not been confi rmed in patients 
infected with canine or bat rabies viruses.74

Recovery from rabies

Two patients are claimed to have recovered completely from 
rabies encephalitis. They had been given post-exposure prophy-
laxis with nervous tissue vaccines and then intensive care.75,76 Four 
further patients, given pre- or post-exposure tissue culture 
vaccines, survived months or years with profound neurological 
impairment: a microbiologist who inhaled fi xed rabies virus,42 
two boys in Mexico70,71 and a girl in India.77 All the diagnoses were 
based on high rabies neutralizing antibody levels in the serum 
and CSF. No virus or antigen was identifi ed. The fi rst unvaccinated 
patient to survive rabies has returned to near normal life following 
intensive care and antiviral therapy.73 This is reminiscent of 

Figure 44.7 Progression of a hydrophobic spasm associated with 
terror in a Nigerian boy with furious rabies. (A) Note the powerful 
contraction of the diaphragm (depressing the xiphisternum) and 
sternocleidomastoid muscles. (B) The episode terminates in 
opisthotonos. (©D. A. Warrell.)

Figure 44.8 Hypersalivation and sweating in a Thai woman with 
furious rabies. (©D. A. Warrell.)

Clinical Features



44. Rabies

806

a previous, vaccinated patient,76 and both were infected by 
American insectivorous bat viruses which may have different 
pathogenesis, and hence reduced pathogenicity and virulence, 
from canine rabies strains.

Differential diagnosis

Rabies should be suspected if inexplicable neurological, psychiat-
ric or laryngopharyngeal symptoms occur in those who have been 
to an endemic area. The animal contact may have been forgotten. 
The differential diagnoses include the following:64

• Tetanus, another wound infection, has a short incubation 
period, usually less than 15 days. The muscle rigidity is con-
stant, without relaxation between spasms. The CSF is always 
normal

• Intoxications with drugs acting on the CNS, poisons and even 
delirium tremens could be confused with rabies

• Rabies phobia is a hysterical response, usually very soon after 
a bite, with aggressive behaviour and an excellent prognosis

• Guillain–Barré syndrome may present as paralytic rabies, and 
very rarely follows rabies tissue culture vaccine treatment

• Post-vaccinal encephalitis (see below), an allergic response to 
nervous tissue-containing rabies vaccine, can be clinically 
indistinguishable from paralytic rabies

• Other viral encephalomyelitides, including Japanese encepha-
litis, poliomyelitis and treatable herpes simiae B, from a 
monkey bite, should be considered.

DIAGNOSIS

Laboratory investigations are likely to be normal initially, except 
for a mild pleocytosis. A variety of non-specifi c EEG changes are 
reported. CT and MRI scans may be normal throughout,32,73 but 
non-specifi c MRI changes have been seen especially in brainstem, 
or basal ganglia regions, and possibly in the spinal cord in 
paralytic disease.

Intravitam confi rmation of human 
rabies encephalitis

The diagnosis of rabies can be made by virus isolation, rapid 
identifi cation of antigen or, in unvaccinated people, antibody 
detection.52

Isolation of rabies virus

Culture of the virus is most successful during the fi rst week of 
illness – from saliva, throat, tracheal or eye swabs, brain biopsy 
samples, CSF and possibly centrifuged urine.52 Viraemia has not 
been detected. The method of inoculation of suckling mice yields 
results in 1–3 weeks, but tissue culture isolation in murine 
neuroblastoma cells takes about 2 days.78,79

Antigen detection79

Rabies diagnosis by polymerase chain reaction (PCR) tests on 
saliva, CSF80 and skin biopsy are available in reference laborato-
ries. A direct immunofl uorescent antibody (IFA) test rapidly iden-

tifi es antigen in frozen sections of skin biopsies taken from a hairy 
area, usually the nape of the neck (Figure 44.9). Rabies-specifi c 
immunofl uorescence appears in nerve twiglets around the base of 
hair follicles (Figure 44.10).81 Careful controls of specifi city are 
needed, but this method is 60–100% sensitive.53,82 False positives 
have not been reported. The corneal smear test is too insensitive 
to be useful and false positives have occurred.52,53,80

Antibody detection

In unvaccinated patients, rabies seroconversion often occurs 
during the second week of illness and is diagnostic,52 but many 
remain seronegative at death.74 In vaccinated people, very high 
levels of antibody in the serum, and especially in the CSF, are 
needed to suggest the diagnosis.70,71,73,76,77

Postmortem diagnosis in humans

All the methods mentioned above may confi rm the diagnosis 
postmortem, especially if the clinical illness was very short. Virus 
isolation from secretions is usually unsuccessful after 2 weeks of 
illness, but culture of brain tissue should be possible post mortem, 
even if the IFA staining is negative. Samples can be obtained 
without a full postmortem examination. Brain necropsies are 
taken with a Vim–Silverman or other long biopsy needle83 via the 
medial canthus of the eye, through the superior orbital fi ssure or 
an occipital approach through the foramen magnum.

Retrospective diagnosis using formalin-fi xed brain specimens 
is possible by trypsin digestion and labelled antibody staining 
with immunofl uorescent, enzymatic or in situ-hybridization 
methods.

Figure 44.9 Punch biopsy of skin in the hairy nuchal region for 
rabies antigen detection in a patient with suspected rabies 
encephalitis. (©D. A. Warrell.)
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Diagnosis in the biting mammal

If laboratory facilities are available, suspect rabid animals should 
be killed immediately and their brains tested for rabies infec-
tion.84 Observation in captivity is potentially dangerous and 
uncertain.61 Ideally, samples of hippocampus, brain stem and 
cerebellum should be tested, but brain specimens can be 
obtained from dogs without craniotomy via the occipital 
foramen.85 IFA staining of acetone-fi xed impression smears takes 
2–3 h79 and is the usual method of diagnosis. It is about 98% 
sensitive compared with viral culture by the mouse inoculation 
test. The IFA test is unreliable in detecting rabies-related viruses. 
A commercial enzyme immunodiagnostic kit will test for antigen 
in brain tissue suspensions, but this is 2% less sensitive than 
the IFA test.79

No single test should be relied upon to make this important 
diagnosis. Virus isolation should be attempted on all IFA test-
negative samples.

Strains of street rabies, or rabies-related viruses from different 
vector species or geographical areas, can be differentiated by 
genetic sequence analysis13 or monoclonal antibody typing.79

CONTROL OF ANIMAL RABIES

The optimal method of protecting man from rabies infection or 
associated fi nancial loss varies greatly in different endemic areas. 
The species of vector, its prevalence and interaction with man 
dictate whether elimination or vaccination of animals is appro-
priate and economically feasible.

Canine rabies

The control of endemic rabies in areas where dogs are the domi-
nant vector10,11,14,18 requires: epidemiological surveillance; labora-
tory diagnostic facilities; education to avoid unnecessary contact 
with animals, especially stray dogs, and vaccination of dogs, cats 
and humans.

The size of a population of stray dogs depends on available 
food and shelter. Attempts at control by killing dogs result in an 
increased reproduction rate and rapid restoration of numbers. 
There has been an impressive reduction in the number of local 
human cases following vector control campaigns, including dog 
population control, vaccination and removal of food and shelter 
by clearing street rubbish.86 Mass vaccination campaigns, aimed 
at immunizing 80% of dogs, have eliminated canine rabies in 
Japan and Taiwan, and from densely populated urban areas of 
Argentina, Brazil and Peru.87 Despite localized successes, there has 
been no evidence of a signifi cant change in the overall incidence 
of animal rabies in most tropical endemic areas of Africa and 
Asia.

Effi cient post-exposure vaccine treatment of dog-bite victims 
should be ensured, including a rapid animal diagnostic service 
and adequate supplies of vaccine and immune serum.

Sylvatic (wildlife) rabies

For some vector species active control is not attempted, owing to 
the low rate of transmission to other species and lack of effective 
methods. Insectivorous bats in North America and Europe are 
examples and simple measures are used to prevent contact with 
man. In contrast, where infection of domestic animals and humans 
is likely, as with fox rabies, campaigns for population control and 
vaccination have been mounted.

Trapping, gassing, poisoning and hunting are generally ineffi -
cient means of population reduction. Oral fox vaccine campaigns 
have been used to great effect. Live attenuated rabies virus vaccine 
or a live vaccinia recombinant vaccine expressing rabies glycopro-
tein disguised in baits has been distributed by hand or by aircraft 
over 18 European countries.19 As a result, terrestrial rabies has 
been eliminated from seven Western countries. Oral vaccination 
is also used in the control of rabies in raccoons, coyotes and grey 
foxes in North America.88 In Latin America, vampire bat rabies14,16,88 
is a major cause of death in cattle, with disastrous economic con-
sequences. Specifi c control methods include bovine vaccination 
or treatment with anticoagulants, diphenadione or warfarin, to 
which bats, but not cattle, are highly sensitive.

Figure 44.10 Diagnosis of rabies during life from a skin biopsy. 
Vertical section through a hair follicle. The small arrow shows the hair 
shaft. The bright fl uorescence (large arrow) indicates rabies antigen in 
nerve cells around the follicle. (©M. J. Warrell.)

Control of Animal Rabies
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RABIES PROPHYLAXIS IN HUMANS

Although prophylaxis is usually given post-exposure, as an emer-
gency procedure after possible inoculation of the virus, there are 
advantages in immunizing people at risk of infection in advance, 
by pre-exposure vaccination.

Post-exposure prophylaxis

This treatment is needed after suspected contact with rabies virus 
through an open wound or mucous membrane (Figure 44.11). 
Intact skin is a barrier against infection. Post-exposure treatment 
is aimed at killing or neutralizing rabies virus in a wound before 
any virions enter a nerve ending. Once within the nervous system, 
the immune response is thought to be incapable of preventing 
disease. Post-exposure treatment has three components: wound 
treatment, active immunization and passive immunization with 
rabies immune globulin.

Assessing the risk of rabies infection

Knowledge of the local epidemiology of rabies vectors, the circum-
stances of the animal bite or contact, and the health and behav-
iour of the animal all contribute to assessment of the risk of 
exposure to rabies. An unprovoked attack by an unvaccinated sick 
animal indicates a high risk, but so does contact with a paralysed 
or unusually tame wild mammal. Vaccinated animals have also 
transmitted rabies. In endemic areas, strenuous efforts should be 
made to have the biting animal put down and its brain examined 
for rabies.84 If the animal has escaped or there is any doubt, post-
exposure prophylaxis should be given, irrespective of the length 

of time since the bite. The offi cial WHO recommendations are 
summarized in Table 44.3.

Wound treatment

Immediate cleaning of the wound or site of contact with a rabid 
animal is imperative (Figure 44.12) by scrubbing with concen-
trated soap solution or detergent and copious running water. If 
possible, swab with a virucidal agent: iodine solutions or 40–70% 
alcohol.89 Quaternary ammonium compounds are neutralized by 
soap and are not generally recommended.90 Energetic wound 
cleaning may require local or even general anaesthesia. Suturing 
should be delayed or avoided to prevent inoculation of virus 
deeper into the tissues.84

Tetanus prophylaxis may be required, and other bacterial infec-
tions associated with mammal bites may be treated with anti-
biotics; for example, Pasteurella multocida is usually sensitive to 
ampicillin, tetracycline and co-trimoxazole.

Active immunization: vaccine treatment

All current human rabies vaccines contain inactivated whole virus 
which has been grown on a variety of substrates. The original 
tissue culture vaccine, human diploid cell vaccine (HDCV) was 
introduced 30 years ago. It is expensive to make, so other cell 
lines are now used. Two vaccines are widely exported: a German 
purifi ed chick embryo cell vaccine (PCECV) and a French purifi ed 
vero cell vaccine (PVRV) (Table 44.4). Tissue culture vaccines are 
also made, mainly for local use, in China, India, Japan and 
Russia.

Figure 44.11 Facial bites infl icted by a rabid dog in Nigeria. 
(©D. A. Warrell.)

Table 44.3 Specifi c post-exposure prophylaxis for use in a 
rabies endemic area (following contact with a domestic or 
wild rabies vector species, whether or not the animal is 
available for observation or diagnostic tests)

Exposure Treatment

MINOR: WHO CATEGORY II

Including scratches or 
abrasions without 
bleeding

Start vaccine administration 
immediately

Stop treatment if domestic cat or dog 
remains healthy for 10 days

Stop treatment if animal’s brain 
proves negative for rabies by 
appropriate laboratory tests

MAJOR: WHO CATEGORY III

Including licks of mucosa 
or broken skin, minor 
bites or major bites 
(multiple or on face, 
head, fi ngers or neck)

Immediate rabies immune globulin 
and vaccine

Stop treatment if domestic cat or dog 
remains healthy for 10 days

Stop treatment if animal’s brain 
proves negative for rabies by 
appropriate laboratory tests

Adapted from WHO publications.84,91
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Figure 44.12 Thorough wound cleaning following an attack by a 
rabid dog (as in this Thai boy) is an essential part of post-exposure 
prophylaxis. (©D. A. Warrell.)

Table 44.4 Human rabies vaccines fulfi lling 
WHO requirements

Vaccine Abbreviation Virus Origin i.m. vial
Human diploid 
cell vaccine

HDCV PM1503 France 1.0 mL

Purifi ed vero 
cell rabies 
vaccine

PVRV PM1503 France 0.5 mL

Purifi ed chick 
embryo cell

PCECV LEP Germany 
and 
India

1.0 mL

Table 44.5 Rabies vaccine regimens

Regimen Route Days of injection (number of injection sites) Total number of 
vials of vaccine

Pre-exposure i.m. or i.d.a 0 7 21 ← 28 3 or 0.3/0.6

Post-exposureb

 Standard i.m. i.m. 0 3 7 14 28 5

 Alternative i.m. i.m. 0 (2) 7 21 4

 Two-site ID i.d.c 0 (2) 3 (2) 7 (2) 28 (1) 90 (1) <2

 Eight-site ID i.d.a 0 (8d) 7 (4) 28 (1) 90 (1) <2 (not PVRV)

 Four-site IDe i.d.c 0 (4d) 7 (2) 28 (1) 90 (1) <2

a i.d. dose is 0.1 mL/site.
b Rabies immune globulin also given on day 0 with all regimens.
c Volume of i.d. dose is 0.1 ml/site with PVRV, 0.2 mL/site with PCECV and HDCV is preferred, but 0.1 mL/site is also used.
d Using whole vial of vaccine, Divided between eight or four sites.
e New regimen, not yet considered by WHO.

Post-exposure vaccine regimens

Tissue culture vaccines

Rabies vaccines (Table 44.4) fulfi lling WHO requirements: 
PCECV, PVRV and HDCV should be used with the following 
post-exposure regimens (Table 44.5):84,91,92

1. The standard intramuscular (i.m.) 5-dose regimen is as 
follows:
• Days 0, 3, 7, 14 and 28: 1 vial (PCECV and HDCV 1.0 mL, 

or PVRV 0.5 mL) i.m. into the deltoid (or anterolateral 
thigh in children, but never the buttock).92

2. An alternative method is a 2-1-1 i.m. regimen:
• Day 0: 2 i.m. doses (deltoids)
• Days 7 and 21: 1 i.m. dose (deltoid)

A total of 4 doses, but the antibody level is likely to fall 
more rapidly.93

The prohibitive cost of i.m. treatment may be reduced 
using economical multisite intradermal (i.d.) methods. 
Two i.d. regimens are approved by the WHO: an eight-
site regimen and a two-site regimen.

3. The eight-site i.d. economical regimen.84,94 This method is used 
with PCECV and HDCV (whose i.m. dose is 1 mL). It has a 
wide margin of safety, and consists of:
• Day 0: 0.1 mL injected i.d. at eight sites (right and left 

deltoid, suprascapular, thigh and lower lateral abdominal 
areas) using up the whole 1.0 mL ampoule

• Day 7: 0.1 mL i.d. at four sites (deltoids and thighs)
• Days 28 and 91: 0.1 mL i.d. at one site (deltoid).

The distribution of sites is designed to stimulate many dif-
ferent groups of lymph nodes. Neutralizing antibody 
induction is rapid.94 Less than two ampoules of vaccine 
are needed – a 60% reduction of the i.m. regimen. Four 
visits to the clinic are required, which reduces the cost 
of travel and time off work for patients. This regimen 
cannot be used economically with PVRV as the vial 
contains 0.5 mL.

4. The two-site i.d. economical regimen has been tested post-
exposure, with immune globulin.95 Using PVRV (0.5 mL/
ampoule) each i.d. dose is 0.1 mL per i.d. site. With other, 

Rabies Prophylaxis in Humans
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1.0 mL vaccines, PCECV and HDCV, the equivalent i.d. dose 
is 0.2 mL, although 0.1 mL/site is also used.
• Days 0, 3 and 7: 0.1/0.2 mL i.d. at two sites (deltoids)
• Days 28 and 91: 0.1/ 0.2 mL i.d. at one site (deltoid).

WHO now advises that double the dose can be given on day 28, 
and the day 91 dose omitted.96 The two i.d. regimens use the same 
amount of vaccine. Sharing of ampoules of vaccine needs great 
care. Opened ampoules must be kept in the refrigerator and used 
within 8 h. A separate syringe and needle must be used for every 
patient to prevent cross-infection.

A comparison of these i.d. regimens97 showed that the eight-site 
method induces neutralizing antibody more rapidly and to higher 
levels than the two-site regimen, and it has been recommended 
for use when no immune globulin is available.84

There is evidence that a four-site i.d. regimen98,99 is also highly 
immunogenic:

• Day 0: 0.1/ 0.2 mL approx. i.d. injections at four sites 
(deltoids, thighs), using the entire contents of the vial

• Day 7: 0: 0.1/ 0.2 mL i.d. at two sites (deltoids)
• Days 28 and 90: 0: 0.1/ 0.2 mL i.d. at one site (deltoid).

This has several advantages: it requires only four or perhaps 
three visits (days 0, 7 and 28 with an optional day 90). Injecting 
a whole ampoule of vaccine divided between i.d. sites on day 0 is 
more practicable for widespread use and is safer, especially in 
inexperienced hands. Unlike the 8-site method, it can be used 
economically with all three vaccines (0.1/ 0.2 mL per site).

The manufacturer’s instructions should be followed for all 
other vaccines.

Post-exposure treatment for those who have had 
previous vaccination

Wound care and booster doses of vaccine are still vital and urgent. 
Provided that a full pre- or post-exposure course of one of the 
recommended vaccines (Table 44.4) has been given, or if at least 
0.5 IU/mL of rabies neutralizing antibody has been documented 
following any other treatment, a short course of two doses of 
vaccine given i.m. on days 0 and 3 is recommended.84 Passive 
immunization is not required. Otherwise, a full course of vaccine 
and rabies immune globulin is needed.

Side-effects of tissue culture vaccines

Minor local reactions occur in 2–74% of vaccinees, and include 
pain, erythema, swelling, aching and paraesthesia. Multiple-site 
i.d. injections cause local itching in 7–64% in different studies. 
Mild systemic reactions, reported by 3–40% of vaccinees, consist 
of infl uenza-like symptoms, headache, fever, malaise, myalgia, 
nausea, dizziness or a rash.84

Booster doses of HDCV, usually about a year after previous 
treatment, have caused systemic allergic reactions in 6% of Amer-
ican vaccinees. After 3–13 days, urticaria, rash, angio-oedema and 
arthralgia appear, but always respond promptly to symptomatic 
treatment.100 This is likely to be an immune response to non-viral 
vaccine constituents.92 Other more highly purifi ed vaccines may 
not have this complication.

Extremely rare neurological illness following HDCV is either 
Guillain–Barré-like (in four patients) or local limb weakness 
(in two patients).101 PCECV has also been implicated in two 

neurological illnesses. Recovery is usually rapid, and none has 
been fatal.

Rabies vaccines have been used widely in pregnancy without 
problems.

Nervous tissue vaccines (NTVs)

Although they are being phased out, these inactivated homoge-
nates of infected animal brains are still in use in some countries 
in Asia, Africa and South America. Sheep brain Semple vaccine, 
fi rst produced in 1911, is used in Bangladesh and Pakistan. Seven 
to 14 daily injections are given subcutaneously over the anterior 
abdominal wall, a large area able to accommodate the 2–5 mL 
doses of vaccine. Fuenzalida’s suckling mouse brain vaccine is 
used in Vietnam and in parts of South America and Africa. 
The potency of NTVs is variable, and treatment failures occur. 
They should not be used for pre-exposure prophylaxis. Although 
post-vaccinal encephalitis is a serious complication (see below), 
post-exposure treatment is urgent, so if it is the only vaccine 
available, treatment can be started and changed to tissue culture 
vaccine at any time.

Post-vaccinal encephalomyelitis following nervous 
tissue vaccines6,101

This is an infl ammatory, demyelinating, autoimmune response 
due to sensitization by myelin and other neural antigens con-
tained in the vaccine. Estimates of its incidence vary with different 
products, but the frequency is up to 1 : 220 recipients of Semple 
vaccine, with a mortality rate of 3%. Symptoms usually appear 
within 2 weeks of starting the course, but may not appear until 
2 months later.6 Suckling mouse brain vaccines have a lower 
complication rate (1 : 8000 to 1 : 27 000) but peripheral nervous 
system signs, such as Guillain–Barré-like syndrome, frequently 
predominate and are fatal in 22% of cases.

A wide variety of neurological signs include polyneuritis, often 
involving limbs, transverse myelitis, ascending paralysis, and 
meningoencephalitis. Corticosteroid therapy (e.g. prednisolone 
40–60 mg/day) is conventional, and cyclophosphamide in addi-
tion has been suggested. Recovery often occurs within 2 weeks and 
is usually complete, but residual neurological defi cits can ensue.

Post-vaccinial encephalitis can be clinically identical to para-
lytic rabies, and the diagnosis must be made by exclusion. The 
skin biopsy technique of rabies antigen detection has proved a 
useful rapid method.53 No further nervous tissue vaccine must be 
given, but the course completed with a tissue culture vaccine.

Passive immunization

Rabies immune globulin (RIG) provides passive protection during 
the fi rst 7–10 days of a primary post-exposure course of vaccine, 
when no neutralizing antibody is detectable. This not only neu-
tralizes virus in the wound, but also may enhance the presentation 
of vaccine antigens to T lymphocytes.102

The effi cacy of RIG treatment combined with rabies vaccine has 
been proved by animal studies and natural experiments when 
wolves have bitten groups of people in Iran103 and China.104 The 
mortality from head wounds was reduced fi ve-fold by the addition 
of immune serum to vaccine treatment.105
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A dose of 40 IU/kg of equine RIG or 20 IU/kg of human RIG 
should ideally accompany every primary post-exposure vaccine 
course, but it is essential following severe bites: that is, on the 
head, neck or hands and multiple or deep bites. RIG is infi ltrated 
around the wound if anatomically possible, and any remaining 
injected i.m. at a site remote from the vaccine, but not into the 
buttock. RIG given days or even hours before the vaccine is started 
impairs the immune response.106 The dose must not be exceeded 
because RIG may reduce the immunogenicity of the vaccine.

RIG is prohibitively expensive. In Asia and Africa, Human 
RIG costs approximately US$110, and equine RIG US$25 per 
person. RIG is unobtainable in large areas including some whole 
countries.

A large study showed an incidence of reactions to equine and 
human RIG of 1.8% and 0.09%, respectively, and serum sickness 
occurred in 0.72% and 0.007% of recipients.107 An intradermal 
skin test does not predict anaphylaxis107 or most other reactions84 
and RIG should be given, despite a positive result.84,96 The test 
should be abandoned. Adrenaline should always be at hand in 
case of anaphylaxis.

Effi cacy of post-exposure prophylaxis

The untreated mortality from rabid animal bites depends on the 
part of the body affected and the severity of the bite. Data from 
the pre-vaccine era give an estimate of the chance of infection 
from suspect rabid dogs. The mortality from multiple bites on the 
head was 60–80%, from a single facial bite 30%, and from bites 
on the hand 15–67%.108,109 In India, the overall mortality from 
proven rabid dog bites was 35–57%,110,111 but no information on 
wound treatment was given in these studies.

If wound treatment, tissue culture vaccine and RIG are given 
on the day of the bite in the correct manner, prophylaxis is virtu-
ally 100% effective. Nevertheless, patients are known to have died 
of rabies after receiving these vaccines.112 This mortality has been 
attributed to human or circumstantial failure to deliver optimum 
treatment, and not to reduced antigen content or other failure of 
the vaccine.

Possible reasons for failure of post-exposure prophylaxis are as 
follows:
1. Any delay in starting vaccine increases the chance of the rabies 

virus entering neurones before the immune response is gener-
ated. The mortality following head wounds from Iranian 
rabid wolves doubled if vaccine was delayed beyond 8 days.105 
Treatment is urgent, and it is never too late to begin. Vaccine 
and RIG should be used even if the bite occurred months 
before.

2. Failure to give rabies immune globulin or to infi ltrate the 
wound, especially with severe exposure.

3. Injecting vaccine into the buttock instead of the deltoid.
4. Inability of the patient to mount an immune response due to 

chronic disease (e.g. HIV infection, cirrhosis) or immuno-
suppressive drugs (e.g. steroids).112

Rabies genotype 1 virus strains show a high degree of homology 
with the strains used in vaccine production, but there is great 
antigenic diversity within the genus. Vaccine is effective against 
Australian bat Lyssavirus22,113 but the protection afforded 
against other Phylogroup I lyssaviruses is less effi cient than that 

against genotype 1 viruses,21 and there is little if any protection 
against Mokola virus.113

PRE-EXPOSURE PROPHYLAXIS84,92

No deaths from rabies have been reported in anyone who has had 
pre-exposure treatment and booster injections after exposure. Pre-
exposure prophylaxis is advisable for anyone likely to be in contact 
with a rabid animal. This may include veterinarians, animal han-
dlers, laboratory staff, zoologists, wildlife enthusiasts, health 
workers, travellers and residents in endemic areas where dogs are 
the dominant vector species.

A pre-exposure vaccine course is three doses of one of the rec-
ommended vaccines (Table 44.5), given i.m. on days 0, 3 and 28. 
The third dose may be advanced towards day 21 if short of time. 
An economical alternative is i.d. injections of 0.1 mL at the same 
intervals.84,92 If the injection is too deep, withdraw the needle and 
repeat the procedure. A separate syringe must be used for each 
patient. Chloroquine taken as malaria prophylaxis can suppress 
the antibody response to i.d. primary pre-exposure treatment,114 
so the vaccine must be given i.m. with this drug. Vaccinees must 
keep a record of their immunization.

A booster dose 1–2 years after the primary course increases the 
persistence of antibody to 10 years in 96% of people in a study 
of i.m. treatment.115 Although the titre of antibody falls more 
rapidly after i.d. than i.m. inoculation, the response to a booster 
dose is similar, whatever the original route. Confi rmation of 
seroconversion is unnecessary unless immunosuppression is 
suspected.92

Booster doses may be given intradermally or intramuscularly 
at intervals depending on the risk of infection.115 Boosters are 
not necessary if the rabies neutralizing antibody level is at least 
0.5 IU/mL.

Laboratory staff handling rabies virus should have a serology 
test or booster injection every 6 months,84,92 but others may 
require booster doses after 2–10 years according to their risk of 
exposure. Travellers who will have rapid access to vaccine if 
exposed need not have further immunization. However, if medical 
resources will be unreliable, booster vaccination may be advisable 
before departure, if 3–5 years have elapsed since the last dose.
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Section 6 Viral Infection

Chapter 45 C. Anthony Hart, Nigel A. Cunliffe and 
Osamu Nakagomi

Diarrhoea Caused by Viruses

The gastrointestinal tract is the commonest portal of entry for 
a variety of pathogens, including viruses, but not all these 
viruses are causally associated with diarrhoeal disease. Among the 
viruses that infect enterocytes, or at least use them as a portal of 
entry, there are two major groups. The fi rst group comprises 
those viruses that cause systemic infections after entering into the 
body through the gastrointestinal tract, and diarrhoea, if ever 
present, is not a major feature of infection. This group includes 
many enteroviruses, including poliovirus and coxsackieviruses, 
hepatitis A and E viruses, and some adenoviruses. The second 
group comprises the viruses that infect the upper small intestine 
and cause non-infl ammatory diarrhoea. It is generally perceived 
that the enteropathogenic viruses do not normally cause 
systemic infection. While these viruses are diffi cult to grow in 
cell culture, there are often enormous numbers of virions shed 
into stool, which can be identifi ed by direct electron microscopy 
or immune electron microscopy. There are currently fi ve genera of 
viruses recognized as established causes of gastroenteritis in 
humans, i.e. Rotavirus, Norovirus, Sapovirus, Astrovirus, and group F 
adenovirus.

ROTAVIRUS

Human rotavirus was fi rst discovered in 1973 on thin-section 
electron microscopy of duodenal biopsies from a child with acute 
gastroenteritis, and named duovirus.1 The virus was subsequently 
found in large numbers in faeces as demonstrated by direct 
negative-stain electron microscopy2 and signifi cant antibody titre 
rises were shown between acute and convalescent sera from 
diarrhoeal children by immune electron microscopy.3 The virus 
was named rotavirus because of its characteristic wheel-shaped 
(rota is Latin for a wheel) morphology on electron microscopy 
(Figure 45.1).

Geographical distribution

Virtually all children are infected with rotavirus (group A rota-
virus) by the age of 3–5 years, whether they live in developing or 
developed countries.4,5 Thus, rotavirus is distributed evenly across 
the world. However, the consequences of infection are markedly 
different depending on where the child lives, and the majority 
of deaths due to rotavirus diarrhoea occur in the developing 

countries of the Indian subcontinent and sub-Saharan Africa 
(Figure 45.2).5,6

Epidemiology

Rotavirus diarrhoea occurs at an earlier age in children in develop-
ing countries than in children in developed countries (Figure 
45.3).7 The median age of children hospitalized with rotavirus 
diarrhoea in many African and Asian counties is 6–9 months, and 
up to 80% are less than 1 year old.8 In contrast, the median age 
in developed countries is 13–16 months and the highest propor-
tion of cases occurs in the second year of life.7 Nevertheless, in 
both developing and developed countries, rotavirus is the major 
cause of severe gastroenteritis requiring hospitalization and, where 
access to medical intervention is limited, of death. It has been 
estimated that, from 1986 to 1999, a median of 22% (range 
17–28%) of acute diarrhoea cases in children less than 5 years of 
age were due to rotavirus,5 but this proportion has nearly doubled 
recently (from 2000 to 2004) to become 39% (range 29–45%).6 
The estimated annual global mortality due to rotavirus diarrhoea 
among children less than 5 years of age has also been increased 
to 611 000 (range 454 000–705 000), refl ecting the increasing 
detection rate of rotavirus as the cause of severe diarrhoea.6 

Included among countries where the disease burden is estimated 
to be the highest are Afghanistan (1 : 90 children), Democratic 
Republic of Congo (1 : 130) and Nigeria (1 : 140), and the cumula-
tive incidence of rotavirus diarrhoeal deaths in developing coun-
tries is estimated to be on average 1 : 250.9 On the other hand, in 
developed countries, hospitalization due to rotavirus in children 
under 5 years of age is estimated as between 1 : 20 and 1 : 80.7 In 
temperate countries, rotavirus infections peak in the winter and 
early spring, with fewer cases at other times. In tropical countries, 
rotavirus infections occur throughout the year, although more 
cases are observed in the cooler and drier months (Figure 45.4).

Virology

Rotavirus is a genus within the family Reoviridae, and within the 
genus there are seven groups (A to G), each of which represents a 
separate species, e.g. Rotavirus A, Rotavirus B, etc. Only group A, B 
and C rotaviruses are established as human pathogens. Group A 
rotavirus has much greater medical importance and, unless men-
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scopic studies have shown that a rotavirus virion consists of a 
triple-layered capsid with 60 spikes protruding from its surface, 
making its overall diameter nearly 100 nm. As shown in Figure 
45.5, the outermost layer (outer capsid) consists of proteins, VP4 
and VP7, each of which independently serves as a neutralization 
antigen. The serotype defi ned by the VP4 protein is called the P 
type, for protease-sensitive protein (because VP4 is proteolytically 
cleaved into VP8* and VP5*), and the serotype defi ned by the VP7 
protein is called the G type, for glycoprotein. The inner capsid or 
the middle layer consists of the most abundant viral protein, VP6, 
which is the major protein against which antibodies are raised 
during infection with rotavirus. These antibodies are, however, 
non-neutralizing. The core or the innermost layer consists of VP2, 
a scaffolding protein, and inside this layer are VP1 (viral RNA-
dependent RNA polymerase) and VP3 (guanyltransferase), which 
is present in association with the 11 segments of double-stranded 
genomic RNA. In addition to these fi ve structural proteins, there 
are six non-structural proteins (NSPs), each of which is encoded 
by a single genome segment, except for NSP5 and NSP6, which 
carry out various functions during replication and morphogenesis. 
NSP4 works as a chaperone protein enabling the subviral particle 
to acquire the outer capsid proteins VP4 and VP7 during the later 
phases of viral morphogenesis. NSP4 also acts as viral enterotoxin, 
causing diarrhoea in newborn mice.14–16

Rotavirus genomic RNA can be extracted directly from clinical 
specimens and separated by polyacrylamide gel electrophoresis 
(PAGE). With this, two major RNA migration patterns are recog-
nized in which genome segments 10 and 11 of long RNA pattern 

Figure 45.1 Negative-stain electron micrograph of rotavirus 
particles. (×200 000.)

Figure 45.2 Map showing global distribution of rotavirus mortality in children less than 5 years of age. Each dot represents 1000 deaths. 
(Reprinted from Parashar et al.6)

tioned otherwise, rotavirus usually means group A rotavirus. 
Group B rotavirus infection is rare and affects both adults and 
children, causing both outbreaks and sporadic infections, primar-
ily in China, India and Bangladesh.10,11 Group C rotaviruses tend 
to affect older children than group A rotavirus, and up to a third 
of adult humans have serological evidence of infection with group 
C rotavirus.12,13

By conventional negative-stain electron microscopy, rotavirus 
has a characteristic double capsid structure measuring approxi-
mately 75 nm in diameter (Figure 45.1), but cryoelectron micro-
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Further discrimination between group A rotaviruses is based on 
subgroup (I, II, I + II, neither I nor II) antigens that are carried on 
the VP6 protein, and subgrouping rotavirus isolates is sometimes 
used in epidemiological studies.

Pathogenesis

Large amounts of rotavirus (up to 1011 virus particles per gram) 
are excreted in faeces during the acute phase of infection, 
and the shedding continues after the symptoms cease, sometimes 
for more than 1 month, albeit detectable only by sensitive reverse-
transcription (RT) PCR assays.25 Children with severe diarrhoea 
excrete more virus than do children with less severe diarrhoea.26 
The minimum infective dose is as low as 102–103 virus particles in 
adult volunteers.27 Person-to-person spread by the faecal–oral 
route is most likely, but there are possibilities for air-borne and 
water-borne transmission of rotavirus. The incubation period is 
usually 1–3 days. Rotavirus exclusively infects the mature differ-
entiated villous enterocytes of the small intestine. Unlike parvo-
virus, rotavirus cannot infect the immature villous crypt cells, 
hence stem cells are spared, nor does rotavirus infect colonic 
enterocytes. Rotavirus attaches to its cellular receptors (sialoglyco-
protein and integrins) via the VP4 protein, but whether the virus 
enters the cells by endocytosis or direct penetration has not been 
determined. Three mechanisms have been described for the patho-
genesis of rotavirus diarrhoea. In the fi rst 12–24 hours post infec-
tion, enterocytes are intact but levels of the brush border 
disaccharidases (sucrase, maltase, lactase) are greatly decreased.28 
This is apparently due to interference with transport of the enzymes 
to the brush border.29 As a result, disaccharides in the diet cannot 
be hydrolysed to monosaccharides and thus cannot be absorbed, 
producing an osmotic diarrhoea. Second, NSP4 has an effect in 
opening calcium channels in the enterocyte. This causes an effl ux 
of sodium and water, and a secretory diarrhoea.14 Finally, the 
raised intra-enterocyte calcium concentration causes enterocytes 
to die by oncosis.30 The rate of death of the mature villous tip 
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Figure 45.3 Two contrasting patterns of age distribution of rotavirus 
diarrhoea occurring in Malawi (as an example of a developing 
country) and in Japan (as an example of a developed country). There 
is a clear difference in the median ages of children hospitalized with 
rotavirus diarrhoea in the two countries. (Data taken from Nakagomi 
et al.7 and Cunliffe et al. [unpublished].)
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Figure 45.4 The contrasting seasonality of rotavirus diarrhoea 
occurring in Malawi (as an example of a country in the tropics) and in 
Japan (temperate climate). Rotavirus gastroenteritis peaks in winter to 
early spring in temperate countries, while the disease is year-round in 
the tropics. (Data taken from Nakagomi et al.7 and Cunliffe et al. 
[unpublished].)

viruses migrate faster than do those of short RNA pattern viruses 
(Figure 45.6).17 The precise migration pattern is characteristic for 
each rotavirus strain and is called an ‘electropherotype’, which has 
been extensively used in molecular epidemiological studies.18

The serotype is the most important antigenic determinant of 
rotavirus and is defi ned traditionally by serological assays. However, 
serological assays are now being replaced by molecular typing. 
While there is an exact correlation between G serotype and G 
genotype, thereby allowing the use of the same numbering system, 
different numbering systems are adopted to designate P serotype 
and P genotype. In the latter, a number for P genotype is designated 
within a squared bracket. Thus, the serotype of prototype human 
rotavirus strain Wa is described as G1P1A[8]. There are currently 
16 G serotypes and 26 P serotypes described in the literature, but 
the G and P type combinations (Figure 45.7) detected in human 
rotaviruses are mostly limited to G1P[8], G2P[4], G3P[8], G4P[8] 
and G9P[8].19,20 However, previously rare G[12] strains appear to 
have emerged across the world,17,21 and G8 strains with either P[6] 
or P[4] account for a signifi cant proportion of human rotavirus 
strains in Africa.22 Such genetic diversity seems to be generated by 
frequent reassortment of the genome segments and interspecies 
transmission of rotaviruses between humans and animals.23,24
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enterocytes exceeds the rate of growth of immature enterocytes 
that are regenerated from the stem cells in the crypt, causing 
villous blunting and thus malabsorption. Infection resolves both 
as the virus runs out of susceptible mature enterocytes and an 
immune response is generated. Generally speaking, it is on only 
the fi rst two or three occasions that disease occurs. However, it is 
now increasingly recognized that otherwise healthy adults can 
have rotavirus diarrhoea and elderly people appear to become 
more susceptible as their immunity wanes.31,32 Recently, rotavirus 
antigen has been detected in the blood of immunocompetent 
infants as well as in experimentally infected animals.33 The clinical 
signifi cance of this fi nding is being investigated.

Immunity

In general, one or more episodes of rotavirus infection confers 
protection against subsequent severe rotavirus diarrhoea but not 
against asymptomatic reinfection or mild to moderate diarrhoea. 
In a cohort study in Mexico, children who had experienced one, 
two or three episodes of rotavirus diarrhoea had adjusted relative 
risks of experiencing a further attack of rotavirus diarrhoea of 0.23, 
0.17 and 0.08, respectively, but of asymptomatic rotavirus infec-
tion of 0.62, 0.40 and 0.34, respectively.34 Infection with one 
serotype provides serotype-specifi c (homotypic) protection, and 
repeated infections lead to partial cross-serotype (heterotypic) 
protection. Thus, serotype matters but it does not seem to be the 
sole determinant in providing protective immunity. Cellular 

immunity appears to be important in resolution of rotavirus infec-
tion and appears to be cross-protective between the different G 
serotypes.35

Protection of neonates against rotavirus infection appears to be 
by both transplacentally acquired maternal antibody36,37 and by 
antibodies and other factors in breast milk.38 However, a study in 
Bangladesh showed that hospitalized children with rotavirus diar-
rhoea were more likely to be breast-fed than were children with 
diarrhoea due to other infectious agents.39 Interestingly, rotavirus 
infection in neonates often results in asymptomatic infection, 
unless novel serotypes emerge, and rotavirus can circulate silently 
in neonatal units. Since such asymptomatic neonatal infections 
induce protection against subsequent severe rotavirus gastroen-
teritis,40 the use of neonatal strains as vaccine candidates has been 
pursued. However, a recent study in India showed that neonatal 
infection with a G10P[11] strain that resembles a neonatal vaccine 
candidate did not confer protection against subsequent rotavirus 
infection or diarrhoea of any severity.41

Clinical features

The outcome of rotavirus infection varies from asymptomatic, 
through mild short-lived watery diarrhoea, to an overwhelming 
gastroenteritis with dehydration leading to death. Severe disease 
and death are more common in children who are already mal-
nourished or have measles. The onset of symptoms is abrupt after 
a short incubation period of 1–2 days. Fever, vomiting and watery 
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diarrhoea are seen in the majority of infected children and last for 
2–6 days. Rotavirus diarrhoea tends to be more severe than that 
due to other common enteropathogens42 but co-infection with 
another pathogen does not increase disease severity.43 Respiratory 
signs are often found during rotavirus gastroenteritis but its aetio-
logical association with rotavirus infection is not clear. Extraintes-
tinal manifestations during rotavirus gastroenteritis, including 
encephalopathies, have captured much attention since it was 
recently shown that rotavirus causes viraemia.33,44 It is not possible 
to distinguish rotavirus gastroenteritis from other viral causes of 
non-infl ammatory diarrhoea solely on clinical grounds. The stools 
are usually pale and watery or loose, and are seldom blood-
stained. In hospitalized patients, the duration of diarrhoea is from 
2 to 23 days, with a median of 6 days.45 Patients continue to 
excrete virus for extended periods of time25,46 and may thus be a 
reservoir for infecting others. The cause of death is dehydration, 
which can be hypo- or hypernatraemic and is often associated 
with metabolic acidosis.

Diagnosis

Rotavirus can be detected in stool specimens by a number of 
techniques, including electron microscopy, PAGE, antigen detec-
tion assays, RT-PCR and virus isolation. Electron microscopy is 
still a valuable diagnostic tool since it is a catch-all technique that 
will also detect other potential viral enteropathogens. PAGE is also 
a convenient diagnostic tool for the detection of rotavirus RNA 
extracted directly from stool specimens (Figure 45.6). The assay 
also allows detection of non-group A rotaviruses which fail to react 
in most antigen detection assays. This technique is relatively 
simple with good specifi city (100%) and sensitivity (80–90%), 
and can be performed in tropical countries relatively cheaply.47 It 
has an added advantage of providing epidemiological information 
because the electrophoretic migration pattern of the 11 segments 
of the double-stranded RNA genome is specifi c to each rotavirus 
strain.18,48 Detection of viral genome by RT-PCR is a research 
tool which provides information on the G and P genotypes of 
the circulating strains49–51 and the duration of viral shedding in 
stool.25,46

Rotavirus

Figure 45.6 Separation of rotavirus genomic RNA into 11 bands 
by polyacrylamide gel electrophoresis. Two RNA patterns, long and 
short, are represented by prototype strains Wa and DS-1, respectively. 
Strains 006 and 107E1B have similar but distinct RNA 
electropherotypes. The differences in migration of segments 7, 8, 
and 9 are clearly demonstrated by co-electrophoresis in which RNAs 
from both 006 and 107E1B were loaded on the same lane. (Adapted 
from Nakagomi, et al.17)
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Figure 45.7 Relative frequencies of rotavirus genotypes detected 
globally among human rotaviruses over the period 1994–2003. 
(Adapted from Gentsch et al.19)
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Antigen detection tests are currently the most widely used in 
diagnostic laboratories and include enzyme-linked immunosor-
bent assay (ELISA), latex particle agglutination assay, and immu-
nochromatography.52 The sensitivity and specifi city of these tests 
are generally high (90–95%) but they are only designed to detect 
group A rotaviruses.

Group A and group C rotaviruses can be isolated in cell culture 
but viral culture is limited to research purposes. Similarly, anti-
body detection can be used for establishing a diagnosis but is not 
often employed.

Management

The mainstay of management consists of assessment of dehydra-
tion and replacement of lost fl uid by oral rehydration with fl uids 
of specifi ed electrolyte and glucose composition. Intravenous rehy-
dration therapy is indicated for patients with severe dehydration, 
shock or reduced levels of consciousness. Human or bovine colos-
trum and hyperimmune human serum immunoglobulin have 
been used to manage chronic rotavirus infection in immunocom-
promised children. Administration of probiotics such as Lactobacil-
lus casei GG also appears benefi cial. Recently, the antiprotozoal 
drug nitazoxanide was shown to decrease the median duration of 
rotavirus gastroenteritis by 44 hours in a randomized double-blind 
placebo-controlled trial in Egyptian children.53 How this agent 
would be used in children in developing countries is unclear.

Prevention and control

Since virtually all children will have experienced rotavirus infec-
tion by the age of 3–5 years in both developing and developed 
countries, it is clear that the high standards of hygiene and sanita-
tion practised in developed countries are not suffi cient to prevent 
the spread of rotavirus infection within the community. Thus, 
prophylaxis of severe rotavirus gastroenteritis by vaccines remains 
as the only practical preventive measure.4,54 The fi rst licensed rota-
virus vaccine, a rhesus monkey rotavirus-based tetravalent human 
reassortant vaccine (RotaShield®), was withdrawn after this live, 
oral vaccine was associated with the development of intestinal 
intussusception in approximately 1 : 10 000 vaccine recipients in 
the USA. Two new rotavirus vaccines, Rotarix® (GlaxoSmithKline 
Biologicals) and Rotateq® (Merck & Co.), have recently completed 
phase III clinical trials, each involving more than 60 000 infants. 
Both vaccines were found to be safe when given to infants under 
3 months of age and were >85% effi cacious in preventing severe 
gastroenteritis due to rotavirus.55,56 Rotarix® is a monovalent 
human rotavirus vaccine of serotype G1P1A[8], whereas Rotateq® 
is a pentavalent bovine–human reassortant vaccine comprising 
types G1, G2, G3, G4 and P[8]. Updated disease burden estimates 
and economic justifi cation will be needed wherever vaccine intro-
duction is considered. Further confi rmation of the safety profi le 
of either vaccine will depend on post-licensure evaluation. Assess-
ment of the ability of each vaccine to provide protection against 
an increasingly diverse population of rotavirus strains will require 
continuous global strain surveillance. Rotavirus does not produce 
more severe disease in HIV-infected infants,57 so use of live-
reassortant rotaviruses in populations with a high prevalence of 
HIV should not pose a risk.

ENTERIC ADENOVIRUSES

While adenoviruses have long been established as the cause of 
some respiratory and systemic infectious diseases and can be 
recovered in cell culture from stool specimens, they were not 
considered to be a causative agent of infantile diarrhoea until they 
were seen in large numbers in stool specimens. These adenovi-
ruses were not cultivatable in cells used for the more conventional 
adenoviruses, and were thus called ‘enteric’ or ‘fastidious’ adeno-
viruses. They are now readily grown in 293 cells and are classifi ed 
as serotypes 40 and 41 in group F adenoviruses.

Adenoviruses are unenveloped DNA viruses with an icosahe-
dral capsid measuring 70–75 nm in diameter (Figure 45.8). Their 
genomes are double-stranded linear DNA of 33–45 kilobase pairs. 
Family Adenoviridae has now been divided into the genus Mast-
adenovirus (mammalian adenoviruses, to which human adenovi-
ruses belong) and the genus Aviadenovirus (adenoviruses of birds). 
Human adenoviruses are further divided into six subgenera (A–F) 
and 51 serotypes.

Enteric adenoviruses account for approximately 5% of cases of 
infantile diarrhoea, occurring most often in children under 2 years 
of age.58 There is no apparent seasonality to infection. Enteric 
adenoviruses are spread from person to person by the faecal–oral 
route. Neither food-borne nor water-borne spread has been 
described.

The clinical features of enteric adenovirus gastroenteritis do not 
differ greatly from those of rotavirus but the duration of diarrhoea 
tends to be longer in adenovirus infection than in rotavirus infec-
tion.59,60 Other than gastroenteritis, adenovirus is implicated as a 
cause of idiopathic intussusception in infants.61,62 These adenovi-
ruses are of serotypes 1, 2, 3 and 5, and rarely of 40 or 41 (enteric 
adenoviruses).

The diagnosis of adenovirus infection is by visualization of 
characteristic virions in stool specimens under the electron micro-
scope; demonstration of adenovirus antigens in stool by ELISA, 

Figure 45.8 Negative-stain electron micrograph of enteric 
adenovirus. (×200 000.)
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latex agglutination assay or immunochromatography; or detec-
tion of the genome by DNA hybridization (mostly in tissues) and 
PCR.

Treatment of adenovirus diarrhoea is by managing dehydra-
tion. There is neither a specifi c therapeutic intervention nor a 
vaccine.

ASTROVIRUS

Astrovirus was fi rst described in 1975 and is now established as 
an important cause of gastroenteritis in children and adults. The 
family Astroviridae can infect a variety of animal species, includ-
ing humans. Astrovirus is an unenveloped virus measuring 28–
30 nm in diameter. Under the electron microscope it has a 
characteristic star shape ‘stamped’ on its surface, a fi ve- or six-
pointed star with an electron-dense centre (astron is Greek for a 
star) (Figure 45.9). It has a positive-sense single-stranded RNA 
genome approximately 7 kb in length which encodes an RNA 
polymerase (ORF1a), a serine protease (ORF1b) and three capsid 
proteins (ORF2).

There are at least eight serotypes (serotypes 1–8) of human 
astroviruses and serotype 1 is the most frequently detected.63 
However, other serotypes can be responsible for outbreaks of 
food-borne infections and there appears to be a greater diversity 
of serotypes in developing countries.64 The importance of astrovi-
rus gastroenteritis has only recently been recognized with the 
development of improved diagnostic tests such as ELISA. Astrovi-
rus infections predominate in young children aged between 4–5 
months and 4 years, and account for between 2% and 10% of 
cases of diarrhoea in children. The disease tends to be milder and 
more frequently encountered in community-based studies.65 One 
such study in Mexico estimated the incidence rate of astrovirus 
gastroenteritis to be 0.1 episodes per child per year.66 Sero-
epidemiological studies have demonstrated that more than 90% 
of children in the USA will have experienced astrovirus infections 
by the age of 6–9 years.67 Astrovirus has been detected in all coun-
tries where suffi ciently sensitive detection methods have been 
used, including Malawi,68 Mexico,66 South Africa,69 and Egypt.70 In 
temperate countries it shows a similar seasonal distribution to 
rotavirus but peaks a month earlier.

Astrovirus is transmitted faeco-orally either directly or by inges-
tion of food. Astrovirus infects the upper small intestine but the 
mechanism of diarrhoea is not known. The features of the illness 
are similar to those of rotavirus but may be milder and its duration 
is 4–5 days on average. However, in Bangladesh, astrovirus was 
found to be associated with prolonged diarrhoea.64

Diagnosis used to be solely by electron microscopy, but this is 
now being replaced by more sensitive and easy-to-perform ELISA 
or latex agglutination assays, or by detection of the genome by 
RT-PCR. Treatment is by managing dehydration. There is no 
vaccine available and little is known of immunity to infection 
other than that children with immunodefi ciency excrete the virus 
for long periods.71

CALICIVIRUSES

Norovirus and Sapovirus are two different genera of viruses that 
belong to the family Caliciviridae and are major causative agents 
of acute gastroenteritis in children and adults. The Norwalk agent, 
the prototype of Norovirus, was fi rst identifi ed by immune electron 
microscopy as 27 nm virus particles with a feathery-ragged outline 
(Figure 45.10) in stool specimens of volunteers who were chal-
lenged with the clinical specimens collected during a gastro-
enteritis outbreak in Norwalk, Ohio, USA.72 In addition, stool 
examination by negative-stain electron microscopy has demon-
strated the presence of ‘typical’ calicivirus-like particles (Figure 
45.11), now classifi ed as Sapovirus (the prototype was found in 
Sapporo, Japan), in the stool specimens of children. These exhibit 
the ‘classical’ distinct cup-shaped depressions (calyx is Greek for a 
cup) on the surface of the virion.73,74 Molecular cloning of these 
viruses has confi rmed that both noroviruses and sapoviruses are 
members of Caliciviridae but each constitutes a distinct genus 
within the family.75

Norovirus

Norovirus has an unenveloped virion with icosahedral symmetry, 
measuring 27–30 nm in diameter. Its genome is positive-sense, 
single-stranded RNA, approximately 7 kb in length, with a stretch 
of poly A sequence at its 3′ terminus. The genome contains three 

Figure 45.9 Negative-stain electron micrograph of enteric 
astrovirus. (×200 000.)

Figure 45.10 Negative-stain electron micrograph of norovirus with 
a feathery-ragged outline. (×200 000.)

Caliciviruses
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ORFs, of which ORF2 encodes a single polypeptide of 59 kDa on 
which the antigenicity of a virus strain is expressed. Since neither 
animal model nor cell culture systems are available to test the 
infectivity of norovirus other than volunteer challenge studies, 
serotypes of norovirus have not been established. The genome of 
norovirus exhibits a great diversity and there are multiple geno-
types that are distributed into four genogroups (GI–GIV).76

Norovirus is spread faeco-orally, and causes an illness with an 
abrupt onset of vomiting, diarrhoea and abdominal pain after a 
short incubation period of 1–2 days. While transmission via the 
respiratory route has not been established, it has been suggested 
from epidemiological observations that aerosolized saliva or 
vomitus can be the source of infection.77 The illness is generally 
mild and fever rarely exceeds 38 °C. Recovery follows within 1–3 
days, but the excretion of norovirus into stool lasts longer, some-
times up to 2 weeks. Approximately half of those infected with 
norovirus remain asymptomatically infected. In temperate coun-
tries, norovirus gastroenteritis tends to show a winter seasonality. 
Infection can occur as point-source food-borne outbreaks or 
sporadically.

Norovirus was initially thought solely to be the cause of epi-
demic gastroenteritis limited to older children and adults, but it 
is now known that norovirus is also a major cause of infantile 
diarrhoea. In a study in Finnish children, norovirus was respon-
sible for 20% of cases of gastroenteritis. In comparison, sapovirus 
was detected in 9%, astrovirus in 10%, enteric adenovirus in 6%, 
and rotavirus in 31% of the cases.78

Electron microscopy is relatively insensitive except in the fi rst 
days of the illness and the defi nitive diagnosis needs to be made 
based on either antigen detection or identifi cation of the norovi-
rus genome by RT-PCR.79 Recently, commercial antigen detection 
kits have been developed, which are less sensitive than genomic 
detection by RT-PCR but the specifi city is close to 100%.

Following infection, patients produce serum and faecal anti-
body to viral capsid proteins but their role in protective immunity 
is not fully defi ned. Recently, considerable progress has been made 
in understanding the relationships between norovirus and tissue 
antigens, including the ABO blood groups.80 Norovirus appears to 
use secreted blood group (H) antigens expressed on the mucosal 

surface of the enterocytes as viral receptors; thus, non-secretors, in 
whom such antigens are not expressed on the intestinal mucosa, 
are resistant to norovirus infection.81

There is no specifi c therapy nor are vaccines available.

Sapovirus

Sapovirus has an unenveloped virion with icosahedral symmetry, 
measuring 30–35 nm in diameter. Negative-stain electron micros-
copy reveals characteristic particle morphology with cup-like 
depressions, often described as the ‘Star of David’ (Figure 45.11). 
Its genome is positive-sense, single-stranded RNA of approxi-
mately 7 kb in length with a stretch of poly A sequence at its 3′ 
terminus. Unlike norovirus, sapovirus encodes the capsid protein 
contiguous with the large non-structural polyprotein (ORF1). The 
junction that corresponds to ORF1 and ORF2 of norovirus con-
sists of a one- or four-nucleotide overlap between the stop codon 
of ORF1 and the fi rst AUG codon of ORF2. This creates a −1 
frameshift. The 3′ end of ORF1 encodes a single polypeptide of 
62 kDa.

Illness due to sapovirus tends to predominate in young chil-
dren, and virtually all children appear to have experienced infec-
tion by sapovirus by the age of 5 years. In temperate countries, 
sapovirus gastroenteritis occurs more frequently in winter. Sapo-
virus accounts for approximately 5% of cases of infantile 
diarrhoea, the detection rates being similar to those of adenovirus 
and astrovirus. Sapovirus rarely causes outbreaks of food-borne 
gastroenteritis.

Sapovirus spreads faeco-orally and infects, and causes predom-
inantly diarrhoea in infants and young children. Protective immu-
nity appears to follow infection, since, unlike with norovirus, 
adults rarely get sapovirus gastroenteritis.

While a typical calicivirus-like morphology under the electron 
microscope strongly suggests the presence of sapovirus, the defi n-
itive diagnosis needs to be made based on either antigen detection 
or identifi cation of the sapovirus genome by RT-PCR.79

Treatment is by management of dehydration. There is neither 
specifi c antiviral chemotherapy nor a vaccine available.

Figure 45.11 Negative-stain electron micrograph of a sapovirus 
with the classical ‘Star of David’ morphology. (×200 000.) Figure 45.12 Negative-stain electron micrograph of an enteric 

coronavirus. (×200 000.)
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OTHER VIRUSES

A number of other viruses, including coronavirus82 (Figure 45.12), 
torovirus,83 picobirnavirus84,85 and pestivirus,86 have been detected 
in stool specimens of patients with acute gastroenteritis, but their 
signifi cance as aetiological agents of diarrhoea remains to be 
established.
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Section 6 Viral Infection

Chapter 46 J. S. Malik Peiris and Charles R. Madeley

Respiratory Viruses

No individual can survive without a functioning respiratory tract. 
It is frequently invaded by infective agents of all kinds, including 
viruses and bacteria. The consequences depend not only on the 
particular agent but also on the individual patient. Pre-existing 
impairment of the tract by congenital malformations or damage 
from previous episodes of infection or trauma, as well as the cir-
cumstances of the individual as a whole (malnutrition, poverty, 
overcrowding, sanitation, etc.), will profoundly affect the outcome. 
This chapter primarily concerns viruses but other microorganisms 
may be involved, alone or in combination. The respiratory tract 
may also be involved in part of a more extensive disease process 
which may itself be due to a virus. Infection of one part of the 
respiratory tract should therefore not be seen in isolation; the 
wider implications must be considered.

Acute respiratory infections are estimated to cause approxi-
mately 1.9 million childhood deaths annually, 70% of them in 
Africa and South-east Asia.1 The contribution of acute respiratory 
infections to overall childhood mortality ranges from <5% in the 
developed countries to 25% in some developing countries. Bacte-
rial infections in general have a higher case fatality than acute viral 
infections, but viruses are far more common causes of acute respi-
ratory infection. Overall they contribute to at least one-third of 
the deaths caused by acute respiratory infection in the developing 
world.2

CLINICAL PICTURE

The respiratory tract can be divided into upper and lower parts, 
with the boundary at the lower end of the larynx. Viral infections 
confi ned to the upper part (upper respiratory tract infection, 
URTI) are rarely life-threatening, with the exception of croup. They 
can be uncomfortable but do not usually call the individual’s 
future into question. These infections do not automatically spread 
to the lower respiratory tract, but where the lower respiratory tract 
is involved the process is extensive and rarely confi ned to one lobe 
or even one lung. This contrasts with pneumococcal pneumonia, 
which is typically confi ned to one lobe of one lung (see also 
Chapter 11).

Although widespread, the clinical consequences of viral infec-
tion are usually less severe than those seen in bacterial pneumo-
nia; otherwise, such infections would be much more lethal. 
Severe Acute Respiratory Syndrome (SARS) and disease due to 

avian infl uenza subtype H5N1 are notable exceptions, where 
disease severity and mortality from a virus infection is particularly 
high. The most common manifestations of a lower respiratory 
tract infection (LRTI) are bronchiolitis (in infants) or an atypical 
pneumonia. Even when an LRTI occurs, the upper tract is also 
usually involved and the causative virus can usually be recovered 
from it.

There are no clear-cut differences between the clinical pre-
sentation(s) of any viruses in the respiratory tract. For example, 
although respiratory syncytial virus (RSV) is the most common 
cause of bronchiolitis worldwide, this clinical condition may also 
be caused by parainfl uenza viruses, infl uenza viruses, adenovi-
ruses or rhinoviruses. Consequently, it must not be assumed that 
two patients with similar clinical illnesses will have been infected 
by the same virus. This is particularly so in babies and young 
children. Conversely, the same virus may cause a range of clinical 
manifestations in different patients.3

THE VIRUSES

Table 46.1 lists those viruses generally associated with the respira-
tory tract. Nevertheless, other viruses may be present as part of a 
generalized process in which the respiratory component is only a 
(small) part.

Table 46.1 is divided into two sections: section A lists those 
viruses usually associated with respiratory tract disease. Confi rm-
ing their presence will usually identify the cause of the illness, 
although dual and even triple infections can occur, particularly in 
the compromised host. The viruses are listed in approximately 
descending order of importance in terms of numbers of cases 
annually and their potential severity. By almost any criterion RSV 
would head the list but the others could be ranked in a different 
order, depending on the age, time of year and geographical loca-
tion of the population. Section B lists another three viruses which 
may be found in the respiratory tract of clinically normal indi-
viduals, especially children. Nonetheless, enteroviruses are increas-
ingly recognized as aetiological agents of respiratory disease. 
Herpes simplex virus, too, may cause no overt lesions in the respi-
ratory tract, although its presence indicates a potential to cause 
damage if the opportunity occurs – particularly in compromised 
patients. Reoviruses are not proven pathogens in the respiratory 
tract, although they are frequently isolated from the throats of 
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children. Important features of each virus, and infection with it, 
are discussed below.

Respiratory syncytial virus (RSV)

This virus is distributed worldwide and is found wherever it has 
been sought. It is frequently associated with bronchiolitis in 
babies – with a peak incidence at about 6 months – and is the 
most common virus detected, especially in children under 1 year 
of age who are hospitalized with respiratory infections. Large 
epidemics occur annually at the same season, but the seasonality 
of RSV epidemics may vary in different geographical regions (see 
Epidemiology, below). The starting date and extent of the epi-
demic may vary but the annual epidemic occurs reliably. For 
diagnostic purposes there is only one serotype, but two subtypes 
(A and B) have been described and they may co-circulate, with 

one usually predominating in any given year. No obvious differ-
ences in disease severity or pathogenesis have been docu-
mented.3

RSV causes a substantial but variable LRTI disease burden in 
tropical countries.4 In a population-based study of infants in 
Kenya it was found that RSV was common, approximately 36% 
of infections led to LTRI, 23% were severe and 3% of infected 
children were hospitalized.5 More recently, it is becoming clear 
that RSV causes signifi cant morbidity in the elderly as well as in 
infants.6

Infl uenza A and B viruses

Antigenically, these are the most variable of the respiratory viruses. 
Both exhibit antigenic ‘drift’, in which the surface antigens of the 
virus change gradually in the face of immunological pressure from 

Table 46.1 Viruses infecting the respiratory tract

Virus No. of serotypes Group 
antigen?

Common disease presentationa

A. USUALLY PATHOGENIC IN THE RESPIRATORY TRACT

RSV 1 (2 subtypes: A and B) Yesb Bronchiolitis in <2 years and in elderly (also 
URTI, failure to thrive, febrile fi ts)

Infl uenza A Genetically unstable → sequential variantsc Yes URTI, infl uenza

Infl uenza B Genetically unstable → sequential variantsc Yes URTI, infl uenza, may include abdominal pain

Human metapneumovirus 1 (2 subtypes: A and B) Yes Bronchiolitis in <2 years, and in elderly (also 
URTI, failure to thrive, febrile fi ts)

Parainfl uenza 1–4a,b No URTI, croup, bronchiolitis

Adenovirus 47d Yes URTI, acute respiratory disease

Rhinovirus >100 No URTI (‘common cold’)

Coronaviruse 229E, OC43, NL63, HKU1 No URTI (‘common cold’), LRTI, croup, pneumonia

SARS-coronavirus 1 Yes Severe and often fatal pneumonia

Epstein–Barr virus 1 Yesb Glandular fever

Cytomegalovirus 1 Yesb Various (in the immunocompromised only)f

Measles 1 Yesb Measlesg

Hantaviruses Several No Hantavirus pulmonary syndrome

Bocavirus Only 1 known ? –

B. MAY BE RECOVERED FROM THE RESPIRATORY TRACT BUT ROLE IN RESPIRATORY DISEASE UNCERTAIN

Enteroviruses 68 No –

Herpes simplex (hominis) 1 Yesb –h

Reovirus 3 No –i

a Although this column lists the more common presentations, there is considerable overlap in clinical signs and symptoms between respiratory viruses.
b There is only one serotype. This is used as a group antigen for diagnostic purposes.
c  The RNA of infl uenza A and B viruses is constantly undergoing mutation which is refl ected antigenically, causing ‘drift’ in both infl uenza A and B and ‘shift’ in 

infl uenza A.
d Most respiratory infections are due to types 1–7.
e Coronavirus 229E, OC43, NL63 and HKU1 viruses are now recognized.
f Usually no overt illness in the immunocompetent, except congenital damage and for some examples of glandular fever.
g Rash may be absent in the immunocompromised.
h Causes stomatitis and may be a cause of pneumonitis in compromised patients.
i No identifi ed disease in man.
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the host species, with one or two variants predominating at a 
given time. In showing this progressive and ‘directional’ antigenic 
change, they are unique among respiratory viruses. In addition, 
infl uenza A, but not infl uenza B, shows occasional major antigenic 
changes in the surface antigenic structures (haemagglutinin and/
or neuraminidase), and called ‘antigenic shift’, which may lead to 
a pandemic. Such pandemic infl uenza viruses are derived from 
avian infl uenza viruses through genetic re-assortment with animal 
or human strains. This results in the incorporation of new viral 
surface antigens to which the human population is immunologi-
cally naïve. The timing, extent and direction of either ‘drift’ or 
‘shift’ have so far been completely unpredictable. However, when 
viruses with antigenic shift appear in the human population, a 
worldwide pandemic of infl uenza A becomes possible; memora-
ble examples occurred in 1918 (‘Spanish fl u’), in 1957 (‘Asian fl u’) 
and in 1968 (‘Hong Kong fl u’). With no animal 
reservoirs to provide such new antigens, shift does not occur 
in infl uenza B.

Smaller-scale infl uenza epidemics associated with antigenic 
drift contribute to mortality in the elderly and in those with pre-
existing conditions such as chronic cardiopulmonary or renal 
disease, diabetes, immunosuppression or severe anaemia. The risk 
of Reye’s syndrome is increased following infl uenza in children 
on long-term aspirin therapy. While the morbidity and excess 
mortality associated with infl uenza in temperate regions is well 
documented,6 the more diffuse seasonality (see Epidemiology, 
below) obscures the disease burden due to infl uenza in the tropics. 
Nevertheless, recent studies in Hong Kong and Singapore have 
revealed that infl uenza-associated mortality and morbidity in 
tropical settings is as signifi cant as in temperate climates.7 Interest-
ingly, infl uenza-associated mortality is not restricted solely to 
respiratory complications. A small proportion of cardiovascular 
mortality also appears to be triggered by infl uenza.7

Avian infl uenza virus (H5N1) is currently endemic in poultry 
in a number of countries in Asia and Africa and has repeatedly 
been transmitted zoonotically to humans, often with fatal conse-
quences.8,9 The associated disease was unusual in that previously 
healthy young adults and children are among those most severely 
ill. The disease presents as a rapidly progressive viral pneumonia 
with severe leucopenia and lymphopenia, progressing to Acute 
Respiratory Distress Syndrome and multi-organ dysfunction that 
fail to respond to standard antibiotic therapy for the pathogens 
causing community acquired pneumonia. Some patients also 
manifest a watery diarrhoea and moderate liver dysfunction. Most, 
though not all, patients have a history of recent exposure to sick 
poultry. Transmission remains zoonotic although occasional 
instances of limited and, so far, unsustained human-to-human 
transmission following close family-type contact have been 
reported. Early diagnosis and treatment with oseltamivir is life-
saving (see Treatment, below).

Other avian infl uenza A viruses (e.g. subtypes H9N2, H7N7) 
have also caused human infection. H9N2 and H7N7 have caused 
mild fl u-like illness or conjunctivitis (H7N7). But one fatal respi-
ratory illness caused by H7N7 virus is documented.

The continued zoonotic transmission of these avian viruses 
does not imply that they are inevitably likely to lead to another 
pandemic. However, the unusual severity of H5N1 disease in 
humans gives cause for concern, because one cannot assume that 
the acquisition of human-to-human transmissibility (if it ever 

occurs) will always be associated with a signifi cant loss of viru-
lence. Irrespective of whether or not a putative pandemic threat 
becomes reality, it is clear that H5N1 viruses have already had a 
signifi cant impact on the poultry industry, on human 
economic and social well-being and consequently on human 
health.

Human metapneumovirus

This virus, which resembles respiratory syncytial virus (RSV), was 
discovered in 2001 by van den Hoogen and colleagues in The 
Netherlands.10 It is now recognized to be a separate virus in its 
own right, although the disease it causes, its world wide distribu-
tion and seasonality are similar to those of RSV.11,12 It, too, may 
cause infections in the elderly as well as in babies under 1 year 
old, and its discovery has accounted for some of the diseases in 
these age-groups for which no cause had been found hitherto. 
Retrospective serology, though, has shown that this is not a new 
pathogen, even for man, but has been around for a long time.

Parainfl uenza virus

There are four serotypes of parainfl uenza, with type 4 possessing 
two subtypes: 4a and 4b. Types 1 and 2 typically cause croup, a 
high-pitched barking cough in children which is profoundly irri-
tating to their parents. Type 3 can cause bronchiolitis or pneumo-
nia and, less often, croup. In temperate countries, types 1 and 2 
(together with RSV) are more prevalent in the winter months, 
whereas type 3 is unusual (among respiratory viruses) in occurring 
more often in spring and early summer. This dissociation between 
the peaks of activity of parainfl uenza type 3 and RSV has also been 
observed in tropical regions.13

Adenovirus

There are 51 different serotypes but the majority of respiratory 
infections involve types 1–7. Types 1, 2, 5 and 6 are usually asso-
ciated with endemic disease in temperate regions, and types 3, 4 
and 7 with epidemics. The higher-numbered serotypes appear in 
the respiratory tract from time to time but the majority of them 
have been found only in the gut (see Chapter 46).

Adenoviruses are unusual in that prolonged carriage (up to 2 
years in some cases) may occur in the tonsils of children, often 
with no continuing illness. The clinical signifi cance of adenovi-
ruses isolated from the throats of children must therefore be inter-
preted cautiously, especially if the strain has not been typed. 
However, they may cause a primary and severe pneumonia in 
debilitated children, in whom it may be rapidly fatal, and in some 
immunocompromised patients.

Rhinoviruses

These are frequent causes of the ‘common cold’, itself a frequent 
winter and summer illness in temperate countries but they have 
a year-round seasonality in the tropics.14 They can be diffi cult to 
grow in culture and are very under-reported, mainly because diag-
nosis is often not attempted. With over 100 serotypes, serological 
diagnosis is impracticable. Molecular diagnosis based on 
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conserved parts of the viral genome has revealed that rhinoviruses 
are detected in a substantial number of children hospitalized with 
acute respiratory disease in both temperate and tropical regions.14 
However, in a proportion of cases, a rhinovirus is detected together 
with other respiratory pathogens and the relative contribution of 
rhinovirus to the illness is unclear. A better understanding of the 
epidemiology of rhinoviruses in apparently asymptomatic chil-
dren (and adults) is needed. Rhinoviruses are now also recognized 
to be a signifi cant precipitating factor in exacerbations of asthma 
and chronic obstructive airways disease in both children and 
adults.15 They have also occasionally been the sole pathogens 
present in the lungs of immunocompromised patients dying with 
respiratory signs and symptoms.

Coronaviruses

Human coronavirus (HCoV) strains 229E and OC43 have been 
long recognized as the second main cause of the common cold. 
More recently, three other coronaviruses have been detected in 
humans, SARS CoV (see below), HCoV-NL63 and HCoV-HKU1. 
The HCoV 229E, OC43, NL63 and HKU1 viruses are ubiquitous 
and are regularly detected in respiratory specimens of a small 
proportion (1–10%) of children hospitalized with acute respira-
tory disease and in many parts of the world.16–18 Infection with 
these human coronaviruses presents as an upper respiratory tract 
infection, asthma exacerbation, acute bronchiolitis, pneumonia, 
febrile seizures and also as croup (especially NL63). HKU1 can be 
associated with URTI, LRTI (especially in those with underlying 
diseases of the respiratory tract) and with febrile seizures in chil-
dren.17 HCoV are not readily cultivable and require molecular 
methods (such as reverse transcription polymerase chain reaction, 
RT-PCR) for detection (see Diagnosis, below).

SARS-coronavirus

In 2003, a coronavirus causing a severe and often fatal pneumonia 
emerged in southern China. Within weeks of its spread to Hong 
Kong, the disease had also spread worldwide to affect over 30 
countries across fi ve continents; a dramatic illustration of how 
rapidly a newly emerging respiratory disease can spread.19 It was 
unusual in that it caused severe disease, which was also readily 
transmitted to those caring for the patients. Unlike many other 
respiratory viral infections, viral load in the upper respiratory tract 
did not peak until the second week of illness and, consequently, 
transmission was rare within the fi rst 5 days from onset of illness. 
This allowed public health measures of early case recognition and 
isolation to interrupt transmission within the community. SARS 
was a disseminated infection and not one confi ned to the respira-
tory tract.19 Virus was detectable in the faeces and urine and these 
may also contribute to transmission under some circumstances.

The virus originated as a zoonosis. The precursor virus is present 
in bats (Rhinolophus spp).20 Civet cats and other small mammals 
within live game-animal markets in southern China provided a 
reservoir and amplifi er of the virus and probably provided the 
opportunity for adaptation to humans.21 While the transmission 
of the human-adapted virus that caused the global outbreak in 
2003 has been interrupted, it is possible that the disease may 
reappear, either through the escape of the human-adapted SARS 

CoV from a laboratory or by the re-adaptation of the animal virus 
to effi cient human transmission.

Measles

Measles (see also Chapters 43 and 47) is often not recognized as 
a major cause of LRTI morbidity or mortality, and there are a 
number of factors that may account for this underassessment.22 
Children with measles may not always be admitted to a general 
paediatric ward, the aetiology may be attributed to a super infect-
ing pathogen rather than to measles, and some patients with 
measles (especially when immunocompromised as a result of 
malnutrition, cytotoxic drug treatment or for other reasons) will 
fail to develop the typical rash. In patients who do not manifest 
typical clinical features, both clinical and laboratory diagnosis of 
measles is diffi cult, even in the developed world. Where the diag-
nosis has been actively sought in developing countries, measles is 
found to be a major cause of LRTI, accounting for 6–21% of mor-
bidity and 8–50% of the mortality attributed to LRTI. The effects 
of the virus on the respiratory tract can be direct (giant cell pneu-
monitis) or indirect. The latter includes the depressive effects of 
the virus on the host immune system, stores of vitamin A and 
overall nutritional status. All of these can lead to an increased risk 
of super-infection with other viral or bacterial pathogens.

Other viruses causing disease in 
the respiratory tract

Human Boca viruses belong to the family Parvoviridae are associ-
ated with a proportion of lower respiratory tract disease and 
wheezing in children, especially those aged 6 months–2 years.23,24 
The viral DNA is also detectable in the serum but it is not clear 
whether this represents infectious virus. Enteroviruses have been 
known for many years as causes of a range of clinical manifesta-
tions. Their role in respiratory infections is now being increasingly 
investigated.25

Hantavirus pulmonary syndrome (HPS) is a rare but important 
cause of severe respiratory illness in the North and South Ameri-
can continents. Their role in respiratory disease was fi rst recog-
nized in May 1993, when an outbreak of a severe, and frequently 
fatal, respiratory disease occurred in the area in the USA where the 
four states Arizona, Colorado, New Mexico and Utah abut. The 
causative agent was found to be a hantavirus, later called Sin 
Nombre virus. The natural host was found to be the deer mouse, 
Peromyscus maniculatus, the local population of which had recently 
increased rapidly, bringing them and their excreta more into 
contact with humans, and allowing the virus to cross the species 
gap. Related viruses causing a similar disease syndrome have since 
been isolated in North (e.g. New York, Bayou, Black Creek Canal 
viruses) and South (e.g. Andes virus) Americas, but with different 
species of natural rodent hosts.26 These viruses all belong to the 
same hantavirus genus as those causing haemorrhagic fever with 
renal syndrome (HFRS) in the Old World: Hantaan, Seoul and 
Puumala viruses. Both HFRS and HPS have a similar febrile pro-
drome with thrombocytopenia and leucocytosis. In HPS, the key 
differences are that the capillary leakage which follows is localized 
to the lungs and that, with Sin Nombre virus, renal dysfunction 
is minimal. There was no evidence of human-to-human 
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transmission in this outbreak, but there is evidence that some of 
the South American hantaviruses causing HPS may be transmitted 
between humans in a nosocomial setting.

Viruses causing respiratory disease in 
the immunocompromised

A detailed analysis of the respiratory complications of the immu-
nocompromised patient (oncology, leukaemia, transplantation) 
is outside the compass of this book but some mention is necessary 
of opportunistic infections in patients who have been immuno-
depressed by the human immunodefi ciency virus (HIV) or who 
have the acquired immune defi ciency syndrome (AIDS) (see also 
Chapter 20). They are likely to contract any of the viruses already 
mentioned and may have diffi culty in eradicating them due to the 
lack of functioning cellular immunity. However, viral respiratory 
infections are not in themselves necessarily a life-threatening 
problem in patients with AIDS, with three exceptions: cytomega-
lovirus, measles and varicella-zoster virus.

Cytomegalovirus is an opportunist pathogen in immunocom-
promised patients in whom it can cause serious or even fatal 
respiratory complications. It is more important as an opportunist 
pathogen of transplant recipients (especially bone marrow trans-
plants) than those immunocompromised through AIDS. Perinatal 
cytomegalovirus infection may occasionally present as pneumoni-
tis in the newborn and (together with Chlamydiae) must be con-
sidered in the differential diagnosis. Apart from such occasional 
illnesses, most cytomegalovirus infections are clinically silent, 
although serological surveys have shown positivity rates approach-
ing 100% in some overcrowded populations. It is also a cause of 
congenital malformations, especially sensorineural deafness, fol-
lowing maternal infection in pregnancy (see also Chapter 47).

In the immunocompromised, giant cell pneumonitis due 
to measles can be fatal, and may occur even in patients who 
have past immunity (naturally derived or vaccine induced). 
Chickenpox is usually trivial in school-age children but may be 
severe and include respiratory complications in adults and in the 
immunocompromised.

Other non-viral ‘atypical’ pathogenic agents

The diagnosis of several other agents has been undertaken in virus 
laboratories because these agents cause respiratory infections 
which overlap clinically with those due to viruses, and they are 
diagnosed serologically (see below). They include psittacosis, 
Q fever and mycoplasmosis, where isolation of the causative 
organism is either diffi cult or dangerous. They also include 
Chlamydia pneumoniae (TWAR), which is recognized as a cause 
of community-acquired pneumonia although diagnostic tests 
are not yet widely available.

The activities of these agents are under-recorded in most parts 
of the world. Since they are amenable to antibiotic therapy, it is 
important that they are diagnosed.

EPIDEMIOLOGY

The aetiology and epidemiology of acute respiratory infections 
have been intensively studied in the temperate areas of the world. 
Information from tropical regions is more scanty, but what evi-
dence there is suggests that the viruses responsible for respiratory 
disease in the tropics are no different from those found in temper-
ate zones.5,13,27–30 However, the severity of illness and its sequelae, 
as well as their seasonality, may be markedly different from those 
in the developing world.31

The data on respiratory infections obtained by Jacob John and 
his colleagues13 in Vellore, India, and shown in Tables 46.2 and 
46.3, confi rm a range of aetiological agents familiar to workers in 
temperate zones though with different seasonality. In temperate 
regions, respiratory infections have generally been shown to 
increase in the autumn and winter, although the exact mecha-
nisms are still not fully understood. A similar periodicity is shown 
in tropical regions but this may be related to fl uctuations in rain-
fall or humidity rather than temperature.31 In contrast to temper-
ate regions, infl uenza in the tropics may occur in the summer 
months or all year round, and RSV in subtropical Hong Kong is 
a summer disease.

Table 46.2 Frequency of virus detection, by age, in 809 subjects with acute respiratory infection

NO. OF CHILDREN OF INDICATED AGE IN WHOM VIRUS DETECTED

Virus <1 year (n = 359) 1 year (n = 226) 2 years (n = 92) 3 years (n = 74) ≥4 years (n = 58)
RSV 108 32 16  6  1

Infl uenza A  6  3  2  4  1

Infl uenza B  3  2  3  2  4

Parainfl uenza 1  9  7  4  3  2

Parainfl uenza 2  1  4  0  2  0

Parainfl uenza 3  29 18  7  4  4

Adenovirus  9 13  1  6  2

Other viruses positivea  23 10 12  3  1

Total No. (%) 177 (49) 79 (35) 42 (46) 29 (39) 15 (26)

a Two different viruses were isolated in 11, 10, 3 and 1 children of <1, 2, 3 and ≥4 years of age, respectively.
Reproduced with permission from Jacob John et al. 1991.13
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The activities of infl uenza A and B remain impossible to predict 
and can fl uctuate greatly from year to year. The appearance of a 
‘new’ strain of either A or B can be associated with an epidemic 
the size of which is likely to be greater as the size of the antigenic 
change increases, although other, so far unidentifi ed, virulence 
factors may be even more infl uential. Recently, with detection of 
H5N1 infl uenza A strains in migratory birds, and fatal infections 
in domestic poultry and a high mortality where the virus has been 
transmitted to humans,8 there has been widespread anxiety that a 
human pandemic will follow. So far this has not happened and 
predicting whether, when and where this might happen is impos-
sible. With no shift changes in infl uenza B, major epidemics are 
less common.

Even where high-quality, competent diagnostic services are 
available, not every clinical respiratory disease yields unequivocal 
evidence of infection by a virus or other microorganism. The 
proportion in which a positive diagnosis is made varies from 
a quarter to a half, depending on laboratory, area, population 
and time of year. The recent discoveries of a number of newly 
recognized respiratory viruses (e.g. human metapneumovirus, 
bocavirus, novel coronaviruses and novel hantaviruses) has 
highlighted the fact that there are probably still more viruses to 
be uncovered.

With the development and application of new methods to 
detect pathogens, novel respiratory viruses are likely to be increas-
ingly recognized in the respiratory tract. It is essential, however, 
to differentiate asymptomatic viral carriage from infections of 
aetiological signifi cance, a task that requires careful epidemio-
logical studies including the relevant controls.

Hospitalized vs community patients

Berman2 has summarized the data from developing countries and 
found that the percentage of hospitalized patients who were virus 
positive was about twice the fi gure found in those attending as 
outpatients. This difference is not surprising and probably refl ects 
both the greater opportunity to make a specifi c diagnosis in the 
hospitalized patient and the greater severity of their disease. The 

majority of trivial episodes (head colds and increased nasal secre-
tions) are not subjected to virus diagnosis and the causative viruses 
are unconfi rmed.

Other factors

As with most other diseases, respiratory infections are made worse 
by other components of the patient’s environment. Poverty, 
malnutrition, pollution and overcrowding (common in urban 
environments everywhere in the world) are well recognized 
to contribute to the frequency and severity of respiratory illness. 
The effects may be direct or indirect through the presence of 
other disease, poor sanitation and poor personal hygiene (Figure 
46.1).

Nevertheless, although a poor, malnourished child in a densely 
populated and economically deprived urban area will have many 
respiratory illnesses, viruses are no respecters of persons and his 
or her better-off cousin in a wealthy environment may also have 
a considerable number of infections. Where the difference lies is 
that the latter will be able to cope better and will have fewer 
longer-term sequelae, which include chronic respiratory impair-
ment, wheezing, asthma, bronchitis and bronchiectasis.

LABORATORY DIAGNOSIS

There are three main reasons for providing a laboratory diagnosis 
of viral respiratory infections: for individual patient diagnosis to 
aid clinical management (specifi c therapy, stopping antibiotic 
therapy, infection control); to monitor routine virus activity in 
the community (epidemiology, e.g. vaccine strain selection for 
infl uenza); or for research investigations.

Rapid diagnosis of viral respiratory infections (i.e. in less than 
3 h) has been shown to reduce antibiotic use and to be cost-
effective.32 In addition, such confi rmation of the cause is useful 
in hospital infection control (e.g. in cohorting similar cases) and, 
occasionally, in deciding whether to use antiviral drugs in selected 
high-risk patients (see Treatment, below). The new antineuramin-
idase drugs for treating infl uenza provide an additional incentive 

Table 46.3 Frequency of virus detection, by syndrome, in 331 children with lower respiratory tract infection (LRTI)

NO. IN WHOM VIRUS WAS DETECTED

Type of LRTI No. of children No. (%) positive for virus RSV Infl uenza Parainfl uenza Adenovirus Othera

Pneumonia 178 65 (37) 34 3 15 6 11

Bronchiolitis 116 83 (72) 67 1 13 4 3

Tracheobronchitis 14 7 (50) 2 1 2 2 0

Croup 8 4 (50) 0 0 5 0 1

Otherb 15 4 (27) 3 0 1 0 0

Total 331 163 (49) 106 5 36 12 15

Two viruses were detected in four children with pneumonia, fi ve with bronchiolitis, two with croup.
a Enterovirus (21 children), herpes simplex (13), measles virus (7), mumps virus (1), unidentifi ed virus (7).
b Acute exacerbation of bronchial asthma (8), tropical pulmonary eosinophilia (2), tuberculosis (2), foreign body aspiration (2) and membranous tracheitis (1).
Reproduced with permission from Jacob John et al. 1991.13
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for making rapid diagnoses in, for example, an outbreak situation, 
although their cost may yet deter their widespread use.

It is self-evident that individual diagnosis must be quick if it is 
to infl uence clinical management. Rapidity of diagnosis is also 
important in epidemiological studies because the clinician will 
lose interest in sending specimens if there is no equally rapid 
feedback on the cause of the patient’s illness. It is not surprising 
that epidemiological data are patchy, but they can refl ect year-by-
year variations if the population on which the studies are per-
formed remains approximately constant.

Diagnosis of respiratory infection is achievable within 2–3 h 
using techniques such as antigen detection (see below).33–35 
However, these techniques are not universally available, even in 
hospitals in the developed world, mainly because they are labour- 
and expertise-intensive. In the developing world this is com-
pounded by a shortage of staff experienced in the use of such 
techniques, but these objections are surmountable. Enzyme 
immunoassays in ‘kit format’ which are relatively simple to 
perform are available for the diagnosis of infl uenza A and B and 
for respiratory syncytial virus. They are, however, expensive. They 
have adequate positive and negative predictive value of infection 
during infl uenza epidemics but have poor predictive values during 
periods of low infl uenza activity.36 They also have poor sensitivity 
for the diagnosis of avian infl uenza (H5N1) disease in humans.9

The increasing need to provide diagnosis for avian infl uenza 
H5N1 which is best done by sensitive molecular (e.g. RT-PCR) 
methods (because other options are less sensitive and virus culture 
necessitates biosafety level 3 facilities) is increasing the need for 
establishing this technology in reference laboratories investigating 

respiratory infections, even in a developing country setting. This 
may in time permit more utilization of multiplex molecular tests 
for investigation of a wider range of respiratory pathogens (Mul-
tiplex PCR).37 However, these methods remain resource and 
expertise intensive and need to be well controlled with regular 
quality control exercises. Microarray methods with the potential 
to detect a range of pathogens in a single test are in development 
on a research basis but it is unclear if they have adequate sensitiv-
ity for virus detection in clinical specimens (in contrast with virus 
isolates where high titres of nucleic acid are present). These 
methods however have potential for the detection of novel patho-
gens and also for greater recognition of co-infection by multiple 
pathogens.

Methods of viral diagnosis

Laboratory diagnosis of respiratory virus infections depends on 
the demonstration of either virus or viral components in the 
patient at the acute stage of the illness, or subsequently an immune 
(serological) response to the virus.

Demonstration of virus

There are several approaches to this. They include demonstration 
of: (1) viral antigens by immunofl uorescence33,34 or enzyme 
immunoassays,35 (2) viral infectivity by growth in cell culture; 
or (3) viral nucleic acid by various techniques. Details of the 
techniques are not given here, but the advantages and disadvan-
tages of each are indicated in Table 46.4. Before setting up a 
diagnostic laboratory, the aims of the operation should be clearly 
thought out. If the catchment population is very large, the number 
of specimens may also be large and the advantages of automation 
(e.g. in machine-based nucleic acid amplifi cation or enzyme 
immunoassays) may be decisive. However, this level of abundance 
is rare and the number of available specimens may be 
too few. Automation may then be less advantageous and is 
often minimal except for serology (see below). Except for special 
studies, most of the specimens will come from hospitalized 
patients because of the practical diffi culties of collecting and deliv-
ering specimens from the community. Virology specimens are 
perishable and must be delivered to the laboratory without 
delay.

Such methods of diagnosis depend on good-quality specimens 
being taken from the patient. It is easier to take a bad specimen 
than a good one, and close cooperation with the laboratory will 
help to raise the positivity rate.

Demonstration of an immune response

This, at present, means demonstrating an antibody response in 
the serum to the stimulus provided by the virus. Seeking responses 
in cellular immunity or antibody in other body fl uids remain 
research techniques only.

For a valid diagnosis, a convalescent specimen of serum (taken 
after enough time for a response has elapsed) is needed but may 
be diffi cult to collect 2 weeks after the onset from patients who 
may by then be totally recovered and unwilling to oblige the 
investigator’s interest. This is particularly true with children. 
Nevertheless, unless an antibody response can be demonstrated 

Figure 46.1 Aetiology and epidemiology of lower respiratory tract 
infections in developing countries. (Reproduced with permission from 
Berman 1991.2)

Laboratory Diagnosis
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(seroconversion or a rising titre) some uncertainty over the valid-
ity of the result will remain. The alternative is to demonstrate an 
IgM-class response but this suffers from the twin disadvantages 
that such tests are not available for all viruses and the sample (to 
be reliably positive) may have to be taken after the acute illness 
is over, with the problem(s) already mentioned.

Serology remains the routine choice for some respiratory agents 
which, although not viral in nature, are traditionally diagnosed 
by virus laboratories. These include: psittacosis, Q fever and Myco-
plasma pneumoniae infection. All cause an illness with an insidious 
onset and are diffi cult and/or dangerous to isolate. Since all, there-
fore, are susceptible to antibiotics, a diagnosis is important and 
can be life-saving. The role of Chlamydia pneumoniae is poorly 
documented at present in the absence of an easily used test.

Diagnosis of respiratory viral infections in 
the immunocompromised host

The diagnosis of chickenpox is usually clinically obvious, but 
measles may present problems because the skin rash is often 
absent in the immunocompromised patient. Immunofl uorescent 
examination of nasopharyngeal secretions for measles-infected 
cells provides a rapid diagnosis, but this is unlikely to be widely 
available. Cytomegalovirus can be cultured from the sputum (vol-
untary or induced) or detected in bronchoalveolar lavage/lung 
biopsy specimens, if available. Adenoviruses in the immunocom-
promised may be detected by culture or molecular methods in the 
respiratory tract, blood, urine and faeces. Detection in multiple 
sites is evidence of disseminated disease and is an indicator of 
poor prognosis and for urgent antiviral therapy.

NOSOCOMIAL INFECTION

RSV and infl uenza viruses are particularly infectious, and are noto-
rious causes of cross-infection in hospitals. This may pose par-

ticular hazards to patients at higher risk, such as those with 
underlying heart or lung disease (e.g. congenital heart damage or 
bronchopulmonary dysplasia). Transmission of RSV (as with 
most other respiratory viruses) is by direct contact or via infected 
surfaces or fomites. Infl uenza A, on the other hand, is effi ciently 
spread by large droplets and occasionally via small droplets.

Precautions that may help reduce the risk of cross-infection 
include the isolation and/or cohort nursing of infected patients 
and scrupulous care in hand-washing between patients. It is essen-
tial to remember that viruses can also infect medical and other 
hospital staff (RSV may be asymptomatic or cause a ‘common 
cold’ in adults) and be transmitted by and through them. SARS 
was indeed a frightening reminder that hospitals may 
serve as a venue for amplifi cation and dissemination of virus 
infections.

TREATMENT

Amantadine, and its alternative rimantadine, were options for the 
prevention (in outbreaks within closed communities of high risk 
individuals) and less convincingly for the treatment of infl uenza 
A.38 However, since 2003, increasing resistance of both H3N2 and 
H1N1 subtypes of infl uenza A virus has now led to its withdrawal 
as an option for the treatment of seasonal infl uenza. Neuramini-
dase inhibitors such as zanamivir and oseltamivir, which inhibit 
the viral enzyme neuraminidase from both infl uenza A and B 
(concerned with release of the virus from infected cells) are effec-
tive for the treatment and prophylaxis of infl uenza but have to be 
given within 48 h of onset for apparent clinical benefi t. They are 
expensive and are best used on those most at risk of serious illness 
– those at the extremes of life. They are also effective against other 
infl uenza A virus subtypes including avian infl uenza A H5N1. 
While either zanamivir (given by inhaler) or oseltamivir (given 
orally) can be used for prophylaxis of H5N1 infl uenza disease, 

Table 46.4 Advantages and disadvantages of various techniques of virus diagnosis

Technique Advantages Disadvantages
Immunofl uorescence Rapid, i.e. same day

Allows assessment of specimen quality
Sensitive and specifi c in experienced hands

Labour-intensive
Requires experienced observer(s)
Requires high-quality reagents
Obtaining good specimens requires skill, determination 

and persistence

Enzyme immunoassay Relatively rapid
Suitable for large numbers
Can be semiautomated
Detects incomplete virus particles

No feedback on specimen quality
Requires high-quality reagents
Automated equipment expensive
Diffi cult to assess results at threshold of positivity

Culture Provides more virus for further analysis
Confi rms presence of infective virus
Generally regarded as the gold standard
Only currently feasible method for some 

viruses (e.g. rhinoviruses and enteroviruses)

Expensive and a continuing expense
Labour-intensive
Some viruses diffi cult to isolate
Mixed infections pose problems
Requires high-quality reagents to identify isolates

Detection of nucleic acid by 
amplifi cation (e.g. PCR, RT-PCR, 
NASBA, etc.)

Can be made both very sensitive and specifi c
Can detect virus in the presence of antibody

Expensive
Requires constant vigilance against cross-contamination
Labour and skill intensive
At present, no feedback on specimen quality
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given the potential for dissemination of this virus beyond the 
respiratory tract, the systemically active oseltamivir is the preferred 
option for treatment. However, experience with human cases of 
H5N1 avian infl uenza has shown that resistance develops rapidly 
and may be a major problem in widespread prophylactic or 
therapeutic use. These drugs are not active on other respiratory 
viruses, even those with viral neuraminidases.

Generally, the management of viral respiratory infections is 
essentially symptomatic and is dealt with elsewhere (Chapter 11). 
Antibiotics are not routinely indicated for viral respiratory infec-
tions unless secondary bacterial superinfection occurs. The ‘atypi-
cal’ bacterial infections mentioned above (Q fever, mycoplasmosis 
and chlamydiosis) are amenable to antibiotic therapy. (T)ribavirin 
given as an aerosol inhalation is claimed to reduce the severity of 
RSV infection in infants, but this remains controversial. It is a very 
expensive drug, but may be life-saving in those with congenital 
heart and/or lung damage for whom RSV infection may be the 
fi nal insult which pushes them into heart or lung failure. 
(T)ribavirin may have some effect in infl uenza but the evidence 
is minimal. It has also been used in hantavirus pulmonary syn-
drome but, again, the evidence of effi cacy is minimal.

Aciclovir (given i.v.) is effective in the treatment of varicella or 
herpes simplex infections of the respiratory tract in the immuno-
compromised patient. It should also be used in an immunocom-
petent patient (usually an adult) with varicella pneumonia. 
Ganciclovir and foscarnet are useful in cytomegalovirus infection 
in the immunosuppressed, but a detailed discussion of this 
problem is beyond the scope of this chapter.

PREVENTION

With the cells of the target organ immediately accessible to viruses, 
it is proving diffi cult to produce effective vaccines to respiratory 
tract viruses.39 Other than in measles, which has a systemic phase, 
vaccines have had only limited success. In the tropics, even the 
measles vaccine has limitations because much of the impact of 
this virus on morbidity and mortality is during infancy, and exist-
ing measles vaccines are not effective at inducing immunity in the 
presence of passive maternal antibody. Newer measles vaccines, 
including one using canarypox virus as a vector, have been 
explored but not yet adopted. A second dose of conventional 
vaccine has also been suggested but cost makes this impractical in 
many countries.

Infl uenza vaccine is used for persons at high risk (e.g. patients 
with underlying heart, respiratory or immunocompromising dis-
eases, patients on dialysis, the elderly) and contains antigens from 
two current infl uenza A subtypes (H3N2 and H1N1) and from 
infl uenza B. The constituents are modifi ed as the prevalent strains 
vary. The conventional infl uenza vaccine is formalin-killed egg-
grown virus and has provided useful protection, particularly in the 
elderly and those with pre-existing lung damage in whom even 
minimal protection may be enough to prevent death. An alterna-
tive approach of a live attenuated vaccine containing cold-adapted 
infl uenza strains has shown some effi cacy and such vaccines are 
now available.

The possible emergence of an H5N1 avian strain adapted to 
man has stimulated research into new ways to produce vaccines 
(e.g. using reverse genetics or a disabled adenovirus as a vector 

for infl uenza antigens) and for new antiviral drugs. Phase 2/3 
clinical trials with such H5N1 candidate vaccines are in progress 
and have shown that the conventional approaches used in sea-
sonal vaccines are poorly immunogenic with the avian H5 hae-
magglutinin. Therefore, novel adjuvants and whole virus vaccines 
are now being tried. In mathematical simulations of a new pan-
demic, vaccines have been shown to be the intervention with the 
greatest public health impact but until the virus does adapt, we 
do not know whether any of these novel approaches will be effec-
tive in controlling a pandemic. An experimental enteric coated 
vaccine to adenovirus 14 was developed for use in the US Army 
to combat epidemics in recruit camps but has found no applica-
tion elsewhere. Prevention of RSV, severe measles and varicella in 
susceptible (immunocompromised or severely malnourished) 
contacts may also be achieved by passive immunization. There is 
evidence that humanized mouse antibodies or hyperimmune 
gamma-globulin may give some protection from, or reduce the 
severity or duration of, RSV infections in the more vulnerable 
(e.g. premature) babies, but these preparations are very expensive 
and their use should be confi ned to those in whom infection will 
be life-threatening on standard management.40 Normal human 
gamma globulin is effective in preventing/attenuating measles 
if administered within 3 days of contact. For the prophylaxis of 
varicella, high-titre varicella-zoster human immune globulin 
(ZIG) must be used. Maximum protection (from severe disease, 
but not from infection) follows administration within 48 h of 
contact, but some benefi t may accrue if given within 10 days of 
exposure.

SUMMARY

Respiratory infections are very common throughout the world and 
are worse where social conditions are inadequate. Much child-
hood respiratory tract disease is either totally due to viruses or is 
virus-initiated, and the same viruses appear to be involved in all 
regions, tropical or temperate. Epidemiological data are incom-
plete everywhere (but more so for the poorer parts of the world) 
and come mostly from hospitalized patients.

Nevertheless, RSV is a universal childhood pathogen, found 
everywhere it has been sought. The numbers of virologically con-
fi rmed diagnoses each year (most them in patients in hospital) in 
the Newcastle and Tyneside area in the UK (population about 
1 million) and from Hong Kong island (population about 
0.7 million) are remarkably similar: 500–600 and 500–700 
cases, respectively. There are likely to be many more in the crowded 
cities of India, China, the Philippines, Brazil and elsewhere. The 
effects of RSV (and other viruses) are exacerbated by overcrowd-
ing, malnutrition, air pollution, poor sanitation, minimal medical 
care, etc.

A pandemic of infl uenza A (similar to the one that swept the 
world in 1918/9) will be a major health problem. Whether and 
when it may happen is unpredictable but current preparative mea-
sures may help to reduce its impact. Respiratory disease, like 
diarrhoea, results in signifi cant morbidity and mortality in the 
developing world, has signifi cant economic consequences and 
will require an enormous commitment of resources to abate. 
Viruses and bacteria are both involved and there are few effective 
vaccines at present.

Summary
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Section 6 Viral Infection

Chapter 47 Gordon C. Cook and Alimuddin I. Zumla

Cutaneous Viral Diseases

The skin is a common site of lesions resulting from systemic dis-
eases as well as localized skin infections.1 Tables 47.1 and 47.2 sum-
marize medically important RNA and DNA viral infections of the 
skin in adults and children together with the diseases they cause. 
With the advent of the human immunodefi ciency virus (HIV) pan-
demic, the incidence, severity and clinical presentations of cutane-
ous viral infections have changed over the past two decades. 
Cutaneous manifestations of these viral diseases often lead to a 
diagnosis of HIV or the underlying immunosuppressive disease.

RNA VIRUSES CAUSING CUTANEOUS DISEASE

A large number of RNA viruses cause skin manifestations in 
humans (Table 47.1). This section considers only measles and 
rubella. Diseases due to other RNA viruses are dealt with else-
where in this book.

Measles

Geographical distribution

Measles has a worldwide distribution. Its introduction to many 
countries that had previously been free, such as Fiji, Tasmania, 
Greenland, and many tropical areas where isolated people had 
had no previous contact with the disease, frequently had disas-
trous results. Measles remains a leading vaccine-preventable cause 
of child mortality worldwide, particularly in sub-Saharan Africa 
where almost half of the estimated 454 000 measles deaths in 
2004 occurred.2 It is one of the most prevalent infectious diseases 
of the tropics, and certainly one of the most serious of the acute 
childhood communicable illnesses.3 However, great progress in 
measles control has been made in resource-poor countries through 
improved measles-control efforts.

Aetiology

The causative agent, which is closely related to rinderpest and 
canine distemper, is a single-stranded RNA virus with a pleomor-
phic appearance on electron microscopy (120–250 nm in size); it 
consists of two components, an outer envelope with short projec-
tions and an inner nucleocapsid of RNA and a glycoprotein. There 
is only one strain and no known antigenic variation; alterations 

in virulence worldwide are due to underlying host and environ-
mental factors. The virus grows slowly in human and monkey 
cell cultures. Viraemia occurs 4–5 days before the appearance 
of the rash, and abates within 24–48 h. The virus can also be 
isolated from the throat in the coryzal stage.

Transmission

Measles is one of the most contagious of infections; approximately 
90% of susceptible individuals will contract the disease after 
contact with a case. Transmission is direct, from secretions from 
the respiratory tract – by droplet spread. Cases are infectious only 
in the early stages, when virus can be isolated from the throat. 
Transplacental spread does not seem to occur and, although it is 
possible that fetal damage may follow measles contracted during 
pregnancy, this is not proven.

Pathology

Infection begins in the nose and throat from which, following 
limited multiplication, the virus spreads (via leucocytes) to the 
cells of the reticuloendothelial system; here it attacks the lym-
phocytes of the immune system. Further multiplication precedes 
the viraemic phase; epithelial cells are affected and the clinical 
signs and symptoms of measles develop after an incubation period 
of 10–14 days. Virus multiplication occurs in the reticuloendo-
thelial system, in which it produces the appearance of large 
multinucleate giant cells. Target organs affected are the skin, 
conjunctivae, mouth, larynx, bronchial tree, and gastrointestinal 
tract. The essential lesion is ‘catarrhal’ infl ammation of the respi-
ratory and gastrointestinal tracts, the initial infl ammation of epi-
thelial cells being rapidly followed by fatty degeneration and 
exfoliation of dead cells. Complete resolution with recovery is 
the rule, although widespread denudation of epithelium in the 
gastrointestinal tract may result in signifi cant enteropathy (see 
Chapter 10).

Immunity

Immunity to measles is both antibody and cell mediated; follow-
ing an acute attack, this is lifelong. Antibodies appear simultane-
ously with the rash and IgM concentration peaks at 10 days, 
disappearing after 1 month; a resulting increased IgG 
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concentration decreases slowly over 6 months. Passive immunity 
(transferred from mother to infant transplacentally) lasts for the 
fi rst few months of life and evidence of inapparent infection 
during months of declining maternal antibody can be found in 
one-quarter of older children. Cell-mediated immunity plays an 
important role in virus elimination. Resultant on its action on the 
cells of the reticuloendothelial system, measles depresses cell-
mediated immunity, which can also be reduced simultaneously 
by malnutrition, which accounts for the severity of the disease in 
many tropical countries. Depressed cell-mediated immunity also 
reactivates tuberculosis and allows secondary infections, which are 
common in patients with measles, to develop.

Clinical features

Natural history

Measles consists of an acute self-limiting infection; recovery occurs 
in the majority of cases. In tropical populations it may be com-
plicated by severe bronchopneumonia, diarrhoea, malabsorption, 
malnutrition, severe conjunctivitis and blindness, gangrene of 
limbs and death. The case mortality rate in the tropics is estimated 
to be about 5% (sometimes reaching 10% in rural areas).3,4 In 
some village epidemics, 40% of children die as a result of 
infection; a combination of pertussis and measles is particularly 
dangerous.

Symptoms and signs

The incubation period is 10–14 days. Onset is gradual; prodromal 
fever and coryzal symptoms appear within 24 h. Severe conjunc-
tivitis and cough follow; this prodromal phase lasts for 3–4 days. 
Within 3 days of onset (and 24 h before the rash), Koplik’s spots 
can be visualized as blobs of bright red with a small bluish-white 

Table 47.1 Aetiology and cutaneous manifestation of 
diseases caused by to RNA viruses

Family Virus Cutaneous disease
Paramyxovirus Respiratory syncytial 

virus (RSV)
Skin rash

Measles virus Measles (rubeola)

Mumps virus Mumps

Retroviruses HIV-1, 
HIV-2

AIDS; dermatitis

Picornavirus Enterovirus Herpangina; hand, foot 
and mouth disease

 Coxsackie Exanthem

 ECHO virus

Togavirus Rubivirus Rubella (German measles)

Group A arboviruses Haemorrhagic fevers

Flavivirus Group B arboviruses Haemorrhagic fevers

Arenaviruses Machupo virus Haemorrhagic fevers

Junin virus

Lassa virus

Table 47.2 Aetiology and cutaneous manifestation of 
diseases caused by DNA viruses

Family Virus Cutaneous disease
Pox viruses Variola Smallpox

Monkey pox

Orf

Cowpox

Tanapox

Molluscum Molluscum contagiosum

Herpesviruses Herpes simplex virus 
(HSV) type 1

Orofacial herpes

Herpes simplex virus 
(HSV) type 2

Genital herpes

Varicella-zoster virus 
(VZV)

Chickenpox; shingles

Cytomegalovirus 
(CMV)

Ulcers, exanthem

Epstein–Barr virus 
(EBV)

Infectious mononucleosis

Human herpesvirus 
(HHV)

HHV-6 Exanthema subitum

HHV-7 Roseola infantum or ‘sixth 
disease’

HHV-8 (KSAHV) Kaposi’s sarcoma

Adenoviruses Adenovirus Adenovirus dermatitis in 
the immunosuppressed

Papovavirus Human papilloma 
virus (HPV)

Warts

Parvoviruses Parvovirus B19 Erythema infectiosum 
(fi fth disease)

Hepadnaviruses Hepatitis B virus Macular skin rash

centre on the buccal mucous membrane. The exanthem (Figure 
47.1) appears 24 h later, fi rst on the forehead and neck, spreading 
to invade the trunk over 3–4 days. The lesions are at fi rst reddish 
and maculopapular, later becoming brown, and in dark skin 
appearing totally different to lesions in pale skins, with a diffuse 
deep red or purple rash followed by severe desquamation 2–4 
days later. This may lead to patchy depigmentation and, occasion-
ally, boils. Haemorrhagic measles with a purpuric rash and accom-
panied by bleeding from mucous membranes is rare; it carries a 
very high mortality rate.

Other systems

The mouth becomes sore, interfering with sucking and eating; this 
can lead to malnutrition and cancrum oris. Laryngitis is common; 
this is followed by bronchopneumonia, which carries a high mor-
tality rate. Diarrhoea, sometimes accompanied by tenesmus and  
faecal blood and mucus in the stool, leads to dehydration; paren-
teral replacement may be necessary to prevent death.
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Central nervous system

The most common manifestation is a short, generalized con-
vulsion early in the course of infection, from which recovery is 
complete.

Encephalitis

Measles encephalitis is associated with generalized convulsions. 
The risk increasing with age; the course is variable. Onset is usually 
4–7 days after appearance of the rash (48 h to 2 weeks after onset) 
and is characterized by fever, irritability, meningism and coma. 
The cerebrospinal fl uid shows moderate pleocytosis and an 
increase in protein concentration. The mortality rate can be as 
high as 10–15%; one-quarter of affected children are left with a 
permanent neurological defi cit. This phenomenon probably has 
an immunological basis, as shown by the histological changes, 
perivascular cuffi ng, demyelination and gliosis.

Complications

Subacute sclerosing panencephalitis

This complication is caused by a persistent viral infection within 
the brain. It usually manifests 5–10 years after infection, and 
pursues a slow degenerative course, starting with personality 
change(s) and deterioration of intellect (with signs of mental 
deterioration), and progressing to a state of decerebrate rigidity. 
Very high levels of antibody to measles virus are present in cere-
brospinal fl uid.

Depression of cell-mediated immunity can give rise to giant cell 
pneumonia, also seen in patients with defective cell-mediated 
immunity. Severe ulcerative herpes of the mouth and eye results 
from cell-mediated immune depression. Severe conjunctivitis, 
often associated with vitamin A defi ciency,5–7 causes corneal per-
foration and blindness. Respiratory complications are common 
and sometimes fatal. Bronchitis, bronchiolitis, ‘croup’ and giant 
cell bronchopneumonia occur. Measles is one of the most common 
causes of blindness in the tropics (see Chapter 18). Gangrene of 
the extremities may develop. Malnutrition associated with measles 

can precipitate kwashiorkor and marasmus. Otitis media can lead 
to mastoiditis and a hearing defi cit. Measles exerts a major impact 
on infant and child development.

Diagnosis

The association of fever, cough, conjunctivitis, coryza, Koplik’s 
spots in the mouth, and a morbilliform rash is usually diagnostic, 
but other conditions with dermatological manifestations have 
often been mistaken for measles; tick-borne and louse-borne 
typhus, meningococcaemia, scarlet fever and infectious mono-
nucleosis are also associated with a morbilliform rash. There is a 
leucocytosis in the early stage(s), followed by an increase in lym-
phocytes – some of the Turk type.

During the prodromal phase large multinucleate (giant) cells 
can be visualized in stained smears of sputum or urine, or of 
Koplik’s spots on the buccal mucosa. Serological tests on acute 
(IgM measles antibody) and convalescent sera reveal haemagglu-
tination-inhibiting (HI) and neutralizing (N) antibodies, with a 
four-fold rise in titre following the initial infection. Immuno-
fl uorescent staining of cells may demonstrate measles antigen in 
smears from the nasopharynx or Koplik’s spots.

Management

No chemotherapeutic agent infl uences the course of the viraemia. 
Food and fl uid intake should be maintained, and rehydration 
undertaken.8 Antibiotics are essential when otitis media, bacterial 
pneumonia and skin infections are present. Temperature control 
may lead to a reduction in febrile convulsions.

Epidemiology

Homo sapiens is the sole reservoir of infection. The incidence of 
measles worldwide is diminishing in developed countries, where 
the mean age of onset is now over 5 years. As infant immunization 
becomes more widely practised, the mean age of infection is 
rising; consequently, unprotected individuals and visitors to devel-
oping countries that do not have an immunization programme 
are at increased risk.

In developing countries, children generally develop the disease 
at 18–30 months; epidemics occur during the dry season when 
festivals and concourses of people usually take place. In isolated 
(e.g. nomadic) populations measles may occur at any age if the 
last exposure was many years previously. In large cities measles 
is endemic throughout the year; in smaller towns childhood 
epidemics occur every 2–3 years and infection spreads to the 
villages.

Control

Both passive immunization with human immunoglobulin and 
active immunization with a live attenuated vaccine are highly 
successful.9–14

Passive immunization

Passive immunization (human gamma globulin 0.25 mg/kg) is 
effective if given within 5 days of exposure. In one study, passive 
immunization of children on admission to hospital gave com-
plete protection, which was immediate.

Figure 47.1 Measles rash near the knee in an African child. In a 
pigmented skin the rash has a deep bluish colour. (Courtesy of 
David Morley.)

RNA Viruses Causing Cutaneous Disease
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Active immunization

A live attenuated strain of the virus is used; this gives a 98% sero-
conversion rate under ideal conditions. Fever of moderate severity 
and a mild rash occur rarely. Encephalitis is a rare complication. 
Immunization programmes now incorporate this vaccine into a 
triple vaccine containing live attenuated mumps, measles and 
rubella (MMR). MMR is given to children in the second year of 
life with a booster at school entry. Immunity appears long lasting 
but the effect of immunizing HIV-positive children is not yet 
known. A high uptake of the vaccine may lead to increased herd 
immunity to a level where few susceptible hosts remain for the 
three viruses to survive in the community.

Contraindications to measles immunization include; preg-
nancy, immunodefi ciency states and hypersensitivity to eggs.

Maternal antibody is transferred transplacentally and this 
inhibits vaccine effi cacy up to the age of 6 months. Normally, 
vaccination is aimed at children of 9 months of age,13 but vaccina-
tion at 6 months, despite a lower seroconversion rate, is used in 
areas of high risk, sometimes in conjunction with a booster dose 
1 year later. In order to eradicate the disease, immunization uptake 
rates of 90–95% are required.14

A 49% reduction in mortality rate in African children hospital-
ized with pneumonia and gastroenteritis has been recorded when 
measles vaccine was given as a routine admission procedure. 
Human immunoglobulin should be combined with measles 
vaccine in malnourished children.

Live vaccines are rapidly inactivated at room temperature, and 
the diffi culty of maintaining this ‘cold chain’ is a major handicap 
to its use in most tropical countries. Monitoring of seroconversion 
rates should be a feature of all anti-measles campaigns.

An aerosol-administered vaccine has been successfully devel-
oped; it can be administered by anyone (with minimum qualifi ca-
tions) by hand pump, and should prove a great advance compared 
with previous methods of mass immunization. A heat-stable 
vaccine is under development. A major problem is that measles 
vaccination campaigns have to be repeated regularly; it is essential 
that measles vaccine is incorporated into the regular healthcare 
system for rural areas, together with other immunizations.

Rubella (German measles)

Rubella is a mild systemic viral infection, with skin rashes as the 
cutaneous manifestation. The clinical importance of rubella lies 
in the potentially disastrous consequences of infection in early 
pregnancy leading to severe congenital malformations.

Epidemiology

Rubella is less infectious than measles, and transmission occurs 
via the air-borne route, by person to person contact. The incuba-
tion period from exposure to development of fever is 14–21 days. 
A person with rubella remains infectious from 7 days before the 
onset of rash to 4–5 days afterwards.

Clinical features

After an incubation of 2–3 weeks, the patient may develop a mild 
pharyngitis, gritty feeling in the eyes due to mild conjunctivitis, 
and fever. A macular skin rash appears on the second or third day; 

petechiae or papules are not common. The rash spreads over the 
face and behind the ears. A skin rash may not be present in all 
cases and thus the diagnosis may be diffi cult. The macules diffuse 
into one another, forming a generalized ‘blush’ by 2 days, and 
fading without desquamation in 4–5 days. Painful joints of the 
hands and feet are common in young adults, and suboccipital and 
posterior cervical lymphadenopathy are common. Differential 
diagnosis of a rubelliform skin eruption includes:
• Parvovirus infection
• Measles
• Enterovirus infection
• Scarlet fever
• Toxic shock syndrome
• Acute HIV infection
• Drug reaction.

Complications

Complications of rubella include: (a) idiopathic thrombocytope-
nic purpura, (b) encephalitis and (c) arthralgia. This thrombocy-
topenia is transient, lasting from 1 to 3 weeks. If the case is severe, 
intravenous immunoglobulin and steroids may be required. 
Encephalitis occurs in 1 in 5000 cases and is variable in severity.

Diagnosis

The following laboratory investigations are valuable in the diag-
nosis of rubella:
1. Serology. Two serological tests have been used widely:

a. detection of rubella-specifi c IgM by enzyme-linked 
immunosorbent assay (ELISA) or particle agglutination.

b. four-fold rise in haemagglutinin inhibition antibodies in 
paired sera.

2. Viral culture.
3. Detection of rubella-specifi c RNA fragments using polymerase 

chain reaction (PCR).
Other tests used for detection of immunity (before infection or 
post-vaccination immunity) in pregnant women include: (a) a 
single radial haemolysis test and (b) a passive haemagglutination 
test.

Prevention

Rubella vaccine is a live attenuated preparation of the virus. Live 
rubella vaccine is contraindicated in people with immunosuppres-
sion and in pregnancy. Rubella is a notifi able disease. Children 
should be excluded from school for at least 7 days after onset of 
the rash. Contact with pregnant women should be avoided and, 
where contact occurs during the fi rst trimester of pregnancy, sero-
logical testing of the mother should be carried out to determine 
previous immunity to rubella.

Congenital rubella

Rubella is potentially teratogenic if contracted by a pregnant 
woman in the fi rst 16 weeks of pregnancy. The main defects caused 
by rubella in the fetus are a triad of: (a) cataract, (b) nerve deafness 
and (c) heart abnormalities (e.g. patent ductus arteriosus, ven-
tricular septal defect (VSD), pulmonary artery stenosis, or Fallot’s 
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tetralogy). Affected infants also have a generalized infection which, 
together with the congenital defects, is termed the rubella 
syndrome. The physical signs may include: (a) hepatosplenomeg-
aly; thrombocytopenic purpura, low birth weight, intellectual 
impairment, jaundice, anaemia, and lesions in the metaphysis of 
the long bones.

Diagnosis of maternal rubella

Recent infection is diagnosed by detection of rubella-specifi c IgM 
antibodies using ELISA or immunofl uorescence. PCR may detect 
rubella-specifi c RNA fragments.

Management

Antenatal women less than 16 weeks pregnant with rubella are 
best advised to terminate the pregnancy. Those who fi nd this 
unacceptable may be given passive immunization with immuno-
globulin, which may have some attenuating or prophylactic 
effect.

DNA VIRUSES CAUSING 
CUTANEOUS DISEASE

Table 47.2 lists DNA viruses that cause cutaneous disease in 
humans.

Diseases due to pox viruses

Orthopox viruses

Poxviruses are DNA viruses that are especially adapted to epider-
mal cells.15 The orthopox viruses are DNA double-stranded viruses, 
brick or ovoid shaped, and 200–250 nm in size; they are all 
antigenically related and include cowpox, ectromelia (mice), 
monkey pox, Turkmenia rodent pox and vaccinia. The only 
members of the group that have infected humans are variola 
(smallpox), vaccinia, monkey pox and cowpox. Tanapox, although 
not an orthopox virus, is closely related.

Smallpox

Smallpox was formerly a devastating, severe, febrile illness char-
acterized by an extensive, profuse, vesicular rash and a high mor-
tality rate.16 Survivors were left with severe disfi guring facial scars. 
The human smallpox virus was one of the most fatal of all viral 
infections and it is probably the only infectious disease that has 
been eradicated globally. The success of this eradication pro-
gramme was based on several factors:
1. Human beings were the sole hosts.
2. An effective vaccine inducing solid immunity was available.
3. Governments were committed to vaccination programmes. 

This was backed up the World Health Organization’s ‘search 
and containment’ campaigns where cases were isolated and 
contacts traced and vaccinated.

The world has been free from naturally occuring smallpox 
since 1977 and the eradication campaign is heralded as one of 
the most successful carried out by the WHO. In 2008, smallpox 
has again become a concern to both physicians and the general 

public since it has been suggested that it could be used for bio-
weapons programmes in current global confl icts. For more details 
about smallpox, see the review on smallpox by Moore and 
colleagues.15

Monkey pox

Geographical distribution

This disease is confi ned to tropical Africa (Figure 47.2). Although 
monkey pox has been recorded since 1958 in captive monkeys, 
the fi rst human case was recognized in Zaire in 1970;16,17 since 
then, more than 200 cases have been reported, mainly in Zaire, 
but also in Liberia, Nigeria, Ivory Coast, Cameroon and Sierra 
Leone. Monkey pox has been reported only rarely outside these 
areas of tropical rainforest.

Aetiology

The causative agent is a ‘brick-shaped’ orthopox virus (200–250 nm 
in size) which forms cytoplasmic inclusions and is morphologi-
cally indistinguishable from variola. It can be readily distinguished 
in culture because the pocks on chick chorioallantoic membrane 
are slightly larger and more haemorrhagic than those caused by 
variola. Unlike variola, monkey pox virus is pathogenic in rabbits, 
and has a higher temperature ceiling for growth. It grows readily 
in the green monkey and rodent cell cultures. Four strains of pox-
viruses have been isolated from monkey kidney cells and from 
rodents; these differ from monkey pox, but are closely related to 
variola, from which they can be distinguished by DNA analysis. 
These are known as ‘whitepox’ viruses; their relation to human 
infection is unknown.

Figure 47.2 Geographical distribution of human monkey pox 
showing cases reported from 1970 to 1984. (Courtesy 
of the World Health Organization.)

DNA Viruses Causing Cutaneous Disease
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Transmission

The usual mode of transmission from monkey to humans is 
unclear, but infection is sometimes direct, resulting from handling 
dead monkeys for eating, or by droplet spread via the respiratory 
tract.16 Transmission by a chimpanzee bite has also been recorded. 
The disease is not readily transmitted from person to person, but 
secondary cases have been recorded. Little tertiary spread occurs, 
and epidemics are not a feature.

Pathology

Few individuals are known to have died from monkey pox; no 
autopsies have been performed, and therefore histopathological 
information is not available. It seems likely that pathological 
changes resemble those previously attributable to smallpox.

Immunity

There is well defi ned immunity to reinfection, and complete cross-
immunity with variola and vaccinia. Monkey pox has never been 
recorded in an individual vaccinated for smallpox.16

Natural history

Monkey pox infection in humans is a dead-end infection, mani-
festing itself as a typical smallpox-like illness. It possesses a 2–
3-day prodromal period, and the smallpox-like rash evolves 
over 2–4 days. The illness is usually mild, and is followed by 
complete recovery. When rarely death has occurred, it has usually 
been in children.

Clinical features

The incubation period is 5–17 days. The onset is abrupt with fever 
and a prodromal illness lasting 2–3 days.16 On the third day, a 
rash appears; this consists of a single crop of discrete papules, 
more abundant on the face and extremities than on the trunk. The 
soles of the feet and palms are usually involved. The papules form 
pustules which become umbilicated and are covered with crusts 
which separate after about 10 days, leaving small scars. Marked 
lymphadenopathy may occur (Figure 47.3). Mild atypical cases 
occur in which there may be fewer than 10 lesions, separation of 
the crusts occurring by the fi fth day. There have not been any 
recorded complications.

Diagnosis

The differential diagnosis was formerly from smallpox; diagnosis 
is based on epidemiology and a history of contact with monkeys.16 
Lymphadenopathy was an important distinguishing feature. Isola-
tion of the virus, together with its cultural characteristics and 
antigenic structure, provide a defi nitive diagnosis.

Management

Treatment is symptomatic and supportive.

Epidemiology

It is not known whether the primary maintenance hosts are chim-
panzees, other primates or small mammals. Most patients give a 

clear account of contact with monkeys which they have caught 
and/or eaten.16–18 Most cases occur during the dry season. Chil-
dren are affected more than adults. The attack rate is 10% in 
susceptible individuals in close contact with a primary case, in 
contrast to smallpox infection in which it was 20%. Secondary 
spread occurs in families, but tertiary transmission is rare and 
epidemics are not a feature. Now that smallpox vaccination level 
in communities has fallen dramatically, human monkey pox may 
become more common.

Tanapox

Tanapox19 was fi rst described in 1957 and 1962 in epidemics in 
the lower Tana River of Kenya. Serological surveys have shown 
continuing transmission along the lower Tana River. Human infec-
tions have since been recorded in the forest area of Zaire. A closely-
related virus has been isolated from outbreaks in primate colonies 
in the USA, and in contacts of human cases.

Aetiology

Tanapox virus is not an orthopox virus; with the Yabapox virus it 
forms a distinct subgroup of poxviruses. It cannot be cultured on 
chick chorioallantoic membrane, but grows well on green monkey 
kidney cell and Vero cell cultures.

Transmission

Epidemiological studies suggest that the virus is transmitted from 
monkeys to humans by mosquitoes; outbreaks in humans have 
occurred in low-lying country near the Tana River after fl oods had 
isolated wild animals, humans and their domestic animals on 
islands in the fl ood water, on which Mansonia uniformis and M. 

Figure 47.3 Monkey pox, showing characteristic inguinal and 
femoral lymphadenopathy. (Reproduced with permission from Breman 
JG, Kalisa-Ruti, Steniowski MV, et al. Human monkeypox, 1970–79. Bull 
World Health Organ 1980; 58(6):849–868.)
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africanus had proliferated in immense numbers. There is no evi-
dence of direct person-to-person spread.

Pathology

Pathology is limited to the epidermis where the pock forms. There 
are few or no destructive changes. Hypertrophied epidermal cells 
containing acidophilic inclusion bodies predominate; cellular 
infi ltration is mild, and the dermis remains intact.

Immunity

Virtually nothing is known about second attacks. Antibodies that 
develop in infected individuals and monkeys persist for some 
years. There is no cross-immunity with vaccinia; recently-
vaccinated individuals can develop the disease.

Clinical features

The infection is usually mild; fever heralds the appearance of one 
or two pock-like lesions. Complete recovery follows.

Symptoms and signs

The incubation period is unknown. Onset is abrupt with fever 
lasting 3–4 days, accompanied in some cases by severe headache 
and prostration. Prevalence is open to doubt because histories 
have usually been recorded retrospectively, long after the event. 
During the febrile episode, one or two (but never more) pock-like 
lesions appear on the skin, resembling those formerly caused by 
smallpox. Lesions become umbilicated; they never proceed to 
pustule formation, but form fi rm cheesy centres instead (Figure 
47.4). The pocks occur mainly on exposed surfaces: upper arms, 
face, neck and trunk, but never on the hands, legs or feet. Recovery 
takes place rapidly; no scars are left and there are no residual 
complications.

Diagnosis

Tanapox had formerly to be distinguished from modifi ed small-
pox in a vaccinated person; the character of the pock (which at 
fi rst resembles smallpox) differs in its larger size, fi rm, solid nature 
and absence of postulation. Electron microscopical appearances 
are similar to those previously associated with smallpox. Virus can 
be isolated by culture in green monkey kidney or Vero cells, and 
is clearly distinguished by antigenic structure from orthopox 
viruses. Serum antibodies develop slowly, but complement fi xa-
tion and neutralizing tests on both human and monkey sera show 
antibody at low titre; this persists for some years and can be used 
for a retrospective diagnosis.

Management

Treatment is not required and patients make a complete 
recovery.

Epidemiology

The epidemiology is poorly understood. The primary mainte-
nance hosts are unknown; many monkeys, especially vervet 

(Cercopithecus aethiops) are susceptible, and are common in 
endemic area(s). Small outbreaks have occurred after fl ooding, 
but transmission was shown to be continuing along the lower 
Tana River in serological surveys carried out in 1971 and 1976; 
infection has persisted since 1962. Antibodies were detected in 
9.2% of the population, and in children between the ages of 2 
and 12 years. There is no evidence of direct person-to-person 
transmission.

Molluscum contagiosum (MC)

MC causes a wart-like skin condition and is produced by a poxvi-
rus infection of the prickle cell layer of the skin.20 Infection is 
transmitted by contact. The infected cells proliferate, vacuolate, 
enlarge and protrude above the skin surface as pearly, umbilicated 
lesions. The central cavity of the lesion contains white, pulpy 
material with infectious vacuolated cells. Accumulation of the 
molluscum bodies in the cytoplasm causes compression of the 
nucleus to the periphery of the cell, leading to rupture and thus 
infecting adjacent cells.

The lesions occur in groups, on the face, arms or near genitalia, 
and their appearance is diagnostic. The number of lesions in HIV-
positive individuals can exceed 100 (Figure 47.5), leading to 
coalescence of lesions forming large plaques with many smaller 
lesions (‘agminate form’). In some cases, MC infection can induce  
localized dermatitis known as molluscum dermatitis.

In immunocompetent individuals, the lesions are self-limiting 
and regress spontaneously with time (6–12 weeks). Lesions in 
HIV-positive individuals do not usually resolve spontaneously, 
persisting for months or even years, although marked improve-
ments in MC are now being observed in patients receiving highly 
active antiretroviral therapy (HAART).

Figure 47.4 Tanapox. Solid pock containing fi rm cheesy material.
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Diagnosis

The diagnosis of MC is usually on clinical grounds; however, HIV-
positive patients may have other lesions of similar appearance, 
such as those caused by cryptococcosis, cutaneous pneumocystosis 
and other infectious disorders. Solitary MC lesions may resemble 
other entities (e.g. pyogenic granuloma, keratoacanthoma and 
basal cell carcinoma). A biopsy will exclude more serious 
conditions.

Management

Treatment of persisting lesions is by physical means, including 
cryotherapy, electrosurgery, topical keratolytic preparations, can-
tharidin and curettage. These methods may be effective; however, 
they can be very painful and may lead to scarring and discolour-
ation of the skin. An orange stick dipped in 80% phenol solution 
is sometimes used to pierce the umbilicated centre. This must not 
be used on the face or near the genitalia. Other treatment modal-
ities that have been used with moderate success include wax 
stripping and application of salicylic acid pastes.

Human herpesviruses

The human herpesvirus family21 includes eight viruses that cause 
disease in Homo sapiens (Table 47.3). All herpesviruses are envel-
oped double-stranded DNA viruses that have the property of 
remaining latent in viable form within host cells after primary 
infection. The herpesviruses can reactivate from time to time from 
the latent state to produce recurrent clinical lesions, many of 
which have cutaneous manifestations.

Herpes simplex viruses (HSV)

Herpes simplex viruses22 are unusual among viruses in causing a 
wide variety of clinical syndromes. Two types of herpes simplex 
virus cause human disease:
1. Herpes simplex virus type 1 (HSV-1).
2. Herpes simplex virus type 2 (HSV-2).
The basic pathological lesions are cutaneous or mucocutaneous 
vesicles, and transmission of HSV involves direct contact with 

either active lesions on skin or mucous membranes, or areas of 
asymptomatic viral shedding from saliva, semen or cervical secre-
tions. Diseases due to herpes simplex viruses can be grouped into 
two categories:
1. Primary disease.
2. Reactivation disease.

Primary HSV infections

Primary clinical disease occurs when the virus is fi rst encountered. 
Transmission is by contact (kissing or touching). Most primary 
infections are asymptomatic. When primary infection causes 
disease, a range of clinical manifestations can occur. HSV-1 usually 
causes lesions affecting the orofacial region, whereas HSV-2 usually 
causes lesions affecting the anogenital region; HSV-1 can, in a 
small proportion of cases, cause anogenital lesions while HSV type 
2 can cause orofacial lesions.

Clinical syndromes due to HSV type 1 (orofacial)

1. Gingivostomatitis (vesicles or ulcers in and around gums and 
mouth) (Figure 47.6).

2. Ocular herpes: keratoconjunctivitis (vesicles or ulcers on 
eyelids, conjunctiva, cornea) (Figure 47.7).

3. Meningoencephalitis.

Figure 47.5 Molluscum contagiosum; multiple facial lesions.

Table 47.3 Human herpesviruses

HHV-1 Herpes simplex virus (HSV) type 1

HHV-2 Herpes simplex virus (HSV) type 2

HHV-3 Varicella-zoster virus (VZV)

HHV-4 Epstein–Barr virus (EBV)

HHV-5 Cytomegalovirus (CMV)

HHV-6 Human herpesvirus 6

HHV-7 Human herpesvirus 7

HHV-8 Human herpesvirus 8 (KSAHV)

Figure 47.6 Herpes simplex lesions around the mouth 
(gingivostomatitis).
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Clinical syndromes due to HSV type 2 (anogenital)

1. Balanoposthitis (vesicles or ulcers on prepuce and glans 
penis).

2. Vulvovaginitis (vesicles or ulcers on vulva and vaginal 
mucosa).

3. Anoproctitis (vesicles or ulcers around the anal skin and in 
the anus).

Other clinical cutaneous syndromes due to herpes simplex

1. Herpetic ‘whitlow’ is the term given to herpes simplex vesicles 
on fi ngertips. This is an occupational hazard of doctors, nurses 
and anaesthetists who deal with unconscious patients; herpes 
infection is acquired through fi ngertip contamination. The 
lesion looks similar to a staphylococcal ‘whitlow’, but the 
exudate is serous rather than purulent.

2. Kaposi’s varicelliform eruption. This is a superinfection by 
herpes simplex of eczematous skin, seen mainly in young 
children. It may progress to a serious disease with a signifi cant 
mortality rate.

3. Neonatal infection. Primary genital infection in the mother 
(HSV-2) can give rise to severe generalized infection in the 
neonate (Figure 47.8). Affected children may have jaundice, 
hepatosplenomegaly, thrombocytopenia and large vesicular 
lesions on the skin. There is a high case fatality rate.

Latency

Following a primary mucocutaneous infection, HSV enters nerve 
endings underlying the skin lesion and travels up the peripheral 
nerve to nerve cell bodies in the dorsal root ganglion (DRG). 
HSV then enters a latency stage in the DRG for days to years. 

Reactivation can occur as a result of immunosuppression, physical 
or emotional stress, fever (e.g. orofacial herpes is common in 
patients with lobar pneumonia and malaria), skin damage, men-
struation, fatigue or ultra-violet light. During reactivation, HSV is 
transmitted back to the primary mucocutaneous site via efferent 
nerves. Reactivation may recur sporadically throughout life.

Primary HSV infections in HIV-infected individuals

Up to half of HIV-positive patients have clinical manifestations of 
a herpesvirus infection in the course of the disease, and these tend 
to be more severe and persistent than recurrences in normal host 
individuals.20,23 In HIV-positive individuals, primary infections 
may be so severe that they are life threatening, or may manifest 
as chronic ulcerative mucocutaneous lesions, verrucous plaques 
or hyperplastic nodules. Painful and often deep, these chronic 
ulcers usually present around the perianal area, penis and lips.24 
HSV can affect other areas in HIV-positive patients, such as the 
cornea, tracheobronchial tree, oesophagus, lung, pericardium, 
liver and brain.

As one of the leading causes of genital ulcers, HSV may enhance 
acquisition of HIV infection via reduced epithelial barriers and by 
localizing CD4+ cells, the primary target of HIV, to the ulcers. It 
is hypothesized that antigenic stimulation of mucosal sites by 
reactivation of HSV can potentially increase HIV-1 replication on 
mucosal surfaces.

The differential diagnosis of HSV includes all causes of ulcer-
ation. Ulcerated lesions can mimic: (a) aphthous ulcers, (b) cyto-
megalovirus (CMV) ulcers, (c) drug reactions, (d) opportunistic 
atypical mycobacterial infections, (e) fungal infections and (f) 
traumatic ulcers. Verrucous-appearing lesions can mimic such 
entities as warts and epithelial neoplasms.

Figure 47.7 Herpes simplex virus ocular lesions 
(keratoconjunctivitis).

Figure 47.8 Generalized herpes simplex vesicular skin lesions.
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Diagnosis of HSV infections

Confi rmation can be made from: (1) smears of lesions, (2) vesic-
ular fl uid (which can be obtained by placing a small needle into 
the vesicle and aspirating) and (3) tissue biopsy and several labo-
ratory investigations. These include: (a) culture of virus, (b) elec-
tron microscopic visualization, (c) serology (complement fi xation 
test; immunofl uorescence for antigen and antibody detection; 
ELISA for anti-HSV IgM antibodies) and (d) DNA amplifi cation 
tests (e.g. PCR).25

Treatment of HSV infections

Antiviral drugs are rarely required in primary infections in an 
immunocompetent individual. Topical aciclovir preparations may 
provide relief from a tingling sensation and shorten the duration 
of lesions. Treatment of HSV infections in immunocompromised 
individuals is described below.

Varicella-zoster virus infections

Varicella (chickenpox) and zoster (shingles or herpes zoster) are 
different diseases caused by an identical virus. Varicella is a primary 
illness, whereas zoster is a reactivation disease.

Varicella (chickenpox)

Chickenpox is a systemic viral infection with a characteristic cuta-
neous vesicular rash. The primary infection usually occurs 
in young children and is always symptomatic; in the majority 
of cases recovery is complete. The disease may be severe and 
fatal in infants aged less than 2 weeks, in adults and in the 
immunosuppressed.

Incubation period and transmission

The incubation period for chickenpox is 12–24 days, averaging 
15–18 days. Chickenpox is transmitted by person-to-person 
contact, or by air-borne spread of respiratory secretions or vesicu-
lar fl uid. The infectious period is usually 1–2 days before and up 
to 6 days after appearance of the rash. This may be prolonged in 
the presence of immunodefi ciency.

Clinical features

Children rarely have prodromal symptoms, whereas adults may 
experience fever, headache and myalgia. The appearance of a skin 
rash on the trunk is often the fi rst sign of disease. The macule 
rapidly progresses to a papule and forms a clear vesicle; vesicles 
are oval, with their long axis along creases of skin. These evolve 
to opaque pustules and may become umbilicated as they dry and 
crust. New waves of lesions occur as the older ones evolve (crop-
ping). Successive crops of lesions are smaller and eventually fail 
to develop. Lesions appear most densely on the trunk and face; 
the hands and feet are relatively spared. Lesions may affect the 
conjunctivae, buccal mucosa, intestinal mucosa, and lungs.

In immunosuppressed individuals (post-transplantation, corti-
costeroid therapy, HIV/AIDS), primary chickenpox infection may 
cause a serious clinical disease with extensive cutaneous and 
systemic manifestations (Figure 47.9).26 Treatment is with 
intravenous antiviral agents.

Complications

Systemic involvement
Widespread systemic involvement may sometimes occur. Chick-
enpox pneumonia, disseminated intravascular coagulation, and 
abnormal renal and hepatic function may result in a life-
threatening illness. Patients with chickenpox pneumonia may 
have secondary bacterial infections. Those who survive chicken-
pox pneumonia may have calcifi ed lesions on chest radiography. 
Post-chickenpox encephalitis can occur, and is mild and self-
limiting leading to a complete recovery in most cases. Patients 
may present with a cerebellar disturbance (ataxia, nystagmus). 
Thrombocytopenia may occur, manifesting clinically as 
purpura and haematuria, and the rash may be haemorrhagic 
(Figure 47.10).
Secondary bacterial infections
As the skin vesicles burst leaving an itchy surface, secondary infec-
tion with Staphylococcus aureus or Streptococcus pyogenes may occur. 
These may sometimes progress to toxic shock syndrome, scarlet 
fever or erysipelas.

Diagnosis of chickenpox

Diagnosis of chickenpox is usually obvious on clinical examina-
tion. Confi rmation can be made by subjecting smears of vesicular 
lesions, vesicular fl uid (which can be obtained by placing a small 
needle into a vesicle and aspirating) and tissue biopsy to several 
laboratory investigations: (a) culture of virus, (b) electron micro-
scopic visualization, (c) serology (complement fi xation test; 
immunofl uorescence for antigen and antibody detection; ELISA) 
and (d) DNA amplifi cation (e.g. PCR).

Figure 47.9 Severe chickenpox lesions in an immunosuppressed 
patient.
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Management

Most patients recover without specifi c treatment. Pruritus may be 
reduced by antihistamines. Oral aciclovir (10 mg/kg fi ve times a 
day for 5 days) reduces the duration of fever and active rash (from 
6.5 to 5.7 days). Aspirin (acetylsalicylic acid) should not be used 
for reduction of fever, or analgesia because of an association with 
Reye’s syndrome.

Treatment of chickenpox pneumonia requires an early infusion 
with aciclovir (10 mg/kg 8-hourly i.v.), being given slowly over 1 h 
to avoid nephrotoxicity, which is related to peak levels. Urea, 
creatinine and electrolytes must be monitored during therapy. 
Secondary bacterial infections are common and thus broad-spec-
trum antibiotics with anti-staphylococcal activity must be used. 
Arterial oxygen saturation should be monitored where possible; 
patients with falling oxygen saturations may require assisted ven-
tilation. Newer antiviral agents, effective against all herpesviruses, 
are described below. Thrombocytopenia can be managed 
by a short course of corticosteroids and/or immunoglobulin. 
Platelet transfusion should be given, depending on the platelet 
count.

Prevention and control

Live varicella vaccines have been developed and highly 
effective.27

Passive immunization using varicella-zoster immunoglobulin 
(VZIG) is indicated for use in: (a) leukaemic and other immuno-
suppressed patients who do not have a previous history of 
chickenpox, and have been in contact with patients with 
chickenpox or zoster; (b) neonates whose mothers develop 
chickenpox (Figure 47.11) 7 days before or after delivery; and 
(c) non-immune pregnant contacts.

Children with chickenpox should be excluded from school for 
1 week after the appearance of the rash. Patients are no longer 
infectious when the lesions are dry and scabbed. Because of the 
risk to other susceptible patients, all patients with zoster and 
chickenpox should be isolated.

Shingles or zoster

Varicella-zoster virus produces lifelong latency and may reactivate 
later in life, causing the clinical entity ‘shingles’. The varicella-
zoster virus (VZV) remains dormant in the dorsal root ganglia 
until reactivation, at which time it travels down the nerve to 
manifest the typical cutaneous lesions of zoster (shingles), which 
presents as a vesicular eruption along the distribution of one or 
two dermatomes served by a dorsal root ganglion (Figure 47.12). 
The mechanism of reactivation is unclear, although it is 
related clinically to stress, ageing, underlying malignancy and 
immunosuppression.

Clinical features

Patients with herpes zoster typically experience a prodromal phase 
which may manifest as pain, numbness, tingling and/or itching 
in a specifi c dermatomal distribution on any part of the body. This 
is commonly followed by an eruption of vesicles in the dermato-
mal distribution, on an erythematous base. Often the prodromal 
pain can be so severe as to lead to a misdiagnosis of myocardial 
infarction or an abdominal emergency. The usual dermatomal 
distribution is unilateral in appearance; however, many cases of 
multidermatomal zoster (Figure 47.13) are seen in patients 
infected with HIV infection. Zoster generally appears within 
2–7 years of HIV seroconversion, most commonly during the 
asymptomatic phase. In these cases, it is more severe, more 

Figure 47.10 Haemorrhagic chickenpox in a child. Figure 47.11 Chickenpox in a pregnant woman.
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intense and more diffi cult to treat, leaving serious scarring. 
Shingles is now frequently seen in HIV-positive children 
(Figure 47.14).

Complications

Ophthalmic zoster must be treated aggressively and watched care-
fully because there is a high likelihood of eye involvement result-
ing in conjunctivitis and blindness. The risk of post-herpetic 
neuralgia tends to increase with age but not with immunosuppres-
sion, and pain may continue for months or even years (post-her-
petic neuralgia).

Complications of zoster in immunocompromised individuals 
include dissemination over large areas of the skin with possible 
secondary infection, potentially fatal pulmonary involvement, 
and encephalitis. Zoster also tends to have a higher rate of recur-
rence (5–23%) in HIV-infected individuals, compared with less 
than 5% in normal individuals. In addition to the severe pain 
experienced by patients with postherpetic neuralgia, crusted, 
punched-out ulcerations that leave painful atrophic scars (Figure 
47.13) may also occur. Verrucous plaques can also occur in zoster; 
these are chronic and often resistant to therapy with aciclovir.

Diagnosis of zoster

The diagnosis is usually a clinical one. Confi rmation can be made 
using the laboratory investigations described below.

Epstein–Barr virus

The clinical disease ‘infectious mononucleosis’ or ‘glandular fever’ 
is caused by the Epstein–Barr virus (EBV). EBV is shed in pharyn-
geal secretions, and transmission occurs via close contact (e.g. 

Figure 47.12 Herpes zoster (shingles) affecting a single dermatome.

Figure 47.13 Multidermatomal herpes zoster in a patient with AIDS.

Figure 47.14 Herpes zoster in an HIV-positive child.
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kissing). Primary EBV infection begins in oropharyngeal epithe-
lium, where EBV virions are replicated and released from the 
epithelial cells to saliva. The virions carrying gp350/220 infect B 
cells via CD21 molecules, or receptors for the C3d in oropharyn-
geal areas, and form an episome in the nucleus (atypical mono-
nuclear cells). Although major target cells of EBV are human B 
cells, epithelial cells, salivary gland duct cells, T cells, natural killer 
(NK) cells, macrophages/monocytes, smooth muscle cells and 
endothelial cells are found to be infected. The EBV-infected B cells 
express various EBV-associated antigens that are the target mole-
cules recognized by the host immune response. When the immune 
surveillance system fails, reactivation of EBV-infected B cells occurs 
with subsequent polyclonal proliferation and dissemination of 
EBV to other tissues. Over 50% of healthy adults have been previ-
ously infected with EBV or human herpesvirus 4, which usually 
remains in a latent phase.

Clinical features

In primary infection, the virus selectively infects B lymphocytes as 
well as certain types of squamous epithelia; this manifests as infec-
tious mononucleosis. The virus replicates primarily in the oropha-
ryngeal epithelium, followed by entry into the B-cell system, where 
it remains latent until reactivation or dissemination to other sites. 
In HIV-infected individuals with severe immunodefi ciency, viral 
replication leads to the clinical manifestations of: hairy leukopla-
kia, Burkitt’s lymphoma or EBV-associated large cell lymphoma 
(see Chapter 35).

Cutaneous manifestations of EBV infection

In immunocompetent patients the cutaneous manifestations of 
infectious mononucleosis may include a petechial skin rash (due 
to thrombocytopenia) or a macular skin one due to use of ampi-
cillin. The mucocutaneous manifestations of EBV in HIV-infected 
patients28 include oral hairy leukoplakia (OHL),29 correlating with 
moderate to advanced immunodefi ciency. As with zoster, OHL has 
been linked with an advance from HIV infection to AIDS, and 
manifests as whitish plaques on the inferolateral margins of the 
tongue (Figure 47.15). The surface of the plaques may be smooth, 
corrugated or folded with thick hair-like projections. Lesions of 
OHL can mimic other mucous membrane lesions such as tobacco-
associated leukoplakia and candidiasis. Lesions caused by OHL 
cannot be dislodged by a tongue depressor. They are asymptom-
atic and cause few problems; however, they occasionally become 
verrucous and may lead to dysphagia.

Differential diagnosis

OHL must be distinguished from candidiasis by the absence of 
hyphae in a microscopic examination of scrapings. Lesions caused 
by OHL can also mimic tobacco-associated leukoplakia, squa-
mous cell carcinoma, condyloma acuminatum, lichen planus, 
white sponge naevus, leukokeratosis oris, mucous patches of 
syphilis and aphthous ulcers.

EBV and human cancer

EBV has been linked epidemiologically with two human cancers: 
(a) Burkitt’s lymphoma and (b) nasopharyngeal carcinoma (see 
Chapter 35).

Diagnosis

Diagnosis is made by detection of viral capsid antigen (VCA) and 
anti-IgM anti-EBV capsid antibody. A monospot (Paul Bunnell) 
test to detect heterophile antibodies may be useful in diagnosing 
glandular fever. Molecular methods using PCR may detect EBV 
DNA in peripheral blood mononuclear cells.

Management

Treatment is palliative: no specifi c treatment is available.

Cytomegalovirus

Human cytomegalovirus (CMV or human herpesvirus HHV-5) is 
a ubiquitous member of the herpes family of viruses.30 More than 
80% of healthy adults are seropositive for CMV, indicating previ-
ous exposure. After primary infection, usually asymptomatic, CMV, 
like other herpes viruses, undergoes latency, persisting in the 
infected individual. It is not clear which types of cell can harbour 
the virus and support an on going infection, nor is it clear whether 
leucocytes behave as specifi c carriers of the virus during a systemic 
infection, or represent a reservoir of replicating virus or a possible 
site of latency. The mechanism underlying reactivation is unknown. 
Although dermatologists are generally familiar with cutaneous 
manifestations of infection with herpes simplex virus and vari-
cella-zoster virus, CMV infection has seldom been discussed.

CMV rarely causes symptomatic disease in the immunocompe-
tent individual. It became a signifi cant clinical problem, however, 
after the introduction of transplantation and associated immuno-
suppressive therapy.31 Nowadays, about 90% of patients with AIDS 
develop acute active CMV infection at some point during their 
illness; it is one of the most common opportunistic viral infection 
in patients with AIDS.32,33 About 95% of HIV-positive patients 
with a CD4 count of less than 100 cells/mm3 have clinical mani-
festations of CMV.

Clinical features

A typical CMV viraemia is associated with basophilic intranuclear 
inclusions, or ‘owl’s eyes’ (Figure 47.16), in urine, tears, breast 

Figure 47.15 Hairy leukoplakia of the tongue.
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milk, faeces, semen, cervical secretions, blood, bronchoalveolar 
lavage specimens and saliva. This viraemia is usually followed by 
infection of the vascular endothelium of every organ, skin rash, 
vasculitis and ulceration of mucosal surfaces.

Cutaneous lesions of CMV can have a varied presentation, 
including:
1. Localized and diffuse ulceration
2. Keratotic verrucous lesions
3. Palpable purpuric papules
4. Vesicular, bullous and generalized morbilliform eruptions
5. Hyperpigmented indurated plaques
6. Generalized bullous toxic epidermal necrolysis-like eruption 

associated with CMV hepatitis.
Other clinical manifestations of a CMV infection include retinitis 
and gastroenteritis in about 50% of all patients with AIDS. Up 
to 10% of patients have a serious CMV pneumonia, CMV 
retinitis (increasing to 30% at autopsy), oesophagitis, colitis or 
pro ctocolitis causing perianal ulceration,26 which is believed to 
be a contiguous spread to the skin from the gastrointestinal 
tract. Lesions caused by CMV can also appear ulcerated, and must 
be distinguished from other ulcerated lesions as described for 
HSV.

Diagnosis

Cutaneous manifestations of CMV infection are not suffi ciently 
distinctive to allow the diagnosis to be made on clinical grounds 
alone. The diagnosis of cutaneous CMV involvement has usually 
been established by microscopic examination. Cytomegalic inclu-
sions, CMV antigens or CMV DNA detected in skin biopsy speci-
mens have been considered a signifi cant criterion to diagnose 
cutaneous CMV infection. However, whether CMV detected in 
skin biopsy specimens is responsible for the pathogenesis of the 
cutaneous manifestations is still controversial, because character-
istic cytomegalic cells in biopsy specimens taken from uninvolved 
skin have been detected in a patient with AIDS.

There are no laboratory assays that are diagnostic in recent 
infection. Standard methods applied to all herpes viruses are used 
in the diagnosis of CMV.

Microscopy

Historically, the detection of characteristic intranuclear inclusions 
known as ‘owl’s eyes’ has been considered to be an indicator of 
active CMV disease. However, the detection of inclusions by 
microscopic examination may be an inadequate method for estab-
lishing the diagnosis, because these intranuclear inclusions can 
also be caused by other viruses.

Viral culture

Routine cell culture of samples obtained from body fl uids to 
confi rm characteristic cytopathic effects takes a long time, because 
of the slow growth of this virus.

Serological diagnosis

Serological diagnosis, by use of complement fi xation test, and 
detection of IgM and IgG antibodies may be helpful – they are 
widely used to determine previous infection. Demonstration of a 
four-fold rise in IgM antibody titres in the serum of ill patients 
could be interpreted as an indication of a primary infection with 
CMV. Useful fi ndings for acute CMV infection in normal adults 
are: culture of blood and tissue biopsies for CMV and CMV-spe-
cifi c IgG seroconversion. Nevertheless, it is diffi cult to distinguish 
between primary infection and reactivation.

Immunohistology

Immunohistochemical study of samples with antibodies against 
specifi c viral antigens of CMV may reveal cell-inclusions. 
Although the DNA hybridization assay was expected to be 
useful for the diagnosis of CMV infection, because of the insen-
sitivity of hybridization, this assay has failed to achieve wide-
spread use.

Molecular methods

Recent developments in the fi elds of CMV diagnosis are exciting. 
Molecular amplifi cation methods such as the PCR have been 
utilized to study CMV infection with samples such as urine, 
leucocytes, plasma, serum and paraffi n-embedded sections. 
This method has been used with almost uniform success in 
most clinical settings. Nevertheless, positive results in PCR 
studies should be viewed with caution, because such a sensitive 
procedure may demonstrate the presence of viruses totally unre-
lated to the aetiology of diseases. Precautions have also to be 
adopted to avoid contamination that may yield false-positive 
results.

The most rapid available approach to the diagnosis of CMV 
infection is the direct detection of CMV antigen in nuclei of 
peripheral blood leucocytes, an assay known as the pp65 direct 
antigenaemia test. Monoclonal antibodies directed against the 
CMV lower matrix protein pp65 (UL83) are used for the direct 
detection of CMV in circulating polymorphonuclear leucocytes 
by use of immunoperoxidase techniques. The predictive value of 
this test rests on the capacity to quantify the number of pp65-
positive cells, thus providing an estimate of viral burden. This 
assay is one of the most rapid and reliable tests for the diagnosis 
of CMV disease in both patients with AIDS and organ transplant 
recipients.

Figure 47.16 Intranuclear inclusions in a CMV infection.
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Management

The usual treatment for clinical disease caused by CMV is intrave-
nous ganciclovir (dihydroxypropylguanine, DHPG). Cidofovir, 
foscarnet and fomivirsen are also approved for the treatment of 
CMV retinitis in patients with AIDS.

Human herpesviruses 6 and 7

HHV-6 and HHV-7 have been recently discovered and are preva-
lent in humans with a tropism for CD4+ lymphocytes.34 Primary 
infection with HHV-6 has been associated with exanthema 
subitum (roseola or sixth disease) in children, and febrile illnesses 
with seizures. Other clinical associations made with this virus 
include: (a) multiple sclerosis, (b) infectious mononucleosis-like 
illness and (c) drug-induced hypersensitivity syndrome. More 
recently, HHV-6 has been recognized as an opportunistic patho-
gen in patients with HIV infection and in transplant recipients, 
causing fever, skin rash and malaise.

The clinical characteristics of HHV-7 are not well defi ned, 
although some cases of exanthema subitum have been linked with 
this virus.

Human herpesvirus 8

This herpesvirus was fi rst discovered in 1994 and was named 
Kaposi’s sarcoma-associated herpesvirus (KSAHV) because it was 
found in almost 100% of Kaposi’s sarcomas (KS) from patients 
with AIDS.35 This virus is now commonly referred to as human 
herpesvirus 8 (HHV-8) and has subsequently been found in 
peripheral blood mononuclear cells of patients with KS, in body 
cavity-based lymphomas in HIV-positive patients without KS, in 
classical KS and in other forms of KS. HHV-8 DNA has also been 
detected in patients with pemphigus vulgaris, pemphigus folia-
ceus, carcinoma and lymphoma.

Diagnosis of herpesvirus infections

Usually, diagnosis of herpesvirus infections is made on clinical 
grounds. However, because of the varied appearance of lesions in 
HIV-positive individuals, laboratory investigations may aid diag-
nosis. The main laboratory analyses of patient samples for the 
diagnosis of herpesviruses include:
• Electron microscopy
• Viral culture (‘gold standard’)
• Immunofl uorescence (antigen detection)
• Histopathological examination of biopsied lesions (Tzanck 

smear with the presence of multinucleated giant cells can help 
diagnose HSV or VZV but cannot distinguish between HSV-1, 
HSV-2 and VZV)

• In situ hybridization of biopsied lesions
• Immunoperoxidase stains of biopsied lesions for EBV, CMV, 

HSV
• PCR for detecting viral DNA
• ELISA to detect virus-specifi c IgM (acute) and IgG (chronic) 

antibodies.

Management of herpesvirus infections

Several antiviral drugs and immunomodulatory agents are now 
available for treating herpesvirus infections.36–39

Aciclovir (ACV)

ACV is the most widely used medication for herpesvirus infec-
tions. It is a safe, systemic antiviral agent.

Oral ACV stimulates herpesvirus-infected cells to produce thy-
midine kinase (TK), an enzyme that sequentially phosphorylates 
ACV to an active triphosphate form which inhibits viral DNA 
polymerase, resulting in chain termination. First-episode genital 
herpes requires a 200-mg dose of ACV given orally fi ve times a day 
for 10 days. Recurrent herpes necessitates 200 mg of ACV fi ve times 
per day for a period of 5 days or longer, depending on the clinical 
response. ACV has an intracellular half life of 1 h, so frequent 
dosing is necessary. Greater convenience can be achieved by dosing 
ACV at a dose of 400 mg three times daily instead of fi ve times 
daily.

Acute herpes zoster requires a dosage of ACV 800 mg given 
orally fi ve times per day for 7–10 days. This dose regimen reduces 
the duration of postherpetic neuralgia symptoms from 62 to 20 
days for immunocompetent patients treated with placebo versus 
ACV, respectively.

Topical ACV is also available; however, it is not commonly used 
because of its low effi cacy, although it does appear to reduce the 
pain and tingling sensation if used early.

Dosing of ACV in HIV-infected patients is similar to the 
schedule described above but variations occur. Because of the low 
bioavailability of ACV in the oral form, patients with HIV and 
severe HSV disease may require the intravenous (i.v.) form, 
especially when both dissemination and visceral organ involve-
ment are present.

Ophthalmic preparations including idoxuridine, trifl uridine 
and vidarabine are in use for herpes keratitis and keratoconjunc-
tivitis.

Two other agents, valaciclovir and famciclovir, have been 
approved for treatment of herpes in order to provide both easier 
convenience and higher bioavailability.

Valaciclovir (VACV)

VACV is the valyl ester of ACV with a fi ve times greater bioavail-
ability (54%) than oral ACV, reaching plasma levels of ACV 
similar to the level attained with intravenous ACV. First-episode 
genital herpes is usually treated with 500 mg of VACV given twice 
daily for 10 days. Recurrent episodes of genital herpes are treated 
with 500 mg of VACV twice daily for 5 days. VACV can be used 
at a dose of 500 mg once daily for suppression of recurrent genital 
herpes in immunocompetent individuals with fewer than 10 epi-
sodes per year. It has been approved for the treatment of acute 
herpes zoster at a dose of 1000 mg three times daily for 7 days. 
This therapy is as safe as oral ACV.

VACV has been safe and well-tolerated for both short- and 
long-term use in immunocompromised patients, including HIV-
positive patients. The dose schedule for HIV-positive patients is 
similar to that described above; however, patients may require 
500 mg of VACV twice daily, or 1000 mg once daily for suppres-
sion of chronic recurrent genital herpes.

Famciclovir (FCV)

FCV is the oral prodrug form of the nucleoside penciclovir. As with 
ACV, FCV must be phosphorylated to a triphosphate form in order 
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to be active. As with VACV, FCV has greater bioavailability (77%) 
than ACV. It is approved for the episodic treatment 
of recurrent genital herpes at a dose of 125 mg twice daily for 5 
days. Single dose treatment regimens show promise in clinical 
trials.

FCV can be used for fi rst-episode genital herpes at a dose of 
250 mg three times daily for 10 days. Recently, approval was 
granted by the US Food and Drug Administration (FDA) for FCV 
at a dose of 250 mg twice daily for recurrent genital herpes sup-
pression. Also, FCV can be used for acute herpes zoster infection 
at a dose of 500 mg three times daily for 7 days. At this dose, it 
has been shown to decrease the healing time of cutaneous mani-
festations of herpes zoster, and to signifi cantly reduce the duration 
of postherpetic neuralgia (PHN).

FCV can also be used in immunocompromised individuals 
including those infected with HIV. In HIV-infected patients, FCV 
is effective for the suppression of symptomatic as well as asymp-
tomatic HSV reactivation; duration of symptoms is decreased by 
65% and there is an 81% reduction in viral shedding. Suppressive 
dosing of FCV (500 mg twice daily) is as effective as ACV (400 mg 
fi ve times a day) for recurrent genital herpes in HIV-infected indi-
viduals at a more convenient dosing regimen.

Evidence for resistance to ACV in HIV-infected individuals has 
recently emerged. Most ACV-resistant HSV isolates can be treated 
and are susceptible to certain other antivirals not requiring thy-
midine kinase activation.

Foscarnet

Foscarnet is an FDA-approved pyrophosphate analogue that 
directly inhibits HSV DNA polymerase without activation; it is 
administered for treatment of ACV-resistant HSV at a dose of 
40 mg/kg i.v. every 8 h. Its use is limited owing to signifi cant renal 
toxicity.

Cidofovir (CDV)

CDV is a nucleotide analogue of deoxycytidine monophosphate 
that requires phosphorylation to an active metabolite by host cel-
lular enzymes, rather than the virus-specifi c enzymes used by the 
other antivirals. This agent has broad-spectrum anti-DNA virus 
activity. The gel formulation has been evaluated for treatment of 
ACV-resistant mucocutaneous HSV infection in patients with 
AIDS; signifi cant benefi ts in lesion healing, pain reduction and 
virological effects have been demonstrated.

Post herpetic neuralgia treatment

PHN can be treated symptomatically with topical analgesic 
agents such as capsaicin, which may be helpful in some cases. 
Other schemes for treating PHN that have been shown to be effec-
tive include: (a) amitriptyline, (b) carbamazepine, (c) nerve 
blocks, (d) Triavil, (e) lidocaine (lignocaine) and (f) fentanyl 
patches.

Oral hairy leukoplakia treatment

Usually OHL requires no treatment; however, several therapeutic 
agents have been tried, including: ACV, topical podophyllin resin, 
topical isotretinoin, as well as local destructive measures.

Papovaviruses

Human papillomavirus

Human papillomavirus (HPV) causes cutaneous warts at any 
site on the body.40 HPV is transmitted by contact and is an 
asymptomatic infection in the majority of immunocompetent 
persons who acquire the infection. In a small proportion of indi-
viduals, HPV causes warts, which vary in size and number; these 
are in most cases self-limiting.

Various causes of immunodefi ciency are associated with an 
increased incidence of HPV infection.40,41 Penile and perianal 
warts are twice as common in HIV-seropositive men than in indi-
viduals with a normal immune system. Depressed cell-mediated 
immunity in HIV-seropositive persons is associated with an 
increased prevalence of HPV infection. The incidence of genital 
warts in HIV-seropositive women has been reported to be increased 
by as much as 10-fold. Severe HPV infections involving 
multiple portions of the anogenital area are common in HIV-sero-
positive persons. These cutaneous lesions are increased in number 
and severity, and are diffi cult to treat. Many recur after treat-
ment.

Invasive cervical cancer, which is closely associated with onco-
genic HPV, is considered an AIDS-defi ning illness in HIV-sero-
positive women.41 Cervical cancer is the second most common 
cancer killer of women worldwide. The high prevalence of HIV 
in Third-World women and the increasing incidence in those 
in industrialized countries are adding to the cervical cancer 
epidemic.41

Anogenital warts in people with a normal immune response 
usually do not contain oncogenic HPV and are thus not consid-
ered to be premalignant. In HIV-seropositive persons, however, 
anogenital warts often harbour multiple HPV types including 
some considered to be oncogenic.

Management

Depending on their size, extent and location, warts can be treated 
by topical agents (podophyllin; imiquimod), surgery (excision or 
cautery) or cryotherapy using a cryoprobe.

Surgical therapy of HPV-related lesions in HIV-seropositive 
patients carries the risk of transmission of HIV to the surgeon. 
Laser surgery and electrosurgery carry a risk of transmission of 
both HIV and HPV from the aerosolized wart tissue. High recur-
rence rates of warts in HIV-positive patients receiving surgical 
therapy are recorded.

Experimental cytokine therapy for warts

Interferon (IFN) α was the fi rst FDA-approved antiviral agent for 
genital warts, and has also been reported as useful adjunctive 
treatment for HIV.42,43 Owing to systemic side-effects (i.e. infl u-
enza-like syndrome) of IFN, the need for multiple intralesional 
injections, high cost and relatively slow rate of lesion resolution, 
exogenous IFN therapy has been used in combination with other 
methods.

Imiquimod44 can be used as a topical (5% cream) self-applied 
therapy for condyloma acuminatum. Imiquimod acts by inducing 
endogenous production of IFNα and a spectrum of other cyto-
kines. Thus, imiquimod is an immunomodulatory agent that also 
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acts via antiviral mechanisms. It has proved safe and effi cacious 
in the treatment of condyloma acuminatum in otherwise healthy 
persons when used overnight on alternating nights, three times a 
weekly for up to 16 weeks.

Cidofovir is a broad-spectrum antiviral agent with activity 
against all human herpes viruses and HPV.

Parvovirus infections

Human parvovirus B19

The cutaneous manifestations of human parvovirus B19 infection 
include a petechial eruption in a ‘glove and stocking’ distribution, 
reticular truncal erythema and the ‘slapped cheek sign’.45 The der-
matopathology of B19 infection suggests that tissue injury is 
mediated by delayed-type hypersensitivity, antibody-dependent 
cellular immunity directed at microbial antigenic targets in the 
epidermis and endothelium, and by circulating immune com-
plexes in the setting of leucocytoclastic vasculitis. These fi ndings 
appear to portray a picture of connective tissue disease. Topical 
cidofovir has been used successfully given intralesionally against 
HPV-associated skin lesions.46
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Section 6 Viral Infection

Chapter 48 Sandra Amor

Virus Infections of the Central 
Nervous System

Although virus infections of the central nervous system (CNS) are 
relatively rare, they are responsible for some of the most devastat-
ing and diverse effects of disease in humans and animals. Never-
theless, almost all the families of viruses have members associated 
with CNS disorders in humans. In this chapter we also briefl y 
discuss prion diseases although these diseases are not strictly 
‘viral’.

CNS viral infections were fi rst reported in Babylonian times, 
and trepanning in early times was possibly the earliest treatment 
for such diseases. Fortunately, the explosion in advances in the 
fi eld of virus isolation techniques, immunology and molecular 
biology in addition to detailed knowledge of viral replication have 
enabled the rational control of CNS viral infections by prophylac-
tics such as immunization and vector control, or following phar-
macological intervention.

The broad spectrum of clinical manifestations of CNS infec-
tions (outlined in Table 48.1) poses the clinician not only a 
problem of prompt diagnosis but also that of treatment and 
aggressive management to allow recovery with little chance of 
sequelae. In many cases CNS diseases due to viral infections were 
thought to be more common in tropical regions but are now 
posing serious problems in Europe in recent years. With the 
increase in travel and changing climates due to global warming 
humans are becoming increasingly exposed to infections that were 
otherwise specifi c of tropical regions. This is particularly true for 
West Nile virus (WNV) disease, Toscana virus (TOSV) disease, 
avian infl uenza virus (H5N1) as well tick-borne encephalitis virus 
and arboviruses that have been frequently reported in several 
European countries.

Viral spread to the CNS

Consideration of how viruses enter the CNS is paramount to devel-
oping therapies through determining the methods by which such 
potential infections may be avoided or controlled. Space does not 
allow detail on entry of viruses and the reader is referred to Berger 
and Nash 20031 and Fields Virology by Knipe et al. 2007.2

For a virus to enter the CNS, it must fi rst enter the host. The 
skin is the most extensive barrier to the entry of viruses but once 
it is broached by injury or piercing, for example by arthropod 
bites, viruses may rapidly invade. Similarly, entry may be via the 
mucosal surfaces of the respiratory, gastrointestinal and genitouri-

nary tracts, which form the most formidable barrier due to mucous 
fi lm and secretory immunoglobulin but may, nevertheless, be 
permeable to acid-resistant viruses, such as the enteroviruses. The 
major portals of entry of viruses causing human CNS infections 
are summarized in Table 48.2.

Following entry into the host and assuming the infection is not 
adequately controlled by the innate and adaptive immunity, the 
virus may gain access to the CNS either through the neural route 
via axonal transport, through the olfactory route, or via the blood 
across the blood–brain barrier (BBB).

Neural route

Retrograde transmission along the axon is a well-recognized route 
for rabies virus and has since been described for several other 
neurotropic viruses such as, varicella zoster and herpes simplex 
viruses (HSV), Herpes B virus and polio. For rabies, the neuro-
logical disease often precedes widespread dissemination in the 
host and the site of entry determines the incubation period. More-
over, experimental rabies and polio are prevented when the 
infected nerve is severed. Both retrograde and anterograde trans-
neuronal and non-neuronal (ependymal cells and cerebrospinal 
fl uid) pathways are utilized by vesicular stomatitis virus (VSV) 
within the CNS.

Olfactory route

Olfactory transmission of viruses to the CNS is well-known.3 
Experimental intranasal infection with HSV and togaviruses such 
as Semliki Forest virus (SFV) shows that virus is spread to the CNS 
via the olfactory route. In contrast to rabies virus and HSV-1, VSV 
does not use the trigeminal nerve for entry into the brain, as the 
trigeminal ganglion remains virus free following intranasal infec-
tion. Rather VSV has a tropism for olfactory receptor cells, using 
them for entry into the CNS.

Haematogenous route

The majority of viruses that induce CNS infection are acquired 
from the blood and must cross the BBB – an anatomical structure 
composed of endothelial cells joined by tight junctions, pericytes 
that form a discontinuous layer around the endothelial cells and 
astrocytic foot processes that surround the pericytes. The fi rst 
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description of the BBB was made in the late nineteenth century 
by Paul Ehrlich, who noticed that certain dyes stained all organs 
except the brain in an intact animal. A diagrammatic representa-
tion of the BBB is shown in Figure 48.1.

In general, the physical and chemical nature of the molecule 
determines its ability to cross the BBB; for example, lipid-soluble 
molecules are readily transferred across the BBB whereas charged 
non-lipid-soluble molecules are less effective. The BBB also forms 
a barrier for the entry of viruses; nevertheless, most viruses invade 
the CNS. Transfer of viruses across the BBB may take place either 
after infection of leukocytes, as is observed for measles and mumps 
virus, or following adherence of virus to erythrocytes, as is seen with 
togaviruses and paramyxoviruses. The infected cells migrate across 
the BBB and although such traffi c is limited in the normal situation, 
it is severely augmented during injury or infection.4 Alternatively, 
viruses may be taken up by receptors, induce the formation of 
pinocytotic vesicles on the endothelial cells and be actively trans-
ported, as in Semliki Forest virus infection (Figure 48.2).

Spread within the nervous system

Whether viruses reach the CNS via the haematogenous, olfactory 
or neural route, the progression of clinical signs is dependent on 
the subsequent spread of virus within the tissue. Additionally, the 
tropism of viruses for different cells determines the characteristic 
clinical signs and manifestation of disease associated with specifi c 
viruses (Table 48.1). For example, the spread of HSV within the 
temporal lobes leads to temporal lobe seizures, whereas infe-
ction of oligodendrocytes by JC papovavirus induces lesions of 
demyelination.

Attachment of viruses to cells prior to entry is obviously impor-
tant in the development of disease, and binding domains or 
receptors for numerous viruses have been identifi ed, such as the 

Table 48.1 Clinical manifestations of viral infections of the CNS

Disease Duration Clinical signs Examples
Acute meningitis Days Rapid onset of high fever, stiff neck, altered mental 

state, photophobia, raised intracranial pressure
Viral meningitis

Chronic meningitis Months Gradual onset of signs associated with the above Enteroviruses

Acute encephalitis Days Association with systemic illness, nausea, vomiting, 
seizures. Specifi c signs associated with tropism of virus, 
e.g. temporal lobe lesions following HSV infection

Measles, herpes simplex

Chronic encephalitis Months to years Gradual onset of signs as above, progressing to severe 
disability and death. General debility and dementia 
may develop

SSPE, HIV encephalitis

Post-infectious Days to weeks Onset of signs following recovery from viral infection. 
Such signs include the development of chronic fatigue 
syndrome or Guillain–Barré syndrome

Post-infectious 
encephalomyelitis

Slow viruses Months to years Progressive signs of neuronal destruction. Observed 
following immunosuppressive therapy

PML

Prion diseases Months to years Progressive signs of neurological dysfunction. Not 
associated with conventional virus

Creutzfeldt–Jakob disease, Kuru

HSV, herpes simplex virus; SSPE, subacute sclerosing panencephalitis; HIV, human immunodefi ciency virus; PML, progressive multifocal leukoencephalopathy.

Table 48.2 Routes of entry of neurotropic viruses

Route of entry Example
Inoculation

 Arthropod bite Arboviruses

 Animal bite Rabies

Blood transfusion Cytomegalovirus

Transplantation Creutzfeldt–Jakob disease

Respiratory Infl uenza

Enteric Polio

Venereal HIV

Transplacental Cytomegalovirus

Figure 48.1 The blood–brain barrier.
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β-adrenergic receptor for reoviruses. The utilization of neurotrans-
mitter receptors by viruses and interference in the functioning of 
specifi c neurones may explain why viruses have been implicated 
in chronic fatigue syndrome.5 Other receptors include the CD4 
receptor for the human immunodefi ciency virus (HIV), acetylcho-
line receptor for rabies virus, and fi broblast growth factor receptor 
for HSV-1.

Once the virus has gained entry into the cell, replication and 
dissemination are necessary for progression of disease. Although 
cell-to-cell spread is the most obvious, there is little evidence for 
any virus that this occurs. Viruses have been observed in the extra-
cellular spaces (Figure 48.3) and reduction of togavirus titres by 
specifi c antibody6 suggests that extracellular movement must 
occur. Alternatively, transport via glial cells and axons has been 
suggested.7

As with entry of viruses into the CNS, the infi ltrating leukocytes 
may be important in the spread of virus within the tissue. This is 
observed in human herpesviruses and especially with cytomega-
lovirus (CMV). Additionally, the role of the immune response 
in the progression of the disease must be considered, since 
autoimmune responses initiated by viruses are an important 
phenomenon.

ADENOVIRIDAE

While adenoviruses have been found in patients with encephalitis, 
these have often been cases of meningoencephalitis in immuno-
compromised hosts and rarely in immunocompetent patients.8 
Such associations have been carried out using nested polymerase 
chain reaction (PCR) and genotypes using partial gene sequence 
analysis to detect presence of virus in the brain or CSF, while 
virus in the brain was also identifi ed by immunohistochemical 
staining.

ARBOVIRUSES

The vast majority of CNS infections are due to viruses transmitted 
by arthropod vectors, such as mosquitoes, ticks, fl eas and midges, 
that are termed arboviruses (arthropod-borne viruses). The arbo-
virus group, which includes over 550 viruses, spans both DNA and 
RNA viruses belonging to several families: i.e. Bunyaviridae, Toga-
viridae, Flaviviridae, Reoviridae, Rhabdoviridae and Orthomyxo-
viridae (Table 48.3). These arboviruses and viruses of other 
families implicated in CNS disorders are discussed under the virus 
family heading(s).

ARENAVIRIDAE

The name is derived from the Latin arena, meaning ‘sand’, to 
describe the granules observed inside the virions. The two major 
groups within this family are the lymphocytic choriomeningitis 
(LCM) group, comprised of LCM and Lassa, in which aseptic 
meningitis, encephalomyelitis and meningoencephalomyelitis 
have been described, and the Tacaribe complex, which are distin-
guished on the basis of antigenic reactivity. These viruses are 
single-stranded RNA viruses of various sizes.

Figure 48.2 Brain capillary endothelial cell (E) showing the 
formation of coated vesicle containing mature virus (arrows). Mature 
virus (V) is also present in the basement membrane. Semliki Forest 
virus ×60 000. (Kindly provided by L. Pathak, St Thomas’s Hospital.)

Figure 48.3 Langat virus (family Flaviviridae) (arrow) within the 
extracellular space of CNS tissue.

Arenaviridae
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Lymphocytic choriomeningitis (LCM) group

LCM virus (LCMV) was the fi rst virus isolated from aseptic menin-
gitis in humans. The other members of this complex, namely Ippy, 
Mopeia and Mobala, are not associated with human disease.

Epidemiology and mode of transmission

LCMV is transmitted to humans by rodents such as the common 
house mouse, via exposure of open wounds or by contamination 
of food by infected animal excrement. Human-to-human contact is 
not common although it has recently been described following 
organ transplant9 and is also recognized as an emerging cause of 
congenital defects in children and abortions.10 Due to the nature of 
transmission, animal handlers or those living in impoverished 
conditions are at higher risk. Although LCMV infections are rare, 
the seroprevalence varies worldwide, one of the highest being 36% 
in Croatia and the lowest in France of 0.33% (in 2007). LCMV infec-
tion in humans ranges from asymptomatic infection, mild systemic 
illness to CNS involvement. The severity of the illness may depend 
on dose, route of infection and host immunogenetic background. 
In mice fetal infection, in the absence of a suffi cient immunological 
response induces a persistent infection. The damage within the 
CNS is primarily due to the immunopathological effect.

Clinical features

The incubation period in humans is approximately 10 days and 
disease begins with fever, malaise, weakness, headache and 
myalgia, which is most severe in the lumbar region. Anorexia, 
nausea and dizziness are also common and the patients may have 
any combination of sore throat, vomiting and arthralgia with 
chest pain and pneumonitis. In some cases, haematological dis-
turbances such as leucopenia are observed. The second phase 
occurs after a few days, with headache, stiff neck and typical signs 
of encephalitis in approximately 15% of infections, of which some 
are severe encephalitis and the mortality rate is <1.0%.

The white blood cell count is often 3000/mm3 or less, with a 
mild thrombocytopenia. CSF from patients with meningeal signs 
contains several hundred white cells, predominantly lymphocytes 
(>80%), with increased protein and occasionally low sugar levels. 
Virus is often found in the spinal fl uid during acute disease.11 
Convalescence is prolonged, with persistent fatigue and dizziness 
although most people recover completely.

Prevention

All persons in contact with rodents should practise safe handling 
procedures, avoiding eating and drinking around pets and washing 
and cleaning up thoroughly. Children should be educated to avoid 
hand to mouth contact around pets.

Lassa fever

Epidemiology

Lassa fever12 was fi rst described in West Africa in the 1950s, 
although the virus was not isolated until 1969. The only known 

Table 48.3 Arthropod-borne viruses responsible for 
CNS diseases

Arbovirus Genus Family
California encephalitis Bunyavirus Bunyaviridae

La Crosse Bunyavirus Bunyaviridae

Crimean haemorrhagic fever Nairovirus Bunyaviridae

Tensaw Bunyamwera 
group

Bunyaviridae

Rift Valley fever Phlebovirus Bunyaviridae

Toscana Phlebovirus Bunyaviridae

Inkoo Bunyaviridae

Oropouche Bunyaviridae

Colorado tick fever Orbivirus Reoviridae

Chikungunya Alphavirus Togaviridae

Eastern equine encephalitis 
(EEE)

Alphavirus Togaviridae

O’nyong-nyong Alphavirus Togaviridae

Semliki Forest Alphavirus Togaviridae

Venezuelan equine encephalitis 
(VEE)

Alphavirus Togaviridae

Western equine encephalitis Alphavirus Togaviridae

Rubella Rubivirus Togaviridae

Dengue Flaviviridae

Ilheus Flaviviridae

Japanese B Flaviviridae

Kunjin Flaviviridae

Kumlinge Flaviviridae

Langat

Flaviviridae

Louping Ill Flaviviridae

Kyasanur Forest Disease Flaviviridae

Murray Valley encephalitis Flaviviridae

Negishi Flaviviridae

Powassan Flaviviridae

TBE – western subtype; 
Russian spring–summer 
encephalitis

Flaviviridae

TBE – eastern subtype Flaviviridae

Rocio Flaviviridae

St Louis encephalitis Flaviviridae

West Nile Flaviviridae

Wesselsbron Flaviviridae

Yellow fever Flaviviridae

Thogoto Ungrouped
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reservoir of Lassa fever virus in Central and West Africa is Mastomys 
natalensis, one of the most commonly occurring rodents in Africa. 
The virus is rapidly spread from person to person by direct contact 
with blood tissues or needle-stick, giving rise to a mortality rate 
of 30–66%. Consequently, knowledge of the pathological features 
is limited. Rates of seroconversion to Lassa virus range from 5% 
to 20% in populations of Sierra Leone villages with the highest 
rates in crowded, highly mobile, populations. In recent years Lassa 
fever has reached Europe and the USA due to air travel from Africa. 
Clinically, infection gives rise to haemorrhage, nephropathy, myo-
carditis and encephalitis.

Pathogenesis and pathology

The most common and consistently observed lesions in fatal 
human Lassa fever are focal necroses of the liver, adrenal glands 
and spleen.13,14 Although high virus titres occur in other organs, 
such as the brain, ovary, pancreas, uterus and placenta, no lesions 
have been reported in humans, while infected monkeys have been 
reported to have CNS lesions.

Clinical diagnosis

Lassa fever begins 7–18 days after primary infection, leading to 
onset of fever, headache and malaise. Patients with Lassa fever 
show features of anxiety and there is a raised respiratory rate. In 
15–20% of patients, bleeding occurs from gums and nose. Oedema 
of the face and neck are commonly seen in severe cases. Important 
clinical events in fatal disease are intractable hypovolaemic shock 
and/or severe CNS involvement, bleeding and oedema of the 
face. There is also endothelial and platelet dysfunction and mild 
thrombocytopenia.

Prevention

The ideal method of prevention is to prevent contact between 
rodents and humans. This can be achieved by improving the 
housing and food storage, which might reduce the domestic 
rodent population. There are two vaccines for arenaviral diseases. 
A live attenuated vaccine has been used extensively. A second 
vaccine has been made by cloning and expressing Lassa virus 
glycoprotein gene into vaccine virus. This vaccine has proven 
highly successful in preventing severe disease and death in 
challenged monkeys and may be relevant for treating humans.15 
Ribavirin can prevent death in Lassa fever when given at any 
point in the illness, but is more effective when given early and 
administered intravenously.16

Bornaviridae

In the seventeenth century, Borna disease was known as the 
‘disease of the head’ affecting horses and was later ascribed to 
Borna disease virus (BDV), an unsegmented, single- and negative-
stranded, enveloped RNA virus. In humans the virus has been 
associated with psychiatric diseases. This has been based on studies 
in rats infected with BDV that show behavioural changes and 
emotional and learning defi cits and by the presence of viral nucleic 
acid in the blood or brain.

Bunyaviridae

The Bunyaviridae family is taxonomically divided into fi ve genera: 
Hantavirus, Nairovirus, Orthobunyavirus, Phlebovirus and Tospo-
virus, and viruses that are not assigned. The family is comprised 
of over 250 viruses (Table 48.4) between 90 and 100 nm in size 
that have a lipid envelope derived from the host cell membranes 
during maturation. (For more information on the structure and 
replication of Bunyaviruses, see references.2,17)

This section will concentrate on those viruses within the genera 
that are important with respect to causing signifi cant human 
disease involving the CNS.

Orthobunyaviruses

The most important serogroup with respect to induction of human 
diseases is the California (CAL) group, which includes California 
encephalitis (CE) and La Crosse (LAC) viruses. This group of 
viruses has 14 serotypes, the prototype virus being La Crosse virus, 
fi rst isolated from a child in La Crosse, Wisconsin, in 1960.18

Epidemiology and mode of transmission

Members of the CE virus serogroup were fi rst recognized in Cali-
fornia in 1943 and have since been isolated in Canada, the USA, 
Trinidad, Europe, Africa and Finland, although each has a very 
narrow host range and geographical distribution. More recently in 
western Europe, two viruses of the California group – Tahyna virus 
and Inkoo virus – have been associated with CNS involvement, 
such as encephalitis.

Animals such as chipmunks and squirrels are commonly 
involved. La Crosse virus, the prototype virus, is transmitted by 
the mosquito Aedes triseriatus, which is the most important vector 
in California, although other Aedes species may be involved. Chil-
dren and young adults aged 1–19 years are at greatest risk of 
exposure to this vector, which is a woodland mosquito, during 
activities such as camping and hiking.19

La Crosse infection is the second most prevalent mosquito-
borne viral infection in the USA and accounts for approximately 
75 defi nite cases a year, although seroprevalence may reach 20% 
in older persons. La Crosse virus is transmitted mainly by Ae. 

Table 48.4 Genera and serogroups within the 
family Bunyaviridae

Genus Serogroups
Orthobunyavirus Anopheles A., Anopheles B., Bunyamwera, 

Bwamba

(Bunyavirus) California, Capim, Gamboa, Guama, 
Koongol, Olifantsvlei, Patois, Simbu, Teteu, 
Turlock

Nairovirus Crimean–Congo, Dera Gharzi Khan, Hughes, 
Nairobi SD, Qalyub, Sakhalin Uukuniemi

Phlebovirus Phlebotomus

Hantavirus Hantaan and Sin Nombre

Tospovirus Does not infect mammals

Arenaviridae
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triseriatus, a treehole-breeding woodland mosquito that frequently 
feeds on small mammals, particularly chipmunks and squirrels.20 
An alternative mosquito habitat is provided by discarded tyres that 
hold rainwater on which egg rafts may be laid. This virus produces 
acute encephalitis in children. The acute illness lasts 10 days or 
less in most cases. The fi rst symptoms are non-specifi c and last for 
1–3 days, followed by involvement of the CNS. The symptoms 
include stiff neck, lethargy and seizures. Earlier examination shows 
high counts of both polymorphonuclear neutrophil leukocytes 
and mononuclear cells in about 65% of patients. The most impor-
tant sequela of La Crosse encephalitis is epilepsy, which occurs in 
about 10% of the children, and learning disabilities and other 
objective cognitive defi cits have been reported in a small propor-
tion of patients. A few patients (2%) have persistent paresis.

Pathology

The lesions induced by bunyaviruses are typical of acute viral 
encephalitis. Examination of the CNS reveals perivascular cuffi ng 
of mononuclear cells and, in severe cases, necrotic areas. Histo-
pathologically the lesions, which consist of scattered glial nodules, 
perivascular cuffs, mild leptomeningitis and occasional areas of 
focal necrosis, are found more often in the cerebral cortex and to 
a lesser extent in the brain stem and medulla.

Clinical features

Following an incubation period of 3–7 days, features associated 
with acute encephalitis are observed. Brief ‘fl u-like’ symptoms and 
primary viraemia, which follow the arthropod bite, are observed. 
The secondary phase is marked by fever and a secondary viraemia 
coinciding with CNS involvement. Clinical expression includes 
headache, fever and meningoencephalitis, with upper motor neu-
ronal signs and occasionally chorea. Neurological sequelae may 
occur, in which persistent seizures are observed, although lasting 
cognitive defi cits are rare. Onset of seizures may be rapid with no 
other signs of disease. Acute arthritis is observed, with Tahyna 
virus, whereas respiratory system involvement is more commonly 
seen in Jamestown Canyon virus infections.

Diagnosis

Clinical diagnosis of La Crosse virus may be made as a result of 
localization of neurological lesions. Specifi c diagnosis is based on 
complement fi xation (CF) or haemagglutination inhibition (HI) 
assays, although neutralization tests (NTs) are also used. Artsob21 
has described an enzyme-linked immunosorbent assay (ELISA) 
for serotyping. Isolations in suckling mice and Vero cells have 
been used for virus typing.

Prevention and control

To date, apart from mosquito repellents, no specifi c prevention is 
available. Anticonvulsants are used to control seizures. Recently, 
reports in mice have suggested that plasmid DNAs, encoding 
either of the virus surface glycoproteins G1 and G2, effi ciently 
blocked the spread of virus from the primary replication site to 
the brain, suggesting that such approaches may be benefi cial in 
patients.

Phleboviruses

Rift Valley fever

Rift Valley fever (RVF) virus is a prototype Bunyavirus and the 
most notable virus in the genus Phlebovirus. It was fi rst reported 
after an epidemic of fever and myalgia in which a few people 
developed encephalitis in Egypt in 1979.22 Additional outbreaks 
have been observed throughout Africa, including Nigeria, Egypt, 
Sudan and Kenya. More than 20 species of mosquitoes have been 
implicated as possible vectors. Culex pipiens, Cx. theileri, Ae. caballus 
and other mosquitoes of the Culex and Aedes group may be 
involved. The major sources of reservoirs are animals such as cows, 
sheep, and goats, although camels and antelopes can be infected. 
Transmission of the virus from animal to animal during epidem-
ics may result from biting fl ies.

Clinical features

RVF in the human illness is biphasic. The primary phase is associ-
ated with fever, back and joint pains, and headaches that last 
about 1 week. After 1–2 days’ remission, the second phase consists 
of similar symptoms for 1–2 days, with nausea and sometimes a 
haemorrhagic diathesis with evidence of liver and renal damage. 
The mortality rate is <1.0%. Occasionally disturbed vision, with 
evidence of a retinitis and cotton-wool exudates in the region of 
the macula, is observed. Altered levels of consciousness are 
observed with, in some cases, persistent fever. Meningeal irritation 
occurs, with focal motor signs and hallucinations.23

Diagnosis

Identifi cation of increasing levels of IgM-specifi c antibodies in the 
CSF is used for the specifi c diagnosis.

Treatment and prevention

No specifi c treatment exists for Rift Valley fever, although a forma-
lin-inactivated vaccine may be of use for laboratory workers 
and troops who may be exposed to this virus. More recently an 
inactivated RVF vaccine TSI-GSD-200 has been found benefi cial. 
Ribavirin may be effective if administered in time and passive 
neutralizing antibody is effective in protecting from disease.

Hantaviruses

Epidemiology and mode of transmission

Hantaviruses are human pathogens that are prevalent worldwide 
and consist of more than 16 different viruses including Puumala, 
Hantaan, Dobrava-Belgrade, Seoul, Sin Nombre. The predomi-
nant serotype is Puumala (PUUV), which causes encephalitis and 
is endemic in western Russia, Finland, Sweden, France, Belgium, 
Germany and former Yugoslavia but has also been reported in 
Denmark, Norway, the Netherlands and Austria. Puumala virus is 
spread by rodents and is transmitted to humans by inhalation or 
ingestion of food contaminated with rodent excreta. The serop-
revalence in Finland is 5% and 1.8% in Austria. The incidence of 
NE in a cyclic fashion, with peaks occurring every 3rd to 4th year, 
coinciding with peaks in vole populations.
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Pathology

Infection with PUUV may also lead to neurological symptoms 
including meningoencephalitis, polyradiculitis, seizures, cerebral 
haemorrhage, urinary bladder paralysis, and hypopituitarism.

Clinical features

The most common symptoms of PUUV infection are red throat, 
fever, nausea, vomiting, headache, stomach ache and back 
pain usually associated with kidney infection. Most patients 
recover in 7–10 days without sequelae and the mortality is less 
than 0.2%.

Diagnosis

Diagnosis is by an immunocytochemistry test called immuno-
chromatographic rapid test (POC PUUMALA) by Erilab Ltd, 
Kuopio, Finland, that uses a highly purifi ed baculovirus-expressed 
PUUV nucleocapsid protein antigen to detect IgM to PUUMV in 
the blood.

Treatment and prevention

Aside from avoiding contact with infected animals there is little 
in terms of control and treatment. A vaccine against PUUV, as well 
as specifi c treatment for the encephalitis, is still lacking.

CALICIVIRIDAE

The Caliciviridae family is comprised of Norwalk virus and hepa-
titis E virus. Norwalk-like viruses are the major cause of gastroen-
terovirus although to date only one case of encephalopathy has 
been possibly linked with Norwalk virus infection when the viral 
genome was detected in CSF by reverse transcription PCR.

CORONAVIRIDAE

Members of the Coronaviridae family are pleomorphic RNA 
viruses, 80–130 nm in diameter, which replicate within the cyto-
plasm. The family includes several animal viruses, including 
murine hepatitis virus known to induce demyelination in the CNS 
of infected mice. The neurotropic strain of mouse hepatitis virus, 
JHM, was fi rst isolated from a spontaneously paralysed mouse. 
The virus induces lesions of acute demyelination in the brain and 
spinal cord.24 The relevance of this to human disease is the fi nding 
of coronaviruses in the CNS of some patients with multiple scle-
rosis. More recently, the outbreak of severe acute respiratory syn-
drome (SARS) due to the human coronavirus (SARS-CoV) has also 
been associated with virus in the CNS.25

FILOVIRIDAE

The family Filoviridae contains a single genus Filovirus with sub-
groups Marburg and Ebola, both associated with severe haemor-
rhagic fevers (see Chapter 42). The mortality is high and varies 
between 30% and 90%, in which clinical signs develop early, with 
death occurring between days 6 and 16. Due to the high pathoge-

nicity few tissues have been studied. In Ebola-infected monkeys, 
coagulation is seen in the brain and in human patients, haemor-
rhages in the brain induce strokes.

FLAVIVIRIDAE

Formerly classifi ed as Group B arboviruses, the Flaviviridae were 
re-classifi ed as an independent family. The family Flaviviridae are 
composed of the genera Flavivirus, Hepacivirus and Pestivirus. The 
genus Flavivirus comprises the largest group of viruses known to 
induce CNS diseases and is subdivided according to the mode of 
transmission, i.e. mosquitoes or ticks (Table 48.5).26 Further sero-
logical subgroups may be distinguished on the basis of reactivity 
in HI and neutralization assays. Flaviviruses are small icosahedral 
enveloped viruses that replicate and mature cytoplasmically, 
deriving the lipid envelope from the internal membrane of 
the host cell. While yellow fever virus, the prototype Flavivirus 
(L. fl avus = yellow), is a serious haemorrhagic disease inducing 
heart and kidney failure – its name derived from the jaundice 
induced following infection – very few reports describe encepha-
litis. Rather, encephalitis following vaccination with the attenu-
ated yellow fever Asibi 17D virus is described in the elderly and 
immunocompromised patients.27

Vector control by water drainage is not feasible in most cases 
due to the terrain, i.e. jungle areas, but has been used successfully 
in urban areas when combined with insecticides. Inactivated vac-
cines, live attenuated vaccines and subunit vaccines using recom-
binant DNA technology have been utilized and developed for 
several Flaviviruses. Ongoing research has identifi ed possible 
targets for inhibition, including binding and uptake of the virus 
to cells together with the viral proteases and some factors govern-
ing replication, and these may be useful in the future development 
of antiviral therapeutic strategies.

As seen in Table 48.5, many Flaviviruses induce CNS diseases, 
some of which are discussed in other chapters.

Dengue virus

Dengue and Dengue haemorrhagic fevers (see Chapter 41) also 
involve the CNS and several reports suggest that the incidence of 
Dengue fever is rising. For example, in Vietnam the death rate for 
Dengue fever increased by 83% in 2006. The encephalitis is 
confi rmed by CSF microscopy, immunoglobulin in the CSF, as 
well as MRI, CT and EEG changes, although in some patients no 
alteration was observed in the CSF.28

Japanese encephalitis

A disease resembling Japanese encephalitis (JE) was recorded as 
early as 1871. In 1935, an infectious agent was recovered from the 
brain of a person in Tokyo and was virologically and serologically 
established as the prototype (Nakayama) strain. JE virus is the 
prototype of the JE antigenic complex. The complete nucleotide 
sequence of the JE viral genome has been determined. Antibody 
adsorption HI, CF, kinetic neutralization, agar gel diffusion and 
monoclonal antibody analysis have demonstrated antigenic varia-
tions. At least two immunotypes have been identifi ed: Nakayama 
and JaGAr-01 (isolated from Culex mosquitoes). The virus repli-
cates in a number of primary and continuous cell cultures of 

Flaviviridae
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Genus: Flavivirus Neurotropic

A. MOSQUITO-BORNE VIRUSES

Aroa virus group

Aroa virus (AROAV)

Dengue virus group

Dengue virus (DENV) Humans

Kedougou virus (KEDV)

Japanese encephalitis virus group

Cacipacore virus (CPCV)

Koutango virus (KOUV)

Japanese encephalitis virus (JEV) Humans

Murray Valley encephalitis virus 
 (MVEV)

Humans

Alfuy virus (ALFV)

St Louis encephalitis virus (SLEV)

Usutu virus (USUV) Owls

West Nile virus (WNV) Humans

Yaounde virus (YAOV)

Rocio (ROC) Humans

Kokobera virus group

Kokobera virus (KOKV)

Ntaya virus group

Bagaza virus (BAGV)

Ilheus virus (ILHV) Humans

Israel turkey 
 meningoencephalomyelitis virus 
 (ITV)

Turkeys

Ntaya virus (NTAV)

Tembusu virus (TMUV)

Spondweni virus group

Zika virus (ZIKV)

Yellow fever virus group

Banzi virus (BANV) Sheep, experimental 
 mice

Bouboui virus (BOUV)

Edge Hill virus (EHV)

Jugra virus (JUGV)

Saboya virus (SABV)

Sepik virus (SEPV)

Uganda S virus (UGSV)

Wesselsbron virus (WESSV) Goats, cows

Yellow fever virus (YFV) Mice (vaccine in 
 humans)

B. TICK-BORNE VIRUSES

Mammalian tick-borne virus group

Gadgets Gully virus (GGYV)

Kadam virus (KADV)

Kyasanur Forest disease virus (KFDV) Humans, mice

   Alkhurma haemorrhagic fever virus 
    (AHFV)

Humans

Langat virus (LGTV) Mice, humans

Omsk haemorrhagic fever virus 
 (OHFV)

Powassan virus (POWV) Humans

Tick-borne encephalitis virus (TBEV) Humans

Eastern type – Russian Spring- 
 Summer (RSSE)

Humans, macaques

Western type

  Royal Farm virus (RFV)

Louping ill virus (LIV) Sheep, goats

Seabird tick-borne virus group

Meaban virus (MEAV)

Saumarez Reef virus (SREV)

Tyuleniy virus (TYUV)

C. VIRUSES WITH NO KNOWN ARTHROPOD VECTOR

Entebbe virus group

Entebbe bat virus (ENTV)

Yokose virus (YOKV)

Modoc virus group

Apoi virus (APOIV)

Cowbone Ridge virus (CRV)

Jutiapa virus (JUTV)

Modoc virus (MODV) Experimental 
 hamsters, mice

Sal Vieja virus (SVV)

San Perlita virus (SPV)

Rio Bravo virus group

Bukalasa bat virus (BBV)

Carey Island virus (CIV)

Dakar bat virus (DBV)

Montana myotis leukoencephalitis 
 virus (MMLV) small rodents

Phnom Penh bat virus (PPBV)

Rio Bravo virus (RBV)

Table 48.5 Classifi cation of neurotropic Flaviviruses where known
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hamster, pig, monkey, Vero and mosquito. JE virus produces 
lethal encephalitis in infant mice by any route, whereas weanling 
mice succumb to intracerebral virus inoculation. Hamsters and 
monkeys die after intracerebral inoculation but develop asymp-
tomatic viraemia after intraperitoneal inoculation. JE virus does 
not cause death in rabbits and guinea pigs after inoculation by 
any route.

Epidemiology

JE continues to be the major type of encephalitis in eastern, south-
eastern and southern Asia including Japan, the Far East, Guam, 
the former USSR, Malaysia, India and western Pacifi c island areas. 
In endemic areas, children are affected most, with attack rates in 
the 3–15 years age group 5–10 times higher than those in older 
people because of the higher incidence of protective immunity in 
older age groups. Among factors that infl uence mortality are age, 
different virus strains and cross-protective immunity to other fl a-
viviruses, especially dengue. The Cx. tritaeniorhynchus and Cx. 
vishnui mosquitoes are the most important vectors. Other species 
of Culex, Aedes, Anopheles and Mansonia have been implicated. Pigs 
and many birds, including herons and egrets, may be the chief 
source of virus. Other domestic animals can become infected and 
humans may play a part in epidemics. More recently, the emer-
gence of fl aviviruses including JE has been reported in Europe.29

Clinical illness

Clinical illness is characterized by headache, fever and other signs 
of meningitis. Convulsions occur in children. Upper motor 
neurone involvement with extrapyramidal disturbances is a feature 
of this disease. The mortality rate of those with meningoencepha-
litis is around 20% in children and up to 50% in those over 50 
years of age. Motor and psychological disturbances are common 
sequelae.

Pathogenesis and pathology

Pathogenicity in mice varies with different strains of JE virus. 
During the acute stage, oedema and small haemorrhages are 
found in the brain. Destruction of cerebellar Purkinje cells may 
occur. Lesions include neuronal degeneration and necrosis, glial 
nodules and perivascular infl ammation. These changes occur 
mainly in grey matter and predominantly affect diencephalic, 
mesencephalic and brain stem structures. In the extraneural tissue 
a variety of pathological features, including hyperplasia of germi-
nal centres of lymph nodes, enlargement of malpighian bodies in 
the spleen, interstitial myocarditis and focal haemorrhages in the 
kidneys, are seen. Transplacental infection in swine results in abor-
tion and stillbirth. Pregnant mice inoculated intraperitoneally also 
transmit JE virus to the fetus, with subsequent abortion.

Diagnosis

The IgM-capture ELISA is especially well suited for diagnosis by 
detection of locally synthesized antibody in the CSF. The HI, CF 
assays and NT are applicable. More recently, the potential applica-
tion of JE non-structural protein (NS) 1-specifi c indirect ELISA to 
differentiate infection from vaccination has been described. More 
specifi cally imaging of the brain using MRI has proven useful to 
examine the impact of JE infection.

Prevention and control

Formalin-inactivated vaccines for use in humans are prepared 
from infected adult mouse brains or infected primary hamster 
kidney cell cultures in Japan and China, respectively.30–32 Primary 
immunization requires two doses at a 7–14-day interval. Booster 
vaccinations are given during the fi rst year after primary immuni-
zation and then at 3–4-year intervals. A bivalent vaccine has been 
developed incorporating Nakayama and JaGAr-01 (the two sub-
types of JE virus). This vaccine has also proved to be effective 
although it may not provide complete protection. Vaccination of 
horses with formalin-inactivated vaccines has been successful. Use 
of pesticides in rice-growing areas has reduced populations of Cx. 
tritaeniorhynchus. Spraying of residual insecticides in livestock pens 
has reduced the case incidence in China.32 Treatment consists of 
good general management and nursing care, especially in the 
semicomatose and comatose patient. Hyponatraemia secondary 
to inappropriate antidiuretic hormone secretion is managed with 
water restriction. Increased intracranial pressure should be con-
sidered in severely ill patients with deepening coma and loss of 
brain stem refl exes. Anticonvulsant therapy may be required.

Murray Valley encephalitis virus

Between 1917 and 1925 and from 1950 to 1951 severe encepha-
litis called Australian X disease outbreaks occurred in the Murray 
Valley region. In 1951 Murray Valley encephalitis (MVE) virus was 
fi rst isolated from human brain and found to be a member of the 
JE antigenic complex. The host range of MVE virus is wide, being 
found in humans,33 monkeys, horses, sheep and some birds, that 
all develop encephalitis after intracerebral inoculation. A closely 
related virus, Kunjin, has also been implicated in encephalitis in 
the same region as MVEV.

Epidemiology

MVE virus is endemic to tropical North Australia, particularly 
Western Australia and the Northern Territory, but can occur in 
other parts of Australia, and Papua New Guinea. Cx. annulirostris 
is the major mosquito vector. Ae. normanensis may be involved. 
Birds, including herons, cormorants and other water birds, are the 
major reservoir of this virus.

Clinical illness

Onset is sudden, with headaches, fever and symptoms of a menin-
goencephalitis. Paresis of both upper and lower motor neurones 
may occur and breathing and swallowing may become impaired. 
With modern intensive care the fatality rate has been reduced 
dramatically to 20%. However, as a result of the increased survival 
rate, the number of people with both upper and lower motor 
neurone and psychiatric sequelae has increased.33

Prevention and control

Detection of fl avivirus seroconversions in sentinel chicken fl ocks 
has been used as an early warning of increased levels of MVE and 
Kunjin virus activity. No specifi c treatment for MVE exists although 
vector control is as with other members of this family, and massive 
insecticide programmes are deployed when vector breeding is 
increased.

Flaviviridae
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St Louis encephalitis virus

St Louis encephalitis (SLE) virus was fi rst identifi ed as the cause 
of human encephalitis in 1933 in Missouri and since then many 
outbreaks have been reported. SLE virus is transmitted by the 
mosquitoes Cx. tarsalis and Cx. pipiens, giving rise to one of the 
most common and important epidemic arbovirus infections in 
the USA. Since the 1930s numerous outbreaks have been described 
in Texas, Ohio and Florida. Occasional cases have been reported 
in Canada and Mexico.

Epidemiology

SLE in central USA is commonly dependent on Cx. pipiens and Cx. 
quinquefasciatus, whereas in Florida Cx. nigripalpus is the principal 
vector. The virus is transmitted from mosquitoes that are infected 
by feeding on birds. In western USA Cx. tarsalis is the major vector. 
Epidemic outbreaks appear every 10 years and appear to be depen-
dent on the breeding of Cx. pipiens. Disease occurs in late summer 
and early autumn, and the number of affected humans ranges 
from 0.1% to 8%.

Clinical illness

SLE induces febrile headache, aseptic meningitis and encephalitis. 
Although persons of all ages are affected, morbidity and mortality 
is seen more commonly in the elderly. Following a 3–4-day incu-
bation a generalized illness is observed, with malaise, fever, 
myalgia, headache and vomiting.34 After a similar period the 
symptoms may resolve or progress to clinical fi ndings indicative 
of neurological involvement. Of patients with neurological signs, 
50% die within 7 days of exhibiting signs and a further 30% 
succumb in the second week. Many patients who survive neuro-
logical involvement have persistent headaches and memory loss, 
and others have overt neurological sequelae such as speech or 
sensory disturbances.

Diagnosis

Patients exhibiting signs of encephalitis in SLE endemic areas, 
particularly in late summer and early autumn, should be investi-
gated for SLE. Virus isolation from biological specimens such as 
blood and urine may be diffi cult, although virus has been isolated 
from brain tissue. Confi rmation of SLE infection is made by HI or 
CF tests. IgM-capture ELISA is useful for diagnosis.

Prevention and control

There is no specifi c treatment or vaccine for SLE. Education of 
individuals within infected areas and vector control have been 
shown to be useful following detection of SLE virus activity.

West Nile virus

Epidemiology

West Nile Virus (WNV) is widely distributed in Africa, Europe, 
Asia,33 Mexico, the Caribbean islands and Colombia and has 
emerged as the most common cause of epidemic meningoen-
cephalitis in North America. A study in Germany showed that 

migrating birds have been in contact with WNV although no 
outbreaks have been reported in Europe. The outbreak in New 
York City in 1999 was the fi rst time WNV was detected in the 
Western hemisphere and led to 20 000 confi rmed cases. Given the 
subsequent rapid spread of the virus, which led to the hospitaliza-
tion of 59 patients, of whom 37 (63%) had clinical signs of 
encephalitis and seven (12%) died, this infection should now be 
considered as a serious threat. From 1999–2005. more than 8000 
cases of neuroinvasive WNV disease were reported in the US, 
resulting in over 780 deaths.

The vector for WNV is Culex species and other ornithophilic 
mosquitoes. Birds, including domestic poultry, are the reservoirs 
and horses and dogs have also been reported to develop WNV. 
In 2002, WNV transmission through blood transfusion and 
organ transplantation, and intrauterine transmission were fi rst 
documented.

Clinical illness

Following WNV infection symptoms including fever, headaches, 
retrobulbar and muscular pain, sore throat, nausea and vomiting 
occur. Development of a maculopapular rash on the trunk, face 
and limbs may be seen. Occasionally arthralgia may occur and 
involvement of ophthalmic tracts has been reported. The disease 
is usually mild in the young, but in older age groups a second 
phase with mild meningoencephalitis may develop with no 
sequelae. Many patients with WNV neurological disease have 
abnormal MRI in the basal ganglia, thalamus, cerebellum, and 
brainstem. In some cases movement disorders have been described 
due to lesions in the substantia nigra. Examination of the CSF 
reveals increased cell counts with predominance of neutrophils. 
WNV disease has also been reported in immunosuppressed 
patients. Recovery from neurological sequelae of WNV infection 
including cognitive defi cits and weakness may be prolonged and 
incomplete.34,35

Diagnosis

Since clinical manifestations are diffi cult to differentiate from 
other infections, diagnosis should be made from WNV-specifi c 
IgM detectable in the CSF and serum, which is nearly 100% posi-
tive after the 8th day of infection and can persist for up to 16 
months. CT and MRI again cannot accurately diagnose WNV infec-
tion although the virus does have predilection for the brainstem.

Prevention and control

Although there is no proven therapy for WNV disease, several vac-
cines and antiviral therapy with antibodies, antisense oligonucle-
otides, and interferon preparations are currently undergoing 
human clinical trials. As with other mosquito-borne diseases, 
insect repellents are crucial to prevent infection and avoidance of 
areas where infected mosquitoes may be present is advisable. Arbo-
viral surveillance and vector control programmes are essential.

Rocio encephalitis

Epidemiology

In March 1975, an outbreak of encephalitis was recorded in São 
Paulo, south-east Brazil, in 465 cases with 61 deaths recorded.36 
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The majority of those affected were workers who frequented the 
forest areas; this was suggestive of an arbovirus infection. In 1975, 
an unknown arbovirus was isolated from the cerebellum and 
spinal cord of a 39-year-old farmer and referred to as Rocio virus. 
Further analysis identifi ed 47 arbovirus isolates in an area previ-
ously unknown for arbovirus infections. Rocio (ROC) virus is 
typical of fl aviviruses, being spherically shaped with a diameter of 
43 nm and cross-reacting with other members of the group (i.e. 
SLE, Ilheus, JE and MVE virus). Since 1980, no human disease 
caused by this virus has been diagnosed.

Pathogenesis

The pathology has been detailed by Rosenberg.37 Interstitial 
mononuclear infi ltration, microglial proliferation and perivas-
cular cuffi ng are observed. In acute disease neuronophagia is 
evident with a distinctive topographical pattern in which the 
dentate nucleus is more susceptible and the brainstem less so.

Clinical diagnosis

In humans the incubation period is between 7 and 14 days. The 
clinical features include headache, fever, vomiting, anorexia and 
nausea, hyperaemia of the oropharynx and conjunctivae, and 
photophobia. Involvement of the CNS includes meningeal 
irritation, alteration in consciousness, motor abnormalities and 
abnormalities in cranial nerve function.

Diagnosis

Epidemiological background and clinical history are paramount. 
Diagnosis is by cytochemical analysis of the CSF and isolation 
of the virus in 2-day-old mice from infected tissue. Haemag-
glutination, CF and plaque reduction techniques in Vero cells, 
IgM antibody-capture ELISA and ultimately histological examina-
tion confi rm infection.

Prevention and control

The use of larvicides in ditches and fl ooded areas, and sanitary 
measures to drain stagnant waters, have decreased the incidence 
of infection. Formalin-treated extract of infected mouse brain is 
used as a vaccine.

Tick-borne encephalitis

The tick-borne encephalitis (TBE) virus complex consists of 14 
antigenically closely related viruses, eight of which cause human 
disease. Russian spring-summer encephalitis (RSSE) and central 
European encephalitis virus (CEE) are very closely related anti-
genically and are considered to be subtypes of the same virus. They 
are separated on the basis of kinetic HI and CF tests and at 
the molecular level. Peptide maps of both the E and the largest 
non-structural protein (NS-5) of the two subtypes show some 
differences.

TBE complex viruses grow in a variety of cell cultures, including 
pig, bovine and chick embryo, HeLa, human amnion, Hep2, Vero, 
and primary reptilian and amphibian cells.38 Cytopathic effect and 
plaquing are variable. TBE viruses cause encephalitis in rats, guinea 
pigs, sheep, monkeys and swine after intracerebral inoculation. 

Infant and weanling mice develop fatal encephalitis by all routes 
of inoculation. Experimental inoculation of wild vertebrate species, 
including rodents, foxes, birds, hares and bats, results in viraemia 
and antibody formation. Cows, goats and sheep infected by 
inoculation or tick bite develop viraemia and secrete virus in 
their milk. The Far Eastern virus type (RSSE) is more virulent for 
sheep and monkeys inoculated intracerebrally than the Western 
(CEE) subtype virus.

Epidemiology

TBE encompasses a wide area including Siberia across to Scandi-
navia, through Vienna into Belgium, to Scotland and Northern 
Ireland, across Canada, the USA and Japan. The disease occurs in 
areas that are favourable for ticks. The virus is maintained in nature 
in a cycle involving ticks and wild vertebrate hosts. Small rodents 
such as shrews, moles and hedgehogs are believed to be important 
reservoirs. Large mammals, such as goats, sheep and cattle, serve 
as host for adult Ixodes ticks. I. ricinus and I. persulcatus are respon-
sible for transmission in Europe and the former Soviet Union, 
respectively.39 Other tick species, of the genera Dermacentor and 
Haemaphysalis, have been implicated in transmission, especially 
in areas that do not support Ixodes ticks. Transmission to humans 
occurs mainly in adults over 20 years old, who come in contact 
with infected animals. The disease occurs in two peaks (May–June 
and September–October) coinciding with the activity of adult 
Ixodes ticks. Small outbreaks involving all age groups result from 
consumption of raw sheep or goat’s milk or cheese.

Pathogenesis and pathology

In monkeys, the anterior horn cells of the spinal cord and cerebel-
lar cortex appear to be more affected than other neuronal cells. 
Members of the TBE complex cause persistent infection in experi-
mental animals. For instance, CEE virus has been isolated from 
monkey tissues by co-cultivation and explant techniques long 
after infection. Mice infected with Kyasanur Forest virus are shown 
to survive for months, with paralysis, low titres of virus in the 
brain and absence of detectable neutralizing antibodies.40 Monkeys 
infected with TBE complex develop chronic encephalitis with 
degenerative spongiform lesions and astrocytic proliferation. 
Chronic progressive human encephalitis and seizure disorders 
have been associated with RSSE virus.

Histopathological fi ndings consist of meningeal and perivascu-
lar infl ammation, neuronal degeneration and necrosis, and glial 
nodule formation in areas such as the cerebellar cortex, brainstem, 
basal ganglia, cerebrum and spinal cord. The anterior horn cells 
of the cervical cord are especially vulnerable, which may result in 
the lower motor neurone paralysis seen in many cases.

Clinical features

The clinical characteristics of TBE infection in humans vary 
depending on the age of the patient.41 Most of the tick-borne 
viruses have been associated with human disease, but there is a 
gradation of virulence. The Far Eastern (Siberian) strains (formerly 
called RSSE virus) cause severe encephalitis, often with bulbar and 
cervical cord involvement, a high fatality rate and frequent 
sequelae. The disease seen in central Europe is frequently biphasic, 
with infl uenza-like symptoms and signs of mild encephalitis.

Flaviviridae
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Diagnosis

Defi nitive diagnosis depends on virus isolation or serology. The 
virus may be isolated from the blood during the fi rst phase of 
illness and from brain tissue of patients dying early in the infec-
tion. Suckling mice, embryonated eggs and chick embryo cell 
cultures (with detection of virus by interference assay or immuno-
fl uorescence) have been used for virus isolation. Serological 
diagnosis including HI, CF, single radial haemolysis and NT have 
been used. Diagnosis by estimation of IgM antibodies is valuable 
for rapid diagnosis and is applicable to both serum and CSF.

Prevention and control

In the former USSR, formalin-inactivated mouse brain vaccines 
were used before World War II (1939–1945). Recently, vaccines 
have been produced in embryonated eggs or chick embryo cell 
cultures. However, the most effective vaccine is derived from chick 
embryo cell culture-grown virus which is highly purifi ed and inac-
tivated by formalin. The vaccine produces serological conversions 
in over 95% of recipients and has provided 99% protection in 
fi eld trials. Preventive measures include pasteurization or boiling 
of raw milk, avoidance of tick bite by use of repellents and protec-
tive clothing. More recently, as with other viral therapeutic strate-
gies, DNA vaccine encoding TB viral components has been shown 
to be effective in mice and offers the possibility of rational therapy 
in humans.42

Other tick-borne viruses

Kyasanur forest disease (KFD) caused by KFD virus (KFDV) was fi rst 
recognized as a febrile illness in the Karnataka state of India in 
the 1950s it induces a haemorrhagic disease in human beings in 
which encephalopathy is observed in some patients. A variant of 
KFDV, Alkhurma haemorrhagic fever virus (AHFV), has been 
recently identifi ed in Saudi Arabia. KFD is known to be encepha-
litogenic in mice and rodents.

Langat virus (LGT) is a naturally attenuated member of the tick-
borne encephalitis virus (TBEV) complex. While LGT infects 
humans; there are no cases of disease recorded from tick bites. In 
the 1970s, Langat was briefl y used as a live vaccine against more 
virulent tick-borne encephalitis viruses in Russia but caused 
encephalitis complications in about one of every 10 000 people. 
Injection of LGT virus in mice induces severe encephalitis.

Omsk haemorrhagic fever virus (OHFV) is principally restricted 
to western Siberia and is seen mostly in muskrat trappers. The 
disease is manifested by fever, chills, headache, pain and rash on 
the soft palate. CNS abnormalities develop after 1–2 weeks. The 
disease is fatal in up to 10% of people. To date, there are no anti-
virals available.

Powassan virus (POWV) was fi rst identifi ed in Powassan, Ontario, 
Canada, in 1958 and only 12 cases were reported between 1958 
and 1999 and four cases were fatal. The disease, transmitted by 
tick bites, leads to infl ammation of the brain.

Louping ill virus (LIV) infects sheep reared in Scotland, northern 
England, Wales and Ireland. The virus is excreted in faeces and 
saliva. The fi rst report of human infection was in 1934 and to date 
31 cases of human infection have been reported. Encephalitis in 
man is seen with LIV.43

HERPETOVIRIDAE

Herpesviruses are double-stranded DNA viruses approximately 
100–110 nm in diameter and able to establish latency and reactiva-
tion. Of the nearly 100 herpesviruses that have been characterized 
at least partially, the following have been associated with CNS 
infections particularly in humans:44

• Herpes simplex virus 1 (HSV-1) (HHV-1)
• Herpes simplex virus 2 (HSV-2) (HHV-2)
• Varicella-zoster virus (VZV) (HHV-3)
• Epstein-Barr virus (EBV) (HHV-4)
• Human cytomegalovirus (HCMV) (HHV-5)
• Human herpesvirus 6 (HHV-6)
• Human herpesvirus 7 (HHV-7)
• Human herpesvirus 8 (HHV-8)
The simian herpesvirus, B virus (Cercopithecine herpesvirus-1 
herpes simiae) in macaque monkeys results in severe pathogenesis 
and often death in untreated humans.45

Herpes simplex virus (HHV-1 and HHV-2)

Infections caused by HSV have been known since the time of 
ancient Greece, where the name herpes was used to mean ‘creep’ 
or ‘crawl’ and probably described the spreading nature of some of 
the skin lesions resulting from infections. Mouth ulcers and lip 
vesicles associated with fever were referred to as herpes febralis by 
the Roman scholar Herodotus. It was only later that herpetic 
lesions and genital infections were associated and by the late 
nineteenth century the vesicular nature of the lesions was chara-
cterized. Histological descriptions of herpes infections were 
identifi ed in the early twentieth century including the encephali-
togenicity of herpesviruses.44

Epidemiology

HSV are distributed worldwide by humans, who are deemed the 
sole reservoir for transmission during close personal contact. 
There is no seasonal variation in infections and, because of the 
nature of infection, it is estimated that more than one-third of the 
world’s population is infected. Antibody prevalence studies have 
demonstrated that geographical location, socioeconomic status 
and age infl uence the frequency of infection. HSV-1 encephalitis 
is the more common and has a high mortality while HSV-2 is 
involved in 4–6% of cases.45

Pathogenesis

The pathogenesis of both HSV types is unclear, although it is 
apparent that both primary and recurrent HSV infection may 
result in CNS disease. Experiment has shown that HSV gains entry 
to the CNS via the olfactory and trigeminal nerves although 
whether primary or recurrent HSV is reactivated within the CNS 
are unknown in humans. In mice HSV-1 has been shown to be 
transmitted vertically, possibly explaining how neonatal infection 
occurs that causes severe disease and death in newborns.46

Pathology

Acute necrotizing encephalitis is the most common type of acute 
encephalitis and is observed in all age groups, with the exception 
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of young children. The gross appearance of the brain in adults 
shows acute infl ammation, congestion and softening. The necrosis 
is widespread and asymmetrical, associated predominantly with 
the temporal lobes. The necrotic tissue is sometimes haemor-
rhagic. In patients who survive for more than several weeks, the 
brain tissue starts to disintegrate. Severe microglial reactivity is 
observed and in cases of disseminated HSV infection mononu-
clear infi ltrates and perivascular cuffi ng are observed. Viral inclu-
sion bodies may be detected in the nuclei of neurones and to a 
lesser extent in oligodendrocytes and astrocytes.

Clinical features

The effects of HSV encephalitis on the CNS vary with the type of 
infection. Patients present with the sudden onset of an acute 
febrile encephalitic illness characterized by headaches, confusion 
and meningeal irritation. This is rapidly followed by deterioration 
in consciousness and may include focal epilepsy and focal motor 
neurological signs. Disseminated HSV infection is commonly 
observed in neonates and is related to HSV-2.

Diagnosis

Patients presenting with neurological involvement and suspected 
herpes simplex encephalitis may be evaluated by scanning proce-
dures such as computed tomography or magnetic resonance 
imaging, together with CSF analysis. Imaging often shows evi-
dence of oedema and a midline shift in cortical structures. However, 
virus isolation remains the defi nitive diagnosis for HSV and allows 
for typing of the virus. The most commonly used tests are CF, NT 
and ELISA although the use of polymerase chain reaction (PCR) 
gives defi nitive confi rmation of infection in the CSF.

Prevention and control

Owing to the high risk of infection during birth in women with 
active genital HSV, infants born to such mothers should be iso-
lated and cultures obtained at intervals to exclude infection; oth-
erwise therapy should be administered.

HSV infections may be controlled by avoidance of infectious 
secretions, vaccination or antiviral therapy. Patients thus present-
ing with obvious HSV sores should avoid contact with persons at 
risk, particularly neonates. The antiviral agents, vidarabine and 
aciclovir,47 have proved useful in the therapy of HSV encephalitis, 
although the outcome is dependent on factors of age, level of 
consciousness and disease duration. Such agents have also been 
suggested to be of use prophylactically for the newborn and for 
women at the onset of labour. Vaccination remains the preferred 
method for the prevention of virus infection, although recurrent 
episodes of infection occur in the presence of antibody and this 
introduces problems. However, protection from life-threatening 
infections has been achieved in experimental animal models.48

Varicella-zoster virus (VSV; HHV-3)

VZV causes two distinct diseases: chickenpox and ‘shingles’. Chick-
enpox (varicella) is the primary disease, generally of children, and 
results in a highly contagious, generalized exanthem which occurs 
in epidemics. (The disease should not be confused with smallpox 
(variola) with which there is no relation.) The name ‘chickenpox’ 

is thought to be derived from the French chick (chickpea), refer-
ring to the appearance of the vesicle or pox. Shingles (herpes 
zoster) is a less common disease that occurs in immunocompro-
mised or older individuals and is characterized by dermatomal 
vesicular rashes. Herpes zoster is regarded as a secondary infection 
associated with the reactivation of VZV that has remained latent 
since an earlier attack of varicella. The name ‘shingles’ is derived 
from the Latin cingulum, meaning girdle, which is the appearance 
of the lesions on the dermatome.

The association between varicella and zoster was described in 
1888 by von Bókay, who noted the appearance of chickenpox in 
a family after exposure to zoster. Furthermore, serological testing 
could not distinguish between the viruses and the ultimate con-
fi rmation came from studies by Weller and Stoddard,49 who iso-
lated virus from varicella lesions and zoster lesions, and determined 
that the recovered viruses were identical.

Epidemiology

Varicella is endemic in the population and epidemic in late winter 
and early spring. The disease affects 90% of children under the 
age of 10 years and intimate contact is necessary for infection. In 
contrast, zoster infections are a consequence of reactivation of 
VZV. Patients at greatest risk are those with Hodgkin’s and non-
Hodgkin’s lymphoma and immunosuppressive conditions, such 
as AIDS. The incidence of CNS complications following varicella 
is unknown but has been reported as between 0.1 and 0.75%.50 
In contrast, the incidence of encephalitis following zoster is 
much higher, particularly in immunosuppressed patients.

Pathogenesis

Primary infection with VZV results from respiratory droplet trans-
mission. The virus enters the mucosa of the upper respiratory tract, 
and to a lesser extent the conjunctiva, and disseminates via the 
blood. Cycles of replication occur, giving rise to a secondary virae-
mia from which the virus becomes widespread before the forma-
tion of cutaneous lesions. The complications of neurological 
involvement following varicella infection are classifi ed into: (1) 
cerebellar ataxia, (2) generalized meningoencephalitis, (3) trans-
verse myelitis, and (4) aseptic meningitis. The pathogenesis of 
these conditions is unknown, although immunological mecha-
nisms of tissue damage, as a result of infection, have been 
suggested.51 In general, the CNS involvement following zoster 
infections is associated with higher mortality rates than varicella. 
Complications following infection include encephalitis, ophthal-
mic zoster, myelitis, multifocal leukoencephalopathy, Guillain–
Barré syndrome, and cranial and peripheral nerve palsies. VZV 
has been isolated from several patients with zoster encephalitis, 
and inclusions have been found in the glial cells and neurones. 
Antiviral antibodies have been demonstrated in the CSF of 
such patients.

Pathology

The neuropathological changes observed in varicella or zoster 
virus infections depend on the complication induced. In fatal 
varicella encephalitis, mononuclear infi ltration and demyelin-
ation have been reported.52 More detailed pathological fi ndings 
have been reported for zoster complications because of the higher 
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incidence of death. Zoster meningoencephalitis includes mono-
nuclear infi ltration of the meninges, necrosis and axonal degen-
eration. Degeneration may also involve the posterior columns 
where neurophagia is observed.

Clinical features

The incubation period for varicella in children is between 14 and 
15 days, and is associated with malaise and mild fever. Anorexia 
and a sore throat are additional clinical features of adult varicella 
infection. The rash proceeds to the characteristic vesicles that crust. 
CNS involvement occurs more often in children who present with 
cerebellar ataxia a few days after the onset of the rash.50

The rash of zoster is preceded by pain in the dermatome 
affected. The lesions, which resemble varicella, appear unilaterally 
and generally do not cross the midline. Crusts appear up to 1 week 
after eruption and last for approximately 2 weeks. Neurological 
complications of zoster may precede the appearance of the rash 
or appear as late as 10 months afterwards. Complications are 
observed in immunosuppressed patients as a result of persistence 
of virus within the CNS.

Diagnosis

The onset of neurological signs concomitant with appearance of 
varicella or zoster rash would suggest such infection of the CNS. 
However, infection is not usually verifi ed by virus isolation from 
the brain tissue, the exception being at necropsy. The new guide-
lines recommend that where CNS infection due to VZV is sus-
pected, the CSF should be analysed by PCR for VZV DNA. As VZV 
antibodies may be present in the CSF in the presence or absence 
of detectable VZV DNA, CSF should also be analysed for VZV-
specifi c antibody.53

Prevention and control

There is generally no specifi c treatment, apart from antipyretics 
(not aspirin) for varicella in the immunocompetent host. Neuro-
logical complications of varicella, particularly in the immunocom-
promised host, are important because of the high morbidity and 
mortality rates. Although α-interferon is effective, two nucleoside 
analogues, vidarabine and aciclovir, are also employed, although 
side-effects have been reported. The possibility that immune-
mediated reactions contribute to the CNS manifestations has 
given rise to the use of corticosteroids as a treatment of CNS 
involvement. In contrast, as evidence suggests active viral replica-
tion within the CNS, it would appear that antiviral agents should 
be employed.

Epstein–Barr virus (HHV-4)

Epstein–Barr virus (EBV) (see also Chapter 43) gives rise to CNS 
complications such as meningoencephalomyelitis, encephalitis 
and neuropsychiatric syndromes, although the frequency of such 
manifestations is extremely low. The CSF of patients with CNS 
disorders following EBV infection shows an increased protein 
level. In patients dying from EBV infection, the CNS is more often 
affected and shows perivascular cuffi ng, oedema and demyelin-
ation. In the X-linked lymphoproliferative disease (Duncan syn-
drome), a rare inherited disorder, patients are unable to clear 

Epstein–Barr virus infection. In these patients EBV encephalitis is 
observed as well as CNS lymphoproliferative disease, and lym-
phoma. EBV seropositivity has also been linked with multiple 
sclerosis.

Other herpesvirus infections

Human cytomegalovirus (HCMV) (HHV-5). HCMV is the most fre-
quent infectious cause of developmental brain disorders and 
causes brain damage in immunocompromised individuals; for 
example, HCMV infection of the CNS occurs in at least 50% of 
AIDS patients. Although the brain is one of the main targets of 
CMV infection, little is known about the neuropathogenesis of the 
brain disorders caused by CMV in humans because of the limita-
tions in studying human subjects. For diagnosis, the PCR recom-
mended for viral DNA is performed on CSF. Treatment should be 
directed toward the prevention of CMV disease using ganciclovir.

Human herpesvirus 6 (HHV-6). Like other herpesviruses, HHV-6 
infects virtually all children within the fi rst few years of life and 
establishes latency after primary infection. In immunocompro-
mised hosts HHV-6 has been linked with CNS disease. In particu-
lar, longitudinal studies have established a correlation between 
systemic HHV-6 reactivation and CNS dysfunction such as limbic 
encephalitis and temporal lobe epilepsy.

Human herpesvirus 7 (HHV-7). Infections of the CNS have rarely 
recently been reported in children although, like HHV-6, there are 
several reports linking these infection with multiple sclerosis, 
chronic fatigue syndrome and epilepsy.

Human herpesvirus 8 (HHV-8). This has also been linked with 
demyelinating diseases using PCR to detect virus in the blood of 
patients.

Cercopithecine herpesvirus 1 (B virus)

The non-human primate Cercopithecine herpesvirus 1 (B virus) is 
highly pathogenic to humans. Originally transmitted by the bite 
of rhesus or macaque monkeys, the virus is now thought to be 
transmitted from person to person. In 1932, following the bite 
from a monkey, a physician developed a localized reaction, lym-
phangitis, lymphadenitis and transverse myelitis, and died. The 
virus was subsequently recovered from the CNS of the patient and 
found to be lethal to rabbits following injection.

Epidemiology

The B virus is indigenous to Old World monkeys. Although B virus 
has been reported in only 22 human cases and is generally trans-
mitted via a bite, individuals in Florida have been affected (two 
fatally), suggesting person-to-person spread of the virus.54 Virus is 
secreted in the saliva and stools of infected animals and these 
must therefore be considered as potential sources of infection for 
humans.

Pathogenesis

After the bite, a local reaction occurs, followed by lymph node 
involvement. The course of the disease is dependent on the route 
of inoculation (as determined from animal studies), although 
transverse myelitis is a prominent neurological fi nding before 
invasion of the CNS. As with other herpesviruses, the B virus 
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becomes latent and may be reactivated under certain conditions.55 
Virus spread to the brain is suggested to occur via the neural 
routes, as with HSV.

Pathology

All regions of the brain may be infected by B virus and show 
haemorrhagic foci, necrosis and infl ammation in the form of 
perivascular cuffi ng of mononuclear cells. Motor neurones are 
affected and show degeneration. Astrocytosis is observed, with 
gliosis.

Clinical features

Incubation of B virus varies from 2–3 to 24 days. The neurological 
involvement is observed 3–7 days after the appearance of the 
vesicular rash. Death may ensue within 10–14 days, although the 
progression of the disease depends on the age, site of bite and 
immunological status of the patient. Clinically, the patients 
present with a localized infl ammatory reaction at the site of the 
bite, or with a respiratory illness: such responses have been 
described in two individuals.

Diagnosis

Although serological tests demonstrate the presence of B virus, a 
signifi cant problem is the cross-reactivity with HSV antigens. Diag-
nosis is therefore dependent on the isolation of virus, particularly 
from the CSF of humans suspected of being infected, and the use 
of cell lines susceptible to B virus infection. These include rabbit 
kidney cells or cell lines such as BSC or LLC-RK1. Defi nitive diag-
nosis may be made using molecular methods and neutralization 
of isolates in serological assays.

Prevention and management

Procedures that limit the transmission of the virus should 
be adhered to. These include limited contact with macaque 
monkeys and the routine screening of such animals. The use of 
hyperimmune serum has not proved effective in controlling 
human infection, although some success has been achieved in 
experimental infections.56 Antiviral therapy has concentrated on 
the nucleoside analogues: vidarabine, aciclovir and ganciclovir. 
The use of aciclovir in humans has been reported to slow the 
infection.57

ORTHOMYXOVIRIDAE

Orthomyxoviruses (Greek ‘myxa’ meaning mucus) are large 
enveloped RNA viruses and include the infl uenza A, B and 
C viruses which infect swine, horses, seals and a large variety of 
birds as well as humans. Infl uenza type A viruses are divided 
into subtypes based on two proteins on the surface of the virus, 
the haemagglutinin (H) and neuraminidase (N). There are 15 
different haemagglutinin subtypes and nine different neuramini-
dase subtypes, all found among infl uenza A viruses in wild birds. 
Genetic reassortment produces subtypes that give rise to epidem-
ics of highly contagious, acute respiratory illness affl icting 
humans.

Epidemiology

Infl uenza viruses are unique among the respiratory tract viruses in 
that they undergo signifi cant antigenic variation. Antigenic drift 
involves minor antigenic changes in H and N proteins. Wild birds 
are the primary natural reservoir for all subtypes of infl uenza A 
viruses and are thought to be the source of infl uenza A viruses in 
all other animals. Most infl uenza viruses cause asymptomatic or 
mild infection in birds; however, the range of symptoms in birds 
varies greatly depending on the strain of virus. Infection with 
certain avian infl uenza A viruses (e.g. some strains of H5 and H7 
viruses) can cause widespread disease and death among some 
species of wild and especially domestic birds such as chickens and 
turkeys. In May 1997, a young child in Hong Kong died of com-
plications of infl uenza H5N1 – the fi rst case in humans. The 
subtype H5 causes lethal avian infl uenza (bird fl u) but did not 
cause an epidemic in humans since it was thought that the strain 
was poorly adapted to humans.

Pathogenesis and pathology

A wide spectrum of CNS involvement has been shown during 
infl uenza A virus infection in humans, ranging from irritability, 
drowsiness and confusion to more serious manifestations of psy-
chosis and coma. There are two specifi c CNS syndromes: infl uenza 
encephalopathy and postinfl uenza encephalitis. Encephalopathy 
occurs at the height of the infl uenza illness and may progress to 
death.58 Histological changes are minimal. The CSF is usually 
normal and the brain shows severe congestion at autopsy. The 
post-encephalitis syndrome is extremely rare and occurs 2–3 
weeks after recovery from infl uenza. The CSF fi ndings suggest that 
infl ammatory changes have occurred. Infl uenza A virus has only 
rarely been isolated from the brain or CSF. It has been suggested 
that the syndrome of encephalitis lethargica followed by post-
encephalitic Parkinson’s disease was associated with the infl uenza 
epidemics of 1918.59

Clinical features

Infl uenza A virus infections in avian species vary with the strain 
of the virus. Infections with most strains of infl uenza virus are 
asymptomatic. However, some strains cause chronic respiratory 
infections and a minority lead to a rapidly fatal infection accom-
panied by CNS involvement, with death occurring within 1 week. 
Febrile convulsion may occur in children with and without under-
lying CNS abnormalities. Pregnant women in the second or third 
trimester also have an increased risk of developing fatal infl uenza 
disease,60 and increased incidences of congenital abnormalities 
and haematological malignancies have been reported following 
infl uenza virus infection in pregnancy.61 Acute necrotizing enceph-
alopathy manifesting with coma, convulsions and hyperpyrexia 
has been associated with Infl uenza B in children.62

Prevention and control

Antivirals

Several antiviral drugs are used for infl uenza virus infections e.g. 
amantadine hydrochloride is effective against all subtypes of 
infl uenza A virus but not B or C viruses.63,64 The antiviral activity 
is exerted after adsorption, penetration and uncoating have taken 
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place but before primary transcription.65 Zanamivir is the fi rst 
widely approved neuraminidase inhibitor for the treatment of 
infl uenza. It is delivered directly to the primary site of viral repli-
cation, the respiratory tract, and is well tolerated and effective in 
the treatment of both infl uenza A and B. Oseltamivir is the second 
antiviral drug, after amantadine, to be marketed in the European 
Union for the prevention of infl uenza in children aged from 1 to 
12 years.66

Vaccines

Inactivated infl uenza A and B virus vaccines are designated either 
whole virus (WV) or split product (SP). The WV vaccines contain 
intact formalin-treated virus, whereas SP vaccines contain purifi ed 
formalin-treated virus disrupted with chemicals that solubilize the 
lipid-containing viral envelope. In addition, experimental vaccines 
containing the isolated haemagglutinin (HA) and neuraminidase 
(NA) surface proteins are called subunit vaccines. Other types of 
vaccine are those that contain a monovalent infl uenza A H1N1 
virus of a mixture of H1N1, H3N2 and B viruses.

PAPOVAVIRIDAE

The family Papovaviridae is divided into the two subfamilies: 
polyomaviruses and papillomaviruses, which, although they 
share several properties, are not related immunologically or 
genetically.

Polyoma viruses

The fi rst human disease associated with a polyomavirus was a rare 
demyelinating disease of the CNS, progressive multifocal leuko-
encephalopathy (PML). The disease is observed in immunodefi -
cient individuals and was suggested, in 1961, to be due to a 
common virus which in the immunocompromised host runs an 
atypical course of infection. In 1971 two viruses implicated in PML 
were isolated from the brain (JC virus) of a patient with PML and 
the urine (BK virus) of a renal transplant patient.67 JC and BK 
viruses are contracted in early childhood, persist in the host and 
are reactivated in cases of immunocompromise, such as in AIDS.

Epidemiology

Polyomaviruses are widely distributed in many species of animals, 
although they are generally species specifi c. BK and JC viruses do 
not naturally infect species other than humans. Antibody titres to 
BK virus are acquired by 50% of children by 3 years of age and 
against JC virus by 50% at 6 years of age.68 It is estimated that 
60–80% of adults in Europe and the USA have antibodies to JC 
virus. PML is worldwide in distribution and occurs as a complica-
tion in lymphoproliferative disorders, and chronic disease such as 
sarcoidosis, in immunodefi ciency diseases and in patients on 
long-term immunosuppressive therapy. Reactivation of both JC 
and BK viruses is also known to occur in pregnancy, diabetes, 
chronic disorders and old age. Approximately 20% of patients 
with PML have AIDS, whereas PML is reported to occur in as many 
as 3.8% of patients with AIDS presenting with neurological disor-
ders.69 More recently, PML has been identifi ed in some patients 
with MS prescribed Tysabri.69

Pathogenesis

Primary JC infections of healthy individuals are not associated 
with illness, although BK virus has been linked with mild respira-
tory illness. The mode of transmission of BK and JC viruses is 
unknown, although the rapid acquisition of antibodies has been 
suggested to be consistent with respiratory disorders. Following 
primary infection the virus remains latent in the kidney and is 
reactivated under immunosuppression.

Pathology

The PML brain is characterized by foci of demyelination that are 
widespread and vary in size. In advanced cases the areas may be 
necrotic. The lesions occur in the absence of infl ammatory cells 
and are more frequent in the white matter of the cerebrum. 
Nuclear changes in the oligodendrocytes at the edge of the demy-
elinated plaques are associated with the presence of JC virus. The 
lesions are also marked with bizarre giant astrocytes and oligo-
dendrocytes with enlarged nuclei which, at light microscopical 
level, are deeply basophilic and may contain inclusion bodies. 
Neurones are unaffected.

Clinical features

Symptoms such as cognitive changes, ataxia, aphasia and sensory 
defi cits characteristic of a multifocal brain disease observed 
without signs of raised intracranial pressure in an immunocom-
promised host suggest PML. Generally, people with PML deterio-
rate rapidly and death occurs within 6 months, although in rare 
cases patients experience fl uctuating symptoms over 2–3 years.

Diagnosis

Computed tomography or magnetic resonance imaging of the 
brain will detect lesions of demyelination. Verifi cation of PML 
may be carried out following examination of brain tissue in which 
JC virus may be identifi ed by electron microscopy, immuno-
histological identifi cation as well as in CNS sections, cultivation 
of the virus in fetal glial cells and characterization of viral DNA 
by in situ hybridization and PCR.70

Management and control

There is no certain treatment for PML, although the accepted 
regimen is to discontinue the immunosuppressive therapy in com-
bination with the use of antiviral drugs. Attempts at treatment with 
nucleic acid-based analogues have been reported. See also under 
HIV infections, as PML is more prevalent in patients with AIDS.

Papillomaviruses

While not commonly associated with CNS diseases, recently 
pregnant women infected with the human papilloma virus may 
give birth to children with pathologies of the nervous system.

PARAMYXOVIRIDAE

The Paramyxoviridae family consists of negative-stranded envel-
oped RNA viruses classifi ed as three genera: Morbillivirus, Para-
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myxovirus, and Pneumovirus, and includes four important human 
pathogens: measles, mumps, parainfl uenza (types 1–4) and respi-
ratory syncytial viruses.

Morbillivirus

The Morbillivirus genus is important in that it contains the human 
neurotropic virus measles and the canine distemper virus.

Measles

Measles (see also Chapter 47) as a disease was fi rst described by 
Sydenham in the early seventeenth century and the implication 
that this was a virus infection was established in the 1920s. The 
disease is generally a childhood illness and is not fatal, although 
it may be serious in the very young or elderly. Great epidemics of 
measles have been described, such as the ‘black measles’ of the 
eighteenth century. Waves of measles infection are occasionally 
observed, with the greatest incidence between November and 
March.

Epidemiology

In the less developed countries, measles is the most important 
cause of death between the ages of 1 and 5 years. Death occurs 
predominantly from respiratory and CNS complications. Measles 
does not have animal reservoirs and no vectors are involved. The 
principal mode of transmission is via droplets of infected respira-
tory tract secretions inhaled as a consequence of face-to-face expo-
sure. However, air-borne transmission may be important in certain 
settings, including schools, hospitals and other institutions. Virus 
is present in respiratory secretions and in the conjunctivae during 
the latter part of the incubation period. Viraemia is also present 
during this time and virus is present in the urine for 4 or more 
days after the onset of rash.71 Patients are considered infectious 
from the onset of symptoms through the fourth day of rash. 
Maternal antibodies provide protection during the fi rst 6 months 
of life and, although cell-mediated immunity is required to clear 
measles virus infection, both humoral and cell-mediated immu-
nity are able to prevent disease in normal individuals. The slow 
infection of measles in humans (i.e. subacute sclerosing panen-
cephalitis, SSPE) is a rare disease in which virus persists in the 
CNS. The incidence of SSPE is more common in males than 
females, and is more prevalent in rural areas. The average age of 
onset is between 5 and 15 years, and infection with measles before 
the age of 15 years increases the risk of developing SSPE. In the 
USA the mean annual incidence rate of SSPE was estimated at 
0.06 cases per million (aged under 20 years) in 1980.

Clinical features

Measles begins, after an incubation period of 8–12 days, with 
fever, malaise and anorexia followed by conjunctivitis and cough. 
The infection then spreads to the epithelial surfaces of the mouth, 
nasopharynx, respiratory tract and gastrointestinal tract. Two to 
three days before the onset of the rash, Koplik’s spots appear on 
the buccal mucosa. Koplik’s spots are small (1–3 mm), irregular, 
bright red spots, each of which has a minute bluish-white speck 
at its centre. The temperature reaches 39.4–40.6°C at the height 
of the eruption on the 5th day of the illness. The rash starts around 

day 3 or 4 of prodromal symptoms and spreads downward over 
the face, neck and trunk, continuing downwards until it reaches 
the feet by the third day. Cough and coryza follow as a result of 
an intense infl ammatory reaction that involves the mucosa 
throughout the respiratory tract. The most common complica-
tions involve the middle ear, CNS, eyes and skin.72

The three forms of measles encephalitis are:
1. Acute post-infectious measles encephalitis; the most common 

neurological complication of measles. Children under the age 
of 2 years are rarely affected but it occurs in older children in 
the ratio of 1 in 1000. It appears a short time after the rash. 
Between 10% and 20% die and the majority of the survivors 
have some neurological sequelae. Histopathological exami-
nation shows perivascular infl ammatory changes and 
demyelination.

2. Acute progressive infectious encephalitis which is generally 
observed in immunosuppressed patients. Exposure to measles 
leads to seizures, motor and sensory defi cits, and lethargy. The 
clinical progress and pathology are a result of unrestricted 
cytolytic replication of the virus.73

3. Late complication of measles. The symptoms develop over 
months, refl ecting loss of cerebral cortical function.74 In the 
early stage subtle mental changes and diminishing intellectual 
capacity are seen. Later, myoclonic jerks occur and progress to 
choreoathetosis, ataxia and fi nally coma. Focal retinitis occurs 
in the majority of the cases, leading to blindness.

Pathogenesis and pathology

Measles virus replicates initially in the respiratory mucosa and 
spreads, perhaps carried intracellularly in pulmonary macrophages 
and other cells, to draining lymph nodes where further replication 
occurs. Virus then enters the bloodstream and from here dis-
semination of the virus throughout the reticuloendothelial system 
takes place. This results in a secondary viraemia that disseminates 
the infection to tissues throughout the body. The most striking 
feature of measles virus infection in vivo and in vitro is the forma-
tion of multinucleated giant cells which result from the fusion of 
infected cells with the adjacent cells.75 In tissue culture these giant 
cells contain eosinophilic cytoplasmic inclusion bodies and their 
nuclei show condensation of chromatin at the nuclear membrane. 
The CNS of patients with SSPE shows infl ammation of the menin-
ges and perivascular cuffi ng in both grey and white matter. In the 
later stages of disease, demyelination and gliosis are observed. 
Although the mechanisms of myelin damage are unknown, it may 
be a result of either neural damage or the involvement of an 
autoimmune response, as T lymphocyte reactivity to the myelin 
constituent, myelin basic protein, has been observed.76

Diagnosis

Most measles infections are easily recognizable by the distinctive 
Koplik’s spots, rash and catarrhal symptoms. Effective tests for 
laboratory diagnosis are available and include virus isolation in 
primary human or monkey cells and antibody determination by 
simple HI test and by ELISA.77 Serological tests are effective in 
identifying cases of SSPE. Patients with this disease have increased 
serum antibody titres, which are 10–100 times higher than those 
seen in late convalescent-phase sera. There is also a pronounced 
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local production of oligoclonal measles virus antibodies in the 
CNS.78 Viral antigen can be identifi ed by immunofl uorescence.

Prevention and control

No effective treatment is available, although in vitro measles virus 
replication is sensitive to interferon and ribavirin treatment. No 
treatment is presently available but pooled immunoglobulin can 
be administered for postexposure prophylaxis up to 5 days after 
exposure. Live attenuated vaccines are widely used and it is aimed 
to eradicate measles worldwide.79 The rate of seroconversion after 
vaccination exceeds 90%. Vaccine complications are very rare. 
Encephalitis occurs at the same rate as in non-vaccinated indi-
viduals and the frequency of occurrence of SSPE is reduced by a 
factor of at least 10 in vaccinated persons. Recently, early admin-
istration with intrathecal high-dose interferon-α and intravenous 
ribavirin has been shown to be effective in the treatment of 
SSPE.

Canine distemper virus

Canine distemper virus (CDV) deserves mention in this chapter 
because of its relationship with measles virus and implication in 
the human neurological disease, multiple sclerosis. This virus 
gives rise to a chronic relapsing disease of dogs in which demyelin-
ation lesions are observed.80 Furthermore, several studies have 
suggested associations between the incidence of multiple sclerosis 
and canine distemper in the dog population.81

Paramyxoviruses

Mumps

Mumps has been recognized from the fi fth century BC when Hip-
pocrates described the disease as one of swellings behind the ears 
accompanied by swelling of the testes. However, the fi rst descrip-
tion of neurological involvement was that by Hamilton82 in the 
eighteenth century. Transfer of disease from fi ltered secretions of 
an affected patient into experimental animals suggested the disease 
had a viral aetiology.

Epidemiology

Mumps infection increases in the winter months. Immunity to 
mumps is usually acquired between the ages of 5 and 14 years, 
with maximal humoral antibody occurring between 4 and 7 years 
of age.83 Mortality from mumps is related primarily to the com-
plications of meningitis/encephalitis and orchitis. These occur as 
age- and sex-specifi c hazards, with a peak risk in post-pubertal 
males. The incidence of CSF pleocytosis is reported in 30% of 
patients with mumps parotitis, whereas encephalitis occurs in as 
many as 35% of cases.84

Clinical features

The most characteristic feature of mumps is the swelling of the 
salivary glands which occurs in up to 95% of all symptomatic 
cases. The parotid glands are often involved. A moderate febrile 
response is present at the time of the disease onset. A wide variety 
of other organs have been involved and include the testes, CNS, 

epididymis, prostate, ovaries, liver, pancreas, spleen, thyroid, 
kidneys, eyes, thymus, heart and joints. The onset of mumps 
meningitis is marked by fever, with vomiting, neck stiffness, head-
ache and lethargy. Seizures occur in 21–30% of patients with CNS 
symptoms. In cases of CNS involvement about one-third of all 
patients have evidence of intrathecal IgG synthesis and the pres-
ence of oligoclonal immunoglobulins during the fi rst week of 
CNS symptoms. Examination of the CSF shows abnormalities in 
the vast majority of cases. The protein content in the CSF is mark-
edly increased in 60–70% of all cases. This may be due to a 
damaged BBB, as indicated by high albumin indices that do not 
normalize for several weeks to months after the onset of the CNS 
symptoms. The CSF glucose content is depressed to 17–41% of 
the serum value in 6–29% of all cases.85

Pathogenesis and pathology

Natural infection is initiated by droplet spread with primary viral 
replication in nasal mucosa or upper respiratory mucosal epithe-
lium and the time to fi rst clinical symptoms is about 18 days. Virus 
is actively shed in saliva 6 days before symptoms, during which 
the virus multiplies in the upper respiratory mucosa and spreads 
to draining lymph nodes with subsequent transient plasma virae-
mia. Plasma viraemia is terminated by the developing humoral 
antibodies as early as 11 days after experimental infections of 
humans. Mumps virus has been shown to infect human lympho-
cytes in vitro and appears preferentially to infect activated cells of 
the T lymphocyte subset. This could imply that cell-associated 
viraemia may be another mode of virus dissemination. Viral 
replication in the parotid glands is accompanied by periductal 
interstitial oedema and a local infl ammatory reaction involving 
lymphocytes and macrophages. Once within neurones, virus is 
able to distribute widely along neuronal pathways.

Viral invasion of the CNS occurs across the choroid plexus, 
although rarely is mumps meningoencephalitis fatal. CNS pathol-
ogy is restricted to perivascular infi ltration with mononuclear 
cells, scattered foci of neuronophagia and microglial prolifera-
tion.86 Perivascular demyelination also occurs; this may be the 
result of an autoimmune attack on the brain tissue. Persistence 
of mumps virus has been suggested within the CNS of humans. 
Deafness is probably the result of direct damage to the cochlea 
and, to a lesser extent, cochlear neurones.87 Most cases of mumps 
meningitis resolve without sequelae. However, ataxia and behav-
ioural disturbances may be slow to resolve following mumps 
meningoencephalitis.88,89

Diagnosis

The clinical diagnosis of mumps is seldom problematic in the 
presence of parotitis. Laboratory diagnosis includes determination 
of virus-specifi c IgM and IgG levels. Mumps meningitis can be 
confi rmed on the basis of a raised CSF serum antibody ratio.

Management and control

Hyperimmune γ-globulin to modify the course of mumps is used 
in selected cases. Two general types of vaccine have been used. 
Recently controversy over the links with autism and measles-
mumps-rubella (MMR) vaccination has led to the idea of single 
vaccines. However, the most widely used are the live attenuated 
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mumps virus preparations given as the triple MMR vaccine; killed 
mumps virus antigens have a more restricted use.90

PARVOVIRIDAE

To date parvoviruses have rarely been implicated in human CNS 
disease91 although infections of experimental animals with parvo-
viruses are well-known to induce cerebellar ataxia and affect the 
development of the cerebellum during the perinatal period.

PICORNAVIRIDAE

The Picornaviridae family consists of small RNA viruses and com-
prises nine genera: Enterovirus, Rhinovirus, Hepatovirus, Aphthovirus 
and Cardiovirus, Parechovirus, Erbovirus, Kobuvirus and Teschovirus. 
Those in which neurological disease has been reported are given 
in Table 48.6.

Enteroviruses

The enteroviruses multiply throughout the alimentary tract and 
tend to be resistant to known antibiotics and chemotherapeutic 
agents. The host range of the enteroviruses is varied and may be 
readily induced to yield variants, which has led to the develop-
ment of attenuated polio vaccine strains. The enteroviruses which 
are important CNS pathogens of humans are polioviruses and 
coxsackie. For more detailed studies on enteroviruses, the reader 
is referred to Fields Virology.2

Poliovirus

The disease poliomyelitis (see also Chapter 16) has existed since 
ancient times, although the fact that the causative agent was a virus 
was fi rst demonstrated only in 1909 by Landsteiner and Popper.92 
Studies in monkeys and the adaptation to tissue culture resulted in 
the development of methods of purifi cation and the production of 
reliable vaccines through which infection can now be controlled. 
Poliomyelitis may be caused by one of three strains of virus: polio 
types 1, 2 or 3. Three forms of clinical disease have been recog-
nized: paralysis, aseptic meningitis and minor febrile illness.

Epidemiology

Poliovirus was, until very recently, endemic worldwide, infecting 
susceptible infants and producing paralytic poliomyelitis in those 
who were not protected by maternal antibody. In 1916, 80% of 
cases were in those under 5 years of age. The changes in sanitation 

and hygiene in the late nineteenth century, with industrialization 
in the north of Britain, decreased the incidence in infants but 
resulted in a higher incidence of paralytic poliomyelitis in later 
childhood due to delay in exposure to the virus. In the epidemics 
of 1950 the peak age was 5–9 years, although about one-third of 
cases and two-thirds of deaths were in those over 15 years. Since 
1985, most of the cases of polio worldwide have been in develop-
ing countries, although the number of deaths due to other diseases 
may mask the true incidence of infantile paralysis. Nevertheless, 
there are still outbreaks and the polio eradication programme 
aims to achieve its goal by the end of 2008.93

Pathogenesis

Following ingestion, poliovirus replicates in the pharynx and 
intestines, from which it is excreted. Transmission is by the faecal-
oral route and thus the necessity for hygiene is paramount. After 
initial replication in the lymphoid tissue of the pharynx and gut, 
which leads to viraemia, the virus infects the CNS via the blood. 
Neural spread has been demonstrated in children following 
tonsillectomy.

Pathology

The anterior horn cells of the spinal cord are susceptible to infec-
tion with poliovirus and are damaged or, in severe cases, com-
pletely destroyed.94 The lesions observed in the CNS may extend 
to the hypothalamus and thalamus. Neuronophagia is commonly 
observed, with infl ammation being secondary to neuronal attack. 
In less severe cases oedema, which results in temporary distur-
bance of neural functions, subsides and the cells recover 
completely.

Clinical features

Following infection, approximately 1% of patients present with 
clinical disease. Abortive poliomyelitis is the most common form 
of the disease in which fever, malaise, drowsiness, headache and 
sore throat are experienced to varying degrees. The signs abate 
within a few days. Stiffness and pain in the back of the neck may 
also be experienced, in which case non-paralytic poliomyelitis, or 
aseptic meningitis, is diagnosed. The disease may become bipha-
sic, whereby a minor illness is followed by a remission, but which 
subsequently develops into a major severe illness.

Diagnosis

Antibodies are usually present by the time paralysis occurs and a 
viraemia may be detected and used to determine the subtype using 

Table 48.6 Picornaviruses implicated in human neurological disease

Genus Virus Disease
Enteroviruses Human polio Paralysis, aseptic meningitis, febrile illness

Human coxsackie (groups A and B) Aseptic meningitis, paralysis, meningoencephalomyelitis

Echovirus Aseptic meningitis, paralysis, encephalitis, ataxia or Guillain–Barré syndrome

Enteroviruses (types 70, 71) Paralysis, meningoencephalitis

Cardiovirus Encephalomyocarditis

Picornaviridae
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serological techniques. More recently, molecular biological tech-
niques have been used to demonstrate poliovirus in CSF.

Prevention

In 1952, Salk developed an inactivated poliovirus vaccine95 which 
became generally available in 1955, and by 1959, oral polio vac-
cines were developed using live attenuated virus which today con-
sists of a mixture of three strains. The oral vaccine protects by 
producing both systemic antibody and local secretory IgA which 
would block virulent virus, preventing spread from the gut. These 
vaccines have the advantages over killed preparations of ease of 
administration and long-lasting immunity, although they have the 
‘disadvantage’ of being excreted and thus have the potential to 
spread to non-vaccinated persons.96

Coxsackie and echoviruses

Of the non-polioenterovirus infections, echovirus 9 is the most 
frequent cause of enterovirus disease and the most common virus 
to be isolated in epidemics. The chief viruses implicated in CNS 
disease are coxsackie B1-6, A7 and A9, although many echoviruses 
have been associated with meningitis, as has enterovirus type 70. 
Of all the enteroviruses, Coxsackie B is responsible for more than 
half the cases of aseptic meningitis in children less than 3 months. 
Severe CNS disease has been observed in enterovirus 71 infections 
in the 1975 epidemic in Bulgaria, where antibodies to enterovirus 
71 were detected in 72% of patients with paralysis and virus was 
isolated from the CNS. Of the seven reported epidemics with 
enterovirus 71, all reported evidence of CNS involvement.97

Other picornaviruses

Hepatitis A infection has also been linked with CNS involvement 
in which a child presented with seizures.98 Also human parecho-
virus infections have been linked with transient paralysis and 
encephalitis.

More recently, a newly identifi ed picornavirus, Ljungan virus, 
isolated from rodents, induces encephalitis in rodents, while a 
porcine teschovirus has been associated with encephalitis in pigs.

POXVIRIDAE

The family name is taken from the major clinical symptom of 
these viruses, namely pox – an elevated skin lesion – and includes 
variola and vaccinia. Neurological complications of poxvirus 
infections are generally associated with vaccination, namely post-
vaccination encephalitis. The pathogenesis and pathology resem-
ble other post-infectious encephalitides and include perivascular 
cuffi ng, mononuclear infi ltration and demyelination.

REOVIRIDAE

The family REOviridae (Respiratory Enteric Orphan viruses) is 
comprised of 12 genera. The genus Coltivirus contains Colorado 
tick virus; Orbivirus, the Blue tongue virus that infects cattle and 
African horse sickness virus; the genus Rotaviruses contains viruses 
that cause diarrhoea. Seadornavoiruses are emerging pathogens 

from South-east Asia and contain Banna virus isolated from 
humans with encephalitis.99 Rotaviruses have been rarely associ-
ated with encephalopathy in children and encephalitis was 
observed in four people as a result of accidental exposure to a 
vaccine of the Orbivirus, African horse sickness virus.

Coltiviruses

The genus Coltivirus are tick-borne viruses such as Colorado 
tick fever virus, associated with patients with fl ulike syndromes, 
meningitis, encephalitis, and other severe complications. Another 
coltivirus, Eyach virus, isolated from ticks in France and Germany, 
has been associated with febrile illnesses and neurological 
syndromes.99

Colorado tick fever

Colorado tick fever (CTF) was fi rst described in the mid-
nineteenth century in the Rocky Mountain States and associated 
with infections from the tick Dermacentor andersoni.100

Epidemiology

This disease is confi ned to the geographical distribution of the 
adult Dermacentor andersoni tick in the Rocky Mountain States and 
in parts of north-western Canada; it is a common infection in 
hikers and foresters during May and June.

Pathogenesis

Infection with CTF virus gives rise to little or no disease in the 
natural host and induces a prolonged or persistent viraemia in 
vertebrate hosts such as ground squirrels and chipmunks that 
serve as amplifi catory rodents. CTF virus is involved in bone 
marrow precursor cells and its presence in erythrocyte precursors 
renders the host susceptible to haemorrhagic disorders. The onset 
of disease occurs 3–6 days after the tick bite.

Pathology

CTF virus infections do not generally result in death and thus 
pathological features are not well described. However, following 
experimental infections of mice, the cerebellum shows widespread 
necrosis and cellular infi ltration.

Clinical features

A febrile illness develops, with headache and myalgia. A maculo-
papular rash is seen in about 50% of patients. Colorado tick fever 
is a benign disease but in very rare cases a bleeding diathesis may 
develop and, particularly in children, there may be a typical 
meningoencephalitic illness. Resolution of the acute phase may 
take 5–10 days. Infection in the CNS may be observed as a mild 
meningeal reaction to severe encephalitis. The frequency of CNS 
involvement ranges from 1 to 10%.100

Diagnosis

Abnormalities include leucopenia and thrombocytopenia; virus 
may be isolated from the blood owing to its persistence in the 
erythrocytes. Some time after disease onset, CF and neutralizing 
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antibodies may be detected in the blood101 although PCR is more 
effi cient and sensitive. CSF fi ndings are typical of encephalitis.

Prevention and control

At present, there is no treatment for CTF, although health aware-
ness when hiking in the affected areas may help to limit exposure 
to tick bites.

RETROVIRIDAE

Several features of retroviruses, such as their unique replication 
cycle, oncogenic ability and the wide variety of interactions with 
the host, including their ability to remain latent, have led to the 
intense scientifi c attention these viruses have received. Retrovi-
ruses are classifi ed into the three subfamilies: Oncovirinae, 
Lentivirinae – lentiviruses (e.g. maedi-visna, which results in 
chronic infl ammation of the CNS and human immunodefi ciency 
viruses which result neurologically in AIDS dementia and demy-
elination) – and Spumavirinae.

Lentiviruses

In contrast to viruses that cause acute disease and where virus is 
fi nally eliminated, the lentiviruses include those that are able to 
escape such elimination and persist in the host. These include the 
maedi-visna of sheep, which give rise to chronic neurological 
disorders, and human immunodefi ciency viruses in which neuro-
logical damage has been recognized.

Maedi-visna

Maedi-visna (maedi = laboured breathing, visna = wasting and 
paralysis – Icelandic translations) is the prototype lentivirus in 
which the slow onset of clinical disease results from prolonged 
incubation of the virus.

Epidemiology

The disease was fi rst recognized in Iceland101 but is observed in 
most countries with large sheep populations. Early transmission 
studies in Iceland showed that the disease could be transmitted 
from infected sheep to naive sheep by intracerebral inoculation. 
Many strains of visna have been obtained which vary in their 
ability to, for example, be propagated in tissue culture.

Pathogenesis

Virus is isolated from many tissues, particularly the lymphatics, 
spleen and peripheral blood leukocytes. Higher titres are isolated 
from the brain and lung. Conversion of the maedi illness to visna 
may occur as a result of infected peripheral blood leukocytes cross-
ing the BBB and subsequently infecting the CNS.

Pathology

Following experimental infection, severe meningitis and encepha-
litis are observed, coinciding with perivascular lesions of infl am-
matory cells. The infl ammatory cells observed in the CNS consist 
of monocytes/macrophages, plasma cells and T lymphocytes. 

Depending on the duration of the disease, the brain may show 
large areas of focal demyelination. Additionally, infl ammatory 
lesions and/or demyelination may occur in the presence of areas 
of necrosis and gliosis.102

Clinical features

Clinical disease is observed as lymphadenopathy, pneumonia and 
CNS involvement. The sheep appear dyspnoeic with loss of fl esh. 
The appearance of clinical disease is dependent on the strain of 
animal and dose of inoculation.103

Prevention and control

Due to the expense of developing vaccines for animals, very few 
studies on controlling infection have been attempted. However, 
sheep hyperimmunized with disrupted virus are known to develop 
neutralizing antibodies which are able to confer some protection 
against homologous virus infection.

Human immunodefi ciency virus

The human immunodefi ciency viruses (see also Chapter 20) 
consist of HIV-1 and HIV-2 and are typical lentiviruses. This 
chapter will concentrate only on the CNS diseases in HIV infec-
tions which are important because they are commonly seen during 
all stages of the disease and contribute to the outcome of the 
disease despite therapy.104 The variations in clinical manifestation 
are dependent on both the stage of HIV disease and opportunistic 
infections, whether viral, such as JC infection giving rise to PML, 
or bacterial (e.g. Listeria monocytogenes meningitis).

The gross clinical features observed in neurological complica-
tions of HIV infections are classifi ed by the neuroanatomical local-
ization, i.e. whether the brain or cord is involved and whether the 
lesions are focal or non-focal. With regard to the neurological 
complications, these may be categorized depending on the stage 
of the disease: (1) during acute HIV infection of the CNS; (2) 
asymptomatic infection; (3) aseptic meningitis and headache; and 
(4) AIDS dementia complex (ADC). CNS syndromes of children 
give rise to a fi fth syndrome resulting in abnormal neurological 
development and arrested intellectual and motor function.

HIV infection of the CNS

HIV may enter the brain across the BBB or by infecting monocytes 
(macrophages and microglia) which are productively infected 
by virtue of having surface CD4 molecules. Such macrophages 
may then cross the BBB, thus allowing the HIV access to the CNS. 
During the asymptomatic phase CNS involvement is common and 
at least 40% of all persons with HIV have abnormal CSF, with 
increased cell counts and protein levels. Anti-HIV antibodies are 
detectable in the CSF and in some patients oligoclonal bands are 
observed. It has been suggested that aseptic meningitis and head-
ache, AIDS dementia complex and progressive encephalopathy of 
children are due to the direct effects of HIV infection.

The common neurological symptoms of early or primary HIV-
1 infection are headaches and photophobia, which may be either 
acute or chronic. Although the cause of such clinical symptoms is 
not known in all patients, headaches have been related to systemic 
disease such as Pneumocystis carinii infection. Such features may 
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subside or progress to encephalitis, meningitis or ataxia. Aseptic 
meningitis affects 5–10% of HIV-infected patients; HIV may be 
diagnosed by positive virus culture or p24 antigen in the serum 
or CSF.

AIDS dementia complex

ADC is commonly observed in the later stages of HIV-1 infection 
in relation to major systemic infections, although in a small group 
of patients ADC occurs in the absence of opportunistic infections 
and may be related to HIV-1 infection of the brain. Infection and 
disease are not synonymous. ADC may be classifi ed into fi ve 
major stages ranging from stage 0, which encompasses normal 
mental and motor functions, to stage 4, in which the patient 
demonstrates rudimentary levels of intellectual and social com-
prehension and is paraparetic or paraplegic.

Epidemiology

The progression of HIV-1 infection to ADC is related, in general, 
to the level of immunosuppression in the patient. In early disease 
with opportunistic infections, approximately 10–30% of patients 
exhibit ADC stage 1, while 5–15% exhibit severe neurological 
disturbances (stage 2–3). In contrast, in the late stages of infection 
the majority of patients with AIDS show severe disability 
(stage 4).

Pathology

Pathological changes in the CNS of patients with ADC are most 
prominent in the subcortical regions, correlating with the observed 
subcortical clinical abnormalities. The most common changes 
include: (1) pallor of the white matter and demyelination; (2) 
gliosis, necrosis and mild neuronal loss; (3) multinucleated giant 
cells, which may be observed in the later stages of disease; and (4) 
spongiform changes, which are related to severity of dementia.105

Clinical features

Patients with ADC show distinct cognitive changes associated 
with subcortical, as opposed to cortical, changes. There is general 
mental slowing, including apathy, impaired concentration and 
features associated more with depression than CNS infection. 
Confusion, hallucinations, impaired memory and problem-
solving defi ciencies are common prior to obvious dementia. ADC 
may progress in steps or with sudden deterioration associated with 
systemic infection.

Diagnosis

In patients with ADC, computed tomography and magnetic reso-
nance imaging show cerebral atrophy, although such a fi nding is 
non-specifi c. The CSF of ADC patients contains HIV-specifi c cyto-
toxic T cells, increased protein, oligoclonal bands and soluble 
intercellular adhesion molecule 1 (ICAM-1), which may serve as 
a marker for disease.106

Prevention and control

Zidovudine (formerly AZT) has been shown to improve neuropsy-
chological performance and reduce the incidence of ADC, as 
has the antiinfl ammatory alkaloid cepharanthine.107 Psychiatric 
disorders such as mania may be treated with lithium, as in 
non-infected patients.

CNS syndromes in children

Mother-to-child transmission accounts for 80% of HIV infections 
in children. Infected children present with encephalopathy, either 
progressive or static, that may be seen from the age of 2 months. 
The children with progressive encephalopathy become inactive 
and may develop paralysis and, if untreated, die within 1 year. The 
CSF may show an increased protein concentration and high levels 
of HIV-specifi c antibodies. Antibody levels in the serum (as a 
means of diagnosis) may be diffi cult to interpret owing to the 
presence of transplacental maternal antibodies. The brains of 
HIV-infected children are atrophic and contain perivascular 
infl ammation, and the small vessels show calcifi cation.

Opportunistic viral infections of the CNS

Although a variety of opportunistic CNS infections occur with HIV 
infection, only viral infections will be considered in this section. 
The major infections are observed with JC virus that gives rise to 
PML (see under Papovaviruses) and cytomegalovirus (CMV). PML 
occurs in 2–5% of patients with AIDS; its effects are observed as 
dementia and/or focal neurological signs. Herpesvirus infections, 
in the form of CMV, VZV and HSV-1 and -2, give rise to ‘secondary 
viral encephalomeningitides’. CMV may result in encephalitis and 
retinal infi ltration, which is observed in approximately 20% of 
patients with AIDS. As a result of immunosuppression VZV may 
be reactivated, giving rise to neurological syndromes such as 
hydrocephalus or ventriculitis. Like VZV, Human cytomegalovirus 
(HCMV) causes disease after both primary and recurrent infec-
tions. The former is more serious, particularly in pregnant women, 
who may transmit the virus to their offspring, with a high risk of 
intellectual impairment and deafness. Various experimental vac-
cines are in development, ranging from live, attenuated HCMV, 
subunit envelope glycoprotein, poxvirus vectors with CMV genes 
inserted, and plasmid DNA.

RHABDOVIRIDAE

The family Rhabdoviridae is divided into six genera, including 
Lyssavirus, which contains rabies virus, and Vesiculovirus, contain-
ing vesicular stomatitis virus (VSV). The name Rhabdoviridae is 
derived from the Greek ‘rhabdos’, meaning rod, refl ecting the rod 
or bullet-shaped virus.

Vesiculovirus

While not commonly associated with neurological disorders, 
Chandipura, a vesiculovirus was associated with an outbreak of 
encephalitis in India in 2003 affecting 349 children with 55% 
mortality.108

Lyssaviruses

The name of this genus is derived from the Greek ‘lyssa’, meaning 
rage or frenzy, and includes rabies virus. The Duvenhage and Mokola 
viruses of this genus are also associated with human disease.

The rabies virus has a helical nucleocapsid with a lipid bilayer 
from which protrude 10-nm protein spikes. Of the fi ve proteins 
identifi ed, those designated G and N have been characterized most 
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extensively. The G protein is the only viral protein that induces 
virus-neutralizing antibody and is also a target for T helper and T 
cytotoxic lymphocyte reactivity. The importance of such antigenic 
determination offers an approach for the development of vaccines.

Rabies infections have been recorded since before 2000 BC and 
mentioned in historical documents of Democritis, Aristaeus and 
Artemis. Six important events in the history of rabies since the 
1880s include the application of the human rabies vaccine (1885) 
and the fi nding of the pathognomonic Negri bodies for diagnosis 
(1903). In the 1940s a mass application of potent rabies vaccine 
for dogs was introduced, which greatly diminished the spread of 
disease. More recently the introduction of oral vaccination of foxes 
has resulted in the virtual elimination of rabies from Switzerland. 
Rabies hyperimmune antiserum was used in addition to the 
human vaccine regimen (1954) and the adaptation of rabies virus 
to cell culture and the development of a fl uorescent antibody test 
for diagnosing infected animal brains (1958) have resulted in a 
dramatic improvement in the control of the disease.

Epidemiology

Rabies virus is capable of infecting all warm-blooded animals, but 
there is a hierarchy for susceptibility. Most susceptible are foxes, 
coyotes, jackals and wolves. The opossum is the least susceptible 
species. Moderately susceptible animals include dogs, the most 
frequent vector for transmission to humans, as well as cats, rac-
coons and skunks. An increasing source of rabies is observed in 
bat populations109 and accounts for approximately 10% of rabies-
infected animals in the USA. The epidemiology of human rabies 
parallels that in the animal population. The annual number of 
deaths worldwide caused by rabies is estimated at approximately 
55 000 by the World Health Organization. A higher incidence is 
observed in areas where public health programmes are not imple-
mented, such as in India and Mexico where the incidence is 3.3 
cases per 100 000. Rabies has recently been reported following 
organ transplantation in four patients.110

Pathogenesis

The major route of infection is invariably via the bite from a rabid 
animal, although transmission by aerosols and as a result of 
corneal grafts must be taken into account. Once introduced, rabies 
virus is quickly sequestered. It was thought that the virus stayed 
in the nervous tissue close to the wound site, although later studies 
indicated that the virus replicates in muscle tissue before progress-
ing to the peripheral nervous tissue via the neuromuscular con-
nections. That rabies virus travels to the central nervous tissue via 
the nerves has been demonstrated experimentally: when the sciatic 
nerve was severed prior to injection of rabies virus in the foot 
of an animal, disease was prevented. The incubation period of 
the disease varies and may be as short as 2 weeks but is more 
commonly 1–3 months, and in a few cases more than 1 year.111 
Although it is widely accepted that the incubation period is related 
to the distance between the site of the bite and proximity to the 
CNS, a study by Dupont and Earle112 did not support this view.

Pathology

Human rabies pathology, apart from the pathognomonic Negri 
body, consists of perivascular cuffi ng, some neuronophagia and 
limited neuronal necrosis. The limited pathology does not match 

the marked symptoms of hydrophobia, aerophobia, excitation 
and coma. There is pathology in other organs, and Negri bodies 
have been found in the cornea and adrenal glands.

Clinical features

Development of infection depends on the severity of the exposure, 
the site of the bite and possibly other factors. Neurological fi nd-
ings may be classifi ed as either ‘furious’ or ‘paralytic’ and are not 
exclusive. Furious rabies is far more common and is characterized 
by spasms in response to tactile, auditory, visual and olfactory 
stimuli (e.g. aerophobia and hydrophobia). Such symptoms alter-
nate with periods of lucidity, agitation, confusion and autonomic 
dysfunction. The alternative form of paralytic rabies ranges from 
paralysis of one limb to quadriplegia. Disease progresses to coma 
with neurological complications associated with abnormal hor-
monal homeostasis, alterations in temperature and inability to 
control blood pressure.

Diagnosis

Clinical diagnosis of rabies may be diffi cult in patients presenting 
with a paralytic or Guillain–Barré-like syndrome, and the World 
Health Organization (WHO) Committee on Rabies113 has empha-
sized that rabies must be included in the differential diagnosis of 
all persons presenting with neurological involvement.

The laboratory diagnosis of rabies may be performed by fl uo-
rescent antibody techniques, on smears or frozen sections, and by 
the use of ELISA. A rapid rabies enzyme immunodiagnosis assay 
allows the antigen to be visualized by the naked eye and is thus a 
test that can be carried out in the fi eld (with a special test kit). 
Molecular tests, such as the polymerized chain reaction, are avail-
able. Virus isolation can be performed using a murine neuro-
blastoma cell line (NAC1300), which reduces the time taken 
for diagnosis by 2 days.

Prevention and control

Rabies is 100% preventable and mortality can be reduced by pre-
venting exposure to the virus, aborting infection and thereby pre-
venting illness, or curing clinical disease. The WHO committee has 
stressed the importance of the adoption and establishment of 
international and regional surveillance systems in combination 
with dog control. In over 80 countries rabies is prevalent in dogs, 
the most dangerous reservoir. Each year approximately 4 million 
people in these areas receive treatment after exposure to rabies and 
in 99% of all human cases the virus is transmitted by dogs. Fur-
thermore, 90% of people who receive postexposure treatment live 
in areas of canine rabies.114

Vaccination

The control of rabies is through oral immunization of domestic 
and, more recently, wild animals. Recombinant vaccines that 
make use of poxvirus, baculovirus and adenoviruses are possible. 
The vaccines available for human immunization are: (1) brain 
tissue vaccine (possible side-effects of autoreactivity to brain 
tissue); (2) purifi ed duck embryo vaccine inactivated with b-
propiolactone; and (3) tissue culture vaccines. For animal 
vaccination, nervous tissue-derived virus has been shown to be 
effective in mass vaccination of the canine population in North 
Africa. In contrast, cell culture-derived virus (either inactivated or 
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modifi ed live virus) for canine rabies has been used in a combined 
vaccination programme with distemper, hepatitis, parvo and lep-
tospirosis vaccines. Combined vaccines with foot and mouth 
vaccine are used for cattle, sheep and goats. For feline control, the 
rabies vaccine is combined with panleucopenia virus, feline cali-
civirus and feline parvovirus vaccines.

The vaccine virus is collected from infected human diploid cells 
(HDC), inactivated, and stored in a freeze-dried state. The vaccine 
(HDCV) contains no preservatives and must be used immediately 
once reconstituted.

Monoclonal antibodies

Post exposure treatment with murine monoclonal antibodies, and 
more recently murine–human chimeric antibodies and human-
ization of monoclonal antibodies, offers a more specifi c treatment 
regimen.

Interferon and interferon inducers

Administration of recombinant α-interferon with vaccines 
decreases rabies virus in subhuman primates. Exogenous inter-
feron has already been shown to be effective in a patient given a 
corneal transplant from a patient with rabies.

TOGAVIRIDAE

The family Togaviridae comprises the genera alphaviruses and is 
based on various characteristics such as size, mode of replication 
and transmission by mosquitoes. The name togavirus is derived 
from the structure of the virus which consists of a ribonucleic acid 
within a lipid envelope (Latin toga = coat).

Alphaviruses

The knowledge of the structure and replication of alphaviruses has 
been based on the prototype virus Sindbis (SIN) as well as Semliki 
Forest viruses (SFV) which are discussed briefl y in this section. Of 
the alphaviruses that are important encephalitogenic agents, eastern 
equine encephalitis (EEE), Venezuelan equine encephalitis (VEE) 
and western equine encephalitis (WEE) viruses are the most impor-
tant. However, chikungunya virus (CHIK) infection is also known 
to induce neurological complications (Table 48.3). Other members 
such as Ross River Virus and O’nyong’nyong induce polyarthritis.

Chikungunya

The word chikungunya, meaning ‘to contort or bend’, was used 
by a tribe in Tanzania to describe the clinical manifestations 
(arthritis) of a virus epidemic of 1952–1953. Because this virus 
invariably results in crippling arthritis, CHIK infection was prob-
ably responsible for the epidemic in 1779 in Indonesia.

Epidemiology

CHIK is found in Africa, including Tanzania, Zimbabwe, Trans-
vaal, Zambia and the Congo, and India, Sri Lanka and South-east 
Asia, including Vietnam and Thailand.115 More recently, an out-
break in 2006 on Reunion Island led to over 200 deaths116 and it 
has re-emerged in Malaysia in 2007.117 The disease is transmissible 
by mosquitoes. Ae. aegypti and various Culex species are the vectors 

in urban epidemics in Asia. In Africa, the vector involved in forest 
areas is Ae. africanus and in Sudan Ae. leuteocephalus.

Clinical illness

The disease is biphasic. In the fi rst phase, symptoms include fever 
and severe joint, limb, and spine pains. This phase can last 6–10 
days. The second phase occurs after a febrile period of 2–3 days 
and is associated with an irritating maculopapular rash over the 
body, particularly on the extensor surface of the limbs. Joint pains 
may persist occasionally, without fever, for up to 4 months. In 
some cases myocarditis and peripheral circulatory failure have 
been seen. In this second phase, encephalitis and manifestations 
of neurological involvement are occasionally observed.118 The 
mortality rate is estimated at 0.4%, but in patients under 1 year 
old it may be as high as 2.8% and similarly in those aged over 50 
years the death rate may increase.

Diagnosis

Defi nitive diagnosis is by specifi c serological analysis such as HI, 
CF and ELISA and RT PCR119 although the combination of febrile 
illness and rheumatic manifestations in a patient returning from 
sub-Saharan Africa or parts of Asia is a characteristic feature of 
CHIK infection.

Management and control

Supportive care for patients with CHIK infections is important 
with respect to the arthralgia. In severe cases, chloroquine phos-
phate may be administered. Inactivated virus vaccines have been 
shown to be effective but vaccination is restricted to laboratory 
workers, although a live attenuated virus is undergoing trials in 
experimental animals. The live CHIK vaccine TSI-GSD-218 has 
been reported to be promising in humans.120

Eastern equine encephalitis

Epidemiology

Eastern equine encephalitis (EEE) was fi rst isolated in 1933121 and 
retrospective studies of epidemics are suggestive of EEE as early 
as 1931 EEE virus is endemic along the eastern coast of the 
USA, Canada, Trinidad, Guyana, Mexico, Panama, Brazil, Peru, 
Columbia and Argentina. In most areas the virus is transmitted 
between marsh birds and Culiseta melanura mosquitoes, which 
do not feed on large vertebrates. With alterations in the conditions 
of the marshes or swamps, the virus is transmitted to other host 
mosquitoes that feed on small rodents, reptiles and amphibians. 
Culex species are considered to be the vectors for transmission 
of EEE virus in South America.122 Human and equine cases are 
seen only when the spread becomes endemic.

Pathogenesis and pathology

Viraemia occurs soon after infection and may be accompanied by 
a febrile prodrome. Virus gains access to the nervous system and 
results in severe encephalitis. HI and neutralizing antibody are 
present in samples taken during the fi rst 3–5 days of encephali-
tis.123 However, this effective humoral immune response does not 
eradicate the virus from the brain, and neural destruction contin-
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ues through direct cytopathic effect, infl ammatory damage and 
vasculitis. The primary pathological features of EEE are confi ned 
to the CNS.124 Lesions are scattered throughout the cortex and are 
particularly severe in basal ganglia and the brainstem; the cerebel-
lum and spinal cord are minimally involved. Virions are present 
in oligodendrocytes and there is extensive neuronal damage as 
well as thrombosis of arterioles and venules. Infl ammatory cells 
are widespread in lesions, perivascular areas and meninges. The 
cells are predominantly polymorphonuclear in the fi rst week, but 
later mononuclear cells may predominate.

Clinical illness

Human infections are rare. In children the ratio is estimated to be 
from 2 : 1 to 8 : 1; in adults it is from 4 : 1 to 50 : 1. In severe cases 
the onset is abrupt, with high fever followed by all the features of 
meningitis, including coma, convulsions and neurological damage. 
Age is not a major factor in mortality but severe sequelae are more 
pronounced in children under 10 years of age.

Diagnosis and investigation

The abrupt onset of a severe febrile CNS illness is suggestive of 
this disease, and death in horses associated with hot, wet summers 
and the proximity of salt marshes give further credence to EEE 
infection.

The virus may be isolated from serum during the initial infec-
tion but most cases are diagnosed by testing paired sera in con-
ventional HI or NT. Very high CF titres occur in most people 
convalescing from EEE. IgM antibodies are readily detected in 
acute sera by ELISA.109 Virus may be isolated at autopsy.

Prevention and control

A vaccine inactivated by formalin treatment is available for use in 
laboratory workers or others at high risk of exposure. The same 
vaccine is used to protect endangered whooping cranes, which are 
susceptible to lethal visceral infection.125

Venezuelan equine encephalitis

This virus was fi rst isolated by Beck and Wyckoff126 from equine 
encephalitis epizootics in Venezuela. Viral strains belonging to the 
VEE group are pathogenic for horses and have been involved in 
human infections; the most important are designated subtype 1, 
variants A, B and C.

Epidemiology

VEE is endemic in Central and South America and parts of North 
America, and has occurred particularly in Venezuela, Colombia, 
Equador, Panama, Brazil, Mexico, Florida, Texas and Trinidad. 
Mosquitoes of both the Aedes and Culex genera are involved. Cx. 
melanoconion and Deinocereites species are the main vectors in 
rodent-to-rodent transmission. Horses are a major reservoir of 
infection and transmission of the virus can occur from horse to 
horse as well as transplacentally. More than 150 different animal 
species, including domestic and wild dogs and pigs, have been 
found to be infected with this virus. Birds have low viraemias but 
could infect mosquitoes, which may spread the disease and cause 
new epidemics.

Pathogenesis

Conventional serological methods show that the viruses grouped 
into the VEE complex are all closely related. The viruses in this 
group were further divided into subtypes and variants by Young 
et al.127 using the HI test, and it seems that these minor distinc-
tions are responsible for the fundamental differences in pathoge-
nicity and biochemical signifi cance.

The earliest humoral immune response appears around day 5 
in hamsters and is directed to virion surface component. An 
epitope on E2 is shown to produce the most dominant protective 
neutralizing antibodies. In the mouse model, cell transfer experi-
ments suggest that T helper lymphocyte activity is important in 
protection.

Clinical illness

The clinical disease in humans resembles an infl uenza-like syn-
drome, with fever lasting for 1–4 days. Occasionally this is com-
plicated by shock and coma, in which case there appears to be 
widespread destruction of lymphoid tissues. Meningoencephalitis 
can occur, particularly in children, but is much less common in 
adults. Approximately 4% of patients develop CNS infections with 
convulsions, coma and paralysis. The overall mortality is <1% but 
in children with meningitis this may rise to 20% and is more 
frequent in undernourished populations and in the absence of 
medical care.

VEE should be suspected in any person suffering from febrile 
myalgic illness 6 days after being exposed to an enzootic 
biotope.

Prevention and control

Patients who develop CNS disease require anti-convulsants. 
Vaccinia virus recombinants containing genes encoding the 
VEE virus structural gene regions (C-E3-E2-6 K-E1) protect mice 
against virulent VEEV, but provide only partial protection against 
air-borne challenge. VV recombinants encoding the structural 
genes E3-E2-6 K-E1, E3-E2-6 K or 6 K-E1 also demonstrate 
the importance of E2 in protection. The experimental vaccine 
TC-83 is a live attenuated vaccine and the C-84 a formalin 
inactivated vaccine based on TC-83. Alpha interferon and the 
interferon producer PolyICLC have proved useful for postexposure 
prophylaxis.

Western equine encephalitis

Epidemiology

WEE virus is found in the USA but human infections are limited 
to the western two-thirds of the country. It is also found in Canada, 
particularly Manitoba, Saskatchewan, Alberta and British 
Columbia, and in South America. The disease is transmitted by 
various species of mosquito vectors. These include Cx. tarsalis, 
Culiseta melanura and other mosquitoes of these two genera. 
Aedes and Anopheles species may be slightly involved. The natural 
cycle is between Cx. tarsalis mosquitoes and wild birds. Culex 
mosquitoes readily feed on large vertebrates, so equine and human 
cases occur annually. The number of cases is dependent on 
rainfall because mosquito breeding is largely in ground pools.

Togaviridae
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Pathogenesis and pathology

The pathogenesis of WEE virus in humans resembles that of EEE. 
However, WEE is less neuroinvasive and neurovirulent, in both 
humans and laboratory animals. Infected cynomolgus macaques 
show multiple foci of necrosis, and cellular infi ltrate,128 found 
predominantly in areas such as the striatum, globus pallidus, 
cerebral cortex, thalamus and pons. In some areas polymorpho-
nuclear infi ltrates occur. There is widespread perivascular cuffi ng 
and meningeal reaction. The pathogenesis in rodents is similar to 
that of other alphaviruses.

Clinical illness

WEE is characterized by sudden onset of fever, headache and 
general symptoms of meningoencephalitis which can be clinically 
severe but rarely fatal. Neurological and psychological sequelae 
are seen primarily in children under 2 years of age. The ratio of 
inapparent to apparent clinical infection is estimated at 50 : 1–8 : 1 
in children and more than 1000 : 1 in adults.

Prevention and control

Social activities such as screening of windows and doors and 
avoiding external pursuits are necessary to avoid infection. An 
inactivated vaccine is available for workers at risk from infection. 
More recently a DNA vaccine plasmius pVHX-6 has shown some 
effi cacy in rodent infections.115

Semliki Forest virus

Although SFV has been assumed not to infect humans, the death 
of a scientist from whom SFV was isolated may suggest otherwise. 
More recently mild febrile illness has been reported in humans in 
Africa and was suggested to be due to SFV. The fact that SFV is 
known to induce neurological disease in experimental animals, 
with perivascular infi ltrates and demyelination (Figure 48.4), war-
rants mention of this virus in this chapter. SFV was originally 
isolated in Uganda in 1944. Experimentally the virus induces 
encephalitis in a variety of laboratory rodents. Infection of mice 
with the A7 or M9 strains of SFV gives rise to lesions of demyelin-
ation in the CNS.

RUBIVIRUSES

History

The sole member of the rubivirus genus, rubella virus, was initially 
described in the early 1800s.129 Although it is primarily a 
childhood illness, the disease is endemic worldwide and serious 
complications such as encephalomyelitis and post-infectious 
encephalopathy have been reported in adults and children. The 
large number of studies by German scientists have given rubella 
virus the synonym ‘German measles’, although the organism is 
unrelated to measles virus.

Epidemiology

Unlike most other togaviruses, rubella has no known vertebrate 
host and the only natural reservoir is humans. Rubella virus infec-
tions are found worldwide and in the temperate regions the epi-

demics occur in late winter and early spring. Periods of increased 
incidence every 6–9 years occur, with major epidemics every 
10–30 years. Such epidemics are related to the susceptibility of 
individuals and factors that increase the transmission. Infection 
is generally acquired in childhood and approximately 60% of 
the population have antibodies by the age of 14 years. With the 
introduction of the rubella vaccine in 1969,129 the incidence of 
rubella has decreased, although the seroprevalence rates approach 
90–95%. The incidence of infection is higher in the tropics. Post-
infectious encephalopathy or encephalomyelitis is estimated to 
occur in 1 in 6000 cases of natural rubella.

Pathogenesis and pathology

The pathology resulting from rubella infection is dependent on 
the mode of infection, i.e., whether it is due to maternal–fetal 
transmission or is acquired postnatally. The effect on the fetus 
depends on the gestation period. In the fi rst trimester there is a 
high risk of infection and developmental growth is arrested, 
although the mechanism of damage is unknown. Maternal infec-
tion after the fi rst trimester does not appear to damage the fetus, 
although the risk of congenital disease is known to increase before 
birth. Delayed neurological disease has been reported following 
late-onset rubella infection and may be associated with either 
congenital rubella or a rare complication of natural rubella 
acquired in childhood.

The pathological features of CNS involvement, particularly in 
the adult, include perivascular lesions of mononuclear cells and 

Figure 48.4 Demyelination (arrow) within the cerebellum of a 
mouse infected with Semliki Forest virus.
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demyelination. In childhood encephalopathy, neural degenera-
tion is more apparent than in the adult, whereas perivascular 
infi ltrates and demyelination are less common. The suggestion 
that autoreactivity may play a role in the pathology of late-onset 
rubella encephalitis, often referred to as progressive rubella pan-
encephalitis, chronic progressive panencephalitis or non-congeni-
tal rubella, comes from studies in which lymphocytes proliferate 
in response to CNS proteins such as myelin basic protein.130

Clinical features

Rubella infection in early childhood or adult life is usually mild 
and asymptomatic. Symptoms of post-infectious rubella encepha-
lopathy are observed shortly after the onset of the rash of typical 
rubella. The clinical features of encephalitis are similar to those of 
other forms of encephalitis, including headache, vomiting, stiff 
neck, fevers and convulsions, and altered levels of consciousness. 
The mortality rate is approximately 20%, with death occurring 
within a few days of the onset of symptoms. The late-onset rubella 
encephalitis is similar to other slow virus infections of the CNS. 
Following a prolonged asymptomatic period, neural degeneration 
is observed, usually in the second decade of life. Symptoms include 
behavioural changes, ataxia and seizures. Death usually results 
within 8 years of onset.

Diagnosis

The common symptoms of rubella, such as low-grade fever and 
maculopapular rash, should not be confused with other such 
infections. Confi rmation of rubella may be made following isola-
tion of the virus or by specifi c serological assays such as ELISA. 
The CSF cell count of patients with rubella encephalitis is high 
(50/mm3); the majority of the cells are lymphocytes. The electro-
encephalogram is abnormal, oligoclonal bands are observed in 
the CSF131 and rubella virus may be isolated.132

Management and prevention

Treatment of rubella encephalitis with corticosteroids has been 
reported.133 Rubella vaccines, developed in the 1960s, have been 
used to vaccinate both school-aged children (USA) and women of 
child-bearing age (UK) in an attempt to decrease the incidence 
of congenital rubella infection. The attenuated viruses used are 
capable of infecting the fetus and thus vaccination of pregnant 
women is not recommended. More recently the policy of includ-
ing the combined MMR vaccination procedure for all schoolchil-
dren has been implemented in the UK. Future development of 
subviral vaccines may be necessary to counter the side-effects of 
vaccination using attenuated virus.

PRION DISEASES

Several so-called ‘slow virus infections’ of the CNS, although trans-
missible, are not conventional virus infections but rather classifi ed 
as prion diseases or subacute spongiform encephalopathies 
(Table 48.7).

Prion diseases have a unique characteristic in being devoid of 
nucleic acid and yet able to transfer disease. Transmission of 
disease does not occur if the agents are treated with proteases. 

Additionally, attempts at molecular cloning are negative and 
nucleic acid antagonists have been shown to be ineffective. The 
term prion is derived from protein and infection, meaning that the 
infectious agent is protein devoid of nucleic acid. This ‘protein 
only’ hypothesis is still under debate.

Of particular importance is the presence of a normal form of 
the protein found on all cells, particularly neurones. The two 
forms of prion proteins (PrP) (normal and infectious) are identi-
cal in terms of amino acid sequences but differ in their conforma-
tions. Furthermore, the normal protein is broken down by 
enzymes, whereas the abnormal prion protein (PrPsc) is resistant 
to attack by enzymes and found in the CNS only during disease 
where the protein accumulates in the cell.

Kuru

Kuru was restricted to the population of villages in the highland of 
Papua New Guinea. The disease, which means shaking or shivering 
in the Fore language, is characterized by tremors that progress to 
lack of motor control and complete cerebellar ataxia. The clinical 
course of the disease generally results in death within 1 year of 
onset, although prolonged disease has been reported.134 The disease 
was more common in children and females than in males, and was 
thought to be due to the practice of certain tribal rituals. The 
changes in ritual cannibalism and treatment of corpses have halted 
the contact of persons with infected brain tissue, resulting in a 
virtual cessation in the incidence of disease. In a recent review 11 
patients were identifi ed with Kuru between 1999 and 2004; the 
incubation times have been suggested to be as long as 56 years.135

The pathological picture is restricted to the CNS and is charac-
terized by diffuse neuronal degeneration and astrocytic hyper-
trophy. The term ‘spongiform encephalopathy’ is derived from 
the large vacuolation of the large neurones of the striatum. In 
many cases amyloid-containing plaques are observed and elec-
tron microscopy reveals scrapie-associated fi brils common to 
other diseases in this group.

Creutzfeldt–Jakob disease and 
Gerstmann–Sträussler–Scheinker syndrome

Patients with Creutzfeldt–Jakob disease (CJD) present with rapidly 
progressive dementia and motor dysfunction; like Kuru, it is 

Table 48.7 Prion disease of humans and animals

Host Disease
Humans Kuru

Creutzfeldt–Jakob Disease, Classic (CJD)

Variant Creutzfeldt–Jakob Disease (vCJD)

Gerstmann–Sträussler–Scheinker Syndrome

Fatal familial insomnia

Animals Bovine spongiform encephalopathy (BSE)

Chronic wasting disease of mule deer and elk

Scrapie

Transmissible mink encephalopathy

Feline spongiform encephalopathy

Ungulate spongiform encephalopathy

Prion Diseases
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usually fatal within 1–2 years following onset. The incidence of 
CJD is low (prevalence of 1 per million) and is generally sporadic, 
although there is evidence for a familial trait in 10% of all cases. 
Mutations in the natural PrP segregate with disease. The disease is 
transmissible experimentally, as shown in laboratory animals,136 
or as a result of ‘accidental transmission’ to humans following 
surgery.137 Although the average age of CJD onset is in middle to 
late life, the disease has been described in young (4–19 years) 
patients undergoing growth hormone therapy. In these transmis-
sions the disease resembled Kuru rather than typical CJD, suggest-
ing that Kuru may have originated in New Guinea as a result of 
contamination of tissue from a patient with CJD.

Gerstmann–Sträussler–Scheinker syndrome (GSS) is a variant 
of CJD in which patients present with progressive cerebellar ataxia, 
giving rise to a longer period from onset to death compared with 
CJD. Again, several mutations in the PrP have been described and 
the disease is transmissible to laboratory animals.

Prevention and control

The resistance of the CJD/GSS prion to common sterilization 
procedures, such as boiling or the use of ultraviolet light, has 
resulted in a change in operating procedures and the use of hypo-
chlorate and sodium hydroxide for sterilization.138 To date, no 
treatment for the human diseases has been effective. Future thera-
peutic regimens will possibly include drugs that interfere with the 
PrPsc, preventing it from accumulating in the cell, or gene therapy 
to switch off production of the protein.

More recently, studies directed towards blocking infective prion 
protein migration have been seen to be dependent on B-cells. In 
addition, therapeutic strategies using antibodies directed against 
the conformational forms of PrP are currently under investigation.

Animal prion diseases

Scrapie was observed in the 1930s following the use of louping ill 
virus vaccine produced in scrapie-contaminated brain tissue, 
although the disease has been recognized in sheep breeders for 
more than two centuries. The disease is a chronic disease in which 
affected animals present with progressive ataxia tremor and 
wasting. The name ‘scrapie’ is derived from the necessity of animals 
to rub or scrape as a result of the disease. Susceptibility to scrapie 
is dependent on the strain of sheep and is linked to polymor-
phisms in ovine PrP.

The disease, like the human prion infections, is characterized 
histologically by the presence of vacuolated neurones and spon-
giform changes, and may be induced experimentally in laboratory 
mice and guinea pigs. The use of transgenic mice, in which muta-
tions in the PrP are deliberately introduced with resulting neuro-
logical defect, supports the role of this protein in initiating disease. 
Furthermore, transgenic mice lacking the gene that codes for the 
natural PrP are resistant to infection with the scrapie PrP.139 The 
use of experimental prion disease has allowed the investigation of 
potential therapies and, although no effective treatment is avail-
able, the use of amphotericin B has been shown to reduce the 
concentration of scrapie PrP during the preclinical phase and to 
prolong the incubation period of the disease.140

Transmissible mink encephalopathy, which is very similar to 
scrapie, is spread through mink colonies as a result of fi ghting and 
cannibalism, and is thought to have originated from contami-

nated food derived from cattle. Infected tissue can transfer disease. 
Likewise bovine spongiform encephalopathy, fi rst described in 
England in 1986, was possibly a result of feeding scrapie-
contaminated food.141
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Section 7 Rickettsial Infections

Chapter 49 George O. Cowan, Göran Friman and 
Göran Günther

Rickettsial Infections

The typhus group and ‘spotted’ fevers are caused by bacteria 
of the family Rickettsiaceae,1 which are obligate, intracellular, 
Gram-negative, non-fl agellate small pleomorphic coccobacilli 
(0.3–0.6 × 0.8–2.0 μm). Rickettsiae are often carried to humans 
by insects from animal reservoirs or by the insects themselves, in 
which the bacteria may be maintained transovarially.

The species of the genus Rickettsia are divided into:
• The typhus group, containing R. prowazekii, the agent of classi-

cal epidemic typhus transmitted by the human body louse, and 
R. typhi (mooseri), the cause of endemic murine typhus carried 
by the rat and rat fl eas.

• The ‘spotted fever’ group (SFGR), containing a large number of 
species (R. rickettsii, R. conorii, R. africae, etc.) transmitted from 
rodents and other animals by ticks (except R. akari, which is 
transmitted by mouse mites).

• Scrub typhus, caused by Orientia tsutsugamushi and transmitted 
by mite larvae (chiggers) of the genus Trombicula.
The genus previously named Rochalimaea has been reclassifi ed 

in the family Bartonellaceae2 and contains more than 20 named 
species, several of which have been implicated in human disease, 
including Bartonella quintana, the cause of trench fever, B. henselae, 
the agent of cat-scratch disease, and B. vinsoni and B. elisabethae, 
both being occasional causes of endocarditis. (South American 
bartonellosis caused by B. bacilliformis is described in Chapter 
61.)

Coxiella burnetii, the only species of its genus, causes Q fever.
The tribe Ehrlichieae has been reclassifi ed into four genera: 

Ehrlichia and Anaplasma associated with ticks; Neorickettsia with 
helminths; and Wolbachia with both arthropods and helminths.3 
For instance, E. chaffeensis and A. phagocytophila can cause disease 
in humans, whereas Neorickettsia and Wolbachia spp. have not 
been associated with human disease.

HISTORY

‘Typhus’ is derived from tyfos, the ancient Greek word for ‘fever 
with stupor’ or ‘smoke’, cognate with the Sanskrit word for ‘smoke’, 
dhupa.

The earliest reference to epidemic typhus is in the account by 
Thucydides of the Great Plague of Athens in 430 BC, although a 
recent medical historian has deemed measles or smallpox to be 

more likely causes.4 The historical centres of the disease were in 
the Middle East, North Africa and the Levant. In the eleventh 
century AD, epidemics occurred in Sicily and Bohemia, but it was 
not until siege warfare on a large scale became common in the 
late fi fteenth century that epidemics spread through armies to the 
civilian population.

The earliest medical accounts of typhus were written by 
Cardano5 and Fracastoro6 from Venice.

Epidemics fl ourished in Europe in the armies of the Thirty 
Years’ War (1618–1648). In the eighteenth century, physicians 
recognized that armies, ships and prisons were fertile sources of 
‘spotted’ fever.

Damaging outbreaks of typhus occurred on both sides in the 
American War of Independence in 1776 and in Napoleon’s Grand 
Army in Russia in 1812. Notably, R. prowazeki DNA was recently 
found by PCR in the dental pulps of French soldiers buried in 
Vilnius at that time.7

Gerhard in 1832 in Philadelphia fi rst described the pathologi-
cal differences between typhus and typhoid fevers.

Cober8 proposed in 1685 that the body louse was involved in 
the spread of typhus, which was proven by Nicolle9–12 in 1910. Da 
Rocha Lima (1916)13 described the organism and proposed the 
name Rickettsia prowazekii to honour Howard Taylor Ricketts and 
Stanislaus von Prowazek, who had both recently died from typhus 
acquired during their research efforts.

Louse-borne typhus caused large epidemics in the First World 
War in Serbia, Poland, eastern Germany and Mesopotamia, and 
in the Second World War in the Balkans, Naples, Russia and 
Germany, especially in the concentration camps at Belsen, 
Auschwitz and Buchenwald.

Flea-borne (murine) typhus had been described in Mexico in 
1570 by Bravo,14 and the complicating myocarditis was to kill 
Ricketts there in 1910. It was described clinically in grain silo 
workers in South Australia by Hone in 1923, but the fi nal bacte-
riological separation from R. prowazekii did not occur until studies 
by Maxcy (1926)15 and Mooser (1928),16 the organism being 
named R. mooseri or R. typhi.

Earlier work by Ricketts was on Rocky Mountain spotted fever 
(RMSF), which had fi rst been described in 1872 in the Bitter Root 
Valley of western Montana and on the Snake River in Idaho in the 
USA.17 He identifi ed the causative organism in 1906, and demon-
strated that ticks were its vector,18 the fi rst bacterial disease 
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proved to be transmitted by an insect. The organism was named 
R. rickettsii.

Old World tick-borne typhus was not described until 1910, by 
Conor and Bruch19 in Tunisia. The species was named R. conorii.

Scrub typhus, or Japanese river fever, was known in Japanese 
folklore to be associated with the jungle mite or chigger, which 
was named ‘dangerous bug’ (tsutsu ga mushi). The illness was 
described by Hashimoto in 1810 and again in 1879 by Baelz and 
Kawakami.20

In 1925 the disease was reported in Malaya,21and in 1931 
Ogata22 isolated the organism and named it Orientia 
tsutsugamushi.

Trench fever was fi rst described in 1915 in soldiers on the 
Western Front, and in 1916 in the Volhynia region of Poland.23 
Töpfer (1916)24 isolated the organism from body lice. It was 
named Rochalimaea quintana, later changed to Bartonella quintana. 
In 1992, Regnery et al. found Rochalimaea henselae, currently 
Bartonella henselae, to be implicated in cat-scratch disease and 
characterized the organism,25,26 which can also cause other serious 
conditions, particularly in immunocompromised persons, includ-
ing AIDS patients. Cats seem to be the most important reservoir 
for B. henselae, which exists on all continents. Almost 20 addi-
tional Bartonella species have so far been described, less than half 
of which are currently suspected or proven causes of disease.

Rickettsialpox was described in New York State, by Sussman27 
in 1946 and the organism was named R. akari.

Q fever (query fever) was reported by Derrick28 in abattoir 
workers in Brisbane, Australia, in 1937, and the organism subse-
quently named Coxiella burnetii.

The earliest crude vaccine against R. typhi was made by Weigl 
in 1924 and used widely until a purifi ed version devised by Cox 
and Bell29 in 1940 superseded it for use against epidemic and 
endemic typhus. Fulton and Joyner30 in 1945 developed a vaccine 
for scrub typhus. In 1947, chloramphenicol was introduced for 
treatment and prophylaxis, initially for scrub typhus in Malaya, 
and soon the tetracyclines were found to be effective in all types 
of typhus, both these drug classes remaining in use today, gener-
ally with doxycycline as the fi rst choice.

PATHOGENESIS

The rickettsial diseases consist of acute fevers accompanied by 
general constitutional symptoms and especially by headache and, 
in severe cases, neurological disturbances, and often by a skin rash, 
either macular or haemorrhagic. Other complications, such as 
myocarditis, pneumonia and renal insuffi ciency may also occur. 
In some types of rickettsiosis the site of inoculation may form a 
characteristic skin ulcer with a black crust (eschar).

The rickettsial pathogenesis is not explained in detail. There is 
a lack of evidence as to whether all results found in vitro also 
apply in vivo. The rickettsial transmission occurs by inoculation 
from feeding ticks, by deposition through scratches of infected 
faeces from lice or fl eas, or by inhalation of dry faeces in aerosol. 
The portal of entry is thus through the skin, mucosal membranes 
(e. g. the conjunctiva) or respiratory tract. The spread is believed 
to occur via lymphatic vessels at the entry site to regional lymph 
nodes (still under debate) and then by the bloodstream through-
out the body. The target cells are endothelial cells, macrophages 

and, presumably, hepatocytes. Endothelial cells become denuded, 
and viable infected endothelial cells circulate during human rick-
ettsioses. They may provide a protective vehicle for rickettsiae so 
that they can establish new foci of infection in the capillaries 
where they lodge. Disseminated infection of endothelial cells may 
take place in all organs, although brain and lungs are often criti-
cally affected vital organs. Reactive oxygen species (ROS) produced 
by the infected endothelial cells play an important role in the cell 
damage. The pathogenic mechanism that causes the damage and 
increased vascular permeability is as yet unexplained. Interest-
ingly, disseminated intravascular coagulation does not occur and 
thrombotic disease is not a part of the pathogenesis leading to 
severe illness and organ failure.

The early part of the febrile illness represents a period of pro-
liferation of rickettsiae in the blood and on the endothelial surface 
of small blood vessels. The endothelial cell integrity is damaged, 
leading to leakage of fl uid into tissues and to platelet aggregation 
and proliferation of polymorphonuclear leukocytes and mono-
cytes within the vessel wall and in the perivascular spaces. This 
results in a focal occlusive end-angiitis of small venules and arte-
rioles leading to microinfarction, producing the characteristic his-
tological appearances of the ‘typhus nodule’ described by Fränkel 
and Wohlbach31 (Figure 49.1). In the latter part of the fever phase, 
if signifi cant rickettsaemia persists, excessive immune complex 
deposition may occur within the skin, kidneys and other tissues. 
Immunity to rickettsiae is generally long-lasting. The immune 
response is both humoral and cell-mediated. Viable rickettsiae 
may remain latent in host tissues after the acute infection. The 
clearance of rickettsiae is mediated by cytotoxic T lymphocytes. In 
humans, IFNγ, TNF-α, IL-1b and Rantes activate rickettsicidal 
activity. Natural killer cells are also important in the early course 
of the disease. Antibodies to epitopes of OmpA and OmpB, but 
not lipopolysaccharides, also render help to the strong immune 
response and protection.

DIAGNOSIS

Serological diagnosis was pioneered in 1916 by Weil and Felix,32 
who described heterophilic antibody agglutination of the OX-2 

Figure 49.1 Typhus, or Wohlbach’s nodule.
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and OX-19 strains of Proteus mirabilis by typhus sera; this was 
extended to scrub typhus in 1926 by Fletcher and Lesslar,21 who 
named an agglutinated variant strain OX-K. The old Weil–Felix 
reaction demonstrating heterophilic antibodies to Proteus strains 
OX-19 and OX-2 based on cross-reactivity with the rickettsiae is 
insensitive and unspecifi c and may be considered outdated; 
however, it is still in use in laboratories with poor resources.

Rickettsia spp. grow in guinea-pigs injected with infected human 
blood but Rickettsia, Anaplasma, Ehrlichia and Coxiella spp. are 
extremely diffi cult to culture in vitro, whereas Bartonella spp. are 
slow-growing. Although newer serological methods exist and PCR 
methodologies are under development, the diagnosis of all these 
diseases remains a challenge to the physician.

First, there are problems with cross-reactions among Rickettsia 
spp., especially among the spotted fever rickettsiae, and also 
among the Bartonella and within the Anaplasma/Ehrlichia group of 
pathogens. Second, antibodies appear relatively late in the clinical 
course of the disease, at the earliest 7–14 days after onset, such as 
in epidemic louse-borne rickettsiosis and RMSF, but often 3 weeks 
or more after onset, such as in African tick bite fever. For the rick-
ettsioses, the reference method is indirect microimmunofl uores-
cence assay (IFA), with a high degree of sensitivity and specifi city. 
Indirect IFAs exist for both specifi c IgM and IgG. Threshold titres 
for positivity vary between laboratories. Preferably, serum speci-
mens should be obtained at least 2–3 weeks apart to examine for 
a four-fold or greater increase in antibody titre. This is the most 
appropriate approach to confi rm tick-borne rickettsial disease. 
Where enzyme-linked immunosorbent assay (ELISA) tests are 
available, they should be used qualitatively only.33 Although PCR 
methods are generally relatively insensitive in their standard 
performances, they may be used on biopsies from eschars. A new, 
so-called ‘suicide’ PCR with improved sensitivity has been 
launched as an alternative, hitherto used on blood samples.34 For 
the anaplasmosis/ehrlichiosis, PCR on blood samples is appropri-
ate, although a negative result does not exclude the diagnosis,33 
whereas the mainstay for the diagnosis of the bartonelloses is 
antibody testing by indirect IFA.

THERAPY

Overall, the treatment of rickettsial disease is not controversial. 
The challenge is to recognize and diagnose rickettsial infections 
early in order to start antibiotic therapy as soon as possible after 
the onset of the fi rst symptoms, i.e. on the basis of history and 
symptomatology only. If treatment is delayed, severity and mortal-
ity increase signifi cantly in many rickettsioses and the patient may 
die before serological data are available. Thus, RMSF mortality is 
signifi cantly reduced by early antibiotic treatment. The drug of fi rst 
choice is doxycycline, in an adult dose of 200 mg daily (4 mg/kg 
body weight per day in children), intravenously (i.v.) or orally 
(p.o.), preferably in two divided doses, for a minimum of 5 days, 
although 7–10 days are generally recommended. Alternatively, 
chloramphenicol in an adult dose of 500–750 mg 6-hourly 
(75 mg/kg per day divided 6-hourly in children) p.o. or i.v. for 7 
days can be used in rickettsioses but is not considered to be effec-
tive in anaplasmosis/ehrlichiosis. Both drugs are rickettsiostatic. 
The i.v. route should be used if the patient is seriously ill or unable 
to take oral medication because of nausea and vomiting. Fluoro-

quinolones are generally less effi cient, but can be considered if the 
fi rst-line drugs should be avoided; levofl oxacin has been used suc-
cessfully in the dosage 500 mg i.v. or p.o. once daily for 2 weeks. 
The macrolide azithromycin has been proven effective in vitro.

Doxycycline is the recommended treatment even in children, 
although fl uoroquinolones may be an alternative. The risk of teeth 
staining must be considered when treating children with tetracy-
clines, but that risk is less with short-term use and considered 
acceptable in potentially serious rickettsioses such as RMSF. For 
pregnant women, chloramphenicol is considered the best choice. 
However, late in pregnancy the risk of ‘grey baby syndrome’ in the 
neonatal period must be taken into consideration. Fluoroquino-
lones should be avoided due to the risk of fetal complications. In 
life-threatening disease, doxycycline is always the fi rst-line therapy 
in rickettsioses, irrespective of pregnancy or age of the patient, as 
well as in anaplasmosis and ehrlichiosis, where chloramphenicol 
is generally considered ineffective.

Passive administration of antibodies, used preferentially in 
experimental situations against typhus-group rickettsioses and 
scrub typhus, is not suffi cient to control the infection, although 
phagocytosis of the rickettisae may be enhanced by antibody 
coating.35

PROPHYLAXIS

Early removal of the tick, using tweezers or specifi c tick removers, 
is an important measure to prevent tick-borne diseases. The tech-
nique is to grip the tick as close to its mouth parts as possible and 
pull directly out. It is important not to twist the tick while pulling 
it out, as this manoeuvre may break its mouth parts, leaving mate-
rial in the skin that may cause a local skin infection. Some com-
mercially available mosquito repellents have been shown to have 
preventive effects against ticks. Considered most effective is N,
N-diethyl-meta-toluamide (DEET), which can also be used in 
combination with permethrin.36 Prophylactic antibiotic treatment 
after tick bites in endemic areas is generally not indicated.

Since the 1920s, attempts have been made to produce a suffi -
ciently active vaccine. Both live and killed vaccines have been 
developed. However, both types of vaccines suffered from major 
drawbacks concerning quality of the vaccines, and severe adverse 
reactions occurred. Also, subunit vaccines produced with modern 
molecular-based techniques have not been succesful. Today, no 
original vaccines against the typhus group or the spotted fever 
group rickettsiae are licensed for use.35

TYPHUS GROUP

Epidemic (louse-borne) typhus

Epidemiology

R. prowazekii is transmitted by the human body or clothing louse 
Pediculus humanus from person to person. There is no evidence 
that head lice act as vectors of this infection. Rickettsiae from the 
blood of a human case are ingested by the biting louse and mul-
tiply in the gut of the insect so that its faeces are heavily infected. 
Scratching of a subsequent bite inoculates the organisms, which 
can also enter the body through rubbing into the conjunctival 

Typhus Group
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membrane. Infected lice may die from the disease but can transmit 
the rickettsiae to other lice through ingestion of faeces. Trans-
ovarial vertical transmission does not occur in lice. Air-borne 
infection may occur in crowded conditions by the inhalation of 
dried louse faeces. Blood transfusion has rarely transmitted the 
disease. Laboratory infection is a major risk. Specimens suspected 
of containing rickettsiae must be treated as for a ‘dangerous patho-
gen’. In the USA, R. prowazekii has also been isolated from fl ying 
squirrels (Glaucomys volans) and is transmitted between them by 
their lice and fl eas and occasionally to humans, primarily in the 
winter when fl ying squirrels enter buildings.

The genome of R. prowazekii has recently been sequenced, 
providing new and fascinating evidence of an evolutionary 
relationship between rickettsiae and intracellular mitochondria 
in general.37

Foci of endemic human infection from which epidemic spread 
can occur in times of famine, war, migration and overcrowding 
exist mainly in the cooler mountainous regions of tropical coun-
tries, such as Rwanda, Burundi, Uganda, Ethiopia, Lesotho, Tran-
skei, Ciskei, Transvaal, Namibia, Nigeria, Kurdistan, northern 
India and Pakistan, China, Papua New Guinea, the Andes Moun-
tains, Guatemala, Mexico, and Serbia and Greece (Figure 49.2).

Typical circumstances prevailed in the Burundi epidemic of 
1995, which began with cases in a prison and spread to the mal-

nourished inmates of refugee camps in the central highlands, 
causing over 50 000 cases, with a mortality rate of 2.6%.38,39

Chronic human carriage of R. prowazekii may result in later 
relapses of typhus fever, a phenomenon fi rst described by Brill40 
in 1910 in Jewish migrants from the Balkans to New York, and 
subsequently confi rmed by Zinsser41 (Brill–Zinsser disease). Such 
patients are thought to form a source of potential infection when 
louse infestation becomes common in prisons and refugee camps 
or in other insanitary crowded conditions.

Clinical description

In the populations at risk of epidemic typhus fever, nutrition and 
general immunity to infection are inadequate, so that the illness 
is often severe, with a mortality rate of up to 20% overall, and 
greater than 50% in the weak and aged. The incubation period 
averages 12 days. There is an abrupt onset of fever, prostration and 
severe headache, with pain in the limbs, especially the shins, and 
nausea and vomiting. Fever rises rapidly to 39–40°C, and remains 
high until death or resolution by ‘crisis’ towards the end of the 
second week, if untreated. The conjunctivae are suffused, the face 
congested, and the patient looks vacant and depressed as if drugged 
or drunk (Figure 49.3). Delirium may ensue and a mid-brain 
ischaemic syndrome of akinetic mutism can occur. There is fetor 

Figure 49.2 Endemic foci of louse-borne typhus (R. prowazekii). (Courtesy of the Department of Entomology, London School of Hygiene and 
Tropical Medicine.)
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oris, and epistaxis and a dry cough are common. Splenomegaly 
is usual. The typhus rash appears on the second to fourth day of 
fever, mainly on the trunk and proximal limbs (Figure 49.4). It 
consists of small irregular pink macules which rapidly darken to 
a mulberry or purple colour, and rarely become frankly petechial 
(Figure 49.5). Coalescence to a generalized patchy purple mottling 
under the skin may occur a few days later. There is no eschar at 
the site of inoculation. Patients are said to smell of mice, boot 
polish or rifl e-barrel washings. Constipation is usual, and paralytic 
ileus may occur.

In up to 50% of severe cases, a meningoencephalitis ensues, 
with meningism, tinnitus and hyperacusis followed by deafness, 
dysphagia, dysphoria, agitated delirium and coma. Survivors may 
suffer transverse myelitis, hemiparesis, peripheral neuropathy with 
hyperaesthesia, and prolonged psychiatric disturbances.

Other possible complications include secondary infection 
leading to bronchopneumonia, suppurative parotitis or otitis 
media, and peripheral blood vessel occlusion resulting in leg vein 
thrombosis and peripheral gangrene, for instance of digits. An 
important further complication is myocarditis, which can occur 
during recovery with or without specifi c treatment. This presents 
with hypotension, tachycardia and low-output cardiac failure or 
sudden arrhythmic collapse.

Diagnosis

Routine blood investigations in typhus are unhelpful, with a 
normal total and relative white blood cell count. More severe cases 

Figure 49.3 A patient with mild typhus encephalitis.

Figure 49.4 The rash of typhus fever. (Courtesy of G. W. Brown.)

Figure 49.5 Typhus rash in the second week, showing the typical 
distribution. The dark-coloured areas are petechial; the lighter-
coloured, discrete areas disappear on pressure.

Typhus Group
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have reduced serum levels of sodium, chloride and albumin, and 
features diagnostic of diffuse intravascular coagulation. Cerebro-
spinal fl uid (CSF) may be at increased pressure, with modest rises 
in protein and monocyte count, but normal glucose content.

Specifi c diagnosis may be made:
• on clinical grounds, in an epidemic situation, confi rmed by 

rapid response to specifi c treatment
• serologically, usually by indirect IFA
• serologically, by ELISA; the ELISA test can also be modifi ed for 

fi eld use by application to fi lter paper.
The diagnosis may also be made in the early acute stage in 

specialized laboratories:
• by PCR of blood or tissue
• by isolation of rickettsiae by inoculation of blood or tissue in 

shell vial cell culture
• by antigen detection by immunofl uorescence on skin biopsy.

Differential diagnosis

The differential diagnosis of epidemic typhus includes:
• Typhoid fever. This may be clinically very similar and should 

be excluded by blood or bone marrow culture(s) for Salmonella 
typhi.

• Measles, especially if haemorrhagic. The rash of measles affects 
the face severely, unlike that of typhus.

• Viral haemorrhagic fevers (e.g. dengue, Rift Valley fever, 
Crimean–Congo haemorrhagic fever and yellow fever). These 
may need to be excluded by PCR, if the patient is febrile, or 
serologically.

• Meningococcal septicaemia. This can be excluded by culture of 
blood or CSF.

• Louse-borne relapsing fever. This may be very similar clinically, 
but with a haemorrhagic rash. This diagnosis is established 
by the demonstration of borreliae in the peripheral blood 
of febrile patients, e.g. by examining acridine orange-stained 
smears using fl uorescence microscopy.42

• Leptospirosis. This may be clinically similar in the early stages 
of the illness. Distinguishing features include marked skeletal 
muscle tenderness and peripheral blood polymorphonuclear 
leukocytosis. PCR is of great value for rapid diagnosis.43 Also, 
leptospires can be isolated from blood and CSF during early 
disease.

• Plasmodium falciparum malaria, especially if cerebral involve-
ment has occurred. Blood fi lms should be stained to exclude 
this, although rashes and skin haemorrhage are rare in 
malaria.

Management

General medical and nursing care is important, with attention to 
fl uid balance, mouth toilet, avoidance of bed sores, adequate anal-
gesia, treatment of agitation with judicious doses of diazepam, 
appropriate antibiotics (e.g. amoxicillin) for secondary lung and 
middle ear infection, and, in severe cases, the prescription of oral 
prednisolone 40 mg initially and 20 mg daily for several days, 
followed by reducing doses. Oliguria and anuria may require 
peritoneal or haemodialysis.

Specifi c chemotherapy should be with one of the following:
• Doxycycline: adult dose of 200 mg daily (4 mg/kg body weight 

per day for children), preferably in two divided doses, for 7–10 

days. If there is a shortage of drugs, 200 mg or 100 mg in a 
single oral dose for adults and children, respectively, repeated 
once later if necessary, or a short course of 100–200 mg daily 
for 3 days will cure most cases.44

• Chloramphenicol: adult dose of 500–750 mg 6-hourly (in 
children, 75 mg/kg per day, divided 6-hourly), orally or 
intravenously, for 7 days.

• Tetracycline: adult dose of 300–500 mg 6-hourly (in children, 
50 mg/kg per day, divided 6-hourly), orally or intravenously, 
for 7 days.
Rapid defervescence should be anticipated within 48 hours if 

the diagnosis is correct.
Measures directed against the louse vector are essential. On 

admission, patients should be stripped of clothing and washed 
thoroughly with soap and water. Clothing should be incinerated 
or autoclaved. Delousing powder (1% malathion) can be applied 
to hospital clothing and bed sheets. Treatment of medical and 
nursing attendants with delousing powder once weekly is also 
desirable.

Prevention and control

Epidemic typhus should be controlled by:
• Delousing of patients and all members of closed communities 

(e.g. refugee camps, prisons) where infection occurs—using 1% 
malathion powder.

• Consideration of single-dose (200 mg) doxycycline treatment 
of all contacts and residents of infected areas, and medical and 
nursing attendants.
No safe vaccine is currently commerciably available.

Murine (endemic or fl ea-borne) typhus

Epidemiology

Murine typhus is caused by R. typhi (R. mooseri), which is transmit-
ted to humans by Xenopsylla cheopis fl eas living on Rattus rattus 
(the black rat), Rattus norvegicus (the brown rat) and various 
species of mouse, and between rats by the louse Polyplax spinulosa 
and the mite Liponyssus bacoti. Flea faeces infected with rickettsiae 
contaminate the fl ea bite, which is then scratched, so inoculating 
the infection, or may be inhaled when dried or rubbed into 
the conjunctival membrane. Rodents with rickettsaemia of this 
type do not suffer serious illness and so act as a reservoir of 
infection. Humans are infected by close contact with rodents 
and their fl eas in granaries, breweries, shops and food stores, 
and domestically in developing countries. Garbage workers are 
at special risk.

The geographical distribution of human cases of murine typhus 
is shown in Figure 49.6.

Clinical description

The incubation period is similar to that of louse-borne typhus, 
and the illness is also similar, but generally much less severe, with 
a mortality rate of only 1–2%. Headache and muscular pains are 
the predominant symptoms. There is no eschar at the site of 
inoculation, and the rash of fi ne red macules is less extensive than 
in epidemic typhus or may be absent. Serious neurological, renal 
and other complications are unusual.
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Diagnosis

The diagnosis is made by the same method(s) as in louse-borne 
typhus.

Serology by indirect IFA and specifi c R. typhii antigen turns 
positive in approximately 50% of cases within 1 week and in 
virtually all patients within 15 days of onset of illness.45

Serology is cross-reactive between R. typhi and R. prowazekii and 
can be distinguished by absorption only.

Differential diagnosis

The differential diagnosis of murine typhus includes:
• Typhoid fever—excluded by blood or bone marrow culture
• Louse-borne and scrub typhus—distinguished only by specifi c 

serological tests, and treated identically anyway
• Arbovirus infections with a macular rash (e.g. dengue and 

chikungunya)—distinguished serologically
• Relapsing fever, transmitted by lice or ticks—established by the 

demonstration of borreliae in the peripheral blood of febrile 
patients, e.g. by examining acridine orange-stained smears with 
the fl uorescence microscope42

• Leptospirosis—distinguished by exquisite muscle tenderness 
and polymorphonuclear leukocytosis and established by isola-
tion or PCR

• Malaria—excluded by stained blood fi lms

• Other causes of fever with macular rash, e.g. Epstein-Barr virus, 
primary HIV infection—distinguished serologically.

Management

The general and specifi c treatment of murine typhus is the 
same as for louse-borne typhus. Steroid treatment is needed only 
exceptionally.

Prevention and control

The prevention of murine typhus has to depend on reducing 
human contact with rodents and their fl eas by:
• urban and domestic rodent control using warfarin
• proofi ng of grain and other food stores against rodents
• the wearing of protective clothing by garbage workers.

RICKETTSIAL SPOTTED FEVERS

These infections are caused by a large number of rickettsial species, 
all of which, except R. akari, are transmitted to humans by the bite 
of animal ticks or by inoculation of tick faeces or body fl uids if 
the attached tick is crushed. Many other species of tick-borne 
rickettsiae exist (in animal reservoirs) that have yet to be character-
ized or identifi ed.

Figure 49.6 Geographical distribution of fl ea-borne (murine) typhus (R. mooseri). (Courtesy of the Department of Entomology, London School 
of Hygiene and Tropical Medicine.)

Rickettsial Spotted Fevers
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Rocky Mountain spotted fever

Epidemiology

Rocky Mountain spotted fever (RMSF), due to R. rickettsii, is a 
potentially life-threatening infection. Following its original 
description in the mountain states of north-west USA in the late 
nineteenth century and the demonstration of the organism in its 
tick vector by Ricketts in 1906, RMSF has since been recognized 
as an important cause of illness throughout the USA, especially 
now in the south-eastern states and on the eastern seaboard. In 
all, several hundreds of cases are reported annually in the USA 
(Figure 49.7). It also occurs in Canada, Mexico, Colombia and 
Brazil, especially in the area of São Paulo.

The ixodid tick vectors are:
• Dermacentor andersoni (wood tick)—western USA
• Dermacentor variabilis (dog tick)—western USA
• Amblyomma americanum (lone-star tick)—south and south-

eastern USA
• Amblyomma cajennense—Brazil and Colombia
• Haemaphysalis leporispalustris—this rabbit tick does not bite 

humans but transmits the infection between rabbits, which act 
as a reservoir for transmission to human-biting ticks (Figure 
49.8).
Transovarial transmission of rickettsiae occurs in ixodid hard 

ticks, which are thus the main reservoir of infection.
Dermacentor andersoni ticks normally live on goats, sheep, 

badgers, lynx and black bears, and their larvae on squirrels. 
Dermacentor variabilis and Amblyomma ticks live on domestic 
dogs, rabbits, foxes, opossums, gophers and racoons, and their 
larvae on fi eld mice.

Clinical description

Surprisingly, in RMSF there is rarely an eschar at the site of the 
tick bite. After an inoculation period of 6–10 days, there is an 
abrupt onset of fever with severe headaches and muscle pains, and 

a dry cough. The unspecifi c symptoms at this early stage often 
cause a delay in diagnosis and treatment, resulting in an increased 
risk of serious complications and even death. After 2–3 days, the 
typhus rash of fi ne pink macules develop (Figure 49.9), which in 
this disease is most marked on the soles of the feet, wrists and 
forearms. In more severe infections, the rash quickly spreads and 
becomes petechial with large ecchymoses and the potential for 
gangrene of digits and pressure areas. The overall mortality rate is 
7–10%, and in young children and elderly adults the rate is up to 
25%. Meningoencephalitis is common in severe cases and, as the 
illness progresses, the stuporose or comatose patient will become 
hypotensive, oliguric or anuric, and uraemic. Other complications 
are similar to those seen in severe louse-borne typhus and include 
bronchopneumonia, otitis media, parotitis and intestinal ileus. In 
severe cases, disseminated intravascular coagulation is a common 
accompaniment.

Diagnosis

The total white blood cell count (WBC) is typically normal, but 
increased numbers of immature bands are generally observed. 
Thrombocytopenia, mild elevations of hepatic transaminases and 
hyponatraemia exist in a proportion of cases.33 The diagnosis of 
RMSF is based on similar methods to those used in epidemic 
typhus. Indirect IFA for specifi c antibodies is the most sensitive 
and specifi c test. Enzyme immunoassay methods are also con-
sidered reliable, whereas PCR testing for bacteria in blood most 
often turns out negative.

Figure 49.7 Typhus fever—tick-borne (Rocky Mountain spotted 
fever). Reported cases by country—USA, 1988.

Figure 49.8 Geographical distribution of Rocky Mountain spotted 
fever (R. rickettsii). (Courtesy of the Department of Entomology, 
London School of Hygiene and Tropical Medicine.)
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Differential diagnosis

Before the appearance of rash, a variety of acute infectious diseases 
will have to be considered, including respiratory tract infections 
and various viral infections, and also:
• Typhoid and paratyphoid fever—diagnosed by blood culture.
• Malaria (if in endemic area)—diagnosed by blood smears
• Lyme disease—diagnosed by serology
• Tick-borne relapsing fever—diagnosed by the demonstration of 

borreliae in blood smears42

• Tularaemia—diagnosed mainly by serology or, if an ulcer is 
present, by PCR/culture

• Purulent meningitis—diagnosed by CSF and blood culture
Following the onset of rash, the latter three diseases will still 

have to be ruled out, and several others, including drug reactions, 
infectious mononucleosis, etc.

Management

Specifi c chemotherapy should be given with a tetracycline, 
preferably doxycycline 100 mg twice daily to adults for at least 7 
days and continued for 2 days after the patient has become 
afebrile. The physician should not hesitate to initiate presumptive 
treatment, i.e. before the diagnosis has become evident or 
confi rmed. Single-day treatment is not recommended. Although 
associated with a higher case fatality rate,46 chloramphenicol is 
preferred to tetracyclines during pregnancy, because of concerns 
for the fetal teeth and bones. However, for children, a single 
course of doxycycline (4 mg/kg/day) or tetracycline (50–75 mg/
kg/day) for a similar period of time as in adults is recommended 
because of the life-threatening nature of the disease and the 
associated low risk of teeth stains with such a limited course of 
treatment.

Prevention and control

It is not possible to eradicate the infection in ticks and animals, 
but the number of human cases can be reduced by avoiding tick 
bites. Thus:33

• Limit exposure to tick-infested habitats, including woody and 
grassy areas; walk on cleared trails; avoid brushing against tall 
grass and other vegetation.

• Wear protective clothing, including a hat, long-sleeved shirts, 
trousers, socks and closed-toe shoes, to prevent ticks from 
reaching the skin and attaching.

• Use products containing DEET for application on exposed skin 
and clothing to repel ticks. Products containing permethrin can 
be used to treat outer clothing but should not be applied to 
skin. Clothing should be allowed to completely dry before 
being worn.

• Check for tick attachment after episodes of exposure to animal 
contact and forest habitats; remove attached ticks gently with 
tweezers, as described earlier in this chapter under Prophylaxis 
(p. 3).

• Check domestic dogs and other pets for ticks; insecticide 
powders may be used.
There is no useful vaccine available for the prevention of 

RMSF.

Brazilian spotted fever

Brazilian spotted fever is caused by R. rickettsii with Amblyomma 
cajennense as the vector tick. An eschar at the site of the tick bite 
is usual; the illness is otherwise similar to RMSF.

Mediterranean spotted fever

Mediterranean spotted fever (fi èvre boutonneuse), caused by R. 
conorii, occurs throughout the coastal countries of the Mediterra-
nean but also in many other countries, including Ukraine, Russia, 
Georgia, India, Ethiopia, Kenya and South Africa. R. conorii is 
transmitted by the dog tick Rhipicephalus sanguineus, and the main 
reservoir of infection is in domestic dogs, rabbits and rodents. The 
illness is similar to RMSF, with the possibility of a haemorrhagic 
rash and renal and cerebral involvement, but in most cases it is 
less severe.

There is almost always an eschar (tache noire) at the site of the 
tick bite, with regional adenitis (Figure 49.10).

Among the differential diagnoses, African tick bite fever caused 
by R. africae should be considered in cases occurring in sub-
Saharan Africa, where that disease is prevalent. In such cases, as 
in cases in other areas, typhoid, meningococcal septicaemia, 
measles and viral haemorrhagic fevers should also be considered. 
Diagnostic serological tests are similar to those for other forms of 
spotted fevers. Management is as for other forms of typhus. Pre-
vention depends on methods similar to those for RMSF to reduce 
tick bites. There is no vaccine.

Israeli tick typhus

Israeli tick typhus, which is caused by a variant organism, R. 
sharoni, is transmitted by Rhipicephalus dog ticks, but eschar 
formation is unusual.

Figure 49.9 The rash of Rocky Mountain spotted fever.

Rickettsial Spotted Fevers
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African tick bite fever

African tick bite fever due to R. africae has been detected or iso-
lated from Amblyomma ticks or humans from at least 14 African 
countries, from sub-Sahara down to South Africa.47 Pijper isolated 
the causative agent in 1930; although this differed from R. conorii, 
tick bite fever in Africa remained synonymous with Mediterranean 
spotted fever until 1992, when the organism could be isolated 
with PCR and typed by molecular biological methods. African tick 
bite fever was offi cially named as a disease with its causative agent 
R. africae in 1996. Several studies from the 1990s and later have 
shown up to 70% seroprevalence rates for spotted fever group 
rickettsial infections in humans living in areas where A. variegatum 
or A. hebraeum ticks are prevalent and/or where cattle-breeding 
is intense. R. africae also occurs in the Small Antilles of the West 
Indies. R. africae rickettsiosis may be the most widespread of all 
spotted fever group rickettsiae known to be pathogenic to man.47 
The indigenous populations seem to acquire the infection early in 
life, when the disease is generally mild or subclinical and inocula-
tion eschars may be easily overlooked on dark skin. This may 
explain the lack of reports of native cases. Conversely, the numbers 
of cases among tourists being exposed on safari holidays or on 
game hunting expeditions have increased (see also the section 
‘Rickettsioses in Travel Medicine’). The incubation period from 
tick bite to onset of symptoms is 5–10 days. Sudden onset of fl u-
like symptoms and myalgia is prominent. The symptoms of 
African tick bite fever thus closely resemble those of Mediterra-
nean spotted fever caused by R. conorii, but they are milder and 
cutaneous rash is less frequent. Although the central nervous 
system may be affected, complications and sequelae are rare in 
African tick bite fever. Multiple eschars are a common feature, 
explained by the fact that Ambylomma ticks are rather aggressive 
and often attack in clusters. The differential diagnoses in Africa 
include malaria, tick-borne relapsing fever, typhoid, meningococ-
cal septicaemia, measles and viral haemorrhagic fevers, as well as 
R. conorii rickettsiosis. Treatment is as for other forms of spotted 
fevers.

Other forms of tick typhus

The Siberian form is due to a separate type, R. sibirica, which also 
infects birds and domestic animals, and occurs in Siberia, Kir-

ghizia, Kazakhstan, Armenia and Eastern Europe. A new variant, 
named R. sibirica mongolotimonae, frequently causing lymphangitis 
from the eschar to the draining lymph node, has recently been 
described in seven patients from inner Mongolia.48 Furthermore, 
in Sweden, R. helvetica has been shown to cause febrile illness and 
eschar in three patients and subacute myocarditis and sudden 
unexpected death in two athletes.49

Separate species have also been found in Japan (R. japonica)50 
and Australia (R. australis, R. honei)51 and suspected in Thailand. 
In general, these illnesses resemble Mediterranean spotted fever, 
and there is an eschar in over 75% of cases. Specifi c serological 
diagnosis should be attempted if possible. Antibiotic treatment is 
as for other forms of typhus. Rickettsial spotted fevers are sum-
marized in Table 49.1. As yet untyped rickettsial species probably 
exist in nature for potential transmission to humans by ticks.

Rickettsialpox

Rickettsialpox is a spotted fever that produces a vesicular eruption 
and is caused by R. akari, which is transmitted by Liponyssoides 
sanguineus, a mite that lives on house and fi eld mice. Foci of this 
infection are known to exist in the eastern USA, including New 
York City, Central and South Africa, Crimea, Korea and Costa Rica. 
Interestingly, as a result of increased awareness following the terror 
attacks on New York City in 2001, 34 cases of rickettsialpox were 
then diagnosed there during 18 months.52 R. akari is serologically 
more akin to R. australis than to R. conorii and R. rickettsii. After 
an incubation period of 7–10 days, an eschar is present at the 
inoculation site in 90% of cases. Fever and general symptoms are 
as in other forms of typhus. The rash appears rapidly and consists 
of sparse macules and papules that become vesicular before crust-
ing and fading. The differential diagnoses include chickenpox, 
monkey pox and secondary syphilis.

Rickettsialpox can be distinguished from other rickettsial infec-
tions by specifi c agglutination but not by group antigen serology. 
Treatment is as for other forms of typhus. Preventive measures 
should be directed at rodent control and effi cient garbage 
clearance.

SCRUB TYPHUS

Epidemiology

Scrub typhus is a signifi cant and widespread disease in Asia. It is 
due to Orientia tsutsugamushi, previously known as R. orientalis 
or R. tsutsugamushi, of which at least six distinct serological strains 
(Gilliam, Karp, Kato, Shimokoshi, Kawasaki, Kuroki) can be 
detected by immunoperoxidase reactions.53 Its geographical distri-
bution is shown in Figure 49.11.

A recent study in Malaysia of ‘pyrexia of unknown origin’ has 
shown antibodies to spotted fever group rickettsiae in 42.5% of 
patients, R. typhi in 28% and O. tsutsugamushi in 25%.54

The vector insect to humans is the larva of a number of 
leptotrombidium mites (chiggers), in which transovarial transmission 
maintains the infection in nature. There is also a wild rodent reser-
voir, and the infection characteristically occurs in discrete foci 
(‘mite islands’) where infected mites live on the jungle grass Impe-

Figure 49.10 A primary eschar of Mediterranean spotted fever.
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rata cylindrica, known as lalang (Malaysia, Indonesia), illuk 
(Philippines) or kunai (Papua New Guinea, Australia), which 
grows only where primary jungle has been cleared for cultivation or 
to build villages (Figure 49.12). Human cases occur when workers 
in oil palm and rubber estates, soldiers and others, traverse this 
habitat, brushing against the sharp stiff blades of waist-high Impe-
rata grass, allowing the larval mites access. It is an important mili-
tary disease, many thousands of cases having occurred in the Far 
East theatre in World War II and cases occurred also during the 
Vietnam War.

Clinical description

The incubation period is 5–10 days. The mite bite has usually 
passed unnoticed, but the patient may be aware, as the febrile 
illness begins, of painful axillary or inguinal lymph nodes. Careful 
examination will reveal an adjacent eschar, especially on the 
scrotum (Figure 49.13) or in the axilla, in 50–80% of cases. This 
is a fi rm adherent black scab, 3–6 mm in diameter, with a fi ne red 
margin, which is painless (Figure 49.14). Multiple eschars can 
occur, for instance under a trouser belt. The fever starts abruptly 

Table 49.1 Rickettsial spotted fevers

Disease Agent Vector reservoir Mammals also 
involved

Geographical 
location

Rocky Mountain spotted 
fever (RMSF) (Brazilian 
spotted fever)

R. rickettsii Ticks Rodents USA

Dogs South America

Rabbits Canada

Opossums

Mediterranean spotted fever R. conorii Ticks Dogs Mediterranean

Africa

Middle East

India

African tick bite fever Ticks Cattle Sub-Saharan Africa

Rhinoceros

Israeli tick typhus R. sharoni Ticks Rodents Israel

Deer

Cattle

Horses

Siberian tick typhus R. sibirica Ticks Rodents Armenia

Kazakhstan

Kirghizia

Eastern Europe

Lymphangitis-associated 
rickettsiosis

R. sibirica mongolotimonae Ticks Mongolia

Japanese tick typhus R. japonica Ticks Rodents Japan

Dogs

Queensland tick typhus R. australis Ticks Rodents Australia

South-east Asia

Flinders Island fever R. honei Ticks Marsupials(?) South-east Australia

R. helvetica infection R. helvetica Ticks ? Europe

R. parkeri infection R. parkeri Ticks North America

Other rickettsiae in ticks and animals not proved to cause human disease:

R. montana Ticks Rodents, birds North America

R. rhipicephalus Ticks Dogs North America

R. heilongjangi Ticks Rodents China

R. belli Ticks Rodents, dogs North America

R. canada Ticks Rabbits, hares Ontario, Canada

California

and others as yet untyped in Thailand, Brunei, Sicily, Pakistan, etc.

Scrub Typhus
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and has the usual typhus accompaniments of suffused conjuncti-
vae and face, severe headache, drowsiness, apathy, pain in the 
shins and other muscles, and, more characteristically, generalized 
lymphadenopathy and hepatosplenomegaly. Other symptoms 
may include nausea and vomiting, tinnitus and hyperacusis fol-
lowed by deafness, constipation, epistaxis and a dry cough.

The rash is similar to that of louse-borne typhus and occurs 
mainly on the arms, thighs and trunk. In severe cases, meningo-
encephalitis ensues with neck stiffness, delirium, focal signs, pap-
illoedema and coma. Myocarditis may complicate this phase, and 
oliguria with uraemia is common in severe cases. Adult respiratory 
distress syndrome (ARDS) and septic shock have also been 
reported.

Indigenous peoples of areas endemic for scrub typhus com-
monly have a less severe illness, often without any rash or eschar. 
This is one of the most common causes of ‘pyrexia of unknown 
origin’ in such areas, after malaria is excluded, but severe pneu-
monia has also been described.55

Immunity to scrub typhus following an attack is remarkably 
short-lived, lasting only a few months, and is specifi c to each strain 
of the organism, so that further attacks are common.

Diagnosis

As in other forms of typhus, routine blood examinations are 
unhelpful. IFA and specifi c immunoperoxidase have suffi cient 

Figure 49.11 Geographical distribution of scrub (mite-borne) typhus (as refl ected in the distribution of the various species of Leptosporidium mites 
carrying Orientia tsutsugamushi). (Courtesy of the Department of Entomology, London School of Hygiene and Tropical Medicine.)
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sensitivity and specifi city. PCR testing of blood, lymph node or 
eschar samples is useful but less often available. Commonly, the 
clinical diagnosis is based on the geographical history and phy-
sical signs, and confi rmed by the rapid response to specifi c 
chemotherapy.

Differential diagnosis

Scrub typhus should be distinguished from:
• Malaria—by stained blood fi lms
• Arbovirus infections (e.g. dengue)—by serological methods. 

The macular rash of dengue fever is much fi ner and often 
accompanied by marked thrombocytopenia

• Leptospirosis—by PCR if available43 or blood or CSF culture
• Meningococcal disease—by blood and CSF cultures
• Typhoid—by blood and bone marrow cultures
• Infectious mononucleosis.

Management

A single oral dose of doxycycline, 200 mg for adults or 
4 mg/kg body weight for children, or, in more severe cases, 
that dosage continued for 3–7 days, is the preferred treatment. 
In the small proportion of patients in whom, having received 
one single dose, the usual rapid defervescence is followed by a 
relapse of fever 5–7 days later, another single such dose is 
given. Alternatively, continuous chloramphenicol or tetracycline 
therapy can be given for 7 days, as in louse-borne typhus, 
unless the patient is oliguric or anuric; in the latter cases, doxycy-
cline is safe.

O. tsutsugamushi seems as yet to be the only member of the 
Rickettsia tribe that has been shown to have developed antibiotic 
resistance, in northern Thailand, to chloramphenicol and tetracy-
cline.56 Alternative drugs include azithromycin, rifampicin and the 
quinolones. Importantly, rifampicin should never be used alone, 
because of the risk of resistance development, and ciprofl oxacin, 
recently used in pregnant women in India, was ineffective and 
caused stillbirth or abortion.57

Prevention and control

Scrub typhus can be partly prevented or controlled by protective 
clothing and repellents when walking in terrain of endemic 
areas.

Figure 49.12 Typical scrub typhus country. (Courtesy of G. W. 
Brown.)

Figure 49.13 The eschar of scrub typhus. (Courtesy of G. W. 
Brown.)

Figure 49.14 The eschar of scrub typhus, close-up view. (Courtesy 
of G. W. Brown.)

Scrub Typhus
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TRENCH FEVER

Epidemiology

Trench fever (His-Werner disease, Wolhynia fever) was fi rst 
described as an epidemic disease in the First World War and many 
cases occurred also in the Second World War. Subsequently, this 
disease seems to have disappeared in its classical form. Instead, it 
reappeared in the 1990s, then causing bacteraemia and endocar-
ditis among homeless men in France, USA. and Finland. The 
causative organism, Bartonella quintana, is closely related to the 
rickettsiae but is not an obligate intracellular parasite and can thus 
be cultured on blood agar although it is slow-growing. It is trans-
mitted by the human body louse, Pediculus humanus. No non-
human vertebrate reservoir has yet been identifi ed.

Clinical description

Classical trench fever is described as a fever of sudden onset, often, 
but not always, accompanied by severe headache, leg and lumbar 
muscle pains, dizziness, nausea and vomiting. However, the illness 
can be fairly mild, which is believed to be the situation in a major-
ity of cases. There is usually a sparse macular rash, but no eschar. 
The patient may have a single episode of fever lasting a few days, 
or suffer recurrent fever at intervals of about 5 days (quintan 
fever), or a more prolonged ‘typhoidal’ fever. Full recovery is usual 
and the mortality rate negligible, although some patients suffer 
prolonged debility with dyspnoea on exertion, but without objec-
tive evidence of myocarditis by the diagnostic methods used.

By contrast, the trench fever of homeless and alcoholic men, 
as diagnosed by blood culture in the 1990s, is characterized by a 
paucity of clinical signs, e.g. lack of signifi cant fever and low anti-
body titres in most cases. In a minority of cases showing increas-
ing levels of antibodies, endocarditis was diagnosed.58 Blood 
culture positivity may persist for several years in some patients 
with trench fever. Furthermore, B. quintana infection may be a 
complication in HIV infection, where bacillary angiomatosis char-
acterized by subcutaneous and lytic bone lesions, but without 
peliosis hepatis, may develop.59

Diagnosis

The mainstay for the clinical diagnosis of the bartonelloses, 
including trench fever, is antibody testing by indirect IFA. Also, 
Bartonella spp. can be isolated from blood by prolonged incuba-
tion on blood agar in a carbon dioxide-enriched environment or 
in endothelial cell lines.

Differential diagnosis

Trench fever should be distinguished from:
• Louse-borne typhus, although the treatment is identical
• Louse-borne relapsing fever—by the demonstration of bor-

reliae in the peripheral blood of febrile patients, e.g. by exam-
ining acridine orange-stained smears with the fl uorescence 
microscope42

• Typhoid—by blood and bone marrow cultures
• Brucellosis—by serological methods
• Q fever—by serological methods.

Management

Trench fever is treated with doxycycline or other tetracyclines—as 
for the rickettsial spotted fevers. In cases of endocarditis, an amino-
glycoside should be administered for 2 weeks. During that time and 
for another 4 weeks, ceftriaxone with or without doxycycline should 
be given.

Prevention and control

No accumulations of classical trench fever have been reported 
after the World Wars. The recently re-emerged subacute urban 
trench fever would require hygienic intervention, including 
washing and delousing.

CAT-SCRATCH DISEASE

Epidemiology

B. henselae was genetically characterized in 199225,26 and could 
then be established as the cause of cat-scratch disease,25,26currently 
the most common zoonosis in the USA. B. henselae is globally 
endemic, primarily because infection of domestic cats, who remain 
asymptomatic, is worldwide and with a higher prevalence in 
warm, humid climates. Especially kittens are bacteraemic. It is 
suspected that the cat fl ea, which carries B. henselae, may have a 
role in the transmission.

Clinical description and management

The classical clinical manifestation is the development of a papule 
or pustule at the site of a cat scratch and a swollen regional lymph 
node. The condition is subacute and the swollen lymph node may 
persist for several months. The clinical diagnosis is confi rmed by 
IFA. Antimicrobial chemotherapy is usually not required. However, 
as in B. quintana infection, the immunocompromised state is 
associated with an increased severity and complication rate. Thus, 
bacillary angiomatosis, including peliosis hepatis, and endocardi-
tis are well-known manifestations in B. henselae infection.60 These 
complications require antimicrobial chemotherapy as in trench 
fever.

Q FEVER

Epidemiology

Q fever was so named by Derrick in 1937 as ‘query fever’ before 
the causative organism was discovered, and not after Queensland 
where he discovered it. The strange name has persisted, despite 
the discovery and naming of the causative agent Coxiella burnetii. 
The disease has also been known as ‘Balkan grippe’, ‘Red River 
fever’ (Zaire) and ‘Nine Mile fever’ (from a creek in the Rocky 
Mountains). C. burnetii is a 0.3–0.7 μm-long pleomorphic Gram-
negative coccobacillus. A spore stage exists, which explains why C. 
burnetii is particularly resistant to heat and drying. C. burnetii 
undergoes a phase variation. The virulent phase I exists in nature 
and in laboratory animals; and, due to chromosomal deletions,61 
the avirulent phase II develops following repeated passage of 
phase I bacteria in embryonated chicken eggs. In nature, C. burnetii 
exists in arthropods, rodents, birds and even fi sh, and arthropods, 
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including ticks, transmit bacteria to domestic goats, sheep and 
cattle. Humans are not usually infected by arthropods but directly 
through milk, placental products and dried faeces in dust that is 
inhaled. Infective dust can be spread by winds over rather long 
distances and result in human cases. Q fever is primarily an occu-
pational disease among farmers, abbatoir workers and veterinar-
ians. Human-to-human transmission is extremely rare. It has a 
worldwide geographical distribution (Figure 49.15) and is an 
important cause of abortion in domestic goats and cattle.

C. burnetii produces an intracytoplasmic infection, especially in 
splenic histiocytes and the Kupffer cells of the liver, where it elicits 
a granulomatous response.

Clinical description

Q fever may pass as an inapparent infection with seroconversion 
through a mild brief fever to a distinct clinical presentation, 
including pneumonia, hepatitis, osteomyelitis or endocarditis.62 
The pneumonia is commonly ‘atypical’. Even neurological mani-
festations may develop. The mortality rate was 2.4% in one large 
series.63 The infection may pass into a chronic stage, in which 
endocarditis is the most consistent manifestation, occurring in up 
to 80% of such cases. A complicating endocarditis may not be 
apparent from the usual clinical features until many months have 
elapsed. Most commonly, valves affected were initially abnormal 
or prosthetic.

Diagnosis

The diagnosis of Q fever is frequently made by complement fi xa-
tion (CF) test on paired sera. However, circulating immune com-
plexes sometimes interfere with the CF test, making CF results 
diffi cult to interpret. This can be circumvented by applying an 
ELISA or microimmunofl uorescence test using fi xed C. burnetii 
antigen of phase I as well as phase II.64

Liver biopsy may show ‘doughnut granuloma’ considered 
typical to Q fever.65

Differential diagnosis

Q fever should be distinguished from:
• Typhoid—by blood and bone marrow culture
• Other causes of atypical pneumonia (e.g. viruses, Mycoplasma 

pneumoniae, Chlamydia pneumoniae, Chlamydia psittaci)—by 
appropriate serological methods

• Viral hepatitis—by serology
• Other viral infections, including Epstein-Barr, HIV and cyto-

megalovirus—by appropriate serology
• Brucellosis and Lyme disease—by serology
• Leptospirosis—distinguished by exquisite muscle tenderness 

and polymorphonuclear leukocytosis and established by 
isolation or PCR

Figure 49.15 Geographical distribution of Q fever.

Q Fever
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• Miliary tuberculosis—by chest radiography and tuberculin 
testing

• Other causes of bacterial endocarditis—by blood cultures.

Management

No antibiotic is bactericidal against C. burnetii. The fi rst-line treat-
ment for early uncomplicated Q fever is as for the typhus and 
rickettsial spotted fevers—with doxycycline, although some resis-
tant strains have been found. Co-trimoxazole and chlorampheni-
col are universally sensitive and suitable also for children.

In endocarditis, there is agreement that long-term combination 
therapy for no less than 2 years is appropriate in most cases. 
Several antibiotic combinations have been successful—among 
them, doxycycline plus ciprofl oxacin and doxycycline plus rifam-
picin. Valve replacement surgery is seldom required and should 
be considered only if haemodynamically needed. Antibody titres 
should be monitored every 6 months during therapy and every 3 
months for 2 years after the cessation of therapy. Patients are 
considered cured when the IgG phase I antibody titre is less than 
1 : 800 and IgM and IgA antibody titres are less than 1 : 50 by 
microimmunofl uorescence.66

Prevention and control

Aerosol dissemination of C. burnetii is very diffi cult to prevent 
because control of the disease in domestic animals is diffi cult. 
Milk should be pasteurized.

A vaccine against Q fever has been used in Australia for agri-
cultural and abbatoir workers, veterinarians, etc., according to the 
National Q Fever Management Program.67 Vaccine may currently 
be available at the US Army Medical Research Institute of Infec-
tious Diseases (USAMRIID), Fort Detrick, Frederick, MD, USA.

EHRLICHIOSIS AND ANAPLASMOSIS

Human monocytic ehrlichiosis (HME), caused by Ehrlichia 
chaffeensis, is a tick-borne zoonosis. Thousands of cases have been 
diagnosed in the USA and cases have also been reported from 
Korea. The disease is a mild to severe febrile illness. Headache, 
malaise, myalgia, chills, rigors and anorexia are common symp-
toms. Also, leucopenia, thrombocytopenia and liver involvement 
are common, but less than half of the patients develop a rash.68 
Severe complications develop in a minority and include renal 
insuffi ciency, meningoencephalitis and coagulopathy. HME is 
diagnosed serologically by IFA on paired sera. Morulae within 
circulating leukocytes is a classical, although relatively rare, fi nding 
in HME.

Human granulocytotropic anaplasmosis (HGA) is well docu-
mented in the USA and Europe. HGA is generally milder than 
HME, and especially so in Europe. Morulae within blood leuko-
cytes are more common in HGA than in HME. The diagnosis is 
serological.

HME and HGA respond to treatment with doxycycline 100 mg 
twice daily or tetracycline 25 mg/kg/day in four divided doses, but 
chloramphenicol is ineffective. The prevention of HME and HGA 
is limited to preventing tick bites and removing ticks as early as 
possible.

RICKETTSIOSES IN TRAVEL MEDICINE

With more than 350 reported cases, African tick bite fever has 
emerged as the most important rickettsiosis in travel medicine, 
notably in travellers to sub-Saharan Africa,69 where the number 
of such cases exceeds that of typhoid or dengue.70 Among Swedish 
travellers to South Africa, the risk of becoming infected with 
African tick bite fever is currently four to fi ve times higher than 
the risk of contracting malaria.71 Other less common rickettsioses 
in travellers include murine typhus, Mediterranean spotted fever 
and scrub typhus, with 20–50 cases of each reported so far.69 
Because ecotourism is increasingly popular with international 
travellers, more cases of imported rickettsioses are likely to be 
seen in Europe and elsewhere in the years to come. With the excep-
tion of African tick bite fever, where serious complications are rare, 
it has been warned that delay in diagnosis and the common prac-
tice of prescribing β-lactam antibiotics as empirical therapy may 
result in life-threatening complications or permanent disability in 
some infected travellers.72 Thus, a high index of suspicion is advis-
able when encountering a patient with fever and constitutional 
symptoms after having returned from an endemic area. For pre-
vention, weekly 200 mg doses of doxycycline can prevent scrub 
typhus73 and possibly other rickettsioses, and may thus be a valu-
able option for backpackers, trekkers and other visitors at high 
risk. However, African tick bite fever has been reported in safari 
travellers despite the concomitant use of tetracycline hydrochlo-
ride as malaria prophylaxis.69 Protective clothing should be advised 
for travellers to sub-Saharan Africa on safari and hunting trips, and 
topical repellents, such as DEET, should be used on exposed skin; 
notably, frequent application is required because of the short-
lasting effect against the ticks that transmit African tick bite 
fever.69
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Section 8 Bacterial Infections

Chapter 50 C. Anthony Hart

Introduction to Acute 
Infective Diarrhoea

Diarrhoeal disease is a major cause of morbidity and mortality 
worldwide. In a global estimate of causes of death in 1990, 
diarrhoeal disease was the fourth commonest after ischaemic 
heart disease (6.25 million deaths), cardiovascular disease (4.4 
million) and respiratory tract infections (4.3 million).1 It was 
responsible for approximately 3 million of the total 50.5 million 
deaths.

Although the burden of diarrhoeal disease is greatest in chil-
dren under 5 years, and especially in developing countries, causing 
approximately 2 million deaths per annum,2 adults and especially 
the elderly are also at risk. In general, viral enteropathogens are 
more important in childhood gastroenteritis in developed and 
developing countries alike, whereas bacterial and protozoal 
enteropathogens predominate in adults.3

In developing countries, estimates of the annual incidence of 
diarrhoea in children vary from 3.3 episodes,4 to 7.9 episodes,5 to 
10 episodes in urban Lima, Peru.6 In contrast, the incidence is 
much less in children in developed countries. For example, chil-
dren in Winnipeg, Canada, were reported to experience 0.8 diar-
rhoeal episodes per year,7 and the overall incidence for all ages 
in Holland was also 0.8 per annum.8 The contrast between paedi-
atric diarrhoea in developed and developing countries is shown 
in Table 50.1. The relative importance of the various viruses, bac-
teria and protozoa in developing and developed countries is 
shown in Table 50.2. However, it must be remembered that the 
relative importance of the various enteropathogens will depend 
on a variety of factors, including the pathogens sought and the 
sensitivity and specifi city of the diagnostic tools used, the age 
group studied, the duration and season of study, geographical 
location, and whether the survey is hospital or community based. 
For example, improved diagnostic methods have increased the 
detection rates of astrovirus and caliciviruses (noroviruses and 
sapoviruses) and, in community-based studies, astrovirus, which 
causes a milder diarrhoea, assumes greater importance than rota-
virus,10 which is the converse to the situation in hospital-based 
studies. In addition to the morbidity and mortality associated with 
diarrhoeal disease, it is also a major drain on health resources in 
developing countries. For example, in Indonesia it was estimated 
that US$2.50 was spent per annum per child on diarrhoeal disease, 
against a yearly per capita health budget of US$5.41 at 1990 
costs.

There are over 40 different enteropathogens able to cause 
gastroenteritis and even in the best-funded laboratories not all 
are sought. To arrive at an aetiological diagnosis in all cases is 
neither possible nor necessary, except for epidemiological pur-
poses, for example when a vaccine has been introduced, or when 
large epidemics occur. However, it is possible to subdivide diar-
rhoeal disease into two major categories, infl ammatory and non-
infl ammatory. There are of course areas of overlap, but this 
classifi cation does provide a framework for discussing diarrhoeal 
disease (Table 50.3). In addition to those in Table 50.4, there are 
enteropathogens that produce vomiting with no or very little diar-
rhoea. This usually results from ingestion of emetic toxins liber-
ated by certain strains of Staphylococcus aureus or Bacillus cereus.

NON-INFLAMMATORY DIARRHOEA

The pathogens causing non-infl ammatory diarrhoea are shown 
in Table 50.4. For the majority of these, their principal site of 
action is the upper small intestine. Since the transit time is so rapid 
through the small intestine, an important pathogenic factor is the 
ability to adhere to the small-intestinal mucosa. The mechanisms 
most commonly employed in producing diarrhoea are osmotic 
and secretory. In the former there is an inability to degrade, for 
example disaccharides to monosaccharides. Since only monosac-
charides can be absorbed by enterocytes, the disaccharides pass 
down the intestine, taking water with them. In secretory diarrhoea 
the enterocyte is stimulated to secrete fl uid into the gut lumen.

INFLAMMATORY DIARRHOEA

Although there is some overlap (e.g. Salmonella spp. and Campy-
lobacter spp. can both cause non-infl ammatory diarrhoea), the 
pathogens causing infl ammatory diarrhoea form a distinct group 
(Table 50.4). Their site of action is usually the distal ileum and 
colon and they produce disease by destroying parts of the enteric 
mucous membranes, leading to an infl ammatory response. This 
in turn leads to the excretion of neutrophils and erythrocytes in 
faeces, which can be detected by simple wet fi lm microscopy or 
myeloperoxidase by ELISA.
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EPIDEMIOLOGICAL ASPECTS

The prevalence of different enteropathogens varies with the age of 
the individual, how the diarrhoea is acquired (e.g. food poisoning 
or traveller’s diarrhoea), between acute and chronic diarrhoea, and 
with the state of the host’s immunity (Table 50.2).

Age

In general, paediatric diarrhoea is most often due to viral entero-
pathogens (see Chapter 45). Up to 60% of cases in most hospital-

based surveys are due to viruses, with rotavirus accounting for a 
large proportion of cases, followed by adenovirus 40/41 and then 
astrovirus, but it is now clear that noroviruses are important causes 
of outbreaks of disease. Bacterial enteropathogens such as entero-
pathogenic Escherichia coli (EPEC), enteroinvasive E. coli (EIEC), 
enterotoxigenic E. coli (ETEC), enteroaggregative E. coli (EAggEC), 
salmonellae, Campylobacter jejuni and shigellae and the protozoan 
Cryptosporidium parvum and C. hominis are responsible for the 
majority of the remaining cases where a pathogen is found.

In adults, bacteria assume greater importance, although viral 
gastroenteritis does occur, due, for example, to unusual serogroups 
of rotavirus, norovirus or astrovirus.18,19 For instance, it is esti-
mated that C. jejuni is responsible for 17–20% of episodes of adult 
diarrhoea.

Environmental factors

In temperate countries, viruses, except for noroviruses, produce 
peaks of disease in the cold dry weather of winter,20 whereas in 
tropical Africa the seasonality is blurred but with an upsurge in 
cases in the dry season.21 In contrast, bacterial and protozoal diar-
rhoeas tend to occur in the wetter seasons in the tropics and 
summer in temperate countries. In temperate countries, crypto-
sporidiosis peaks in spring with a lesser peak in autumn, but, for 
example, in Gaza, most cases occur in the hottest and driest parts 
of the year, perhaps when water availability and quality is com-
promised.22 On a more global scale, during the 1997–1998 El 
Nino, when mean ambient temperatures were 5°C higher than 
normal, in Peru the number of daily hospital admissions with 
gastroenteritis doubled.23

Table 50.1 Paediatric diarrhoea in developed and 
developing countries

Feature Developed 
countries

Developing 
countries

Episodes per annum <1 3–10

Seasonality Winter None

Severe dehydration Rare Frequent

Nutritional sequelae Rare Usual

Measles associated Non-existent 15–63%

Epidemic Rare Frequent

Polymicrobial Unusual >20%

Case fatality rate <0.01% 0.6%

After Kumate & Isibasi.9

Table 50.2 The relative importance of enteropathogens in childhood diarrhoeal disease

Mexico Multicentre China Philippines Malawi Canada Chile Australia
Reference (10) (11) (12) (13) (14) (15) (16) (17)

No. of subjects 271 3640 186 236 168 206 90 4637

Survey duration 4.5 months 24 months 22 months 25 months 2 months 24 months 12 months 13 years

Setting Community Out-patient In-patient In-patient Out-patient In-patient Out-patient In-patient

% 
Positive

% 
Positive

% 
Positive

% 
Positive

% 
Positive

% 
Positive

% 
Positive

% 
Positive

Rotavirus 3.7 16 56 65 42 3.9 1.1 39.6

Astrovirus 61 NT 8.5 0.4 1.2 5.6 NT

Adenovirus 40/41 12.9 4 2.5 0.4 4.2 } 3.9 1.1 6%

Caliciviruses* NT 3 7.6 0.4 1.2 NT NT

Toroviruses NT NT NT 0 0 3.5 NT NT

Total viruses 77.6 23 74.6 66.2 48.6 42.8 7.8 45.6

Total bacteria 20.3 51 NT 23.4 NT NT 32.2 9.2

Total protozoa NT 3.3 NT 2.1 4.2 NT 3.3 NT

Mixed infection 7.4† 0 0 7† 0 NT 30† 0

No pathogen 
detected

NA 22.7 25.4 1.2 NA NA 42 43.5

NT, not tested; NA not applicable.
* Includes noroviruses and sapoviruses.
† Predominantly viruses.
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Food poisoning

Diarrhoeal disease following ingestion of food or water contami-
nated by bacteria, toxins or protozoa is still an important problem 
in both developed and developing countries. Although high-inten-
sity animal rearing is important in the maintenance of human 
enteropathogens in developed countries, in developing countries 
human-derived enteric pathogens such as Salmonella spp. and C. 
jejuni and enterohaemorrhagic E. coli (EHEC) may still be impli-
cated in outbreaks of food poisoning. Recently, water-borne out-
breaks of C. parvum have been assuming greater importance.

Traveller’s diarrhoea (turista, Aztec two-step, 
Montezuma’s revenge, Delhi belly, etc.)

It is estimated that approximately 16 million people will travel 
annually from their domicile in industrialized countries to less-

developed countries. Approximately one-third of these will 
develop diarrhoeal disease and in the majority of cases this will 
be due to an infective agent.24 A large number of different entero-
pathogens have been implicated, but in most surveys ETEC are the 
predominant pathogens (Table 50.5), followed by C. jejuni and 
Salmonella spp. The aetiological agents vary considerably accord-
ing to the countries visited; for example, C. parvum and C. hominis 
have recently been shown to be important in visitors to the 
Caribbean25 and Africa.26 Viral enteropathogens can cause travel-
ler’s diarrhoea but have, for example, been more frequently asso-
ciated with shipboard epidemics, in which astrovirus and 
norovirus have been implicated.

Immunocompromised host

In tropical countries, the immune compromises due to malnutri-
tion and HIV are of major importance; both affect the frequency 

Table 50.3 Clinical features of infl ammatory and non-infl ammatory diarrhoea

Non-infl ammatory Infl ammatory
Symptoms Nausea, vomiting, abdominal pain, 

but fever not a major feature
Abdominal pain, tenesmus, fever

Stool Voluminous, watery Frequent, small volume; blood-stained, pus cells present, mucus

Site Proximal small intestine Distal ileum, colon

Mechanism Osmotic or secretory Invasion of enterocytes leading to mucosal cell death and 
infl ammatory response

Table 50.4 Pathogens in infl ammatory and non-infl ammatory diarrhoea

Infl ammatory Non-infl ammatory
Viruses (see Chapter 45) Nil Rotavirus

Adenovirus 40/41
Astrovirus
Norovirus
Sapovirus
Coronavirus
Torovirus
Bredavirus
Picobirnavirus

Bacteria (see Chapter 51) Enteroinvasive E. coli (EIEC)
Enterohaemorrhagic E. coli (EHEC), e.g. 0157
Enteroaggregative E. coli (EaggEC)
Aeromonas hydrophila
Campylobacter spp.
Salmonella spp.
Shigella spp.
Yersinia enterocolitica
Clostridium diffi cile
Laribacter hongkongensis

Enterotoxigenic E. coli (ETEC)
Enteropathogenic E. coli (EPEC)
Vibrio cholerae
Vibrio parahaemolyticus
Campylobacter spp.
Salmonella spp.
Plesiomonas shigelloides
Bacillus cereus
Clostridium perfringens
Clostridium diffi cile

Protozoa (see Chapter 79) Entamoeba histolytica
Balantidium coli

Cryptosporidium hominis
Giardia intestinalis (lamblia)
Cyclospora cayetanensis
Blastocystis hominis
Isospora belli
Enterocytozoon bieneusi (Microsporidia)

Epidemiological Aspects
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and severity of diarrhoeal disease. With the appearance of AIDS, 
diarrhoeal disease due to previously unrecognized pathogens, such 
as C. parvum, Isospora belli, Enterocytozoon bieneusi and Mycobacte-
rium avium-intracellulare, has assumed increasing importance, 
albeit more often causing chronic diarrhoea.27 Interestingly, rotavi-
rus—the major cause of infantile gastroenteritis—appears to be no 
more severe in HIV-infected than in HIV-uninfected children.28

MANAGEMENT OF ACUTE DIARRHOEA

The mainstay of management of diarrhoeal disease is the assess-
ment of dehydration (Figure 50.1) and the appropriate replace-
ment of fl uid and electrolytes.29 Although diarrhoeal disease can 
produce dehydration at any age, its impact is greatest in those under 
5 years old. This is because, as a result of their relatively greater 
surface area and thus greater fl uid loss through skin, infants require 
2.5 times more water per kilogram body weight than older individ-
uals. Fluid and electrolyte loss is also greatly exacerbated by vomit-
ing. Both the initial degree of dehydration and the response to 
rehydration therapy should be monitored clinically (Table 50.6).

Originally, rehydration was exclusively intravenous. This 
resulted in a tremendous drop in fatality rates – for example, in 
cholera, from 40% to less than 1% when properly administered. 
A major advance was made when an effective oral rehydration 
regimen was devised.

Oral rehydration therapy

Early oral rehydration solutions (ORS) contained only electrolytes 
and water and it was not until it was realized that glucose or sucrose 
was required to enhance sodium absorption that effective oral rehy-
dration therapy became available. Glucose and sodium transport 
into enterocytes are coupled. Sucrose, a dimer of glucose and 
fructose, must be cleaved by brush-border sucrase for it to be 
absorbed. Nevertheless, glucose and sucrose seem to be equally 
effective in ORS,30 although there may be minor advantages with 
glucose.31

There is also some debate over the use of bicarbonate or citrate 
to correct acidosis. Both are equally effective, but citrate is more 

stable and has replaced bicarbonate in World Health Organization 
(WHO) solutions. A further modifi cation has been the incorpora-
tion of glycine, which is taken into the enterocyte by a specifi c 
amino acid transport system. Glycine, when present in ORS at a 
concentration of 111 mmol/L, was found to decrease both dura-
tion of diarrhoea and stool volume.32 The composition of various 
ORS is shown in Table 50.7. ORS can be obtained in packets from 
UNICEF or can be made up locally. They should contain sodium 
chloride (3.5 g), potassium chloride (1.5 g) and glucose monohy-
drate (22 g), made up to 1 L with potable water (sucrose, 40 g, 
may replace glucose, and trisodium citrate dehydrate, 2.9 g, 
sodium bicarbonate). To be fully effective ORS should be available 
at the village level so therapy can be initiated as rapidly as pos-
sible. This will require the solution(s) to be available either pre-
packed or in bulk, with appropriate measuring spoons, a method 
of providing the correct volume of potable water, and instructions 
on use as well as to discard unused solution within 24 hours. 
Studies have shown that when properly instructed 98% of mothers 
can prepare ORS with a sodium range of 30–110 mmol/L.33 
Recently, rice powder-based ORS have been investigated, since 

Table 50.5 Enteropathogens in traveller’s diarrhoea

Pathogen Prevalence (%)
Enterotoxigenic E. coli 30–80

Campylobacter jejuni c. 20

Shigella spp. 5–15

Salmonella spp. 3–15

Giardia lamblia 0–3

Cryptosporidium spp. ?

Entamoeba histolytica 0–3

Rotavirus 10

Astrovirus 1

Norovirus 1

Unknown 10–15

Figure 50.1 A child with severe dehydration being rehydrated 
intravenously.

Table 50.6 Clinical assessment of rehydration

Severity Body weight 
loss (%)

Clinical 
state

Signs

Mild <5 Not unwell Thirsty, mucous 
membranes dry

Moderate 5–10 Apathetic Sunken eyes, 
sunken fontanelle, 
tachypnoea, 
oliguria, loss of 
skin turgor

Severe 10–15 Shocked Hypotensive, 
peripheral 
circulatory failure

Critical >15 Moribund Severely shocked, 
comatose
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these are more readily available. Rice powder at 30–50 g/L is an 
effective substitute for glucose. It tastes better than simple electro-
lyte–glucose ORS and is thus more acceptable to children. A recent 
meta-analysis of 13 randomized trials of rice-based versus glucose-
based oral rehydration therapy demonstrated the superiority of 
the rice-based solution in cholera diarrhoea, although the benefi t 
was considerably smaller for children with acute non-cholera 
diarrhoea.34 During the initial phase of oral rehydration therapy, 
while the patient is dehydrated, adults can consume 750 mL/h 
and children up to 300 mL/h. Maintenance therapy of 20 mL 
solution per kilogram body weight should be started as soon as 
signs of dehydration have gone. ORS are suitable for rehydration 
of all except severely dehydrated infants and those with shock 
(Table 50.8). Decreased-osmolarity ORS (178–268 mmol/L) has 
been shown to be as safe and effective as conventional ORS 
(311 mmol/L).35

Intravenous rehydration

Approximately 98% of children will respond to oral rehydration 
therapy. The remainder are generally infants with severe dehydra-
tion or those with profuse vomiting or a high purging rate. These 
will require rehydration by the intravenous route. Suitable solu-
tions include: Ringer’s lactate (Hartman’s), consisting of NaCl 
6.2 g, KCl 0.4 g, Na lactate 2.3 g and 2 mL 50% glucose per litre 
of solution; Dacca solution (NaCl 5 g, NaHCO3 4 g, KCl 1 g and 
2 mL 50% glucose per litre of solution); or acetate solution (NaCl 
5 g, KCl 1 g, Na acetate 6.5 g and 2 mL 50% glucose per litre of 
solution). Oral rehydration therapy should be started as soon as 

possible following institution of intravenous rehydration; however, 
if signs of severe dehydration persist, it may be necessary to con-
tinue using Ringer’s lactate at 100 mL/kg body weight per 4 hours.

Adjunctive therapy

Other potential therapeutic interventions include antimicrobial 
agents, antimotility drugs and antisecretory drugs. They have 
varying degrees of effi cacy and some are absolutely contraindi-
cated for certain conditions.

Antimicrobial drugs

In general, infants with acute watery diarrhoea are best managed 
without recourse to antibiotics. However, if there is evidence 
of systemic spread, cholera or dysentery, then antimicrobials 
will shorten the course of diarrhoea and ameliorate its effects. 
With the advent of the fl uoroquinolones such as ciprofl oxacin 
and ofl oxacin, the debate on the use of antimicrobials has 
been reopened. First, there is no doubt that the widespread 
indiscriminate use of antimicrobials, often in subtherapeutic reg-
imens, encourages resistance in both pathogens and normal 
enteric fl ora.36 On the other hand, even with ETEC, early treatment 
with co-trimoxazole37 or ciprofl oxacin can decrease the severity 
of diarrhoea. This is preferred to the widespread prophylactic use 
of these antimicrobials, which will certainly produce resistant 
bacteria.

In cholera, tetracycline or ciprofl oxacin decreases the duration 
of diarrhoea and shedding of bacteria. In countries where Shigella 
spp. dysentery is endemic or when epidemics occur, antimicrobi-
als are of benefi t, but development of resistance during the course 
of epidemics occurs with monotonous regularity.36 Metronidazole 
(or tinidazole) is valuable in the treatment of giardiasis or amoebic 
dysentery.

Antimotility drugs

These should be avoided.

Antisecretory drugs

These will of course only be effective if there is a secretory com-
ponent to the diarrhoea. The value of loperamide as an adjunct 
in treating diarrhoea in well-nourished children has been demon-
strated38 but these authors warned against its use in malnourished 
children.

Compounds such as kaolin or charcoal which, it is postulated, 
act by absorbing toxins, have had little effect in controlled 
trials.

Table 50.7 Composition of oral rehydration solutions

CONCENTRATION 
(MMOL/L WATER)

Component Citrate 
ORS

Bicarbonate 
ORS

Glycine 
ORS*

Sodium 90 90 90

Potassium 20 20 20

Chloride 80 80 80

Citrate 10 — —

Bicarbonate — 30 30

Glucose 111 111 111

Glycine — — 111

* May contain either bicarbonate or citrate.

Table 50.8 Guidelines for rehydration

Degree Age group Type of fl uid Volume (mL/kg 
body weight)

Timing

Mild All ORS 50 Every 4 hours

Moderate All ORS 100 Every 4 hours

Severe Infants i.v. (Hartman’s) 70 Every 4 hours

Severe and shock All i.v. (Hartman’s) 70–100 Every 4 hours

Management of Acute Diarrhoea
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Nutritional supplements

Micronutrient defi ciencies have been associated with increased 
incidence, severity and duration of diarrhoeal and other diseases. 
Micronutrient supplementation trials have yielded varying results. 
For example, a trial of vitamin A supplementation in Haiti dem-
onstrated an increased 2-week prevalence of diarrhoea post 
supplementation,39 whereas a trial of zinc supplementation in 
India has demonstrated clinically important decreases in the 
severity and duration of diarrhoea.40

There is increasing interest in the value of administering com-
mensal bacteria (probiotics) to ameliorate diarrhoeal disease.41 In 
trials in Pakistan and Thailand, administration of one such pro-
biotic, Lactobacillus casei GG, decreased the duration of diarrhoea 
and reduced stool frequency in children with acute watery diar-
rhoea.42,43

CONTROL OF DIARRHOEAL DISEASE

In industrialized countries, it has been the separation of human 
and animal excreta from potable water and foodstuffs that has 
contributed to the great decline in the incidence of diarrhoeal 
disease. In addition, improvements in facilities for personal 
hygiene within the home have decreased the intrafamilial spread 
of enteropathogens. To implement these measures in developing 
countries will need a massive input from industrialized countries. 
Other simpler and more locally applicable measures to prevent 
diarrhoeal disease include development of technologies and prac-
tices that interrupt disease transmission by muscid fl ies.44,45 
Recently it has been shown that exposure of drinking water (in 
plastic bottles) to tropical sunlight decreased diarrhoeal disease in 
Maasai children in Kenya.46

There is little doubt that measles and malnutrition increase the 
morbidity and mortality of diarrhoeal disease, and control of 
measles by immunization should be possible. Finally, it is unlikely 
that spread of some enteric pathogens, such as rotavirus, can be 
prevented completely by public health and good hygiene. A safe 
and effective vaccine would be of major benefi t.

Morbidity

Malnutrition greatly affects immunity47,48 and the incidence and 
severity of diarrhoeal disease. Similarly, diarrhoeal disease will 
greatly exacerbate malnutrition, thus creating an inexorable 
downward spiral. Acute diarrhoeal disease can become chronic, 
and chronic diarrhoea, for example that due to C. parvum or C. 
hominis, can become greatly prolonged.49 Disaccharide (princi-
pally lactose) intolerance following certain types of diarrhoea has 
been a source of great controversy. Certain pathogens such as 
rotavirus or EPEC produce a great decrease in small-intestinal 
disaccharidase levels. Some consider that infants should not be 
given their normal diet because of the problem of disaccharide 
intolerance. Most evidence now suggests that infants should return 
to their normal diet within 24 hours of onset of diarrhoea unless 
there are specifi c contraindications.50

CONCLUSIONS

Diarrhoeal disease is still a major cause of mortality even though 
it has been shown that introduction of oral rehydration therapy 
can decrease mortality to less than 0.5% in defi ned study areas.

Editors regret to announce the untimely death of Professor Tony 
Hart whose contributions to Manson’s were invaluable.
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Section 8 Bacterial Infections

Chapter 51 C. Anthony Hart and Paul Shears

Bacterial Enteropathogens

The adult human comprises some 1014 cells but only 10% of these 
are mammalian. The remaining 9 × 1013 consists of the bacteria, 
fungi, protozoa and even multicellular parasites that make up 
normal fl ora. The gastrointestinal tract is the major reservoir for 
these fl ora. Although bacteria can be found in the stomach and 
small intestine, they are present in low numbers (102–104 colony 
forming units [cfu]/mL) and are usually transient(s). In contrast, 
the lower ileum and colon contain large numbers of bacteria 
(≈ 1012 cfu/mL), weighing 1–2 kg. To detect small numbers of 
pathogens in this mass of normal fl ora can therefore be problem-
atic and has led to the formulation of selective media, which work 
with varying degrees of success.

HELICOBACTER PYLORI 

Since the beginning of the 1900s, histopathologists have described 
spiral bacteria in the stomach. It was not until 1983 that a bacte-
rium was grown, rather serendipitously.1 This microorganism was 
originally named Campylobacter pyloridis, renamed C. pylori for 
grammatical reasons, and was fi nally designated Helicobacter 
pylori.2,3 It is now accepted that H. pylori causes acute and chronic 
non-autoimmune gastritis and is probably the commonest bacte-
rial infection of mankind. It is responsible for up to 80% of gastric 
and 95% of duodenal ulcers (odds ratios 3–12). In 1994, H. pylori 
was classifi ed as a grade 1 carcinogen, by the International Agency 
for Research on Cancer, the only bacterium to be so classifi ed. 
It causes gastric carcinoma (odds ratios 2–12) and is estimated 
to be involved in up to 60% of gastric carcinomas but only 
after long-term infection (30–40 years). It is also associated with 
intestinal mucosa-associated lymphoid tumours (MALTomas) 
(odds ratio >10).

Epidemiology

Infection with H. pylori is present in all areas of the world sur-
veyed.2,3 In developed countries, approximately 10% of healthy 
individuals under 30 years of age have serological evidence of 
infection and this rises to 60% in those over 60. In developing 
countries, infection is highly prevalent and develops at a younger 
age. For example, in the Gambia, 15% of infants under 20 months 

and 46% of those under 5 years had antibodies to H. pylori;4 in 
Peru, 48% of children aged 2 months to 12 years have evidence 
of infection.5 In most developing countries, virtually 100% of 
individuals are seropositive by early childhood.6 It is accepted that 
infection is usually acquired in the fi rst 5 years of life but that 
improving hygienic and socioeconomic conditions in developed 
and some developing countries has led to a decreased rate of 
acquisition and an apparent birth cohort effect. Humans appear 
to be the major reservoir for H. pylori and it has been grown or its 
genome detected in saliva, dental plaque, vomitus, gastric juice 
and faeces.7 How it is transmitted is unclear. Person-to-person 
spread via endoscopes, pH electrodes or nasogastric feeding 
tubes3,7 has been documented, but this is unlikely to be a major 
mode of transmission. Close contact promotes spread; for example, 
families of infected children have a higher incidence of infection, 
as have gastroenterologists who are endoscopists.8,9 Family clusters 
of infection are related to socioeconomic status,10 and infection is 
most readily transmitted between siblings, especially if their age 
gap is small.11 The faecal–oral route is the most likely mode of 
spread and H. pylori DNA and antigen have been detected in 
faeces, but others have suggested that interoral spread is most 
important and some have suggested that the oral cavity is a per-
manent reservoir of H. pylori.12 The domestic fl y (Musca domestica) 
can become colonized by H. pylori, and H. pylori DNA has been 
detected in housefl ies from three continents.13 This raises the 
possibility of fl y contamination of food leading to food-borne 
infection. H. pylori does not grow in foods but does survive, 
providing it is kept cool, moist and is not too acid. Water-borne 
spread has also been suggested as a major factor in developing 
countries.5 Finally, some animal species, including the macaque, 
sheep and pig, have been shown to harbour H. pylori, suggesting 
the possibility of zoonotic spread.7 H. pylori has even been detected 
in sheep’s milk. A number of other Helicobacter species 
have been detected in a variety of animals, but only H. heilmanii 
is found in the human stomach.

Microbiology

H. pylori is a sinusoidal Gram-negative bacterium approximately 
3.5 μm long by 0.5–1 μm in diameter (Figure 51.1). It has a 
smooth surface and four to six sheathed fl agella with terminal 
bulbs (unlike Campylobacter spp.). The bacterium produces a 
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powerful urease and seems well adapted to living beneath the 
mucous layer attached to the surface of gastric enterocytes. H. 
pylori is fastidious and slow-growing. It requires enriched selective 
media for isolation from clinical specimens. Growth is 
optimal at 37°C under humidifi ed microaerophilic conditions in 
10% carbon dioxide and takes 4–6 days.

Pathogenesis

Koch’s postulates have been largely accepted for an association of 
H. pylori and antral non-autoimmune (type B) gastritis both in 
adults and in children.2,3,14,15 There is also a strong association 
between H. pylori and peptic ulceration.2 In feeding experiments, 
doses of between 105 and 109 cfu have established infection, but 
the minimum dose has not been determined. H. pylori appears to 
be able to survive an acidic gastric pH to penetrate the mucus 
covering the gastric epithelial cells. It has been postulated that the 
bacterium’s spiral morphology and fl agella are important in this 
aspect of pathogenesis.9 The bacteria can exist free in the mucous 
layer or fi rmly attached to the epithelial cells (Figure 51.2). H. 
pylori then elaborates a powerful urease which helps to neutralize 
the acidic pH, a cytotoxin which causes vacuolation (Vac A), a 
protease which hydrolyses mucus, and other factors which stimu-
late gastric acid secretion. Recently it has been found that certain 
strains of H. pylori are more likely to produce infl ammation. These 
tend to possess a 40 kb pathogenicity island (a region of chromo-
somal DNA acquired by horizontal transmission) called the cag 
pathogenicity island (PAI).2 This region encodes a secretion system 
(type IV) that transports a protein, cag, across both bacterial mem-
branes and injects it into host cells. Cag is also encoded in the PAI 
and once inside the gastric enterocyte induces the secretion of 
pro-infl ammatory cytokines including interleukin-8.16 The patho-
genesis of MALToma production appears to involve chronic anti-
genic stimulation, and elimination of H. pylori is associated with 
cure of the lymphomas. Infected individuals mount a systemic 
and local humoral immune response to the bacterium. H. pylori-
specifi c secretory IgA can be detected both in saliva and gastric 
juice. What role this plays in immunity is unclear since antibody 
is detectable in patients who are colonized or infected.

Pathology

H. pylori is strongly associated with chronic antral gastritis and with 
its active phase. Although macroscopic infl ammation is usually 
not present, examination of biopsies reveals H. pylori in close 
apposition to the gastric mucosa which shows an infi ltrate with 
mono- and polymorphonuclear leukocytes. H. pylori and evidence 
of infl ammation may also be found in areas of gastric metaplasia 
in the oesophagus (Barrett’s oesophagus) or duodenum.

Clinical features

Chronic epigastric pain is very common in the populations of 
many developing and developed countries. In sub-Saharan Africa, 
non-ulcerous dyspepsia and duodenal ulcer are the most common 
causes of epigastric pain.17,18 Infection with H. pylori was found in 
141 (88%) of adult Malawians undergoing gastroscopy for chronic 
epigastric pain.18 Other features associated with H. pylori gastritis 
include nausea, vomiting and fl atulence. Similar features may also 
be seen in children with H. pylori infection.15 The clinical features 
of gastritis relapse and remit, thus it is possible to detect H. pylori 
infection in individuals who have histological evidence of gastritis 
but no signs or symptoms.

Duodenal ulceration is associated with chronic antral gastritis. 
H. pylori can be detected in both antrum and duodenal ulcer 
tissue, but it will not colonize the duodenum except in areas of 
duodenal metaplasia.19

Diagnosis

Specifi c diagnosis may be reached by invasive or non-invasive 
techniques (Table 51.1).

Invasive techniques

Gastroscopic biopsies from the antrum, duodenal ulcer(s) or 
other areas of potential colonization are examined by culture and 
histology and for urease activity. Two biopsy specimens from the 
antrum are suffi cient to detect H. pylori.18 Histological samples 
may be stained by Giemsa, silver impregnation or acridine orange 

Figure 51.1 Negative-stain electron micrograph of Helicobacter pylori 
showing sheathed fl agella with a terminal bulb.

Figure 51.2 Thin-section electron micrograph of H. pylori intimately 
attached to a gastric enterocyte.
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for detection of H. pylori. This is more sensitive than culture in 
most surveys.

For culture, biopsy specimens are either rolled on the surface 
of an appropriate culture medium (e.g. brain–heart infusion-
enriched Columbia blood agar incorporating Skirrow’s antibiot-
ics) or homogenized and similarly applied. In tropical countries 
it is advisable to incorporate an antifungal such as amphotericin 
B into the medium. A ‘1 minute’ urease test, in which the biopsy 
is immersed in a urea (10% deionized water) solution containing 
a pH indicator (phenol red), has proved highly sensitive and 
specifi c.18

Non-invasive techniques

Detection of antibody to H. pylori in serum or saliva is possible 
using an enzyme-linked immunosorbent assay (ELISA). Such tests 
have proved highly sensitive14,15 but the specifi city is variable since 
it is possible to detect antibody in those who are no longer 
infected.18

Breath tests which, for example, involve administering [13C] 
urea and measuring the release of the isotope in the patient’s 
breath have proved useful in developed and developing countries.5 
They depend upon the presence of H. pylori urease, which hydro-
lyses the urea with release of 13CO2.

Recently, an antigen-capture ELISA has been developed for 
detection of H. pylori in stool. It has proved sensitive and specifi c20 
and is useful as a test of cure. It is rapid and easy to carry out. It 
costs less than £10 per test,21 which is about half the cost of a 
breath test but still unaffordable in most developing countries.

Management and treatment

Often, non-ulcer dyspepsia is not treated other than by symptom-
atic management. H. pylori is susceptible in vitro to a wide range 
of antimicrobials, including ampicillin, quinolones, cephalospo-
rins, nitroimidazoles and macrolides, but all fail as monotherapy 
in vivo. Combinations of tripotassium dicitratobismuthate and 
ampicillin or metronidazole achieve 40% and 80% eradication 
rates, respectively,22 but require 2–4 weeks’ administration. Unfor-

tunately, resistance of H. pylori to metronidazole is high in African 
countries.18

Although treatment with H2-blockers heals most duodenal 
ulcers, the majority (70–80%) relapse within 12 months. A com-
bination of bismuth salts with amoxicillin and metronidazole 
with or without H2-blockers is associated with ulcer healing, erad-
ication of H. pylori and a greatly decreased relapse rate.22,23 Current 
optimal regimens are based on the macrolide clarithromycin com-
bined with proton pump inhibitors or ranitidine bismuth citrate 
with or without amoxicillin.24 However, these will need to be 
evaluated locally.

Complications

In Gambian children, an association between H. pylori and chronic 
diarrhoea and malnutrition has been described.4 H. pylori gastritis 
was associated with protein-losing enteropathy in South African 
children.25 Co-infection with H. pylori and Vibrio cholerae 01 was 
found frequently in Peruvian children and elderly adults, suggest-
ing that hypochlorhydria induced by acute and chronic H. pylori 
infection might increase susceptibility to cholera.26 Finally, epide-
miological studies have suggested a link between current infection 
with H. pylori and atherothrombogenesis.27

Prevention and control

Infection with H. pylori is ubiquitous throughout the world but 
highly localized in individuals. Until more is known about the 
mode of spread, pathogenesis and immunity, prevention and 
control are impossible. The decrease in infection in children in 
developed countries suggests that improving socioeconomic and 
hygienic conditions should help. However, experimental vaccines 
are currently being tested.2

ESCHERICHIA COLI

Escherichia coli is the major aerobic component of the normal intes-
tinal fl ora (≈ 107 cfu/mL) but is also a major cause of diarrhoeal 

Table 51.1 Invasive and non-invasive tests for the diagnosis of H. pylori infection

Test Sensitivity (%) Specifi city (%) Cost Comment

NON-INVASIVE

Antibody detection – ELISA 84–95  80–95 + Can be used for proof of cure

Antibody detection – rapid 60–75  88–92 + Can be used for proof of cure

Stool antigen detection 90–100  92–95 ++ Becomes rapidly negative after therapy
13C breath test 90–96  99 +++ Needs specialized equipment
14C breath test 90–96  99 +++ Needs specialized equipment

INVASIVE

Histology 80–90  93–100 +++ Takes time

Culture 75–90 100 + Takes 3–4 days

Urease 85–95  99 + Rapid test

Gram or other stain 75–90  80–90 + Rapid but not ideal

PCR 95–100  95–99 +++ Very sensitive, takes 4–5 hours

Escherichia Coli
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disease. In some surveys it is estimated that E. coli is responsible for 
up to 30% of cases of gastroenteritis.28 The strains of E. coli causing 
diarrhoea were originally termed enteropathogenic E. coli (EPEC), 
but as the different mechanisms of pathogenicity were determined, 
EPEC became used to described one particular mechanism. To 
date, fi ve different mechanisms have been described: EPEC, entero-
toxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), enterohaem-
orrhagic E. coli (EHEC) and enteroaggregative E. coli (EaggEC).

E. coli was fi rst described as a cause of gastroenteritis by its 
association with outbreaks of diarrhoea in infants.29,30 This was 
done by showing that all infants were excreting strains of E. coli 
with the same O or somatic antigen. Different O antigens were 
associated with the different enteropathic mechanisms of E. coli 
(Table 51.2). However, these are associations, and to test for O 
serogroup is not suffi ciently specifi c to ascribe pathogenicity to a 
particular strain of E. coli. To do this, the specifi c pathogenicity 
genes, or their gene products, must be sought.

Enterotoxigenic E. coli (ETEC)

Epidemiology

ETEC have a worldwide distribution and are a major health hazard 
in adults and children in developing countries. In addition, they 
are a major cause of traveller’s diarrhoea. In community-based 
studies in developing countries, ETEC are responsible for 15–20% 
of cases of diarrhoea.31,32 In most hospital-based studies, ETEC are 
second only to rotavirus as a cause of gastroenteritis. ETEC infec-
tions occur throughout the year but are most common in the wet 
season.32 Spread is by the faecal–oral route, either directly or indi-
rectly via food or water. Infants are at particular risk at weaning. 
The infective dose is high in the normal host (106–1010cfu).

Pathogenesis

In order to produce disease, ETEC must be able to colonize the 
small intestine and elaborate one or both of heat-labile toxin (LT) 

and heat-stable toxin (ST). ETEC colonize the small intestine by 
means of protein spikes (CFA: colonization factor antigen), called 
fi mbriae or pili (Figure 51.3), which bind to specifi c receptors on 
the enterocyte surface. The bacteria then release their toxins. LT is 
a subunit toxin with a structure and mode of action similar to 
cholera toxin. Subunit B, the toxophore, binds to GM1 ganglioside 
on the enterocyte surface and allows subunit A to activate adenyl-
ate cyclase inside the enterocyte. The raised intracellular cyclic 
AMP concentrations cause an effl ux of C1−, Na+ and water from 
villous crypt cells and have an antiabsorptive effect on villous tip 
cells. The net effect is that a large fl uid load enters the colon and 
a voluminous watery stool is produced. ST is a low-molecular-
weight protein which activates guanylate cyclase. This results in 
secretion of fl uid and electrolytes into the intestinal lumen. There 
are no specifi c histopathological changes to be seen in the small-
intestinal mucosa, and no evidence of infl ammation. The genes 

Table 51.2 Escherichia coli and gastroenteritis

Pathogenicity type Site of action Associated 
serogroups

Pathogenicity 
genes/products

Acute or chronic 
diarrhoea

Antibiotic 
therapy 
needed

ETEC Small bowel (secretory) O6, O8,O15, O2O, 
O25, O128, O139, 
O148, O153, O159

CFA, LT, ST Acute No

EIEC Large bowel 
(infl ammatory)

O28, O29, O124, 
O136, O143

ipa, ial, EIEC Acute Not usually

EPEC Small bowel (osmotic) O55, O86, O111, 
O119, O125, O126, 
O127, O128, O142

LEE (EspA, intimin, 
Tir)

Chronic Yes

EHEC Large bowel 
(infl ammatory)

O26, O111, O118, 
O138, O157

LEE, EHEC, VT1, 
VT2

Acute No

EaggEC Large bowel 
(infl ammatory)

O44, O111, O126
but most are non-
groupable

EAggEC adhesin, 
EAST-1

Acute and chronic Yes

CFA, colonization factor antigen; EAST, EaggEC heat-stable toxin; ipa and ial, invasion-associated loci; LEE, locus of enterocyte effacement; LT, heat-labile toxin; 
ST, heat-stable toxin; Tir, translocatable intimin receptor; VT: vero (or Shiga-like) toxin.

Figure 51.3 Negative-stain electron micrograph of an 
enterotoxigenic E. coli covered with fi mbriae.
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encoding fi mbriae, LT and antibiotic resistance can be carried on 
plasmids in ETEC.

Clinical features

The incubation period is 1–2 days, with anorexia, vomiting and 
abdominal cramps in 25% of patients. The diarrhoea is explosive, 
voluminous and watery, up to 10 times a day. The illness is self-
limiting and usually lasts 1–5 days in well-nourished persons, but 
up to 3 weeks in malnourished children. Dehydration is the major 
complication, which, in a study in Bangladesh, was seen in 46% 
of adults and 16% of children.32

Diagnosis

Specifi c diagnosis depends upon culture of E. coli from faeces and 
detection of pathogenicity genes (CFA, LT, ST) by PCR, or their 
gene products by ELISA, immunoprecipitation or bioassay. To rely 
on O serogrouping is not suffi ciently sensitive or specifi c except 
in epidemics.

Treatment

The mainstay of treatment is the assessment of dehydration and 
replacement of fl uid and electrolytes. Administration of antibiotics 
has been shown to shorten the course of illness and duration of 
excretion of ETEC in adults in endemic areas33 and in traveller’s diar-
rhoea.34 The antibiotic used depends upon susceptibility patterns in 
the particular geographical region. Currently, trimethoprim or fl uo-
roquinolones such as ciprofl oxacin are most likely to be effective.

Prevention

Although a B-subunit/whole-cell cholera vaccine provided 86% 
protection in Bangladeshi mothers and children, it was short 
lived (<3 months). A similar preparation was 52% effective in 
preventing ETEC diarrhoea in tourists.35

Enteroinvasive E. coli (EIEC)

This is a small group of E. coli that produce infl ammatory diar-
rhoea by invading and killing colonic enterocytes (Figure 51.4). 
They resemble shigellae in O antigens and in being non-motile 
and have similar pathogenicity genes on a large plasmid that 
encode surface proteins mediating invasion into cells. Infection is 
less common than that due to shigellae. For example, EIEC were 
responsible for 4.2% episodes of endemic diarrhoea in children 
in Thailand and shigellae for 23%.36 Infection is uncommon in 
children under 1 year old but can be a cause of traveller’s diar-
rhoea. The clinical features of EIEC infection are similar to those 
of shigellae but the latter often produce more severe diarrhoea. 
Diagnosis is by stool culture and detection of EIEC pathogenicity 
genes by DNA hybridization36 or PCR, or gene products by ELISA.37 
Antimicrobial chemotherapy is usually not indicated and no 
vaccine is currently available for prevention.

Enteropathogenic E. coli (EPEC)

In the early 1970s, when the pathogenesis of ETEC and EIEC had 
been defi ned, it became apparent that a large number of the 

classical O serogroups did not elaborate LT or ST, nor were they 
invasive. However, they were able to produce diarrhoea in volun-
teers.38 Since these were the original classical O serogroups that 
caused outbreaks of infantile diarrhoea, they were termed entero-
pathogenic E. coli.

Epidemiology

The fi rst infections with EPEC were described in the UK and the 
USA in the 1940s and 1950s in epidemics of infantile diar-
rhoea.29,30 Nowadays they are a cause of sporadic disease. In devel-
oping countries, EPEC are still a major cause of infantile 
diarrhoea.39–41 In Thailand, 11% of children under 1 year old with 
diarrhoea in a refugee camp were infected with EPEC,28 and in an 
outbreak in pre-term neonates in Kenya, 13 of 30 were infected 
with EPEC, three of whom died.41 EPEC has also been associated 
with traveller’s diarrhoea. Transmission is by the faecal–oral route, 
either directly or in food or water. The infective dose appears to 
be low (<104 cfu).

Pathogenesis

The ingested EPEC adhere to the mucus overlying the small-intes-
tinal enterocytes using fi mbriae. On contact with enterocytes, 
pathogenicity island (called the locus of enterocyte effacement: 
LEE)-associated genes are activated. This induces the formation of 
a type III secretion system that delivers effector molecules across 
both bacterial membranes and through a pilus-like structure into 
the enterocyte.42 Secreted effectors include Tir (translocatable 
intimin receptor), which becomes inserted in the enterocyte mem-
brane. This has affi nity for intimin, a surface protein on the EPEC. 
Thus, EPEC are unique in synthesizing, secreting and inserting 
into host cell membranes their own receptor. This then mediates 
the intimate attachment of EPEC to the enterocyte surface.43 Then 
the brush border is lost by a process of vesiculation.43 This process 
is termed ‘attaching effacement’ (Figure 51.5). Although the 
process is maximal in the small intestine, it can occur throughout 
the gastrointestinal tract.43 The net result is that large areas for 
absorption of nutrients are lost. In addition, because the disac-

Figure 51.4 Thin-section electron micrograph of colonic enterocytes 
showing enteroinvasive E. coli that have invaded into the cells.

Escherichia Coli
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charidase enzymes are integral proteins in the microvillous mem-
brane, levels of these enzymes are markedly depressed.44,45 The 
disaccharides sucrose, lactose and maltose in the diet must be 
hydrolysed to monosaccharides to be absorbed. Because of loss 
of the brush border, the disaccharides cannot be cleaved and are 
thus not absorbed. They pass to the colon and cause a non-
infl ammatory osmotic diarrhoea, although in some cases there 
also appears to be a secretory component.38

Clinical features

EPEC tend to produce more severe and prolonged diarrhoea 
which may remit and relapse. There is initially vomiting, with 
fever and profuse diarrhoea with mucus but no blood. Fatality 
rates in epidemics range from 30% to 50%, but with oral rehydra-
tion and antibiotic therapy mortality rates have decreased to less 
than 8%.46

Treatment and prevention

The initial treatment should be to rehydrate. Because the diarrhoea 
can be prolonged, enteral or parenteral nutrition and antibiotics 
may be indicated. Ampicillin is unlikely to be effective even if the 
EPEC are sensitive. Administration of oral non-absorbable antibi-
otics such as neomycin or polymyxin B is effective. Oral absorb-
able antibiotics such as fl uoroquinolones or trimethoprim may 
also be of benefi t. However, antibiotic resistance to most 
antibiotics has been observed in EPEC.

A vaccine is not available for prevention of infection.

Enterohaemorrhagic E. coli (EHEC)

EHEC were fi rst described in Canada in 1983, when they were 
linked to cases of haemorrhagic colitis47 and haemolytic–uraemic 
syndrome.48 Infections were caused by a newly emerged (in the 
late 1970s) bacterium, E. coli O157. Subsequently, a number of 
other E. coli O serogroups and other coliforms (Enterobacter cloacae 
and Citrobacter freundii), have caused disease in humans.

Epidemiology

Infections with EHEC were initially described in industrialized 
countries. Here they tend to cause outbreaks of infection usually 
as the result of the consumption of incompletely cooked beef 
or pork.49 EHEC can be part of the normal enteric fl ora of 
cattle, pigs, sheep, goats, cats and dogs, in which they cause no 
disease.

An initial survey of adults in Thailand with diarrhoea showed 
that 2% of 458 patients were infected by EHEC.50 There have 
recently been large outbreaks of haemorrhagic colitis caused by 
EHEC in southern Africa, associated with animal contamination 
of open water supplies in drought affected areas in Swaziland and 
among Mozambiquan refugees in Malawi.51,52 However, because 
the infective dose is low (<102 cfu), person-to-person spread also 
occurs.

Pathogenesis

EHEC produce attaching effacement, limited to the terminal ileum 
and colon, and have most of the genes in the LEE pathogenicity 
island of EPEC. In addition, they release one or both of the toxins 
originally named verocytotoxins (VT) 1 and 2. These toxins are 
now called Shiga-like toxins (SLT) 1 and 2; they inhibit protein 
synthesis and are cytotoxic.53 They are subunit toxins that bind to 
globoside receptors (the P-blood group antigen) on cells. The 
receptors are more densely expressed on renal endothelial cells 
and in children. In the colon they kill enterocytes, leading to an 
infl ammatory haemorrhagic colitis. If they enter the systemic cir-
culation, they can damage renal endothelial cells and precipitate 
the haemolytic–uraemic syndrome.49

Clinical features

Haemorrhagic colitis presents with abdominal cramps and watery 
diarrhoea that is followed by a haemorrhagic discharge resem-
bling a colonic bleed. There is rarely an accompanying fever. Hae-
molytic-uraemic syndrome is one of the commonest, if not the 
most common, cause of acute renal failure in childhood in indus-
trialized countries. In an Indian study, EHEC were implicated in 
19 of 28 cases of haemolytic–uraemic syndrome and Shigella spp. 
in only six.54 Haemolytic–uraemic syndrome presents with acute 
renal failure, thrombocytopenia, coagulopathy and evidence of 
microangiopathic haemolytic anaemia. With peritoneal dialysis 
the outlook is good, with the fatality rate falling from 50% to less 
than 10%.

Diagnosis

The fi rst strains of E. coli associated with haemorrhagic colitis and 
haemolytic–uraemic syndrome were of serogroup O157; and sor-
bitol non-fermenters. Thus, serogrouping and sorbitol MacCon-
key agar are used to diagnose infections. However, other serogroups 
(Table 51.1) are also implicated. The toxins SLT1 and SLT2 are 
transferable between bacteria on promiscuous bacteriophages. 
Thus, specifi c diagnosis depends upon detection of SLT or its genes 
(by DNA hybridization or PCR) or of EHEC plasmid encoded 
fi mbrial adhesin genes.50 Excretion of EHEC beyond the period of 
diarrhoea is short lived. For retrospective diagnosis it is possible 
to detect serum antibody to SLT.55

Figure 51.5 Thin-section electron micrograph of duodenal mucosa 
showing loss of brush border and intimately attached 
enteropathogenic E. coli (attaching/effacement).
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Treatment and prevention

The treatment of haemorrhagic colitis is essentially treatment of 
dehydration. Antibiotics have no role and in some cases (as with 
Sh. dysenteriae 1) may increase the risk of complications.56 For 
haemolytic–uraemic syndrome, peritoneal dialysis is the most 
important intervention. No vaccine is currently available.

Enteroaggregative E. coli (EAggEC)

EAggEC are the most recently discovered pathogenic group.57 They 
are named for their characteristic pattern of adherence to tissue 
culture cells: in large aggregates.

EAggEC can cause both acute and persistent diarrhoea. In a 
survey of EAggEC infection in India, the most notable clinical 
features were fever, vomiting, overt blood in the stool and a mean 
duration of diarrhoea of 17 days.58 How diarrhoea is produced is 
not known, but intestinal infl ammation appears to be linked to 
stimulation of interleukin-8 secretion.59

Diagnosis is by culture of E. coli that produce a distinctive 
aggregative pattern on cultured cells and that contain EAggEC 
pathogenicity genes detectable by PCR.60

CAMPYLOBACTER JEJUNI

The genus Campylobacter is a major cause of gastroenteritis in both 
developed and developing countries. Although C. fetus was recog-
nized as an opportunist pathogen as early as 1947, the full role 
of Campylobacter species as major enteric pathogens was not 
realized until appropriate selective media were devised.61,62

A related genus, Arcobacter (principally A. butzleri), is increas-
ingly recognized as an enteropathogen with similar pathogenic 
potential to Campylobacter.63,64

Epidemiology

The major enteric pathogens in the genus are C. jejuni (I and II), 
C. coli and C. lari, although C. upsaliensis is increasingly recog-
nized. Of these, C. jejuni is the most common (≈ 90% of cases of 
campylobacteriosis) cause of gastroenteritis. All can be normally 
present in the gastrointestinal tract of domestic and wild animals 
and birds, which act as the major reservoir for infection. C. lari, 
in particular, can be part of the normal intestinal fl ora of birds. 
Campylobacters can survive for 2–5 weeks in cow’s milk or 
water kept at 4°C but they do not multiply. Infection is spread 
faeco-orally, human-to-human or animal-to-human (there have 
even been cases of human-to-animal spread), either directly or 
indirectly in food and water.
• Animal-to-human. Close contact with animals, such as that in 

villages in developing countries where poultry, goats, cattle and 
dogs roam freely, increases the risk of infection.

• Human-to human. Transmission may occur from infected indi-
viduals or from convalescent carriers, especially young 
children. Epidemics of infection can occur in nurseries or pae-
diatric wards.

• Food. Contamination can occur during preparation of food 
from the animal’s intestinal content(s) or by incomplete 
cooking.

• Milk. Consumption of raw unpasteurized milk is strongly 
associated with illness,65,66 as is contamination of bottled 
milk following attack by birds.67

• Water. Excreta from wild and domesticated animals can 
contaminate surface water, and water-borne transmission is 
important in developing countries.
The incubation period is 2–5 days66 with an infective dose of 

500 cfu. The median duration of excretion of C. jejuni following 
cessation of diarrhoea is 2–3 weeks.

Infection is most common in those under 1 year old, with a 
decrease in attack rate with increasing age. Data on Campylobacter 
infection in tropical areas is limited, partly because of the diffi -
culty of isolating the organism with limited laboratory facilities. 
Its prevalence has been shown from studies in India,68 Egypt,69 
and southern Africa.70

Bacteriology

Campylobacters are Gram-negative bacteria with a single polar 
fl agellum (Figure 51.6). They are spiral or bent rods, 0.2–0.5 μm 
in diameter and 1.5–3.5 μm long. They are thermophilic and will 
grow at 42°C but prefer a microaerophilic atmosphere. C. jejuni 
can hydrolyse hippurate, which distinguishes it from C. coli and 
C. lari. C. coli is sensitive to nalidixic acid but C. lari is resistant. 
All can be cultivated on simple media.

Pathogenesis

Campylobacters can produce both infl ammatory diarrhoea and 
non-infl ammatory diarrhoeas. How campylobacters cause diar-
rhoea is unclear but does involve attachment to the intestinal 
mucosa, and is also dependent on motility by means of fl agella.71 
Other factors include iron acquisition, invasion of enterocytes and 
possibly toxin production.

Immunity to infection is acquired following one or more infec-
tive episodes, but duration of immunity is unknown. Following 
infection, serum and secretory antibodies to Campylobacter fl a-
gella, enterotoxin, lipolysaccharide and other surface antigens that 
are involved in attachment are produced. In developing countries, 
antibodies are acquired in early life72,73 – perhaps because of 

Figure 51.6 Negative-stain electron micrograph of Campylobacter 
jejuni.

Campylobacter Jejuni
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continuous exposure from animals. This may account for the 
lower prevalence of infection in adults in developing countries 
compared with developed countries, and the higher prevalence 
of asymptomatic infection in the former. It is probable that the 
presence of secretory IgA against Campylobacter spp. is the main 
determinant of immunity.

In a small proportion of those infected, usually the immuno-
incompetent, bacteria translocate from the intestinal lumen, 
causing bacteraemia.

Pathology

In the dysentery-like illness, infl ammatory infi ltrates into the 
lamina propria and crypt abscesses can be seen in the rectal, 
colonic and terminal ileal mucosa. This is a similar fi nding to that 
seen in shigellosis and salmonellosis, Crohn’s disease or ulcerative 
colitis.

Clinical features

In developing countries, Campylobacter enteritis is generally less 
severe than that in developed countries. It is more likely to be of 
the non-infl ammatory type, without fever or bloody diarrhoea.73 
However, severe bloody diarrhoea resembling bacillary dysentery 
can occur and will also occur in travellers acquiring infection in 
developing countries. In general, diarrhoea is self-limiting and 
resolves in 2–7 days.

Disseminated infection can occur and predisposing factors 
include: malnutrition, hepatic dysfunction, malignancy, diabetes 
mellitus, renal failure and immunosuppression. Extraintestinal 
and rare forms of infection include: asymptomatic bacteraemia, 
meningitis, deep abscesses and cholecystitis. Reactive arthritis may 
follow campylobacteriosis enteritis in genetically susceptible indi-
viduals (HLA-B27). Campylobacter enteritis is one of the com-
monest precipitating causes of Guillain–Barré syndrome, resulting 
from antigenic cross-reactivity between the bacterial surface and 
neuronal glycolipids.

Diagnosis

The features of Campylobacter infection are not suffi ciently dis-
tinctive to make a clinical diagnosis. Examination of faecal smears 
by Gram stain or dark-fi eld microscopy can provide a rapid pre-
sumptive diagnosis. Where laboratory facilities are not optimal, 
this may be the best diagnostic tool. However, the basis of specifi c 
diagnosis is isolation of the bacteria from faeces. Campylobacter 
spp. will grow on most basal media, especially if lysed blood is 
incorporated. In order to make the media selective, antibiotics 
such as trimethoprim are incorporated.74 Culture is usually at 
42°C (to inhibit gut commensals) and in a microaerophilic atmo-
sphere. Culture plates and swabs should be kept out of the light 
prior to use since Campylobacter spp. are rapidly killed by free 
radicals generated by ultraviolet irradiation.

Treatment

Severe watery diarrhoea will need adequate rehydration. Cases of 
severe dysentery or disseminated infection will require antimicro-
bial chemotherapy. C. jejuni is usually sensitive to erythromycin, 
but increased resistance has been reported,69 and quinolones such 
as ciprofl oxacin may be required.

Prevention and control

There is no vaccine for prevention of infection; thus, non-specifi c 
methods for prevention such as improvements in sanitation, 
provision of clean potable water and good food hygiene are 
important.

YERSINIA ENTEROCOLITICA

The genus Yersinia comprises Y. pestis, the cause of plague, Y. 
pseudotuberculosis and Y. enterocolitica. Of these, Y. enterocolitica 
is the only important cause of diarrhoea.75

Epidemiology

Although Yersinia infection is said to have a worldwide distribu-
tion, it is found much more commonly in temperate zones than 
in the tropics. Even in temperate countries, infection is more 
prevalent in colder climates and is more common in winter.75 In 
most surveys of acute diarrhoeal disease where Y. enterocolitica was 
sought, it was either absent, or present in less than 1% of cases.76 
However, cases of generalized infection have been recorded in 
South Africa77 and other studies have shown infection in West 
Africa78 and Ethiopia.79

The reservoir for Y. enterocolitica is a variety of animal species, 
including birds, frogs, fi sh, snails, oysters and most mammals. The 
organism is excreted in faeces from pigs and cattle and can persist 
in lakes, streams, soil and vegetables. Patient-to-patient spread is 
rare except by blood transfusion. The incubation period is 1–11 
days and bacteria are excreted for 14–97 (mean, 42) days.

Bacteriology

Y. enterocolitica is a small Gram-negative rod with peritrichous 
fl agella. It will grow on simple media and is lactose non-
fermenting on MacConkey agar. It is psychrophilic, and isola-
tion from clinical samples often involves a cold enrichment step. 
O serogrouping is used to subdivide strains.

Pathogenesis

Pathogenic strains of Y. enterocolitica carry a large plasmid which 
encodes surface proteins and lipopolysaccharides mediating cell 
attachment, resistance to phagocytosis and serum resistance. 
Chromosomal genes (inv, ail: attaching invasion locus) encode the 
ability to invade epithelial cells. Although Y. enterocolitica produces 
a toxin similar to LT, its role in pathogenesis is unclear. Y. entero-
colitica invades ileal enterocytes and M cells in Peyer’s patches, 
where it multiplies. This produces an infl ammatory diarrhoea. 
Bacteria may pass to local lymph nodes, thence to produce 
systemic disease.

In addition to disease produced directly by Y. enterocolitica, 
there are a number of autoimmune phenomena which present in 
a proportion of patients after initial infection. These include: 
erythema nodosum, reactive arthropathy, Reiter’s syndrome and 
glomerulonephritis. In addition, there is a linkage with thyroid 
disorders, in that patients with Hashimoto’s thyroiditis have high 
titres of Y. enterocolitica-agglutinating antibodies. It is noteworthy 
that the surface of Y. enterocolitica has receptors for thyroid-
stimulating hormone.
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Clinical features

Most symptomatic infections are in children under 5 years of 
age.75 Characteristically, clinical features consist of diarrhoea, low-
grade fever and abdominal pain. The diarrhoeic stool will be 
frankly blood-stained in a quarter of cases. Nausea, vomiting, 
headache and pharyngitis are minor presentations. The abdomi-
nal pain may be present alone or with mild diarrhoea and is often 
termed the pseudoappendicular syndrome. Infection may spread 
elsewhere to produce bacteraemia, peritonitis, hepatic, renal and 
splenic abscesses, pyomyositis and osteomyelitis.75,77,78 These are 
more likely to occur in patients who are immunocompromised or 
who have iron overload—as in haemochromatosis.77 The extrain-
testinal manifestations are more likely to occur in adults, as are 
the autoimmune phenomena. Of those with reactive arthritis, 
80% are of HLA-B27 histocompatibility type.

Diagnosis

Y. enterocolitica can be isolated from stool, appendix, mesenteric 
lymph nodes, blood and other focal sites of infection, using 
simple media. Strategies for isolation include MacConkey agar 
incubated at 25–30°C for 48 hours or selective media such as 
cefsulodin–irgasan–novobiocin (CIN) agar at 37°C. For isolation 
from food or water, cold enrichment in phosphate-buffered saline 
for up to 4 weeks at 4°C prior to plating on to CIN agar greatly 
increases the yield of both pathogenic and non-pathogenic 
Yersinia spp. Speciation is obtained by biochemical tests and it is 
noteworthy that all non-pathogenic Y. enterocolitica have pyrizin-
amidase activity. Pathogenic Y. enterocolitica all possess the viru-
lence plasmid. For retrospective diagnosis, serology using ELISA, 
whole cell agglutination, or complement fi xation tests can be 
performed. They can be diffi cult to interpret and cross-reactions, 
for example Y. enterocolitica 0 : 9 with Brucella abortus, E. coli, Mor-
ganella morganii and Salmonella spp., do occur. The specifi city of 
the test can be improved by detecting a greater than four-fold 
increase in titre between acute and convalescent sera.

Treatment and control

In children with uncomplicated diarrhoea, antimicrobial 
treatment is of little benefi t.80 In complicated infection, co-
trimoxazole, tetracycline or chloramphenicol should be effective. 
Although natural infection with Y. enterocolitica produces 
immunity, no vaccine is available.

CLOSTRIDIUM SPP.

Clostridia are anaerobic sporing Gram-positive rods (Figure 51.7). 
Two species, Cl. perfringens and Cl. diffi cile, are associated with 
diarrhoeal disease.

Clostridium perfringens

Two forms of diarrhoeal disease are associated with Cl. perfringens 
(formerly welchii). The fi rst is a food-poisoning illness due to 
ingestion of Cl. perfringens type A or the α toxin (enterotoxin) it 
produces. Although this is a common cause of food poisoning in 
industrialized countries, it produces mild, short-lived disease and 
is extremely uncommon in the tropics.

Cl. perfringens type C, in contrast, is common in certain areas 
of the tropics and produces a severe necrotic enteritis.

Epidemiology

Cl. perfringens type C has been implicated in enteritis necroticans 
(Darmbrand) seen in malnourished individuals in Northern 
Europe after World War II81 and ‘pigbel’ in the highlands of Papua 
New Guinea.82 A similar disease has been described in Uganda,83 
Malaysia, Thailand, Indonesia, China,84 and, more recently, 
in India.85

Infection can occur sporadically83,84 but also in epidemics.81,82 
It occurs at any age but is more likely to present as acute toxic or 
acute surgical problems in children under 10 years old.82,84 In 
Papua New Guinea, pigbel is associated with large ‘pig feasts’ that 
occur every 3–10 years. Infection is more common in males than 
females; whether this represents a true difference in susceptibility 
or male greed is unclear. Cl. perfringens type C can be found in the 
human normal intestinal fl ora, in pig excreta and in soil.

Microbiology

Cl. perfringens type C produces both α and β toxins, which, it is 
presumed, are responsible for disease manifestations.

Pathogenesis

Since Cl. perfringens type C can be found as part of the normal 
intestinal fl ora, it is considered that host-dependent factors are 
also involved. First, the bulk of the normal anaerobic fl ora is 
found in the large bowel and one hypothesis is that overgrowth 
of Cl. perfringens type C in the jejunum might be related to devel-
opment of disease. A more attractive hypothesis links malnutri-
tion and type of diet with disease. The β toxin is readily inactivated 
by intestinal proteases. Protein defi ciency decreases intestinal pro-
tease levels; in addition, the sweet potato, which is a staple diet 
in highland Papua New Guinea, contains heat-stable trypsin 
inhibitors. Thus, consumption of meat contaminated by Cl. per-
fringens type C or its β toxin in an individual with low intestinal 
protease activity due to malnutrition or dietary protease inhibitors 
would allow the toxin to produce intestinal damage.84,86

Figure 51.7 Thin-section electron micrograph of Clostridium 
perfringens showing its endospore.

Clostridium Spp.
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Pathology

Gross pathology shows patchy segmental acute ulcerative necrosis 
of the jejunum and, to a lesser extent, the ileum, caecum and 
colon. This may rapidly progress to segmental gangrene with gas 
in the mucosa, mesentery or lymph nodes. Microscopically, the 
intestinal wall shows separation of the mucosa from the submu-
cosa, with large denuded areas covered with a pseudomembrane 
of dead enterocytes and infi ltrating neutrophils and red blood 
cells. Healing occurs with fi brosis, and strictures and adhesions 
may form later.

Clinical features

Pigbel varies in severity from mild diarrhoea to a rapidly fatal 
necrotizing enteritis, with high mortality (up to 85%). The incuba-
tion period is approximately 48 hours after the feast but can vary 
from 24 hours to up to a week.

Disease has been classifi ed into four main presentations.82,83 
Type I (acute toxic) presents with fulminant toxaemia and shock. 
Type II (acute surgical) presents as mechanical and paralytic ileus, 
acute strangulation, perforation and peritonitis. Type III (subacute 
surgical) presents later, with complications of mild type II. Finally, 
type IV (mild or trivial) presents with mild diarrhoea but may 
rarely progress to type III. Type I disease occurs most commonly 
in young children and has the highest mortality (85%). Type II 
disease has a 42% mortality; type III, 44% mortality; and type IV 
is never fatal. In type II and type III disease, a palpable segment 
of thickened intestine may be found. The stool will contain blood 
and pus cells and there is a neutrophil leukocytosis in peripheral 
blood. The differential diagnosis includes: acute causes of infl am-
matory diarrhoea, peritonitis, acute abdominal obstruction, acute 
pancreatitis, acute amoebic colitis, and sickle cell crises.

Diagnosis

Cl. perfringens can be cultured from faeces, peritoneal fl uid or 
other infected sites by plating on to neomycin blood agar and 
incubating anaerobically. Cl. perfringens type C is differentiated 
from other Cl. perfringens by serological techniques, including 
immunofl uorescence and type C antibody-coated silica beads.87 
Interpretation of results can be diffi cult since Cl. perfringens type 
C is also found in normal individuals. Detection of antibodies to 
the toxin can be useful in reaching a diagnosis in survivors.82

Treatment

Acute resuscitation is by fl uid and electrolytes intravenously, 
together with bowel decompression by restricting oral intake and 
nasogastric intubation. Antibiotics will be needed if there is 
extraintestinal spread of the organism (e.g. peritonitis), and met-
ronidazole, ampicillin, chloramphenicol or penicillin should be 
of value. Administration of Cl. perfringens type C antiserum is also 
benefi cial.82 Surgical intervention will be necessary if there is 
persisting obstruction, increasing signs of toxaemia, or signs of 
peritonitis or of strangulation. There is some evidence that 
early surgical intervention can decrease mortality.82

Prevention

Active immunization with a toxoid prepared from Cl. perfringens 
type C toxins has decreased the incidence of pigbel in children.88

Clostridium diffi cile

Cl. diffi cile is the cause of antibiotic-associated colitis, and of pseu-
domembranous colitis. The organism and toxins can be detected 
in asymptomatic infants but their fi nding in older individuals is 
related to disease. The bacterium can be found worldwide but its 
role as a cause of diarrhoeal disease in developing countries is 
probably underestimated.89,90 The new hypertoxin-producing O27 
strain of Cl. diffi cile is thus far confi ned to developed countries.

AEROMONAS AND PLESIOMONAS

These two genera within the Vibrionaceae family are both aquatic 
microorganisms and can be readily isolated from fresh and salt 
water, fi sh, soil and food.

Aeromonas hydrophila

Epidemiology

A. hydrophila has been associated with gastroenteritis in many 
countries throughout the world.91 In tropical countries, it can be 
isolated from healthy as well as diarrhoeic individuals. In 
Thailand, Aeromonas spp. were isolated from 9% of cases of 
gastroenteritis and were second in importance only to ETEC.92

Microbiology

The genus Aeromonas encompasses three motile species: A. hydroph-
ila, A. caviae and A. sobria. A fourth, non-motile species, A. 
salmonicida, is a fi sh pathogen and will not grow above 30°C. They 
are oxidase-positive and will grow on most simple media. Aeromo-
nas produces a wide range of extracellular factors including: 
proteases, elastases, esterases, DNase, haemolysins, cytotoxins 
and enterotoxins.

Pathogenesis

Aeromonas is associated with both infl ammatory and non-
infl ammatory diarrhoea. It possesses both fi mbrial and non-fi m-
brial adhesins for attachment to the intestinal mucosa. It produces 
an enterotoxin which has a similar mode of action to E. coli LT 
but uses a different receptor. The haemolysins of Aeromonas are 
also cytotoxic for cultured cells. Finally, Aeromonas can invade cells 
in vitro and in vivo, and this property might be related to produc-
tion of infl ammatory diarrhoea.

Clinical features

Gastroenteritis associated with Aeromonas spp. can vary from acute 
watery diarrhoea with fever to chronic dysentery with fever and 
abdominal cramps.

Diagnosis

Aeromonas can be isolated from faeces using selective media such 
as ampicillin blood agar. Prior enrichment in alkaline peptone 
water increases the sensitivity of isolation. Since Aeromonas spp. 
can be isolated from normal individuals, isolation does not prove 
causation. For the future, it may be necessary to detect pathogenic-



921

ity factors (toxins, adhesins or invasiveness) to link isolation with 
the disease in a particular patient.

Treatment

Rehydration is usually the only intervention needed. If infection 
becomes disseminated or there is chronic dysentery, antimicrobi-
als such as fl uoroquinolones might be of benefi t.

Plesiomonas shigelloides

This bacterium has been associated with food-borne (usually fi sh) 
gastroenteritis in Mali and India,93,94 and there has even been a 
case of snake-to-human transmission.95

SHIGELLOSIS (BACILLARY DYSENTERY)

Dysentery has been a disease of poor and crowded communities 
throughout history, and continues to be a major cause of morbid-
ity and mortality in the tropics. Dysentery bacilli were fi rst dem-
onstrated by Shiga in 1898, and subsequent studies showed that 
four species, Shigella dysenteriae, Sh. fl exneri, Sh. boydii and Sh. 
Sonnei, were responsible for the disease described as bacillary 
dysentery. Sh. dysenteriae and Sh. fl exneri are responsible for most 
infections in the tropics, with case fatality rates of up to 20%.96 
Shigellosis occurs both endemically and as epidemics. In many 
tropical countries, endemic infection is largely due to Sh. fl exneri 
and is more commonly a disease of children. Studies in Thailand97 
and Bangladesh98 have shown Shigella spp. to be isolated from up 
to 50% of children presenting with bloody diarrhoea. Case fatality 
rates among children with shigellosis may be as high as 30% in 
those with severe complications, particularly the haemolytic–
uraemic syndrome.99

Bacteriology

Shigella species are members of the Enterobacteriaceae, and are 
aerobic, Gram-negative, non-motile bacilli. They are typically 
non-lactose fermenting, lysine-decarboxylase-negative and do not 
produce gas from glucose. The exceptions are Sh. sonnei, which 
ferments lactose slowly, and Sh. fl exneri 6 and Sh. boydii 13, which 
produce gas from glucose. Sh. dysenteriae, Sh. fl exneri and Sh. boydii 
are each divided into a number of serotypes (Table 51.3).

Serotype (O) antigens are located on the outer polysaccharide 
chains of the lipopolysaccharide component of the cell wall. 
Shigella spp. are non-motile and do not possess H antigens.

For epidemiological studies, serotypes may be subdivided by 
molecular methods such as plasmid and chromosomal DNA 
restriction endonuclease digests.100

In pure growth, Shigella spp. are readily cultured on non-
selective media, but for isolation from clinical specimens, 
selective media such as MacConkey and xylose lysine deoxy-
cholate (XLD) are necessary.

Pathogenesis

Shigella dysentery is characterized by invasion of the colonic 
mucosa, local spread of the infecting organism, and death of 
intestinal epithelial cells. In a proportion of cases, extraintestinal 
complications occur, including seizures, hyponatraemia and 
hypoglycaemia, septicaemia, Reiter’s syndrome, encephalopathy, 
and the haemolytic–uraemic syndrome. A number of pathogenic 
factors and their genetic determinants have been described. Inva-
sion is associated with specifi c outer membrane proteins that are 
encoded on a plasmid (extrachromosomal) DNA of size 220 kb. 
Strains not containing these plasmids have been shown to be non-
virulent. The lipopolysaccharide component of the cell mem-
brane, which includes the polysaccharide side-chains specifi c to 
different O antigenic types, is a further virulence factor.101 The lipid 
A component has endotoxic activity and contributes to the sys-
temic effects of infection. The O antigen polysaccharides provide 
the bacteria with resistance to host defence mechanisms, includ-
ing opsonization, phagocytosis and intracellular killing. O-
polysaccharide genes are generally chromosomally encoded. 
However, in Sh. sonnei the genes are present on a 180 kb plasmid, 
and in Sh. dysenteriae 1, a 9 kb plasmid, in conjunction with chro-
mosomal genes, is associated with O-antigen synthesis. Genes 
responsible for invasion (ipa genes), intracellular spread (ics genes) 
and virulence regulatory genes (virR) have been described, and 
increasing understanding of their role may contribute to vaccine 
development. In addition to these virulence factors, Sh. dysenteriae 
1 produces a toxin, Shiga toxin (Stx). Stx inactivates ribosomal 
RNA, inhibiting protein synthesis, and leads to cell death. Stx is 
composed of A and B subunits, the genes being chromosomally 
located, and is the same as SLT1 and SLT2 produced by EHEC. The 
cytotoxic effects of Shiga toxin are involved both in the haemor-
rhagic intestinal manifestations and in the haemolytic–uraemic 
syndrome.

Pathology and immunology

The characteristic pathology is an acute, locally invasive, colitis, 
ranging from mild infl ammation of the mucous membranes of 
the distal colon to severe necrosis of much of the large bowel. 
Sigmoidoscopy reveals a red, bleeding mucosa with patches of 
necrotic membrane, which may separate to leave ulcerated areas. 
The infl ammatory process may extend through the submucosa to 

Table 51.3 Classifi cation of Shigella serotypes

Species No. of serotypes Glucose Mannitol 
(fermentation)

Lactose

Sh. dysenteriae 10 + − −

Sh. fl exneri 6 + + −

Sh. boydii 15 + + −

Sh. sonnei 1 + + Late

Shigellosis (Bacillary Dysentery)
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the muscle layer. In severe cases, complete healing may not occur, 
resulting in fi brous tissue formation and persistent ulceration. 
Bacteraemia is uncommon in shigella infection, but is a probable 
risk factor for increased mortality.102 Circulating endotoxin is likely 
to play an important role in the systemic manifestations of 
shigella infection. In Sh. dysenteriae 1 infections, Shiga toxin exerts 
both enterotoxic effects, through specifi c glycolipid binding sites, 
and is responsible for the haemolytic–uraemic syndrome. Infec-
tion with Shigella spp. leads to both local (gut) immunity and the 
production of circulating antibodies. Circulating antibodies are 
directed against the O (lipopolysaccharide) antigens and have 
been shown to be serotype-specifi c.

Epidemiology

Man is the only natural host for infection by Shigella spp. Infection 
is by ingestion, the infective dose being as low as 10–100 bacteria 
for Sh. dysenteriae. The incubation period is 1–5 days. Shigellosis 
occurs as an endemic disease in conditions of crowding, poor 
sanitation and inadequate water supply, and is primarily a disease 
of poor disadvantaged communities in the tropics.

Endemic shigellosis is largely a paediatric disease, most cases 
occurring in children below 10 years of age. Routes of infection 
include direct person-to-person transmission (from cases or 
asymptomatic excreters), and transmission via contaminated 
water or food. The evidence for person-to-person transmission in 
endemic areas of the tropics comes from a number of community 
studies that show a high frequency of secondary household cases 
in the family of an index case, but no differences between families 
with cases and control families in relation to water or food 
supply.103 In epidemics of Sh. dysenteriae 1, person-to-person trans-
mission is also more common than point-source food or water 
outbreaks. Though occasional water-borne epidemics have been 
described, a seasonal pattern of shigellosis is seen in most endemic 
areas. In Bangladesh, peak transmission rates occur at the begin-
ning of the monsoon season, with a second, lower peak in the 
winter season.104

The epidemiology of shigella infections in endemic areas of the 
tropics is complicated by the wide range of serotypes isolated. 
Studies in Ethiopia have shown shigellae of all main serotypes in 
community studies in Addis Ababa.105 In epidemics of Sh. dysen-
teriae 1, a single strain is most commonly responsible. Very exten-
sive outbreaks have occurred among displaced communities in 
recent African crises. A shigella dysentery outbreak that followed 
a cholera epidemic in the refugee camps in Goma, eastern Demo-
cratic Republic of Congo (former Zaire), resulted in considerable 
mortality, particularly among malnourished children.106 Out-
breaks have continued in neighbouring areas of central Africa, and 
in southern Africa.107,108

Clinical features

Shigellosis may vary from relatively mild watery diarrhoea to 
severe dysentery with intestinal and extraintestinal complications. 
In severe cases, the onset is abrupt, with tenesmus, fever and fre-
quent passage of bloody, mucoid stools. The degree of dehydra-
tion may be considerably less than in other diarrhoeas, though 
stool frequency may be as many as 30 times per day. Diarrhoea is 
often accompanied by fever, headache and malaise. Intestinal 
complications include toxic megacolon, perforation and a protein-

losing enteropathy. Electrolyte imbalance may arise – in particular, 
prolonged hyponatraemia. Sh. dysenteriae and Sh. fl exneri infec-
tions may result in a number of extraintestinal complications. 
Haemolytic–uraemic syndrome occurs particularly with Sh. dysen-
teriae 1 and can develop 7–10 days after the onset of disease. 
Convulsions may occur with infections caused by all species of 
Shigella, particularly in children. They may occur before diarrhoea 
begins, and are usually accompanied by a rising fever. Encepha-
lopathy and hemiplegia have been reported.109

Diagnosis

In many parts of the tropical world, the diagnosis and subsequent 
management of shigella infections occur in the absence of labora-
tory facilities. While clinical algorithms (Figure 51.8) have been 
used to aid in the differential diagnosis of dysentery symptoms, 
the more general case defi nition of ‘acute diarrhoea with visible 
blood in the stools’ is the clinical case defi nition recommended 
for surveillance.110 Laboratory isolation and identifi cation of 
Shigella spp. is necessary to confi rm the diagnosis, and to 
enable antimicrobial sensitivities to be determined.

Shigellae survive poorly in ambient temperatures in the tropics, 
and if the stool specimens cannot be cultured within a few hours 
of collection, they should be placed in transport medium and 
stored at +4°C. Cary–Blair medium and buffered glycerol saline 
(BGS) are the recommended transport media. In the investigation 
of epidemics, it is more useful to collect specimens from a small 
number of patients who fi t the clinical case defi nition, and to 
ensure that these specimens are transported and processed 
appropriately.

Figure 51.9 shows the World Health Organization (WHO) 
guidelines for the culture of specimens for isolation and identifi ca-
tion of Shigella spp. Faecal specimens or rectal swabs should be 
cultured overnight on MacConkey medium and a more selective 
medium such as xylose lysine deoxycholate (XLD) agar. Shigellae 
appear as pale, non-lactose-fermenting colonies on MacConkey 
medium, and as pink colonies on XLD. Suspect colonies are incu-
bated overnight on Kligler iron agar (KIA) and motility indole 
urea (MIU) medium. Table 51.4 shows the typical reactions of 
Shigella spp. in these composite media. Positive isolates may be 
typed by slide agglutination using the appropriate shigella anti-
sera. Antimicrobial sensitivities should be determined using a disc 
diffusion method. It is essential that a standardized technique is 

Figure 51.8 Clinical algorithm in the differential diagnosis of 
diarrhoea.
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used, and the Kirby Bauer-based CSLI (formerly NCCLS) method-
ology is recommended.111

Management

The management of cases of shigellosis requires appropriate rehy-
dration and electrolyte therapy, antimicrobial treatment, and the 
management of complications. Dehydration is rarely severe; oral 
rehydration is usually suffi cient to restore water and electrolyte 
imbalances. High risk patients include children less than 5 years 
of age, patients who are dehydrated or seriously ill when fi rst seen, 
and older children and adults who are malnourished. Effective 
antimicrobial therapy will shorten the duration of illness and is 
particularly necessary in severe cases. Resistance of Shigella spp. to 
commonly used antimicrobial agents is an increasing problem in 
many tropical countries and data on local sensitivities are essential 
if effective treatment is to be implemented.

Resistance of Sh. dysenteriae to ampicillin, co-trimoxazole and 
chloramphenicol is now widespread, and nalidixic acid is the fi rst-
line drug of choice in most areas. Treatment should be given for 
5 days. Resistance to nalidixic acid is increasing in some areas, 
leaving only fl uoroquinolones such as ciprofl oxacin and ofl oxa-
cin, and pivmecillinam as effective oral therapies. Several clinical 
trials have demonstrated the effi cacy of short courses of fl uoroqui-
nolones, two doses of ofl oxacin (total of 15 mg/kg in one study) 
being effective.112 Unresolved issues remain over the use of fl uo-
roquinolones in children. While fl uoroquinolones may be required 
in some areas, in most regions the majority of strains remain 
sensitive to nalidixic acid, and the importance of local sensitivity 
data cannot be over-emphasized.

Maintaining adequate levels of nutrition in patients is an essen-
tial component of management, particularly in children, who may 
already be malnourished. Studies in Bangladesh have shown the 
value of supportive nutrition in the outcome of children with 
shigellosis.

Prevention and control

Shigellosis is primarily a disease of crowded and usually poor 
communities, living in an environment characterized by inade-
quate sanitation and often polluted water. In the long term, the 
incidence of shigellosis will be reduced only by improved public 
health and the alleviation of poverty.

Since most transmission is from person to person, improve-
ments in water supply quality alone may have little impact. Most 
studies show that increased water quantity, and allowing general 
improvement in the level of hygiene, do reduce the incidence of 
diarrhoeal disease. Improvement in hygiene at the household 
level, particularly through the provision of soap for hand washing, 
has been shown to reduce the transmission of shigellosis.

In epidemics of shigellosis, coordinated action will be neces-
sary at the local and regional level in diagnosis, local public health 
interventions and possibly restrictions on population movements, 
markets, religious gatherings, etc.

While no effective vaccines to prevent shigellosis are currently 
available, a number of potential vaccines are under develop-
ment.113 Attenuated strains of Sh. dysenteriae 1 and Sh. fl exneri 2a 
have been developed as candidate oral vaccines, which result in 
production of antibodies to surface antigens, and recombinant 

Figure 51.9 Culture protocol for isolation of Shigella spp.

Table 51.4 Reactions of Shigella spp. on Kligler iron agar 
(KIA) and motility indole urea (MIU) medium

Bacterium Urea Slant Butt H2S Gas Motility Indole
E. coli − A A − + (+) d

Sh. 
dysenteriae

− K A − − − d

Sh. fl exneri − K A − −* − d

Sh. boydii − K A − −† − d

Sh. sonnei − K A − − − −

A, acid (yellow) reaction; K, alkaline (red) reaction; +, positive reaction; −, 
negative reaction; d, different biochemical types.
* Some Sh. fl exneri serotype 6 gas (+).
† Serotypes 13 and 14 gas (+).

Shigellosis (Bacillary Dysentery)
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vaccines, expressing modifi ed Shiga toxin determinants, are being 
developed to stimulate specifi c antitoxin antibodies. For the fore-
seeable future, however, prevention of morbidity and mortality 
caused by shigellosis will depend on public health interventions 
and effective and timely case management.

VIBRIO CHOLERAE

Cholera occurs endemically in many areas of the tropics, particu-
larly in South and South-east Asia and Africa. In 1991, cholera 
appeared in Latin America for the fi rst time in the twentieth 
century. A cholera-like disease was described by early Indian, 
Greek and Chinese writers, but it is uncertain whether the disease 
had spread beyond the Indian subcontinent before the nineteenth 
century. From 1817 to 1923 there were six pandemics of cholera, 
spreading extensively from its natural home in the Ganges plain 
and delta (Table 51.5). The seventh pandemic of cholera, which 
began in 1961, is described under epidemiology (see below).

Bacteriology

In 1883, Koch demonstrated the bacterial cause of cholera during 
a visit to Egypt, and subsequent work defi ned the species Vibrio 
cholerae. Vibrios are comma-shaped, aerobic Gram-negative bacte-
ria which have a characteristic darting movement (Figure 51.10). 

They are oxidase-positive, and ferment sucrose and glucose but 
not lactose. Vibrios possess both fl agellar and somatic antigens. 
The species V. cholerae is divided into many serovars, according to 
somatic antigens. Until the appearance of V. cholerae serotype 
O139 in 1992, V. cholerae O1 was the only serotype responsible 
for cholera. Other serovars with different O antigens may cause a 
diarrhoea-like illness but are not associated with epidemic cholera. 
There are two biotypes of V. cholerae O1: classical and El Tor. Table 
51.6 summarizes their characteristic properties. V. cholerae El Tor 
was fi rst isolated from pilgrims at the El Tor quarantine station in 
Sinai in 1906. Until 1961, the El Tor biotype was isolated only in 
Sulawesi, Indonesia, and had caused four localized epidemics 
between 1937 and 1958. The classical and El Tor biotypes are each 
divided into three serotypes: Ogawa, Inaba and Hikojima. V. 
cholerae O139 is related to the El Tor biotype.

V. cholerae does not form spores, and is killed by heating at 
55°C for 15 minutes and by phenolic and hypochlorite disinfec-
tants. It can survive in saline conditions at low temperatures for 
up to 60 days, and may survive in aquatic environments for 
extended periods in a ‘dormant state’. Excluding seafoods, V. chol-
erae survives for only a limited time on foodstuffs, although con-
taminated food may act as a vehicle for transmission. In fi sh and 
shellfi sh, V. cholerae may survive from 2 to 5 days at ambient 
temperatures, a property often associated with food-related 
outbreaks.

Pathogenesis and immunity

Cholera is characterized by severe watery diarrhoea leading to 
dehydration, electrolyte imbalance and hypovolaemia, with a 
mortality ranging from less than 1% to 40%.

There is a wide spectrum of severity, and mild and asymptom-
atic cases may occur. V. cholerae is non-invasive; pathogenesis is 
due to an enterotoxin that causes excessive fl uid and electrolyte 
loss. The initial step in pathogenesis is adherence of the vibrios to 

Figure 51.10 Gram stain of V. cholerae showing typical comma 
shaped bacilli.

Table 51.5 The fi rst six cholera pandemics

Pandemic Date Indian 
subcontinent

Southeast 
Asia

Middle 
East

Europe North 
Africa

East 
Africa

America

First 1817–1823 + + + − − + −

Second 1826–1837 + + + + + + +

Third 1842–1862 + + + + + + +

Fourth 1865–1875 + + + + + + +

Fifth 1881–1896 + + + + + + +

Sixth 1899–1923 + + + + − + −

Table 51.6 Differentiating properties of classical and El Tor 
biotypes of Vibrio cholerae 01

Classical El Tor
Chicken cell haemagglutination − +

Voges–Proskauer test − +

Polymyxin B sensitivity Sensitive Resistant
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the mucosa of the small intestine. Adherence is due to both outer 
membrane protein and fl agellar adhesins. Cholera toxin com-
prises two subunits: B (binding) and A (active). The B subunit 
comprises fi ve polypeptides, each of molecular weight 11 500, and 
binds to specifi c monosialosyl ganglioside GM1 receptors on 
small-intestinal epithelial cells. The A subunit is then able to 
migrate through the epithelial cell membrane. This subunit has 
ADP ribosyl transferase activity and causes the transfer of ADP 
ribose from NAD to a GTP-binding protein that regulates adenyl-
ate cyclase activity. There is a resulting increase in cyclic AMP 
production which, by inhibiting sodium chloride absorption and 
stimulating chloride excretion, results in a net loss of water, 
sodium chloride, potassium and bicarbonate. Additional toxins 
and other factors are now known to be involved in cholera patho-
genesis. Zonula occludens toxin (Zot) increases the permeability 
of the small-intestinal mucosa by affecting the structure of the 
intercellular tight junctions.114 Accessory cholera exotoxin (Ace) 
was described in 1993, and increases transmembrane ion trans-
port. Colonization factors, particularly the pilus colonization 
factor TCP, are necessary for the adherence of V. cholerae to 
intestinal epithelial cells. The full genome of V. cholerae has been 
characterized, providing further information on its mechanisms 
of pathogenicity. In the pandemic E1 Tor strains, groups of genes 
known as “Vibrio seventh pandemic islands“ VSP-1 and VSP-2 
have been described which may contribute to enhanced environ-
mental survival and infectivity.115

Immunity to both cholera toxin and bacterial surface antigens 
follows natural infection. Most studies of immune response have 
measured serum bacteriocidal antibodies, though protection in 
vivo is more likely to be mediated by secretory IgA.

Epidemiology

Man is the only known natural host of V. cholerae. Transmission 
is by ingestion, through contaminated water or food. The infective 
dose is high, up to 1011 bacteria being required. The incubation 
period ranges from a few hours to 5 days.

Serological studies have shown that, both in endemic areas and 
during outbreaks, for each symptomatic case there may be from 5 
to 40 infected but asymptomatic or mildly symptomatic cases. 
Contamination of water or food may thus occur from symptom-
atic cases or asymptomatic, transient carriers. Most are free from 
infection within 2–3 weeks, and there have been few examples of 
persistent carriage.

V. cholerae O1 can survive for weeks to months in the natural 
aquatic environment, but there is uncertainty whether this occurs 
only in relation to frequent contamination by infected persons, or 
whether V.cholerae O1 truly survives as an environmental bacte-
rium. Recent studies have described the occurrence of ‘non- 
culturable’ dormant strains, which may persist for long periods in 
natural aquatic environments.116 Change from the dormant to a 
culturable form may be infl uenced by environmental factors infl u-
encing toxin regulatory genes.

There are important epidemiological differences between clas-
sical and El Tor V. cholerae. For El Tor, the ratio of carriers to cases 
may range from 30 : 1 to 50 : 1, compared with 5 : 1 for classical. 
El Tor can also survive for longer periods in the environment. 
These factors give El Tor an epidemiological advantage in the 
spread of the disease, which has occurred in the seventh pandemic 

and has contributed to the displacement of the classical type by 
El Tor. Only in parts of southern Bangladesh has the classical 
biotype persisted.117

The seventh pandemic of cholera began in 1961, originating 
on the island of Sulawesi in Indonesia. The pandemic strain was 
V. cholerae O1 El Tor, and it spread rapidly to countries of South-
east Asia. Between 1963 and 1969 the pandemic spread to the 
Indian subcontinent, displacing the classical biotype, and by 1970 
had reached the Middle East. The pandemic entered Africa by two 
routes, in West Africa, probably by a returning traveller, and from 
the Arabian peninsula, through Djibouti into East Africa. By 1978, 
most countries of central and southern Africa were affected. The 
fi nal stage of the pandemic was the arrival of cholera in the South 
American continent in January 1991, the fi rst time that cholera 
had entered the continent since the fi fth pandemic in the 1880s.

V. cholerae O139 was fi rst isolated in south India in 1992. It 
was designated O139 as it did not agglutinate with O1 antisera, 
nor with antisera to any of the 137 other known, non-
cholera-producing serotypes of V. cholerae. During 1992–1994, V. 
cholerae O139 spread to Bangladesh, where for some time it was 
the dominant serotype, and now both serotypes co-exist.

The largest epidemics of cholera since the middle 1990s have 
been in Africa, partly associated with mass refugee movements in 
Central Africa, but also in eastern and southern regions. In 1994, 
the largest proportion of all cholera cases globally, and 42% of all 
cholera deaths, were in Africa. This was largely due to the explosive 
epidemic in Rwandan refugees displaced to the eastern region of 
the Democratic Republic of Congo (DRC, formerly Zaire), where, 
over a 6-week period, there were an estimated 70 000 cases and 
up to 12 000 deaths.118 A pandemic has continued in this central 
area of Africa, with localized epidemics in DRC, Burundi, Tanza-
nia and Congo Brazzaville. In East Africa, excessive rains and 
fl ooding in 1997 were followed by extensive outbreaks of cholera 
in Somalia and northern Kenya. Beginning in August 2000 there 
has been an extensive outbreak in KwaZulu-Natal in South Africa, 
with over 75 000 cases reported by March 2001. Over the period 
1995–2005, 66% of 632 cholera outbreaks were in Africa, 
followed by 16.8% in South-east Asia.119

Clinical features

The clinical picture of infection with V. cholerae O1 may range 
from mild diarrhoea to severe dehydration with death occurring 
within hours. In most cases there is progress from the onset of 
diarrhoea to shock in 4–12 hours, with death following in several 
days if adequate management is not instituted. The symptoms are 
a refl ection of the severe dehydration, electrolyte loss and meta-
bolic acidosis. Hypovolaemia and hypotension lead to impaired 
consciousness and to renal failure. Hypoglycaemia may occur, 
particularly in children. Electrolyte loss leads to hyponatraemia 
and hypokalaemia. The latter may result in ileus, muscle weakness 
and cardiac arrhythmias.

Diagnosis

In epidemics, the diagnosis of cholera may be made presumptively 
on clinical and epidemiological grounds. The WHO clinical case 
defi nition for suspected cholera, or ‘acute watery diarrhoea’, is ‘a 
patient 5 years of age or older, who develops acute watery diar-

Vibrio Cholerae
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rhoea with or without vomiting’, with the caveat that it is in an 
area where cholera is likely to occur. Laboratory diagnosis may be 
required when sporadic cases occur, and when an extensive 
outbreak requires confi rmation and typing of the aetiological 
agent. Dark-fi eld microscopy of faecal specimens may show the 
characteristic darting movement of the vibrios. Inhibition of 
movement by addition of diluted O1 antisera to the slide will 
provide strong evidence that V. cholerae O1 is the causative agent. 
To confi rm the diagnosis, specimens need to be cultured on a 
selective medium, such as thiosulphate citrate bile salt sucrose 
(TCBS) agar. Specimens should be transported from the fi eld in 
alkaline peptone water or Cary–Blair transport medium and kept 
cool. V. cholerae O1 yields yellow, oxidase-positive colonies after 
overnight incubation on TCBS, which may be confi rmed by slide 
agglutination with specifi c antiserum. In outbreak investigations, 
isolates should be sent to a reference laboratory for biotyping and 
serotyping. Sensitivity to tetracycline and other antimicrobial 
agents should be performed on a selected number of isolates. 
Where detailed epidemiological data are required, molecular 
methods have been used to distinguish different strains.120

Case management

The successful management of cholera cases relies on adequate 
and appropriate rehydration and restoration of electrolyte balance. 
Except in the most severe cases, oral replacement solutions may 
be used. Oral solutions are based on the role of glucose enhancing 
the active uptake of sodium and water. As glucose is rarely avail-
able in rural areas, sucrose and rice-water-based solutions have 
been used with success.121 The volume of replacement will depend 
on the degree of dehydration and the rate of continuing fl uid loss. 
The composition of oral and intravenous rehydration solutions 
are given in Table 51.7. WHO guidelines120 provide detailed pro-
tocols for rehydration and fl uid maintenance. Severe dehydration 
is characterized by ≥10% loss of body weight, lethargy or impaired 
consciousness, hypovolaemic shock and acidosis. In such patients, 
rapid intravenous rehydration is necessary, using a large-bore 
needle and multiple sites if necessary, aiming to restore normal 
hydration and acid base balance within 2–3 hours. Fifty per cent 
losses should be replaced in the fi rst 30–45 minutes, at a rate of 
30 mL/kg, requiring 1–2 L in adults. Rehydration should then 
be slowed to 1 L per 30–45 minutes until normal hydration is 
achieved. Once rehydration is achieved, the maintenance phase 
requires the replacement of continuing stool losses. In the severely 
ill patient this may require continuing intravenous therapy for 
some time, but in most cases oral rehydration using WHO or other 
rehydration solution is appropriate. Fluid replacement should be 
in the ratio of 1.5 volumes of oral fl uid for each volume of stool. 
For children, this will be 100–200 mL per stool passed. In adults, 

now in the recovery stage, fl uid can be given as required. Moderate 
dehydration, characterized by 5% loss of body weight, clinical 
dehydration ( poor skin turgor etc.) but no acidosis or shock, 
requires oral or intravenous rehydration initially, followed by oral 
maintenance. In adults, 2–4 L of ORS may be required in the fi rst 
4 hours to ensure rehydration. Potential complications in severely 
ill patients on presentation and during intravenous therapy include 
renal failure, hypoglycaemia, particularly in children and in pro-
longed dehydration, hypokalaemia and ileus, and pulmonary 
oedema dur-ing rapid intravenous therapy when the metabolic 
acidosis has not been corrected, which is more likely when normal 
saline alone is used for rehydration. Hypokalaemia may occur 
during the maintenance phase, but should be uncommon if potas-
sium-containing oral fl uids are used.

Antimicrobial agents have been shown to shorten the period 
of diarrhoea and the amount of fl uid loss. Tetracycline and doxy-
cycline are the drugs of choice in adults where strains are sensitive, 
but the increasing occurrence of resistant strains limits their use-
fulness. Co-trimoxazole and furazolidone have been used, but 
antibiotics are secondary to the importance of early rehydration.

Prevention and control

Cholera is transmitted by the faecal–oral route through the con-
tamination of water or food. Hence, public health measures to 
improve water and sanitation are essential for long-term control. 
The management of outbreaks is based on interrupting transmis-
sion, appropriate control and management of cases and contacts, 
and effective surveillance. In most cholera outbreaks the source 
and routes of transmission are not obvious and general sanitary 
measures will need to be imposed. These may include chlorina-
tion of water supplies, boiling of water at household level, and 
construction and maintenance of temporary latrines. Action will 
need to be taken to control the cleanliness of markets, and the 
postponement of festivals and gatherings. Adequate, though basic, 
sanitation facilities must be made for disposal of faeces from cases 
during treatment.

The most appropriate group for chemoprophylaxis is house-
hold contacts of cases. The relatively high carriage rate of V. chol-
erae in this group has been described previously. Assuming strains 
are sensitive, tetracycline or doxycycline may be used in adults. For 
doxycycline, a single oral dose of 300 mg is adequate.

The formerly used killed whole cell vaccines, given parentally, 
have no useful role to play in the management or prevention of 
cholera: individual protection does not exceed 50–60%; vaccina-
tion does not reduce excretion of vibrios and is likely to give a 
false sense of security to both the affected population and the 
authorities during outbreaks.

Effective surveillance is an essential component of cholera 
control. Active reporting of suspected cases in areas previously 
uninfected, with appropriate bacteriological confi rmation, will 
allow the early introduction of the control measures described 
above. At the international level, systematic reporting of cases to 
WHO and its collaborative bodies will help to coordinate the 
international response and limit spread between countries.

Cholera vaccines

While the formerly used killed whole cell vaccine given parentally 
was of only limited effi cacy, new oral vaccines are being developed. 

Table 51.7 Composition of rehydration solutions

COMPOSITION (MMOL/L)

Solution Na Cl K Bicarbonate Glucose
Ringers 130 109 4 28 0

Dhaka 133 98 13 48 0

WHO ORS 90 80 20 30 111
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The principle of these vaccines is to give an oral vaccine providing 
both somatic (O antigen) and B subunit toxin immunity in the 
gut. Two main strategies have been used. The killed whole cell/B 
subunit vaccine (WC/BS) is a two-dose oral vaccine given 1 week 
apart. Studies in Bangladesh and South America122 have demon-
strated its safety and effi cacy against both classical and El Tor V. 
cholerae O1. The second strategy has been to develop a genetically 
modifi ed V. cholerae strain, defi cient in the gene for the A subunit 
of cholera toxin, CVD-103 HgR. There have been only limited fi eld 
studies with this vaccine. The WC/BS vaccine is used in some cases 
for travellers but is unlikely to have a role as a public health inter-
vention in cholera endemic areas. Trials of a locally produced 
killed whole cell vaccine, containing both O1 and O139 V. cholerae, 
have been implemented in Vietnam.123 Results suggest that in 
selected areas such a strategy may be benefi cial. Recent recommen-
dations124 have suggested there may be role for the WC/BS vaccine 
among refugee and displaced populations in cholera at-risk areas, 
though as a preventive rather than a control measure.

Non-cholera vibrios

Vibrio spp. other than V. cholerae O1 and O139 may cause diar-
rhoeal diseases in the tropics but are rarely associated with exten-
sive outbreaks. Five species have been associated with diarrhoeal 
diseases: V. cholerae non-O1, V. parahaemolyticus, V. fl uvialis, V. 
hollisae and V. mimicus. Among V. cholerae O1 strains, some have 
been isolated that are non-toxigenic but cause diarrhoea. They 
have been isolated from 1–3% of patients admitted to the cholera 
hospital in Dhaka, Bangladesh. V. parahaemolyticus is principally 
associated with seafoods. V. fl uvialis has been implicated in an 
outbreak of diarrhoeal disease in Bangladesh. Few data are cur-
rently available on the prevalence of these vibrios in most tropical 
countries.

LARIBACTER HONGKONGENSIS

This recently described bacterium is a cause of gastroenteritis and 
traveller’s diarrhoea.125 Although fi rst described in Hong Kong, 
cases of infection have occurred in mainland China, Japan, 
Switzerland, Cuba and Tunisia. This bacterium is found in fresh-
water fi sh and infection is associated with consumption of improp-
erly cooked fi sh or poor hygiene in kitchens where raw freshwater 
fi sh are handled. It can cause either a watery (80% of cases) or 
bloody (20%) diarrhoea. Treatment is by rehydration. It is suscep-
tible to fl uoroquinolones, co-amoxiclav and aminoglycosides, but 
resistant to all cephalosporins, mediated by a β-lactamase.
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Section 8 Bacterial Infections

Chapter 52 Claire Jenkins and Stephen H. Gillespie

Salmonella Infections

BACTERIOLOGY

The genus Salmonella, part of the family of Enterobacteriacieae 
(see Chapter 10), comprises three species, Salmonella bongori, Sal-
monella subterranea and Salmonella enterica, which is divided into 
six subtypes: enterica, salamae, arizonae, diarizonae, houtenae 
and indica.1–4 The taxonomic group contains more than 2463 
serovars, and these are given names as if they were different species, 
e.g. Salmonella typhimurium, when, strictly speaking, it should be 
described as Salmonella enterica subsp. enterica serovar Typhimurium, 
or abbreviated to Salmonella Typhimurium. The serovars are 
defi ned on the basis of the somatic O (lipopolysaccharide) and 
fl agellar H antigens (Kaufmann–White scheme).2 Further differen-
tiation of strains within individual serotypes by bacteriophage 
typing and DNA fi ngerprinting helps epidemiological investiga-
tions. They include organisms that typically cause localized 
enteritis and organisms such as S. enterica subsp. enterica serovar 
Typhi that causes the systemic infectious disease.

On the basis of host preference and disease manifestations in 
man, the salmonellae can be conveniently placed into two clinical 
categories:
• S. Typhi, S. Paratyphi A, S. Paratyphi B (Schotmulleri) and S. 

Paratyphi C (Hischfeldii). These serotypes are primarily host-
adapted to man and cause a bacteraemic illness also known as 
enteric fever in which diarrhoea rarely plays a major role.

• Other serotypes. These are host-adapted to animals, and infec-
tion in man is usually confi ned to the bowel and presents as 
acute diarrhoea, but sometimes causes life-threatening bacter-
aemia. The serotypes of enterica subspecies account for most 
human and warm-blooded animal infections, and are grouped 
on the basis of sharing of a common O antigen. Examples of 
commonly occurring groups of enterica subspecies serotypes 
are given in Table 52.1.

TYPHOID AND PARATYPHOID FEVERS 
OR ENTERIC FEVER

Typhoid fever was so named because its symptoms and signs 
resembled typhus. The confusion between the two was resolved 
only with the publication in 1850 of William Jenner’s book On 
the Identity or Non-Identity of Typhoid and Typhus Fevers.5

Epidemiology

Typhoid and paratyphoid fevers are endemic in the Indian sub-
continent, South-east and East Asia, the Middle East, Africa, and 
Central and South America. Although the overall ratio of disease 
caused by S. Typhi to that caused by S. Paratyphi is about 10 to 
1, the proportion of S. Paratyphi infections is increasing in some 
parts of the world.6 A low level of endemicity also exists for para-
typhoid B infections in the southern and eastern parts of Europe. 
In the rest of Europe, North America and Australasia, enteric fevers 
occur almost exclusively as imported infections.7 Paratyphoid C is 
rare, with occasional cases in Guyana and Eastern Europe.

Transmission

Typhoid is an exclusively human disease and the organisms that 
are responsible for infection are transmitted through food or water 
contaminated with faeces or urine of a patient or carrier. Paraty-
phoid infections are less often water-borne, because they need a 
higher infective dose, which is unlikely to be found in water as 
multiplication does not occur. Raw fruit and vegetables are impor-
tant vehicles in some countries where human faeces are used as a 
fertilizer or where contaminated water is used to make fruit look 
attractive in the market. Shellfi sh harvested in coastal water 
polluted by raw sewage may cause outbreaks.3

Pathogenesis

Natural infection in enteric fever occurs by ingestion, followed by 
penetration through the intestinal mucosa. Disease production is 
dependent on several factors: number of organisms swallowed; 
state of gastric acidity; and possession of Vi antigen by the organ-
isms. The infecting dose of S. Typhi needs to be large to produce 
illness in healthy individuals. In volunteers, a dose of 109 organ-
isms induced disease in most (95%) but a dose of 103 rarely did 
so. Some 25% of the volunteers became ill after ingesting 105 
organisms.8 Possession of Vi capsular antigen is linked with 
increased infectivity: Vi antigen-positive strains caused illness 
more commonly than non-Vi variants in healthy volunteers.8 
Gastric acidity is an important defence against enteric infections, 
and gastric hypoacidity from any cause (e.g. antacids, H2 antago-
nists) will allow a greater number of organisms to enter the small 
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intestine. Also, the infective dose is reduced if it comes in food 
where the organisms are protected from gastric acid. Once in the 
small intestine, the organisms penetrate rapidly through the intes-
tinal mucosa. Organisms multiply in the lumen for a short period 
and stools can be culture-positive during the fi rst 4 days of the 
incubation period.3,8

From the submucosa, invading bacteria are taken up by mac-
rophages,9 and the organisms travel to mesenteric lymph nodes. 
After a brief period of multiplication here, the organisms enter the 
bloodstream via the thoracic duct (transient primary bacteraemia) 
and are transported to the liver and spleen. After a period of 
further multiplication at these sites, huge numbers of organisms 
enter the bloodstream, marking the onset of clinical illness (sec-
ondary bacteraemia). During this secondary bacteraemia, which 
continues for the greater part of the illness, very few organs escape 
invasion but the involvement of the gallbladder and Peyer’s 
patches in the lower small intestine have important clinical sig-
nifi cance. The gallbladder is probably infected via the liver and 
the resultant cholecystitis is usually subclinical. The infected bile 
renders stool cultures positive. Pre-existing gallbladder disease 
predisposes to chronic biliary infection, leading to chronic faecal 
carriage.

Invasion of the Peyer’s patches occurs either during the primary 
intestinal infection or during the secondary bacteraemia, and 
further seeding occurs through infected bile. The Peyer’s patches 
become hyperplastic, with infi ltration of chronic infl ammatory 
cells. Later, necrosis of the superfi cial layer leads to formation of 
irregular, ovoid ulcers along the long axis of the gut, so that stric-
ture formation does not occur after healing (Figure 52.1). When 
an ulcer erodes into a blood vessel, severe haemorrhage results 
and transmural perforation leads to peritonitis.

Molecular basis of pathogenesis

To be effective pathogens, salmonella must be able to invade 
epithelial cells, and for organisms to cause enteric fever, they have 

to be adapted to survive inside cells of the reticuloendothelial 
system.

Epithelial invasion

The target of salmonella invasion is the M cell but the bacteria 
must cross the epithelial layer to achieve this.9 Salmonellae invade 
the intestinal epithelial cells by a complex mechanism which 
includes triggering active rearrangements, formation of pseudopo-
dia, and phagocytosis of the bacterium into the cells. Membrane 
ruffl ing then returns to normal after the bacterium has invaded. 
The ruffl ing–internalization process is controlled by a type III 
secretion system encoded by genes found in the inv locus (contain-
ing genes inv A–H).10 These genes are located on a pathogenicity 
island, SPI-1 (Salmonella pathogenicity island 1), which encodes 
all of the genes necessary for the invasion of intestinal epithelial 
cells. SPI-1 activity is downregulated after a few hours of invasion 
and the type III secretion system encoded on SPI-2 is activated.11

Intracellular survival

Salmonella serotypes that cause enteric fever must be able to 
survive and replicate within the host macrophage system so that 
they may establish a systemic infection.11 Once inside these loca-
tions they are shielded from the effect of human immunity, but 
to do this they must overcome the nutrient-poor environment 
within the macrophage and defeat its bactericidal mechanisms.12 
Salmonella genes necessary for survival inside macrophages are 
constituents of a two-component response regulator termed 
phoP/phoQ. Genes activated by this phoP/phoQ are known as pag 
genes, of which pag A–C have been characterized. The pag genes 
are expressed within the macrophage phagosome and are required 
for survival within it.13 Conversely, the phoP repressed genes 
switch off in the phagosome and include components of the 
SPI-1. Mutants that are phoP null or with constitutive expression 
of phoP are avirulent, suggesting that proper timing of switching 
on and off of these mechanisms is critical in ensuring successful 
invasion and survival.

More recently, a second type III secretion mechanism necessary 
for survival inside macrophages has been described in a second 

Table 52.1 Some examples of commonly occurring 
Salmonella serotypes and the groups to which they belong

Group Serotype
A S. Paratyphi A

B S. Paratyphi B

S. Stanley

S. Saintpaul

S. Agona

S. Typhimurium

C S. Paratyphi C

S. Cholerae-suis

S. Virchow

S. Thompson

D S. Typhi

S. Enteritidis

S. Dublin

S. Gallinarum

Figure 52.1 Typhoid ulceration of the small intestine. (Courtesy of 
the Wellcome Tropical Institute Museum (WTIM).)
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pathogenicity island, SPI-2. This system activates within the 
phagosome and translocates bacterial effector proteins from the 
phagosome into the macrophage cytosol.11

Mechanism of immunity

Production of humoral antibody appears to play little role in 
recovery from acute infection, as the patient often continues to 
deteriorate despite the appearance of O, H and Vi antibodies. Cell-
mediated immunity is probably the key factor in recovery. The 
ability of Vi antibody to prevent infection is demonstrated by the 
effi ciency of Vi antigen vaccine. However, protection afforded by 
phenolized-killed vaccine, which does not contain Vi antigen, 
indicates a role for other antibodies. Local gut immunity is prob-
ably important in preventing reinfection. Specifi c secretory IgG 
and IgA antibodies have been demonstrated in gut.14

In the endemic countries, enteric fevers have the highest preva-
lence in the young, adults having acquired substantial immunity 
through previous exposure(s).

Clinical manifestations

The incubation period of typhoid fever varies with the size of the 
infecting dose5 and averages from 10 to 20 (range 3–56) days. In 
paratyphoid fever it ranges from 1 to 10 days.

The duration of illness in untreated cases of average severity is 
usually 4 weeks. In the fi rst week the features are non-specifi c, with 
headache, malaise and a rising remittent fever. Constipation and 
a mild non-productive cough are common. During the second 
week the patient looks toxic and apathetic with sustained high 
temperature. The abdomen is slightly distended and splenomeg-
aly is common. In about 50% of cases, crops of 2–4 mm-diameter 
pink papules (rose spots), which fade on pressure, develop on the 
upper abdomen and lower chest, between the 7th and 12th days. 
They are diffi cult to detect in dark-skinned individuals. Rose spots 
may also occur in invasive salmonellosis and shigellosis. The spots 
are caused by bacterial embolization and rose-spot cultures may 
be positive, although this is rarely performed. Relative bradycar-
dia, a pulse lower than anticipated in a febrile patient, is common 
during the fi rst 2 weeks.

With the onset of the third week the patient becomes more ill 
and is febrile. A continuous high fever persists and a delirious 
confusional state sets in (typhoid state). Abdominal distension 
becomes pronounced, with scanty bowel sounds. Diarrhoea is 
common, with liquid, foul green–yellow stools. The patient is 
weak with a feeble pulse and rapid breathing; crackles may develop 
over the lung bases. Death may occur at this stage from over-
whelming toxaemia, myocarditis, intestinal haemorrhage or per-
foration. Considerable weight loss is common. In patients who 
survive into the 4th week, the fever, mental state and abdominal 
distension slowly improve over a few days but intestinal complica-
tions may still occur. Convalescence is usually a slow process. 
However, with the use of antibiotics this disease evolution is 
rarely seen.

Variation in the clinical picture is common, and mild and inap-
parent infections are frequent. Diarrhoea may occur even during 
the fi rst week15 and children may present with a high fever and 
febrile convulsion(s). Chronic or recurrent fever with bacteraemia 

may occur in association with concurrent schistosomiasis, as sal-
monellae are able to survive within the parasites, protected from 
the body’s defences.15

The diagnosis of typhoid fever, particularly in the developing 
world, is usually made on clinical grounds. The symptoms some-
times mimic other common illnesses, such as malaria, sepsis with 
other bacterial pathogens, tuberculosis, brucellosis, tularaemia, 
leptospirosis and rickettsial disease. Viral infections such as 
dengue, acute hepatitis and infectious mononucleosis are also 
included in the differential diagnosis.16

Relapse

Between 10% and 20% of patients treated with antibiotics suffer 
a relapse after initial recovery, whereas in the pre-antibiotic era the 
incidence used to be somewhat lower (8–12%). A relapse typically 
occurs a week or so after stopping therapy, but occurrence after 70 
days has been reported. The blood culture is positive again, even 
in the presence of high serum levels of H, O and Vi antibodies, 
and rose spots may reappear. A relapse is generally milder and 
shorter than the initial illness. The incidence of relapse after treat-
ment with fl uoroquinolones (1.5%) or broad-spectrum cephalo-
sporins (5%) is lower than after treatment with chloramphenicol, 
trimethoprim-sulfamethoxazole and ampicillin.17 Rarely, second 
or even third relapses may occur.

Complications

Extra-intestinal infectious complications can occur and recogni-
tion of these can prevent a delay in diagnosis.18

Intestinal

The two most serious complications of enteric fever are intestinal 
haemorrhage and perforation, which usually occur when the 
sloughs overlying the Peyer’s patches separate during the late 
second or early third week of the illness. Clinical signs of haemor-
rhage are a sharp fall in body temperature and blood pressure, 
and sudden tachycardia. The blood passed per rectum is usually 
bright red but may be altered if intestinal stasis is present. Some-
times there may not be any passage of blood – when frank ileus 
is present.19

Management of haemorrhage is conservative, with sedation 
and transfusion unless there is evidence of perforation, when 
surgery is indicated.

Unlike other causes of intestinal perforation, typhoid perfora-
tion occurs in a patient who already had a vaguely tender dis-
tended abdomen with scanty bowel sounds. Therefore, recognition 
of perforation can be diffi cult.20,21 Usually, pain and tenderness 
worsen, the pulse rises and the temperature falls suddenly. 
However, abdominal rigidity may not be a prominent sign and 
bowel sounds may not disappear altogether. The discovery of free 
fl uid in the abdomen may be the only sign of perforation. Dem-
onstration of gas under the diaphragm by X-ray is a valuable aid 
to diagnosis.

The treatment of choice for typhoid perforation is surgical 
intervention, although conservative management with nasogastric 
suction, antibiotic therapy directed against anaerobes and Entero-
bacteriaciae, and general supportive care will reduce the mortality 
to 30%.22,23 Most surgeons prefer simple closure of perforation 
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with drainage of the peritoneum, and reserve small-bowel resec-
tion for patients with multiple perforations. Early diagnosis, ener-
getic resuscitation and rapid, simple surgery are the key to lower 
mortality. The prognosis is clearly related to the time elapsed 
between perforation and surgery.

Liver, gallbladder and pancreas

Mild jaundice may occur in enteric fever and may be due to 
hepatitis, cholangitis, cholecystitis or haemolysis. Biochemical 
changes indicative of hepatitis are common during the acute 
stage.24 Liver biopsy in such cases often shows cloudy swelling, 
balloon degeneration with vacuolation of hepatocytes, moderate 
fatty change and focal collection of mononuclear cells – ’typhoid 
nodules’ (Figure 52.2). Intact typhoid bacilli can be seen at these 
sites. Pancreatitis has also been reported.25

Cardiorespiratory

Toxic myocarditis and endocarditis occur in 1–5% of cases and 
represent a signifi cant cause of death in endemic countries.23 Both 
occur in severely ill toxaemic patients and is characterized by 
tachycardia, weak pulse and heart sounds, hypotension and elec-
trocardiographic abnormalities. Respiratory symptoms, such as 
cough and mild bronchitis, occur in 11–86% of cases23 and bron-
chopneumonia or lobar consolidation may develop rarely.

Nervous system

A toxic confusional state, characterized by disorientation, delirium 
and restlessness, is characteristic of late-stage typhoid but occa-
sionally these and other neuropsychiatric features may dominate 
the clinical picture from an early stage.18 Facial twitching or 
convulsion(s) may be the presenting feature; sometimes, paranoid 
psychosis or catatonia may develop during convalescence.26 
Meningism is not uncommon but bacterial meningitis caused by 
S. Typhi is a rare, but recognized, complication. Encephalomyeli-
tis may develop and the underlying pathology may be that of 
demyelinating leukoencephalopathy.27 Rarely, transverse myelitis, 
polyneuropathy or cranial mononeuropathy may develop.

Haematological and renal

Subclinical disseminated intravascular coagulation occurs com-
monly in typhoid fever; this rarely manifests as haemolytic–
uraemic syndrome.28 Haemolysis may also be associated with 
glucose 6-phosphate dehydrogenase (G6PD) defi ciency. Immune 
complex glomerulitis has been reported and IgM immunoglobu-
lin, C3 and S. Typhi antigen can be demonstrated in the 
glomerular capillary wall.29 Nephrotic syndrome may com-
plicate chronic S. Typhi bacteraemia associated with urinary 
schistosomiasis.29

Musculoskeletal and other systems

Skeletal muscle characteristically shows Zenker’s degeneration (a 
hyaline degeneration of muscle fi bres), particularly affecting the 
abdominal wall and thigh muscles; clinically evident polymyositis 
may occur.30

Localization may occur in almost any organ/system, and 
involvement of bones, joints, meninges, endocardium, spleen and 
ovary have all been reported, but such cases are rare.31

Comparison of typhoid fever and paratyphoid fever

In general, the illness in paratyphoid B infection is milder and 
of shorter duration than in typhoid fever and complications are 
less frequent.32 It can also present as acute gastroenteritis. Paraty-
phoid A and C fall between typhoid and paratyphoid B fevers in 
severity.

Laboratory fi ndings

Mild leukocytosis may develop initially, but, with disease progres-
sion, leucopenia and neutropenia commonly develop. Even in 
uncomplicated cases, low-grade normocytic anaemia, mild throm-
bocytopenia, modestly elevated serum transaminases and mild 
proteinuria are common.

Diagnosis

The defi nitive diagnosis of enteric fever requires isolation of the 
organism from blood or bone marrow.3 Isolation from stool or 
urine provides strong presumptive evidence only in the presence 
of a characteristic clinical picture.

Blood and bone marrow culture

The defi nitive diagnosis of typhoid is by the isolation of the organ-
ism from a sterile site. Isolation of the organism from the stool 
is useful information but may be a false positive due to long-
term carriage. Thus, in patients with suspected typhoid, blood 
or bone marrow cultures should be performed. Modern auto-
mated systems rapidly detect the presence of the organism, but 
conventional non-automated methods also have a high diagnostic 
yield.

In untreated patients, blood cultures are usually positive in 
about 40–60% of cases, usually early in the course of disease.33 A 
success rate of about 90% is obtained from bone marrow culture.34 
Prior antibiotic therapy makes positive blood culture less likely 
but the bone marrow culture often remains positive in the face of 

Figure 52.2 Typhoid nodule in portal tract of liver. (Courtesy of 
WTIM.)
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antibiotic therapy.34 A high yield (60%) has also been reported 
from rose-spot cultures in such a situation.34

Faecal and urine cultures

With modern techniques, faecal cultures are often positive even 
during the fi rst week, though the percentage positivity rises steadily 
thereafter. Urine cultures are positive less often.

Serology

The traditional Widal test measures antibodies against fl agellar 
(H) and somatic (O) antigens of the causative organism. In acute 
infection, O antibody appears fi rst, rising progressively, later 
falling and often disappearing within a few months. H antibody 
appears a little later but persists for longer. Rising or high O anti-
body titre generally indicates acute infection, whereas raised H 
antibody helps to identify the type of enteric fever. However, the 
Widal test has many limitations. Raised antibodies may have 
resulted from previous typhoid immunization or earlier infection(s) 
with salmonellae sharing common O antigens with S. Typhi or S. 
Paratyphi. In endemic countries, patients have higher H antibody 
titres. This is a particular problem in developing countries, where 
background antibodies mean that the Widal test lacks sensitivity. 
Some patients show a poor or negligible antibody response to 
active infection. Vi antibody is often raised during acute infection 
and persists afterwards during chronic carriage. However, its use 
as a screening test for the carrier state is limited because of the 
frequency of false positives and false negatives.35

Newer diagnostic methods

Newer tests that directly detect IgM antibodies to a wide range of 
specifi c S. Typhi antigens have been developed, such as Typhidot 
and Tubex, and these have compared favourably with the Widal 
test. 36 Some of these tests have been adapted to a simple dipstick 
technique using whole bacteria antigens to detect IgM antibody 
and are benefi cial in situations where a laboratory is not avail-
able.37 Urinary Vi antigen ELISAs and PCR-based assays are under 
development.38,39

Carrier state in enteric fever

Faecal carrier

After clinical recovery, faecal cultures remain positive in a high 
proportion of patients during the immediate convalescent period, 
but stools rapidly become negative, although up to 3% of patients 
will still be positive by the end of the third month. Between 1% 
and 3% will continue to excrete organisms in their stools for more 
than a year and will be designated as chronic carriers – they are 
likely to remain so for the rest of their lives. The incidence of 
chronic carriage is higher in women and in the elderly. A similar 
situation exists with paratyphoid infections.

Urinary carrier

In the absence of urinary tract pathology, persisting urinary car-
riage is rare after the third month, but it is common in countries 
where urinary schistosomiasis is endemic.

Treatment

Patients should be managed under strict enteric precautions, with 
attention to adequate hand washing and safe disposal of faeces 
and urine. They should receive adequate rest and nutrition and 
correction of fl uid and electrolyte imbalance. Antibiotic therapy is 
essential and should begin empirically if the clinical suspicion of 
an enteric fever is strong. Patients should also be monitored for 
complications and clinical relapse.

Choice of antimicrobial agents in enteric fever

Ciprofl oxacin and other 4-quinolone drugs

Ciprofl oxacin has proved to be highly effective in the treatment 
of typhoid and paratyphoid fevers. Defervescence occurs in 3–5 
days; convalescent carriage and relapses are rare (less than 2%).33,40 
Other 4-quinolone drugs such as ofl oxacin, norfl oxacin and 
pefl oxacin are equally effective.41 Ciprofl oxacin is usually given 
orally 500 mg twice daily for 14 days, but there are reports that 
courses of 7 days may be adequate.42 If vomiting or diarrhoea is 
present, the drug should be given intravenously, 200–400 mg 
twice daily. The 4-quinolone drugs are highly effective against 
multi-drug-resistant (MDR) strains and trials have shown this in 
comparison with chloramphenicol.41

The 4-quinolone drugs are not currently recommended for 
use in children and pregnant women because of their observed 
potential for causing cartilage damage in growing animals. 
However, extensive experience of these drugs in children has 
shown no evidence of bone or joint toxicity.42 For children with 
severe infection with a strain that is likely to be multi-resistant, 
the balance of risk shifts towards treatment with quinolones.43

Third-generation cephalosporins

Cefotaxime, ceftriaxone and cefoperazone have excellent in vitro 
activity against S. Typhi and other salmonellae and have accept-
able effi cacy in the treatment of typhoid fever.44 Only intravenous 
formulations are available. Cefotaxime is given 1 g three times 
daily (in children: 200 mg/kg daily in divided doses) for 14 days. 
Ceftriaxone has an advantage of only requiring a single dose daily. 
The cephalosporins are not active against many MDR strains and 
this limits their use in empirical treatment when resistant typhoid 
is likely.

Chloramphenicol

Since its introduction in 1948, chloramphenicol has proved to be 
remarkably effective in the treatment of enteric fever worldwide. 
It produces a rapid improvement in the patient’s general condi-
tion, followed by defervescence in 3–5 days. The recommended 
adult dose is 500 mg every 4 hours till defervescence, then 6-
hourly for a total course of 14 days. The drug is given orally unless 
the patient is nauseous or having diarrhoea, when the intravenous 
route should be used initially. The intramuscular route should be 
avoided as this gives unsatisfactory blood levels and may delay 
defervescence. The disadvantages of chloramphenicol are: rare 
marrow toxicity and aplastic anaemia; higher relapse rate follow-
ing its use (5–15%);33 and emergence of resistant strains of S. 
Typhi. S. Typhi strains with plasmid-mediated resistance to 
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chloramphenicol began to appear in the 1960s and later became 
widespread in many of the endemic countries of the Americas and 
South-east Asia, highlighting the need for alternative therapeutic 
agents.

Ampicillin and amoxicillin

Although ampicillin is distinctly inferior to chloramphenicol, its 
close relative amoxicillin is at least as effective as chloramphenicol 
in respect of defervescence and relapse rate (4–8%),33 and con-
valescence carriage occurs perhaps less commonly. It is usually 
given orally four times daily for 14 days.

Co-trimoxazole

This combination of trimethoprim and a sulphonamide amide is 
also as effective as chloramphenicol in terms of defervescence 
and relapse rate, and is given orally 960 mg twice daily but can 
be given parenterally if necessary.

Azithromycin

Azithromycin is a macrolide antibiotic which produces high tissue 
concentrations but low serum concentrations because of its unique 
pharmacokinetic properties. The antibiotic is concentrated within 
cells, making it ideal for the treatment of infection by an organism 
with an intracellular lifestyle. Animal models have shown that 
azithromycin is highly effective against S. Typhi and non-
typhoidal Salmonella. It has now been shown to be effective in 
a series of open and randomized control trials. Oral administra-
tion is a benefi t, and the results of clinical studies demonstrate 
that it is as effective as chloramphenicol, cefriaxone and cipro-
fl oxacin. It was also effective in cases of MDR typhoid. This pro-
vides a useful alternative for the management of children with 
uncomplicated typhoid in developing countries.45

Emergence of multi-resistant typhoid fever

Since 1989 there has been a rapid emergence and spread of S. 
Typhi strains with simultaneous plasmid-mediated resistance to 
chloramphenicol, ampicillin and co-trimoxazole in the Indian 
subcontinent and parts of South-east Asia (see also Chapter 53). 
Quinolones and azithromycin are possible alternatives for treat-
ment of infection with these organisms. Quinolone-resistant 
strains are now emerging as a clinical problem and it has been 
suggested that treatment regimens should restrict the use of further 
second- and third-line antibiotics for treating typhoid.46 Recent 
studies led the authors of a Cochrane review of antimicrobial 
treatment of typhoid fever to conclude that satisfactory cure rates 
can be achieved in drug-sensitive cases with fi rst-line antibiotics, 
such as chloramphenicol.47 Increasing resistance in strains 
of S. Paratyphi A have been seen in travellers to the Indian 
subcontinent.48

Current therapeutic strategy

Because of the effi cacy and low relapse and carrier rates associated 
with their use, the 4-quinolone drugs are now the drugs of choice 
in the treatment of adult typhoid, certainly in areas where multi-
resistant typhoid fever has been reported.40,49 However, because of 
its cheapness, chloramphenicol will continue to be used in other 

areas where the local strains are sensitive, although azithromycin 
may in the future be a useful alternative, especially in children.

In areas of high ciprofl oxacin resistance, a third-generation 
cephalosporin, e.g. cefotaxime, will be the preferred drug if 4-
quinolone drugs are to be avoided. Azithromycin is another 
potential alternative that combines oral availability with intracel-
lular penetration and activity against the pathogen. A third-gen-
eration cephalosporin, or azithromycin, is the recommended 
regimen for children. However, their cost and the need for intra-
venous administration are signifi cant disadvantages, particularly 
in the developing countries, and ciprofl oxacin is being used 
increasingly in children with typhoid.50

Corticosteroid therapy

High-dose dexamethasone (initially 3 mg/kg body weight, fol-
lowed by eight doses of 1 mg/kg 6-hourly) reduces mortality in 
severely ill patients with depressed levels of consciousness or 
shock.51

In the non-endemic countries, patients should be kept under 
bacteriological surveillance after clinical recovery until six con-
secutive negative faecal and urine cultures are obtained.

Management of chronic carriers

Prolonged courses of amoxicillin or co-trimoxazole may be effec-
tive, but the failure rate is high if there is chronic gallbladder 
disease. Ciprofl oxacin (750 mg twice daily) and norfl oxacin 
(400 mg twice daily) have been much more effective, with cure 
rates of 78% and 83%, respectively.

Cholecystectomy is not always successful, because of persisting 
hepatic infection. It is a major operation which should be per-
formed only if strictly indicated for the patient’s gallbladder disease, 
but not for the sole purpose of eradicating the carrier state.

Chronic urinary carriers should be investigated for urinary tract 
abnormalities, including schistosomiasis.

Prognosis

Early antibiotic therapy has transformed a previously life-
threatening illness of several weeks duration with a mortality rate 
approaching 20% into a short-lasting febrile illness with negli-
gible mortality. The high mortality rates which continue to be 
reported from some endemic countries are undoubtedly related 
to delayed diagnosis and/or inappropriate treatment.

Prevention

In the endemic countries, the most cost-effective strategy for 
reducing the incidence of enteric fever is the institution of public 
health measures to ensure safe drinking water and sanitary dis-
posal of excreta. The effects of these measures are long lasting and 
will also reduce the incidence of other enteric infections which are 
a major cause of morbidity and mortality in those areas. In the 
absence of such a strategy, mass immunization with typhoid vac-
cines at regular intervals will also reduce the incidence of infec-
tions considerably.52 The typhoid vaccines currently in use are 
described in Box 52.1. The need to administer multiple doses has 
led to attempts to develop single-dose oral vaccines. Phase I and 
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II clinical trials have been successful in a number of these novel 
typhoid fever vaccines.60,61

Although some studies have shown some cross-reactive cell-
mediated immunity, Vi vaccines are generally regarded as ineffec-
tive against S. Paratyphi A, B and C, as these serotypes lack the Vi 
antigen.54 However, this reduced effi cacy against S. Paratyphi sero-
types has an important implication in areas where there is increas-
ing incidence of S. Paratyphi A.

Typhoid vaccination is recommended for travellers to highly 
endemic areas in Asia, Africa and the Americas. However, the 
protection is partial and travellers should be made aware of this 
and encouraged to pay close attention to personal, food and water 
hygiene.

OTHER SALMONELLA 
INFECTIONS (SALMONELLOSIS)

Although human salmonellosis occurs worldwide, it has become 
a major public health problem in developed countries. Individual 
cases and outbreaks in the community and in institutions are 
common. Of the large number of Salmonella serotypes, only a few 
account for the vast majority of human infections. Worldwide, 
examples of common human isolates are S. Enteritidis, S. 
Typhimurium, S. Virchow, S. Newport, S. Hadar, S. Heidelberg, S. 
Agona and S. Indiana; the order of prevalence is variable according 
to geography and time.3,4

Epidemiology

The organisms are widely distributed in the animal kingdom. 
Domestic animals, notably cattle, pigs and poultry, are frequent 
excretors and many wild animals are also infected. Household 
pets such as dogs, cats, birds and turtles are all potential, albeit 
rare, sources of human infection. Human cases and convalescent 
carriers are also important sources. Transmission is faecal–oral, 
usually through ingestion of contaminated foods such as improp-
erly prepared poultry, meat and egg. The carcass of an animal 
harbouring salmonella in its gut becomes contaminated during 
evisceration, and infection spreads to other non-infected carcasses 
during large-scale storage. Thus, inadequately cooked meat or pre-
cooked food contaminated from raw meat in the kitchen are 
important vehicles of transmission. Salmonella may survive deep 
freezing, and adequate thawing is essential before cooking. Fresh 
shell hen eggs infected through vertical transmission continue to 
be an important source of S. Enteritidis infection, although since 
1999 most infections have been associated with eggs imported 
from abroad.62

The factors that are responsible for the dramatic rise of salmo-
nella infections in developed countries in recent years are the 
adoption of large-scale intensive farming methods for rearing food 
animals and the use of bulk-imported infected animal feeds, both 
of which create conditions suitable for rapid spread of infection 
among the animals. The rising incidence of drug-resistant salmo-
nellae has been linked to the extensive and poorly controlled use 
of antimicrobials in farm animals. The decrease in infections in 
the UK has been attributed to vaccination in poultry and to 
improvements in the microbiological quality of food, the ‘farm to 
fork’ approach.63

Transmission from a human source is infrequent; convalescent 
excretors with adequate standards of personal hygiene rarely trans-
mit infection once their stools are formed. However, infected 
asymptomatic food-handlers have caused a number of restaurant-
associated outbreaks. Institutional outbreaks are usually food 
related, but outbreaks in maternity, neonatal and geriatric units 
have followed admission of patients with an undiagnosed salmo-
nella infection.

Unpasteurized milk is a recognized source in some countries. 
Unusual sources include pharmaceutical or diagnostic products of 
animal origin. In the developing countries, the epidemiological 
pattern is different, as large-scale rearing of food animals is not 
common and methods of cooking are different. Salmonellosis is an 
important cause of childhood infection, although rare in adults.64

Infection is more common and may be more severe in those 
who are predisposed to infection. This includes patients with 
reduced gastric acid or who have been prescribed antibiotic agents. 
Immunocompromise, most notably with HIV, predisposes to sal-
monellosis. Splenectomy and sickle cell disease also predispose to 
invasive salmonellosis.4

Pathogenesis

Site of invasion

Most of our understanding about the mechanisms of disease pro-
duction by salmonella infection in man has come from work in 
animals and is described in detail above.

Box 52.1 Typhoid vaccines currently in use

1. Vi capsular polysaccharide antigen vaccine
This is a single parenteral dose vaccine from the Merieux Institute. 

Observed overall protection rates of 75% in Nepal,53 64% in 
South Africa54 and 70% in China55 compare favourably with the 
effi cacy of the killed vaccine and it has the advantage of 
minimal side-effects. Revaccination is necessary every 3 years to 
maintain protection. It is not suitable for children under 18 
months of age as polysaccharide antigens evoke a weak 
antibody response. The Vi vaccine can be given simultaneously 
with other vaccines relevant for international travellers.56

2. Vi-conjugate vaccine
Revaccination using the Vi vaccine does not elicit a booster effect 

because the immune response against polysaccharides does not 
involve T cells. To overcome this limitation, the Vi vaccine has 
been conjugated to a non-toxic recombinant Pseudomanas 
aeruginosa exotoxin A57 and recently evaluated in Vietnam and 
shown to have 91.5% protective effi cacy. This vaccine is 
suitable for children.58

3. Live attenuated vaccines
An oral vaccine containing live attenuated S. Typhi Ty21a strains 

in an enteric-coated capsule is now commercially available. It is 
well tolerated and an overall protective effi cacy of 67–80% has 
been demonstrated for up to 7 years after three doses given on 
alternate days. There is also evidence of indirect protection 
(herd immunity), possibly due to the vaccine causing 
signifi cant reduction in excretion of virulent Salmonella and 
fewer temporary carriers.57 A four-dose schedule, which appears 
to give better protection,59 is preferred in the USA. However, 
only 42% effi cacy was recorded in Indonesia, suggesting that 
the vaccine may not be as effective in areas where exposure is 
intense.6

Other Salmonella Infections (Salmonellosis)
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Mechanism of diarrhoea production

The exact mechanisms responsible for diarrhoea are unclear. 
Mucosal invasion and infl ammation are clearly important, at least 
accounting for the bloody, mucoid type of stools which occur 
commonly, but do not explain the copious watery stools in the 
early stages. Observations in experimental animals of an enter-
opathy with water and electrolyte transport defects suggest the 
existence of secretory mechanisms.65 Production of prostaglandin-
like secretagogues and other mediators by the infl ammatory 
tissues and toxin production by the organisms have been sug-
gested. Salmonellae produce an enterotoxin and a cytotoxin. The 
enterotoxin activates adenylate cyclase and has some physico-
chemical characteristics in common with cholera toxin but limited 
antigenic homology.

Infecting dose

The size of the infecting dose is important to the outcome of a 
salmonella infection. The rarity of water-borne outbreaks of sal-
monellosis suggests the necessity of a large infecting dose that can 
usually be found only in food following multiplication. Limited 
experimental evidence in volunteers suggests an infecting dose of 
105 in the production of clinical illness.4 However, very small 
infecting doses, possibly as low as 17 organisms, have caused 
outbreaks. The size of the infecting dose is clearly infl uenced by 
the infectivity of the organism and host factors such as age, 
immune status, underlying debilitating disease or stress factors, 
and the physiological state of the stomach and upper small intes-
tine at the precise time of intake of the organism. Gastric acidity 
is a signifi cant barrier to enteric infection, and hypoacidity or 
increased transit time increase the susceptibility to infection.

Virulence of the organism

The serotypes vary greatly in their potential to produce invasive 
illness outside the gastrointestinal tract. Although any serotype 
can cause invasive disease, some are more invasive than others. S. 
Cholerae-suis regularly produces septicaemic or metastatic ill-
nesses, and less commonly gastroenteritis. Other serotypes with 
increased invasiveness are S. Virchow and S. Dublin.66 The multi-
resistant S. Typhimurium strains which have caused large 
outbreaks in Africa, India and the Middle East produce a high 
incidence of septicaemia and metastatic organ involvement. What 
governs this virulence potential is unclear, but in animal models 
serotypes bearing high-molecular-weight plasmids (virulence 
plasmids) have the ability to spread beyond the initial site of 
infection in the intestine. Virulence plasmids may be important 
in the pathogenesis of bacteraemia in humans.67

Clinical manifestations

There is wide variation in both the severity and the nature of 
manifestations of salmonellosis. Two often overlapping clinical 
syndromes are seen: acute enterocolitis (most common) and inva-
sive salmonellosis with septicaemia or metastatic extraintestinal 
localization of infection. The incubation period is usually between 
12 and 48 hours, but longer incubation periods of up to 72 days 
have been reported.

Acute enterocolitis

This is the preferred term to describe the acute diarrhoea of sal-
monellosis because both small and large intestines are involved 
in the disease process. The illness begins with nausea and vomit-
ing, often associated with malaise, headache and fever. Very soon, 
cramp-like abdominal pains and diarrhoea supervene. Initially, 
the stools are of large volume and watery without visible blood 
or mucus; later, the volume may decrease as blood and mucus 
appear, indicating development of colitis. This may be associated 
with localization of pain over the left iliac fossa and some degree 
of rebound tenderness may develop. The severity of diarrhoea is 
quite variable, from a mild attack of several loose stools for a day 
to voluminous watery stools every half-hour or so over several 
days – leading to dehydration. The elderly, particularly those with 
debilitating illnesses, and individuals with gastric hypoacidity are 
prone to develop severe diarrhoea; this may have a cholera-like 
intensity in patients with a partial gastrectomy.

Occasionally, colitis may dominate the clinical picture, with the 
passage of frankly blood-stained stools containing pus. Toxic dila-
tation may complicate the picture. Sigmoidoscopy shows mucosal 
oedema, hyperaemia, petechial haemorrhages and, in severe cases, 
friable mucosa with ulcerations. Histological features include dila-
tation and congestion of capillaries in the mucosa and submucosa, 
with focal collections of polymorphonuclear leukocytes in the 
lamina propria (Figure 52.3A). In others there may also be a diffuse 
increase in chronic infl ammatory cells in the lamina propria (Figure 
52.3B). Crypt abscesses may be seen, but crypt architecture is 
usually normal with a normal goblet cell population; however, in 
severe cases, crypt distortion with mucus depletion may occur and 
distinction from infl ammatory bowel disease is diffi cult (Figure 
52.3C). Barium enema usually shows features of diffuse colitis, but 
segmental involvement may occur, mimicking Crohn’s disease.

Alternatively, ileal involvement may be the predominant 
feature, with pain and tenderness localized over the right lower 
abdomen; this may be misdiagnosed as appendicitis.

Invasive salmonellosis

Bacteraemia is not uncommon in salmonella infection, even in 
previously healthy individuals, and its frequency depends on the 
serotype of the organism and host factors. Overall, bacteraemia 
rates of 8% have been observed, with higher rates for some sero-
types, e.g. S. Cholerae-suis, S. Virchow and S. Dublin, and in the 
very young. Apart from age, other host factors are: immune sup-
pression, malignancy, gastric hypoacidity, debilitating disease, 
bartonellosis and sickle cell disease.

In previously healthy individuals, bacteraemia is usually a tran-
sient event, but in a minority of patients, particularly those with 
the risk factors outlined, bacteraemia may be signifi cant and char-
acterized by either a septicaemic illness (swinging fever, rigors and 
general toxicity complicating the diarrhoeal illness) or a typhoid-
like illness (sustained fever, splenomegaly and even rose spots but 
minimal diarrhoea) or evidence of metastatic localization in the 
meninges, bone and joints, lungs, endocardium and arteries, liver, 
spleen, ovary and kidneys.31 Soft tissue localization can also occur. 
Metastatic infections may be unassociated with a diarrhoeal 
illness, as in S. Cholerae-suis infections. Meningitis occurs almost 
exclusively in neonates and children under 2 years of age, and 
reports of high incidence have come from a number of the devel-
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oping countries. Salmonella infection accounts for most cases of 
aortic and other vascular infections in the elderly. Atherosclerotic 
aneurysms of the abdominal aorta or iliac vessels, or prosthetic 
valves and grafts may all be infected. Normal arteries are affected 
very rarely. Children with sickle cell disease are particularly prone 
to developing osteomyelitis. Patients with chronic schistosomiasis 
are prone to suffer from recurrent bacteraemia from salmonella 
organisms living within the helminth.68 HIV infection is an impor-
tant predisposing factor for invasive salmonella infections, espe-
cially in sub-Saharan Africa where the HIV epidemic coincides 
with conditions of poor sanitation.69,70 Infection is associated with 
prolonged excretion of the organisms and an enhanced risk 
of invasive disease. In adults with documented bacteraemia, 
Salmonella was identifi ed in 35%.69

Reactive arthritis

Sterile synovitis may follow salmonella infection, particularly in 
HLA-B27-positive individuals. The symptoms usually develop 1–2 

weeks after the acute infection. Any joint may be affected, although 
the knees and ankles are most frequently involved. Occasionally, 
there is migratory polyarthritis, resembling acute rheumatic fever, 
or bilateral proximal interphalangeal joint involvement, as in rheu-
matoid arthritis. Acute iridocyclitis may complicate the picture. 
Deposition of salmonella polysaccharide in the synovial cells may 
be an important factor in the pathogenesis of reactive arthropathy.

Carrier state

Adults recovering from salmonellosis usually continue to excrete 
the organism(s) for 4–8 weeks; infants and the elderly excrete for 
longer periods. Chronic carriage beyond 1 year occurs in far fewer 
than 1% of cases.

Diagnosis

Defi nitive diagnosis of salmonella enterocolitis requires positive 
faecal isolation. Blood cultures should be done in all severely ill 
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Figure 52.3 (A), (B) and (C) are from rectal 
biopsies from patients with Salmonella spp. 
infection. (A) Milder lesions: focal infl ammation of 
mucosa with polymorphonuclear leukocytes in the 
lamina propria and mucosal capillaries, but no 
increase in chronic infl ammatory cells. (H&E, ×80.) 
(B) More severe lesions: severe acute infl ammation 
with polymorphs in the lamina propria infi ltrating 
the crypt epithelium and present on the mucosal 
surface. There is an increase in chronic 
infl ammatory cells but the goblet cell population 
is well preserved. (H&E, ×135.) (C) Severe focal 
abscesses tending to be localized in the crypt: 
there is marked depletion of mucus but crypt 
architecture is not distorted. The surface epithelium 
is fl attened. (H&E, ×150.) (D) Normal mucosa. 
(H&E, ×120.) (A), (B) and (C) are reproduced from 
Day et al. The rectal biopsy appearances in 
Salmonella colitis. Histopathology 1978; 2:117–131, 
with permission of the authors and the editor of 
Histopathology; (D) is reproduced by courtesy of 
B. C. Morson. (Reproduced with permission from 
Turnbull PCB. Food poisoning with special 
reference to salmonella: its epidemiology, 
pathogenesis and control. Clin Gastroenterol 
1979; 8(3).)

Other Salmonella Infections (Salmonellosis)
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patients. Coincidental infl ammatory bowel disease should be sus-
pected if bloody diarrhoea persists beyond 2 weeks despite the use 
of an appropriate antibiotic (e.g. ciprofl oxacin). Sigmoidoscopic 
and barium contrast study fi ndings are not discriminatory at this 
stage, but rectal biopsy is often helpful as crypt distortion and 
prominent goblet cell depletion are features of ulcerative colitis 
and are very rarely present in severe primary salmonella colitis. 
When such a distinction is not possible, the patient should be 
treated with prednisolone and antibiotics continued. In those who 
respond promptly, the diagnostic dilemma can be resolved only 
by a repeat biopsy after 6 weeks. In primary salmonella colitis the 
rectal biopsy histology usually returns to normal by this time, but 
this is quite uncommon in ulcerative colitis. Molecular techniques 
for the detection of Salmonella are described in Box 52.2.

Treatment

Most patients with salmonella enterocolitis have a short-lasting, 
self-limiting illness and require only increased fl uid intake.

Antibiotics such as neomycin, colistin, ampicillin, chloram-
phenicol and co-trimoxazole do not infl uence the clinical illness 
and may prolong the duration of intestinal carriage, possibly due 
to the antibiotics suppressing the protective effects of the com-
mensal intestinal fl ora. However, the 4-quinolone drugs (e.g. cip-
rofl oxacin 500 mg twice daily for 5 days) have been shown to 
shorten the duration of the illness and should be used in patients 
who are at high risk of developing severe enterocolitis and/or 
invasive illness, i.e. the elderly, patients who are immunocom-
promised or have gastric hypoacidity, aortic aneurysm, vascular 
graft(s), valve prosthesis or debilitating diseases. Antibiotics are 
defi nitely indicated in patients with suspected or confi rmed sep-
ticaemia and/or metastatic infection(s). Severe colitis is another 
indication for therapy.

Chloramphenicol, co-trimoxazole and amoxicillin are also 
effective against invasive disease if the infective organism is sensi-
tive. However, the incidence of infection due to salmonella organ-
isms resistant to one or more of these drugs has increased in many 
parts of the world, including the UK and the USA. There is much 

geographical variation in the prevalence of the resistant strains 
and local knowledge of such is essential if these drugs are to be 
used (see Chapter 53).

Third-generation cephalosporins (e.g. cefotaxime, ceftriaxone 
and cefoperazone) are highly effective, and resistance to these 
drugs is rare. They are particularly suitable for use in children if 
4-quinolone drugs are to be avoided.

The complication of colonic dilatation usually resolves 
without surgery. Aortic salmonellosis generally requires surgical 
intervention.

Ciprofl oxacin is also useful in eradicating persisting faecal 
carriage and should be given to food-handlers.

Antibiotic resistance

There is increasing incidence of multiple drug resistance in Salmo-
nella, with reports of S. Typhimurium with resistance to ampicillin, 
chloramphenicol, trimethoprim–sulfamethoxazole, streptomycin 
and tetracycline.73 More recently there have been reports of reduced 
susceptibility to ciprofl oxacin.74 Much of the resistance in non-
typhoidal Salmonella is due to the use of antibiotics in animal 
husbandry. For example, enrofl oxacin is a quinolone antibiotic 
used in veterinary medicine that may be related to the increased 
incidence of quinolone resistance. Although rare, resistance to 
extended-spectrum cephalosporins has now also been reported, 
narrowing the options when antibiotic therapy is indicated.75

Prevention

The main control measures are directed at maintaining high stan-
dards of hygiene in slaughterhouses and all areas of food prepara-
tion and distribution – both commercial and private. Raw meat 
and cooked food must be stored and handled separately. Thor-
ough cooking of raw meat after adequate thawing is essential. Eggs 
should be boiled for 5 minutes and liquid egg for commercial use 
should be pasteurized. In the developing countries, adequate 
infection control procedures are essential in paediatric hospitals 
if the problem of endemic Salmonella spp. cross-infection is to be 
controlled.76 Control of infection in the animal reservoir is a much 
more diffi cult problem. However, heat treatment of animal feeds, 
better standards of animal care and hygiene on the farm, and 
raising of infection-free fl ocks are some of the measures which will 
lower the contamination rates of fl esh foods destined for human 
consumption.

Asymptomatic excretors who are handlers of unwrapped food 
meant for consumption without further cooking or reheating 
should be free of infection before returning to work. Others may 
do so or return to school once their diarrhoea has settled, pro-
vided their hygiene standards are adequate.
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Section 8 Bacterial Infections

Chapter 53 Eric John Threlfall

Resistant Gut Bacteria

Resistance to antimicrobial drugs, including both resistance to key 
antimicrobials and multiple resistance (to four or more unrelated 
antimicrobials), is now a major problem in bacterial enteric 
pathogens in both developing and developed countries through-
out the world. The problem affects Salmonella enterica, including 
not only S. enterica serotypes Typhi and Paratyphi, but also a range 
of other serovars, notably Typhimurium in developing countries 
and Typhimurium, Virchow, Hadar and Newport in developed 
countries. Resistance to therapeutic antimicrobials is also an 
increasing problem in Shigella, especially Sh. dysenteriae 1 (Shiga’s 
bacillus), but also in Sh. fl exneri and Sh. boydii in developing 
countries and Sh. sonnei in developed countries. Resistance to 
therapeutic antimicrobials has also been reported in Vibrio cholerae 
O1, O139 and non-O1, non-O139 strains, and increasingly in 
Escherichia coli. Since the early 1990s, resistance to key antimicro-
bials has also been reported in Campylobacter spp. Resistance in 
this organism is increasing and has been linked to the use of 
antimicrobials in animal husbandry.

SALMONELLAE

The occurrence of resistance is of particular concern in Salmonella 
Typhi and S. Paratyphi infections where treatment with an appro-
priate antibiotic is essential, and should commence as soon as 
clinical diagnosis is made. The increasing occurrence of both resis-
tance to key antimicrobials and multiple resistance in serotypes 
other than Typhi has also had a profound effect, particularly in 
developing countries, in the treatment of salmonella septicaemia 
in infants and young children, where, since 1980, multi-resistant 
strains have been implicated in numerous outbreaks in hospital 
paediatric units.

Salmonella Typhi and Paratyphi

Salmonella Typhi

Typhoid fever is a systemic illness caused by S. enterica serotype 
Typhi and is a signifi cant cause of morbidity and mortality among 
children and adults in developing countries. The organism remains 
endemic in developing countries in Africa, South and Central 
America, and the Indian subcontinent, and the World Health 

Organization (WHO) estimates that 22 million illnesses and 
200 000 deaths are attributable to S. Typhi each year.1 In contrast, 
in developed countries such as the UK or USA, the incidence of 
S. Typhi is much lower, and the majority of cases are in travellers 
returning from endemic areas. For example, in the UK, between 
150 and 300 cases occur each year, with at least 70% of cases in 
patients with a history of recent foreign travel.2 Similarly in the 
USA, 293 infections were reported in the 12-month period from 
1 June 1996 to 31 May 1997, of which 81% were recorded in 
patients with a history of recent travel to endemic areas.3

For patients with typhoid fever, the administration of an effec-
tive antibiotic is essential. Ideally, treatment should commence as 
soon as clinical diagnosis is made, without recourse to the results 
of antimicrobial sensitivity tests. From 1948 to the mid-1970s, 
chloramphenicol was the fi rst-line drug of choice and in developed 
countries the use of chloramphenicol resulted in a reduction in 
the mortality rate from 10% to less than 2%. Following the occur-
rence of extensive outbreaks of typhoid fever in Mexico and India 
in the early and mid-1970s, in which the epidemic strains were 
resistant to chloramphenicol, there were fears that the effi cacy of 
this antimicrobial had been seriously jeopardized. Alternative 
drugs which were then used for typhoid fever included ampicillin 
and trimethoprim. Since 1989, strains of S. Typhi 
with resistance to ampicillin and trimethoprim in addition to 
chloramphenicol, streptomycin, sulphonamides and tetracyclines 
(= MRSTY) have been isolated with increasing frequency in 
several countries, particularly in the Indian subcontinent (India, 
Pakistan, Bangladesh, Nepal) but also in several other countries 
in South-east Asia (Kuala Lumpar, the Philippines, Vietnam) as 
well as Egypt and several countries in the Arabian Gulf, particularly 
those with a signifi cant proportion of immigrant workers from the 
Indian subcontinent.4 In India the most common S. Typhi phage 
type implicated in outbreaks caused by MRSTY since 1990 has 
been Vi-phage type E1, with outbreaks of infection reported in 
major conurbations in the north, east, south and west of the 
country.5,6 In contrast, the predominant multi-resistant Vi-phage 
type in Pakistan from 1989 to 1992 was M1, and over this period 
there was an extensive outbreak in Rawalpindi caused by strains 
of this phage type.7 More recently, MRSTY Vi-phage type M1 has 
been replaced by MRSTY phage type E1 in Pakistan, with several 
outbreaks reported since the mid-1990s.4 In addition, MRSTY of 
different phage types have been isolated in Egypt, Canada and 
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South Africa (Table 53.1). Since 1997, MRSTY have also become 
increasingly common in Africa, with isolations reported from 
countries as far apart as Nigeria and Kenya.8,9 Strains from these 
countries have been resistant to chloramphenicol, ampicillin and 
co-trimoxazole, with a signifi cant proportion of isolates from 
Nigeria also showing resistance to nalidixic acid. Examples of 
outbreaks caused by MRSTY that have occurred since 1989 are 
shown in Table 53.1.

An increasing problem in the Indian subcontinent has been the 
rapid appearance of strains with resistance to nalidixic acid 
and with concomitant decreased susceptibility to ciprofl oxacin 
(minimal inhibitory concentration [MIC]: 0.25–1.0 mg/L).10,11 
Such strains may also be resistant to chloramphenicol, ampicillin 
and trimethoprim.12 A similar picture has emerged in several 
European countries,13 where the majority of infections with 
S. Typhi are in travellers recently returned from endemic areas.

Ciprofl oxacin became the drug of choice for infections with 
MRSTY in 1991.14–16 Although the level of resistance to ciprofl oxa-
cin in strains with decreased susceptibility is below the recom-
mended treatment level, numerous cases of treatment failure have 
been reported in widely separated areas.17–20 Since 1993, strains of 
S. Typhi with decreased susceptibility to ciprofl oxacin have also 
been isolated with increasing frequency in Vietnam.19 In 1997 
there were over 6000 recorded cases in an extensive epidemic in 
Tajikistan of nalidixic acid-resistant S. Typhi with decreased sus-
ceptibility to ciprofl oxacin.20 In both Vietnam and Tajikistan, treat-
ment failures with fl uoroquinolone antibiotics were common.19,20 
In 2002, a total of 5963 cases of typhoid fever were reported in 
an outbreak in Nepal; in this outbreak the causative strain exhib-
ited decreased susceptibility to ciprofl oxacin.21 Despite the low 
level of resistance, treatment failures have been noted in all areas 
where such strains have caused infections.18–22 A new development 

has been the appearance of strains of S. Typhi with resistance to 
ciprofl oxacin at therapeutic levels.23,24 Although such strains have 
as yet not been implicated in outbreaks, the emergence of high-
level resistance to the primary fi rst-line drug is of major concern.

Because the vast majority of cases of typhoid fever in the UK 
are in travellers returning mainly from the Indian subcontinent,25 
the situation in the UK has mirrored that seen in India and 
Pakistan, with MRSTY strains and strains with decreased suscepti-
bility to ciprofl oxacin accounting for 49% of isolates in 2004.26 
In cases of treatment failure with ciprofl oxacin, alternatives such 
as ceftriaxone or cefotaxime have been used with some success. 
In this respect it is reassuring that all strains of S. Typhi from 
cases of typhoid fever so far tested in the UK have been sensitive 
to these antimicrobials.27 Azithromycin, a macrolide antibiotic, 
has also been evaluated in the treatment of infections caused 
by both MRSTY and S. Typhi with decreased susceptibility to cip-
rofl oxacin, with encouraging results.28 To date, no strains of 
azithromycin-resistant S. Typhi have been reported, but the 
expense of this antibiotic, and that of the third-generation 
cephalosporins listed above, may preclude their widespread usage 
in developing countries.

Irrespective of phage type or country of origin, in all strains 
of S. Typhi with resistance to chloramphenicol, ampicillin and 
trimethoprim, the complete spectrum of multiple resistance has 
been encoded by plasmids of approximately 150 kilobases (kb) 
belonging to the HI1 incompatibility group.4,29 Evolutionary 
diversity within this incompatibility group has been recently 
observed among HI1 plasmids from multi-resistant strains of S. 
Typhi isolated in Vietnam in the late 1990s.30 In contrast, decreased 
susceptibility to ciprofl oxacin has resulted from mutations within 
gyrA in the bacterial chromosome. Four different mutations 
have been identifi ed within GyrA in strains of S. Typhi of 

Table 53.1 Outbreaks of multi-resistant Salmonella enterica serovar Typhi, 1989–2002

Year Country or area Phage type R-type Plasmid type
1989 Pakistan M1 ACSSuTTm HI1

1990–1995 India E1, 51, O ACSSuTTm HI1

1990–1995 Arabian Gulf E1, 51, O ACSSuTTm HI1

1990–1993 Kuala Lumpur E1 ACSSuTTm HI1

1991 UK M1 CSTTm HI1

1991 South Africa A ACKSSuT HI1

1991–1992 Egypt E2, C1, D1-N ACSSuTTm HI1

1992–1994 Vietnam ? ACSSuTTm HI1

1993–1994 Philippines ? CKSSuTTm ?

1994, 1998 Bangladesh E1 ACSSuTTm HI1

1994–1998 Pakistan E1 ACSSuTTm HI1

1993–1998 Vietnam ? ACSSuTTm (CpL) HI1

1997–1999 Kenya ? ACSSuTTm HI1

1997–1998 Nigeria ? ACSSuTTm ?

1998–1999 Tajikistan UVS ACSSuTTmCpL HI1

2002 Nepal ? ACSSuTTmCpL HI1

Resistance symbols: A, ampicillin; C, chloramphenicol; K, kanamycin; S, streptomycin; Su, sulphonamides; T, tetracyclines; Tm, trimethoprim; CpL, decreased 
susceptibility to ciprofl oxacin (MIC: 0.25–1.0 mg/L) ?, not known.
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different phage types originating in India,31 indicating that such 
strains are not clonal in respect of phage type or ciprofl oxacin 
susceptibility.

Salmonella Paratyphi A

Infections caused by S. Paratyphi A, although in general not as 
severe as typhoid fever, may also require antimicrobial interven-
tion before the results of susceptibility tests are available. Multiple 
drug resistance has been reported to be increasing in S. Paratyphi 
A in India since 1990, often coupled with decreased susceptibility 
to ciprofl oxacin.32,33 An increase in strains of S. Paratyphi A with 
decreased susceptibility to ciprofl oxacin was reported in 10 Euro-
pean countries in 2000,13 and in 2005 84% of 221 isolates of S. 
Paratyphi A from patients in the UK exhibited such resistance.26 
This resistance has been attributed to the widespread use of cip-
rofl oxacin and ciprofl oxacin derivatives in developing countries to 
treat many human infections irrespective of prescription. To main-
tain the effi cacy of fl uoroquinolones it is essential that such anti-
microbials are reserved for the treatment of invasive diseases and 
are not used for prophylaxis or for the treatment of uncomplicated 
gastroenteritis.

Resistance to fl uoroquinolone antibiotics in 
Salmonella Typhi and S. Paratyphi A

The British Society for Antimicrobial Chemotherapy and the 
Clinical and Laboratories Standards Institute zone size equivalents 
for ciprofl oxacin resistance in Enterobacteriaceae in disc diffusion 
tests are 2.0 and 4.0 mg/L, respectively. At these levels decreased 
susceptibility to ciprofl oxacin (MIC: 0.20–1.0 mg/L) is often 
undetected, sometimes leading to delay in the administration 
of an effective antibiotic. Because of treatment failures in cases 
where the levels of resistance are below 2.0 mg/L, it has been 
suggested that consideration be given to lowering the breakpoint 
recommendations.34 Similarly, to ensure detection of decreased 
susceptibility, it has been recommended that nalidixic acid 
be used as a primary screen and that organisms exhibiting 
resistance to this antimicrobial be subjected to testing for 
ciprofl oxacin resistance/susceptibility by MIC, with appropriate 
controls.18,26

Other salmonella serovars

On a global scale it has been estimated that there are about 1.3 
billion cases of acute gastroenteritits due to non-typhoidal salmo-
nellae per annum, resulting in 3 million deaths.35 The proportion 
of salmonella infections caused by antimicrobial-resistant strains 
has steadily increased around the world over the last 20 years, and 
now represents 20–40% of all isolates from cases of human infec-
tion. In developed countries such as the UK, the majority of 
countries in Western Europe and the USA, salmonella infections, 
excluding those with S. Typhi and S. Paratyphi A, are primarily 
zoonoses. When resistance is present, in the majority of instances 
it has been acquired prior to transmission of the organism through 
the food chain to humans. Such resistance acquisition has often 
been linked to the use of antimicrobials in animal husbandry. 
Long term, the most important serotypes in the UK, Europe and 

the USA are Enteritidis, Typhimurium and Virchow, and the main 
method of spread is through contaminated food. In the USA S. 
Newport has been an increasing problem since the late 1990s and 
S. Heidelberg has also been a commonly isolated serotype. In 
general, person-to-person transmission is not of major impor-
tance in the spread of these serotypes. In most cases the clinical 
presentation is that of mild to moderate enteritis, the disease is 
usually self-limiting and antimicrobial therapy is seldom required. 
In contrast, in developing countries, particularly in the Indian 
subcontinent, South-east Asia, South and Central America and 
Africa, serotypes such as Typhimurium, Wien, Johannesburg and 
Oranienburg have undergone changes in both their epidemiology 
and their clinical disease. An additional feature of these strains has 
been the possession of plasmid-mediated multiple drug resis-
tance, often with resistance to seven or more antimicrobial 
agents.

Developing countries

Since 1970, multi-resistant salmonellae have caused extensive out-
breaks in many developing countries. The common pattern has 
been for several hospitals, often situated many miles apart, to be 
involved. The majority of outbreaks have occurred in neonatal and 
paediatric wards, but community outbreaks in villages and small 
towns have also been reported. The clinical disease has been 
severe, with enteritis frequently accompanied by septicaemia, and 
in several outbreaks a mortality rate of up to 30% has been 
reported. Serotypes involved include, notably, Typhimurium in 
the Middle East and the Indian subcontinent, and Wien in South-
ern Europe, North Africa and India, although infections caused by 
multi-resistant strains belonging to several other serotypes have 
also been reported. Strains have been resistant to up to 10 antimi-
crobials. Examples of such outbreaks are shown in Table 53.2. For 
a review, see Rowe and Threlfall.36 A disturbing development in 
recent years has been the emergence in developing countries of 
strains of multi-resistant non-typhoidal salmonellae with high-
level resistance to nalidixic acid (MIC >100 mg/L) and with 
reduced susceptibility to ciprofl oxacin (MIC 0.25–1.0 versus 
<0.01 mg/L for nalidixic acid-sensitive strains). This has been par-
ticularly noticeable in countries such as India, not only for S. 
Typhimurium37 but also for S. Senftenberg38 and other serotypes.

A particular feature of infections with multi-resistant non-
typhoidal salmonellae in developing countries has been the lack 
of involvement of food animal reservoirs. Spread has been by 
person-to-person contact and antibiotic resistance has developed 
as a result of the use of antibiotics in human medicine, particularly 
in those countries where there is little control over the use of 
antibiotics. An example of the type of epidemic caused by multi-
resistant salmonellae is that which has occurred throughout India 
since 1977.39 The serotype involved was Typhimurium and strains 
have belonged to closely related phage types. Outbreaks occurred 
both in communities and in hospitals, particularly amongst neo-
nates, although older children and adults have also been affected. 
The most common presentation has been severe enteritis, and 
cases of septicaemia have also been reported. Mortality was high 
in at least fi ve outbreaks. The majority of strains have been char-
acterized by plasmid-mediated resistance to at least seven anti-
microbials, including ampicillin, chloramphenicol, gentamicin, 
kanamycin, streptomycin, sulphonamides, tetracyclines and trim-

Salmonellae
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ethoprim. Chromosomally-mediated resistance to furazolidone 
and nalidixic acid, accompanied by decreased susceptibility to 
ciprofl oxacin, has also been common.

Plasmids

With the exception of resistance to furazolidone and nalidixic 
acid/ciprofl oxacin, all resistances in such strains have been 
plasmid-mediated and have been encoded by high molecular 
mass, transmissible plasmids belonging to incompatibility group 
FIme (inc FIme).40 In addition to coding for multiple drug resistance, 
such plasmids also carry genes coding for the production of the 
hydroxamate siderophore aerobactin, which is a known virulence 
factor for some enteric and urinary tract pathogens. This plasmid 
type was fi rst identifi ed in a strain of S. Typhimurium defi nitive 
phage type (DT) 208 which caused numerous epidemics in Middle 
Eastern countries in the 1970s.40 It was subsequently identifi ed in 
unrelated phage types of S. Typhimurium which have caused 
similar outbreaks throughout the Middle East and in several coun-
tries in Africa, and in a multi-resistant strain of S. Wien respon-
sible for a massive epidemic which started in Algeria in 1969 and 
spread rapidly through paediatric and nursery populations in 
many countries throughout North Africa, Western Europe, the 
Middle East and eventually the Indian subcontinent over the next 
10 years.41,42 Similar plasmids have also been identifi ed in strains 
of S. Typhimurium isolated in Italy and originating in Albania.43 
A 30-year retrospective molecular study of this group of plasmids 
has demonstrated that the plasmids have evolved through sequen-
tial acquisition of integrons, which are themselves highly mobile 
genetic elements capable of horizontal transfer between different 
bacterial strains, carrying different arrays of antibiotic resistance 
and virulence genes.44

Alarming developments with non-typhoidal salmonella infec-
tions in developing countries have recently been reported. In 
Taiwan a highly virulent strain of S. Cholerae-suis displaying high-
level resistance to ciprofl oxacin and plasmid-mediated resistance 
to ceftriaxone caused a fatal infection in a patient in 2003.45 For-
tunately the strain did not spread and no further infections were 
reported. Since the late 1980s there have been a growing number 
of reports of isolates of Salmonella spp. with resistance to third-

generation cephalosporin antimicrobials. Such strains produce 
either extended-spectrum β-lactamases (ESBLs) or a plasmid-
mediated AmpC β-lactamase. Such strains are now widespread in 
North Africa,46 and may be endemic in other parts of Africa, India, 
the Western Pacifi c region47 and parts of South America.48 Strains 
with resistance to ESBLs have also been isolated increasingly in 
Europe. For example, CTX-M-9, -15, and -17 to -18 have recently 
been reported in six different serovars from humans in England 
and Wales,49 and although often associated with foreign travel, 
isolates from patients without a history of such travel are being 
increasingly identifi ed.50 CTX-M-like enzymes have also been 
identifi ed in S. Virchow in Spain,51 and S. Anatum in Taiwan.52 A 
further development is the emergence of strains of salmonella 
with plasmid-mediated resistance to fl uoroquinolones, particu-
larly with the quinolone resistance determinant qnrS1.53,54 As with 
strains producing ESBLs, such strains are mostly associated with 
infections in patients who acquired their infections in developing 
countries, or as a result of consuming food products exported 
from such countries.54

Antimicrobial therapy

Antimicrobial therapy is often essential for the treatment of infec-
tions caused by these multi-resistant strains, particularly when 
such strains cause extra-intestinal infections. Ciprofl oxacin and 
some of the newer fl uoroquinolone antibiotics have been used 
extensively for this purpose in developing countries, although 
their effi cacy is now being eroded following the emergence of 
strains with decreased susceptibility and high-level resistance. 
Alternative antimicrobials such as ceftriaxone have been used for 
individual patients, but the emergence of resistance to such anti-
microbials means that their effi cacy for the treatment of serious 
disease is rapidly being eroded.

Developed countries

In contrast to the situation in developing countries, in developed 
countries such as those in Western Europe and North America, 
salmonella septicaemia is rare in other than a few serotypes of 
limited epidemiological importance. Indeed, over the 10-year 
period from 1981 to 1990, the occurrence of bloodstream inva-

Table 53.2 Examples of outbreaks of multi-resistant non-typhoidal Salmonella enterica in developing countries, 1969–2000

Year Country or area Serotype Phage type R-type Plasmid type
1969–1972 North Africa, 

Southern Europe, 
India

Wien – ACSSuT FIme

1972–1980 Middle East Typhimurium 208, UT ACSSuT, ACGKSSuT FIme

1974–1978 South Africa Johannesburg – ACKSSuT FIme

1974–1996 Turkey Typhimurium UT ACGKSSuTTm FIme

1976–1980 Kenya Typhimurium NC ACSSuT FIme

1979–1990 India Typhimurium 66/122 ACSSuT, ACGKSSuTTmNx FIme

1990–1999 Albania, Italy Typhimurium ? ACKSSuTTm FIme

1990–2000 India Senftenberg – ACGKSSuTTmNx FIme

Resistance symbols: See Table 53.1; G, gentamicin; Nx, nalidixic acid. UT, untypable; NC, non-conforming; ?, not known; –, not applicable.
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sion for the two most common serovars, Enteritidis and 
Typhimurium, in England and Wales, was less than 2%.55 A similar 
situation was observed in strains isolated in the 3-year period from 
1995 to 1997.56

Since the late 1980s the most important multi-drug-resistant 
strains in developed countries have been S. Typhimurium DT 104 
(MR DT 104), with a worldwide distribution,57 and in the USA, S. 
Newport with AmpC-mediated ESBL resistance in addition to 
resistance to a range of other antimicrobials.58 MR DT 104 fi rst 
appeared in the UK in 1984, when it was isolated from gulls and 
exotic birds imported from the Far East. By 1989 the strain was 
increasingly becoming isolated from cattle and also from cases of 
human infection. In England and Wales, isolations of MR DT 104 
from humans increased from about 200 in 1990, peaking at over 
4000 in 1996. By the early 1990s MR DT 104 had also become 
common in poultry, particularly turkeys, pigs and sheep.57 
Although there have been no indications of increased virulence of 
the organism in cases of human infection in the UK,56 in some 
countries there have been reports of an apparent predilection of 
the organism to cause serious disease.59

MR S. Typhimurium DT 104 is characterized by chromosomally 
encoded resistance to fi ve antimicrobials – ampicillin, chloram-
phenicol/fl orphenicol, streptomycin, sulphonamides and tetracy-
clines (ACSSuT). Such resistances are contained within a 46 kb 
resistance island (Salmonella genomic island 1 [SGI1]). The resis-
tance locus consists of the fl oR (chloramphenicol/fl orphenicol) 
and tetG (tetracyclines) resistance genes fl anked by two Class 1 
integons, the fi rst containing the aadA2 gene conferring resistance 
to streptomycin, in addition to the sul1 gene conferring resistance 
to sulphonamides, and the second the β-lactamase gene blaPSE-1 
conferring resistance to ampicillin, in addition to sul1.60 Although 
chromosomally located, in recent years SGI1 has been identifi ed 
in several different salmonella serotypes, including Agona, Albany, 
Derby, Kentucky and Paratyphi B variant Java. Such strains have 
caused infections in humans and cattle,61 and there has been 
speculation that the resistance island originated in the Far East, 
possibly in ornamental fi sh.62

It should be realized that multiple resistance in salmonellae in 
developed countries is not confi ned to S. Typhimurium DT 104 
and related strains containing SGI1. In Spain, emergent multi-
resistant strains of S. enterica serotype [4,5,12:i:-] have been asso-
ciated with an increasing number of human infections since the 
mid-1990s.63 Such strains have also caused infection in humans 
in the UK64 and Denmark. Similarly in Greece, multi-resistant 
strains of S. Blockley have caused numerous infections in humans 
since 1996.65 It should be emphasized that, although the most 
common presentation has been gastroenteritis in infections caused 
by both S. enterica serotype [4,5,12:i:-] and S. Blockley, in some 
cases patients have not responded to antimicrobial treatment, 
possibly as a consequence of the wide resistance spectrum of the 
organisms concerned. Of note in Europe at the present time is a 
substantive increase in isolations of S. Enteritidis with resistance 
to nalidixic acid with concomitant decreased susceptibility to cip-
rofl oxacin. In 2000, 13% of isolates of S. Enteritidis from 14 636 
cases of infection in 10 European countries exhibited such resis-
tance.66 In the UK, strains of S. Enteritidis exhibiting such resis-
tance have been linked to imported eggs, and it has been suggested 
that the use of fl uoroquinolones in poultry production has con-
tributed to the emergence of such strains.67

SHIGELLAE

Developing countries

Following extensive outbreaks of multi-resistant strains of Shigella 
spp., particularly Sh. dysenteriae (Shiga’s bacillus), in many coun-
tries in Central America, Africa and the Indian subcontinent from 
1969 (for a review, see Rowe and Threlfall36), with many deaths, 
outbreaks of Sh. dysenteriae with a continually expanding spec-
trum of resistance are being increasingly reported from developing 
countries throughout the world. The fi rst major international out-
break was that which occurred in Central America from 1969 to 
1972. The causative strain was resistant to chloramphenicol, strep-
tomycin, sulphonamides and tetracyclines (R-type CSSuT). Resis-
tances were plasmid encoded by a plasmid of incompatibility 
group B. The second major international outbreak occurred in 
Central Africa (Zaire, Rwanda, Burundi) from 1979 to 1982, with 
over 13 000 cases reported in eastern Zaire between 1981 and 
1982, and with over 1700 deaths. In this outbreak the strain was 
of R-type ACSSuT (A, ampicillin) and, although resistances were 
plasmid encoded, the plasmids were of different incompatibility 
groups to those identifi ed in the Central American strain, and in 
strains which had caused outbreaks in India in the 1970s.68 Fol-
lowing the discontinuation of the use of tetracyclines and the 
introduction of co-trimoxazole in Zaire early in 1981, plasmid-
mediated resistance to the latter antimicrobial soon emerged.69 
Nalidixic acid was subsequently introduced in Zaire in November 
1981 for the treatment of Shiga dysentery, and the use of this 
antimicrobial resulted in a drop in the case fatality rate from 4.6% 
to 2.0%. Subsequent to these outbreaks in the 1980s, serious 
epidemics of multi-resistant Sh. dysenteriae 1 were reported in the 
1990s in Zimbabwe,70 Zambia,71 Kenya,72 Dakar,73 KwaZulu-Natal74 
and Sierra Leone.75 The causative strains were resistant to a wide 
range of antimicrobials, including ampicillin, chloramphenicol, 
tetracyclines, trimethoprim and nalidixic acid.

Since 1984 there have been increasing reports of epidemics and 
outbreaks in the Indian subcontinent of bacillary dysentery caused 
by multi-resistant Sh. dysenteriae type 1.76 Initially, strains were 
resistant to ampicillin, chloramphenicol, tetracyclines and co-
trimoxazole. Because of the appearance in such strains of resis-
tance to ampicillin and co-trimoxazole – at that time the drugs of 
choice for fi rst-line treatment of bacillary dysentery in India – nali-
dixic acid became the fi rst-line alternative treatment in the 1980s. 
Strains with resistance to nalidixic acid rapidly emerged in the 
Indian subcontinent,77 thus undermining the effi cacy of this anti-
microbial for the treatment of bacillary dysentery in that area. 
Resistance to ciprofl oxacin in Sh. dysenteriae 1 has recently been 
reported in both India78 and Bangladesh.79 This development has 
undermined the effi cacy of fl uoroquinolones for treatment, which 
had been found to be highly effective when coupled with standard 
rehydration therapy.80

Strains of multi-resistant Sh. dysenteriae 1 are now becoming 
commonplace in other developing countries, not only in Central 
America, India and Africa but also in the Middle East. For example, 
in the 5-year period comprising 1990–1993 and 1996, Sh. dysente-
riae accounted for 5% of shigella strains isolated in Kuwait.81 All iso-
lates were multi-resistant. Once more, because of multi-resistance 
the therapeutic options for oral therapy were severely restricted.81

Shigellae
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An increasing problem in many developing countries in recent 
years has been the appearance and spread of multi-resistant strains 
of Sh. fl exneri. Outbreaks with such strains have been reported in 
many countries in South-east Asia and the Indian subcontinent,82 
and treatment problems have been recorded in infections in many 
countries. Strains have often been resistant to at least fi ve antimi-
crobials, including ampicillin, chloramphenicol and trimethoprim, 
with an increasing number of strains from the Indian subconti-
nent showing resistance to nalidixic acid. In strains from Tanzania, 
resistance to ampicillin has been related to integron-mediated 
OXA-1 and TEM-1 β-lactamases.83

Britain

Between 1983 and 1987 the incidence of resistance to ampicillin 
in Sh. dysenteriae, Sh. fl exneri and Sh. boydii infections in England 
and Wales increased from 42% to 65% and the incidence of resis-
tance to trimethoprim from 6% to 64%. Furthermore, of 1524 
strains tested in 1995–1996, 46% were resistant to both these 
antimicrobials.84 Resistance to nalidixic acid was uncommon and 
only a very small number of strains were resistant to ciprofl oxacin. 
On the basis of these observations it was concluded that, if it 
should be necessary to commence treatment before the results of 
laboratory-based sensitivity tests were available, the best options 
would be to use nalidixic acid for children and a fl uoroquinolone 
antibiotic such as ciprofl oxacin for adults. It is important to note 
that Sh. dysenteriae, Sh. fl exneri and Sh. boydii are not indigenous 
in England and Wales, and the majority of infections have been 
identifi ed in patients either with a history of recent foreign travel, 
particularly to the Indian subcontinent, or who have had contact 
with recent travellers. Thus, resistance in these serotypes does not 
refl ect the use of antibiotics for the treatment of shigellosis in 
Britain.

In 2002, 10% of shigellae of subgroups A, B and C, and 13% 
of isolates of subgroup D (Sh. sonnei) from patients in England 
and Wales were resistant to nalidixic acid.85 These fi ndings sug-
gested that the choice of antimicrobial for the fi rst-line treatment 
of shigellosis was becoming increasingly limited, and it was rec-
ommended that, for children under 10 years of age, strains should 
be tested for resistance to this antimicrobial before commencing 
treatment. This recommendation is in line with information from 
other countries, where in some instances nalidixic acid has been 
abandoned as a therapeutic option for acute shigellosis.

Recommendations for therapy

Until 1984, ampicillin was widely regarded as the drug of choice 
for the treatment of severe bacillary dysentery, with trimethoprim 
the drug of choice for patients infected with ampicillin-resistant 
strains. More recently, because of the increased prevalence of 
strains resistant to ampicillin and trimethoprim, nalidixic acid has 
been used increasingly in developing countries as a primary alter-
native. If Sh. dysenteriae type 1 infection is suspected or nalidixic 
acid-resistant strains of Shigella have been identifi ed, treatment 
with pivmecillinam has been recommended.86 For children, treat-
ment with pivmecillinam or ceftriaxone has been suggested, 
although reservations have been expressed both about the cost of 
these antibiotics and about the non-availability of an oral formu-
lation of ceftriaxone.86 It has also been recommended that in 

developing countries the newer quinolone drugs should be held 
in reserve for the treatment of strains resistant to nalidixic acid 
and pivmecillinam. For developed countries where resistance to 
ampicillin and co-trimoxazole is less common, it has been recom-
mended that, if antibiotic therapy is indicated, children should 
continue to be treated with ampicillin or trimethoprim–
sulfamethoxazole, and that adults should be treated with one 
of the new quinolone drugs. Because of the rapidly increasing 
range of resistance in shigella strains, it has been strongly recom-
mended that, whenever possible, antibiotic sensitivities should be 
determined before commencing treatment, as the choice of anti-
biotic for initial treatment is becoming increasingly limited. This 
is particularly the case in the UK (see above), where it has been 
recommended that the best options would be to use nalidixic acid 
for children and a fl uoroquinolone antibiotic such as ciprofl oxa-
cin for adults until the results of laboratory-based sensitivity tests 
are available.85

VIBRIO CHOLERAE

Vibrio cholerae O1

The fi rst protracted outbreak of V. cholerae O1 with multiple drug 
resistance was that which occurred in Tanzania in 1977.87 The 
strains were of R-type ACKSSuT (K, kanamycin) and the appear-
ance of resistance was attributed to the extensive use of tetracy-
clines for cholera prophylaxis in Tanzania. Major outbreaks of 
drug-resistant strains of V. cholerae O1 have subsequently been 
reported in Bangladesh in 1979–1980 and 1981, in Zaire in 1982–
1983, in Tanzania in 1983 and in Kenya in the late 1990s.88 A 
variety of R-types has been identifi ed and, in addition to the resis-
tances listed above, strains with resistance to gentamicin and tri-
methoprim have been identifi ed in Bangladesh and Zaire. In 1993, 
strains of V. cholerae O1 with resistance to ampicillin, chloram-
phenicol, kanamycin, sulphonamides, tetracyclines and trime-
thoprim were identifi ed in epidemic cholera in Ecuador, South 
America,89 and it has been subsequently reported that up to 36% 
of strains from this epidemic were multi-resistant.90 In 1995, 
multi-resistant strains of V. cholerae O1 were reported to have 
caused outbreaks in the Horn of Africa (Ethiopia and Somalia) in 
epidemics in the 1980s,91 and multi-resistant strains have subse-
quently been reported in Uganda,92 Albania and Italy,93 India94 
and Guinea-Bissau.95

When studied, in all multi-resistant strains of V. cholerae O1 
from outbreaks in Africa, the Indian subcontinent and South 
America the complete spectrum of resistance has been encoded by 
plasmids of the inc C group.89 It would therefore appear that 
plasmids of the inc C group have an affi nity for V. cholerae similar 
to that shown by inc HI1 plasmids for S. Typhi (see above). In 
these inc C plasmids, resistance to trimethoprim and aminoglyco-
sides is contained within class I integrons.92,94 Such integrons are 
similar to those identifi ed in multi-resistant S. Typhimurium and 
Sh. fl exneri (see above). Thus it is possible that resistance genes 
contained on these inc C V. cholerae plasmids may have originated 
in other Gram-negative bacteria.

Although the therapy of choice for cholera is oral rehydration, 
when antimicrobial therapy is indicated, doxycycline, a long-
acting form of tetracycline, is recommended for adults and 
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co-trimoxazole for children, with furazolidone, erythromycin and 
chloramphenicol considered to be effective alternatives.96 The 
appearance in countries with low standards of hygiene of strains 
with resistance to three of the drugs of choice for the treatment of 
cholera is of some concern, and reappraisal of the use of antimi-
crobials in some outbreak situations may now be necessary. 
Indeed, because of the development of resistance to tetracyclines 
in epidemic strains, in some developing countries fl uoroquino-
lone drugs have been used in combination with oral rehydration 
therapy. Regrettably, the emergence of intermediate resistance to 
norfl oxacin in an outbreak in Malda, West Bengal, in 1997,97 and 
the appearance of clinical resistance to norfl oxacin and cipro-
fl oxacin in V. cholerae O1 in an epidemic in and around Hubli, 
South India in 200298 suggests that the effi cacy of such antimicro-
bials for V. cholerae has already been jeopardized.

Vibrio cholerae O139

Since early 1993 there have been reports of outbreaks of cholera 
caused by V. cholerae O139 in the Indian subcontinent.99 A limited 
study of strains isolated in the UK from travellers known to have 
returned recently from the Indian subcontinent demonstrated that 
these strains were resistant to streptomycin, sulphonamides and 
trimethoprim.100 As with infections caused by V. cholerae O1, the 
therapy of choice for infections caused by non-O1 V. cholerae is 
oral rehydration, and the occurrence of resistance to streptomycin, 
sulphonamides and trimethoprim should have little effect on 
treatment regimens. Regrettably, in the epidemic in Hubli, South 
India in 2002 (see above), 47% of isolates of V. cholerae O139 
were resistant to ciprofl oxacin,98 indicating that the effi cacy of this 
antimicrobial is jeopardized.

ESCHERICHIA COLI

The occurrence of antibiotic resistance in pathogenic E. coli respon-
sible for gastrointestinal illness has been documented else-
where36,101 and will not be discussed at length in this chapter. 
Plasmids have been identifi ed that code for antibiotic resistance 
and the production of both heat-stable (ST) and heat-labile (LT) 
toxin, and in a study of drug resistance among toxin-producing 
strains isolated in the Far East in 1978, 72% of strains were 
reported to be drug resistant and 44% multi-resistant.102

For Vero cytotoxin-producing E. coli O157 (VTEC O157) 23% 
of 1087 isolates from people in England and Wales were drug 
resistant but only 2% were multi-resistant; the most common 
resistance patterns were streptomycin, sulphonamides and tetra-
cyclines, and sulphonamides and tetracyclines.103,104 Until 1999, 
resistance to fl uoroquinolone antibiotics had not been identifi ed 
in VTEC O157 from humans in infections associated with foods 
or food animals in the UK. It should be realized that, in general, 
antimicrobials are not recommended for the treatment of VTEC 
O157 infections in humans. Indeed, the use of quinolone antibi-
otics may stimulate the production of toxin-encoding bacterio-
phages from strains of Shiga toxin-producing E. coli and thereby 
potentially exacerbate the disease syndrome in humans.105

A newly emerging problem in the UK is a substantive increase 
in E. coli with plasmids encoding CTX-M-15 β-lactamases in cases 
of urinary tract infection.106 These strains have caused serious 

disease, with signifi cant mortality. Although there is as yet no 
indication that such strains may be linked to organisms originat-
ing in the gut, the occurrence of strains of CTX-M-producing E. 
coli from cattle in the UK107 suggests that such strains may be 
widely disseminated in the environment, and possibly in foods.

The use of antibiotics for the treatment of E. coli gut infections 
is also a contentious issue. There is little doubt that a number of 
antibiotics reduce the incidence and duration of diarrhoea in 
travellers,108 and both ciprofl oxacin109 and norfl oxacin110 have been 
reported to be particularly effective. However, concern has been 
expressed that the widespread use of these antimicrobials for pro-
phylaxis may in the long term reduce their effi cacy.111

CAMPYLOBACTER SPP.

Campylobacter jejuni is recognized as the most common cause of 
bacterial gastroenteritis in many developed countries.112,113 Because 
Campylobacter enteritis is usually a self-limiting disease, antibiot-
ics are not usually administered except to septicaemic patients and 
those with other underlying complications. When antibiotics have 
been indicated, until the mid-1990s erythromycin has been the 
drug of choice.114,115 Gentamicin, tetracyclines, chloramphenicol 
and furazolidone have also been used with some success, and 
gentamicin and chloramphenicol have been recommended for the 
treatment of patients with erythromycin-resistant strains.116

The use of fl uoroquinolone drugs for the treatment of a variety 
of acute diarrhoeal diseases, including Campylobacter enteritis, 
has recently been advocated.117 Therefore, of potential importance 
for therapy was a reported increase of up to 11% in the incidence 
of fl uoroquinolone resistance in campylobacters isolated from 
humans in The Netherlands in 1990 following the extensive use 
of enrofl oxacin in the poultry industry in that country.118 Similarly, 
in England and Wales in 1997, 11% of 5400 isolates were resistant 
to ciprofl oxacin at greater than 8 mg/L.119 More recently, quino-
lone-resistant strains of C. jejuni isolated from patients in the USA 
were shown by molecular methods to be indistinguishable from 
similar strains isolated from poultry.120 These fi ndings have given 
rise to concern that the injudicious use of fl uoroquinolone-
containing products in the poultry industry in Europe, and more 
recently in the USA, has resulted in the emergence of strains of 
Campylobacter spp. with resistance to ciprofl oxacin. It is important 
not to overlook the role of foreign travel, as in the USA study 
quoted above a substantial number of quinolone-resistant isolates 
were associated with patients with a recent history of foreign 
travel, particularly to Mexico.120

CONCLUSION

Multiple drug resistance and resistance to key antimicrobials are 
now common in pathogenic gut bacteria in both developing and 
developed countries throughout the world. The rapid emergence 
of resistance to the drugs of choice for diseases such as typhoid 
fever, bacillary dysentery and cholera is of particular concern. 
Although for the most part such resistance is plasmid mediated, 
a recent development is the emergence of strains with chromo-
somal resistance, not only to antibiotics such as chloramphenicol, 
ampicillin and trimethoprim, but also to nalidixic acid and some 

Conclusion



53. Resistant Gut Bacteria

950

of the fl uoroquinolone drugs such as ciprofl oxacin, which are now 
the fi rst-line choice for the treatment of invasive disease. Addition-
ally, resistance to the newer cephalosporins is now becoming 
commonplace, with resistance to ESBLs in organisms such as Sal-
monella and E. coli being reported in both developed and develop-
ing countries, in strains from food production animals, foods and 
cases of human infection. To preserve the effi cacy of such drugs 
for the treatment of life-threatening infections, it is essential that 
their usage be strictly regulated. Thus, whenever possible, drugs 
such as the fl uoroquinolones and third-generation cephalosporins 
should be reserved for the treatment of severe infections that do 
not respond to more conventional antimicrobials. In developed 
countries, where resistance is often associated with the use of 
antimicrobials in food-producing animals, such usage should be 
strictly regulated and the unnecessary prophylactic use of anti-
microbials avoided wherever possible.
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Section 8 Bacterial Infections

Chapter 54 Neil French

Pneumococcal Diseases

INTRODUCTION

Streptococcus pneumoniae, the pneumococcus, is a ubiquitous 
human respiratory bacterial pathogen, well known for its associa-
tion with pneumonia and meningitis. It causes disease in all age 
groups, particularly at the extremes of infancy and old age and is 
a major cause of morbidity and mortality in the tropics. The 
pneumococcus is the leading cause of acute lower respiratory 
infections, which are an important cause of death and the princi-
pal cause of global morbidity assessed in disability adjusted life 
years.1 In addition, the epidemiology of pneumococcal infection 
in many regions of the tropics has been profoundly altered by the 
interaction of the pneumococcus with the human immunodefi -
ciency virus, leading to a much increased disease burden. Antibi-
otic resistance amongst pneumococci continues to evolve and 
this threatens to undermine the basic principles of affordable 
management.

Set against these concerns has been a renewed interest in pre-
vention of pneumococcal disease, driven by developments in con-
jugate vaccine technology. The fi rst trial of a pneumococcal 
polysaccharide-based vaccine was undertaken in South African 
gold miners during the early twentieth century, and it was perhaps 
fi tting that the fi rst successful effi cacy trial of conjugate pneumo-
coccal vaccine in the tropics was reported from South Africa in 
2003.2 However, widespread vaccine-based control of pneumo-
coccal disease does not appear to be an immediate prospect and 
the pneumococcus will continue to be a leading public health and 
clinical problem.

EPIDEMIOLOGY

No signifi cant animal reservoir of infection exists and pneumococ-
cal transmission is a consequence of human contact and an 
inescapable fact of human life. The overwhelming majority of 
human–bacteria encounters will result in asymptomatic nasopha-
ryngeal carriage, which will persist for days or months. In only a 
few of these human–bacteria interactions will clinical disease 
develop – by local mucosal spread to the sinuses, middle ear or 
bronchial tree. Rarely, the bacteria will invade tissue to produce 
bacteraemia, meningitis and other metastatic infections.

Young children and elderly adults are typically at greatest risk 
of serious pneumococcal infection. However, in regions of high 

HIV prevalence invasive disease has become a feature of young 
adults. Males have higher rates of disease than females at all ages 
and this is a consistent phenomenon in geographically and his-
torically diverse reports. Pneumococcal infections also show sea-
sonality. In the temperate regions of the globe, infection rates 
increase during the winter months and decline in the summer. In 
the tropics, rates of disease rise and fall at different times of the 
year and while these fl uctuations show a relationship to rainfall 
and humidity, these relationships are not consistent in different 
regions. As such, the observed climate relationships may be more 
to do with spread of respiratory viruses (co-factors for coloniza-
tion and disease) as a consequence of human mobility than with 
climate parameters per se.

Pneumococci can be subtyped by determining the seroreactiv-
ity of their bacterial polysaccharide capsule against a set of stan-
dard antisera – so called serotypes. Ninety one serotypes have 
been identifi ed and serotyping has been used as a tool for epide-
miological surveillance. The predominant serotypes causing 
disease vary by age and by region,3 with some notable for causing 
serious disease in children (serotype 1) and in adults (serotype 3), 
while other serotypes are associated with multiple antibiotic resis-
tance (6B, 14, 19F and 23F). More sophisticated molecular epide-
miology tools have been developed and provide greater 
discriminatory power than serotyping4 and have been used to map 
the global spread of antibiotic resistant bacterial clones.

Epidemiology of carriage

Nasopharyngeal carriage is critical to the maintenance and spread 
of pneumococci. Evidence from several sites in the tropics would 
suggest that early colonization is more intense than that found in 
developed countries. Point prevalence studies in infants and chil-
dren throughout the tropics have recorded high rates of carriage, 
typically 60–80% and very often with multiple serotypes.5–8 These 
rates fall in older children and adults when 20% carriage rates are 
more typical. Nevertheless, these rates are still higher than those 
found in age-matched populations in the developed world. Defects 
in the mucosal immune response may contribute to these higher 
rates of carriage, but a more likely explanation is that there is 
continued high exposure to pneumococci at all stages of life. 
Carried serotypes tend to be those associated with lower virulence, 
but are often the serotypes implicated in mucosal disease in 
children.9 Carriage may be increased in adults with underlying 
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HIV-disease – carriage point prevalence was 50% greater (29% vs 
19%) in HIV-infected age-matched adults in two separate studies 
in Nairobi (Gilks C, unpublished data) and Entebbe.10 There are 
no data from the tropics describing carriage rates in the elderly.

Childhood epidemiology

Serious manifestations of pneumococcal disease are highly preva-
lent in paediatric populations across the tropics. S. pneumoniae is 
a leading blood culture isolate from most reported bacteraemia 
studies in infants and children globally,11–14 although notably 
infrequent in reports from South-east Asia.15,16 Community-based 
incidence data from Africa consistently report high rates of disease. 
Studies from Soweto in South Africa,17 The Gambia11 and coastal 
Kenya18 measured rates of invasive disease in under-fi ves of 130, 
240 and 111 per 100 000 child-years, respectively, rates several-fold 
higher than those in the developed world (c.f. 20 per 100 000 child-
years in the UK in under-fi ves).19 Peak rates are found in those 
under one year old and in The Gambia exceeded 500 per 100 000 
child-years. Moreover, the rates of pneumococcal pneumonia are 
almost certainly signifi cantly higher and may contribute between 
40% and 60% of all childhood pneumonia.20–22 Meningitis is the 
most lethal of the clinical syndromes associated with pneumococ-
cal infection. Outside of the meningococcal epidemics of the 
central African meningitis belt, the pneumococcus is the leading 
cause of meningitis in children. Between 5% and 25% of all inva-
sive disease will be accounted for by meningitis.5,23

The explanation for these high rates of disease is undoubtedly 
multifactorial. Lowbirth weight, poor nutrition, micronutrient 
and vitamin defi ciencies and increased pneumococcal exposure 
have all been suggested. In a formal case-control study in The 
Gambia overcrowding, parental education and occupation showed 
no clear association with risk but passive smoking, cooking 
indoors and preceding illness were signifi cant risk factors.24

Acute otitis media is the most frequent manifestation of pneu-
mococcal disease in children in the developed world but little is 
known about its epidemiology in the developing world. Hearing 
impairment and chronic suppurative ear problems are a frequent 
fi nding in children in the tropics25,26 and the long-term conse-
quences of this in terms of failure of language skills and education 
are poorly understood. The pneumococcal-attributable contribu-
tion to acute and subsequent chronic ear disease remains to be 
established. Prevention of acute pneumococcal otitis media is not 
currently a priority for pneumococcal vaccine strategies in the 
developing world. With more data on disease burden, priorities 
may change.

Adult epidemiology

Limited community based incidence rates of pneumococcal 
disease exist for adult populations in the tropics. Little of this is 
properly stratifi ed by age and the additional disease burden in the 
elderly is not well characterized. The best available estimates 
would suggest rates between 20 and 300 cases of invasive (bacte-
raemia and/or meningitis) pneumococcal disease per 100 000 
adult-years.27,28 The lower level estimates are similar to the rates 
of invasive disease in elderly populations in the UK.19 In otherwise 
healthy adults, bacteraemia complicates pneumonia in about one 

quarter of cases; thus the rates of pneumococcal pneumonia may 
be four times greater.

Outside the African meningitis belt, the pneumococcus is the 
leading cause of bacterial meningitis, a situation that has been 
worsened by the impact of HIV. Within those regions contained 
in the meningitis belt, pneumococcal disease remains important 
and at times mimics the severe outbreaks of meningococcal 
disease. Well characterized epidemic outbreaks of pneumococcal 
meningitis have occurred with high case-fatality.29,30 These out-
breaks appear to be a consequence of the arrival of specifi c pneu-
mococcal strains to which there is only limited immunity.

The higher rates of pneumococcal infection in otherwise fi t and 
well adults, particularly in sub-Saharan Africa, compared with 
adults in the developed world, are incompletely understood. Envi-
ronmental and social factors are believed to play a leading part 
and it is perhaps important to note the similarities in rates of 
disease today in the tropics to those measured in the industrial-
ized world in the 1920s and 1930s.31 Host genetic factors are also 
believed to be important. Studies in the USA have found rates of 
pneumococcal infection to be higher amongst African-Americans 
than European-Americans, a fi nding incompletely accounted for 
by social and environmental confounding.32 The dynamics of car-
riage and the intensity of exposure to serotypes not previously 
encountered may also contribute to disease rates. Pneumococcal 
disease is more likely to occur when an individual is exposed to 
a new pneumococcal serotype, and this will happen more fre-
quently in an environment of intense transmission. This was an 
important factor in the epidemics of pneumococcal disease in 
South African gold miners, which drove the initial studies of 
pneumococcal vaccination, and outbreaks in crowded conditions 
continue to be described.33

The use of tobacco in the developing world, a predisposing 
factor for invasive pneumococcal disease in the industrialized 
world,34 is on the increase. There is every reason to suspect that 
this adverse effect of smoking will also contribute to an increased 
burden of disease as smoking rates rise in the developing world. 
However, of greatest importance as a risk factor for developing 
pneumococcal disease is human immunodefi ciency virus (HIV) 
infection.

HIV-associated pneumococcal disease

HIV increases the risk of pneumococcal pneumonia by between 6 
and 20 times.27,35 Bacteraemia complicates pneumonia in 80% of 
cases. Thus rates of invasive disease are from 10–100 times more 
frequent in age-matched HIV-infected than the HIV-
uninfected. Even with optimal antiretroviral therapy HIV-
infected adults remain at signifi cantly elevated risk of disease.36 It 
is estimated that HIV is the cause of over 80% of all invasive 
pneumococcal events in adults in sub-Saharan Africa and over half 
of all pneumonia cases are HIV-co-infected.37 Community-based 
incidence data from East Africa have recorded rates of invasive 
disease in HIV-infected adults between 1700 and 4200 per 100 000 
person-years.28,38 Rates of disease show a strong association with 
HIV-related immunosuppression; higher rates at lower CD4+ 
T-cell counts. Furthermore, reinfection rates are extremely high at 
up to 25 000 per 100 000 person-years.38 In Malawi, HIV accounted 
for 95% of hospital admissions with pneumococcal bacteraemia 
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during 1997/98,39 this in a region with an underlying adult HIV 
seroprevalence estimated at 15–20%. Within this case series the 
proportion of meningitis cases was also high. This is also a feature 
of the HIV/pneumococcal interaction in this region.40 The impact 
of HIV on pneumococcal disease in children in the tropics is less 
well described, but the risk of bacteraemic disease is increased,18 
and this comes on the back of a much increased background rate 
of disease.

MICROBIOLOGY

Streptococcus pneumoniae is a Gram-positive bacterium, which 
grows in chains in liquid media, but is more characteristically seen 
as pairs in clinical specimens. The term lanceolate is used to 
describe this paired appearance, the organisms appearing egg 
shaped, with their fl atter ends opposed. A source of H2O2 is 
required for growth and consequently pneumococci grow better 
in the presence of catalase. In the diagnostic laboratory this is 
usually achieved by growing the organism in the presence of 
blood on a blood agar or heated blood agar (chocolate agar) plate. 
They grow best at 37°C (growth range 25–40°) in the presence of 
5%–10% CO2, conditions which can be achieved in a candle-
extinction jar. Horse blood is typically used in media preparation. 
When this is not readily available sheep or goat blood provides a 
suitable alternative. Human or cow blood is best avoided, not 
only for the infection risks associated with handling human blood 
products, but growth may be suboptimal. Liquid media appropri-
ate for use in manual blood culture systems to recover pneumo-
cocci are nutrient broth, tryptone soya broth and brain heart 
infusion broth. Further information on media and reagent prepa-
ration relevant to laboratory practice in the developing world 
is available in Cheeseborough’s Medical Laboratory Manual for 
Tropical Countries.41

On a blood agar plate, pneumococci form colonies that are 
usually opaque, 1–2 mm in diameter with central umbilication 
which are surrounded by a characteristic green zone (α-
haemolysis) as a result of the action of an exotoxin, pneumolysin, 
producing a pigment from haemoglobin. Production of a polysac-
charide capsule by the bacteria is responsible for the opaque 
appearance. Colonies may appear mucoid if the bacteria produce 
large quantities of capsule. Failure to produce a signifi cant capsule 
leads to the growth of transparent colonies. These phenotypic 
characteristics may be important in pathogenesis (see later). Pneu-
mococci readily undergo autolysis and death, and this explains 
the umbilicated characteristics of the colonies, with the centre of 
the colony collapsing. This characteristic may hinder diagnosis. 
Pneumococci grown in liquid media will produce turbidity that 
may then clear on further culture in as little as 16 h. Although less 
of a problem with modern continually monitored blood culturing 
systems, laboratories using manual systems need to time visual 
inspections and sub-culturing to avoid this pitfall. A zone of ‘hae-
molysis’ above the sedimented red cells in a manual system will 
provide additional evidence of bacterial growth.

Pneumococci must be differentiated from other α-haemolytic 
Streptococci by demonstrating sensitivity to optochin (ethyl hydro-
cupreine, a quinine derivative, once used for therapy but with-
drawn because of toxicity) and solubility when cultured after 
exposure to bile salts. Antibiotic sensitivity testing should be per-

formed when available. This is particularly crucial for managing 
meningitis when knowledge of penicillin sensitivity is key to 
appropriate therapy (see later). Penicillin sensitivity is best assessed 
with a 1 μg oxacillin disc. Not only is oxacillin more stable and 
storage-friendly than low strength penicillin discs, it is relatively 
precise in predicting reduced susceptibility to penicillin (zone 
diameter ≤ 19 mm). Accurate determination of the susceptibility 
characteristics of pneumococci will require measurement of the 
minimal inhibitory concentration (MIC) by a broth or agar dilu-
tion method or the use of a graduated antibiotic-impregnated 
plastic strip, E-test® (AB Biodisk, Sweden). Serotyping of pneumo-
cocci is unnecessary for routine clinical diagnostic work, but may 
be performed for epidemiological surveillance. The Quellung 
reaction remains the standard. A suspension of pneumococci is 
incubated with capsular-type-specifi c antiserum and methylene 
blue for 10 min. If there is recognition of the capsule by the anti-
serum present, the resultant capsular-antibody complex leads to 
a change in the refractive index of the capsule that stands out and 
contrasts (often referred to as swelling) against the methylene 
blue-stained intracellular contents. A phase-contrast microscope 
is needed to correctly view these changes and a positive control 
should be available for comparison as the reactions are often 
diffi cult to assess.

BACTERIAL ANATOMY AND PHYSIOLOGY

The membranous and external structures of the pneumococci are 
made up of a triple layered cell membrane, cell wall and a polysac-
charide capsule (Figure 54.1). These structures confer the principal 
mechanisms underlying the pathogenicity and virulence of the 
bacteria. Exotoxin production is more limited than in other strep-
tococcal species, and tissue damage as a consequence of pneumo-
coccal infection is primarily the consequence of the infl ammatory 
response triggered by cell wall and capsular components.

The cell wall is made up of a combination of peptidoglycan 
bound covalently to teichoic acid which protrudes deep into the 
capsule. This is the C-polysaccharide and is unique (with the 
exception of a few Viridans streptococci) to the pneumococcus. 
C-polysaccharide activates complement either by the alternative 
pathway or by the classical pathway in the presence of anti-C-
polysaccharide antibody and also leads to the production of 
infl ammatory cytokines.

The pneumococcal capsule is formed from the polymerization 
of oligosaccharides, which are bound to the bacterial cell wall. 
Permutations in the monosaccharides used in the production of 
the oligosaccharide macro-molecules lead to antigenic diversity. 
Genetic control of capsule production depends on the use of 
several genes combined into a single translational unit,42 but 
importantly bacteria may possess or acquire additional capsule-
related genes and thus can change their capsular characteristics.43 
This does not appear to be a common process,44 but under vaccine-
induced immune pressure may become so and have implications 
for long-term vaccine-induced control of disease (see later).

The polysaccharide capsule is critical to the organism’s viru-
lence and in the absence of type-specifi c opsonizing antibody the 
capsule blocks phagocytosis. The mechanism by which the capsule 
does this is not clear. It is probably in part related to its ability to 
cover and hide cell wall bound complement and immunoglobulin 

Bacterial Anatomy and Physiology
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which would otherwise act as opsonins and thereby prevent 
phagocytosis. Other cell surface components have been identifi ed 
and are likely to play a role in pathogenesis. Pneumococcal surface 
protein A (Psp A) and pneumococcal surface adhesin A (Psa A, 
although not physiologically an adhesion molecule) are the two 
best described members of a family of choline binding proteins. 
Bacteria defi cient in these proteins show reduced virulence.

Pneumolysin and autolysin are exotoxins, which contribute to 
virulence. The former is cytotoxic for phagocytic and respiratory 
epithelial cells and is pro-infl ammatory by activating comple-
ment, the latter is involved in cell wall remodelling. Other bacte-
rial components, e.g. neuraminidase and hyaluronidase may also 
contribute to virulence/pathogenicity but their role in human 
disease awaits clarifi cation. Although somewhat esoteric, the 
specifi c interest in these proteins comes from their possible use 
as a vaccine or vaccine component.45

HOST SUSCEPTIBILITY

For pneumococcal disease to develop several critical events must 
take place. The bacteria must gain entry to the nasopharynx (or 
rarely to the female genital tract) and adhere to the epithelial cells. 
Subsequently they must spread to susceptible anatomical sites 

i.e. sinuses, middle ear, bronchial tree (peritoneum), reproduce 
freely and fi nally may breach endothelial surfaces and invade the 
blood stream and other distant sites. In broad terms, the host 
defends itself against pneumococcal mucosal infection by prevent-
ing mucosal attachment and spread, using the mucociliary system 
that lines the respiratory tract and adaptive mucosal immune 
responses. Defence against invasive disease is critically dependent 
on the presence of opsonizing anti-capsular antibodies and a 
functioning phagocytic system. A list of conditions pre-disposing 
to pneumococcal infection is shown in Table 54.1.

Anatomical defences

The immature development of the Eustachian tube and the inabil-
ity to clear secretions and bacteria from the middle ear are believed 
to underlie the susceptibility of young children to otitis. Similarly, 
other factors which interfere with mucociliary function will pre-
dispose to infection: cigarette smoking; smoke inhalation from 
poorly ventilated fi res; and preceding viral infection leading to 
direct destruction of ciliated epithelium in the upper respiratory 
mucosa. In addition, viral infections may upregulate the mucosal 
expression of ligands for the choline binding proteins on the 
surface of the pneumococci, improving mucosal attachment. This 
may be particularly relevant for allowing access of more virulent 
pneumococcal serotypes, which may have a decreased capacity for 
carriage but a high propensity for invasion once attached. Pneu-
mococci of the transparent phenotype (see earlier) produce little 
capsule but have a phosphatidylcholine-rich cell wall and are 
believed to bind upper respiratory epithelium more effectively 
than their capsulate counterparts. They are never found as invasive 
isolates as a capsule is essential for this. Furthermore, infl amma-
tory changes, mucus hyper-secretion and the subsequent post-
nasal drip which often accompanies ‘colds and fl u’ will predispose 
to aspiration of pneumococci through the larynx and into the 
bronchial tree.

Mucosal immune response

Innate and adaptive immune system responses contribute to pre-
vention of carriage or spread of pneumococci across mucosal sur-
faces. Lactoferrin, lysozyme, lactoperoxidase and Mannose Binding 
Protein (MBP) are components of the innate immune system and 
act by binding and opsonizing pneumococci for clearance by 
mucosally associated phagocytes. C-reactive protein (CRP), another 
agent of the innate immune response, acts in a similar way, but 
during systemic infection. Polymorphisms in the genes encoding 
MBP are associated with invasive pneumococcal disease and have 
been described in African populations.46 It has been postulated that 
the evolutionary persistence of CRP is a direct consequence of its 
ability to protect against pneumococcal disease.

Secretory IgA, the predominant human immunoglobulin at 
mucosal surfaces, has the ability to prevent binding of pneumo-
cocci (and possibly neutralize pneumolysin) and opsonize bacte-
ria for phagocyte recognition. Of the two IgA isotypes, IgA2 is the 
most important as it is resistant to an IgA protease secreted by 
the pneumococcus that is able to disrupt IgA1. Animal studies 
have confi rmed the defensive properties of IgA; however, the 
importance of IgA in the overall scheme of protection against 

Figure 54.1 Schematic structure of pneumococcal cell membrane, 
wall and capsule. PspA protrudes through the capsule and may act to 
stabilize the capsular structure. PspA is highly variable with over 40 
serotypes recognized and marked genetic heterogeneity but with a 
number of stable immunologically cross-reactive molecular epitopes. 
PsaA is genetically and antigenically conserved across most capsular 
serotypes. Its anatomical localization within the surface components 
is unclear. Cell wall polysaccharide consists of teichoic acid, 
peptidoglycan and phosphorylcholine. When bound to a lipid 
molecule it is able to extend in to the lipid rich cell membrane and 
is then known as the Forssmann or F-antigen.
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Table 54.1 Conditions that predispose to pneumococcal infection in the tropics by mechanism of susceptibility

Defective 
antibody

Reduced 
mucosal 
clearancea

Anatomical 
defects

Complement 
defi ciency

Increased 
exposure

Phagocyte 
dysfunction

Comments

IMPORTANT COMMON CONDITION OR 
STRONG ASSOCIATION 
WITH RISK

HIV infection ✗ ✗ Debility interferes with 
respiratory secretion 
clearance in late stages

Sickle cell disease ✗ ✗ ✗

Infancy and ageing ✗ ✗ ✗ High carriage rates in siblings 
of infants lead to increased 
exposure

Alcoholism ✗ ✗

Chronic chest 
disease

✗ ✗ ✗ Tuberculosis, asthma and 
bronchiectasis

Malnutrition ✗ ✗

Diabetes ✗

Smoking ✗ ✗ Mucociliary interference and 
direct toxicity on alveolar 
macrophages

Poverty ✗ Overcrowding and usually 
co-existent nutritional 
defi ciencies

LESS IMPORTANT LESS COMMON 
CONDITION OR WEAK 
ASSOCIATION

Kidney disease ✗ ✗

Liver cirrhosis ✗ ✗

Lymphoproliferative 
disease

✗

Visceral 
leishmaniasis (and 
other parasitic 
infections)

✗ ✗ ✗ Complex immune defects 
and abnormalities of splenic 
function

a By virtue of immobility, bed-ridden or defective mucociliary action.

pneumococci in humans remains unclear. Selective defi ciencies 
of IgA are not clearly associated with pneumococcal infection 
and are believed to be uncommon in non-Caucasian popula -
tions. Moreover pneumococci may use cleaved IgA to assist with 
attachment and translocation across mucosa.47

The principal (and most studied) phagocyte in the respiratory 
tract is the human alveolar macrophage. These cells are able to 
rapidly destroy pneumococci following phagocytosis. The pneu-
mococcus, unlike Mycobacterium tuberculosis for instance, possesses 
little in its armamentarium to prevent phagolysosomal digestion. 
Central to the competent functioning of the macrophage is appro-
priate activation of the cell and opsonization of the pneumococcal 
target.48 Cellular mucosal immune responses may also play a part 

in protection against carriage49 but much remains to be under-
stood about mucosal defences in general.

Systemic immune response: Critical to protection against invasive 
disease is the presence of capsule-specifi c opsonizing antibodies 
and an intact phagocytic cell system in the liver and particularly 
spleen.

The central role of serum in protection was identifi ed in the 
late nineteenth century, when protection could be achieved in 
animal models by the infusion of immune serum. In the 1920s, 
further discoveries led to the realization that the antibody confer-
ring protection was directed against the pneumococcal capsule. 
Subsequently, passive vaccination or serum therapy using 
serotype-specifi c antisera formed the basis of early therapeutic 

Host Susceptibility
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successes in treating pneumococcal disease. Recent studies have 
confi rmed the association between low levels/decreased activity 
of capsule specifi c IgG and risk of disease.50,51 Unfortunately, the 
absolute level of capsule-specifi c immunoglobulin in isolation is 
not a wholly reliable predictor of protection or susceptibility. This 
is in part due to the measurement of low affi nity or cross-reactive 
antibodies and the ‘quality’ of the antibody to opsonize and stim-
ulate phagocytosis is also important.

Diseases that lead to under-production of immunoglobulins 
are associated with an increased risk of pneumococcal disease. 
This is perhaps most dramatic in the primary and acquired hypo-
gammaglobulinaemias, in which repeated episodes of otitis, 
sinusitis, pneumonia and invasive disease occur. The high rates of 
invasive pneumococcal disease in early childhood are in part 
related to underproduction of an IgG isotype, IgG2, the principal 
isotype contributing to anti-capsular antibodies in adults. An IgG2 
response is produced when derivatives of the complement factor 
C3, which is an important opsonin of pneumococcal polysaccha-
ride, bind a co-receptor on the B cell (complement receptor 2:CR2:
CD21) in association with B-cell receptors binding polysaccharide. 
Importantly, children under 2 years of age do not adequately 
express complement receptor 2 on B-cells, and consequently little 
IgG produced is of the IgG2 isotype.

Defi cient capsule-specifi c IgG production underpins the 
increased susceptibility of HIV-infected individuals to pneumo-
coccal disease. Massive and progressive B-cell destruction is a 
feature of uncontrolled HIV infection. HIV has a selective prefer-
ence for destruction of B cells which use the VH3 family of genes 
to produce their immunoglobulin heavy chain variable regions. 
In healthy adults it is B cells expressing antibodies of this VH3 
idiotype that make up the majority of those active against pneu-
mococci. Thus HIV destroys the humoral immune response that 
protects against pneumococcal infection. No other HIV-associated 
immune defect has been clearly shown to be linked to risk of 
disease, although carriage of pneumococci increases with decreas-
ing CD4 count, suggesting a possible role of the cellular response 
in protection.

Malnutrition, old age, chronic liver disease including alcohol 
related disease and renal failure are associated with pneumococcal 
disease. Although impaired immunoglobulin production to a 
greater or lesser extent is a feature of these conditions, other factors 
play a part in increasing susceptibility, e.g. overcrowding, impaired 
cough refl ex, immobility, phagocyte defects, presence of ascites 
and orthostasis.

In addition to immunoglobulin, complement will also opso-
nize pneumococci. In vitro studies confi rm the value of com-
plement in stimulating phagocytosis of pneumococci and, as 
mentioned above, complement is able to modulate B cell responses 
to polysaccharides. Gram-positive organisms are able to resist the 
effects of the terminal membrane attack complex (C5–C9); con-
sequently it is the early complement factors that are implicated in 
defence. Perhaps surprisingly, there are few reports of specifi c 
complement defi ciency states associated with pneumococcal 
infection, although the increased risk of disease in nephrotic syn-
drome is believed to be due to hypocomplementaemia as a con-
sequence of deposition and consumption of the early complement 
factors in the kidneys.

Once opsonized, pneumococci must be removed from circula-
tion and killed by phagocytes. Polymorphonuclear leucocytes and 

macrophages in the liver and spleen undertake this task. Surpris-
ingly, primary defective functioning of phagocytes either by 
chemotaxis or impaired oxidative killing is not associated with 
increased rates and severity of pneumococcal disease, although 
neutropaenic individuals are at greater risk. Likewise, individuals 
who lack a spleen (following splenectomy) or are functionally 
asplenic (homozygous sickle cell disease) suffer high rates of 
pneumococcal disease, which is in large part due to the reduction 
in phagocytic function, although other factors including abnor-
mal antibody production and loss of the key marginal zone of the 
spleen contribute to increased susceptibility. Other phagocytic 
defects occur as a result of variation in phagocyte-expressed Fc 
receptors, particularly FcγRIIa. These have been associated with 
increased susceptibility to respiratory infections in children. 
However, the importance of polymorphisms in these receptors 
and risk of pneumococcal disease in African or Asian populations 
remains to be established.

CLINICAL SYNDROMES

Pneumonia

Pneumonia is the most important presentation of pneumococcal 
disease by virtue of its frequency, accounting for 80–90% of all 
pneumococcal disease in adults, and its signifi cant mortality. In 
the pre-antibiotic era case-fatality was 40–50%. In the antibiotic 
era, case-fatality in adults of 10% remains typical for bacteraemic 
disease.52 Delayed presentation as a consequence of compromised 
health-seeking behaviour through poverty or lack of access to 
healthcare, markedly infl uences case-fatality rates. Mortality rates 
in children were similarly high but early access to antibiotic 
therapy dramatically improves outcome from pneumococcal 
pneumonia and mortality rates of 1–2% are achievable,53 but not 
necessarily typical.54 A clear understanding of the presentation, 
management and expected outcome of pneumonia is essential 
knowledge for basic healthcare provision in the tropics.

Clinical presentation

Presentation is typically acute with a 2 or 3 day history of cough, 
fever, dyspnoea and purulent sputum production. A more pro-
longed course may occur if the pneumonia has been partially 
treated or if there is underlying chronic chest disease, in particular 
tuberculosis. Other symptoms which may be prominent include: 
haemoptysis – the classic ‘rusty sputum,’ is characteristic when 
present (the pigmentary effect of exotoxins on haemoglobin), 
but infrequent; pleuritic chest pain; headache, often severe and 
associated with meningism without confi rmed meningitis; and 
diarrhoea, which may occasionally be the primary presenting 
complaint and lead to confusion with acute gastroenteritis.

Patients appear unwell and will be tachycardic and tachypnoeic. 
Cyanosis, if present, indicates more severe disease but is 
diffi cult to assess in individuals with black skin. Chest signs of 
consolidation (dullness to percussion, bronchial breathing and 
aegophony) or more commonly coarse inspiratory crackles con-
sistent with retained secretions are usually heard on auscultation. 
A pleural rub may also be present and does not necessarily predict 
complicated pleural disease. Diagnostic confusion may occur if 
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the presentation is hyperacute with abrupt onset of rigors, when 
malaria, other bacterial septicaemic illness or fulminant viral 
illness may then head the list of differential diagnoses. Presenta-
tions with acute psychosis, confusion, hypothermia, jaundice and 
abdominal pain may lead to diagnostic confusion.

The presentation, recognition and assessment of pneumonia in 
children are detailed in Chapter 23.

Investigations

Pneumonia is confi rmed by fi nding consolidation in a lobar, 
segmental or sub-segmental distribution on chest radiography. 
Chest radiography is not a requirement when the clinical presen-
tation is clear but will often resolve diagnostic confusion (Figure 
54.2). Confi rmation of a pneumococcal aetiology can be made 
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Figure 54.2 Radiographic appearances of pneumococcal disease: 
(A) Classical right upper lobe pneumococcal pneumonia in a 
32-year-old HIV-infected Kenyan woman; (B) Bilateral pulmonary 
consolidation particularly in the right lung as a consequence of 
S. pneumoniae/M. tuberculosis co-infection in a 26-year-old HIV-infected 
Kenyan woman; (C) Pneumococcal pericarditis and pericardial effusion 
in a 34-year-old Ugandan male of uncertain HIV status; (D) bilateral 
maxillary sinus fl uid levels in a 28-year-old HIV-infected Kenyan 
with pneumococcal bacteraemia and no pulmonary focus.

Clinical Syndromes
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defi nitively by the recovery of pneumococci from blood culture 
or from a trans-thoracic needle lung aspirate. This latter technique 
has proved a safe and valid technique in both adults and children 
when aspiration is performed on consolidated pulmonary tissue 
using a small gauge needle. Sputum is often the most readily 
available clinical specimen. Interpretation of Gram-stain exami-
nation and culture results requires some caution. Pneumococci 
carried in the nasopharynx may contaminate expectorated sputum 
specimens and lead to a false-positive diagnosis. Macroscopic 
examination of a sputum sample should reveal purulent material 
(yellow/green mucus). Gram-positive diplococci in association 
with 10–20 pus cells and no epithelial cells per high powered fi eld 
(×100 oil immersion objective) provides good supporting evi-
dence of pneumococcal aetiology. Examination of the sputum for 
acid and alcohol-fast bacilli should be performed because of the 
frequent co-existence of tuberculosis with pneumococcal pneu-
monia. Commercial kits for the identifi cation of pneumococcal 
capsular polysaccharide in blood or urine are available but have 
variable sensitivity and are usually an unjustifi able cost for basic 
diagnostic laboratories. Likewise, serological tests based on pneu-
molysin-immune complexes or rising antibody titres to Psa A do 
not have a place in routine clinical practice at present.

Subsidiary investigations including white cell counts, arterial 
blood gases, electrolyte measurements and liver function tests are 
not particularly helpful in establishing a diagnosis, but may be 
used as measures of severity.

Differential diagnosis

When respiratory symptoms and signs are lacking, pneumococcal 
pneumonia may need to be differentiated from a wide range of 
febrile conditions. When a diagnosis of pneumonia is established, 
the primary differential is from other infectious agents of pneu-
monia, and occasionally typhoid or amoebic liver abscess (right-
sided effusion). Making a defi nitive diagnosis of these infections 
is in many ways more diffi cult than pneumococcal disease. 
Many are not readily identifi able (e.g. Chlamydia, Mycoplasma, 
Rickettsial, Viral) or investigations are diffi cult to interpret (i.e. 
Gram-negative organisms in sputum). Tuberculosis is the most 
critical differential diagnosis to consider. It may present as an 
acute pneumonic illness or as a co-infection with the pneumococ-
cus. M. tuberculosis may be implicated in 5–15% of adult CAP in 
sub-Saharan Africa,55 the association being particularly important 
in HIV-infected adults.52 Ziehl–Neelsen staining of sputum 
samples will help in making the diagnosis; however, in up to half 
the cases of M. tuberculosis infection reported in a series of CAP 
from the Kenyan coast, culture for Mycobacteria was required to 
establish a diagnosis. It is also important to note that many of 
these cases had shown an initial response to anti-pneumococcal 
therapy as a consequence of pneumococcal co-infection.52 Poor 
response to antibiotics, pleural effusions, cavitation of lung 
lesions, cervical or other giant lymphadenopathy or incomplete 
resolution of pneumonia at follow-up should raise the suspicion 
of M. tuberculosis infection.

Management and therapy

With overcrowded in-patient facilities, the threshold for admis-
sion to hospital will be towards more severe disease and an assess-

ment of suitability for out-patient oral therapy or the need for 
in-patient parenteral therapy is required. Indicators of poor 
outcome are listed in Table 54.2.56 Further indicators of the suit-
ability of oral therapy involve an assessment of gastrointestinal 
symptoms and microbial factors. Vomiting or profuse diarrhoea 
are relative contraindications to oral therapy as antibiotic absorp-
tion may be impaired.

In addition to antimicrobial therapy, other supportive treat-
ment should be initiated. Supplemental oxygen if available, and 
preferably monitored with blood gases or peripheral saturation 
measurements, should be provided when hypoxia is present. 
Clearance of respiratory secretions by changing posture, suction-
ing and provision of moist air may also be necessary. Maintenance 
of appropriate hydration (with i.v. fl uids if necessary) and nebu-
lized saline may be particularly helpful at preventing desiccation 

Table 54.2 Associations of severe disease and poor 
outcome in pneumonia

Severity 
grading

DEMOGRAPHIC FEATURES

Age >55 years A

Use of traditional healer A

Increasing distance from health centre B

Recent migration/refugee camps B

CLINICAL FEATURES

Confusion B

Diastolic blood pressure <60 mmHg A

Respiratory rate >30 breaths/min A

Pulse rate >120 bpm A

Cyanosis B

Extra-pulmonary infection B

Jaundice B

Reduced body mass index/wasted B

INVESTIGATIONS: AVAILABLE AT INITIAL ASSESSMENT

Multilobar disease B

White cell count <4000 cells/μL A

White cell count >18 000 cells/μL B

INVESTIGATIONS: AVAILABLE DURING THERAPY

Co-infection with tuberculosis B

Pneumococcal bacteraemia B

The table represents a summary of information from several sources.56 Factors 
are graded as A – strongly associated with severe disease and death (fi ve times 
or greater risk of death if present) and B – moderately associated (less than 5 
times or poorly quantifi ed increased risk of death). No validated scheme to 
determine hospital admission or use of parenteral antibiotics exists; however, the 
presence of two or more grade A factors, 3 or more grade B factors should lead 
to hospital admission if available. Such an approach will be sensitive for 
identifying severe disease but will lack specifi city.
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of respiratory and pharyngeal secretions and assist expectoration. 
Assisted ventilation, when available, will be necessary for some 
cases when respiratory muscle fatigue develops, heralded by a 
rising partial pressure of CO2 and more latterly altered conscious 
level, blood pressure instability and decreasing respiratory effort.

Complications

Pneumococcal pneumonia may be further complicated by meta-
static spread of infection and empyema. Osteomyelitis, arthritis, 
endocarditis, suppurative pericarditis and other localized infec-
tions are unusual. Empyema complicates 2–3% of pneumonic 
episodes and may be more common with particular strains of 
pneumococci. Inadequate or sub-therapeutic antibiotic therapy 
may predispose to this complication. Management of pleural effu-
sions/empyema should be active from the outset to avoid the late 
sequelae of chronic empyema. Pleural fl uid should be examined. 
Parapneumonic effusions may be left whilst infected effusions/
empyema should be drained. Differentiating between the two may 
be problematic. Biochemical measures can assist in determining 
the likelihood of infection (low pH, low glucose and high lactate 
dehydrogenase), but macroscopic appearance and microscopy 
will provide broad indicators of infection, the presence of bacteria 
being a clear indicator of infection. If empyema is diagnosed, 
drainage of fl uid/pus by use of a chest drain or at least with a 
needle and syringe should be performed, with the intention of 
removing as much fl uid as possible.

Meningitis

Meningitis is the most lethal syndrome associated with pneumo-
coccal infection and high rates of serious complications are present 
in survivors. Case fatality in children has been measured in excess 
of 60% and similar rates are recorded in adults.57,58 These rates are 
substantially higher than those seen in the developed world. It is 
unlikely that the difference is wholly down to therapy. Even in 
study settings when access to therapy is good, high case fatality 
rates are recorded. Meningitis occurs after haematogenous seeding 
of the central nervous system and it is probable that meningitis 
refl ects the consequence of late presentation of a bacteraemic 
illness.

Clinical presentation

Pneumococcal meningitis in adults follows the typical pattern of 
headache and fever in association with neck stiffness, progressive 
alteration in conscious level and features of disseminated sepsis, 
with symptoms evolving over 12–48 h. Preceding or superim-
posed pneumonia is also common. Diffi culties in diagnosis 
arise when neck stiffness is absent, which may be associated 
with advanced disease, infancy, old age and immunosuppression, 
and the diagnosis may be missed or confused with cerebral 
malaria.

Investigations

Examination of cerebrospinal fl uid (CSF) is important to confi rm 
a diagnosis. CSF fi ndings will show the characteristics of a bacte-
rial infection, polymorphonuclear leucocyte pleocytosis, raised 
protein, low sugar and a Gram stain demonstrating Gram-positive 

lanceolate diplococci. White cell counts can however be low in 
the immunosuppressed or those with overwhelming infection. In 
such circumstances Gram stain evidence of bacteria is usually 
found. In the absence of a confi rmatory Gram stain or following 
antibiotic therapy, it may be possible to detect pneumococcal 
antigen in CSF to provide a rapid diagnosis. Defi nitive proof of 
pneumococcal aetiology relies on culture and laboratory charac-
terization. In the absence of evidence of pneumococcal aetiology, 
empiric therapy should always include an agent effective against 
pneumococci. In laboratories able to perform sensitivity testing, 
this should be performed on all isolates from CSF as reduced 
susceptibility to penicillin is critically important in determining 
therapy for meningitis (see later).

The risks of performing a lumbar puncture must be balanced 
against the value of the information obtained. However, only 
basic laboratory equipment is required to perform a CSF examina-
tion (microscope, counting chamber, slides, Gram stain) and this 
will often rapidly establish an aetiological diagnosis. The presence 
of a focal neurological defi cit (present in 20% of cases of bacterial 
meningitis), altered conscious level (>60% of cases), papill-
oedema (<1% of cases), seizures (30% of cases) and suppurative 
ear disease should necessitate a reconsideration of the need for 
lumbar puncture, but are not absolute contraindications.

Differential diagnosis

This includes: other bacterial meningitis (Chapter 55), the menin-
gococcus being the most important; falciparum malaria; rickettsial 
infections; relapsing fever; viral meningo-encephalitis; and cryp-
tococcal meningitis. Tetanus, hypertensive crisis, poisoning and 
sub-arachnoid haemorrhage may also need to be considered. Dif-
ferentiation relies on CSF examination. Blood cultures should also 
be performed on all cases of suspected meningitis when available. 
Bacterial growth will occur within 24 h and this is a particularly 
valuable investigation when lumbar puncture is contraindicated. 
Antibiotic therapy prior to performance of a blood culture will 
dramatically reduce sensitivity.

Management and therapy

Therapy for meningitis should be given as soon as a diagnosis is 
considered but after blood cultures have been taken. Parenteral 
therapy is obligatory. In addition to antimicrobial agents other 
supportive therapy will be needed. These are aimed at: treating the 
complications of bacteraemia with intravenous fl uids and supple-
mental oxygen if available; preventing the complications of immo-
bility by good nursing care; and minimizing the rise in intracranial 
pressure by nursing in a head up position. High dose corticoste-
roids are recommended for the treatment of pneumococcal men-
ingitis based on clinical trial fi ndings from Europe.59,60 However, 
two large trials from Malawi in children and adults do not support 
this approach in settings where HIV is prevalent and where pre-
sentation may be delayed.61,62

Complications

Outcome following pneumococcal meningitis is poor. In survivors 
convalescence may be prolonged and residual neurological 
defi cit and disability is common, notably deafness, stroke and 
blindness.

Clinical Syndromes
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Other syndromes

The pneumococcus is associated with several other common syn-
dromes, notably sinusitis, otitis media and conjunctivitis.

Sinusitis is characterized by fever, facial pain and tenderness 
and a unilateral bloody nasal discharge. Disease is usually uncom-
plicated, but can rarely lead to osteomyelitis of the facial bones, 
cavernous sinus thrombosis. In the immunocompromised the 
sinuses may act as a source of bacteraemia and meningitis. Therapy 
should include antibiotics and decongestants along with appro-
priate analgesia.

Acute otitis media is predominantly a complication of children, 
for anatomical and other reasons outlined above in the section on 
susceptibility. A diagnosis of otitis media is usually based on the 
presence of an infl amed and bulging or ruptured tympanic mem-
brane. Confi rmation of pneumococcal aetiology will depend on 
culture of the bacteria from middle ear fl uid, either obtained after 
rupture or needle puncture (tympanocentesis). It is likely that 
much acute otitis media in the tropics passes unnoticed – oto-
scopic examination is rarely performed in the febrile irritable child 
who receives antimalarials and improves spontaneously. Therapy 
of otitis media with antibiotics is probably unnecessary in the 
majority of cases, and can be reserved for complicated disease, i.e. 
perforation of tympanum or symptom duration of over 72 h.

S. pneumoniae may cause a purulent conjunctivitis sometimes 
in the setting of an outbreak when it needs to be differentiated 
from the more typical viral causes. The condition is usually uni-
lateral and will respond quickly to topical chloramphenicol. The 
condition is notable as acapsulate strains of pneumococci have 
been implicated in its causation, perhaps due to their greater 
ability to bind the conjunctival surface, without requiring the 
defensive capsule that typifi es other pathogenic S. pneumoniae.

Pneumococci have been implicated in numerous other uncom-
mon presentations – pericarditis, arthritis, osteomyelitis, medias-
tinitis, endocarditis, brain abscess and peritonitis (particularly 
young women and alcoholics). Pyomyositis is the development 
of pus forming infection in the body of one of the larger skeletal 
muscles. A rare condition elsewhere in the world, it has been 
regularly reported from sub-Saharan Africa. Historically, S. pneu-
moniae has been reported as an unusual cause of this syndrome, 
only 5% of cases, with Staphylococcus aureus responsible for the 
majority. This may be changing, however, with the increasing 
importance of HIV in this region. Management of pyomyositis 
requires drainage and antimicrobial therapy (Figure 54.3).

Special situations

Human immunodefi ciency virus

HIV infection dramatically increases susceptibility to pneumococ-
cal infection and particularly invasive disease. It is consistently 
reported as one of the leading causes of bloodstream infection in 
both adults and children with HIV. Moreover, underlying HIV 
infection should be considered in any individual suffering an 
invasive pneumococcal event. HIV testing should be recom-
mended to any adult presenting with pneumococcal disease/
pneumonia in sub-Saharan Africa. In those who are HIV-infected, 
serious bacterial infections constitute a WHO stage 3 criteria and 
antiretroviral therapy is recommended for these individuals.

The risk of developing pneumococcal disease increases as clin-
ical stage or CD4 T cell count deteriorates. Pneumonia continues 
to be the most frequent presentation. Although bacteraemic in up 
to 80% of cases, the clinical and radiological presenting features 
are consistent with cases seen in HIV-uninfected individuals.63,64 
Case fatality is independent of HIV-status if there is early access 
to appropriate therapy, but delayed presentation and remoteness 
from healthcare services, poor nutritional status and other co-
morbidities are associated with increased mortality. Bacteraemia 
may occur as a complication of sinusitis or as a primary occult 
phenomenon, an uncommon presentation in HIV-uninfected 
adults. Without access to blood culture facilities making a diag-
nosis and differentiating this condition from other bacteraemias, 
malaria and other febrile conditions is impossible.

General management of pneumococcal disease should be unaf-
fected by HIV status. The presence of diarrhoea, a common HIV-
associated problem, will interfere with antibiotic absorption and 
parenteral therapy may be required. HIV infection may also be 
associated with an increased risk of infection with penicillin-
resistant pneumococci in sub-Saharan Africa and this may need 
to be considered when choosing therapy.40,65

Sickle cell disease

Fulminant pneumococcal sepsis is a feature of sickle cell disease. 
Although previously described as a cause of death equivalent to 
malaria in this population,66 more recent reports from Africa have 
suggested pneumococcal disease to be of lower importance than 
Gram-negative sepsis.67,68 The most serious infections occur in the 
under-fi ves and commonly present as a septicaemic illness. The 
features of infarction that will accompany the infective episode 
may confuse presentation. Presumptive therapy of a sick sickle cell 
child with infection should include anti-pneumococcal therapy as 
a priority. Adrenal failure/Waterhouse–Friederichsen syndrome is 
a recognized complication and steroid support may also be neces-
sary. Despite the relative frequency of osteomyelitis with sickle cell 
disease, the pneumococcus is an infrequent cause, the majority of 

Figure 54.3 Spontaneous pneumococcal pyomyositis of the thigh in 
a 28-year-old HIV-infected Malawian woman, successfully treated with 
surgical drainage and penicillin. (With kind permission from Dr (Miss) 
Maria Callaghan.)
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cases being due to salmonella species, other Gram-negative organ-
isms and staphylococci.

ANTIMICROBIAL THERAPY

Antibiotic therapy is considered obligatory in the treatment of 
invasive pneumococcal disease and pneumococcal pneumonia, 
although it is recognized that occult and self-limited bacteraemia 
in children can occur. Penicillins continue to be the agents of 
choice for managing pneumococcal disease (Table 54.3). However 
the expanding problem of pneumococci with reduced susceptibil-
ity and resistance to penicillin is beginning to threaten the sim-
plicity of this approach.

In 1973 pneumococci with a reduced susceptibility to penicil-
lin were fi rst reported from South Africa. During the 1990s, 
increasing resistance to penicillin amongst pneumococci has been 
steadily emerging and continues to evolve throughout most parts 
of the globe. Pneumococci that need a concentration of penicillin 
between 0.1 and 1 mg/L to inhibit growth (minimal inhibitory 
concentration or MIC) are usually referred to as reduced suscep-
tibility pneumococci, whilst pneumococci requiring concentra-
tions of 2 mg/L or more are referred to as resistant. Some authors 
consider all pneumococci with a MIC of 0.1 mg/L or greater 
as resistant. This classifi cation is helpful to the clinician as 
penicillin-resistant pneumococcal pneumonia and bacteraemia 
may be successfully treated with penicillin,69 but pneumococcal 
meningitis even with reduced susceptibility will not be treated 
effectively with penicillin. Penicillin penetration into the CSF (an 
active process across the blood–brain barrier) is poor, leading to 
concentrations of penicillin below those required to achieve effec-
tive bacterial clearance and clinical failure is now well described.

Penicillin exerts its antibacterial action by covalently binding 
and inhibiting enzymes involved in the production of cell wall 
peptidoglycans – penicillin-binding proteins (PBP). Six PBPs with 
decreased affi nity for binding penicillin have been identifi ed and 
occur as a result of genetic transformations after acquiring DNA 

from other streptococcal species carried in the nasopharynx. The 
consequence of these alterations is a graduated increase in 
the concentration of penicillin required to achieve inhibition of 
growth or killing of the bacteria. With the widespread and often 
unregulated use of antibiotics, penicillin resistant pneumococcal 
clones have become widespread. Their global spread is best 
described as pandemic – the ‘Spanish’ 23F clone for instance has 
been found in every continent. Penicillin resistant pneumococci 
are frequently multi-drug resistant. Penicillin, co-trimoxazole, 
macrolide and chloramphenicol resistance is commonly found in 
the same pneumococcal clone. Genetic material conferring resis-
tance to these other agents is found in the same translational 
elements encoding for the altered PBPs.

The scale of antibiotic resistance in pneumococci in the tropics 
is unclear and based on information from only a few centres. 
Penicillin resistance appears at its greatest in South-east Asia where 
up to 60% of clinically relevant pneumococci are resistant, with 
80% of these isolates with MICs greater than 2 mg/L.70 In South 
Africa, the situation appears to be worsening, with 50% of isolates 
recorded as penicillin resistant,71 although this probably does not 
refl ect the situation in the rest of sub-Saharan Africa.

For uncomplicated bloodstream infections and pneumonia, 
penicillin remains the antimicrobial of choice. A single intrave-
nous bolus of 5 megaunits (MU) of penicillin (3.0 g of benzyl-
penicillin) will achieve a serum and pulmonary concentration of 
penicillin above 4 mg/L for 4–5 h post dose in an adult.72 Thus 
four daily doses of 5 MU penicillin will provide effective coverage 
of all but the most resistant pneumococci. Moreover, a 4 MU 
bolus followed by a continuous infusion of 24 MU of penicillin 
over 24 h will achieve a steady serum concentration of 20 mg/L 
– a concentration in excess of the highest MIC yet reported for 
pneumococci. Thus the approach to the management of pulmo-
nary and bloodstream infections in regions where penicillin resis-
tance is recognized, should be an increase in the dose of penicillin 
and/or an adjustment in the dosing schedule.

The principal impact of penicillin resistance is its effect 
on therapy for meningitis and other body cavity infections where 

Table 54.3 Antimicrobial therapy for pneumococcal infections

PENICILLIN SENSITIVE PENICILLIN RESISTANT

Adult Child Adult Child
Pneumonia 
and/or 
Bacteraemia

Parenteral

Oral

BZP 600 mg 6-hourly

AXLb 250–500 mg 
8-hourly

BZP 50–100 mg/kg per daya

AXL125–250 mg 8-hourly

BZP 1.2 2.4 g 4-hourly

AX:L 1 g 6–8-hourly

BZP 100–300 mg/kg per day

AXL 90 mg/kg per day

Meningitisc Parenteral BZP 1.8 g 4–6-hourly BZP 100–300 mg/kg per day CFXd 2 g 6-hourly OR, 
CHL 1 g 6-hourly

CFX 200 mg/kg per day OR, 
CHL 50–100 mg/kg per day

Sinusitis and Otitis 
media

Oral AXL 500 mg 8-hourly AXL 80–90mg/kg per day

The decision to treat an infection as penicillin resistant may be based on known sensitivity testing or local knowledge and suspicion. Failure of response to fi rst line 
therapy over 48 h should stimulate a reconsideration of the diagnosis, a search for localized infection/abscess and the possibility of antimicrobial resistance. Parenteral 
therapy may be discontinued after 48 h in the presence of a response. Continuation therapy should continue for at least 3 days after cessation of fever. In the event of 
penicillin allergy a third generation cephalosporin (10% cross-sensitivity) or chloramphenicol should be used as a parenteral alternative. Erythromycin, co-trimoxazole 
or chloramphenicol offer oral alternatives. BZP, benzylpenicillin; AXL, amoxicillin; CFX, cefotaxime; CHL, chloramphenicol.
a In neonates in two divided doses, in infants 1–4 weeks in 3 divided doses and other children 4–6 divided doses.
b Ampicillin may be substituted given 6-hourly.
c Dosages used for meningitis are appropriate for managing peritonitis, pericarditis, arthritis and other body cavity infections combined with suitable drainage of pus.
d Other third generation cephalosporins may be substituted such as ceftriaxone 2 g 12-hourly.

Antimicrobial Therapy
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antibiotic penetration is decreased. Increased penicillin dosing 
cannot be used in the treatment of meningitis caused by resistant 
pneumococci. CSF concentrations of penicillin are usually 1–5% of 
serum levels and maintaining a concentration above the MIC for at 
least 40% of the dosing interval (a fi gure required for therapeutic 
success with β-lactams in animal studies) is unachievable. Where 
resources are available, a third generation cephalosporin should be 
used as the initial therapy of meningitis, and modifi ed on the basis 
of sensitivity testing. In the absence of cephalosporins, chloram-
phenicol may be appropriate to use. However, the association of 
chloramphenicol with penicillin resistance may make this approach 
inappropriate. Local sensitivity knowledge will assist with these 
decisions, but in the absence of laboratory information the combi-
nation of penicillin and chloramphenicol represents the most 
pragmatic approach. Other agents with anti-pneumococcal activity 
which have been used to treat penicillin resistant pneumococcal 
meningitis include carbapenems (e.g. Meropenem), glycopeptides 
(e.g. Vancomycin), oxazolidinones (e.g. Linezolid) and Rifampicin. 
These agents are expensive and less readily available than cephalo-
sporins and with the exception of Rifampicin, none are included in 
the WHO essential drugs list. Rifampicin is widely available as a 
combination tablet with other antituberculous drugs but more dif-
fi cult to fi nd as a single agent and resistance rapidly develops when 
used alone. The aminoglycosides gentamicin and streptomycin 
should not be used as single agents, as achievable tissue concentra-
tions are below the MICs of even the most sensitive organisms. The 
use of these antibiotics in synergy with a β-lactam has been sug-
gested for penicillin resistant pneumococcal infections, but this 
approach has no role in meningitis due to the minimal CSF pene-
tration of aminoglycosides.

PREVENTION

Prevention of pneumococcal disease and pneumonia in children 
by the use of pneumococcal protein conjugate vaccine has now 
been demonstrated in several large and convincing randomized 
controlled trials, two of these in African settings.2,73 Notwithstand-
ing, there is little structured approach to the prevention of pneu-
mococcal disease in the tropics, despite its clear importance as a 
public health and clinical problem. The current high cost of the 
available vaccines and the lack of appreciation by health planners 
of the importance of pneumococcal infection may be reasons why 
wide-scale vaccination has not yet started. Chemoprophylaxis 
continues to have a key role in specifi c conditions.

Polysaccharide vaccine

These vaccines have been available in some form for the past 90 
years. The current formulations contain capsular polysaccharide 
from the 23 commonest disease-causing pneumococcal serotypes. 
Depending on geography and the prevalent disease-causing sero-
types, they will provide potential coverage against 85–95% of 
pneumococcal disease events. Vaccination is given as a single 
intramuscular injection. The effi cacy of these vaccines is debatable 
and whilst they have been used widely in North America and 
Europe, use of the vaccine elsewhere and particularly in the tropics 
has been very limited. The vaccine provides protection against 
invasive pneumococcal disease in immunocompetent adults par-

ticularly in settings of epidemic pneumococcal spread but has not 
been shown to be effective in immunocompromised groups. The 
vaccine has never been shown to convincingly reduce pneumonia 
or function in infants. Thus current recommendations for use of 
the vaccine in the tropics are somewhat limited but extend to 
individuals with sickle cell disease, or other causes of functional 
or anatomic asplenia. Moreover, the uncertainty over the vaccine’s 
effectiveness and its unsuitability as a component of the child-
hood EPI programme have led to the 23-valent polysaccharide 
vaccine being unavailable in much of the tropics.

Protein conjugate pneumococcal vaccine

The development of protein conjugate vaccines was driven by the 
ineffectiveness of polysaccharide vaccines in young children and 
an understanding that by attaching the polysaccharide to a poly-
peptide ‘carrier’ the vaccine becomes T cell dependent. T cell 
dependent responses are present from birth, unlike responses to 
pure polysaccharide. With T cell involvement not only does the 
vaccine become immunogenic in infants, there is also the produc-
tion of functionally competent, affi nity-matured antibodies and 
the creation of long-lived memory B lymphocytes.

Two large randomized controlled trials of a nine-valent vaccine 
(three doses given with standard infant vaccines) have reported 
highly signifi cant reductions in vaccine-serotype invasive pneu-
mococcal disease, all cause pneumonia and in the study under-
taken in The Gambia a 15% decrease in all-cause infant 
mortality.2,73 Moreover, in the South African study the vaccine was 
shown to be safe and effective in HIV-infected children, although 
to a lesser extent than in the HIV-uninfected. These were impres-
sive results and followed on from studies in the USA, which had 
also convincingly demonstrated protection against vaccine-sero-
type disease and pneumonia. A further key outcome from use 
of these vaccines in national vaccine programmes has been a 
dramatic indirect protective effect as a consequence of herd 
immunity. Unvaccinated adults and children in the USA have 
seen falls in rates of vaccine serotype pneumococcal disease,74 the 
effect being so large that more pneumococcal disease has been 
prevented through this mechanism than directly to the vaccine 
recipients.

Introduction of conjugate pneumococcal vaccine would there-
fore appear to be an essential next step in the evolution of infant 
vaccines in the tropics. There has been much discussion about the 
need to introduce these conjugate vaccines more widely but prob-
lems remain. The commercially available vaccines were developed 
to meet US requirements and provide a high percentage of cover-
age for US serotypes, in excess of 80%. Coverage in paediatric 
populations in Africa is reduced, with between 40–60% cover-
age.75 This degree of coverage would be welcome, particularly in 
the light of the mortality reductions reported in The Gambian 
study. However non-vaccine serotype disease will increase follow-
ing the introduction of conjugate vaccines. This has been described 
in the USA but the effect to date has not signifi cantly offset the 
net benefi t of vaccine except in HIV-infected adults. In this group 
decreases in vaccine serotype disease through indirect benefi ts of 
vaccine have been completely offset by non-vaccine serotype 
replacement. This effect will be larger in regions of high HIV 
prevalence but whether this would limit the overall programmatic 
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benefi ts of vaccine introduction or limit the long-term durability 
of vaccination is doubtful. A further concern has been uncertain-
ties over effi cacy of specifi c serotype conjugates within the vac-
cines, particularly serotypes 3 and 1. This suggests that there may 
be problems extending conjugate technology to cover all serotypes 
and this will be more of a problem in regions where these sero-
types are in greater circulation. However, all of these problems are 
relative (and potentially solvable with modifi cations to vaccines 
and increased serotype coverage) and it is the economics of vac-
cination that is currently limiting widespread introduction. 
Conjugate vaccines are expensive and will remain so given the 
technical diffi culties of production. Set against this is the lack of 
information on the economic and quality of life costs of pneumo-
coccal disease with which to make appropriate public health 
policy. The situation is, however, evolving and it is to be hoped 
that by the next edition of Manson widespread pneumococcal 
vaccination will be routine.

The role of conjugate vaccines in adult populations and in 
HIV-related immunosuppression is uncertain, although studies to 
investigate their effi cacy are underway. It may well be that wide-
spread introduction of infant vaccination will have the same effect 
as direct vaccination of high-risk adults.

Other vaccine candidates

Concerns over the high production costs of conjugate vaccines 
and their serotype-specifi c limitations have led the search for 
other vaccine candidates.45 Several pneumococcal peptides are 
under investigation of which pneumolysin, pneumococcal surface 
adhesin A (Psa A) and BVH-3 are at present the most likely alter-
natives. They are attractive because they provide a relatively homo-
geneous antigenic structure and are independent of capsular 
serotype, and may be signifi cantly easier to produce with modern 
cloning technology. Several of these peptides have reached human 
studies, but it is unclear as to which if any products will reach 
phase 3 trials at this time.

Chemoprophylaxis

The use of penicillin prophylaxis (oral phenoxymethyl penicillin 
125–250 mg twice daily or i.m. benzathine penicillin 1.2 MU 4-
weekly) is recommended for the prevention of pneumococcal 
disease in sickle cell disease sufferers and in individuals without 
a spleen. Prophylaxis should continue at least up until the age of 
5 years in SCD and for a minimum of 5 years post-splenectomy. 
More prolonged prophylaxis may be benefi cial as the true morbid-
ity and mortality of late pneumococcal sepsis in these conditions 
is uncertain. The increasing prevalence of penicillin resistant 
pneumococci may decrease the value of this approach in the 
future. Alternative agents for prophylaxis include erythromycin or 
azithromycin.

Co-trimoxazole is recommended by the WHO for HIV-infected 
(adults and children) individuals. This recommendation is dis-
tinct from its use as an agent to prevent Pneumocystis carinii pneu-
monia and strongly based on studies from Côte D’Ivoire that 
showed the benefi ts of this approach in reducing several morbid 
end points including pneumonia in adults.76 Outside of West 
Africa, there have now been several studies confi rming the benefi ts 

of co-trimoxazole in reducing mortality, but only one study from 
Zambia in children, where this effect seems to be modulated by 
a reduction in pneumonia.77 High rates of co-trimoxazole resis-
tance in pneumococci found in east and southern Africa limit the 
impact of this approach on pneumococcal and respiratory disease 
in HIV-infected adult populations in these regions.

Antiretroviral therapy

Antiretroviral therapy reduces rates of primary and recurrent pneu-
mococcal disease in HIV-infected adults in North America and 
Europe, although rates of disease remain substantially higher than 
in the HIV-uninfected.36 As antiretroviral therapy becomes more 
widely available it is expected that a similar effect will be seen in 
developing countries but other prophylactic strategies will still be 
needed.
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Section 8 Bacterial Infections

Chapter 55 C. Anthony Hart and Luis E. Cuevas

Bacterial Meningitis

Bacterial meningitis is a medical emergency and is common in 
many areas of the tropics. It has a signifi cant mortality, especially 
in children (see also Chapter 16). The bacteria causing meningitis 
vary with geographical and climatic conditions, with immunosup-
pression, with age, availability and usage of vaccines and whether 
the illness is chronic or acute (Tables 55.1, 55.2). Outside the 
neonatal period the three major pathogens are: Streptococcus pneu-
moniae, Haemophilus infl uenzae and Neisseria meningitidis. Neonatal 
meningitis may also be caused by these organisms1 but other 
bacteria such as Escherichia coli, Str. agalactiae (Group B streptococ-
cus) and Klebsiella pneumoniae tend to predominate. The relative 
importance of H. infl uenzae, pneumococci and meningococci 
outside the neonatal period varies according to country; for 
example, in humid low lying regions Str. pneumoniae and H. 
infl uenzae predominate, whereas in dryer regions, for example 
the meningitis belt of sub-Saharan Africa, the meningococcus 
causes vast spreading epidemics.2 H. infl uenzae meningitis is rare 
in individuals over 7 years of age. In addition to a high mortality 
rate, bacterial meningitis carries a high risk of neurological 
sequelae.

NEONATAL MENINGITIS

With improvements in, and the more widespread availability of 
neonatal intensive care, neonates of increasing prematurity have 
a chance of survival. The premature neonate is not only immature 
in terms of pulmonary, alimentary and renal function but is also 
an immune-compromised host. This means that the neonate, and 
especially the premature neonate, is at increased risk of infection. 
Early bacterial meningitis is usually part of a syndrome of sepsis 
neonatorum with few specifi c signs in the premature neonate.3 
Once infection is established, convulsions, bulging fontanelle and 
neck stiffness may be detected.

Geographical aspects

Although some geographical variations in the incidence and 
microbiology of neonatal meningitis are reported, the variability 
relates more to the presence of neonatal intensive care units and 
thus whether the infection is hospital or community acquired. For 
example, in Nigeria, Salmonella spp. and Staphylococcus aureus are 

the major pathogens4,5 whereas in neonatal intensive care units in 
South Africa Group B Streptococci, Klebsiella spp. and E. coli are 
predominant (Table 55.3).6–10

Epidemiology

The incidence of neonatal meningitis varies according to the 
degree of prematurity and in some areas is apparently decreasing. 
In Durban, the incidence was 2.27/1000 live births in 1981 and 
had fallen to 0.22/1000 live births in 1987.6 Over the period 
1981–92 the overall incidence of neonatal meningitis was 
0.72/1000 live births but for low birth weight neonates (<2500 g) 
was 1.69/1000 in another part of South Africa.7 A survey in Oman 
has revealed an incidence of 1/1000 live births.11 In Ethiopia an 
incidence of 0.97/1000 live births was found in term neonates but 
in pre-term neonates it was 3.66/1000.9

Bacteriology

The bacteria causing neonatal sepsis have altered considerably 
over the past 60 years.12 This change, in part, refl ects the changes 
in neonatal intensive care and in the availability of antibiotics of 
increasing potency and breadth of spectrum. In the fi rst part of 
the twentieth century, group A β-haemolytic streptococci, fol-
lowed by Staph. aureus, were the major pathogens. After the intro-
duction of penicillins Gram-negative bacteria such as E. coli and 
Klebsiella spp. emerged as signifi cant pathogens. Then in the 1970s 
the importance of the group B streptococcus (Str. agalactiae) was 
realized and antibiotic-resistant coliforms emerged. Latterly, low-
virulence pathogens such as Staph. epidermidis have been shown 
to be capable of causing septicaemia and meningitis.3 In tropical 
countries this evolution has only been apparent in centres with 
neonatal intensive care units. Elsewhere, primary pathogens 
such as Salmonella spp., Str. agalactiae and Listeria monocytogenes 
are more important. For example, in Malawi non-typhoidal 
Salmonellae (NTS) account for 33% of cases of neonatal meningi-
tis.13 It must not be forgotten that the classical bacterial pathogens, 
Str. pneumoniae, H, infl uenzae and N. meningitidis can also cause 
neonatal meningitis (Table 55.3). Finally, in endemic areas 
unusual pathogens such as Burkholderia pseudomallei can cause 
meningitis.14



55. Bacterial Meningitis

970

Table 55.1 Aetiology of acute meningitis

Purulent Lymphocytic

NEONATAL

Group B streptococcus
Listeria monocytogenes
Escherichia coli and other
Klebsiella pneumoniae and 

other coliforms
Salmonella spp.
Pseudomonas aeruginosa
Candida albicans

Herpes simplex virus
Enteroviruses
Mumps virus

OLDER INDIVIDUALS

Neisseria meningitidis
Haemophilus infl uenzae
Streptococcus pneumoniae
Salmonella spp.
L. monocytogenes
Burkholderia pseudomallei
Naegleria fowleri
Anaerobes, such as
Fusobacterium necrophorum

Mycobacterium tuberculosis
Leptospira spp.
Treponema pallidum
Borrelia spp.
Enteroviruses
Mumps virus
Arthropod-borne Togaviruses
Adenovirus
Lymphocytic chroriomeningitis virus
Human immunodefi ciency virus

Table 55.2 Aetiology of chronic meningitis

Bacteria Fungi Parasites
Mycobacterium 

tuberculosis
Brucella spp.
Treponema pallidum
Borrelia burgdorferi
Neisseria meningitides

Cryptococcus 
neoformans

Histoplasma 
capsulatum

Coccidioides immitis
Candida albicans
Actinomyces israelii

Toxoplasma gondii
Cysticercosis

Table 55.3 Bacterial pathogens in neonatal meningitis

Location Dates No. 
studied

Gp B 
Streptococci

Percentage due to:
E. coli Salmonellae Klebsiellae S. aureus Other

England & Wales1 1996–7 144 48 18 0.7 0 0.7 33a

Taiwan8 1984–97 85 32 20 0 3.5 0 44b

Ethiopia9 1987–96 30 0 23 7 30 7 33c

South Africa7 1981–92 87 32 23 0 15 0 32d

Malawi10 1996–97 37 38 19 24 0 0 19e

Other bacteria include:
a Str. pneumoniae, H. infl uenzae, N. meningitidis, L. monocytogenes, Staph. epidermidis
b Proteus mirabilis, Enterobacter cloacae, Str. pneumoniae, Chryseobacterium meningosepticum and Enterococci
c Str. pneumoniae, Gp A Streptococci, H. infl uenzae, Enterobacter spp and Staph. epidermidis
d N. meningitidis, H. infl uenzae, Listeria monocytogenes
e Str. pneumoniae, H. infl uenzae, N. meningitidis

Pathogenesis

In most cases the neonate fi rst becomes colonized by the patho-
gen, which then translocates to produce bacteraemia. Bacteria can 
then lodge in the meninges to produce infection. In cases where 
infection presents within the fi rst 48 h of life the bacteria have 
been acquired from the birth canal or maternal perineum. Bacte-
ria causing early overt infection include Str. agalactiae, E. coli, L. 
monocytogenes and Salmonella spp. These same bacteria may also 
cause meningitis occurring later in the neonatal period but often 
bacteria such as Pseudomonas aeruginosa and Klebsiella spp. are 
commonly encountered.

The premature neonate has defects in both humoral and cell-
mediated immunity that predispose it to serious infection. For 
example, the neonate’s phagocytes do not work effi ciently and the 
activity of the complement cascade is only 50% of that of adults. 
At birth, the neonate’s own IgM production is 20% of adult levels, 
of IgG is 5% of adult levels and IgA production begins at birth. 
Thus the neonate also has defects in humoral immunity, and 
especially in the tropics where placental malaria, HIV-infection 
and maternal hypergammaglobulinaemia independently impair 
transplacental transfer of antibody.15

Clinical features

The early signs of meningitis in premature neonates are often 
indistinguishable from those of septicaemia. The signs of septicae-
mia in premature neonates are not specifi c to infections; for 
example, in one series of 139 episodes of septicaemia, pyrexia was 
present in only six episodes.3 Signs that suggest neonatal menin-
gitis, such as bulging fontanelle, stiff neck, convulsions of 
opisthotonos, are uncommon. For example, 17% of neonates 
with meningitis present with a bulging fontanelle, 33% with 
opisthotonos, 23% with neck stiffness and 12% with 
convulsions.7–10,16–18 Thus to diagnose neonatal meningitis will 
require a high index of suspicion and part of the investigation of 
suspected neonatal septicaemia should include examination and 
culture of cerebrospinal fl uid (CSF).
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The results of infection can be dire. The mortality rates associ-
ated with neonatal meningitis vary according to the gestational 
age. Thus meningitis in neonates of extremely low birth weight 
(<1000 g) is associated with mortality rates of up to 80%, and that 
in neonates of very low birth weight (<1500 g) is 20–30% in 
developed countries. In less well developed countries the mortal-
ity rates vary with gestational age from 46% to 90%.6–10 Mortality 
rates are also greater if meningitis is due to Gram-negative bacilli.6,19 
Other acute complications include hydrocephalus, subdural effu-
sions, deafness and blindness. Ventriculitis complicates Gram-
negative bacillary meningitis in particular (70% of cases) and can 
make therapy very diffi cult. Citrobacter koseri (formerly diversus) in 
particular causes CNS abscesses following initial neonatal menin-
gitis.20 In long-term follow-up 5–10% of neonates with meningi-
tis have severe neurological defi cit.

Diagnosis

Clinical scoring methods have been devised to predict neonatal 
sepsis including meningitis in newborns in developing countries 
but their sensitivity and specifi cities are not ideal.21 However, the 
defi nitive diagnosis depends upon examination of CSF taken 
either by lumbar or ventricular puncture. The interpretation of the 
fi ndings depends upon a knowledge of what is normal in neona-
tal CSF. For example, in the fi rst days of life ‘normal’ neonatal CSF 
may contain up to 30 white blood cells/mm3 (60% polymorphs), 
up to 170 mg/dL protein and raised glucose. Unfortunately, for 
certain bacteria the early cellular and biochemical fi ndings overlap 
with the ‘normal’ cellular response.22 In contrast, most (96%) of 
those with Gram-negative bacillary meningitis have an abnormal 
CSF. It follows that rapid detection of bacteria in CSF is of prime 
importance in diagnosing neonatal meningitis. Examination of 
Gram-stained smears will detect up to 80% of cases and provide 
information on the aetiology. Tests for detection of bacterial 
antigens are available for some pathogens. Both countercurrent 
immunoelectrophoresis and latex particle agglutination tests are 
available for detection of Str. agalactiae, Str. pneumoniae, N. men-
ingitidis, H. infl uenzae and E. coli K1 antigens. In general the latter 
is more sensitive and convenient than the former but countercur-
rent immunoelectrophoresis can be less expensive.

Culture is the gold standard but will take 18–24 h. It also has 
the advantage that it will provide information on the antimicro-
bial susceptibility of the pathogen.

Management

Neonates with meningitis may require elective ventilation and 
circulatory support but the mainstay of therapy is the administra-
tion of antibiotics that achieve therapeutic levels in CSF. Because 
there is a large range of potential pathogens, blind initial therapy 
must cover as wide a spectrum as possible. Most neonatal inten-
sive care units employ a combination of ampicillin and gentami-
cin. This, however, does have some drawbacks, especially in 
treating Gram-negative bacteria which may be resistant to ampicil-
lin and the CSF penetration of gentamicin, even through infl amed 
meninges, is not good.23 Penicillin or ampicillin are suffi cient for 
treating Str. agalactiae or L. monocytogenes meningitis and little 
resistance has developed. The susceptibility of Gram-negative 

bacilli to antibiotics is less predictable and varies from unit to 
unit, country to country and with time. A third generation cepha-
losporin such as ceftazidime, ceftriaxone or cefotaxime can prove 
useful.6 Chloramphenicol, although effective against Gram-
negative bacilli in vitro, is not uniformly effective in vivo since it 
is not bactericidal. Instillation of gentamicin directly into the 
ventricles is not recommended for therapy of neonatal bacterial 
meningitis.22 Corticosteroids do not appear to have a role in 
managing neonatal meningitis.24

Prognosis

The prognosis of neonatal meningitis is generally poor. Most of 
the 5 million neonatal deaths each year are in developing coun-
tries and over 40% of these result from sepsis.21 There are few 
studies from developing countries that address neonatal meningi-
tis alone. However, one South African study estimated that the 
incidence was 0.72/1000 live births/year and that 34% of patients 
died, mostly within 72 h of admission.7 The mortality rate was 
signifi cantly greater in those of birth weight less than 1500 g. In 
Malawi early onset and late onset invasive group B streptococcal 
disease has an incidence of 0.92 and 0.89 cases/1000 live births/
year and 43% of cases of late onset disease were of meningitis.25 
The case fatality rate overall was 33%. There are no studies exam-
ining outcome in survivors.

Prevention

Prevention of neonatal meningitis can be diffi cult, fi rstly because 
so many different pathogens may be involved and secondly the 
premature neonate is an immunocompromised host. For preven-
tion of Str. agalactiae sepsis two strategies are being investigated. 
Following the successful immunoprophylaxis of neonatal tetanus 
by actively immunizing the mother in the last trimester a similar 
intervention is being pursued using the group B streptococcal 
capsular polysaccharide but this may be compromised by poor 
transplacental transfer of maternal antibodies.15 Vaginal irrigation 
with chlorhexidine prior to delivery has been shown to decrease 
the incidence of neonatal group B streptococcal sepsis in Sweden26 
and in Malawi a similar strategy decreased neonatal sepsis (includ-
ing meningitis) and mortality due to sepsis.27

MENINGITIS IN OLDER INDIVIDUALS

Outside the neonatal period N. meningitidis, Str. pneumoniae and 
H. infl uenzae are responsible for over 90% of cases of acute 
bacterial meningitis. The remaining cases are due to a variety 
of bacteria, including both Salmonella typhi and non-typhoidal 
Salmonellae. The latter can produce meningitis in the immuno-
competent but may occur more commonly in the malnourished 
or in patients with sickle cell disease.28

History

The history of meningitis covers only epidemics of ‘cerebrospinal 
fever’ with or without ‘malignant purpuric fever’, and this prob-

Meningitis in Older Individuals
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ably refers only to meningococcal disease. The meningococcus 
was fi rst isolated in 1887 at autopsy and in 1896 in life. Thereaf-
ter, the individual pathogens were gradually isolated and the 
disease more clearly defi ned.

Geographical aspects

Acute bacterial meningitis is found throughout the world but the 
relative contribution of the three main pathogens varies consider-
ably. The reasons for this variation are still unclear. In the 
meningitis belt of sub-Saharan Africa (Figure 55.1) epidemics of 
meningococcal meningitis can occur with 2–14 year cycles. During 
epidemics the incidence rises to over 400 cases/100 000 popula-
tion per year but even between epidemics the endemic rate is often 
over 50 cases/100 000 per year.29 These cases are most often due 
to group A meningococci. Occasionally group C meningococci 
can cause epidemics but more recently groups W135, X and Y have 
emerged in various countries in the belt.30,31 In recent years the 
classic meningitis belt has expanded to include Tunisia and Algeria 
to the north and Somalia, Kenya, Tanzania, Zambia, Uganda and 
Rwanda to the east and south.2,32 Over the last 10 years, epidem-
ics have also been reported from Angola, Namibia, Mozambique, 
the South of the Democratic Republic of Congo, (DRC: previously 
Zaire) and Botswana (Figure 55.2). A common feature for the 
occurrence of epidemics is the 300–1100 mm mean annual rain-
fall isohyets. Thus climatic changes may govern the distribution 
of the meningitis belt. In contrast, in certain parts of Africa such 

Reported to district

Reported to region

Figure 55.1 ‘The classical meningitis belt’ of sub-Saharan Africa 
(circle) where epidemics occur in 2–14 year cycles and the districts 
affected by epidemics in the twentieth century.
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Figure 55.2 Area of 300–1100 mm annual rainfall. Maximum rates of meningococcal meningitis reported to WHO 1980–1999.
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as in the Congo basin of DRC (Table 55.4)33–53 and in temperate 
industrialized countries epidemics with group A meningococci are 
rarely reported. In low lying regions such as DRC pneumococci 
are the major meningeal pathogens in all age groups.37 H. infl uen-
zae is responsible for cases of meningitis in children under 5 years 
old in all regions of the world where the conjugate vaccine is not 
routinely used.

Epidemiology

For each of the three main pathogens spread is by droplet or 
exchange of saliva. Spread is facilitated by close contact. For 

example, household contacts of a case of meningococcal disease 
run a risk of developing infection which is 1245 times greater than 
that for the general population.54 In most cases, colonization of the 
nasopharynx precedes invasive disease. The incubation period can 
be as short as 2–3 days but secondary cases of meningococcal 
disease have been reported as long as 4 months after contact. 
However, in studies of secondary cases in households with an index 
case of meningococcal disease, 70% of secondary cases occur within 
the fi rst week of contact, 13% in the second week, 6% in the 3rd 
week and the remaining 11% from the 4th to 10th week.54

Although the incidence of pneumococcal and H. infl uenzae 
meningitis remains relatively constant, N. meningitidis is able to 
produce epidemics spreading through many parts of the world.29,32 

Table 55.4 Relative importance of meningeal pathogens

CASES OF MENINGITIS (%)a

N. meningitidis S. pneumoniae H. infl uenzae Population Years

AFRICA

South Africa33 31 22 16 M 1980–1982

Malawi34 4 54 38 C 1983

Malawi35 47 42 11 M 1983–1989

Zambia36 23 38 6.3 M 1978–1981

Zaire37 1.6 33 46 C 1958–1977

Nigeria38 16 39 28 C 1976–1979

Ivory Coast39 6.4 39 17 M 1971–1975

Libya40 10 18 27 C 1981–1984

Senegal41 11 29 20 M 1970–1979

Algeria42 30 11 19 M 1969

ASIA

India43 0 61 7 M 1972–1980

Malaysia44 5.6 24 54 C 1985–1987

Thailand45 5.6 47 39 C 1967–1968

AUSTRALASIA

Papua New Guinea46 36 59 4 A 1974–1979

Vanuatu47 35 33 23 C 1983–1988

CARIBBEAN

Jamaica48 4.1 38 30 M 1965–1980

Puerto Rico49 1.4 10 74 C 1976–1982

AMERICA

Brazil50 40 21 28 A 1973–1982

Chile51 8.6 33 58 C 1972–1981

Panama52 14 14 0 A 1975–1982

EUROPE

UK (Merseyside)53 57 14 30 C 1981–1990

Denmark 41 19 8 A 1966–1976

A, adults; C, children; M, children and adults.
a Percentage of bacteriologically proven cases.
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For example, a clone of group A N. meningitidis (III-1) produced 
an epidemic of disease in China in the 1970s which spread to 
Nepal and India in 1982, causing an epidemic in 1983–1984. The 
same clone was responsible for epidemics in New Delhi (1985) 
and Pakistan (1985). It was then brought by hadjis to Mecca in 
1987 (Figure 55.3). Clone III-1 was then disseminated throughout 
the world by hadjis returning home. In the African meningitis belt 
it initiated a wave of epidemics in 1988 but in other areas such 
as Europe and USA, despite up to 11% of returning pilgrims being 
carriers, it rarely caused secondary cases. However, recent epidem-
ics in 2004 and 2005 have been due to serogroup W135 and 
with this, secondary cases did occur when pilgrims returned to 
Europe.55

Although, in Africa, epidemic meningococcal disease occurs in 
the dry season this is not the sole determinant. Person-to-person 
spread of the meningococcus occurs as readily throughout the year 
and it is thought the seasonality of disease is related to increased 
invasiveness. This may refl ect an effect of the dust storms, extreme 
dryness and heat on the host’s mucosal defences.2,29,32

Bacteriology

Neisseria meningitidis

Meningococci are small (0.8 × 0.6 μm), non-motile Gram-
negative cocci arranged in pairs with contiguous sides fl attened.

Optimal growth of meningococci is achieved on enriched 
media (blood or chocolatized agar) in CO2 (10%) in air at 37°C. 

Small convex greyish mucoid colonies are produced after 18–24 h 
incubation. All pathogenic meningococci are piliated (protein 
spikes for attachment to epithelial and endothelial cells) and 
capsulate. The capsules are acidic polysaccharides that allow 
the bacteria to evade phagocytic killing. There are at least nine 
different capsular serogroups (A,B,C,D,X,Y,Z,W-135 and 29E 
being mostly responsible for human disease). Groups A, B and 
C are associated with most cases of meningitis. Groups A and 
C are associated with epidemics and group B with sporadic and 
endemic disease and hyper-endemicity in some areas such as New 
Zealand. Groups B and C may be further subdivided on the basis 
of outer membrane proteins to provide further epidemiological 
information. Group A meningococci may be further subdivided 
by means of multilocus enzyme electrophoresis,56 and more 
recently by multi-locus sequence typing.57

Haemophilus infl uenzae

This is a small pleomorphic (1.5 × 0.4 μm) non-motile Gram-
negative coccobacillus. It requires chocolatized blood agar and an 
atmosphere of CO2 (10%) in air for growth and produces small 
convex greyish mucoid colonies after 18–24 h. Only one of the 
capsulate strains of H. infl uenzae is able to produce invasive disease 
in the immunocompetent. This is H. infl uenzae (b) which pos-
sesses a polyribitol phosphate capsule. Although H. infl uenzae 
meningitis is rare in those over 5–7 years old, it can still occur in 
adults.36,40,43

Figure 55.3 Intercontinental spread of clone III-1 of group A N. meningitidis.
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Streptococcus pneumoniae

These are lanceolate Gram-positive cocci (0.8 × 1.0 μm), usually 
arranged in pairs. They grow best on blood agar in CO2 (10%) in 
air, where they produce either small draughtsman-like colonies or 
large transparent mucoid (like drops of water) α-haemolytic colo-
nies. The latter are the more virulent strains. Pneumococci are 
sensitive to optochin which differentiates them from other α-
haemolytic streptococci. There are over 80 different capsular types 
but the 23 included in the current capsular vaccine are responsible 
for 90–95% of cases of invasive disease. Pneumococci also produce 
an exotoxin, pneumolysin.

Pathogenesis

Each of the three main pathogens is able to colonize the naso-
pharynx. There is evidence to suggest that the risk of disease is 
greatest in the period immediately after colonization. Bacteria in 
the nasopharynx then translocate to enter the circulation. How 
this occurs is not clear, but for the meningococcus there is an 
association between respiratory tract infection with viruses or 
mycoplasma and meningitis.58 The bacteria localize in the pia and 
arachnoid maters and set up an infl ammatory response in the 
meninges and cerebrospinal fl uid. The presence of capsule allows 
bacteria to survive longer in the circulation and meninges. Various 
components of the bacterial cell surface, such as teichoic acid in 
pneumococci, lipopolysaccharide (endotoxin) in meningococci 
and H. infl uenzae and peptidoglycan in all of them, induce secre-
tion of a variety of factors such as tumour necrosis factor (TNF), 
interleukins 1 and 6 (IL-1, IL-6), eicosanoids, and platelet activat-
ing factor (PAF). This results in potentiation of infl ammation, 
further activation of neutrophils, further complement activation 
and increased permeability of the blood–brain barrier. This can 
then produce cerebral vessel thrombosis and vasculitis, cerebral 
oedema, intracranial hypertension and cerebral infarction. Finally, 
the activated neutrophils consume large amounts of glucose and 
oxygen and deprive neuronal tissues of these essential compo-
nents, driving the brain into anaerobic respiration and production 
of lactate which is also neurotoxic.

Pathology

The pathological features of acute bacterial meningitis are similar 
for each of the pathogens and have been well reviewed.59 The 
principal feature is of a purulent exudate in the subarachnoid 
space which often damages the pia mater and the underlying 
superfi cial cortex. There is cerebral vessel vasculitis and thrombo-
sis with neuronal damage and superfi cial encephalitis. There may 
also be damage to cranial and spinal nerves as they traverse the 
subarachnoid space.

Clinical features

The signs and symptoms of bacterial meningitis are those of infec-
tion and of infl ammation of the meninges. The onset is sudden 
with fever in most cases but is often preceded by symptoms of 
upper respiratory tract infection. Meningeal irritation will become 
manifest by nausea, vomiting, headache, irritability, confusion, 

back pain and neck stiffness. In addition it may be possible to 
elicit Kernig’s (pain on attempting to extend the knee with the 
hips fl exed) or Brudzinski’s (neck fl exion producing fl exion of the 
hips and knees) signs. It is unusual for all of these features to be 
present at once, especially in young patients or in the early stages 
of disease. For example, in a review of over 1000 children with 
meningitis 1.5% showed no signs of meningeal irritation through-
out their infection.60

Even early in infection there may be some evidence of mental 
dysfunction, ranging from drowsiness and lethargy to coma in 
fulminant infection. Convulsions may occur, especially in chil-
dren. These are reported in up to 20% of children prior to admis-
sion and in 26–30% overall. There may be signs of raised 
intracranial pressure refl ected by headache, and in infants by 
bulging fontanelle or even diastasis of sutures. Papilloedema is 
not common in children. Finally, inappropriate secretion of 
antidiuretic hormone is a common occurrence (in up to 80% 
of cases) in childhood meningitis. This leads to water retention 
and may lead to a further rise in intracranial pressure.

Pneumococcal meningitis in particular is more likely to be 
associated with focal signs on admission.

DIFFERENTIAL DIAGNOSIS

Meningitis can be missed in its early stages, especially in children 
when there may be only subtle signs of meningism. It should be 
considered in any child with febrile convulsions or in patients 
suddenly becoming confused. Similar clinical features may be 
seen in cerebral malaria, typhus, relapsing fever and cerebral 
tumours. Viral, fungal or tuberculous meningitis may also present 
in a similar fashion. Examination of CSF will help to differentiate 
bacterial meningitis from the rest.

COMPLICATIONS

The mortality rates associated with bacterial meningitis vary 
according to the age of the patient and the infecting microorgan-
isms. For example, in one survey in Brazil the overall mortality in 
non-neonatal meningitis was 32% but rose to 48% in those aged 
2–6 months and 40% in those aged from 6 months to 2 years.50 
The mortality rate from pneumococcal meningitis (57%) is 
highest, followed by H. infl uenzae meningitis (38%) with menin-
gococcal meningitis (14%) having the lowest mortality. Overall 
mortality rates were much lower (19%) in a series reported from 
Malaysia.44

The acute and later sequelae of H. infl uenzae meningitis are 
shown in Table 55.5. Unfortunately, there are few long-term 
follow-up studies of bacterial meningitis in the tropics and most 
of the information is extrapolated from temperate zones. However, 
in one study in Malaysia, 47% of children attending follow-up at 
least once had neurological sequelae.44 The incidence of sequelae 
in H. infl uenzae and pneumococcal meningitis is similar and 
higher than that encountered in meningococcal meningitis. A 
proportion of children with H. infl uenzae meningitis re-develop 
pyrexia at day 5–6 of therapy. This can represent the formation of 
subdural effusion of abscesses but most often no reason is 
found.

Complications
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Figure 55.4 Transmission electron micrograph of N. meningitidis 
showing pili and loss of the outer membrane by ‘blebbing’.

Table 55.5 Complications of H. infl uenzae meningitis

Complication Cases (%)

EARLY

Recurrent or persistent pyrexia 35–40

Subdural effusions 33

Inappropriate antidiuretic hormone secretion 50–80

Paralysis 16

LATE

Persistent paralysis 2–3

Relapse of meningitis 4

Visual impairment 2–3

Hearing defi cit 10–15

Hypertension 2–3

Hydrocephalus <1

Epileptic fi ts 7

MENINGOCOCCAL DISEASE

Although the mortality from meningococcal meningitis is rela-
tively low, its mortality in the meningitis belt is higher during 
endemic periods and the early stages of an epidemic, with the 
lowest mortality occurring at the end of an epidemic. In addition, 
if infection is complicated by septicaemia it can prove rapidly 
fatal. The meningococcus continuously blebs off part of its outer 
membrane (Figure 55.4). Approximately 25% of the lipid in the 
outer membrane is lipo-oligosaccharide (LOS). This is a powerful 
endotoxin, and release of endotoxin produces activation of clot-
ting and complement factors, activation of neutrophils and mac-
rophages, with release of IL-1 (endogenous pyrogen), and TNF 
vasculitis. This can result in profound shock and bleeding from 
capillaries. On the skin this produces petechiae, purpura and 
ecchymoses which together with adrenal haemorrhage constitute 
the Waterhouse–Friedrichsen syndrome. The onset of disease is 
sudden with fever and progression through shock, purpura and 
coma, and death can be rapid (as fast as 2 h). It is important to 
distinguish meningococcal meningitis from meningococcal men-
ingitis with septicaemia or septicaemia alone,61 since the manage-
ment and progression of the two differ. Defects in the terminal 
components of the complement cascade (C6-9) and properdin 
predispose to the development of fulminant meningococcal sep-
ticaemia. The proportion of cases of meningococcal disease with 
a septicaemic component appears to be signifi cantly lower in the 
meningitis belt. For example, only 4 of 112 (4%) cases of menin-
gococcal disease had septicaemia in one study in Sudan62 and we 
observed only 11 cases of septicaemia out of 329 cases of menin-
gococcal disease (3.3%) in Malawi.2 A similarly low incidence of 
meningococcal septicaemia (5%) was observed in Nigeria.63 In 
contrast only 19% of cases of meningococcal disease on Mersey-
side had no septicaemic component and in tropical countries 
outside the African meningitis belt over two-thirds of cases have 
a septicaemic component at presentation.61 Whether this differ-
ence represents a true difference in susceptibility to meningococ-

cal septicaemia, or is a refl ection of the diffi culties of recognizing 
a petechial rash on a dark skin (Figure 55.5), or patients in Africa 
with septicaemia are dying prior to reaching hospital is unclear. 
However the former seems more likely.2

Complications of meningococcal septicaemia include gangrene 
of the skin and extremities and arthritis, which can be purulent or 
immunologically mediated. There is also evidence of some neu-
rological defi cit.64

Diagnosis

The defi nitive diagnosis of bacterial meningitis depends upon 
examination of CSF (Table 55.6). The CSF is usually turbid due 
to the presence of large numbers of neutrophils. However, in early 
infection low cell counts (200/mm3) may cause the CSF to appear 
clear. A high CSF neutrophil count and protein concentration and 
low CSF glucose refl ect the extent of infl ammation and indicate a 
poorer prognosis. A specifi c aetiological diagnosis can be obtained 
rapidly by examining a Gram-stained smear of centrifuged CSF 
deposits. This will provide a specifi c diagnosis in 80–85% of cases. 
A useful, if expensive, adjunct to diagnosis is detection of bacterial 
capsular antigens (acidic polysaccharides). Countercurrent immu-
noelectrophoresis is less sensitive than latex particle agglutination, 
which has a sensitivity and specifi city of 85–100% and 96–100%, 
respectively, for detection of the appropriate microorganism.65,66

CSF culture will take 18–24 h but has the advantage of being 
relatively cheap and providing data on the antimicrobial suscep-
tibility of the bacterium. Blood culture, if facilities are available, 
is a useful adjunct to diagnosis. Detection of antigen in urine or 
serum can also be of value for diagnosis of pneumococcal or H. 
infl uenzae meningitis but is less useful in meningococcal menin-
gitis.66 However, a recent study from Kenya estimates that the 
diagnosis of acute childhood bacterial meningitis is likely to be 
missed in about one-third of cases in the absence of adequate and 
reliable laboratory support.67
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Figure 55.5 An African child with meningococcal septicaemia.

Table 55.6 Cerebrospinal fl uid in meningitis

Normal Bacterial 
meningitis

Aseptic 
meningitis

Volume (mL) 40–120 – –

Appearance Clear Turbid Clear to 
opalescent

Pressure (mmH2O) <180–200 Raised Normal

Protein (g/L) 0.15–0.4 0.5–6.0 0.5–1.0b

Mononuclear cells 
(×106/L)

0–5 Can be 
raised

15–500

Neutrophils (×106/L) 0 100–6000 <15

Glucose (mmol)a 2.2–3.3 0–2.2 2.2–3.3b

a  Must be compared with blood glucose (should be 50–60% of blood glucose 
level).

b In tuberculous meningitis the CSF protein is often high and glucose low.

Management

Patients with meningitis should, where possible, be managed 
in hospital. Blood pressure and respiratory and pulse rates 
should be monitored regularly. The unconscious patient should 
be nursed so as to maintain an open airway. Fluid intake 
should be monitored to prevent dehydration (due to fever and 
poor fl uid intake) or overhydration (due to inappropriate 
antidiuretic hormone secretion). If fi ts occur, appropriate 
anticonvulsants should be administered, bearing in mind that 
hepatic microsomal enzyme inducers such as phenobarbitone or 
phenytoin might increase the rate of conjugation of chloram-
phenicol and decreased blood levels. In studies in the USA and 
Europe high dose intravenous dexamethasone (0.15 mg/kg 
6-hourly for children or 12 mg/12 h for adults) has been shown 
to decrease mortality in pneumococcal meningitis68 and decrease 
neurological sequelae and infl am -mation in H. infl uenzae menin-
gitis.68 However, results of trials of dexamethasone in developing 
countries have not been uniformly positive.68–72 For example, in 
one study in Pakistan there was a mortality rate of 25% in children 
receiving dexamethasone compared with 12% in those receiving 
placebo.70

The effi cacy of antimicrobial chemotherapy depends upon the 
penetration of the antibiotic into CSF (Table 55.7) and the 
susceptibility of the infecting microorganism.

For blind initial therapy chloramphenicol has been shown to 
be as effective as a chloramphenicol–penicillin combination73 and 

Meningococcal Disease

Table 55.7 Penetration of antibiotics into 
cerebrospinal fl uid

Antibiotic Serum level in 
CSF (%)

Therapeutic 
Level

PENICILLINS

Penicillin 2–6 +

Ampicillin 10 +

CEPHALOSPORINS

Cephalothin 1–5 ±

Cefuroxime 5–10 +

Cefotaxime 10–25 +

Ceftazidime 20 +

Ceftriaxone 5–10 +

AMINOGLYCOSIDES

Gentamicin 10–30 −

Netilmicin 20–25 −

OTHERS

Sulphadiazine 50–80 +

Sulphamethoxazole 25–30 ±

Trimethoprim 30–50 +a

Tetracycline 25 +

Chloramphenicol 90 +

Ciprofl oxacin 5–20 +b

a Not effective against N. meningitidis.
b Not effective against Str. pneumoniae.

a long-acting oily suspension of chloramphenicol as effective as 
ampicillin.74 The oily suspension has the benefi ts of providing 
treatment even for those who abscond from hospital and is par-
ticularly useful in epidemics of meningococcal meningitis.75 Early 
antibiotic treatment even prior to hospital admission has been 
shown to improve outcome in bacterial meningitis.76
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Meningococcal meningitis

Benzylpenicillin (300 000 units/kg per day) should be given i.v. 
or i.m. 6-hourly for up to 7 days. Chloramphenicol (75–100 mg/
kg per day) is a useful alternative given 6-hourly orally or i.m. 
There are sporadic reports of penicillin insusceptible meningo-
cocci,77 but most are still exquisitely sensitive. Of the cephalospo-
rins, ceftriaxone, which is now off patent and thus less expensive, 
is probably the most appropriate. In sub-Saharan Africa, where 
epidemics can overwhelm health services, the World Health Orga-
nization recommends using a short-course of long-acting oily 
chloramphenicol. However, the production of this drug is uncer-
tain given the low demand for stockpiles during inter-epidemic 
years. A single-dose treatment of ceftriaxone has been shown to 
be as effective as oily chloramphenicol and guidelines for its wider 
use are currently under development.

Pneumococcal meningitis

Benzylpenicillin (400 000 units/kg per day) is given 6-hourly i.v. 
or i.m., usually for 10 days. Chloramphenicol, but not oily chlor-
amphenicol, can also be used in a regimen, as for meningococcal 
meningitis. The emergence of penicillin-resistant pneumococci is 
an increasing problem worldwide.78–80 Meningitis due to such 
strains is unlikely to be treatable successfully by penicillin. In 
some cases these penicillin-resistant pneumococci, although 
susceptible to chloramphenicol in vitro, are not eradicated by 
chloramphenicol in vivo.79

H. infl uenzae meningitis

Chloramphenicol (75–100 mg/kg per day) should be given every 
6 h parenterally and subsequently may be given orally. Treatment 
is usually continued for 10 days. Ampicillin (200 mg/kg per day)is 
an alternative although this may be associated with higher mor-
bidity. Strains of H. infl uenzae (b) resistant to ampicillin (5–10%) 
or chloramphenicol (5%) and even to both antibiotics81 are 
emerging.

Although penicillin and chloramphenicol have the advantage 
of cheapness and ready availability in tropical countries, a recent 
randomized open study in Finland demonstrated that cephalo-
sporins such as cefotaxime or ceftriaxone had a clear advantage 
over chloramphenicol.82 However, these cephalosporins can be 
expensive and none of the antibiotics was associated with a 100% 
cure rate.

Meningococcal septicaemia

The treatment of fulminant meningococcal septicaemia is diffi cult 
and requires intensive management. Clinical scoring systems such 
as the Glasgow Meningococcal Septicaemia Prognostic Score83 are 
of value in assessing the severity of disease and identifying those 
at greatest risk of dying (Table 55.8). Its use has also been vali-
dated in a tropical setting.84 If possible, patients should be artifi -
cially ventilated electively and given plasma and inotropes, such 
as dobutamine as well as penicillin. Dexamethasone does not alter 
the course of endotoxic shock.

Prevention

Chemoprophylaxis is used to prevent secondary cases of menin-
gococcal and H. infl uenzae meningitis in household contacts of an 
index case. There is no evidence that it is benefi cial in pneumococ-
cal meningitis. Most trials of chemoprophylaxis use eradication of 
nasopharyngeal carriage of meningococci or H. infl uenzae as their 
endpoint and demonstrate benefi t.85

N. meningitidis

Reports from the USA prior to the availability of vaccination and 
chemoprophylaxis show that secondary attack rates of 4–10% 
within households were common.86 More recently it has been 
shown that 10% of patients presenting with meningococcal men-
ingitis in Nigeria were secondary cases.87 Two strategies are 
employed. In the fi rst, phenoxymethyl-penicillin or amoxicillin is 
given as pre-emptive therapy for 7 days. The rationale for this is 
that most secondary cases occur in the fi rst week after contact.54 
This will not affect nasopharyngeal carriage nor will it prevent 
secondary cases after therapy has ceased.

The second strategy aims to eradicate nasopharyngeal carriage. 
Antibiotics that are effective in eradicating susceptible nasopha-
ryngeal meningococci include sulphadiazine, minocycline, rifam-
picin, ciprofl oxacin or ceftriaxone.85,88 Resistance to sulphonamides 
limits the value of these agents and minocycline has a high inci-
dence of side-effects and cannot be used in children, pregnancy 
or lactation.

Rifampicin has been used in Africa89 and does eradicate car-
riage. It is given as a 2-day regimen orally (600 mg twice daily for 
adults, 10 mg/kg per day for children of 1–12 years and 5 mg/kg 
per day for children under 1 year). Disadvantages include emer-
gence of resistant meningococci during treatment88 and the pos-
sibility of compromising the use of rifampicin as a fi rst-line drug 
in tuberculosis. Ciprofl oxacin (500–700 mg orally) or ceftriaxone 

Table 55.8 Glasgow Meningococcal Septicaemia Prognostic 
Score (GMSPS)

Pointsa

Systolic blood pressure: <4 years, <75 mmHg; >4 years, 
<85 mmHg

3

Skin/rectal temperature difference >3°C 3

Modifi ed coma scale scoreb <8 or deterioration of >3 
points in 1 h

3

Deterioration in hour prior to scoring 2

Absence of meningism 2

Extending purpuric rash or widespread ecchymoses 1

Base defi cit (capillary or arterial) >8.0 1

a  A GMSPS of >8 predicts mortality with a sensitivity of 100% and specifi city of 
95%.

b  Modifi ed coma score. (1) Eyes open: spontaneously, 4; to speech, 3; to pain, 
2; none, 1. (2) Best verbal response: orientated 6; words, 4; vocal sounds, 
3; cries, 2; none, 1. (3) Best motor response: obeys commands, 6; localized 
pain, 4; moves to pain, 1; none, 1. Add scores in (1) (2) and (3) to obtain 
coma score.



979

(125 mg i.m.) are given as single dose regimens and are as effective 
as rifampicin in eradicating carriage.85 Unless sulphonamides are 
used, chemoprophylaxis can be expensive. To use vaccines would 
be much more cost-effective; however, vaccines are of 
no value in the immediate protection of household contacts since 
it will take 2 weeks or more to develop protective antibody 
levels.

H. infl uenzae

In the USA secondary attack rates in households by invasive 
H. infl uenzae in children under 5 years are 500–800 times greater 
than the endemic rate.90 Chemoprophylaxis is by means of a 4-day 
regimen of rifampicin (20 mg/kg per day once daily). This is given 
to all household members where there is an index case and a child 
under 3 years, except for pregnant or lactating women and those 
with severe hepatic impairment.

Vaccine

The acidic capsular polysaccharides of each of the three bacteria 
are highly immunogenic and vaccines are available for all of them. 
The problem in using polysaccharide antigens is that they are T 
cell-independent antigens, which means that the antibody 
response is predominantly IgM and IgG2 and immunological 
memory is poor.

The immunogenicity of such vaccines is particularly poor in 
infants and young children. For example, in children under 4 years 
old the group A meningococcal polysaccharide vaccine produced 
persistent protective antibody 1 year after immunization in 100%, 
in 52% after 2 years and 0% after 3 years, whereas in children of 
4 years or older the corresponding fi gures were 85%, 75% and 
67% respectively.91 This, however, was with only one dose of 
vaccine and there is evidence that for Group A vaccine two or more 
doses are better.92

H. infl uenzae (b)

The capsular polysaccharide of H. infl uenzae (b) (Hib) is polyribi-
tol phosphate. The problem of poor immunogenicity of the cap-
sular antigen has been overcome by conjugating it to a protein 
(diphtheria or tetanus toxoid). This signifi cantly improves the 
quantity and duration of antibody response, even in those under 
2 years old.93 The Hib vaccine can be given together with the 
triple (diphtheria, pertussis, tetanus) vaccine with no deleterious 
effects. Hib vaccine has been shown to have 74% effi cacy in pre-
venting invasive Hib infection and 76% effi cacy in preventing 
Hib meningitis in children aged 18–59 months.94 Routine immu-
nization of infants in The Gambia with Hib conjugate vaccine 
reduced the annual incidence of Hib meningitis from over 
200/100 000 children aged younger than 1 year (1990–93) to 
0/100 000 in 2002, and from 60 to 0 in children <5 years old. It 
also eliminates oropharyngeal carriage and thus provides herd 
immunity.

N. meningitidis

A meningococcal vaccine incorporating groups A and C capsular 
polysaccharides (as well as Y and W 135) is available. Its use has 

proved effective in controlling epidemics of meningococcal disease 
in Asia, Africa and Latin America. Protective antibodies persist for 
up to 5 years in adults but only 1–2 years in children under 4 
years old when given as a single dose regimen. The vaccine does 
not affect nasopharyngeal carriage95 and thus does not provide 
herd immunity.

Recently, both conjugate Group A and conjugate Group C 
meningococcal vaccines have been introduced, which induce 
long-term immunological memory when given to infants.96 The 
conjugate group C meningococcal vaccine was introduced into 
routine use in the UK and has been shown to have 92% and 
97% protective effi cacy in infants and adolescents respectively.97 
A conjugate A, C, W135 and Y vaccine is available in the USA, 
but as for other conjugate polysaccharide vaccines, they are much 
more expensive than the polysaccharide alone and not available 
for use in high incidence areas. Whether a conjugate Group A 
vaccine is needed has been questioned,92 especially since in out-
breaks in the meningitis belt adolescents and young adults repre-
sent the peak of the age spectrum. How the vaccine should be 
used in the meningitis belt has been an area of intense discus-
sion for decades. Ideally a vaccine, probably conjugate, would be 
given to all infants to give life-long immunity.98 A conjugate A 
vaccine is currently under development and is expected to be 
licensed by 2009. Although this vaccine is likely to change the 
characteristics of these epidemics, this is not possible at present 
and mass emergency immunization with the non-conjugate poly-
saccharide vaccine at the start of an epidemic is current WHO 
policy.99 This policy requires good surveillance which is not 
always available and sets thresholds for interventions. In popula-
tions of over 30 000 an incidence of fi ve cases per 100 000 popu-
lation per week is an alert threshold when investigation and 
confi rmation of cases is required and surveillance should be 
enhanced. If there have been no epidemics in the region, and 
vaccine coverage is less than 80% or it is early in the dry season, 
then mass immunization is introduced when the incidence 
reaches 10 cases/100 000 per week; otherwise the vaccination 
threshold is 15 cases per 100 000 per week. For populations 
under 30 000 the alert is two cases per week and vaccination 
threshold fi ve cases per week or doubling of the number of cases 
in a 3-week period. In addition, alert thresholds become epi-
demic thresholds if there is an epidemic in a neighbouring area. 
Introduction of mass immunization is a major undertaking. It 
requires transport of vaccine, needles and syringes to the epi-
demic area, mobilization of large numbers of healthcare workers 
and gaining access to the population. If the thresholds are too 
high then the mass vaccination campaign may not begin until 
the epidemic is past its peak, if too low there may be false alarms. 
Others have concluded that an alert threshold of fi ve cases/100 000 
per week allows time to prepare for an epidemic and 10 
cases/100 000 per week should signal mass vaccination.100 Being 
able to predict when epidemics might occur based on satellite 
and meteorological data could be of great benefi t in the meningi-
tis belt until we are able to deliver conjugate vaccines as part of 
routine childhood immunization.30

The group B meningococcal capsule is a homopolymer of N-
acetylneuraminic acid (as is the E. coli K1 capsule) and is a self-
antigen being found on human neuronal glycoproteins and 
glycolipids. Thus there is no group B capsular vaccine. Vaccines 
incorporating group B meningococcal outer membrane proteins 

Meningococcal Disease



55. Bacterial Meningitis

980

have worked well in Cuba101 and New Zealand but less well in 
Chile or Norway.102

Str. pneumoniae

The pneumococcal polysaccharide vaccine incorporates 23 of the 
84 pneumococcal capsular polysaccharides. These 23 serogroups 
are responsible for 90–95% of invasive pneumococcal disease. 
The vaccine is not widely used and suffers from the same problems 
as other polysaccharide vaccines. Its use is confi ned to those who 
are about to have splenectomy or in patients with sickle cell 
disease. Seven-valent and nine-valent polysaccharide conjugate 
vaccines have been developed which incorporate serogroups 
important in invasive disease and otitis media in developed coun-
tries, some of which are also important in the tropics.103 Clinical 
trials so far have been directed towards prevention of otitis media 
and of bacteraemia and there are no data on prevention of 
pneumococcal meningitis in the tropics.
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Section 8 Bacterial Infections

Chapter 56 John M. Grange and Alimuddin I. Zumla

Tuberculosis

Tuberculosis is among the most widespread and serious of all 
human infectious diseases. Owing to widespread poverty, inequity 
and confl ict, suboptimal health services in many countries and 
the impact of the HIV/AIDS pandemic, there are more cases of 
tuberculosis today than at any previous time in human history 
and 95% of all cases, and 98% of deaths due to it, occur in 
tropical countries. The World Health Organization (WHO) became 
so concerned about the relentless spread of tuberculosis through-
out the world that it declared this disease a ‘Global Emergency’ in 
1993. Tuberculosis has affl icted the human race since the dawn 
of recorded history and several ancient descriptions of the disease 
exist. Many names have been given to this disease and some are 
still in use today (Table 56.1). Skeletal changes typical of tuber-
culosis have been seen in Egyptian mummies and in Neolithic 
skeletons in Europe and there is compelling evidence that the 
disease occurred in the indigenous populations of the American 
continent long before the arrival of European explorers and set-
tlers. The WHO has estimated that, unless tuberculosis control is 
strengthened, one billion people will be infected with the tubercle 
bacillus, 200 million people will develop clinical tuberculosis and 
35 million will die from it over the next 20 years. Tuberculosis is 
the biggest curable infectious killer of adolescents and young 
adults and is responsible for one in four preventable deaths in this 
age group worldwide. Although the incidence of tuberculosis 
declined greatly during the twentieth century in the industrially 
developed nations, these nations are now experiencing an upsurge 
of this disease. Multi-drug resistant tuberculosis (MDRTB) has 
become a major problem in several regions throughout the world 
and in some countries extensively resistant forms of the disease 
(XDR-TB) have emerged and raise the very serious threat of 
untreatable disease.

AETIOLOGY OF TUBERCULOSIS

The causative organism of tuberculosis, the tubercle bacillus, was 
isolated and described by Robert Koch in 1882 (Figure 56.1). It 
was subsequently included in the genus Mycobacterium and named 
Mycobacterium tuberculosis. A closely related species isolated from 
cattle but also able to cause human tuberculosis is termed M. bovis 
and strains with rather variable properties principally encountered 
in Equatorial Africa are collectively termed M. africanum. These 
species are included in the Mycobacterium tuberculosis complex, the 

members of which are obligate pathogens of mammals and are 
thus distinct from almost all other mycobacteria, of which there 
are over 100 offi cially recognized and named species. Other 
named species within this complex are M. canetti, a rarely encoun-
tered strain that produces smooth colonies on culture medium, 
M. microti, a rare cause of tuberculosis in small mammals but of 
very low virulence in humans, M. pinnepedii, the cause of tuber-
culosis in seals and seal handlers and M. caprae, a variant of M. 
bovis isolated from goats and, occasionally, humans. Although 
differing in several respects, especially in their host ranges, all 
species in the Mycobacterium tuberculosis complex are very closely 
related, differing in their genomic DNA sequence by less than 
0.1% and are therefore really variants of a single species. The vari-
ants have arisen more by devolution than evolution, principally 
by the loss of units of DNA termed Regions of Difference (RD) 
from a common progenitor type, ‘M. prototuberculosis’, which was 
probably very similar to M. canetti.1

Until recently, it was thought that strains of M. tuberculosis were 
very similar in their pathogenicity and virulence, but ‘fi ngerprint-
ing’ (p. 992) has revealed several lineages, superfamilies or clades 
(e.g. Haarlem, Beijing, Somali, Indo-Oceanic, Central Asian) 
which, certainly in the mouse and probably in humans, differ in 
their virulence and growth rate in macrophages, the immune 
responses required for overcoming the disease, and the ability of 
BCG vaccination to afford protection against them. It has been 
postulated that the various lineages have arisen by adaptation to 
the local human population, in which they may cause more severe 
disease than in genetically less related populations.2 One lineage, 
though, the Beijing (or W/Beijing) lineage, is a cause for concern 
as it is spreading worldwide and it appears to be more virulent 
than other lineages and less likely to lose some virulence on muta-
tion to multi-drug resistance.3,4

Tubercle bacilli are aerobic, non-motile, non-sporing, usually 
slightly curved rods 2–4 μm in length and 0.3–0.5 μm in diame-
ter. In common with other mycobacteria, they retain arylmethane 
dyes on treatment with mineral acids, a property termed acid-
fastness. This property is widely used to detect mycobacteria in 
clinical specimens by light microscopy after staining by the Ziehl–
Neelsen method (Figure 56.2) or by fl uorescence microscopy. 
Tubercle bacilli grow slowly on conventional solid culture media 
and colonies take from 2 to 6 weeks to appear. More rapid auto-
mated culture systems and nucleic acid-based detection systems 
are now available (see p. 998).
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PATHOGENESIS

Infection of humans with M. tuberculosis occurs by inhalation, 
ingestion or traumatic inoculation. Intrauterine infection resulting 
in congenital tuberculosis is extremely rare.

In most cases infection is by inhalation of small droplets of 
cough spray containing a few bacilli. These particles, around 5 μm 
in diameter, lodge in the alveolae or small airways, mostly in the 
lower regions of the lung. The usual sources of such infectious 

particles are other human beings with open pulmonary tubercu-
losis but those working with cattle may be infected by M. bovis in 
the cough spray of diseased animals. A less frequent mode of 
infection is consumption of milk or food contaminated by M. 
bovis, in which case the bacilli often lodge in the tonsil or intesti-
nal wall. Rarely, tubercle bacilli enter the skin through cuts and 
abrasions (Figure 56.3) and primary skin tuberculosis was an 
occupational hazard of butchers, anatomists and pathologists.

Traditionally, tuberculosis has been divided into two forms, 
primary and post-primary. In the past it was usually assumed that 
post-primary tuberculosis was always the result of endogenous 
reactivation of latent or dormant primary lesions but DNA fi nger-
printing has shown that many cases, particularly among immuno-
suppressed persons, are due to exogenous reinfection.5

The natural history of infection with M. tuberculosis and its 
sequelae are shown diagrammatically in Figure 56.4. Most people 
infected by tubercle bacilli do not develop symptoms and the 
primary infection may go unnoticed. In most cases, effective 
immune responses lead to containment of the disease process and 

Table 56.1 Historical clinical descriptions of tuberculosis

Description Clinical type of 
tuberculosis

Consumption Pulmonary

Pthisis Pulmonary

Tabes pulmonalis Pulmonary

Tissic Pulmonary

Hectic fever Pulmonary

Asthenia Pulmonary

Galloping consumption Pulmonary

Scrofula Cervical lymphadenitis

Struma Cervical lymphadenitis

King’s evil Cervical lymphadenitis

Hydrocephalus (acute or infantile) Tuberculous meningitis

Pott’s disease Spinal/vertebral tuberculosis

Tuberculous chancre Skin

Scrofuloderma Skin

Lupus vulgaris Skin

Figure 56.1 
Professor Robert 
Koch, discoverer of 
Mycobacterium 
tuberculosis.

A

B

Figure 56.2 (A) Ziehl–Neelsen staining of a sputum sample and 
(B) a bronchoalveolar lavage washing showing acid-fast bacilli.
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life-long immunity. As a general rule, 2–5% of persons infected 
develop clinically evident primary tuberculosis and a further 2–
5% subsequently develop post-primary disease. Little is known of 
the early events following initial infection and our limited under-
standing is derived from experimental observations in animals. In 
the case of pulmonary infection, the bacilli are initially engulfed 
by alveolar macrophages in which they multiply, eventually killing 
the cell. Additional blood-borne phagocytic cells, both macro-
phages and polymorphonuclear leucocytes, aggregate around the 
focus of infection and form a foreign body granuloma termed the 
primary focus or, in the older literature, the Ghon focus. Some bacilli 
are transported to the regional lymph nodes (the mediastinal, 
paratracheal and, occasionally, the supraclavicular nodes when 
the primary focus is in the lung) where secondary lesions develop. 
The combination of the primary focus and the local lymphatic 
component – lymphangitis and lymphadenopathy – is termed the 
primary complex (Figure 56.5). Bacilli may subsequently enter the 
bloodstream and lodge in various organs of the body and cause 
the various non-pulmonary forms of primary tuberculosis.

In most cases in which the immune response enables the 
primary complex to contain the infection, the lesions become 
fi brotic and may subsequently become calcifi ed but tubercle 
bacilli are able to persist within these dormant lesions, and also 
possibly in surrounding normal tissue, for years or decades. The 
nature of these ‘persisters’ has generated much speculation. Some 
researchers postulate that they are truly dormant until reactivated 
by a ‘wake-up call’ while others suggest that they replicate, albeit 
slowly, but are destroyed by immune mechanisms at roughly the 
same rate.

In a minority of those infected, overt primary tuberculosis 
manifests in a number of ways (Figure 56.6) and local or systemic 
spread may occur. Primary foci at the periphery of the lung may 
rupture into the pleural cavity, causing a self-limiting pleural effu-
sion or a much more serious empyema. Diseased mediastinal 
lymph nodes may rupture into the pericardial cavity, causing 
tuberculous pericarditis, or into a bronchus, causing a spreading 

endobronchial infection. Enlarged mediastinal lymph nodes may, 
particularly in young children, press on the major bronchi, causing 
partial or total obstruction and pulmonary collapse, a condition 
termed epituberculosis (Figure 56.7). The primary lesion may 
progress to tuberculous pneumonia with tissue destruction, espe-
cially when immunity is compromised. Alternatively, it may grad-
ually enlarge to form a circular ‘coin lesion’ which may progress 
to a characteristic post-primary lesion or heal with calcifi cation. 
Concentric rings of calcifi cation, resulting from alternating periods 
of progression and healing, may be seen. Primary lesions in the 
tonsils spread to cervical nodes (Figure 56.8), from which local 
and systemic spread may occur.

Haematogenous dissemination following infection leads to 
serious, often fatal, non-pulmonary disease, principally involving 
the central nervous system, bones and kidneys. Observations in 
the pre-antituberculosis therapy era, notably by Wallgren,6 revealed 
a sequence of events, or ‘timetable’, of primary tuberculosis, as 
shown in Table 56.2. This is only a rough guide and many indi-
vidual variations occur. Young children are very prone to overt 
disease following infection but those between the age of 5 years 
and the onset of puberty appear to be relatively protected – the 
‘safe school age’.

Figure 56.3 Primary tuberculous lesion of the skin.

Primary infection
(lung, tonsil, gut or skin)

Lung
Ghon’s focus

Lymphangitis

Lymphadenitis

= primary complex

Lymph node and/or 
lung lesion persists

Resolution
(heals)

Bloodstream
spread

Extensive pulmonary
tuberculosis

Miliary tuberculosis

Organ tuberculosis

Local
spread

Obstruction
of bronchus

Ruptures
into bronchus

Lobar 
collapse

TB
bronchopneumonia

Reactivation of 
disease due to:

HIV, old age, diabetes, 
cytotoxics, steroids, 
stress, malnutrition, 

malignancies, chronic 
liver and renal disease 

etc.

Figure 56.4 Natural history and sequelae of tuberculosis infection.

Pathogenesis
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Within 3–8 weeks of initial infection, conversion to dermal 
reactivity to tuberculin occurs. Since the introduction of the tuber-
culin skin test by Clemens von Pirquet in the early 1900s, there 
has been considerable speculation as to the nature and signifi -
cance of positive reactions, particularly their relevance to protec-
tive immunity. It now appears that the dermal induration seen in 

a positive reaction is due to tissue oedema resulting from a number 
of immune processes, some associated with protection and some 
not. Thus a positive test is an indicator of recent or past infection 
by a tubercle bacillus or of BCG vaccination but not of the immune 
status of the infected person.

Post-primary tuberculosis differs from primary disease in several 
important features. It may develop directly from a primary lesion 
– progressive primary tuberculosis – but more often there is a latent 
phase of several years or even decades before the disease becomes 
apparent. As mentioned above, post-primary tuberculosis may be 
the result of either endogenous reactivation of latent foci of infec-
tion or exogenous reinfection. In the case of the lung, post-primary 
lesions often develop, for unknown reasons, in the upper regions. 
The characteristic feature of post-primary pulmonary tuberculosis 
is gross tissue necrosis which, as described below, is attributable 
to inappropriate immune responses. As a result, large lesions 
containing abundant necrotic tissue develop and, as they radio-
logically resemble tumours, they are termed tuberculomas. The 
necrotic tissue has a cheese-like appearance and is thus termed 
caseous material, while the process is termed caseous necrosis or 
caseation.

The centre of the tuberculoma is anoxic and acidic and is a 
hostile environment to tubercle bacilli, so that relatively few viable 
bacilli are present. The caseous material is softened and eventually 
liquefi ed by proteases secreted by activated macrophages. The 
enlarging tuberculoma may eventually erode into a bronchus so 
that the softened caseous material is discharged into the bronchial 
tree and a cavity – a characteristic feature of post-primary pulmo-
nary tuberculosis – is formed. The environment in the cavity is 
quite different from that of the closed tuberculoma. Air enriched 
with carbon dioxide enters the cavity, neutralizing the acidity and 
providing oxygen for the tubercle bacilli which are then able to 
replicate freely and huge numbers line the cavity well.

A

B

Figure 56.5 (A) Postmortem lung specimen showing the ‘primary 
complex’: caseating primary lesion (Ghon’s focus) with regional 
lymphadenitis. (B) Chest X-ray of an infant with primary tuberculosis 
showing right hilar node involvement.

Table 56.2 The ‘timetable’ of primary tuberculosis

Stage Duration Features
1 3–8 weeks The primary complex develops. 

Conversion to tuberculin positivity 
occurs

2 About 3 months Life-threatening forms of disease due 
to haematogenous dissemination 
occur, i.e. tuberculous meningitis 
and miliary tuberculosis

3 3–4 months Tuberculous pleurisy may be the 
result of either haematogenous 
spread or direct spread from an 
enlarging primary focus

4 Up to 3 years This stage lasts until the primary 
complex resolves. More slowly 
developing extrapulmonary lesions, 
particularly in the bones and joints, 
may appear

5 Up to 12 years Genitourinary tuberculosis may occur 
as a late manifestation of primary 
tuberculosis

Adapted from Wallgren and Ustvedt.6,52
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Figure 56.6 (A–C) The complications and sequelae of primary pulmonary tuberculous lesions.

Pathogenesis
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When bacilli gain access to the bronchi and are expectorated 
in the sputum, the patient becomes infectious and is said to have 
open tuberculosis. Bacilli escaping from the cavities may infect 
other parts of the same and the other lung by endobronchial 
spread. A typical radiological appearance of post-primary 
pulmonary tuberculosis is of one or more apical cavities and 

numerous smaller lesions in the other lung fi elds (Figure 56.9). 
Bacilli in the sputum may also lodge in the larynx, causing tuber-
culous laryngitis, or may be swallowed and cause indurating ulcers 
in the intestinal tract and, rarely, anal fi stulae. In contrast to 
primary tuberculosis, the post-primary lesions are usually so 
walled off by fi brosis that lymphatic and haematogenous dis-
semination of disease is unusual. Both cavity formation and the 
localization of disease are due to immune processes and, as 
described below, are compromised in immunosuppressed 
patients.

PATHOLOGY OF TUBERCULOSIS

A wide spectrum of pathological manifestations is seen in tuber-
culosis. The initial host response to infection consists of an 
acute infl ammatory reaction with an infl ux of polymorphonuclear 
neutrophil leucocytes. If this acute infl ammatory response is 
unable to limit the infectious process, a progressive infi ltration 
with macrophages occurs. The macrophages have a pale eosino-
philic cytoplasm and elongated nuclei and as they resemble epi-
thelial cells they are called epithelioid cells. Some macrophages 
fuse to form multinucleated ‘Langhans giant cells’. A zone of 
lymphocytes and fi broblasts surrounds this compact cellular struc-
ture which is termed the ‘tubercle’ as it resembles a small potato 
tuber (Figure 56.10A). The tubercle is an example of a granuloma, 
a characteristic feature of chronic infections. Within 2 weeks, 
caseous necrosis is seen in the centres of the granulomas but this 
is also seen in other chronic infections, including deep-seated 
fungal infections (e.g. Histoplasma capsulatum) and thus a specifi c 
diagnosis, based on the determination of the aetiological agent, 
is important.

Granuloma formation is a central event in the immune response 
against M. tuberculosis, but while the granuloma restricts the 
spread of the infection, it is a space-occupying lesion that can 
damage surrounding normal tissues. Granulomas are dynamic 
structures characterized by the accumulation of activated macro-
phages and an infi ltration of T lymphocytes. The extent and mor-
phological features of the granuloma vary considerably from 
person to person so that a wide spectrum of granulomatous reac-
tions is seen in tuberculosis. At one end of this spectrum, charac-
terized by compromised immune responses, there is poor 
granuloma formation and extensive areas of tissue necrosis con-
taining large numbers of mycobacteria. At the other end, in which 
immune responses are relatively intact, indolent non-caseating 
granulomas containing few organisms are seen. The latter are 
typically seen in chronic skin tuberculosis (lupus vulgaris) and 
histologically the lesions resemble those seen in tuberculoid 
leprosy and sarcoidosis. Most tuberculosis patients fall between 
these two extremes.

The tuberculous process may involve serous cavities, usually 
the pleural cavities but sometimes the pericardial cavity. Such 
involvement appears to be primarily due to a hypersensitivity 
reaction to antigens of the tubercle bacillus and is characterized 
by an infl ammatory, fi brin-rich exudate containing lymphocytes 
and polymorphonuclear leucocytes. Epithelioid and Langhans 
giant cells are scanty.

In the majority of cases, effective immune responses limit the 
progression of the primary complex which heals by fi brosis and 

Figure 56.7 Progressive primary tuberculosis. Postmortem specimen 
of the lungs of a 6-month-old child showing extensive caseous 
necrosis, enlarged hilar lymph nodes and numerous tuberculous 
lesions throughout the lung fi elds.

Figure 56.8 Caseating cervical lymph nodes in child with 
tuberculosis.



989

between mycobacteria, cells of the immune system and their 
secreted cytokines. Mild and self-limiting disease is associated 
with protective cellular immune responses whereas advanced 
disease is associated with immune suppression and inappropriate 
cell-mediated hypersensitivity reactions which cause tissue damage 
and immunopathology.

HOST IMMUNE RESPONSES TO 
M. TUBERCULOSIS

Many factors including host genetics, microbial virulence and dis-
turbances in host immunity (Table 56.3) determine whether infec-
tion by M. tuberculosis is contained or progresses to overt disease, 
whether it follows an acute or chronic course and whether lesions 

A

B

Figure 56.9 (A) Extensive pulmonary tuberculosis with cavitation. 
(B) Postmortem lung showing several cavities and extensive lung 
involvement due to tuberculosis.

A

B

Figure 56.10 (A) Classical caseating granuloma due to M. 
tuberculosis. Note the central area of caseous necrosis surrounded 
by a rim of epithelioid cells, Langhans giant cells and lymphocytic 
infi ltrate. (B) Lung histopathology illustrating an ‘anergic response’ to 
infection with M. tuberculosis in a lung of a patient with AIDS. 
There is widespread granular necrosis and a non-reactive 
‘anergic’ cellular response with a few lymphocytes and epithelioid 
cells and no Langhans giant cells.

Host Immune Responses to M. Tuberculosis

may eventually calcify. Alternatively, it may soften and enlarge 
with individual necrotic foci tending to coalesce, resulting in 
large areas of necrotic debris. The surrounding granulomatous 
reaction and associated scarring assist in localization of the 
infection.

Expression of clinical disease

The variety of clinical presentations of pulmonary tuberculosis 
seen in clinical practice refl ects a complex series of interactions 
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are localized or widespread.7 There is a constant battle between 
the various immune defence mechanisms of the host and strate-
gies developed by the pathogen for evading these mechanisms. 
Although in recent years much light has been shed on what is 
clearly a very complex interplay of specifi c and non-specifi c 
immune phenomena in tuberculosis, the reasons why the immune 
system in most people is capable of preventing active disease but 
is not capable of clearing the infection are not fully understood. 
Many basic questions remain unanswered regarding the host-
organism interactions:
1. What are the mechanisms of protective immunity to M. 

tuberculosis?
2. Why do only a small proportion of people who are infected 

go on to develop clinical disease?
3. In those who develop disease, why does tuberculosis manifest 

as a spectrum of clinical forms?
4. Why can mycobacteria survive for such long periods of time 

in host tissues?
5. Why do some patients with apparently normal immune 

systems develop disease?
Both non-specifi c and specifi c effector mechanisms appear to play 
a role in protective immunity to tuberculosis.

Non-specifi c immune effector mechanisms

When M. tuberculosis bacilli are inhaled they pass through the 
upper and lower respiratory tract and reach the alveoli, where 
initial infection occurs. The mycobacteria are phagocytosed by 
alveolar macrophages, phagocytosis being facilitated by surfactant 
apoprotein A. This initial interaction can result in destruction of 
the organism or persistence and replication of the organism within 
the macrophage.

Protective cell-mediated immunity and 
immunopathology in tuberculosis

It is now recognized that killing of mycobacteria in humans is a 
manifestation of cell-mediated immunity rather than antibody 
production and that helper T lymphocytes are of crucial impor-
tance in the induction of such protective immunity. Although 
antibody responses to M. tuberculosis antigens occur, their role in 
protective immunity, if any, is unclear. As well as mediating pro-
tective immunity, it has long been recognized that T lymphocytes 
may also mediate harmful tissue-destroying hypersensitivity reac-
tions that favour progression of disease. The paradox of a single 
type of cell mediating such different immune phenomena was 
resolved by the discovery that T helper cells mature along at least 
two different pathways to produce populations of Th1 and Th2 
lymphocytes. The Th1 and Th2 lymphocyte subsets produce or 
induce quite different cytokines termed, respectively, type 1 and 
type 2. The former include the interleukins IL-2, IL-12 and 
interferon-gamma (IFNγ) and the latter include IL-4, -5, -6, 
-10 and -13.

Studies on animal models and humans show that type 1 cyto-
kines are responsible for the activation of macrophages and gran-
uloma formation. IFNγ plays a major role in the activation of 
macrophages, the principal effector cells in the killing of myco-
bacteria. Macrophage activation also requires vitamin D, which 
explains the higher incidence of tuberculosis in those with low 
levels of this vitamin, a phenomenon seen particularly in vegetar-
ians a few years after migrating from sunny countries to more 
gloomy and dismal environments, such as the UK.8 Factors con-
tributing to the aggregation of activated macrophages and other 
cells into the compact structure termed the granuloma are not 
clearly defi ned but animal models show that cytokines play a 
prominent role. In tuberculosis, the type 1 cytokines IL-2 and IFNγ 
and also tumour necrosis factor alpha and beta (TNFα and TNFβ) 
are essential for granuloma formation.

By contrast, type 2 cytokines are, directly or indirectly, associ-
ated with impaired granuloma formation. Also, a Th2 response 
appears to lead to the gross tissue necrosis that is so characteristic 
of tuberculosis, particularly the post-primary type. If mice are pre-
immunized so that they have a mixed response that is mostly Th1 
but includes a Th2 component they are more susceptible to the 
disease than are non-immunized controls. Although TNFα is 
essential for granuloma formation, in the presence of even small 
amounts of type 2 cytokines it has the opposing property of 
causing the tissue damage. An excess of TNFα appears to account 
for several symptoms of tuberculosis, including fever, lassitude 
and the characteristic wasting (consumption or cachexia) and an 
older name for TNFα is cachectin. Evidence that these symptoms 

Table 56.3 Factors affecting susceptibility to tuberculosis

Age Extremes of age: below the age of 5 
years, and old age

Geographical origin Asians, Africans, North American Indians

Immune suppression HIV infection 

Protein-calorie malnutrition 

Steroid therapy

Cytotoxic drugs 

Congenital immunodefi ciencies

Vitamin D defi ciency

Medical conditions Liver failure

Cancer

Diabetes mellitus

Smoking-related lung damage

Industrial dust disease of the lungs, e.g. 
silicosis, asbestosis

Renal failure

Measles

Schistosomiasis

Gastrectomy

Genetic factors HLA-DR allele, NRAMP gene, vitamin D 
receptors

Stress Excess corticosteroid production

Environmental factors Exposure to populations of environmental 
mycobacteria

Mycobacterial factors Strain variation in virulence

Adapted from Zumla A, Mwaba P, Rook G, et al. Tuberculosis. In: James DG, 
Zumla A, eds. The Granulomatous Disorders. Cambridge: Cambridge University 
Press; 1999:132–160.
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may indeed depend on TNFα in human tuberculosis has come 
from the experimental use of thalidomide, which decreases the 
half-life of the mRNA for this cytokine. Patients treated with 
thalidomide show rapid symptomatic relief and weight gain.

Thus, depending on the pattern of cytokines generated by the 
immune responses in tuberculosis, TNFα has the opposing effects 
of aiding protective granuloma formation and mediating harmful 
immunopathological phenomena.

There is some evidence that other mechanisms contribute to 
protective immunity in tuberculosis, including CD8+ cytotoxic T 
lymphocytes, γ/δ T cells and natural killer (NK) cells. These may 
protect by causing programmed cell death, or apoptosis, of infected 
macrophages, a process accompanied by metabolic changes that 
destroy at least some of the contained bacilli.

Factors determining the nature of the immune 
response in tuberculosis

The fi ndings that the immune responses, protective or harmful, 
are determined to a major extent by the Th1 and Th2 responses 
raise the question of which factors regulate the patterns of T lym-
phocyte maturation. Although details are far from clear, hormonal 
and environmental factors appear to have key roles.

Hormonal factors in tuberculosis

Before the age of 5 years, children are highly susceptible to tuber-
culosis but they tend to develop consolidation and pneumonia, 
without cavitation or caseous necrosis. Between the ages of 5 and 
10 (i.e. during adrenarche) children appear to be resistant to the 
disease in spite of an increasing incidence of tuberculin test posi-
tivity indicative of continuing exposure to infection in this age 
group. This interval between the ages of 5 and 10 was known as 
the ‘safe school age’ in nineteenth-century Europe, and the phe-
nomenon is currently observed in high-incidence areas such as 
Cape Town, South Africa. Susceptibility returns at puberty, but the 
type of disease now resembles that seen in adults, with typical 
cavitation and necrosis. These temporal changes suggest an under-
lying endocrinological cause. A reasonable hypothesis, for which 
there are supportive animal data, is that the three periods corre-
spond to age-related changes in the ratio of cortisol to the anti-
glucocorticoid hormone, dehydroepiandrosterone (DHEA).9 In 
this context, there is evidence that a preponderance of cortisol, 
relative to DHEA, is able to induce a drift of T lymphocyte 
maturation towards the Th2 type. Excess cortisol production is a 
feature of stress and this may account for the many reports in the 
older literature of a link between stress and a higher risk of active 
tuberculosis.

Environmental factors

From the time of birth, humans are exposed to a huge range of 
microorganisms in the environment, including many species of 
saprophytic mycobacteria and members of related genera. Contact 
with these is able to modify the pattern of immune responsiveness 
to pathogenic mycobacteria and to BCG vaccine. Indeed, such 
environmental contact provides the most likely explanation for 
the considerable geographical variation in the protective effi cacy 
of BCG vaccination (p. 1033). Recent observations suggest that 

environmental mycobacteria and related species modify immune 
responses by activating Toll-like receptors (TLRs): a group of cell 
membrane proteins that bind to certain commonly occurring 
microbial components, termed adjuvants.10 Activation of TLRs 
plays a key role in the maturation and correct functioning of the 
various cells that process epitopes and present them to the rele-
vant T cell populations, thereby determining the subsequent 
maturation pathways of the T lymphocytes. This raises the pos-
sibility of using bacterial or synthetic adjuvants to modify the 
pattern of immune responsiveness in tuberculosis and possibly 
other diseases for therapeutic purposes.11

Role of macrophages

As mentioned above, cytokine-activated macrophages play a key 
role in the destruction of mycobacteria, although the precise 
mechanisms involved are not clear. Likely mechanisms involve 
the generation of toxic oxygen- and nitrogen-derived products 
including superoxide anions, hydrogen peroxide, and nitric oxide 
(NO) and peroxynitrites produced by the interaction of NO and 
oxygen/reduction products.

It is also likely that the entire granuloma has greater antimyco-
bacterial properties than the isolated activated macrophage, as the 
centres of the granulomas are acidic, anoxic and contain high 
levels of free fatty acids, all of which inhibit mycobacterial growth. 
Once a cavity has formed and the anoxic and acidic contents have 
been replaced by air enriched with carbon dioxide, bacterial 
growth increases enormously.

Mycobacterial factors

Mycobacteria have evolved several strategies for avoiding the 
various host defence mechanisms and a large number of determi-
nants of virulence have been described in M. tuberculosis.12 Some 
of these are involved in early events after infection and others are 
of more importance at later stages. It is probable that the relative 
importance of determinants of virulence varies according to the 
lineage or family of the bacillus as they appear, at least in the 
mouse, to elicit different patterns of immune responsiveness. Of 
prime importance is the ability of mycobacteria to avoid being 
killed by phagocytes (Figure 56.11). Within the macrophage, sur-
vival of mycobacteria depends principally on their ability to 
inhibit phagosome maturation and to block phagosome-
lysosome fusion.13

Advances in genomic analysis have revealed the molecular 
basis of differences between the attenuated BCG vaccine strains 
and virulent tubercle bacilli. Several regions of the genome are 
missing from BCG and one of these contains three genes associ-
ated with virulence, two of which code an immunodominant 
antigen ESAT-6 (Early Secretory Antigenic Target, 6 kDa), which 
is involved in tissue invasion.14

EPIDEMIOLOGY OF TUBERCULOSIS

As discussed above, not all those who are infected develop overt 
tuberculosis, and the interval between infection and disease may 
be years or decades. On the basis of skin-testing surveys, the WHO 
has estimated that one-third of the world’s human population, 
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around 2000 million people, are infected by tubercle bacilli. The 
percentage of the population infected varies from region to region: 
in Western Europe, around 11% are infected, mostly elderly 
persons, while in some tropical countries over half may be infected, 
including a much higher proportion of younger people.

Infection is spread predominantly by those with ‘open’, cavitat-
ing, post-primary pulmonary tuberculosis. Thus those positive on 
microscopy are much more likely to be infectious than those who 
are negative. Only a small minority of children are infectious. The 
number of persons infected by a source case is termed the conta-
gion parameter. On average, an untreated source case infects 

between 10 and 15 people every year but the actual number varies 
greatly and is affected by many factors including crowding and 
ventilation.

Table 56.4 shows the estimated rates of tuberculosis incidence 
by WHO region in the year 2004 (Figure 56.12).15 In that year, an 
estimated 8.9 million new cases (140 per 100 000 population) of 
tuberculosis arose from the infected pool, 95% of them in the 
developing nations Around 1.9 million cases occurred in the West 
Pacifi c Region, 2.6 million in Africa and almost 3 million, a third 
of all cases, in South-east Asia. Half of all cases of tuberculosis 
occur in six Asian countries: Bangladesh, China, India, Indonesia, 
Pakistan and the Philippines. Owing to the chronic nature of the 
disease and the limited resources for effective diagnosis and treat-
ment in many countries, the prevalence of active disease is much 
higher than the incidence of new cases. In 2004, there were an 
estimated 14.6 million people with active tuberculosis, of whom 
6.1 million had infectious forms of the disease and infected some 
100 million people, over 1% of the world’s population. In the 
same year, an estimated 1.7 million people, principally young 
adults, died of tuberculosis, with 98% of deaths occurring in 
the developing nations. This amounts to around 5000 deaths 
every day.

MOLECULAR EPIDEMIOLOGY 
OF TUBERCULOSIS

Until about a decade ago, the only bacterial markers available to 
study the epidemiology of tuberculosis were drug susceptibility 
profi les and bacteriophage types. In recent years, a number of 
methods have been introduced to ‘fi ngerprint’ tubercle bacilli.16 
The most widely used DNA fi ngerprinting technique is restriction 
fragment length polymorphism (RFLP) analysis which relies on 
the presence of several copies of insertion sequences (‘jumping 
genes’) in the genome of M. tuberculosis. The most commonly used 
insertion sequence is IS6110 which is almost specifi c for M. 
tuberculosis and is present in most but not all isolates, with up to 
25 copies throughout the chromosome. The mycobacterial DNA 
is extracted and then cleaved with restriction endonucleases, and 
subsequent electrophoresis and hybridization with labelled 
IS6110 DNA probes gives a series of bands, the number and posi-
tion of which distinguishes between different strains.

This technique forms the basis of what is now termed the 
molecular epidemiology of tuberculosis and has been used to 
determine routes of transmission in a community, to understand 
the dynamics and clustering of specifi c outbreaks of tuberculosis, 
to determine to what extent new cases are due to endogenous 
reactivation or exogenous reinfection, to study the characteristics 
of MDRTB outbreaks in conjunction with the determination of 
drug resistance patterns and to detect multiple infections in a 
single patient. On a global scale, it has been used to delineate 
families or clades of M. tuberculosis that appear to differ in viru-
lence. As mentioned above, the Beijing lineage, which is spreading 
globally, appears to be of relatively high virulence.

Although RFLP analysis based on IS6110 is the standard typing 
method for M. tuberculosis, it is technically laborious and requires 
large quantities of high-quality genomic DNA. Several alternative 
typing methods are in use, including spacer oligonucleotide typing, 
or ‘spologotyping’ for short, which, being PCR based, may be con-
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Figure 56.11 Mechanisms of survival of M. tuberculosis in 
macrophages. M. tuberculosis avoids the killing mechanisms in 
macrophages and blocks apoptosis of macrophages, presumably 
because apoptosis also can lead to death of the contained bacteria. 
Bad is a pro-apoptotic protein, inactivated when phosphorylated. LAM 
has multiple roles, including activation of SHP-1, a phosphotyrosine 
phosphatase intimately involved in cell signalling pathways. 
Downregulation of Fas, together with increased expression of Fas 
ligand, may lead the macrophage to signal apoptosis to Fas-positive 
T cells. Short thick lines indicate blocked pathways. IFN, interferon; 
IL, interleukin; LAM, lipoarabinomannan; TGF, transforming growth 
factor; TNFr2, tumour necrosis factor receptor 2.
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ducted directly on clinical samples. This is based on a structurally 
unique part of the mycobacterial genome, of unknown function, 
termed the direct repeat (DR) locus and consisting of repetitive 36 
base pair (bp) units of DNA separated by non-repetitive 34–41 bp 
spacer oligonucleotides which can be amplifi ed by PCR employing 
just one pair of primers. There are thousands of possible combina-
tions of these oligonucleotides in the M. tuberculosis complex, 
providing a highly discriminative typing system.17

IMPACT OF THE HIV/AIDS EPIDEMIC

Over the last quarter of a century, the epidemiological trends of 
tuberculosis have been adversely affected by the HIV/AIDS pan-
demic and infection by HIV is now the most important predispos-
ing factor for the development of active tuberculosis.18 While, as 
described above, a non-immunocompromised person who has 
overcome the primary infection has about a 5% chance of devel-
oping post-primary tuberculosis later in life, the chance rises to 
50% in an HIV-positive person. The annual risk of a person co-
infected with the tubercle bacillus and HIV developing tuberculo-
sis is around 50 times higher than in an HIV-negative person. The 
chance of an HIV-positive person developing tuberculosis after a 
primary infection or reinfection is very high, especially in those 
with AIDS, in whom the risk approaches 100%. In addition, the 
progression from infection to overt disease is very rapid, the time-
scale being ‘telescoped’ from several years to a few months. These 
factors have led to a number of explosive mini-epidemics of 
tuberculosis in centres caring for AIDS patients.

At the end of 2006, there were an estimated 39.5 million HIV-
positive persons worldwide; 4.3 million had been newly infected 
in that year and 2.9 million died. In 2004, an estimated 741 000 
of the 8.9 million new cases of tuberculosis, and 248 000 of the 
1.7 million who died of tuberculosis were co-infected with HIV. 
Tuberculosis is the single most prevalent cause of death in those 
infected with HIV and kills at least 11% and, in some regions, 

possibly as many as 50% of AIDS patients.15,18 At present, the 
greatest impact of HIV-related tuberculosis is felt in sub-Saharan 
Africa, where 70% of the world’s cases occur and where, in many 
regions, 75% of adults and children with tuberculosis are co-
infected with HIV and where the number of cases of tuberculosis 
is rising by 4% each year. This dual infection is having a devastat-
ing effect on health services and on societal structure in this region. 
In Zambia, for example, one in four pregnant women is infected 
with HIV and tuberculosis is now among the top non-obstetric 
causes of maternal death in that country.19

Countries with a high burden of HIV disease often lack facilities 
for making signifi cant impacts on the control of tuberculosis. In 
2005, only four of the 25 countries with the highest HIV preva-
lence achieved targets for treatment outcomes under the WHO 
DOTS strategy (p. 1032) for tuberculosis control. In African coun-
tries with a high prevalence of HIV infection, only one in three 
tuberculosis patients receives a full course of antituberculosis 
therapy. Until there is a much greater implementation of the effec-
tive and cost-effective DOTS strategy together with key HIV pre-
vention and treatment measures, it is unlikely that the countries 
with a high prevalence of HIV infection will be able to make a 
signifi cant impact on the incidence of HIV-related tuberculosis.20

A huge potential public health problem is posed by the rapid 
spread of HIV infection in Asia where, owing to the huge popula-
tion, most of the world’s cases of tuberculosis occur. Unless the 
spread of HIV is checked by public health measures or by the 
advent of effective vaccination or therapeutic strategies, the prob-
lems currently facing Africa will be experienced on a much greater 
scale in those regions.

IMPACT OF DRUG AND 
MULTI-DRUG RESISTANCE

Effective control of tuberculosis is threatened by the emergence of 
strains of M. tuberculosis resistant to one or more of the standard 

Table 56.4 The estimated incidence, prevalence and mortality of tuberculosis, 2004

INCIDENCE

PREVALENCE MORTALITYALL FORMS SMEAR-POSITIVE

WHO region Number – 
thousands 
(% of global 
total)

Per 100 000 
population

Number – 
thousands

Per 100 000 
population

Number – 
thousands

Per 100 000 
population

Number – 
thousands

Per 100 000 
population

Africa 2573 (29) 356 1098 152 3741 518  587 81

The Americas  363 (4)  41  161  18 466  53  52  5.9

Eastern 
Mediterranean

 645 (7) 122  289  55 1090 206  142 27

Europe  445 (5)  50  199  23 575  65  69  7.8

South-east Asia 2967 (33) 182 1327  81 4965 304  535 33

Western Pacifi c 1925 (22) 111  865  50 3765 216  307 18

Total 8918 (100) 140 3939  62 14 602 229 1692 27

Data from WHO.15

Impact of Drug and Multi-drug Resistance



56. Tuberculosis

994

No estimate

0–24

24–49

50–99

100–299

300 or more

A

No estimate

0–4

5–19

20–49

50 or more 

HIV prevalence in new
TB cases, all ages (%)

B

Figure 56.12 (A) Estimated TB incidence rates, 2006 (all forms). (B) Estimated HIV prevalence rates in new TB cases, 2006.
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antituberculosis agents18 (Table 56.5). There are two types of resis-
tance, initial or primary and secondary or acquired, with quite 
different epidemiological signifi cance. Initial resistance is due to 
infection by a strain that is already resistant while acquired resis-
tance is the result of selective replication of bacterial mutants 
(which occur spontaneously in all bacterial populations) in 
patients treated with inadequate or inappropriate drug regimens 
or poorly formulated combination drugs and in those in whom 
therapy is poorly managed. The contributing factors to acquired 
resistance include:
• Poor compliance in taking therapy
• Irregular supplies of drugs
• Addition of single drugs to failing regimens in the absence of 

bacteriological control
• Unacceptably high cost to the patient
• Diffi cult journeys to the clinic and time off work leading to 

irregular intake
• Use of time-expired, impure, mishandled or even fake drugs
• Use of poorly formulated combination preparations
• Prescription of inappropriate drug regimens
• Unregulated over-the-counter sales of drugs.
It should be noted that combination preparations of antitubercu-
losis drugs, although ensuring that the patients receive all the 
prescribed agents, can lead to drug or multi-drug resistance if taken 
irregularly.22 In addition, it is important to obtain combination 
preparations from WHO-approved manufacturers as poor formu-
lation can reduce the bioavailability of the component drugs.

By defi nition, tuberculosis caused by strains resistant to rifam-
picin and isoniazid, irrespective of other resistances, is termed 
multi-drug resistant tuberculosis (MDRTB). Patients with MDRTB 
do not respond to standard short-course therapeutic regimens and 

must be treated for extended periods with regimens that are more 
costly and more likely to cause adverse side-effects. Under ideal 
operational conditions, a high proportion of patients with MDRTB 
are curable but the cost of managing them can be as much as 100 
times that of cases of drug-susceptible disease. As a consequence, 
there is a risk that patients will go untreated in resource-poor 
regions and pass the infection on to others.

Owing to limited laboratory resources, the exact global inci-
dence of MDRTB is uncertain. Despite this limitation, the WHO 
has undertaken prevalence surveys which showed that acquired 
resistance is commoner than primary resistance and that the rela-
tive prevalence of both varies enormously from region to region.21 
Examples are given in Table 56.5. In most parts of the world, 
about 1% of new cases are multidrug-resistant but a number of 
‘hot-spots’ with a very high prevalence of drug resistance have 
been found, including several countries of the former Soviet 
Union, China (Henan and Liaoning provinces), Equador and 
Israel. By contrast, low prevalences were found in African coun-
tries. According to WHO estimates, around 460 000 cases of 
MDRTB arise annually, half in new cases and half in previously 
treated cases.15

More recently, tuberculosis resistant to almost all known agents 
has been described. Cases of MDRTB additionally resistant to 
two or more of the six classes of second-line drugs (p. 1025) are 
termed extensive or extreme drug resistant tuberculosis (XDRTB).23 
On defi nition is MDRTB (resistance to rifampicin and isoniazid) 
plus resistance to any fl uoroquinolone, plus to at least one of the 
following drugs: kanamycin, amikacin and capreomycin. Although 
occurring in many countries, such extreme resistance was high-
lighted by an outbreak in the Kwazulu-Natal province of South 
Africa in which, of 544 patients studied, 221 had MDRTB and of 

Table 56.5 Prevalence of combined primary and acquired drug resistance, as percentage of tested isolates, by country or 
region, 1996–1999

Country or region Any form of resistance Poly-resistance (two or more drugs) Multi-drug resistance
Uruguay  4.6  0.4  0.2

Venezuela  4.7  1.9  0.4

Malaysia  5.1  0.6  0.1

Nepal  6.4  1.4  1.4

Botswana  7.7  2.5  2.0

Cuba  8.3  1.5  0.9

South Africa 10.2  3.5  2.5

Central African Republic 10.5  3.8  1.1

Guinea 15.9  6.0  1.5

Peru 18.4  7.1  4.3

Mexico 20.6  9.1  7.3

Uganda 22.1  8.1  0.8

Mozambique 23.1 10.0  3.5

India (Tamil Nadu State) 24.1 13.4  7.1

Sierra Leone 27.7  8.7  2.6

Estonia 40.8 26.8 15.1

Data from WHO 2004.21
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these 53 (44 HIV positive) had XDRTB. Despite anti TB therapy 
including concomitant antiretroviral agents, all except one died 
within a few weeks of diagnosis.

FACTORS AFFECTING DYNAMICS OF 
TUBERCULOSIS IN POPULATIONS

An epidemic wave of tuberculosis in England began in the six-
teenth century and reached its peak around 1780, at the time of 
the Industrial Revolution. Similar peaks were seen in Western 
Europe in the early 1800s and in Eastern Europe around 80 years 
later. This wave pattern has led some workers to propose that the 
disease rapidly rises to epidemic proportions in genetically sus-
ceptible populations and declines as a more resistant population 
develops by natural selection. There is, in fact, very little evidence 
for such a selection. Although a number of genetic factors affecting 
resistance to tuberculosis have been described, these appear much 
less important than environmental ones in determining the prev-
alence of the disease in a community.24 The decline in the inci-
dence of tuberculosis in the industrially developed nations is 
more likely to have been due to socioeconomic factors than to 
evolutionary selection. In this context, however, the inverse rela-
tionship between the incidence of tuberculosis and the improve-
ment of social conditions is by no means straightforward. While 
some workers claim that the decline in the incidence of tubercu-
losis is a natural and predictable consequence of better nutrition 
and living and working conditions, others argue that the decline 
is the cumulative result of many specifi c public health measures 
introduced only after intense political lobbying.25 The distinction 
is a crucial one as proponents of the fi rst view claim that tubercu-
losis will decline as socioeconomic conditions improve worldwide 
while those holding the second view stress the need for specifi c 
tuberculosis control measures and health advocacy.

RISK FACTORS FOR TUBERCULOSIS

The principal factors predisposing to tuberculosis are listed in 
Table 56.3. In recent years, HIV infection has, as described above, 
emerged as the most important and widespread risk factor for the 
development of active tuberculosis. Other infections such as 
measles, whooping cough and chronic malaria and causes of lung 
damage, such as exposure to silicon and other industrial dusts, are 
also risk factors. Smoking has clearly been shown to be a major 
risk factor. An extensive retrospective study in India has shown 
that men who smoke are between four and fi ve times more likely 
to develop tuberculosis than non-smokers and that, in that 
country, smoking accounts for 200 000 deaths from tuberculosis 
each year, many victims being young men (most Indian women 
are too sensible to smoke).26

Other predisposing conditions are those that compromise 
immune responsiveness and include malnutrition, alcoholism 
and other substance abuse, diabetes, renal failure (particularly if 
haemodialysis is required), treatment with immunosuppressive 
drugs and steroids (see below), liver failure and cancers, especially 
haematological malignancies. Transmission of infection is facili-
tated by overcrowding, poor ventilation and low levels of ultra-
violet light – conditions frequently linked to poverty.

Tuberculin reactivity

Tuberculin reactivity is a risk factor for the development of tuber-
culosis as it is usually indicative of past infection by the tubercle 
bacillus, but the relation between such reactivity and risk of 
disease is not straightforward. In general, small reactions imply 
no increased risk, or even a degree of protection, but large reac-
tions imply increased risk, though considerable regional varia-
tions in the risk in relation to reaction size occur.

Immunosuppressive drugs and steroids

Patients receiving post-transplant or other immunosuppressive 
therapy are prone to develop tuberculosis which is often insidious 
in onset, and miliary or cryptic disseminated forms of the disease 
(p. 1006) are common. Prophylaxis against tuberculosis should be 
considered, particularly for tuberculin negative patients who 
receive an organ from a tuberculin positive donor. Disease due to 
environmental mycobacteria (Chapter 57) is also common in 
these patients and poses diagnostic diffi culties. There is a wide-
spread belief that treatment with steroids predisposes to tubercu-
losis although the evidence for this is weak. Nevertheless, isoniazid 
chemoprophylaxis for 1 year is recommended for patients on long-
term steroid therapy with one or more of the following: a history 
of inadequately treated tuberculosis, an abnormal chest radio-
graph, a tuberculin reaction of 10 mm or more in diameter and 
recent exposure to a tuberculosis patient.27

Age and sex

As outlined above, children up to the age of 5 years are highly 
susceptible to tuberculosis, especially miliary tuberculosis and 
tuberculous meningitis, but those between the age of 5 years and 
the onset of puberty appear relatively resistant. In developing 
countries the great majority of cases occur between the ages of 15 
and 59 years. Surveys in several countries show that more males 
than females are diagnosed with tuberculosis but it is not clear 
whether this is affected by gender-related differences, lifestyle 
factors such as smoking or ability to access healthcare. Studies on 
the effect of pregnancy on tuberculosis are confusing, with reports 
variously claiming no effects, protective effects or a worsening of 
the disease.28 Yet other reports suggest protection during preg-
nancy but an exacerbation after delivery – a phenomenon also 
observed in leprosy. This subject is in urgent need of investigation 
as tuberculosis is a major cause of death of pregnant women in 
sub-Saharan Africa, being responsible for more loss of life than 
obstetric complications.16 The added impact of HIV infection on 
pregnancy-related mortality due to tuberculosis is also poorly 
understood.

CONTACT TRACING AND EXAMINATION

Most tuberculosis is spread within households, although ‘mini-
epidemics’ occur in schools, prisons, hospitals and other situa-
tions where people at risk are crowded together. Household 
contacts of smear-positive patients should be examined: screening 
of casual contacts only yields a further 1% of cases and is usually 
not justifi ed. Although children with primary tuberculosis are 
rarely infectious, household screening will often reveal a sputum-
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positive source case. Procedures for contact tracing vary according 
to local facilities and the prevalence of tuberculosis in the com-
munity. Tuberculin testing is useful in young children and, when 
indicated, chest radiography.

DIAGNOSIS OF TUBERCULOSIS

The success of tuberculosis control programmes depends critically 
on the quality of diagnostic services. Detailed accounts of the 
establishment and management of tuberculosis laboratories, the 
collection of specimens and subsequent laboratory procedures are 
available.29,30

Diagnosis in a community may either be active – involving a 
deliberate search for cases – or passive, relying on patients with 
symptoms presenting for treatment. The latter approach requires 
much less investment in time and personnel but its success 
depends on public education and the availability of user-friendly 
facilities.

Diagnosis of tuberculosis is based on a high index of clinical 
suspicion (described in relevant sections below), appropriate 
clinical and radiological examinations and laboratory investiga-
tions. The following investigations help to confi rm the diagnosis 
and monitor treatment:
1. Bacteriological examinations include detection of acid-fast bacilli 

by microscopy and culture of the causative organism from 
appropriate clinical specimens such as sputum, bronchial aspi-
rates and brushings, gastric aspirates, pleural, peritoneal and 
pericardial fl uids, cerebrospinal fl uid (CSF), blood, bone 
marrow and tissue aspirates or biopsies.

2. Imaging techniques including radiology, ultrasound, computed 
axial tomography (CAT) scanning, magnetic resonance imag-
ing (MRI) and radioisotope scans.

3. Molecular techniques utilizing nucleic acid amplifi cation sys-
tems – the polymerase chain reaction (PCR) and related 
techniques.

4. Haematological and biochemical investigations such as haemoglo-
bin levels, erythrocyte sedimentation rate (ESR) and liver 
function tests may be required in overall patient manage -
ment but have limited diagnostic roles.

5. Tuberculin skin tests and other immunological tests including 
interferon-γ assays.

In resource-poor settings, clinical acumen and simple microscopy 
are the mainstay of diagnosis and in many cases a trial of therapy 
is commenced on clinical suspicion only. One of the most frus-
trating challenges in tuberculosis management has been the lack 
of a specifi c, sensitive, inexpensive, and rapid point-of-care test for 
the diagnosis of tuberculosis. For individual patients, the cost, 
complexity and potential toxicity of 6 months of standard 
treatment demands certainty in diagnosis. For communities, the 
risk of transmission from undetected cases requires widespread 
access to diagnostic services and early detection. Unfortunately, 
current diagnostic services in most endemic settings fail both the 
individual and the community. Patients are commonly diagnosed 
after weeks to months of waiting, at substantial cost to themselves, 
and at huge cost to society as TB goes unchecked. Many patients 
are missed altogether, and contribute to the astonishing number 
of annual deaths from tuberculosis worldwide. Some of this failure 

could be corrected by better implementation of existing standards 
of clinical and laboratory practice. The World Health Organization 
(WHO) and its member states have made great gains in the 
expansion of the DOTS (Directly Observed Treatment, Short 
course) strategy to control tuberculosis, with an important rise in 
rates of cure. Improving case detection rates has proven more dif-
fi cult, in large part because of limitations of existing diagnostic 
technologies. As many as 3 million cases of tuberculosis each 
year present as sputum smear-negative pulmonary disease and 
extra-pulmonary disease, for which sputum smear microscopy is 
inadequate.

As an indicator of the diffi culty of implementing quality 
microscopy services, fewer than 45% of predicted incident smear-
positive cases of tuberculosis are currently detected and notifi ed. 
Paediatric and multi-drug-resistant (MDRTB) and extensively drug 
resistant (XDRTB) cases pose additional diagnostic challenges not 
addressed by sputum-smear microscopy. Diagnostics need to be 
driven by the reality of health systems infrastructure; well-engi-
neered, simplifi ed tests are needed at the point-of-care, at district 
hospital laboratories, and at central laboratories. Different diag-
nostic strategies sputum concentration methods, fl uorescence 
microscopy, improved mycobacterial culture system also need to 
be evaluated for their impact on case detection. Diagnostic algo-
rithms, including the use of empiric antibiotic trials to exclude TB, 
need to be carefully reassessed and improved. Implementation 
research can also assess the potential of integrating health service 
at district and health centre levels as a means of overcoming infra-
structural and manpower impediments to operationalizing case 
detection services. Key factors to study include transportation, user 
fees, hunger, work and gender discrimination, and other barriers 
to accessing care. Better clinical diagnostic algorithms and case 
defi nitions are required for diagnosing tuberculosis in HIV-infected 
individuals and children. Thus, precisely in the areas of the world 
where microscopy has the poorest performance, the need for new 
early detection tests is the greatest. Current diagnostics research 
priorities are:
• To replace or improve microscopy with a simpler, point-of-care 

technology to detect smear-positive tuberculosis
• To develop a faster alternative to culture to detect smear-

negative tuberculosis
• To develop and evaluate tests for rapid antibiotic susceptibility 

testing
• To develop tests for detecting latent infection at risk for relapse.

Bacteriological identifi cation

Microscopy

In most laboratories, clinical specimens are examined by light 
microscopy for acid-fast bacilli after staining by the Ziehl–Neelsen 
method. Fluorescence microscopy, although requiring more 
expensive equipment which must be carefully maintained, is more 
sensitive as larger areas of the material on the microscope slide 
can be scanned at low-power magnifi cation. Differentiation of 
species is not possible on microscopy and reports should only 
state whether acid-fast bacilli are or are not seen.

In practice, the great majority of specimens are sputum and 
more than one specimen should be examined. Ideally these 
include a ‘spot’ specimen obtained when the patient attends the 
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clinic, a second one collected by the patient early on the following 
morning and a third one taken that day on the patient’s return to 
the clinic. The percentage of additional cases diagnosed by exam-
ination of the third specimen varies from centre to centre, from 
0.7% to 7.2% in one multicentre study.31 Decisions as to whether 
to collect and examine the extra specimen should therefore be 
made on the basis of locally collected data and on the ability of 
the laboratory services to cope with the extra work involved.31,32

Sputum microscopy has the great advantage of speed, often 
enabling a diagnosis to be made at the time of the patient’s fi rst 
attendance. It is, however, not very sensitive although it detects 
those who are the most infectious and thus in need of urgent 
management. For a standard examination of Ziehl–Neelsen-
stained smears to be positive, there must be at least 5000 acid-fast 
bacilli in 1 mL of sputum.

If tuberculosis is suspected but no sputum is produced, phys-
iotherapy and the inhalation of nebulized twice normal (hyper-
tonic) saline may yield sputum suitable for examination. Induction 
of sputum should be conducted well away from other patients, 
especially those who are immunosuppressed, as mini-epidemics 
of tuberculosis have followed such practices on open wards.

Laryngeal swabs provide material suitable for culture but not 
for direct microscopy. Swabs should only be taken by staff expe-
rienced in visualizing the vocal cords and, as patients usually 
cough violently during the procedure, the operator should wear a 
gown and a full face visor. Gastric aspiration after overnight fasting 
to harvest any swallowed tubercle bacilli is useful in children who 
rarely produce sputum. Aspirated material must be either neutral-
ized immediately or transported to the laboratory without delay. 
Where facilities permit, fi breoptic bronchoscopy is an excellent 
means of obtaining bronchial washings and brushings and trans-
bronchial biopsies.33

Pleural, pericardial and peritoneal fl uids are obtained by needle 
aspiration and CSF by lumbar puncture. For culture, portions of 
these fl uids may be added directly to double-strength liquid media 
supplemented with suitable antibiotics to suppress the growth of 
microorganisms other than mycobacteria.

In some cases, needle or open biopsies of various organs and 
tissues are required. Peritoneal biopsies obtained laparoscopically 
are preferable to aspirated peritoneal fl uid for the diagnosis of 
abdominal tuberculosis.

Culture

Isolation of M. tuberculosis in culture from the clinical specimen 
provides a defi nitive diagnosis. Cultivation, usually on solid 
media, is more sensitive than microscopy and increases the diag-
nostic yield by up to 50%. Its disadvantage is the delay, usually 
3–6 weeks, between receipt of the specimen and the emergence 
of visible growth.

A range of media for cultivation of mycobacteria have 
been described. The most widely used is the solid egg-based 
Löwenstein–Jensen medium but several other egg-based and non-
egg-based media are also available. Liquid media such as Kirschner 
and Middlebrook broth allow a large inoculum to be used, thereby 
enhancing the likelihood of obtaining a positive result. Liquid 
media, supplemented with mixtures of antimicrobial agents to 
suppress growth of bacteria other than mycobacteria and of fungi, 
are used in automated culture systems (e.g. MGIT) that give rela-

tively rapid results, usually 2–12 days after inoculation. The origi-
nal automated systems were based on the detection of radioactive 
carbon dioxide released during bacterial utilization of a 14C-labelled 
substrate. In more recent systems oxygen utilization or CO2 produc-
tion resulting from bacterial growth is indicated by changes in the 
colour of dyes or the unquenching of fl uorescent substances.34

Radiological imaging

The advantage of a chest radiograph in the diagnosis of tubercu-
losis is that of speed, but the equipment is expensive to obtain, 
maintain and operate (see also Chapter 26). Experienced radiolo-
gists are required in order to interpret the often rather non-specifi c 
radiological signs and the bizarre appearances seen in patients 
with HIV disease. Ideally, full-size anteroposterior radiographs 
should be obtained but miniature radiography may be useful 
under some circumstances, such as for the screening of refugees, 
residents of hostels for the homeless and other high-risk popula-
tions. Mass miniature radiography is, on grounds of effectiveness 
and cost-effectiveness, rarely used for routine screening of the 
general population. Fluoroscopy is of very limited diagnostic 
value and, as it also poses a serious radiation hazard to the oper-
ator, it should be universally abandoned.

Radiology is very sensitive although, exceptionally, the radio-
graph may appear normal in patients with smear-positive pulmo-
nary tuberculosis. Although radiology is not specifi c since all the 
changes associated with tuberculosis occur in other respiratory 
conditions, in most cases the lesions are characteristic enough to 
suggest the diagnosis.35 Radiological features vary greatly but those 
highly suggestive of post-primary pulmonary tuberculosis are 
single or multiple cavities principally in the upper zones, unilat-
eral or bilateral patchy shadows in any part of the lung fi elds and 
calcifi cation. Conditions mimicking tuberculosis include unre-
solved pneumonias, atypical pneumonia, carcinoma, sarcoidosis, 
Kaposi’s sarcoma and mycetoma.

High-resolution CAT scanning, where available, may help to 
distinguish these conditions. Even when CAT scanning is per-
formed the diagnosis may be diffi cult and bronchoscopy may be 
required to obtain lung samples for analyses. Radioisotope scans 
may be helpful in detecting extent of disease or relapses, especially 
in cryptic areas such as bones and lymph nodes. Magnetic reso-
nance imaging (MRI) with appropriate contrast enhancement is 
useful in diagnosis and management of space-occupying lesions 
in cerebral tuberculosis.

Molecular methods for diagnosis of tuberculosis

Although isolation of the causative organism in pure culture 
remains the gold standard for the diagnosis of tuberculosis, this 
is laborious in terms of both time and space. In view of the prob-
lems of sensitivity and speed of the conventional bacteriological 
diagnostic systems, much effort has been put into developing 
novel methods for the amplifi cation of species-specifi c nucleic 
acid sequences, such as the polymerase chain reaction (PCR) and 
related techniques36 (Figure 56.13). Kits are now available com-
mercially and are proving rapid, sensitive and specifi c in most 
circumstances, with sensitivities approaching 100% and specifi ci-
ties from 85% in non-pulmonary samples to 95% for sputum. The 
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use of such kits has been largely restricted to major reference 
centres in the industrially developed nations and major reference 
centres in tropical countries but their increasing availability in 
user-friendly forms should facilitate their more widespread use.

Haematological and biochemical examination

Haematological and biochemical changes in tuberculosis are non-
specifi c. Blood examination may reveal a raised lymphocyte count, 
a raised ESR, elevated C-reactive protein levels and a mild anaemia. 
These changes resolve on effective treatment. Serum albumin 
levels are sometimes low and there may be mild abnormalities of 
liver function. Elevations in the levels of various enzymes in cere-
brospinal, pleural, pericardial and peritoneal fl uids have been 
described but their diagnostic signifi cance has not been clearly 
established.

Antibodies to a range of antigens of the tubercle bacillus are 
detectable in tuberculosis but the rather low sensitivity and spec-
ifi city of serodiagnostic tests, usually based on the enzyme-linked 
immunosorbent assay (ELISA) technique, limits their diagnostic 
value.

Tuberculin test

This is a standard and widely used diagnostic test but its inter-
pretation is far from straightforward.37 The test is usually pos-
itive in patients with tuberculosis although, due to genetic factors, 
it is negative in a minority of patients. The dermal response 
is suppressed to a varying extent in malnourished persons and 
those suffering from advanced tuberculosis, sarcoidosis, chronic 
renal failure, cancer and viral infections including HIV, measles, 
chickenpox and glandular fever. It is also suppressed in those 
receiving anticancer chemotherapy, immunosuppressive drugs 
and high doses of corticosteroids. The test does not clearly 
distinguish between active tuberculosis, past infection by the 
tubercle bacillus and BCG vaccination. In some regions sensi-
tization by environmental mycobacteria induces low levels of 
tuberculin cross-reactivity. Misleading negative results may be 
due to faulty stor -age of the material or poor technique. The 
usual form of tuberculin employed in epidemiological and 
diagnostic work is purifi ed protein derivative of tuberculin (PPD), 
the strength of which is expressed in international units (IU). 

The principal forms of the test are the Mantoux, Heaf and tine 
tests.

Mantoux test

An intracutaneous injection of 0.1 mL of tuberculin (0.05 mL 
in infants) is given on the dorsal aspect of the forearm. After 48 
or 72 h, the transverse diameter of any palpable induration, 
but not the erythema, is measured. In both epidemiological and 
diagnostic work the criteria for a positive reaction are determined 
by the national tuberculosis programme, taking into account 
the type and concentration of PPD used and the degree of 
sensitization by environmental mycobacteria. In the UK and 
USA responses of 5 mm or more to 1 IU and of 10 mm or more 
to 5 IU are, respectively, regarded as positive. In diagnostic 
work, smaller reactions are usually regarded as negative, although 
they do not exclude tuberculosis because of the conditions men-
tioned above which suppress the response. Conversely, a positive 
reaction, for the reasons discussed above, does not necessarily 
indicate active disease. Reactions may be due to prior BCG vacci-
nation but a reaction of 15 mm or more in diameter in a vacci-
nated child is a very likely indication of infection by the tubercle 
bacillus.

Heaf test

This method employs a spring-loaded ‘gun’ which drives 
six needles into the skin of the dorsal aspect of the forearm 
through a drop of undiluted PPD. The method is technically easy 
but it is necessary to autoclave the gun between use in order to 
avoid transmission of HIV and other viruses. Some guns have 
detachable magnetic heads which can be autoclaved separately. 
The practice of dipping the head in alcohol and fl aming it is 
unsafe. The test is read at 48–72 h (although a strong reaction will 
still be visible at 7 days) and the reaction is scored as shown in 
Table 56.6.

Grades III and IV correspond to a Mantoux reaction of 15 mm 
or more and are regarded as defi nite evidence of infection by the 
tubercle bacillus. Grade II corresponds to a Mantoux reaction of 
10–14 mm and indicates probable infection.

Tine test

This is similar in principle to the Heaf test, except that PPD is 
dried onto four spikes (tines) on a small, single-use, disposable 
unit. The device is pressed fi rmly onto the skin so that the tines 

Figure 56.13 Diagnosis of tuberculosis by molecular methods: a 
Southern blot of PCR products. M, pGem molecular weight markers; 
lanes 1–10, clinical specimens from patients (lanes 1, 2, 7 and 8 are 
positive for mycobacterial DNA); lanes 11 and 12 are positive controls 
and lanes 13 and 14 are negative DNA controls.

Table 56.6 The grades of reactions of the Heaf test

Grade 0 No reaction

Grade I At least four discrete papules

Grade II Confl uent papules forming a ring

Grade III A disc of induration 

Grade IV A disc of induration greater than 10 mm in diameter 
or vesiculation of the disc

Diagnosis of Tuberculosis
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penetrate the skin and held in place for 10 s so that the dried PPD 
dissolves in the tissue fl uids. Results are more variable than with 
the other test methods but it has some advantages when very few 
people are tested.

Interferon-g assays

To overcome the problem of specifi city encountered with tuber-
culin testing, the production of interferon-gamma by peripheral 
blood lymphocytes when exposed to antigens of M. tuberculosis in 
vitro has been utilized for the development of commercially avail-
able diagnostic tests. Increased specifi city is achieved by selecting 
antigens present in M. tuberculosis but not in BCG or environ-
mental mycobacteria. Studies to date indicate that these assays 
are of potential value but more extensive evaluations in a range 
of populations and settings are required for the confi rmation 
of their usefulness and benefi ts and their ability to distinguish 
active from latent disease.38

TUBERCULOSIS IN CHILDREN

There are many differences between the pathological, clinical, 
radiological and epidemiological features of tuberculosis in chil-
dren (see also Chapter 23) and adults. Children are usually 
infected by the aerogenous route and develop primary pulmonary 
complexes as described below. The most usual source is an adult 
with tuberculosis in the family. Less frequently they are infected 
by drinking milk containing M. bovis, usually with implantation 
of the bacilli in the tonsil or intestinal wall. Primary inoculation 
lesions due to infection of cuts and abrasions and congenital 
tuberculosis resulting from intrauterine infection are rarely 
encountered. Guidelines for the management of tuberculosis in 
children, including those who are infected with HIV, are available 
from the WHO.39

Clinical presentations of tuberculosis in children

Many children with primary tuberculosis have no obvious symp-
toms or signs and may go unnoticed for a while. Thus a high index 
of suspicion is essential throughout the tropical countries and 
other regions where tuberculosis is common. Bacteriological 
investigations are usually regarded as being of limited use for the 
diagnosis of pulmonary tuberculosis in children since obtaining 
sputum samples is more diffi cult than in adults. Even when spec-
imens are obtained, acid-fast bacilli are only demonstrable in a 
minority of cases, especially in regions where facilities for exten-
sive modern bacteriological investigations are not available. Bac-
teriological investigations are essential for the diagnosis of 
non-pulmonary disease, especially tuberculous meningitis. In 
view of the diagnostic diffi culties, clinical algorithms have been 
developed,40 and a fl ow diagram that has been in use for some 
time for diagnosis is shown in Figure 56.14.

Primary pulmonary tuberculosis

Clinical features are usually non-specifi c and include a failure to 
gain weight or loss of weight, a lack of energy, a persistent 
cough and/or wheeze and an unexplained fever for more than 1 

week. A study in Cape Town, South Africa, of children with a 
cough of more than 2 weeks duration showed that a persistent 
and non-remitting cough and persistent fatigue of recent origin 
were sensitive and specifi c indicators of pulmonary tuberculosis.41 
Persistent fever and chest pain were also specifi c indicators but 
were present in only a quarter of children with tuberculosis. The 
tuberculin test is usually positive and the primary focus and/or 
enlarged intrathoracic lymph nodes may be seen on X-ray. It is 
not uncommon for children with primary pulmonary tuberculo-
sis to have normal chest X-rays, although a computed tomography 
(CT) revealed enlarged mediastinal nodes in 60% of such radio-
logically normal children.42

Gross enlargement of the intrathoracic lymph nodes or endo-
bronchial spread of the disease causes obstruction of the bronchi 
and the children present with cough and wheezing. Partial block-
age of a major bronchus may limit exhalation, resulting in hyper-
infl ation of the lung and clinically detectable mediastinal shift. 
Involvement of paratracheal nodes may cause stridor, sometimes 
requiring emergency tracheostomy.

Endobronchial spread of the disease process results in a 
range of clinical and radiological changes including pulmonary 
collapse, consolidation and hyperinfl ation and, in severe cases, 
widespread bronchopneumonia, particularly in younger children. 
In most cases, the lesions resolve clinically and radiologically 
on effective treatment although a few are left with residual 
bronchiectasis.

Congenital tuberculosis

This is a very rare condition and the mother always has tubercu-
losis, although sometimes in a form that is not clinically or radio-
logically obvious, such as renal tuberculosis.43 There are two main 
types resulting from, respectively, transplacental infection and 
aspiration or inhalation of infected amniotic fl uid.

Transplacental infection causes primary hepatic lesions and 
the infant presents with hepatic enlargement, fever and failure to 
gain weight. Jaundice is common. Respiratory infection leads to 
extensive lung involvement resulting in respiratory distress and 
cyanosis and diffuse nodular opacities on chest X-ray. Intratho-
racic lymphadenopathy, sometimes extensive enough to cause 
respiratory obstruction, and miliary disease are common. The 
tuberculin test is often negative but there are numerous 
tubercle bacilli in the lungs and/or liver which are usually demon-
strable by examination of tracheal or gastric aspirates or fi ne-
needle liver biopsies. Mortality is high, as many as one-half die, 
and therapy should be commenced on suspicion of the disease. 
Treatment with corticosteroids may be life-saving in seriously ill 
children.

Hypersensitivity reactions

Primary tuberculosis in childhood is sometimes associated with 
hypersensitivity reactions: phlyctenular conjunctivitis and ery-
thema nodosum (Figure 56.15).

Phlyctenular conjunctivitis is characterized by conjunctival itching 
or pain, lacrimation and photophobia, usually in one eye. Small, 
grey, translucent nodules are seen near the limbus of the cornea 
and the blood vessels in the adjacent conjunctiva are dilated. A 
leash of small blood vessels extends to the edge of the conjunctival 
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sac. Occasionally corneal ulceration occurs. More usually, the con-
dition regresses over several days but recurrent attacks may occur. 
The condition occurs most frequently in children aged between 5 
and 10 years and is much more frequent in girls than in boys. Some 
cases have followed BCG vaccination and streptococcal infection. 
It usually occurs soon after primary infection but a few cases have 
been reported in children with calcifi ed primary complexes.

Erythema nodosum also usually occurs in association with primary 
tuberculosis and affects a similar age group as phlyctenular con-
junctivitis. It is more common in girls and in those with fair skin. 
It is characterized by erythematous, indurated, painful plaques or 
nodules, usually on the lower limbs, and may be accompanied by 
fever and joint pain. The ESR is raised and, if the cause is tubercu-
losis, the tuberculin test is strongly positive. Resolution usually 
occurs within 2 weeks although the skin may remain discoloured 
for several weeks. Treatment, other than that of the underlying 
condition, is unnecessary, although corticosteroids may be given if 
joint pain is severe. The condition is not unique to tuberculosis as 
it also occurs in streptococcal infections, sarcoidosis, leprosy, sys-
temic fungal infections, lymphoproliferative disorders and after 
treatment with certain drugs, notably sulphonamides.

Tuberculosis in HIV-infected children

HIV infection is increasingly encountered in children as the risk 
of an HIV-positive mother transmitting the virus to her child 
during pregnancy or at birth is between 24% and 40%, and even 
higher if the mother has AIDS. In sub-Saharan Africa HIV-
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associated tuberculosis in childhood has emerged as a major 
public health problem.44 Such dually infected children are highly 
susceptible to tuberculosis and forms such as tuberculous menin-
gitis, miliary tuberculosis and widespread lymphadenopathy are 
frequently seen. The diagnosis of tuberculosis in children remains 
diffi cult, even in the best centres. Pulmonary tuberculosis is very 
common in the tropics and diagnosis is diffi cult as both the spe-
cifi c and the non-specifi c symptoms of weight loss and fever as 
well as clinical and radiological signs are similar to those seen in 
several common respiratory illnesses and in HIV-related opportu-
nistic infections such as Pneumocystis carinii pneumonia (PCP). 
The tuberculin test is often negative. In the absence of sophisti-
cated diagnostic facilities, therapy is based on clinical suspicion 
and many children with tuberculosis will be misdiagnosed and 
receive no antituberculosis therapy.

POST-PRIMARY PULMONARY TUBERCULOSIS

This is the most common form of the disease seen worldwide and 
although sometimes called ‘adult-type’ tuberculosis it may occur 
in adolescents and children. In many cases, pulmonary cavities 
communicate with the bronchial tree so that tubercle bacilli enter 
the sputum and the patient becomes infectious.

Clinical features

Symptoms related to the lung include cough, mucoid or purulent 
sputum, haemoptysis, breathlessness and chest wall pain. More 
general and non-specifi c constitutional symptoms include fever 
and sweating (particularly at night), weight loss, general malaise 
and anorexia. None of these symptoms are specifi c for tuberculosis 
and some patients, even those with quite extensive disease, may 
have no apparent symptoms at all. Physical chest signs may be 
absent or limited to fi ne apical crackles. In more advanced cases 
there may be areas of dullness on percussion or localized wheezing. 
Clubbing of the fi nger is rare but is sometimes seen in severe cases 
of advanced disease with bronchiectasis. Clinical signs are often less 
obvious than would be expected from the radiological picture.

Diagnosis

Diagnosis is usually made by examination of sputum smears by 
microscopy and, where facilities are available, bacteriological 
culture and radiological examination (Figures 56.16–56.20). 
Advanced imaging techniques where available are useful in local-
izing pathology in cryptic sites (Figure 56.21–56.23).

Complications

The complications of post-primary pulmonary tuberculosis include 
pleural effusion and empyema, pneumothorax or pyopneumotho-
rax due to formation of a bronchopleural fi stula, tuberculous 
laryngitis and indurated intestinal ulcers due to implantation of 
tubercle bacilli in swallowed sputum. Occasionally an empyema 
or an intercostal node ruptures into the chest wall to form a cold 
abscess. Spread to other organs by the haematogenous or lym-
phatic route is uncommon when patients are relatively immuno-

competent, but it is seen in many patients infected with HIV or 
with other conditions compromising their immunity. A late com-
plication is chronic obstructive airways disease and cor pulmonale 
secondary to extensive pul monary fi brosis. Other, much rarer, late 
complications include aspergillomas (Figure 56.24) developing in 
healed cavities and amyloidosis.

Figure 56.16 Chest X-ray showing right lower lobe consolidation 
due to tuberculosis.

Figure 56.17 Chest X-ray with extensive patchy consolidation in 
the right lung fi elds. Sputum examination revealed acid-fast organisms 
confi rmed on culture to be M. tuberculosis.
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Figure 56.18 Chest X-ray of an HIV-positive patient with cavitating 
tuberculous consolidation in the right middle and left lower lung 
fi elds.

Figure 56.19 Post-primary tuberculosis. Right upper lobe 
tuberculous consolidation in a 15-year-old HIV-positive patient.

Figure 56.20 Post-primary tuberculosis. Pleural and pericardial 
effusions in a 44-year-old HIV-positive patient. M. tuberculosis was 
isolated from pleural fl uid.

Post-primary Pulmonary Tuberculosis

Figure 56.21 CT of the chest showing tuberculous cavity.

Differential diagnosis

The principal conditions with which pulmonary tuberculosis may 
be confused are community acquired unresolved pneumonias, 
carcinoma of the lung, Kaposi’s sarcoma, helminth infections of 
the lung (hydatid, schistosomiasis, paragonimiasis), pulmonary 

fi brotic lung disease secondary to sarcoidosis or industrial dust 
disease and pulmonary infarct. Lung cancers, pulmonary amoe-
biasis and abscesses of unresolved pneumonia, especially when 
caused by Staphylococcus aureus or Klebsiella pneumoniae, and cysts 
of Paragonimus westermanii may appear as cavitating lesions on 
chest X-ray. The absence of acid-fast bacilli on microscopy may 
suggest one of these other causes and, in the case of unresolved 
pneumonia, the causative organisms may be isolated by the 
appropriate bacteriological examinations. A therapeutic trial with 
a suitable antibiotic(s) may also differentiate tuberculosis from 
atypical pneumonia and pulmonary abscesses. The cachexia and 
malaise of advanced tuberculosis resemble that seen in AIDS, dis-
seminated cancer and diabetes mellitus.

Management

The management of pulmonary tuberculosis involves prescription 
of an appropriate antituberculosis drug regimen, management of 



56. Tuberculosis

1004

complications, supervision of the patient until the course of 
therapy has been completed and active contact tracing. Antituber-
culosis therapy is described on pp. 1022–1033.

TUBERCULOUS PLEURAL EFFUSION 
AND EMPYEMA

Pleural effusions occur in both primary and post-primary tuber-
culosis and are due to spread of the disease process from a lesion 
in the periphery of the lung or, occasionally, from an intercostal 
node into the pleural space. They are more likely to occur in 
immunocompromised patients. Effusions may be small and tran-
sitory and due, in part, to a hypersensitivity reaction to antigens 

of the tubercle bacillus. In other cases, particularly in older 
patients, an empyema develops.

Clinical features

The main clinical features, in addition to those of the underlying 
pulmonary disease, are chest pain accentuated by breathing, a dull 
ache over the lower chest and breathlessness on exertion. There is 
‘stony’ dullness on percussion over the lower chest and dimin-
ished air entry on the affected side and, if the effusion is large, the 
mediastinum may be shifted to the opposite side.

Diagnosis

On chest X-ray, a small effusion (about 100 mL) causes a blunting 
of the costophrenic angle, while larger ones are denser at the base, 
tailing up into the axilla (Figures 56.18 and 56.20). Fluid levels are 
seen in cases where there is a bronchopleural fi stula. The diagnosis 
of tuberculosis is made by bacteriological examination of aspirated 
pleural fl uid or by histological examination of pleural biopsies 
which may show tuberculous granulomas or the presence of acid-
fast bacilli. For bacteriological culture, some of the pleural fl uid 
may be added to an equal volume of double-strength liquid culture 
medium at the bedside. Large effusions should be aspirated slowly 
as rapid expansion of the lung may cause coughing, breathlessness 
and, occasionally, pulmonary oedema. Mycobacterial DNA can be 
detected in pleural fl uid and biopsy samples by PCR.

Figure 56.22 CT scan of the chest showing pleural effusion.

Figure 56.23 CT scan of the chest showing calcifi ed empyema of 
‘old’ treated tuberculosis.

Figure 56.24 Chest X-ray showing a fungal (Aspergillus) ball in a 
tuberculous cavity.
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Differential diagnosis

Tuberculous pleural effusions must be differentiated from those 
secondary to pneumonia, cardiac failure, malignancy, pulmonary 
embolism and infarction and amoebiasis.

Management

The basic management is as for pulmonary tuberculosis as 
described above. Small effusions usually resolve on antitubercu-
losis therapy but larger ones may require needle aspiration. Cor-
ticosteroid treatment prevents recurrence of large effusions and 
subsequent constrictive fi brosis which may compromise pulmo-
nary function. Thick empyema fl uid may be diffi cult to aspirate 
through a needle and surgical drainage is required. Surgical 
removal of the pleura (decortication) may be required to prevent 
or relieve gross constrictive scarring.

DISSEMINATED TUBERCULOSIS

This form of tuberculosis was described in the year 1620 by 
Sylvius, who wrote: ‘I came moreover constantly upon various 
traces of glands small and almost invisible to the eyes, except 
occasionally, when they were unnaturally larger and I have seen 
them distributed throughout the viscera and fl esh of our entire 
body’.

The clinical and histopathological features of disseminated 
tuberculosis are determined by the immune status of the 
patient and two main types are recognized – miliary and cryptic 
disseminated.

Miliary tuberculosis

In cases in which the immune responses are intact, disseminated 
disease is characterized by the formation of widespread, multiple, 
discrete granulomas macroscopically resembling millet seeds 
(Latin: milium, a millet seed), hence the name miliary tuberculo-
sis. Classically, this was a disease of young children but nowadays 
it occurs in those of all ages. The symptoms are non-specifi c and 
include fever, malaise and weight loss. Meningeal involvement 
may cause headache. On chest X-ray the numerous minute lesions 
produce a characteristic ‘snowstorm’ appearance (Figures 56.25, 
56.26). Lesions also occur in the lung (Figure 56.27), spleen 
(Figure 56.28) and tubercle bacilli are found in the urine of about 
25% of patients with miliary disease. The disease may be acute 
and rapidly progressive, and fatal if untreated, but in other cases 
it is surprisingly chronic and insidious. Pleural involvement with 
small effusions may occur; the meninges are affected in about 10% 
of cases; hepatosplenomegaly is detectable in 20–30% of cases 
and, rarely, papular or macular miliary lesions of the skin are seen 
(Figure 56.29).

Acid-fast bacilli are demonstrable in sputum in about half the 
cases and in liver biopsies in about a quarter of cases. Probably 
the best diagnostic procedure, if facilities are available, is trans-
bronchial biopsy through a fi breoptic bronchoscope. The tuber-
culin test is usually positive in early cases but becomes negative 
as the disease advances.

Characteristic single or multiple tubercles, greyish-white or 
yellowish in colour and 0.5–3 mm in diameter (Figure 56.30), 
may be seen on the choroid of the eye. Although not present 
in all cases, this is a very useful diagnostic sign and a very careful 
examination by ophthalmoscopy should always be undertaken 

Figure 56.25 Chest X-ray: miliary tuberculosis. Note enlarged 
paratracheal nodes.

Figure 56.26 Miliary tuberculosis. Chest X-ray of an HIV-positive 
patient showing extensive bilateral shadowing.

Disseminated Tuberculosis
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in cases of suspected miliary tuberculosis and, indeed, in 
anyone with an unexplained fever. The differential diagnosis 
includes viral or mycoplasmal pneumonia, histoplasmosis and 
coccidioidomycosis.

Miliary tuberculosis responds well to antituberculosis therapy 
but corticosteroid therapy may be life-saving in seriously ill 
patients.

Cryptic disseminated tuberculosis

This form of tuberculosis is common in HIV-positive adults 
and children, particularly in the more profoundly immunosup-
pressed, as well as in others whose immune responses are sup-
pressed, or weakened due to old age. In contrast to miliary 
tuberculosis, the widespread lesions show very little cellular infi l-
tration but consist of minute necrotic foci teeming with acid-fast 
bacilli. The lesions are usually too small to be visible on chest 
X-ray which is often deceptively normal, hence the name cryptic 
disseminated tuberculosis for this form of the disease. The diag-
nosis is often missed as patients present with non-specifi c features 
such as fever, weight loss and anaemia and the tuberculin test is 
almost always negative. Many cases are therefore only detected at 
autopsy Patients are usually extremely ill on presentation and, 
without therapy, rapidly die. Biopsy of the lung, liver or bone 
marrow may provide the diagnosis after staining for acid-fast 
mycobacteria, culture for M. tuberculosis or identifi cation of myco-
bacterial DNA by PCR.

BONE AND JOINT TUBERCULOSIS

This is the result of haematogenous dissemination of bacilli from 
a primary focus and, in the tropics, it is a common manifestation 
of tuberculosis in children. Most cases present 6 months to 3 years 
after the initial infection. Any bone or joint may be affected but 
the most frequent site is the spine, involved in half the cases, fol-

Figure 56.27 Postmortem lung specimen showing miliary 
tuberculosis.

Figure 56.28 Miliary tuberculosis involving the spleen.

Figure 56.29 Grouped erythematous papules on the skin of the 
face in miliary tuberculosis.

Figure 56.30 Choroidal tubercules.
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lowed in frequency by the large joints of the lower limb (hip, knee 
and ankle) and then the large joints of the upper limb (shoulder, 
elbow and wrist). Multiple lesions, often cystic, may occur in dis-
seminated tuberculosis and are easily mistaken for metastatic car-
cinoma.45

Spinal tuberculosis

Spinal tuberculosis, also termed Pott’s disease, after Sir Percival 
Pott (1713–1788), a surgeon at St Bartholomew’s Hospital, 
London, is a cause of severe deformity and handicap. Although 
any part of the spine may be affected, lesions most often occur at 
or near the 10th thoracic vertebra. The disease process usually 
begins in an intervertebral disc and subsequently involves the 
anterior parts of the adjacent vertebrae (Figure 56.31). Erosion of 
the bone by the disease process causes vertebral collapse with 
anterior wedging and, in severe cases, the characteristic angular 
spinal deformity or ‘gibbus’ (Figure 56.32). ‘Cold’ abscesses are 
common and may track along fascial planes and emerge at the 
skin surface well away from the site of disease. Thus psoas abscesses 
secondary to disease in the lumbar vertebrae may emerge in the 
thigh below the inguinal ligament. Tuberculosis of the cervical 
spine may present as a retropharyngeal abscess.

The usual presenting feature is chronic back pain, often with 
stiffness and limitation of movement. An unwillingness to pick 
something off the fl oor is a characteristic sign. Clinical features 
may, however, be minimal and non-specifi c and diagnosis is 
often delayed. Neurological signs due to pressure on, or vasculitis 
of, the spinal cord occur in about half the cases and paraplegia 
develops in severe cases. Clinical examination may reveal 
muscular spasm and rigidity, cold abscesses, sinuses and spinal 
deformity.

On radiological examination lesions may be confused with 
those of pyogenic osteomyelitis. Features suggesting tuberculosis 
include a relative sparing of the disc space, a fragmentary pattern 
of bone destruction and large paraspinous abscesses with dense 
rims and, in some cases, calcifi cation within them.46 Radiological 
signs may, however, be minimal and give an underestimate of the 
extent of the disease and, where available, CT, MRI or radionuclide 
bone scans (Figure 56.33) permit a more accurate assessment of 
the extent of the disease. Biopsies or fi ne-needle aspirates, 
conducted by those with adequate experience, may establish the 
diagnosis. Histological as well as bacteriological examination is 
essential as there may be too few acid-fast bacilli in the biopsy 
material for them to be detectable microscopically. The tuberculin 
test is usually positive although it may be negative in malnour-
ished or immunosuppressed patients.

The differential diagnosis includes bacterial osteomyelitis and 
blood tests for staphylococcal and streptococcal infections and for 
typhoid, paratyphoid and brucellosis may help to rule these infec-
tions out. Spinal tuberculosis may resemble tumours and care 
should be taken not to confuse the combination of opacities on 
chest X-ray and osteolytic lesions of the spine with metastatic lung 
cancer.

Surgical intervention is required for patients with marked 
spinal deformity and severe neurological signs but most patients 
can be managed by standard therapy alone.47 The most effective 
form of surgery for correction of deformity and relief or pre-
vention of paraplegia is radical excision of diseased tissue and 
anterior spinal fusion – the so-called ‘Hong Kong operation’. This, 
however, calls for surgical skills and resources that are not widely 
available.

Tuberculosis of other bones and joints

Tuberculosis of other bones and joints mimics a wide range of 
other conditions, especially the various forms of arthritis, and 
diagnosis is not easy. Disseminated lesions in many bones may 
mimic metastatic carcinoma. Tuberculosis of the skull usually 

Figure 56.31 Spinal tuberculosis. Note involvement of two adjacent 
vertebrae and loss of joint space.

Figure 56.32 Pott’s disease of the spine: spinal tuberculosis in a 
child showing a visible, palpable lump (gibbus) over the spine. The 
nappy was being used for urinary incontinence caused by spinal cord 
involvement.

Bone and Joint Tuberculosis
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presents with fl uctuant abscesses (Figure 56.34), sometimes with 
sinus formation, and underlying osteolytic lesions – a condition 
termed ‘Pott’s puffy tumour’. Osteitis is a rare complication of BCG 
vaccination in neonates and young children. Diagnosis may 
require bacteriological examination of biopsies of bone or 
synovium or of aspirated synovial fl uid.

Unless prevented by pain, joint mobility should be maintained 
during antituberculosis therapy. Arthroplasty or other orthopaedic 
procedures may be required if there is residual immobility or 
deformity. Poncet’s disease and hypertrophic osteoarthropathy are 
rare conditions affecting bones and joints in patients with tuber-
culosis but are thought to be due to immune reactions rather than 
the direct result of bacillary invasion. Poncet’s disease is a form 
of polyarthritis which resolves on treatment of the underlying 
disease. Hypertrophic osteoarthropathy, characterized by perios-
teal infl ammation and subperiosteal new bone formation, occa-
sionally occurs in both humans and animals with pulmonary 
tuberculosis although it is more usually associated with lung 
cancer.

TUBERCULOSIS OF THE CENTRAL 
NERVOUS SYSTEM

Tuberculosis of the central nervous system (CNS) is a serious and 
life-threatening condition and three main types are encountered 

in clinical practice – tuberculous meningitis, solitary space-
occupying lesions in the brain or spinal cord and disseminated 
miliary lesions.48

Tuberculous meningitis

This is the most common form of CNS tuberculosis and consti-
tutes a medical emergency as diagnostic and therapeutic delays 
have very serious consequences; namely, a high mortality and a 
high incidence of serious neurological complications in those who 
survive. It is most often seen in infants but it may occur at any 
age.48 It is usually a manifestation of primary tuberculosis and 
there may be radiological evidence of a primary pulmonary 
complex. The disease commences with the rupture of a meningeal 
or subcortical lesion with liberation of tubercle bacilli into the 
CSF and the development of many tubercles on the meninges. The 
ensuing meningeal infl ammation, particularly at the base of the 
brain, leads to the secretion of a thick exudate which may lead to 
strangulation of the cranial nerves, especially the optic and audi-
tory nerves, at the base of the brain and to raised intracranial 
pressure due to obstruction to the fl ow of CSF. Raised intracranial 
pressure is a major complication of tuberculous meningitis and 
some degree of hydrocephalus occurs in 80–90% of children with 
stage 2 or 3 disease as defi ned below. An infl ammatory endarteri-
tis may lead to thrombosis of the cerebral blood vessels causing 
cerebral infarction with convulsions or paralysis.

Clinically, cases are classifi ed into three stages:
Stage 1. The patient is fully conscious and rational with non-

specifi c symptoms such as general malaise, low-grade 
fever, apathy, irritability, personality changes, depres-
sion and intermittent headache but with no focal signs 
and little or no evidence of meningitis. Symptoms may 
be limited or even absent in immunosuppressed 
patients, including those who are HIV-positive.

Stage 2. The patient is mentally confused and/or has focal neu-
rological signs such as cranial nerve palsies. Other 

Figure 56.33 Tuberculous osteomyelitis. Radionuclide bone scan 
shows abnormal, increased tracer uptake in D7. The vertebra has 
collapsed, with spinal cord compression resulting in paraplegia. The 
excreted activity is seen in the urinary catheter.

Figure 56.34 CT scan of the head showing a brain tuberculoma 
exuding its contents through the skull into scalp soft tissues: ‘collar 
stud abscess’.
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symptoms include more severe and persistent headache 
and vomiting and some degree of photophobia.

Stage 3. The patient is deeply stuporose or comatose and/or has 
complete hemiplegia, paraplegia or quadriplegia.

Examination of CSF is essential, although lumbar puncture should 
be performed carefully after ruling out raised intracranial pres-
sure, and may reveal lymphocytes, a raised protein level and 
decreased glucose level although these parameters may some-
times be normal. In some cases there is a high polymorph count, 
which suggests tuberculous meningitis of rapid onset or a non-
acid-fast bacterial infection. A chest X-ray may be helpful as pul-
monary tuberculous lesions are evident in about half the patients. 
The diagnosis is confi rmed by the microscopical detection of acid-
fast bacilli in centrifuged samples of CSF, although a very thor-
ough search only detects such bacilli in 10–30% of cases. Where 
a CSF ‘clot’ of fi brin is present, acid-fast bacilli may be seen in it. 
Culture of CSF is far too slow, even with the use of automated 
systems but, where facilities are available, PCR and related nucleic 
acid amplifi cation techniques may be useful.49 If in any doubt as 
to the diagnosis, antituberculosis therapy should be commenced 
immediately. CT and MRI, where available, are of value in the 
investigation of tuberculous meningitis as they detect cryptic 
lesions, raised intracranial pressure, hydrocephalus and cerebral 
infarctions.

Tuberculomas of the brain and spinal cord

These usually manifest as space-occupying lesions. CT and MRI, 
where available, are very helpful as the lesions often have a 
characteristic appearance (Figures 56.34–56.38).

Treatment

Standard short-course antituberculosis therapy is effective although 
many physicians extend the duration of therapy to 9 or 12 months 
to minimize the risk of relapse. Both isoniazid and pyrazinamide 
readily cross the blood–brain barrier but rifampicin does not 
penetrate so readily and therefore higher doses, but not exceeding 
600 mg daily, should be given. Some authorities recommend 
giving pyrazinamide throughout the course of treatment. Etham-
butol enters the CSF when the meninges are infl amed but ocular 
complications may occur in children. Intrathecal administration 
of drugs is not generally recommended. In a major centre in 
South Africa, only one relapse was seen in a series of over 200 
children with tuberculous meningitis receiving a 6-month course 
of daily isoniazid (20 mg/kg), rifampicin (20 mg/kg), ethion-
amide (20 mg/kg) and pyrazinamide (40 mg/kg).

The use of steroids has been a source of controversy as, although 
steroids suppress hypersensitivity reactions and the formation 
of basal exudates, some workers claimed that, while they 
lowered mortality, they allowed more very seriously disabled chil-
dren to survive. An extensive review established that the data 
were inconclusive,50 and a more recent study in patients over the 
age of 14 indicated that, irrespective of severity and HIV status, 
treatment with dexamethasone lowered mortality but did not 
reduce the incidence of subsequent neurological disability.51 Until 
more fi rm data are available, national guidelines should be 
followed.

Raised intracranial pressure often resolves on treatment with 
acetazolamide (100 mg/kg per day) or frusemide (1 mg/kg per 
day) given in divided doses at 6- or 8-hourly intervals for 1 month. 
Dehydration must be prevented, especially in children who are 
vomiting. Children who fail to respond require the insertion of 
ventriculoperitoneal shunts.

Small solid lesions in the brain and spinal cord often resolve 
with medical treatment alone, but surgery is required for larger 
lesions, especially if sight is threatened or, in the case of the spinal 
cord, if there is paralysis.

Figure 56.35 Pre-contrast enhanced cranial CT. The parafalcine 
ring-enhancing lesion exerts mass effect. Its appearance is non-specifi c, 
in this case being another example of an intracranial abscess due to 
M. tuberculosis.

Figure 56.36 Post-contrast enhanced cranial CT (see also 
Figure 56.35).

Tuberculosis of the Central Nervous System
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URINARY AND GENITAL TRACTS

Tuberculosis of the kidney is a common form of extrapulmonary 
tuberculosis and autopsy studies indicate that it is commoner than 
expected in AIDS patients. Renal tuberculosis is usually a late mani-
festation of haematogenous spread from a primary focus of tuber-
culosis, presenting 6–15 years after the initial infection.52 The 
disease, which may be unilateral or bilateral, usually commences in 
the renal cortex and progresses towards the medulla (Figures 56.39, 
56.40). Lesions may eventually rupture into the renal pelvis with 
release of tubercle bacilli into the urine, causing secondary lesions 
in the ureters and bladder and, in males, in the epididymis, testis, 
seminal vesicles and prostate.53 Although usually secondary to 
tuberculosis of the kidney, some cases of tuberculous epididymitis 
appear to be due to direct haematogenous spread from primary foci 

Figure 56.37 T1-weighted MRI, pre-contrast. Multiplanar 
reformation (coronal, left column, sagittal, right column) is ‘as routine 
as’ conventional axial images. Enhancement patterns mirror those of 
CT scan. The patient has cerebral tuberculosis.

Figure 56.38 T1-weighted MRI, post-contrast. (see also 
Figure 57.37).

Figure 57.39 Postmortem kidney specimens showing caseating 
tuberculous lesions.

Figure 56.40 Non-enhanced CT scan through the lower abdomen. 
Large parenchymal deposits of calcifi cation involving both kidneys 
as a result of earlier tuberculous infection.
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of disease. In advanced disease, an entire kidney may be replaced 
with caseous material – a condition termed ‘cement kidney’.

Symptoms, including frequency, dysuria, nocturia, suprapubic 
pain and haematuria, resemble those of non-acid-fast bacterial 
cystitis.54,55 In other cases, symptoms are of a vague ‘orthopaedic’ 
nature. Renal colic is uncommon, occurring in less than 10% of 
patients and constitutional symptoms are also uncommon. Sec-
ondary infection of the kidney, with renal pain and fever, may 
develop or if, as is often the case, diagnosis is delayed, ureteric 
obstruction, shrinkage and fi brosis of the bladder and even renal 
failure may develop. About 40% of patients have subclinical 
impairment of renal failure indicated by raised serum creatinine 
levels and about 10% have mild hypertension, which resolves 
on antituberculosis therapy. A male patient may present with a 
swollen epididymis or testis or with infertility.

An insidious form of renal tuberculosis termed tuberculous 
interstitial nephritis may lead to advanced renal failure without 
the usual tissue destruction and anatomical distortion.56 Renal 
biopsies reveal an interstitial granulomatous infi ltrate with limited 
caseation and scanty acid-fast bacilli. Diagnosis is not easy as it is 
unusual to fi nd acid-fast bacilli in the urine. As tuberculosis is 
common in the tropics, it should be considered in all cases of 
renal failure when there are no other obvious causes.57

Tuberculosis of the female genital tract is, in contrast to the 
disease in males, almost always the direct result of haematogenous 
dissemination from the primary focus. Sexually transmitted tuber-
culosis is exceedingly rare. The disease usually commences in the 
epithelium of the Fallopian tubes (Figure 56.41) and spreads to 
the endometrium or to the peritoneal cavity, causing tuberculous 
peritonitis. Presenting features include infertility, pelvic pain and 
either excessive menstrual bleeding or amenorrhoea.

Diagnosis

Examination of the urine may reveal a few white cells, red cells 
and protein. Care is required in the interpretation of acid-fast 
bacilli seen in urine as various environmental mycobacteria occur 
as contaminants of the lower urethra and external genitalia. Diag-
nosis is confi rmed by cultivation of tubercle bacilli in urine, for 
which purpose up to six specimens, preferably taken in the early 
morning, should be examined.

Radiology of the urinary tract (Figure 56.42) is useful for the 
detection of urinary obstruction and other forms of gross tissue 
damage. Being a late manifestation of primary tuberculosis, 
appearances suggestive of pulmonary tuberculosis are only seen 
in 5% of cases but patients may give a history of tuberculosis. 
Ultrasonography may reveal renal calyceal dilatation and more 
overt evidence of obstruction. Between 50% and 75% of males 
with genital tuberculosis have radiological abnormalities in the 
urinary tract, so the appropriate radiological investigations should 
be undertaken.

Diagnosis of tuberculosis of the female genital tract is made by 
histological and bacteriological examination of endometrial biop-
sies and culture of cervical secretions and menstrual blood.

Management

Treatment of all forms of genitourinary tuberculosis is by standard 
short-course antituberculosis therapy. Surgical intervention may 

be required for relief of ureteric or urethral obstruction, shrunken 
bladders or, rarely, for the removal of grossly damaged and non-
functioning kidneys in the presence of symptoms. Ureteric obstruc-
tion may respond to treatment with steroids.

ABDOMINAL TUBERCULOSIS

This is divisible into intestinal and peritoneal disease. The former 
is either a primary infection, usually due to drinking milk contain-
ing M. bovis or a manifestation of post-primary disease as a result 
of swallowing sputum containing tubercle bacilli. The latter is the 
result of lymphatic or haematogenous dissemination from a 
primary focus, usually pulmonary, or to spread from an infected 
intra-abdominal organ such as the intestine or a Fallopian tube.

Primary intestinal tuberculosis usually involves the ileocaecal 
region and results in mucosal hypertrophy which, together with 
enlarged lymph nodes, presents as a tender mass in the right iliac 
fossa. Complications including malabsorption, intestinal obstruc-
tion, fi stulae, peritonitis and, rarely, massive rectal bleeding which 
may be life-threatening. The stomach and small intestine are the 
usual sites of post-primary lesions and ulceration, rather than 
hypertrophy, is characteristic, with a risk of intestinal perforation 
leading to peritonitis.

The principal groups of patients developing tuberculous perito-
nitis are young women and elderly alcoholic men. It is a common 
cause of ascites: in a study in Lesotho it was found to account for 
42% of all cases of ascites and there was a mortality rate of 26% 
among elderly alcoholic patients.58 Diagnosis is diffi cult, especially 
in elderly alcoholics, as the symptoms and signs are non-specifi c. 
The ‘doughy abdomen’ cited in many textbooks as a classical sign 
is an uncommon manifestation of advanced disease. Tubercle 
bacilli in swallowed bacilli may enter anal fi ssures and lead to local 
granulomatous lesions and fi stula formation.

Figure 56.41 Hysterosalpingogram showing distortion of Fallopian 
tubes due to chronic tuberculous salpingitis.

Abdominal Tuberculosis
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Diagnosis of abdominal tuberculosis

Symptoms and signs of abdominal tuberculosis include weight 
loss, abdominal pain and tenderness, anorexia, diarrhoea, fever 
and night sweats. An abdominal mass may be palpable and ascites 
may be detectable. Some patients present with intestinal strictures 
causing subacute obstruction, suggesting carcinoma. Chest radio-
graphs show signs of pulmonary tube tuberculosis in about one-
third of patients.

Where available, ultrasonography or CT scanning may demon-
strate ascites, thickened intestinal walls and enlarged mesenteric 
lymph nodes.59 Colonoscopy enables biopsies to be obtained 
from the caecal region, which is commonly involved in primary 
disease. Diagnosis is made by examination of biopsies obtained 
by laparoscopy or endoscopy or by percutaneous aspiration of 
abdominal abscesses.60 Peritoneal biopsies are more likely to yield 
positive results than aspirated peritoneal fl uid and may be obtained 
through a 3–4 cm midline abdominal incision under local anaes-
thetic.61 Other viscera in the abdominal cavity may be affected 
by tuberculosis and tuberculosis lesions in the psoas muscle 
(Figure 56.43), para-aortic nodes (Figures 56.44, 56.45) and 
spleen (Figure 56.28) are illustrated.

Management

Treatment is by standard antituberculosis therapy. Subacute 
obstruction may be relieved by steroid therapy. Surgery is required 
for the rare cases of massive rectal bleeding.

SKIN TUBERCULOSIS

There are several different manifestations of skin tuberculosis 
(Figures 56.46–56.52) and these have accumulated a large 
number of quaint and outmoded names which confuse the 
description of the disease. There are four main categories of skin 
tuberculosis:
• Inoculation into skin injuries, which may be due either to 

primary exogenous infection or autoinoculation by contami-
nated sputum in patients with post-primary pulmonary tuber-

Figure 56.42 Renal tuberculosis. Note loss of calyceal architecture 
and ureteric obstruction.

Figure 56.43 Abdominal CT scan. Left psoas abscess. Pus aspirate 
grew M. tuberculosis.

Figure 56.44 Abdominal CT, post-contrast, at level of splenic hilum.
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culosis (tuberculosis orifi cialis cutis). The latter may occur on 
or near the mouth, and also on the anus as a result of implan-
tation of tubercle bacilli from swallowed sputum

• Lesions resulting from direct extension of disease from under-
lying organs or tissues such as lymph nodes, bones or the 
thoracic cage

• Lesions resulting from haematogenous dissemination from an 
internal organ

• A range of skin lesions of uncertain pathogenesis termed 
tuberculides.

Primary inoculation tuberculosis is an occupational hazard of 
butchers and pathologists and an old name for it is ‘prosector’s or 
butcher’s wart’.62 Occasional cases occur in medical laboratory 
workers and in children exposed to sources of infection. Warty 
lesions develop at the inoculation site and there may be secondary 
lesions along the draining lymphatics and regional lymphade-
nopathy. It is, in common with other forms of primary tubercu-
losis, often self-limiting.

Figure 56.45 Hypo-attenuating lesions in the spleen and associated 
para-aortic lymph nodes. The main differential lies between lymphoma 
and tuberculosis. The cystic change in the lymph nodes on the lower 
cuts, with strongly enhancing periphery, favours tuberculosis.

Figure 56.46 Chronic skin lesion on forehead due to M. tuberculosis.

Figure 56.47 Chronic granulomatous skin lesions due to 
M. tuberculosis on the nose and around the mouth (lupus 
vulgaris).

Figure 56.48 Verrucous plaque, chronic granulomatous reaction 
and superfi cial ulceration of the foot due to skin tuberculosis: 
‘tuberculosis verrucosa cutis’.

Skin Tuberculosis
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Extension of disease from underlying structures results in sinus 
formation. The usual cause is a spread from an underlying tuber-
culous lymph node: a condition termed ‘scrofuloderma’.

Lupus vulgaris is a very slowly progressive and chronic form of 
skin tuberculosis that usually occurs on the nose, cheeks or neck 
and, if untreated, may cause severe disfi gurement (Figures 56.47, 
56.49 and 56.52). It is characterized by red-brown semi-
translucent nodules which may subsequently coalesce and ulcer-
ate. When compressed with a glass slide the nodules often have 
an opalescent ‘apple jelly’ appearance. It is due either to haema-
togenous dissemination of tubercle bacilli from internal organs or 

Figure 56.49 Lupus vulgaris of the face. Chronic ulcerating 
granulomatous lesion due to M. tuberculosis.

Figure 56.50 Chronic ulcerating lesion with parotid fi stula due 
to parotid gland tuberculosis.

Figure 56.51 Tuberculous mastitis affecting the left breast.

Figure 56.52 Chronic granulomatous skin lesions on the face due 
to M. tuberculosis (lupus vulgaris).
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to secondary spread from scrofuloderma. There is some evidence 
to suggest that lupus vulgaris is more likely to be caused by M. 
bovis than M. tuberculosis. The skin may be involved in dissemi-
nated tuberculosis, and small skin papules may be seen in cases 
of miliary tuberculosis (Figure 56.29).

The tuberculides are uncommon and poorly understood skin 
lesions associated with tuberculosis.63 Two main types have been 
described: lichen scrofulosorum and papulonecrotic tuberculide. 
The former is characterized by non-necrotic dermal granulomas 
with epithelioid and giant cells and the latter by tissue necrosis, 
sometimes extensive, due to an obliterative vasculitis. The aetiol-
ogy of the tuberculides is unknown but it has been suggested that 
they are due to hypersensitivity reactions to blood-borne whole 
tubercle bacilli, bacillary debris or antigens. The rarely encoun-
tered erythema induratum (Bazin’s disease) and tuberculosis-
associated idiopathic gangrene of the extremities may be due to 
similar necrotic hypersensitivity reactions in larger blood vessels. 
Lupus vulgaris occasionally develops at the site of a tuberculide, 
indicating the presence of viable tubercle bacilli.

SUPERFICIAL LYMPH NODES

Tuberculous lymphadenitis is well documented in early literature 
in which it is referred to, for unknown reasons, as scrofula (Figures 
56.8, 56.53–56.57). The usual site is the neck and two main 
types have been described: that due to primary inoculation 
of bacilli, usually milk-borne M. bovis, into the pharynx and that 
secondary to intrathoracic primary complexes. Lymphadenopathy 
also occurs as a component of disseminated tuberculosis in HIV-
positive patients. Lymphadenopathy in children aged 5 years or 
below is occasionally caused by other mycobacterial species (see 
Chapter 57).

Lymphadenopathy associated with a primary pharyngeal lesion 
usually affects the tonsillar and pre-auricular nodes, while the 
supraclavicular nodes are involved when the disease is due to an 
upward extension of an intrathoracic primary complex. The latter 
is more common in females than males. In early disease, affected 
nodes are discrete, rubbery in texture and usually painless. Con-
stitutional symptoms occur in less than half the patients. Subse-
quently, the affected glands may undergo necrosis and become 
fl uctuant, and the disease may invade the surrounding tissues and 
ultimately the skin with the formation of sinuses. The disease 

Figure 56.53 Enlarged tuberculous cervical lymph nodes exuding 
caseous material (‘open tuberculosis’).

Figure 56.54 Cervical lymphadenopathy due to tuberculosis in an 
HIV-positive Zambian adult.

Figure 56.55 Enlarged posterior auricular lymph node in an HIV-
positive adult. M. tuberculosis was isolated from a lymph node aspirate.

Superfi cial Lymph Nodes
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process may then spread into the surrounding skin – a condition 
termed ‘scrofuloderma’. There are relatively few tubercle bacilli in 
the affected lymph nodes: much of the enlargement is due to the 
immune response. Microscopy is positive for acid-fast bacilli in 
less than half the cases and cultures are positive in only 60–70%. 
Diagnosis is thus often based on histological examination of biop-
sies or cytological examination of fi ne-needle aspirates which, in 
trained hands, establishes the diagnosis in 80% of cases.64 The 
tuberculin test is usually positive and a chest X-ray often reveals 
lesions of pulmonary tuberculosis. Tuberculous lymphadenopa-

thy must be differentiated from other infections, lymphomas and 
other neoplasms, sarcoidosis and branchial cysts.

Tuberculous lymphadenopathy responds to standard short-
course therapy. Nodes may undergo enlargement, sometimes 
quite extensive and with sinus formation, during the course of 
therapy but this is due to hypersensitivity reactions and usually 
responds to steroid therapy. Surgical intervention is seldom 
indicated.

TUBERCULOSIS AT OTHER SITES

Tuberculous lesions may develop in any site of the body although 
muscles are rarely involved, except in widespread disseminated 
disease.

Tuberculous pericarditis

This occurs either as a manifestation of disseminated disease or 
secondary to the rupture of an involved mediastinal lymph node 
into the pericardial sac. Although uncommon, a high incidence 
of tuberculous pericarditis occurs, for unknown reasons, in certain 
regions such as the Transkei, where it has been termed the ‘Tran-
skei heart’.65 Exudates cause distension of the pericardium, exert-
ing pressure on the heart (cardiac tamponade) which may be 
suffi cient to cause heart failure and requiring urgent aspiration of 
the fl uid. Clinical fi ndings include chest pain, fever, breathless-
ness, low blood pressure, a rapid pulse, a raised jugular venous 
pressure and a pericardial rub on auscultation. Hepatomegaly and 
ascites may be detected in severe cases. An enlarged heart shadow 
is visible on chest X-ray and the presence of pericardial fl uid is 
confi rmed by ultrasonography. The chest X-ray may also reveal 
pulmonary tuberculosis and enlarged mediastinal lymph nodes. 
T wave changes may be seen on electrocardiography. Diagnosis is 
confi rmed by bacteriological examination of the effusion or peri-
cardial biopsies. The case fatality is high (Figure 56.58).

High-dose corticosteroid therapy, such as prednisolone 80 mg 
daily for 1 week and then progressively reduced over the ensuing 

Figure 56.56 Enlarged cervical and supraclavicular lymph nodes in 
an HIV-positive Zambian patient. M. tuberculosis was isolated from 
lymph node aspirates. Note the generalized muscle wasting.

Figure 56.57 Supraclavicular lymphadenopathy due to 
M. tuberculosis.

Figure 56.58 Section of the heart showing chronic tuberculous 
pericarditis. Note the 2 cm thick band of tuberculous caseation.
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6–8 weeks reduces the size of the effusion and associated mortal-
ity and also the long-term incidence of constrictive sequelae. 
Unless contraindicated, steroid therapy should therefore be given 
for this form of tuberculosis. Healing with fi brosis and calcifi ca-
tion may result in chronic constriction of the heart, requiring 
surgical relief (Figure 56.59). Tuberculous myocardial lesions are 
very rare but are a cause of fatal heart block.

Tuberculosis of upper respiratory tract

Tuberculous laryngitis is usually due to the implantation of tuber-
cle bacilli from sputum. The principal clinical feature is pain, 
which may be severe enough to prevent eating. Speech is often 
affected. The disease may occur in the absence of radiological 
evidence of pulmonary tuberculosis, especially in older patients, 
and may thus be misdiagnosed as cancer. Diagnosis is made by 
histological examination of biopsy. Pain responds rapidly to cor-
ticosteroid therapy.

Primary tuberculous lesions occasionally occur in the nose, 
pharynx, epiglottis and Eustachian tubes or on the gums. The 
presenting feature may be an enlarged cervical lymph node. 
Lesions in the Eustachian tube may spread to the middle ear and 
mastoid.

Ocular tuberculosis

The eye may be involved in disseminated tuberculosis as, for 
example, choroidal lesions in miliary tuberculosis or by direct 
invasion from surrounding skin in lupus vulgaris (Figure 
56.52).66,67 Primary lesions under the eyelids rarely occur in young 
children exposed to source cases. The eyelids are swollen, the eye 
becomes irritable and the disease may spread to the pre-auricular 
lymph nodes. Phlyctenular conjunctivitis, a hypersensitivity reac-
tion sometimes seen in children with primary tuberculosis is 
described above (p. 1000).

The optic nerve may be damaged in tuberculous meningitis, 
sometimes leading to blindness.

Adrenal gland

Tuberculosis is a well-recognized but uncommon cause of hypo-
adrenalism or Addison’s disease and is the result of haematoge-
nous spread of tubercle bacilli to the adrenal gland.68 The clinical 
features of Addison’s disease include weakness, weight loss, low 
blood pressure, amenorrhoea and gastrointestinal symptoms. A 
characteristic hyperpigmentation of the skin, most notably over 
the elbows and the lower back, occurs in fair-skinned persons. 
Pigmented patches also occur in the mouth, a useful sign in dark-
skinned patients. Diagnosis of hypoadrenalism is confi rmed by 
tests of adrenal function and tuberculosis is suggested by the 
presence of calcifi cation in the adrenals visible on abdominal 
X-rays. Hormonal replacement, in addition to antituberculosis 
therapy, is required.

Other manifestations of tuberculosis

Tuberculous breast abscesses may follow rupture of involved 
intercostal lymph nodes through the chest wall and present as a 
painless mastitis which is easily confused with cancer (Figure 
56.51). Tuberculous nodules or abscesses may occur in the thyroid. 
Discrete hepatic tuberculous lesions are a very rare cause of hepa-
tomegaly but the liver is frequently involved in disseminated 
tuberculosis. The liver is also usually involved in congenital tuber-
culosis due to infection via the umbilical artery.

TUBERCULOSIS IN HIV-INFECTED PERSONS

Infection with HIV is the highest risk factor for reactivation of 
tuberculosis. In 2005, approximately 14 million people were 
thought to be dually infected with the two organisms. The stron-
gest association between HIV and tuberculosis has been recorded 
in sub-Saharan Africa where, in many regions, around two-thirds 
of children and adults with tuberculosis are co-infected with HIV. 
Many new and recurrent cases of HIV-related tuberculosis are the 
result of recent infection.69

Effects of tuberculosis on HIV

In addition to the course of tuberculosis being adversely affected 
by HIV disease, active tuberculosis accelerates progression of HIV 
disease. The exact mechanisms are not clear but, in common with 

Figure 56.59 Constrictive tuberculous pericarditis: X-ray shows 
pericardial calcifi cation.

Tuberculosis in HIV-Infected Persons
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HIV infection, tuberculosis leads to a lowering of the CD4+ T cell 
count and to a marked increase in the viral load in HIV-infected 
patients.70 Increased IL-2, IL-6 and TNFα (type 2 cytokines) gener-
ated by infection with M. tuberculosis may be responsible for these 
increases in HIV burden.

Pathology of tuberculosis in HIV infection

Autopsy studies in Africa show that between one-third and one-
half of those dying of an AIDS-defi ning condition had active 
tuberculosis, many showing fi brous and calcifi ed lesions of tuber-
culosis adjacent to recent active lesions containing viable tubercle 
bacilli. These new lesions may be due to endogenous reactivation 
of primary complex lesions but DNA fi ngerprinting indicates that 
many are due to exogenous reinfection. In HIV-infected patients 
a range of histological features related to the extent of immuno-
suppression are seen.71 For practical purposes, there are three iden-
tifi able histological stages of cellular immune responses which 
correlate well with the stage of HIV disease – granulomatous 
response, hyporeactive response and anergic response. The suscep-
tibility to, and clinical characteristics of, tuberculosis show only a 
partial correlation with the CD4+ lymphocyte counts as qualita-
tive as well as quantitative defects of these cells compromise 
protective immune functions such as macrophage maturation 
and granuloma formation.

Patients showing a granulomatous response have relatively 
intact cellular immune responses, a relatively high CD4+ lympho-
cyte count and develop typical, well-formed granulomas contain-
ing abundant epithelioid cells and Langhans giant cells, clusters 
of CD4+ T cells and low numbers of acid-fast bacilli. Macrophages 
show abundant cytoplasm and markers of maturation.

With progressive immunosuppression and decline of CD4+ T 
cell counts, there is a hyporeactive response with loss of Langhans 
giant cells and, subsequently, of epithelioid cells. The proportion 
of macrophages with abundant cytoplasm is also decreased. 
Intracellular killing of mycobacteria is compromised and there-
fore the number of acid-fast bacilli increase (Figure 56.60). The 

caseous centres enlarge centrifugally and lesions coalesce. A 
mixture of suppurative and caseous necrosis is seen.

Finally, in the late stages of AIDS, disseminated anergic tuber-
culosis develops and is often only detected at autopsy. While no 
relative decrease in the number of macrophages in the tuberculous 
lesion is seen, they show little or no maturation. Epithelioid cells 
are scanty, Langhans giant cells are absent, there are few CD4+ T 
cells in the lesions and granuloma formation is not seen (Figures 
56.10A and B). Caseous necrosis is replaced by suppuration, coag-
ulative necrosis and large amounts of apoptotic debris. Large 
numbers of mycobacteria are present within macrophages and in 
the necrotic areas.

Clinical manifestations of 
HIV-related tuberculosis

Pulmonary tuberculosis occurs in patients with a wide spectrum 
of immunodefi ciency but, as mentioned above, the risk and clin-
ical manifestations are not entirely dependent on the degree of 
depletion of CD4+ lymphocytes. Around 30% of cases of tuber-
culosis in HIV-positive patients are extrapulmonary. If tuberculosis 
occurs in the early stages of HIV infection when immunity is only 
slightly compromised, the clinical characteristics are similar to 
post-primary tuberculosis occurring in HIV-negative persons. Thus 
disease is often localized to the apices of the lungs; there is lung 
destruction and cavitation and abundant acid-fast bacilli are seen 
on sputum microscopy. HIV-positive patients with more advanced 
immunodefi ciency present with atypical pulmonary disease char-
acterized by extensive pulmonary infi ltrates with limited or no 
cavitation, involvement of all parts of the lung especially the lower 
lobes, enlargement of the hilar and mediastinal lymph nodes and 
few or no acid-fast bacilli seen in sputum smears. Dissemination 
of the disease beyond the lung is common.

Diagnosis of pulmonary tuberculosis in 
HIV-positive adults

As the proportion of patients with smear-negative pulmonary 
tuberculosis is greater in those co-infected with HIV than in those 
who are not, the diagnosis of tuberculosis in an HIV-positive 
patient with a chronic cough, night sweats, weight loss but nega-
tive sputum smears for acid-fast bacilli is a challenge for the clini-
cian. In studies in HIV-positive African patients with respiratory 
illness and negative sputum smears, bronchoscopy with bron-
choalveolar lavage or induction of sputum demonstrated that 
about one-third had tuberculosis. Another third had other respira-
tory diseases including Pneumocystis carinii pneumonia (PCP), 
bacterial pneumonia due to a wide range of pathogens, Kaposi’s 
sarcoma, nocardiosis and fungal infections. Even where facilities 
exist for more extensive investigations (e.g. bronchoscopy with 
bronchoalveolar lavage and biopsy, sputum culture and molecu-
lar methods) the bacteriological confi rmation of tuberculosis 
may be diffi cult. In most developing country health centres, 
the diagnosis of pulmonary tuberculosis is based on simple 
techniques only: sputum smear microscopy and, possibly, chest 
radiography.

There is a large range and variety of radiological appearances.72 
In those with relatively intact immunity, the appearances are those 

Figure 56.60 Lung histopathology of an AIDS patient who died of 
tuberculosis. Note the vast number of acid-fast tubercle bacilli in the 
alveolar necrotic exudate.
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of typical pulmonary tuberculosis but in the more profoundly 
immunosuppressed atypical appearances are common, including 
vague, spreading opacities suggestive of pneumonia, predomi-
nantly lower lobe disease, pleural effusions, air-fl uid levels, wide-
spread pulmonary mottling and intrathoracic lymphadenopathy. 
On the other hand, there is signifi cantly less cavitating disease and 
atelectasis. Radiological features may change rapidly in appear-
ance. Classical miliary lesions are seen in a minority of HIV-
positive patients with disseminated disease, as in most cases the 
formation of these granulomatous lesions is suppressed. The 
X-rays may therefore appear deceptively normal. The atypical 
clinical and radiological features seen in the more profoundly 
immunosuppressed patients are summarized in Table 56.7. 
Further details on the clinical aspects of HIV-related tuberculosis 
are available from the WHO.73

Extrapulmonary tuberculosis in 
HIV-positive adults

Frequent manifestations of extrapulmonary tuberculosis seen in 
HIV-infected persons in sub-Saharan Africa include pleural disease, 
lymphadenopathy (usually asymmetrical), pericardial disease and 
widely disseminated disease. Tuberculosis affecting the CNS, gen-
itourinary tract and bone marrow is, in contrast to the industrial-
ized countries, infrequently reported but this probably refl ects 
patient selection and differences in the availability of diagnostic 
facilities. Patients usually present with non-specifi c constitutional 
symptoms (fever, night sweats and weight loss) and local symp-
toms and signs related to the site of disease. Lymphadenopathy is 
a frequent manifestation of tuberculosis in HIV-infected persons 
and can present in a variety of ways. While usually chronic and 
cryptic, it may also occasionally be acute and resemble an acute 
pyogenic infection. Diagnosis of lymph node tuberculosis can be 
made by simple techniques such as staining needle aspirates for 
acid-fast bacilli, naked eye inspection of biopsied lymph nodes 
for macroscopic caseation and microscopy of smears from the cut 
surface of a lymph node. The CSF may be normal or near-normal 
in HIV-infected patients with tuberculous meningitis and clinical 
features can easily be confused with those of cryptococcal menin-

gitis (a common HIV-related infection), making the diagnosis very 
diffi cult. Empirical treatment may have to be given on clinical 
suspicion alone.

Management considerations in HIV-positive persons

There are several specifi c management issues which arise in the 
treatment of HIV-infected persons with tuberculosis. These patients 
overall tend to have:
• Increased morbidity rates
• Increased mortality rates
• Increased number of drug side-effects
• Serious interactions between antiretroviral drugs and antituber-

culosis drugs
• Immune reconstitution infl ammatory syndrome (IRIS)
• Increased recurrence rates after completion of treatment.

Increased morbidity rates

Clinical response to antituberculosis treatment, clearing of chest 
X-ray abnormalities and sputum conversion rates occur at 
the same rates during treatment in both HIV-positive and HIV-
negative patients with tuberculosis. On the other hand, HIV-
positive patients on treatment for tuberculosis often have other 
opportunistic infections and tumours and thus commonly suffer 
from recurrent fever, chest infections, recurrent diarrhoea, oral 
candidiasis, bacteraemia, cryptococcosis and Kaposi’s sarcoma. 
These other conditions require appropriate drug treatment, ren-
dering the care more expensive than is the case with HIV-negative 
patients. Delays in the diagnosis and treatment of tuberculosis 
compromise the chances of individual cure in HIV-positive 
patients. Untreated tuberculosis in HIV-infected persons acceler-
ates the decline in immunocompetence and the progression to 
severe immunodefi ciency.

Increased mortality rates

HIV-positive patients not receiving antiretroviral therapy have a 
much higher mortality during and after antituberculosis treatment 
compared with HIV-negative patients. In sub-Saharan Africa, 

Table 56.7 Comparison of the clinical and radiological characteristics of post-primary tuberculosis in 
non-immunosuppressed and immunosuppressed persons

Characteristic Non-immunosuppressed Immunosuppressed
Pulmonary cavitation Prominent Diminished or absent

Localization by fi brosis Marked Limited

Intrathoracic lymphadenopathy Uncommon Common

Pleural effusions Present Very common

Miliary disease Uncommon Common

Atelectasis Uncommon Common

Lymphatic and haematogenous dissemination Uncommon Common

Adverse drug reactions Uncommon Common

Tuberculin test Positive Small reaction or negative

Relapse following therapy Uncommon Frequent

Mortality rate Low Increased

Tuberculosis in HIV-Infected Persons
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approximately 30% of HIV-positive smear-positive tuberculosis 
patients die within 12 months of commencing treatment, and 
about 25% of those who survive die during the subsequent 12 
months. The introduction of effective antiretroviral treatment has 
dramatically reduced mortality rates in HIV-infected patients in 
the USA and in Europe and efforts are being made by the United 
Nations to make such treatment available to all HIV-infected 
patients throughout the world by the end of 2010; thus the number 
of patients receiving therapy in the developing nations rose from 
400 000 in December 2003 to 1 million in June 2005. Antiretro-
viral treatment reduces the incidence of tuberculosis by around 
80% in those receiving it but the incidence remains higher than 
in those who are HIV negative, suggesting that protective immu-
nity is only partly restored.74

Since opportunistic infections are a cause of mortality in HIV-
positive persons with tuberculosis, interventions with prophylac-
tic antimicrobial agents may be useful. Studies in several African 
countries show that co-trimoxazole given daily during the 6 
months of treatment for tuberculosis causes a signifi cant reduc-
tion of mortality.75 As co-trimoxazole prophylaxis is a safe and 
effective way of reducing mortality, it is recommended for all 
adults undergoing treatment for tuberculosis in regions with a 
high prevalence of HIV disease, irrespective of their HIV status.

Increased drug side-effects

Adverse drug reactions appear to be infrequent in HIV-positive 
patients given standard short-course regimens although they occur 
more frequently than in HIV-negative patients. Adverse cutaneous 
reactions were frequently seen in HIV-positive patients, particu-
larly children, who were given regimens including thiacetazone 
and included cases of Stevens–Johnson syndrome (Figure 56.61) 

and toxic epidermal necrolysis which were frequently fatal. For 
this reason, thiacetazone has been abandoned in favour of 
ethambutol.

Interactions between antiretroviral drugs and 
antituberculosis drugs

Serious interactions between antiretroviral and antituberculosis 
drugs can occur (see pp. 1026–1028). Protease inhibitors and non-
nucleoside reverse transcriptase inhibitors interfere with the 
metabolism of rifampicin, the most potent of the antituberculosis 
drugs. Rifampicin is a potent liver cytochrome p450 inducer and 
thus may enhance the metabolism of protease inhibitors and non-
nucleoside reverse transcriptase inhibitors, causing serum levels to 
be decreased to sub-therapeutic levels.

Immune reconstitution infl ammatory syndrome (IRIS)

The introduction of antiretroviral therapy (ART) produces a rapid 
suppression of HIV replication (about 90% in 1–2 weeks), which 
is associated with an, at least partial, reconstitution of the immune 
system. The typical recovery of CD4 cells following ART is bipha-
sic. The initial rise is rapid and mainly due to the redistribution 
of memory CD4 cells from lymphoid tissue. Thereafter, a slow 
increase in CD4 cells, mainly due to naive CD4 cell regeneration, 
is observed. Moreover, IRIS is an adverse consequence of immune 
reconstitution due to ART-induced immune hyperactivation due 
to viral suppression, and an increase in the diversity of T cells and 
an accompanying uninhibited production of Th1 cytokines. 
Tuberculosis, other mycobacterial infections and cryptococcal 
disease account for about 60% of cases of IRIS.76 Patients may 
develop ascites, lymphadenopathy and fever, as well as increases 
in the size of cerebral lesions and pleural effusions.77 Patients who 
develop IRIS are more likely to have an initial CD4 count less than 
100 cells/mm3 and a rapid rise in this count after starting antiret-
roviral therapy. Clinicians treating tuberculosis in HIV-positive 
patients receiving antiretroviral therapy need to be aware of this 
phenomenon.

Drug resistance

Although several outbreaks of MDRTB have been reported from 
industrialized countries among HIV-infected patients, HIV infec-
tion itself does not induce MDRTB, but it fuels the spread of this 
dangerous condition by increasing susceptibility to infection and 
accelerating transmission between persons, especially in closed 
confi ned spaces such as prisons. Although data collated by the 
WHO show that the incidence of MDRTB in sub-Saharan Africa is 
low in comparison with India, Eastern Europe, China and South-
east Asia,21 the problems faced by many tuberculosis programmes 
in sub-Saharan Africa, including the diffi  culties in obtaining 
second-line antituberculosis drugs, render MDRTB a very real 
threat to tuberculosis control in this region.

Quality of healthcare

The capacity and quality of healthcare provided by the local health 
service and the health status of the staff (clinical offi cers, clini-
cians, nurses, technical personnel) available to care for patients 
infl uence the outcome of tuberculosis treatment. The advent of Figure 56.61 Stevens–Johnson syndrome due to thiacetazone.
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HIV with large increases in tuberculosis cases has threatened to 
overwhelm National Tuberculosis Control Programmes in sub-
Saharan Africa. The health staff in many African countries have 
the same HIV-seroprevalence rates as the general adult popula-
tion, and in some urban areas this approaches 30% or more. High 
absentee rates from work due to illness or attending funerals, and 
high death rates of the healthcare staff due to AIDS, threaten the 
capacity of many developing countries to deliver good and effec-
tive healthcare, including tuberculosis control.

Recurrence after treatment

Recurrence rates of tuberculosis (defi ned as return of clinical fea-
tures of active tuberculosis, positive sputum smears for acid-fast 
bacilli or positive sputum cultures for M. tuberculosis) after com-
pletion of antituberculosis therapy are increased in HIV-positive 
patients. Recurrence rates have been observed at between 18 and 
22 per 100 person-years of observation. It is not known to what 
extent endogenous reactivation or exogenous reinfection contrib-
utes to the recurrence of tuberculosis in HIV-infected patients in 
sub-Saharan Africa but recent evidence suggests that the latter 
commonly occurs. Information on this issue would be of value in 
determining strategies, such as isoniazid prophylaxis, to prevent 
recurrence of tuberculosis. Patients who relapse with smear-
positive pulmonary tuberculosis are treated with the WHO-
recommended retreatment regimen shown below in Table 56.9.

Preventive therapy is described on pp. 1030–1031.

HUMAN TUBERCULOSIS OF BOVINE ORIGIN

This is a neglected area of interest. Human tuberculosis due to M. 
bovis was a major problem in the industrially developed countries 
before the completion of bovine tuberculosis eradication pro-
grammes in the middle of the twentieth century but is now very 
uncommon. Tuberculosis is known to occur in cattle in many 
tropical countries, although little has been done to survey the 
extent of the problem and even less to control it.78 The number 
of tropical countries reporting bovine tuberculosis in 1998 and 
the number that have adopted the test and slaughter control strat-
egy are shown in Table 56.8.

Owing to a lack of laboratory facilities, the prevalence of 
human tuberculosis due to M. bovis in most tropical countries is 
likewise unknown. One reason for the lack of concern is that early 
reports indicated that, even in rural communities where cattle 
disease was common, transmission to humans was rare. In addi-

tion, it has been generally but rather dogmatically assumed that 
M. bovis is less virulent than M. tuberculosis in humans and is rarely 
transmitted from person to person. All these assumptions have 
been seriously questioned by surveys undertaken by the WHO and 
human tuberculosis due to M. bovis has been found in many 
regions where it has been actively sought.79 Thus further surveys 
are required to determine the magnitude of the problem in both 
cattle and humans and to determine the cost-effectiveness of 
eradication programmes.

The clinical presentation of tuberculosis due to M. bovis depends 
on the route of infection. Oral infection acquired by drinking milk 
from diseased cattle usually leads to cervical (Figures 56.62, 56.63) 
or mesenteric lymphadenopathy and other forms of non-
pulmonary disease. Aerogenous infection from cattle or humans 
leads to pulmonary tuberculosis indistinguishable from that 
caused by M. tuberculosis. The treatment is as for disease due to M. 
tuberculosis, although as M. bovis is naturally resistant to pyrazin-
amide this agent may be omitted.

Infection by HIV increases the risk of human disease following 
infection by M. bovis and a number of examples of human-to-
human transmission of disease have been reported. Thus HIV 
infection could exacerbate the risk of human disease following 
infection from cattle as well as human sources and this is therefore 
another incentive to consider the institution of bovine tuberculo-
sis eradication programmes.

Table 56.8 Reports of the prevalence of bovine tuberculosis and use of the test and slaughter policy in countries within 
the WHO regions

Region Number of countries reporting Number of countries with 
test and slaughter policyEnzootic or 

high prevalence
Sporadic or 
low prevalence

Not reported No data

Africa 55 8 25 18  7

Asia 36 1 16  9  7

Latin America and Caribbean 34 8 12  2 12

Data from Cosivi et al.78

Figure 56.62 Lymphadenopathy (tonsillar node) with sinus 
formation in tuberculosis due to M. bovis.

Human Tuberculosis of Bovine Origin
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TREATMENT OF TUBERCULOSIS

The introduction of rifampicin in the late 1960s made it possible 
to develop highly effective short-course therapeutic regimens 
which, when used within the WHO DOTS strategy, form the basis 
of the modern management of tuberculosis.

Antituberculosis drug therapy

The three aims of antituberculosis therapy are to cure the patient, 
to render the patient rapidly non-infectious and to prevent the 
emergence of drug resistance.

From the point of view of therapy, the tubercle bacilli may be 
thought of as being in three different ‘compartments’: those rep-
licating rapidly on the walls of the cavities, those replicating less 
rapidly in anoxic and acidic solid lesions and those in a dormant 
or near dormant state within dense lesions or macrophages.80 It 
is important to kill all bacilli as the immune responses cannot be 
relied on to deal with any remaining viable bacilli.

Effective cure of the patient is ensured by using combinations 
of agents that, together, are able to kill bacilli in all three ‘compart-
ments’. In those with open or infectious pulmonary tuberculosis, 
the great majority of bacilli are freely replicating in the cavity walls 
and are rapidly killed by isoniazid, thereby speedily rendering the 
patient non-infectious. Isoniazid is much less active against slowly 
replicating bacilli in closed, acidic lesions but rifampicin and 
pyrazinamide are effective against this population. There are two 
phases in the drug treatment of tuberculosis:
1. An initial or intensive phase in which, in most modern regimens, 

four antituberculosis drugs (rifampicin, isoniazid, pyrazin-
amide and ethambutol) are given for 2 months. This intensive 
treatment greatly reduces the mycobacterial load and renders 
the patient non-infectious.

2. A continuation phase which is less intense, usually consisting of 
rifampicin and isoniazid given for a further 4 months.

If the patient regularly receives at least two drugs to which the 
bacilli are susceptible, the chance of the emergence of drug resis-
tance is very small. In view of the increasing prevalence of resis-
tance to one or two drugs, four drugs are now routinely given in 
the intensive phase of treatment. The best drug for the destruction 
of near-dormant persisting bacilli is rifampicin, which is therefore 
also given during the continuation phase. Although isoniazid has 
little activity against near-dormant bacilli, it is included in the 
continuation phase to destroy any rifampicin-resistant mutants 
that commence active replication.

Modern short-course regimens have the added advantages of 
low toxicity and low cost. In most regimens, all the drugs are given 
orally. As four drugs are used in the intensive phase, resistance to 
one of the drugs used does not render the regimen ineffective. 
Combination tablets containing two, three or four of the fi rst-line 
drugs are available and ensure that the prescribed drugs are all 
taken. The WHO recommends that only those combination tablets 
that have been shown in human studies to yield bactericidal levels 
of the constituent drugs should be used.

Drugs and regimens

The selection of the drug regimen depends on the nature 
and extent of the disease. The WHO divides patients into four 
groups, with regimens suitable for each, as shown in Table 56.9. 
Ideally, drugs are administered daily, but for ease of supervision 
they may be given thrice weekly during the continuation phase 
or, in some cases, throughout. Alternative drug regimens are 
still in use in some regions but should be abandoned in favour 
of the highly effective, and cost-effective, WHO-recommended 
regimens.81

Supervision of therapy is considered essential for the cure of 
the patient, the prevention of relapse and of the emergence of drug 
resistance. Thus, directly observed therapy (DOT) is strongly advo-
cated by the WHO. DOT should not be confused with DOTS, 
which is a 5-point strategy for the control of tuberculosis discussed 
on p. 1032.

Short-course therapy is suitable for all forms of tuberculosis 
although in the case of tuberculous meningitis, some physicians 
extend the duration of therapy to 9 or 12 months to minimize the 
risk of relapse.

Drugs used in antituberculosis therapy

As referred to above, the fi rst-line antituberculosis drugs used in 
the WHO-recommended short-course regimens are isoniazid, 
rifampicin, pyrazinamide and ethambutol. Other drugs are avail-
able for the treatment of relapsed or drug-resistant disease 
or when adverse drug reactions require a change in the regimen. 
Six classes of these are recognized, namely: aminoglycosides, 
fl uoroquinolones, polypeptides, thioamides, cycloserine and 
p-aminosalicylic acid.23 As discussed above, MDRTB strains 
additionally resistant to three or more of these six classes 
are termed XDRTB (extensive or extreme drug resistant 
tuberculosis).

Limited evidence indicates that the newer macrolides, the anti-
leprosy drug clofazimine and combinations of aminopenicillins 
and β-lactamase inhibitors, such as amoxicillin with sulbactam, 

Figure 56.63 Chronic skin tuberculosis due to M. tuberculosis 
(secondary to tracking and sinus formation from lymph node 
involvement).
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are also of use. These drugs are generally more toxic, more 
expensive and less active than the fi rst-line drugs and treatment 
is often prolonged and therefore costly.

Isoniazid

This has a powerful bactericidal activity against replicating tuber-
cle bacilli but little or no activity against near-dormant bacilli. It 
is cheap and cross-resistance with other drugs does not occur. 
Effective concentrations of the drug are obtained in all tissues and 
the CSF. Isoniazid is converted to an inactive form by the process 
of acetylation which is under genetic control, with some people 
being rapid acetylators and others slow acetylators. About 50% of 
Caucasians and Africans and 80–90% of Chinese and Japanese are 

rapid acetylators. The elimination half-lives in slow and rapid 
acetylators are, respectively, 2–4 and 0.5–1.5 h. Acetylation status 
does not affect the effi cacy of standard short-course antitubercu-
losis therapy but adverse side-effects and interactions with other 
drugs are more pronounced in slow acetylators. The rate of acety-
lation is reduced in renal failure. Adverse side-effects of isoniazid 
are uncommon and are mostly neurological, including restless-
ness, insomnia, muscle twitching and diffi culty in starting mictu-
rition. Dermatological side-effects have been observed in 
HIV-positive patients (Figure 56.64). More serious but rare side-
effects include peripheral neuropathy, optic neuritis, encepha-
lopathy and psychiatric disorders including anxiety states, 
confusion, depression and paranoia. The risk of neurological 
side-effects is greatly reduced by giving pyridoxine (vitamin B6) 

Table 56.9 The WHO-recommended short-course antituberculosis drug regimens in four categories of patients81

Treatment 
category

Defi nition of treatment category Initial phasea Continuation 
phase

I New smear-positive pulmonary TB; new smear-negative pulmonary 
TB with extensive parenchymal involvement; concomitant HIV 
disease or severe forms of extrapulmonary TB

Preferred

2 HRZE 4 HR
Or
4 (HR)3

Optional

2 (HRZE)3

Or
2 HRZE

4 (HR)3

Or
6 HE

II Previously treated sputum smear-positive pulmonary TB:
– relapse;
– treatment after default

Preferred

2 HRZES/1 HRZE 5 HRE

Optional

2 (HRZES)3/1 (HRZE)3 5 (HRE)3

Treatment failure of category I in settings with:
– adequate programme performance;
– representative DRS data showing high rates of MDRTB and/or 

capacity for DST if cases and
– availability of category IV regimens

Specially designed standardized or individualized 
regimens

In settings where representative DRS data show low rates of 
MDRTB or individualized DST shows drug-susceptible disease or in 
settings of
– poor programme performance
– absence of representative DRS data
– insuffi cient resources to implement category IV treatment

Preferred

2 HRZES/1 HRZE 5 HRE

Optional

2 (HRZES)3/1 (HRZE)3 5 (HRE)3

III New smear-negative pulmonary TB (other than Category I); less 
severe forms of extrapulmonary TB

Preferred

2 HRZE 4 HR

4 (HR)3

Optional

2 (HRZE)3

Or
2 HRZE

4 (HR)3

Or
6 HE

IV Chronic (still sputum-positive after supervised re-treatment); 
proven or likely MDRTB cases

Specially designed 
standardized or 
individualized regimens

a The subscripted fi gure ‘3’ indicates thrice weekly intermittent dosing.
H, isoniazid; R, rifampicin; Z, pyrazinamide; E, ethambutol; S, streptomycin.
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10 mg/day and this has become standard practice in many 
countries. Some national programmes recommend the routine 
prescription of pyridoxine to patients with liver disease, renal 
failure requiring dialysis, pregnant women, alcoholics, HIV-posi-
tive patients, the malnourished and the elderly.

Rifampicin (rifampin in the USA)

This, a member of the rifamycin group of antibiotics, is readily 
absorbed from the gastrointestinal tract and effective concentra-
tions are obtained in all tissues, with moderate levels in the CSF. 
Cross-resistance to other classes of antituberculosis drugs does not 
occur. It is red coloured and patients should be warned that it 
imparts this colour to urine, tears and sweat.

Adverse reactions include mild and usually self-limiting 
skin rashes, erythema multiforme (Figure 56.65) and itchiness 
of the skin. Gastrointestinal upsets occur in some patients 
and are reduced by giving it with food. Impairment of liver func-
tion may be seen in patients with pre-existing liver disease 
and a history of alcoholism and, if possible, assay of serum 
bilirubin and other liver function tests should be done monthly 
on such patients. Another adverse effect is the so-called ‘fl u 
syndrome’, characterized by fever, chills and headache, aching 
bones and, in some cases, a mild thrombocytopenic purpura. 
For unknown reasons, the fl u syndrome is more frequent in 
those on intermittent treatment than in those given rifampicin 
daily.

Much rarer, but serious, adverse events usually associated with 
intermittent dosing include respiratory shock syndrome, throm-
bocytopenic purpura, haemorrhages, haemolytic anaemia and 
renal failure. Rifampicin must be stopped immediately if one of 
these serious adverse reactions develops and must never be given 

again. Corticosteroid therapy may be required for the respiratory 
shock syndrome.

Ethambutol

This has bactericidal activity in the early, intensive, phase of 
treatment and is reported to enhance the activity of other antitu-
berculosis agents by increasing mycobacterial cell wall permeabil-
ity. Resistance is uncommon. It is concentrated in the alveolar 
macrophages. It does not diffuse through healthy meninges but 
CSF levels of 25–40% of the plasma concentration, with consi-
derable variation between patients, are achieved in tuberculous 
meningitis.

The most important side-effect is optic neuritis, which may 
become irreversible and lead to blindness. This rarely occurs if no 
more than 25 mg/kg is given daily for no longer than 2 months. 
National codes of practice for detection and prevention of ocular 
toxicity should be followed. Patients should be instructed to stop 
therapy and to seek medical advice if they notice any change in 
visual acuity, peripheral vision or colour perception. Ethambutol 
should not be given to young children and others unable to 
comply with this advice. Other adverse effects include peripheral 
neuritis, joint pain due, in some cases, to hyperuricaemia, rashes 
and, rarely, thrombocytopenia and jaundice.

Pyrazinamide

Pyrazinamide is only active in acidic environments and is there-
fore principally effective against intracellular tubercle bacilli and 
those in acidic, anoxic infl ammatory lesions. It freely enters the 
CSF, where levels achieved are similar to those in the plasma. 
Resistance is uncommon.

Despite early reports of hepatotoxicity, pyrazinamide is usually 
well tolerated and skin rashes occur rarely (Figure 56.66). Although 
moderate elevations of serum transaminases occur early in treat-
ment, severe hepatotoxicity is uncommon except in patients with 
pre-existing liver disease. Its principal metabolite, pyrazinoic acid, 
inhibits renal excretion of uric acid, occasionally resulting in gout 
requiring treatment with allopurinol. An unrelated arthralgia, 
notably of the shoulders and responsive to analgesics, also occurs. 

Figure 56.64 Extensive skin reaction due to isoniazid.

Figure 56.65 Erythema multiforme skin reaction due to rifampicin.
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Other side-effects include anorexia, nausea and photosensitiza-
tion of the skin.

Second-line drugs

These are indicated in cases of drug resistance and, very occasion-
ally, when the use of a fi rst-line drug is prevented by adverse drug 
reactions. In general, they are less effective, more toxic and more 
expensive than the fi rst-line drugs. As mentioned above, there are 
six classes of second-line drugs, namely: aminoglycosides, thio-
amides, fl uoroquinolones, polypeptides, p-aminosalicylic acid 
and cycloserine.23 In addition, a few experimental agents are being 
evaluated.82

Thiacetazone is no longer included as, although once widely 
used, the WHO strongly recommends that it should be aban-
doned on account of its poor activity, widespread resistance to it 
and the high risk of severe and sometimes fatal skin reactions, 
including exfoliative dermatitis and Stevens–Johnson syndrome, 
particularly in those who are infected with HIV.

Aminoglycosides

Streptomycin was the fi rst effective antituberculosis drug but is 
no longer a fi rst-line drug as it has the disadvantage that it is 
not absorbed from the intestine and must therefore be given 
by intramuscular injection. This raises the associated danger of 
transmission of HIV and other viruses by contaminated needles. 
The principal side-effects involve the vestibular apparatus of the 
inner ear and manifest as unsteadiness and vertigo. This complica-
tion is more likely in older patients and the damage may be 
permanent if the drug is not stopped immediately when the symp-
toms commence. Deafness occasionally occurs and, if an amino-
glycoside is given during pregnancy, it can lead to impaired 
hearing in the child. A further uncommon complication is ana-
phylaxis. Other aminoglycosides active against tubercle bacilli are 
kanamycin and amikacin which, in common with streptomycin, 
must be given by intramuscular injection and are ototoxic and 
nephrotoxic.

Thioamides – ethionamide and prothionamide

These are bacteriostatic drugs structurally related to isoniazid, 
although no cross-resistance occurs. Their use is restricted by a 
high incidence of gastric irritation, although this undesirable 
effect is reduced by commencing with a low dose and gradually 
increasing to the full dose and by taking the drugs at bedtime.

Fluoroquinolones

Clinical trials on several fl uoroquinolones including ofl oxacin, 
ciprofl oxacin, ofl oxacin, levofl oxacin and moxifl oxacin have been 
or are currently being evaluated in clinical trials.83

Although not currently recommended as fi rst-line drugs for the 
treatment of drug-susceptible tuberculosis (although preliminary 
reports suggest that they could reduce the length of standard 
therapy) these agents are included in regimens for MDRTB. Further 
studies to compare the effi cacy of the various fl uoroquinolones 
and to establish their optimum use are required.

Polypeptides – capreomycin and viomycin

In common with the aminoglycosides, they must be given by 
intramuscular injection and are ototoxic and nephrotoxic. They 
show partial cross-resistance with the aminoglycosides. Viomycin 
is no longer obtainable in many countries.

p-Aminosalicylic acid

This was one of the early antituberculosis drugs but is now rarely 
used as it has only bacteristatic activity, commonly causes gastro-
intestinal upsets and is of limited availability.

Cycloserine

This is a bacteriostatic drug which has unpleasant side-effects 
including headache, dizziness and psychiatric complications. It is 
usually the last drug of choice.

Other (including experimental) agents

After three decades of neglect, there is now a Gates Foundation- 
funded Global Alliance for TB Drug Development, which has 
considerable interest and activity in the development of new anti-
tuberculosis drugs. Among the rifamycins, rifabutin is used as an 
alternative to rifampicin in HIV-positive patients receiving antiret-
roviral therapy (p. 1026). There is anecdotal evidence for effi cacy 
of the antileprosy drug clofazimine and of amidopenicillins in 
combination with β-lactamase inhibitors, such as amoxicillin with 
sulbactam. Groups of novel agents being evaluated in pre-clinical 
and clinical studies include diarylquinolones, nitroimidazoles, 
quinazolines and ethambutol analogues.82 More detailed accounts 
of the antituberculosis drugs are available in other texts.84–86

Immunotherapy

The use of adjunct immunotherapy to treat tuberculosis is a 
subject of growing interest. Administration of exoogenous IFNγ or 

Figure 56.66 Reaction to antituberculosis drugs: ‘Target lesions’ due 
to pyrazinamide.
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IL-2 and other agents might augment host cell mediated immune 
(CMI) responses in active TB, improve or accelerate clearance of 
tubercle bacilli, and improve clinical outcomes. A substantial 
body of evidence indicates that the response to therapy in drug-
sensitive disease may be accelerated, and treatment potentially 
shortened, by antigranuloma strategies targeted at eliminating 
dormancy. Immunomodulators such as: corticosteroids, HSP-
65DNA, TGFβ inhibitors, HE2000, IL-4 inhibitors, intravenous 
immunoglobulin, rHuIFNγ, Eternacept therapeutic vaccines, and 
other drugs and biologics have the potential to shorten treatment, 
by modulating the host response and helping the immune system 
eliminate persistent organisms. Strategies studied to date in mouse 
models have been found to reduce the Th2 inhibitory effect on 
the protective Th1 response, either by inhibiting IL-4 production, 
or by downregulating the Th2 response. In animal models, impres-
sive treatment shortening times have been observed, and further 
human testing under appropriate study designs is warranted. In 
addition to the treatment shortening described above, immuno-
modulation might improve treatment outcomes using immuno-
modulators as adjunctive therapies to existing regimens in all 
groups of patients, including those with MDRTB and XDRTB. 
Agents under investigation include cytokines such as IFNγ and a 
heat-killed preparation of an environmental mycobacterium, M. 
vaccae. Although clinical trials of single doses of the latter as an 
adjunct to standard drug therapy yielded variable results,87 repeated 
doses improved the cure rate of those with MDRTB, even when 
they received very inappropriate drug therapy.88 Further studies are 
therefore required, especially in regions where extreme drug resis-
tance is encountered.

Adverse drug reactions and interactions

Adverse reactions are discussed in the descriptions of the indi-
vidual drugs above and summarized in Table 56.10.

Drug interactions require careful attention, notably in HIV-
positive patients, in whom such interactions may be accentuated 

and who may be taking a number of drugs, such as antiretroviral 
combinations and/or antibiotics for the treatment or prevention 
of opportunistic infections, with which antituberculosis agents are 
likely to interact.89 Care must therefore be taken in prescribing 
concurrent antituberculosis therapy and, in cases where drug 
interactions are known, changes to therapy may be required.

The principal interactions between the antituberculosis agents 
and other drugs are listed in Table 56.11. Most drug interactions 
encountered in antituberculosis therapy are associated with the 
rifamycins (rifampicin, rifabutin and rifapentine), which induce 
hepatic cytochrome enzymes, notably cytochrome p450 isoen-
zyme 3A4 (CYP3A4), involved in the metabolism of many drugs. 
Rifabutin is less enzyme-inducing than rifampicin. Cytochrome 
induction by antituberculosis agents affects some antiretroviral 
agents, notably the protease inhibitors such as saquinavir, indina-
vir, nelfi navir and ritonavir, and thus could result in signifi cantly 
reduced levels and promote the development of viral resistance. 
Conversely, co-administration of ritonavir or indinavir with rifa-
mycins inhibits their metabolism and dose adjustments may be 
required. Thus the concomitant administration of antituberculosis 
drugs and antiretroviral agents poses serious problems, as described 
below.

It is important to note that rifamycins enhance the metabolism 
of oral contraceptives and alternative means of contraception 
should therefore be used during therapy. Rifamycins also reduce 
the therapeutic levels of azoles such as ketoconazole and fl ucon-
azole. In patients taking dapsone prophylaxis for PCP, there are 
seven- to 10-fold reductions in dapsone levels.

Absorption of rifampicin is signifi cantly reduced by the co-
administration of antacids such as aluminium hydroxide, sodium 
hydroxide and magnesium trisilicate due to an increased gastric 
pH. Aluminium may also form chelates with rifampicin which are 
less soluble and less well absorbed.

Isoniazid delays the metabolism of warfarin, carbamazepine 
and phenytoin and, conversely, reduces the plasma levels of the 
azoles by enhancing their metabolism.

Table 56.10 Adverse reactions (side-effects) of the antituberculosis agents

Agent Adverse reactions

ISONIAZID

Common Anorexia, nausea, vomiting, fever, skin rashes, peripheral neuropathy

Rare Vertigo, convulsions, optic neuritis and atrophy, psychiatric disturbance, haemolytic anaemia, aplastic anaemia, 
dermal reactions including pellagra, purpura and lupoid syndrome, gynaecomastia, hyperglycaemia, arthralgia

RIFAMPICIN

Common Orange-red discolouration of urine, anorexia, nausea, vomiting, diarrhoea, skin rashes

Rare Dyspnoea, hypotension with or without shock, Addisonian crisis, haemolytic anaemia, acute renal failure, 
thrombocytopenia with or without purpura, transient leucopenia or eosinophilia, menstrual disturbances, muscular 
weakness, pseudomembranous colitis

PYRAZINAMIDE

Common Anorexia, fever, nausea, vomiting

Uncommon Hepatitis, nausea and vomiting, urticaria, skin rash, nausea, arthralgia

Rare Sideroblastic anaemia, photosensitization, gout, dysuria, aggravation of peptic ulcer
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Agent Adverse reactions

ETHAMBUTOL

Uncommon Optic neuritis, arthralgia

Rare Hepatitis, cutaneous hypersensitivity including pruritis and urticaria, photosensitive lichenoid eruptions, paraesthesia 
of the extremities, interstitial nephritis

STREPTOMYCIN

Uncommon Vertigo, ataxia, deafness, tinnitus, cutaneous hypersensitivity

Rare Renal damage, aplastic anaemia, agranulocytosis, peripheral neuropathy, optic neuritis with scotoma, severe 
bleeding due to antagonism of Factor V, neuromuscular blockade in patients receiving muscle relaxants or with 
myaesthenia gravis

OTHER AMINOGLYCOSIDES

Uncommon Cutaneous hypersensitivity, vertigo, deafness

Rare Renal damage, hypoglycaemia, hypokalaemia

THIACETAZONE

Common Gastrointestinal upsets, cutaneous hypersensitivity, vertigo, conjunctivitis

Uncommona Hepatitis, erythema multiforme, exfoliative dermatitis, Stevens–Johnson syndrome, haemolytic anaemia

Rare Agranulocytosis

P-AMINOSALICYLIC ACID

Common Gastrointestinal upsets

Uncommon Cutaneous hypersensitivity, hepatitis, hypokalaemia

Rare Acute renal failure, haemolytic anaemia, thrombocytopenia, hypothyroidism

ETHIONAMIDE/PROTHIONAMIDE

Common Gastrointestinal upsets, salivation, metallic taste

Uncommon Cutaneous hypersensitivity, hepatitis

Rare Alopecia, convulsions, deafness, diplopia, gynaecomastia, hypotension, impotence, psychiatric disturbance, 
menstrual irregularity, hypoglycaemia, peripheral neuropathy

CAPREOMYCIN AND VIOMYCIN

Common Eosinophilia (with capreomycin), pain and induration at injection site

Uncommon Loss of hearing, vertigo, tinnitus, electrolyte disturbances including hypokalaemia, leucopenia or leucocytosis

Rare Renal impairment, hepatitis, thrombocytopenia

CLOFAZIMINE

Common Discolouration of skin and body fl uids, nausea, vomiting, abdominal pain, diarrhoea

Uncommon Dryness of skin, ichthyosis, photosensitivity

Rare Intestinal obstruction

CYCLOSERINE

Common (especially 
exceeding 500 mg)

Drowsiness, sleep disturbance, headache, tremor, vertigo, confusion, irritability, aggression and other personality 
changes, psychosis (sometimes with suicidal tendencies)

Uncommon Convulsions, cutaneous hypersensitivity, hepatitis, megaloblastic anaemia

Rare Congestive heart failure

OFLOXACIN

Uncommon Gastrointestinal upsets, headache, dizziness, insomnia, cutaneous hypersensitivity reactions 

Rare Restlessness, convulsions, psychiatric disturbances including psychotic reactions and hallucinations, oedema of face, 
tongue and epiglottis, disturbance of taste and smell, anaphylactoid reactions

a Severe thiacetazone-induced skin reactions are common in HIV-positive persons.

Table 56.10 continued
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Treatment of tuberculosis in patients receiving 
antiretroviral agents

Although patients with HIV-related tuberculosis can be prescribed 
concomitant therapy such as antiretroviral agents, careful manage-
ment is required. The subject of antiretroviral therapy is a rapidly 
changing one as new agents and regimens are constantly being 
introduced. Drug interactions are therefore being reported with 
increased frequency and the literature on the subject rapidly 
becomes out of date.

Detailed discussion on interactions between antituberculosis 
drugs and antiretroviral agents and the management of co-infected 
patients is beyond the scope of this book. The clinician is therefore 
advised to seek specialist help or refer to current guidelines issued 
by the Centres for Disease Control, Atlanta, Georgia, or the WHO 
(Table 56.12). The WHO recommendations published in 2006 
emphasize that the priority is to treat tuberculosis: antiretroviral 
agents should be deferred for 2–8 weeks in those with CD4 counts 
of <200/mm3 and in those whose CD4 counts are unknown; for 
8 weeks in those with CD4 counts of 200–350/mm3, while those 
with counts of >350/mm3 should be evaluated after 8 weeks 
and, unless their condition is deteriorating, antiretroviral agents 
can be withheld until completion of short-course antituberculosis 
therapy.76

Hypersensitivity reactions to antituberculosis 
drugs and their management

These are uncommon in the fi rst week of treatment and are mostly 
seen in the second to fourth weeks. The reactions are graded as 
follows:

• Mild: itching of the skin only
• Moderate: fever and a rash which may be mistaken for measles 

or scarlet fever. Blistering may be seen
• Severe: in addition to fever and rash there may be hypotension, 

generalized swelling of lymph nodes, enlargement of liver 
and spleen, swelling round the eyes and swelling of the 
mucous membranes of the mouth and lips. Stevens–Johnson 
syndrome (a generalized and severe exfoliative rash and ulcer-
ation of the mucous membranes of the mouth, genitals and 
eyes) may occur, particularly in HIV-positive persons receiving 
thiacetazone.

Mild itching is often transitory and relieved by antihistamines but 
if the moderate or severe signs and symptoms listed above develop, 
antituberculosis therapy must be stopped immediately. If the 

Table 56.11 Interactions between antituberculosis drugs and other therapeutic agents

Drugs whose effects are opposed by rifampicin Antiretroviral agents Azathioprine

Corticosteroids Ciclosporin

Diazepam Digoxin

Haloperidol Imidazoles

Opioids Oral contraceptives

Phenytoin Propranolol

Quinidine Tolbutamide

Theophylline Warfarin

Drug potentiating the effects of rifampicin Trimethoprim–sulfamethoxazole (cotrimoxazole)

Drug whose effects are opposed by isoniazid Enfl urane

Drugs whose effects are potentiated by isoniazid Phenytoin Carbamazepine

Drug potentiating the effects of isoniazid Insulin

Drugs opposing the effects of isoniazid Antacids (inhibit absorption) Prednisolone

Drugs whose effects are potentiated by streptomycin Neuromuscular blocking agents

Drug potentiating the effects of quinolones Cimetidine

Drugs whose effects are potentiated by quinolones Aminophylline Theophylline

Drugs opposing the effects of quinolones Antacids, iron preparations, sucralfate, didanosine (all inhibit 
absorption)

Table 56.12 Antituberculosis drug regimens with 
concomitant antiretroviral regimens

Antituberculosis 
regimen

Months of 
therapy

Antiretroviral therapy

Rifampicin 1–6 Triple non-nucleoside 
reverse transcriptase 
inhibitors (NRTI)

Isoniazid 1–6

Pyrazinamide 1–2

Ethambutol 1–2

Rifabutin 1–6 Nelfi navir, indinavir, 
amprenavir, efavirenz or 
nevirapine

Isoniazid 1–6

Pyrazinamide 1–2

Ethambutol 1–2
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patient is seriously ill, corticosteroids should be administered. 
If the patient is able to swallow, prednisolone 15 mg three 
times a day is given until improvement occurs and the dose is 
then reduced gradually every 2 days according to the patient’s 
response. If the patient is unable to swallow, a suitable regimen 
consists of hydrocortisone 200 mg i.v. or i.m. followed by dexa-
methasone 4 mg i.v. or i.m. until the patient can swallow, when 
it is replaced by prednisolone 15 mg three times a day. When 
clinical improvement occurs, the oral dose is reduced as above. 
Intravenous fl uid replacement is required if the patient is unable 
to swallow.

When the hypersensitivity reaction has subsided, antitubercu-
losis therapy should be recommenced with other drugs. Alterna-
tively, challenge doses of the fi rst-line drugs may be given in order 
to determine which drug was responsible. The challenges should 
commence with the drug least likely to have caused the reaction 
and with the doses shown in Table 56.13. The patient must remain 
under close observation during administration of challenge 
doses.

Desensitization may be carried out if the patient is hypersensi-
tive to isoniazid or rifampicin. Desensitization to other drugs is 
rarely required and must never be attempted outside specialist 
centres. Desensitization to any antituberculosis agent must never 
be attempted in HIV-positive patients. The usual method is to give 
the patient one-tenth of the standard dose of the drug and to 
increase this by one-tenth each day until the standard dose is 
reached. As with challenge testing, the patient must remain under 
close observation during the procedure. During desensitization 
the patient should be given two antituberculosis drugs that he or 
she has not received before.

Special treatment situations

Renal insuffi ciency

Rifampicin, isoniazid, pyrazinamide, ethionamide and prothion-
amide are either fully metabolized or eliminated in the bile and 
may be used safely at the normal doses in patients with renal 
impairment. Isoniazid carries an increased risk of neurological 
toxicity, including peripheral neuropathy and encephalopathy, in 
patients with impaired renal function but this is preventable in 

most cases by giving pyridoxine. Ethambutol is mainly eliminated 
by the kidney but may be used in reduced doses in patients with 
impaired renal function. As streptomycin and other aminoglyco-
sides are eliminated entirely by the kidney and are nephrotoxic 
their use should be avoided whenever possible. Careful monitor-
ing of drug levels in patients, especially those on dialysis, is 
required for successful therapy and the avoidance of adverse drug 
reactions.90

Impaired liver function

Patients with impaired liver function may be treated safely with 
isoniazid, ethambutol and, if required, streptomycin. It is usually 
advised that pyrazinamide should be avoided although there is 
no clear evidence that it is any more toxic in patients with impaired 
hepatic function. Rifampicin should be used with caution: doses 
should be reduced in patients with bilirubin concentrations 
exceeding 50 mmol/L . Liver function should be regularly moni-
tored, where possible, in alcoholics, the elderly, malnourished 
children and children under 2 years of age.

If jaundice develops during antituberculosis therapy, treatment 
should be stopped until the jaundice resolves. In many cases 
resumption of treatment does not cause a recurrence of the jaun-
dice. Patients who are seriously ill with tuberculosis may be 
treated with streptomycin and ethambutol even in the presence 
of jaundice.

Pregnancy

The standard 6-month regimens may be safely used during preg-
nancy. Streptomycin, other aminoglycosides, capreomycin and 
viomycin should be avoided as they may damage the inner ear of 
the fetus, leading to impairment of hearing. Ethionamide and 
prothionamide should also be avoided as they have been shown 
to be teratogenic. Pyridoxine 10 mg daily prevents damage of fetal 
nerves by isoniazid. Vitamin K should be given to newborn infants 
of mothers receiving rifampicin to lower the risk of haemorrhagic 
complications.

Management of patients with drug- and 
multi-drug resistant organisms

Patients with organisms resistant to one of the fi rst-line drugs 
usually respond to modern short-course therapy. Resistance to 
isoniazid and rifampicin (multi-drug resistance) is much more 
serious as patients with such resistance do not respond to standard 
regimens. Indeed, there is a risk that such treatment will result in 
the development of resistance to the other agents in the regimen, 
usually pyrazinamide and ethambutol.

Treatment of MDRTB is based on the second-line drugs, which 
are more toxic, more costly and less effective than the fi rst-line 
drugs. Therapy must often be continued for much longer than 
standard regimens – for at least 12 months after the sputum 
becomes bacteriologically negative.91 With increasing therapeutic 
experience, the prognosis of patients with MDRTB is improving; 
in one study of patients with disease resistant to a median of six 
drugs, 85% of patients had a favourable outcome,92 and high 
levels of cure can be achieved in resource-limited settings.93 Strict 
supervision of therapy is essential to prevent emergence of extreme 

Table 56.13 Sequence of reintroduction and challenge 
doses for restarting therapy

CHALLENGE DOSE

Agent Likelihood of the 
drug causing the 
reaction and 
sequence of 
reintroduction

Day 1 Day 2 Day 3

Isoniazid Least/fi rst  50 mg 300 mg 300 mg

Rifampicin  75 mg 300 mg Full dose

Pyrazinamide 250 mg   1 g Full dose

Ethambutol 100 mg 500 mg Full dose

Streptomycin Greatest/last 125 mg 500 mg Full dose
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drug resistance. Guidelines for the management of MDRTB are 
available from the WHO.94

In view of the growing problem of MDRTB in several regions, 
the ‘DOTS-plus’ strategy has been advocated.94 In principle, all 
possible steps should be taken to link the tuberculosis control 
programmes in which MDRTB is encountered with a reference 
laboratory where drug susceptibility testing can be carried out. The 
alternative is to develop empirical regimens for the treatment of 
MDRTB based on a knowledge of the patterns of drug resistance 
in a given region.

In the absence of good-quality laboratory services, treatment 
should be based on drugs which the patient has not received 
before. Unfortunately it is often far from easy to ascertain which 
drugs a patient has previously received. The ‘golden rule’ of empir-
ical therapy is that a single drug must never be given to a patient 
whose therapy is failing. This is a certain way of generating further 
drug resistance.

The diffi culties in the management of MDRTB cannot be over-
emphasized. Practical advice has been published by the WHO 
and, whenever possible, expert advice should be obtained. Inad-
equate therapy will be of no benefi t to the patient and will only 
exacerbate the growing problem of resistance and has, as described 
above, led to the emergence of extensively drug resistant tubercu-
losis (XDRTB) in some regions and to the very real danger of 
disease untreatable by conventional means.

The role of corticosteroids in tuberculosis

Corticosteroids play no part in the treatment of uncomplicated 
pulmonary tuberculosis. Although some studies indicate that they 
relieve symptoms, they may well suppress protective immune 
responses. In some forms of extrapulmonary tuberculosis, their 
use may prevent sequelae due to scarring and may be life-saving.95 
They should never be administered unless the patient is receiving 
supervised antituberculosis therapy. Their use is discussed under 
the various headings of extrapulmonary tuberculosis above and is 
briefl y summarized here:
• Hypersensitivity reactions to drugs, particularly if they are life-

threatening
• Life-threatening tuberculosis. Some physicians consider that ste-

roids reduce mortality in those very seriously ill with tubercu-
losis and, although not based on fi rm evidence, nothing is to 
be lost by giving steroids to such patients. There are limited 
reports of clinical benefi ts of steroid therapy in HIV-positive 
patients with serious progressive tuberculosis, even though 
such therapy is likely to further reduce immune function

• Pleural, pericardial and peritoneal tuberculosis. Corticosteroids 
reduce the effusion, and enhance its clearance and subsequent 
restrictive scarring

• Tuberculous meningitis. Corticosteroids increase survival but 
their ability to reduce long-term adverse sequelae in this con-
dition remains controversial. National guidelines should be 
followed

• Genitourinary tuberculosis. Corticosteroids relieve ureteric 
obstruction and prevent further obstructive scarring and shrink-
age of the bladder

• Lymph node tuberculosis. Corticosteroids are indicated when 
massive enlargement of a lymph node causes respiratory dis-

tress. The use of steroids in cases with non-life-threatening 
enlargement of lymph nodes due to hypersensitivity reactions 
during therapy is controversial, although skin necrosis, sinus 
formation and scarring may be prevented in cases of extensive 
enlargement

• Other indications. Steroid therapy is indicated in destructive 
ocular lesions to preserve sight, in laryngeal lesions to amelio-
rate pain, for hormone replacement therapy in Addison’s 
disease and, extremely rarely, in life-threatening generalized 
hypersensitivity reactions to tuberculin.

Dosage

There are no absolute guidelines but the following have been 
recommended. When the patient is not seriously ill and when the 
risk of sequelae due to fi brous scarring is low, 10 mg of predniso-
lone twice daily for 4–6 weeks, followed by a reduction of the 
daily dose by 5 mg each week, is usually adequate.

For more serious conditions, including tuberculous meningitis 
and pericarditis, 30 mg of prednisolone twice daily for 4 weeks 
should be administered, or longer if indicated, followed by a 
tailing off as above. Pleural effusions usually respond to 20 mg 
twice daily for 2 weeks.

The dose in children, depending on severity, is 1–3 mg/kg. It 
is important to note that rifampicin leads to a more rapid metab-
olism of steroids and the dose of steroids should therefore be 
increased by one-half for up to 4 weeks in patients receiving 
rifampicin.

The use of steroids in the treatment of severe drug reactions is 
described on p. 1029.

Preventive therapy

Few aspects of tuberculosis control have generated more contro-
versy than treatment of latent infection in order to prevent the 
emergence of active tuberculosis. Such so-called preventive therapy 
is distinct from chemoprophylaxis which is given to uninfected 
persons at a high risk of being infected and developing the disease, 
such as a young child exposed to a source case in the home. In 
some countries, such as the USA, where tuberculosis is very 
uncommon in most states and where BCG vaccination is no 
longer used, preventive therapy is given to tuberculin reactors. In 
such circumstances, isoniazid monotherapy, usually for 1 year, is 
given on the assumption that very few viable bacilli are present 
and the chance of mutation to isoniazid resistance is therefore 
very small. Such therapy has been shown, under these circum-
stances, to be effective and, as the chance of reinfection is very 
low, protection is long-lasting. The major problems encountered 
in the use of isoniazid monotherapy are those of ensuring compli-
ance and the occurrence of hepatic complications. On account of 
the latter, some authorities recommend that only those under 35 
years of age should receive chemoprophylaxis.96 Another problem 
is the high incidence of multi-drug resistant tuberculosis in some 
regions, against which isoniazid monotherapy would afford no 
protection. It is understandable that healthcare staff are anxious 
about the risk to their health if reliance is placed on chemopro-
phylaxis rather than BCG vaccination.
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In general, in view of problems of compliance and organiza-
tion, preventive therapy has not played a major role in tubercu-
losis control.97 The advent of the HIV/AIDS pandemic has led to 
a reappraisal of preventive therapy, as the chance of a dually 
infected person developing overt tuberculosis is very high. Several 
placebo-controlled studies of isoniazid monotherapy in patients 
co-infected with M. tuberculosis and HIV have shown that preven-
tive therapy is effective. Unfortunately, however, the preventive 
effect of isoniazid is short-lived in HIV-positive persons and 
rapidly declines after completion of the course of therapy. Indeed, 
in one study no protection was apparent after 18 months. Thus, 
repeated courses of preventive therapy or even lifetime medication 
may be required. The preventive effect is greatest in those who are 
tuberculin-positive and who have a relatively high lymphocyte 
count. For this reason, and on account of the diffi culty of diagnos-
ing infection by M. tuberculosis in tuberculin-negative persons, the 
WHO recommends that preventive therapy should be restricted 
to HIV-positive persons who are tuberculin-positive.

Isoniazid monotherapy for 9 months is suitable for preventive 
therapy in HIV-positive persons: continuation of therapy to 12 
months adds very little. Shorter prophylactic regimens, such as 
rifampicin with pyrazinamide for 2 months, have been evaluated 
but rejected on the basis of an unacceptable level of adverse 
effects.

It is important to ensure that HIV-positive persons receiving 
preventive therapy do not have active tuberculosis or there is a 
strong risk of masking the disease and encouraging the emergence 
of drug resistance. It is also necessary to supervise the therapy 
and this adds another burden to stretched tuberculosis control 
services.

Policies for the use of preventive therapy vary from country 
to country. National guidelines should be consulted for indica-
tions for chemoprophylaxis and for the recommended drug regi-
mens. Preventive therapy is, however, unlikely to have a major 
impact on tuberculosis control because of the diffi culties of 
implementation.

Surgical treatment

In general, surgery plays a minor role in the treatment of pulmo-
nary tuberculosis, although resection of lesions caused by multi-
drug resistant tubercle bacilli in those with persistently positive 
sputum achieves high cure rates with acceptable morbidity.98 
Other indications include life-threatening haemoptysis, myceto-
mas forming in old tuberculous cavities, empyema and respiratory 
distress due to grossly enlarged mediastinal lymph nodes. Surgery 
has also been used in cases of localized pulmonary disease due to 
environmental mycobacteria but the availability of more effective 
therapeutic regimens is reducing the need for surgical resection.

Surgical treatment for extrapulmonary disease is discussed 
under the appropriate headings.

Tuberculosis control programmes

Following the introduction of short-course therapy in the early 
1970s, a huge amount of effort was devoted to establishing 
optimum drug regimens, but few concerted operational efforts 
were made to apply this work to the global eradication of tuber-

culosis. Indeed, an ideal window of opportunity to control tuber-
culosis before the advent of HIV disease was missed. Instead, the 
global tuberculosis problem became so serious that, in 1993, the 
WHO took the unprecedented step of declaring this disease a 
global emergency.

This declaration led to an intensifying of interest in tuberculo-
sis by the WHO, culminating in the formulation of the Global 
Plan to Stop Tuberculosis (GPSTB) in 1998. The commitment to 
stop tuberculosis has been linked to the Advocacy Forum for 
Massive Effort Against Diseases of Poverty, sponsored by the WHO 
and UNAIDS and launched in October 2000 in the Swiss city of 
Winterthur with the aim of conquering tuberculosis, HIV disease 
and malaria – the three infectious diseases that pose the greatest 
threat to human health and life and are responsible for 1 in 10 of 
all human deaths.99 Tuberculosis is certainly a disease that affects 
the poor and is a major cause of poverty as it has a devastating 
economic impact on a household in a developing country.100 On 
average, a family loses 30% of its income if a money-earner devel-
ops tuberculosis, and 15 years of income if that person dies of the 
disease. Accordingly, tuberculosis control as a way of alleviating 
poverty is a key aim of the Millennium Development Goals which 
set the target of halving, by application of the WHO DOTS strategy 
and other innovations, the prevalence of tuberculosis, and deaths 
due to it, by the year 2015.101

Two important related initiatives of the WHO are The Global 
Alliance for TB Drug Development and The Global TB Drug 
Facility (GDF).102 The former is an alliance of governments, non-
governmental organizations, pharmaceutical companies and 
funding agencies committed to the development of new cost-
effective antituberculosis drugs that will improve and simplify the 
treatment of tuberculosis, including drug-resistant forms. As a 
direct result of this commitment, several promising new drugs 
and regimens are currently being developed and evaluated.82

The GDF was launched in March 2001 to increase access to 
high-quality antituberculosis drugs. By 2004, the GDF had sup-
plied effective drug regimens to almost 2 million patients in 49 
countries and had brought down the cost of treating a patient to 
under US$10.

The GPSTB has grown into an extensive network of numerous 
governmental, non-governmental and academic organizations 
with a secretariat based at the WHO headquarters in Geneva. Full 
details are available on the GPSTB website (www.stoptb.org). The 
GPSTB programme is based on the WHO DOTS strategy, a 5-point 
control strategy formally introduced in 1994 and described 
below.103 Originally DOTS was an acronym of Directly Observed 
Therapy, Short Course but it is now the ‘brand name’ for the 
overall strategy. In addition GPSTB aims to ensure that countries 
are able to establish effective tuberculosis control programmes 
and it disseminates up-to-date news, knowledge and information 
through various media, including the internet. In addition, it 
hosts a very valuable e-mail forum for the interchange of ideas 
and opinions between workers in the fi eld.

The strategic objectives of the GPSTB are to expand the DOTS 
programme so that all those with tuberculosis will be effectively 
diagnosed and treated, to address the challenges of HIV-related 
tuberculosis and multi-drug resistance, to improve disease control 
by developing and evaluating new diagnostic tests, drugs and vac-
cines, and to strengthen global partnerships so that the control 
strategies can be effectively utilized.
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In January 2006, the GPSTB published its ambitious, yet 
realistic, global plan for control of tuberculosis between 2006 
and 2015.104 The aim of the plan, in common with that of 
the Millennium Development Goals, is to halve the prevalence 
of, and deaths due to, tuberculosis from the 1990 baseline by 
the year 2015. This will require the successful treatment of 
50 million patients, including 800 000 with MDRTB or XDRTB 
and three million co-infected with HIV who will also receive 
antiretroviral therapy under the UNAIDS plan for universal 
access. The estimated cost will be US$50 billion and will there-
fore require an enormous and sustained advocacy effort 
but it has the potential to save at least 14 million lives. Other 
key elements of the plan are to develop and deploy, by 2015, new 
and effective vaccines and also therapeutic regimens that will 
reduce the treatment time to 1–2 months, be suitable for the cure 
of MDRTB and XDRTB and be compatible with antiretroviral 
therapy. It is noted in the plan that a particular effort will be 
required in the African and Eastern European WHO regions due, 
respectively, to the high incidence of HIV infection and MDRTB 
and XDRTB.

The WHO DOTS strategy

In the expanded DOTS framework for effective tuberculosis control 
published in 2002,103 the fi ve elements of the DOTS strategy are 
defi ned as:
• Sustained political commitment to increase human and fi nan-

cial resources and to make tuberculosis control a nationwide 
activity integral to national health systems

• Access to quality-assured tuberculosis sputum microscopy for 
case detection among people presenting with, or found through 
surveys to have, symptoms of tuberculosis (most importantly, 
prolonged cough). Special attention is necessary for case detec-
tion among HIV-infected people and other high-risk groups, 
such as people in institutions

• Standardized short-course therapy for all cases of tuberculosis 
under proper case-management conditions, including direct 
observation of therapy. Proper case-management conditions 
imply technically sound and socially supportive treatment 
services

• Uninterrupted supply of quality-assured drugs with reliable 
procurement and distribution systems

• Recording and reporting system enabling outcome assessment 
of each and every patient and assessment of the overall pro-
gramme performance.

Case fi nding

This may be active, involving a deliberate enquiry of symptoms, 
usually a history of a cough of more than 3 weeks’ duration, 
sometimes by means of door-to-door surveys. Passive case fi nding 
relies on patients with symptoms presenting at a clinic. The effi -
ciency of the latter approach critically depends on public health 
education, the proximity of the clinic from the patients’ homes 
and the reputation of the clinic in the region. In some regions, 
poor people prefer attending private practitioners even though 
they can ill afford them, as the state-sponsored centres have a poor 
reputation for caring and competence.

Diagnosis

This is usually based on sputum microscopy. As case holding is 
of key importance, the number of times that a patient has to 
attend a clinic should be kept to a minimum. A commonly 
adopted policy is to examine a sputum sample produced by the 
patient on his or her fi rst visit, an early morning specimen brought 
to the clinic the following day and a third specimen collected on 
that visit. As mentioned above (p. 998) there are differing opin-
ions on the value of the third specimen.

The effi ciency and accuracy of sputum microscopy critically 
depend on the skill and dedication of the microscopist. As micro-
scopical examination of sputum smears is tedious work, it is 
important to give laboratory staff a variety of examinations to 
undertake and no member of staff should examine more than 20 
sputum smears each day. Quality control, training and attention 
to job satisfaction are important factors to be attended to in the 
management of microscopy services. The organization and prac-
tice of microscopy and other aspects of the tuberculosis laboratory 
are discussed in detail elsewhere.29,30

Supply of drugs

It is essential that a regular supply of good-quality drugs is main-
tained and that these are available to the patients at no cost to 
them. Intermittent supplies of drugs are a major cause of treat-
ment failure, the emergence of drug resistance and a loss of public 
confi dence in the treatment services. Combination preparations, 
containing two or more antituberculosis drugs, must only be pur-
chased from manufacturers approved by the WHO, as poorly 
formulated preparations may not allow adequate levels of the 
drugs to be absorbed, with a risk of treatment failure and the 
development of drug resistance.

Supervision of therapy

As a result of the effectiveness of modern short-course therapy, 
and the rapid loss of infectiousness, patients with no complicating 
factors can be treated as out-patients and pursue normal occupa-
tional and social activities. As hospitalization is thus the exception 
rather than the rule in many regions, the question of supervision 
of therapy must be addressed. This, of the fi ve points of the WHO, 
DOTS strategy, is the one that calls for particular care and atten-
tion in its planning and application.105,106 While non-compliance 
with therapy is one of the major reasons for the global failure to 
control tuberculosis, dogmatic assertions on the need for every 
dose to be taken in the presence of a qualifi ed health worker may 
well add to the problems. In some countries, patients accept a 
restrictive discipline of attending regularly for their medicine but 
in others this may prove counterproductive. Good results have 
been obtained by the use of volunteer supervisors chosen from 
the local community as this encourages a relationship between 
equals – concordance rather than compliance with ‘authority’. 
Various incentives may enhance adherence to therapy. In one suc-
cessful programme, patients pay a nominal fee at the commence-
ment of therapy which is reimbursed, with interest, on successful 
completion of therapy.107 Supervision strategies must be ‘user-
friendly’, and must respect the dignity and human rights of the 
patient. In this respect, it is important to organize services on the 
basis of local attitudes and related factors and not on dogma.108–110 
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Tuberculosis, especially HIV-related tuberculosis, carries a defi nite 
stigma which may hinder treatment-seeking and adherence, and 
should be addressed in health education activities.111

Monitoring of tuberculosis control services

This is essential to ascertain whether the above strategies are effec-
tive and cost-effective in a given circumstance. For this purpose, 
record-keeping is essential and patients reaching the end of therapy 
should be followed up to detect early bacteriological relapse due 
to inadequate supervision of therapy.

When adopted and applied, the DOTS strategy is able to make 
a signifi cant impact on tuberculosis and in 2005 about 45% of all 
tuberculosis patients received treatment under this strategy. 
Between 2002 and 2003 the global incidence of new cases of 
tuberculosis rose by 1% but, as a result of improved case fi nding 
and treatment, the prevalence declined by 5% and deaths dropped 
by 2.5% overall and 3.5% among those not infected with HIV.15

DOTS-plus

A necessary addition to the DOTS strategy is the effort to detect 
and treat multi-drug resistant tuberculosis (MDRTB) which can be 
cured in the majority of cases, even in relatively poor nations, if 
the required facilities for diagnosis and supervised treatment are 
available. To achieve effective control, the so-called DOTS-Plus 
strategy is required,112, and the GPSTB has established a ‘green 
light committee’ to assess and facilitate pilot projects and pub-
lishes guidelines for establishing such pilot projects.93,113

Projects being evaluated include those based on empirical treat-
ment regimens and the more costly but more effective ones based 
on individualized treatment regimens according to drug suscepti-
bility patterns determined in the laboratory. DOTS-Plus strategies 
are in a state of evolution, and up-to-date WHO publications 
should be consulted for developments and guidelines. It is impor-
tant that DOTS-Plus programmes are only introduced in regions 
where optimal DOTS strategies are already in place. The establish-
ment of a DOTS-Plus programme at the expense of a DOTS pro-
gramme can have a detrimental effect on overall tuberculosis 
control.

Global strategies for control of tuberculosis 
and HIV

The WHO DOTS strategy is the best way of controlling tubercu-
losis in regions with a high prevalence of HIV infection. Effective 
antituberculosis therapy is a highly effective and cost-effective way 
of prolonging life and improving the quality of life in those with 
HIV-related tuberculosis. In view of the particular stigma associ-
ated with HIV infection and the ways that this differs from region 
to region, operations research is essential to ensure that tubercu-
losis is diagnosed promptly and that therapy is completed. It is, 
however, becoming apparent that DOTS alone is insuffi cient to 
control tuberculosis in areas with a high prevalence of HIV infec-
tion and that additional strategies are required. To this end the 
GPSTB established a TB/HIV Working Group in 2001 to coordi-
nate activities aimed at reducing the burden of tuberculosis in 
those infected with HIV and the burden of HIV-related problems 
in those with tuberculosis. There is increased collaboration 
between WHO groups involved in tuberculosis and HIV and a key 
aim is to make antiretroviral agents more widely available.114

BACILLE CALMETTE–GUÉRIN VACCINATION

The only vaccine currently available for the prevention of tuber-
culosis is Bacille Calmette–Guérin (BCG), named after Albert 
Calmette and Camille Guérin, the French investigators who devel-
oped the vaccine from a strain of M. bovis early in the twentieth 
century. This live attenuated vaccine was intended for oral admin-
istration in neonates to mimic protection conferred by milk-borne 
M. bovis infection but without the risk of disease. Following a 
tragedy at the German city of Lübeck in 1930, when children were 
accidentally vaccinated with a virulent strain of M. tuberculosis with 
the death of over 70, the vaccine was prepared in central facilities 
and freeze-dried for intradermal use.

The mode of action of BCG vaccination is poorly understood. 
It prevents disseminated forms of primary tuberculosis, such as 
tuberculous meningitis, in children but it has only a small impact 
on post-primary, infectious, pulmonary tuberculosis. It is there-
fore of limited value in global control strategies. A major problem 
in its use is that, as shown in Table 56.14, its effi cacy has been 

Table 56.14 Protection afforded by BCG vaccination in nine major trials

Country Year of commencement of trial Age range at time of vaccination Protection afforded (%)
North America 1935 0–20 years 80

Chicago, USA 1937 3 months 75

Great Britain 1950 14–15 years 78

Puerto Rico 1949 1–18 years 31

South India 1950 All ages 31

Georgia, USA 1950 5 years 14

Illinois, USA 1948 Young adults  0

South Indiaa 1968 All ages  0

Malawi 1978 All ages  0

a No protection at 7.5-year follow-up but some protection at 15-year follow-up in those vaccinated in infancy.

Bacille Calmette–Guérin Vaccination
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found to vary from region to region, from around 80% to no 
protection at all.115 Indeed, in some studies, it appears to have a 
small adverse effect by rendering vaccinated subjects more suscep-
tible to active tuberculosis. This variation in effi cacy has been 
attributed to prior exposure to various mycobacterial species in 
the environment, which has three postulated effects. First, such 
exposure may induce a good level of protective immunity that 
BCG vaccination cannot further enhance. Second, it may induce 
immune responses that prevent the replication of BCG in the 
tissues that appears essential for inducing protection and, third, it 
may induce inappropriate tissue-destroying immune reactions 
that BCG vaccination is unable to overcome and may even boost. 
These three explanations are not mutually exclusive. Whatever the 
explanation, neonatal BCG vaccination affords some degree of 
protection in infants and small children against disseminated 
forms of the disease even in regions where no protection is seen 
in older children and adults. For this reason neonatal BCG remains 
a part of the vaccination programme in many countries.

Many questions remain over the use of BCG vaccine. There is 
very little information on the relative effi cacy of the numerous 
daughter strains in the human population, the added benefi ts of 
revaccination and the duration of conferred protective immunity. 
Also, there is indirect evidence that the level of protection afforded 
by BCG varies according to the lineage of M. tuberculosis (e.g. 
W/Beijing) causing the disease. Tuberculin reactivity following 
vaccination is not a correlate of protective immunity and a dimi-
nution or loss of such reactivity is not a reliable indication of loss 
of protection.

BCG is given by intradermal injection or, in neonates, percu-
taneously by means of multi-puncture devices. Vaccine for intra-
dermal use is usually supplied in 10-dose ampoules which are 
reconstituted with 1 mL of distilled water and 0.1 mL (0.05 mL in 
neonates) is administered. Complications have followed the acci-
dental administration of the entire contents of the 10-dose 
ampoule by deep cutaneous or intramuscular injection and by the 
intradermal injection of vaccine prepared for percutaneous use, 
which contains many more bacilli than the preparations for intra-
dermal use. Vaccines should be used within 4 h of reconstitution 
and must be protected from sunlight.

BCG vaccination causes a small papule to develop within a 
week or so and in some cases a shallow ulcer forms but usually 
heals within 6–12 weeks. At least 3 weeks should elapse between 
BCG vaccination and administration of yellow fever, measles, 
rubella, mumps and smallpox vaccines and no vaccination should 
be given in the same arm for 4 months.

Complications of BCG vaccination

If properly given, complications are very uncommon. Local adverse 
reactions usually occur at a rate of 0.1–0.5/1000 vaccinations and 
serious, disseminated complications occur at a rate of less than 
one in a million vaccinations.116 Local complications include 
necrotic lesions due to excessive delayed hypersensitivity reac-
tions, subcutaneous abscesses, lymphadenopathy (mostly axil-
lary) and keloid formation. Hypersensitivity reactions usually 
occur within a few days of vaccination and are more frequent in 
revaccinated subjects and in those who are tuberculin-positive. 
Local abscesses usually appear between 1 and 5 months after vac-

cination or even later. Lymphadenopathy occurs in the drainage 
area of the vaccinated site, usually the axilla, although cervical 
lymphadenopathy may occur if the vaccine is given in the upper 
deltoid region. Some degree of transient lymphadenopathy is not 
uncommon after percutaneous vaccination of neonates. The risk 
of keloid scarring is reduced by giving the injection in the skin 
overlying the insertion of the deltoid muscle. Injections higher up 
the arm are much more likely to lead to keloid scaring.

Osteitis is a rare complication of neonatal BCG vaccination. A 
relatively high incidence in Scandinavia ceased when the BCG 
daughter strain was changed. Disseminated disease (‘BCG-osis’) 
is a very rare complication of BCG vaccination and the mortality 
rate is high. Some cases have occurred in HIV-positive persons 
and others in children with various forms of severe congenital 
immunodefi ciency.

Local hypersensitivity reactions resolve spontaneously and, 
although topical steroids are often prescribed, there is no fi rm 
evidence that they are effective. Local abscesses may resolve after 
aspiration but if the abscess recurs isoniazid, 6 mg/kg body weight 
daily to a maximum of 300 mg, or erythromycin, 250 mg four 
times daily, each for 1 month, is usually curative. Local lymphad-
enitis usually resolves spontaneously; antimicrobial therapy has 
little effect and surgery should only be used if the nodes are grossly 
enlarged or if there is suppuration and sinus formation. More 
serious disease, such as osteitis and disseminated infection, 
requires treatment with standard antituberculosis therapy, 
although pyrazinamide may be omitted as BCG, in common with 
M. bovis, is naturally resistant to this agent.

Vaccination strategies

These vary from region to region, and are infl uenced by the prev-
alence of tuberculosis and information on the effi cacy of the 
vaccine in a given region. The WHO recommends that BCG should 
be given to all neonates in high-prevalence regions and communi-
ties. In view of the risk of BCG-related complications, there has 
been debate as to whether the vaccine should be used in regions 
where there is a high incidence of HIV infection. Although there 
is a small increase in the incidence of adverse effects of BCG in 
children born to HIV-infected women, almost all are mild and in 
regions with a high incidence of tuberculosis the benefi ts of vac-
cination greatly outweigh any disadvantages. The WHO recom-
mends that BCG vaccination of infants likely to be exposed to HIV 
should be based on the risk of tuberculosis. If the risk is high, 
neonatal vaccination should be given according to the Expanded 
Programme on Immunization schedule but, if the risk is low, 
children suspected of being infected with HIV should not receive 
BCG. In addition, no individuals with symptomatic HIV disease 
should be vaccinated with BCG.117

Development of new vaccines

Since no infectious disease has ever been eradicated with drug 
treatment alone, the current tools available for tuberculosis control 
will be insuffi cient to achieve total eradication of this disease 
worldwide. A new vaccine, especially one that would prevent post-
primary, transmissible, disease and a non-viable one that could 
be given safely to those infected with HIV would be of very great 
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benefi t. The development of novel vaccines is currently the subject 
of extensive research activity.118 The complete sequencing of the 
genome of M. tuberculosis has facilitated the identifi cation of 
several antigens that have the potential to confer protective immu-
nity and a number of delivery systems are under investigation. 
Attention will also have to be given to the ability of novel vaccines 
to overcome or reverse inappropriate immune responses so that 
they are not susceptible to the environmental factors that lead to 
the geographical variations in effi cacy of BCG. Several approaches 
to TB vaccine development have been made:25–26

1. ‘Improved’ BCG: e.g. over-expression of protective antigens 
(AGs), or reconstitution of deleted genes

2. Attenuated Mycobacterium tuberculosis: targeted inactivation 
(‘knock-out’) of metabolic or virulence genes

3. Adjuvanted Protein Subunit Vaccines (also peptides or DNA 
vaccines)
a. hypothesis driven selection: e.g. secreted AGs
b. empirical selection: e.g. T/B cell recognition and/or MHC 

binding, combination of AGs
4. Other approaches: live-vectored AGs, e.g. vaccinia (MVP), ade-

novirus, Salmonella, etc or non-protein AGs, e.g. γδ-TCR or 
CD1-binding molecules; conjugates, etc.

As of 2006, there are promising indications of improvements in 
BCG effi cacy; at least fi ve vaccine candidates are in phase I/phase 
2 clinical trials (rBCG30; rBCG: D ureC-llo+; MVA-85A; Ag85B-
ESAT-6; Mtb72f); and several more candidates are in pre-clinical 
development. Many current vaccine candidates are based on mod-
ifi cations to BCG, yet our understanding of the immunobiology 
underlying BCG’s ineffectiveness remains incomplete. The under-
standing of the distinction between protective immune responses 
and immunopathology, though improving, remains blurred.36 
Although some candidate vaccines have reached the stage of 
clinical trials, extensive and time-consuming studies, with close 
attention to safety and ethical issues, will be required to deter -
mine the degree and duration of the protective effect. As efforts 
to fi nd effective vaccines continue, existing WHO recommenda-
tions for the diagnosis, management and control of tuberculosis 
must be rigorously applied and extended worldwide.

Ongoing research

To improve the treatment outcomes of tuberculosis, research led 
by a number of international organizations and academic institu-
tions is now leading to the discovery of new drug compounds, 
immunotherapeutics, immune markers of disease, diagnostics and 
vaccines. The revised Global TB control Plan of the WHO Stop TB 
Partnership, announced in March 2006, has six elements, the sixth 
of which is enabling and promoting research for new tools and pro-
gramme performance.119 Current UNDP/UNICEF/World Bank/WHO 
Special Programme in Research and Training, Scientifi c Working 
Group recommendations120,121 for priority research into tubercu-
losis are grouped into several areas:
1. Improved diagnostics tuberculosis122

2. Improved clinical management of tuberculosis in HIV-positive 
and HIV-negative individuals

3. Social, economic and behavioural research and the global 
tuberculosis agenda

4. Immunopathogenesis and vaccine studies
5. Operational and implementation research

6. Improved programme performance and capacity building
7. Epidemiological research in national TB programmes
8. Cross-cutting issues.

CONCLUSIONS

There can be no doubt that tuberculosis ranks among the leading 
causes of morbidity and mortality in the tropics. This is a tragedy 
as the therapy for tuberculosis is among the most effective and 
cost-effective of all treatments for life-threatening conditions. The 
incidence of the disease declined rapidly in the industrially devel-
oped countries during the late nineteenth and twentieth centuries 
and this led to the false assumption that it would do likewise in 
other parts of the world. Too much emphasis was, however, placed 
on the concept of the development of population immunity – a 
very dubious proposition – and not enough on the very many 
public health innovations, often introduced only after intense 
advocacy, that contributed to the decline of tuberculosis in the 
industrially developed countries. Tuberculosis is a disease of 
poverty, and the fact that it is both preventable and treatable, and 
that it has been reduced to a shadow of its former self in many 
resource-rich countries, attests to the fact that a rectifi cation of the 
gross inequities and injustices that deny the poor ready access to 
treatment will play a crucial role in the eventual conquest of this 
affl iction.

Despite the threats of HIV and extreme drug resistance, there 
are grounds for optimism as encouraging changes are underway. 
In the era of globalization, it has become abundantly clear that 
global health is a local issue and that, in the face of infectious 
disease, ‘no one is safe until all are safe’. It is also clear that the 
epidemic of ‘new tuberculosis’, fuelled by HIV and multi-drug 
resistance, could have the most catastrophic social and economic 
impacts from which no part of the globe will be immune. Urgent 
action is required, not just to implement the WHO DOTS strategy 
worldwide but to develop novel therapeutic agents and vaccines 
for the prevention of both tuberculosis and HIV disease. The goal 
of halving the incidence and prevalence of, and deaths due to, 
tuberculosis by the year 2015 is not unrealistic, although it calls 
for a massive response to the public health challenges in countries 
with a high burden of HIV disease and a serious resolution by the 
global community to make poverty history.
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Section 8 Bacterial Infections

Chapter 57 John M. Grange and Alimuddin I. Zumla

Human Disease due to Environmental 
Mycobacteria and Nocardiae

In addition to the obligate mycobacterial pathogens, the Mycobac-
terium tuberculosis complex and M. leprae, the genus contains over 
100 named species that are usually encountered as environmental 
saprophytes and are included in the List of Bacterial Names with 
Standing in Nomenclature (website: www.bacterio.cict.fr). They are 
therefore termed environmental mycobacteria (EM) but are also 
known, particularly in the USA, as non-tuberculous mycobacteria 
(NTM), while in the older literature they are termed mycobacteria 
other than typical tubercle (MOTT) and atypical mycobacteria.

Species in the genus Nocardia are genetically closely related to 
the rapidly growing mycobacteria and are likewise environmental 
saprophytes, being common in soil and having a broad tempera-
ture range of growth. Organisms are often branched and most 
isolates are weakly acid-fast, resisting decolourization with 1% 
sulphuric acid. A related group of non-acid-fast nocardia-like 
species are now assigned to the genus Actinomadura which includes 
the species Actinomadura madurae, one of several causes of Madura 
foot.

THE ENVIRONMENTAL MYCOBACTERIA (EM)

These are common in watery environments such as marshes, 
ponds, lakes and rivers and they may colonize industrial and 
domestic water pipes.1,2 Human contact with them by drinking 
water, inhalation of aerosols or by inoculation into skin wounds 
is therefore a frequent and regular event. In some regions such 
contact is suffi cient to induce tuberculin cross-reactivity and to 
affect, sometimes adversely, protection against tuberculosis 
afforded by BCG vaccine. Although they are much less virulent 
than members of the M. tuberculosis complex, some of the EM can 
cause human disease.3

Being common in nature, EM may contaminate containers and 
equipment used to collect clinical specimens. Collection of sputum 
or urine in inadequately sterilized containers has resulted in a 
number of ‘pseudo-epidemics’ of disease.1 Unlike the obligate 
pathogens, EM may occur as transient commensals on the skin 
and external genitalia and in the pharynx, gastrointestinal tract 
and the lower urethra. They may also colonize diseased tissues, 
such as damaged lung tissue in children with cystic fi brosis or 
bronchiectasis. Therefore, in contrast to M. tuberculosis, isolation 
of EM from clinical specimens does not necessarily mean that they 
are causing the disease. As described below, great care is required 

in determining whether EM isolated from clinical specimens, 
especially sputum and urine, are primary pathogens rather than 
contaminants, colonizers or commensals.

MICROBIOLOGY

Although described soon after the discovery of the tubercle bacil-
lus, EM attracted little serious interest until the middle of the 
twentieth century when Runyon divided isolates from clinical 
specimens into four groups according to their rate of growth and 
their ability to synthesize yellow or orange pigments, as shown in 
Table 57.1.4 Those species producing visible growth on standard 
egg-based media within 1 week on subculture are regarded as 
rapid growers although, paradoxically, they may grow very slowly 
on primary isolation from clinical material. The slow and rapid 
growers differ in many properties, including antigenic structure 
and DNA relatedness, and some workers consider them to be 
distinct subgenera, with the latter being more closely related to 
the genus Nocardia.

Species are identifi ed by a range of cultural and biochemical 
properties and by more specialized techniques based on their cell 
wall lipid and antigenic differences.5 At the present time there is 
increasing use of nucleic acid-based techniques, including specifi c 
DNA probes (which are commercially available for a limited 
number of species) and the sequencing of ribosomal RNA (‘ribo-
typing’).6 Mycobacteria may be directly detected and, in many 
cases, identifi ed at species level by amplifi cation of nucleic acid in 
clinical specimens by the polymerase chain reaction (PCR) in 
specialized reference centres.

The EM most frequently associated with human disease are 
listed in Table 57.2. The most common causes of disease are 
members of a species usually termed the M. avium complex 
(MAC). This complex causes a range of diseases in birds and 
animals and human disease is caused by the closely related vari-
ants M. avium avium and M. avium intracellulare. These were origi-
nally subdivided by agglutination serotyping, which yielded 
serotypes 1, 2 and 3 corresponding to M. avium avium and sero-
types 4–27 corresponding to M. avium intracellulare. Subsequently, 
typing based on DNA homology showed that serotypes 1–6, 8–12 
and 21 correspond to M. avium avium and the other serotypes to 
M. avium intracellulare, although there is considerable genetic 
diversity within some serotypes.7 For reasons that are not under-



57. Human Disease due to Environmental Mycobacteria and Nocardiae

1040

stood, clinically signifi cant isolates of MAC from HIV-positive 
patients usually belong to the group defi ned by DNA analysis as 
M. avium avium, whereas a broader distribution of types is found 
in HIV-negative patients and in the environment.8 Other members 
of the species are M. avium lepraemurium, the cause of a leprosy-
like disease of rodents and cats, M. avium sylvaticum, a cause of 
disease in wood pigeons and M. avium paratuberculosis, the cause 
of hypertrophic enteritis or Johne’s disease in cattle.

Some species of EM grow very poorly, or not at all, on standard 
culture media and some require nutritional supplements for 
growth. Thus some MAC, especially strains of M. avium paratuber-
culosis and M. avium sylvaticum, require the addition of mycobac-
tin, a lipid iron-chelating agent found in the cell walls of most 
mycobacteria, and M. haemophilum requires the addition of haem 
or other sources of iron to the culture medium.

Only a few of the rapid-growing species cause human disease 
and the three most usually encountered are M. abscessus, M. che-
lonae and M. fortuitum. Uncommon causes are M. fl avescens and 
M. peregrinum. Little is known about the determinants of virulence 
of the EM causing human disease. One species, M. ulcerans, pro-
duces a toxin, as described below.

EPIDEMIOLOGY AND PREDISPOSING FACTORS

Except, perhaps, in extreme environments, such as deserts and the 
polar regions, the human population is regularly exposed to EM, 
yet disease resulting from such contact is very uncommon. On the 
other hand, various immune responses induced by exposure to 
EM provide the most plausible explanation for the wide geo-
graphical variations in the effi cacy of BCG vaccination as discussed 
in Chapter 56.

There has been a recent increase in the prevalence of disease 
due to EM in some regions as a result of HIV disease and other 
forms of immune suppression. An increase in prevalence has also 
been observed in non-HIV infected persons in some regions.9 This 
observed increase could be the result of greater clinical awareness 
and improvements in microbiological technique but this may not 
be the complete explanation. One particular disease, Buruli ulcer 
(see below), has certainly increased in prevalence in parts of Africa 
and this has been attributed to environmental changes. On the 
other hand, HIV-related MAC disease was common in Europe 
before the introduction of antiretroviral therapy (ART) but, 

Table 57.1 The Runyon classifi cation of the environmental mycobacteria

Group Pigment types Characteristics Examples
I Photochromogens Producing pigment only on or 

after exposure to light
M. kansasii, M. marinum

II Scotochromogens Producing pigment in the dark M. scrofulaceum, M. gordonae

III Nonchromogens Producing no pigment M. avium complex, M. 
malmoense, M. 
nonchromogenicum

IV Rapid growersa Rapid growth and any of the 
above

M. chelonae, M. fortuitum, M. 
vaccae

aMost isolates from cases of human disease, on which the classifi cation was based, are non-pigmented. Rapid growers isolated from the environment, e.g. M. vaccae, 
are mostly chromogenic.

Table 57.2 The usual environmental mycobacteria causing 
human disease according to category of disease

Disease Causative 
agent

Lymphadenopathy M. avium 
complexa

M. scrofulaceum

Skin lesions

 Post-trauma abscesses M. chelonae
M. abscessus
M. fortuitum
M. peregrinum
M. terrae groupb

 Swimming pool granuloma M. marinum

 Buruli ulcer M. ulceransc

Pulmonary disease M. avium complex
M. celatum
M. gordonae
M. kansasii
M. malmoense
M. simiae
M. szulgai
M. xenopi

Disseminated disease

 AIDS related M. avium complex
M. genevense

 Non-AIDS related M. avium complex
M. abscessus
M. chelonae
M. haemophilumd

aHuman pathogens in this group are M. avium avium and M. avium intracellulare.
bIncludes M. terrae, M. nonchromogenicum and M. triviale.
cIncludes strains named M. shinshuense.
dA rare cause of skin lesions in renal transplant patients and lymphadenopathy in 
children.
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although the organisms are present in the African environment, 
such disease is rare in that continent where ART is, at present, not 
widely available.

An inverse relationship between the incidence of tuberculosis 
and disease due to EM has been observed, suggesting that the 
former may induce protective immunity against the latter. Like-
wise, BCG vaccination may also protect against disease due to EM. 
Thus a substantial increase in the incidence of lymphadenopathy 
due to EM in children has been shown to occur in countries where 
neonatal BCG vaccination has been terminated.10

Patients with pulmonary and disseminated disease due to EM 
often have underlying predisposing conditions such as cancer 
(including lymphoproliferative disorders such as Hodgkin’s 
disease and hairy cell leukaemia), autoimmune disease, renal 
failure, post-transplant immunosuppressive therapy, high-dose 
corticosteroid therapy, overt congenital immunodefi ciencies and 
HIV disease. Lung disease, including bronchiectasis, cystic fi brosis 
and industrial disease, is a predisposing factor. A minority of 
patients have no detectable local or general predisposing factors.

There is evidence that those exposed to aerosols containing 
mycobacteria through the use of showers, aerated hot tubs and 
spas are at risk of pulmonary disease.1,2,11 Miners are exposed to 
the dual predisposing factors of dust and contaminated aerosols 
and, in a study of South African gold miners in 1995, mycobac-
teria were cultured from sputum from 505 miners: 425 cultures 
yielded M. tuberculosis, seven yielded a mixed growth of M. tuber-
culosis and EM and 73 yielded just EM. Of the latter, 51 of the 73 
were judged to have disease due to EM on the basis of the Amer-
ican Thoracic Society criteria described below. Patients with EM 
disease were less likely to be HIV-positive (35%) than those with 
tuberculosis (49%) and the commonest cause of disease was M. 
kansasii (34 of 51).12 A subsequent study confi rmed that M. kan-
sasii was the predominant cause of EM disease among South 
African gold miners and it was noted that this species has been 
associated with mining and pneumoconiosis in other countries, 
notably Czechoslovakia.13

As mentioned above, patients with HIV disease are, for reasons 
that are not understood, particularly susceptible to disease due to 
a restricted range of genotypes of the MAC. A small proportion of 
cases of pulmonary disease due to EM occur in patients who are 
apparently otherwise healthy, although there is evidence that 
many such patients have low levels of cytokines involved in pro-
tective immunity to mycobacterial disease.14 Most children with 
cervical lymphadenopathy due to EM appear to be otherwise 
healthy but a small minority have various forms of congenital 
immune defects and are prone to develop disseminated myco-
bacterial disease.

In addition to the predisposing factors discussed above, the risk 
of disease due to EM depends on the number and types of EM in 
the environment. Some species of EM causing disease, such as the 
MAC, are found worldwide while others, including M. xenopi, M. 
malmoense and M. ulcerans, are more restricted in their geographi-
cal distribution. In addition, the relative preponderance of EM in 
a given environment varies over time and this is refl ected in 
changes in the observed type of disease.11 Thus in the USA, the 
predominant EM causing lymphadenitis in children has changed 
from M. scrofulaceum to MAC.

Infection is directly from the environment: human-to-human 
transmission leading to disease, if it occurs at all, is extremely rare 

and the few reported clusters of cases could well have resulted 
from exposure to a common environmental source. Thus the inci-
dence of disease due to EM in a given region is independent of 
that of tuberculosis, which is spread principally by human-to-
human transmission.

Owing to a lack of suitable laboratory services, very little is 
known of the prevalence of disease due to EM in the tropics. 
In Lagos, Nigeria, culture of sputum from 668 patients with 
persistent symptoms of lower respiratory tract infection yielded 
102 mycobacteria, of which 87 were M. tuberculosis, 4 were M. 
bovis and 11 were EM: 6 MAC, 4 M. kansasii and 1 M. fortuitum.15 
In Guinea-Bissau, mycobacteria were isolated from 206 patients 
with suspected tuberculosis: 189 (36 HIV positive) yielded M. 
tuberculosis and 17 (2 HIV positive) yielded MAC.16 In the 
absence of facilities for culture, the disease would have been 
misdiagnosed in up to 10% of patients, but it is not known 
whether these fi ndings are representative of other tropical 
countries.17

DIAGNOSIS

The only disease due to EM with clear-cut pathognomonic features 
is Buruli ulcer. The other dermatological, pulmonary and dis-
seminated manifestations of EM disease are non-specifi c and 
require differentiation from tuberculosis and other infectious and 
non-infectious conditions with which they may be confused. 
Diagnosis is usually based on isolation and identifi cation of the 
causative organism although, as mentioned above, EM are ubiq-
uitous in nature. Thus, their isolation from clinical specimens, 
especially sputum and urine, that are likely to be contaminated 
with various bacteria, does not itself indicate that they are causing 
disease.

It is not unusual to obtain single isolates of EM from sputum 
and, more especially, from urine.18 Thus, as a general rule, several 
cultures of an EM from sputum – at least two, but preferably three 
or four, cultures yielding a heavy growth at least 1 week apart – 
with compatible clinical features and careful exclusion of other 
causes, including tuberculosis, are required for diagnosis of pul-
monary disease.19 Criteria for the diagnosis of pulmonary disease 
due to EM proposed by the American Thoracic Society are listed 
in Table 57.3.

As the external genitalia and lower urethra are frequently con-
taminated by EM, and as renal disease due to them is very rare, 
even stricter criteria for diagnosis are required, including histo-
logical demonstration of granulomas in, and isolation of the EM 
from, the lesion itself.

As mentioned above, all specimens must be collected directly 
into sterile containers to avoid a false diagnosis. Where available, 
fi breoptic bronchoscopy is a useful technique for obtaining aspi-
rates or biopsies directly from suspicious pulmonary lesions,20 but 
false diagnoses have resulted from the use of inadequately steril-
ized endoscopes.21

Once isolated, EM are usually identifi ed in reference laborato-
ries, as described above. The use of reagents prepared from a range 
of EM have been used in differential skin testing for the diagnosis 
of disease due to EM,22 but the British Thoracic Society concludes 
that more research is needed before this diagnostic method can 
be recommended.23

Diagnosis
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CLINICAL MANIFESTATIONS OF DISEASE DUE 
TO ENVIRONMENTAL MYCOBACTERIA

There are four principal groups of human disease due to EM: post-
inoculation, pulmonary, lymphadenitis and disseminated.

Post-inoculation disease

This includes two specifi cally named entities – Buruli ulcer caused 
by M. ulcerans and swimming pool (or fi sh tank) granuloma 
caused by M. marinum – as well as non-specifi c post-inoculation 
lesions, principally caused by the rapidly growing species M. 
abscessus, M. chelonae and M. fortuitum.

Buruli ulcer

The causative organism of Buruli ulcer, M. ulcerans, grows very 
slowly on conventional bacteriological media and has a very 
narrow temperature range of growth: a degree or two either side 
of 33°C. Although the disease was fi rst described in Australia in 
1948, the name originates from a large outbreak in the Buruli 
district of Uganda in the 1960s. The disease has subsequently been 
reported in several countries, mostly tropical ones as shown in 
Figure 57.1. The few cases seen in Japan and China have been 
caused by a variant of M. ulcerans termed M. shinshuense.24,25

Buruli ulcer is emerging as the third most prevalent mycobacte-
rial disease in the world, after tuberculosis and leprosy, and is 
posing a severe economic burden on the communities affected by 
it, both in terms of cost of management and in residual disability 
in the patients after recovery.26–29 There has, in recent years, been 
a marked increase in the prevalence of Buruli ulcer in some parts 
of West Africa. The reason for this increase is unknown, but several 
workers have observed that outbreaks of Buruli ulcer tend to 
follow environmental upheavals that lead to fl ooding and swamp 
formation.27,30 This, and other, epidemiological characteristics of 
the disease suggest that the causative organism lives in the envi-
ronment and enters the skin through injuries. Although prickly 
vegetation including tall grasses may cause many such injuries, 
cases have followed gunshot wounds and scorpion and snake 
bites. The possibility of transmission by biting insects and aerosols 
of contaminated water, and infection of superfi cial wounds during 
swimming has been raised.30,31

In view of the increasing seriousness of the burden of Buruli 
ulcer in many countries, the WHO has established a Global Buruli 
Ulcer Initiative (GBUI) which, among other activities, has pub-
lished a comprehensive account of the epidemiology, clinical fea-
tures and management of the disease,29 excellent practical manuals 
on diagnosis and general management,32,33 and provisional guide-
lines on the role of antibiotic therapy,34 which may be obtained 
from the GBUI or downloaded from their website: www.who.
int/buruli/

Four stages of Buruli ulcer have been described:
I. Subcutaneous nodule
II. Vasculitis and spreading cellulitis
III. Ulceration
IV. Healing with gross fi brosis.
The fi rst sign of the disease is a fi rm and sometimes itchy skin 
nodule which may resolve spontaneously or enlarge with an 
intense vasculitis and necrosis of the subdermal tissue and overly-
ing fi rm oedema (Figure 57.2). The vasculitis and necrosis are, at 
least in part, due to bacterial toxins, especially one termed myco-
lactone which also has locally-acting immunosuppressive proper-
ties.35 Necrosis of the overlying skin results in deeply undermined 
ulcers (Figure 57.3). During stage III, the ulcers grow in size, often 
becoming enormous, and many mycobacteria are present in the 
lesions (Figures 57.4, 57.5). There appears to be some generalized 
suppression of immune reactivity to mycobacteria in this stage as 
patients are negative on skin testing with tuberculin and also 
Burulin – a reagent prepared from M. ulcerans.36 Death may occur 
in this stage from sepsis or tetanus.

Lesions occur on any part of the body but particularly on 
exposed parts, as determined by local dress customs. Males and 
females are equally affected and no age group is exempt, although 
most cases occur in children and adolescents, after which the 
incidence declines with increasing age.

An unusual and unexplained characteristic is that, after 2 or 3 
years of active and progressive disease, many patients enter stage 
IV, in which the lesions regress (Figure 57.6) and eventually heal, 
though often with gross and disfi guring and deforming scarring 
(Figure 57.7).26–29 This healing appears to be the result of a switch 
to immune reactivity as the patients become positive on skin 
testing with tuberculin and Burulin, granulomas appear in the 
lesion and the acid-fast bacilli disappear. Occasionally, progres-
sion and healing occur simultaneously in different ulcers, or even 
in different parts of the same ulcer.

Table 57.3 American Thoracic Society case-defi nitions for pulmonary disease due to EM.17

Compatible signs and symptoms and reasonable exclusion of other diseases (including tuberculosis) to explain condition.

Pulmonary changes compatible with disease due to EM on chest radiography and/or high resolution CT scanning (infi ltrates, multiple 

nodules, cavities, multifocal bronchiectasis).

Plus any one of:

 Two EM isolates from separate sputum or bronchoalveolar lavage (BAL) specimens and one smear-positive specimen.

 Three EM isolates from separate sputum or BAL specimens if smear-negative.

 Heavy growth from, and numerous acid-fast bacilli on microscopy of, a single available BAL specimen.

 A single EM isolate from lung tissue (transbronchial or open lung biopsy) with no other cause found.

 Lung biopsy tissue showing granulomatous infl ammation and/or acid-fast bacilli plus a single available EM isolate from sputum or BAL.
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Although usually confi ned to the skin, the bones in the region 
of the lesions may be involved with necrosis and sinus formation, 
and cases of disseminated osteomyelitis have been reported.29,31 
A diffuse non-ulcerative form of the disease with extensive oe-
dema also occurs (Figure 57.8).31,35 Draining lymph nodes may 
contain acid-fast bacilli but clinically evident lymphadenopathy 
is uncommon.

The clinical features of Buruli ulcer are usually characteristic 
but conditions likely to cause diagnostic confusion include 

Buruli ulcer – 

global distribution

Figure 57.1 Buruli ulcer: global distribution. (From WHO. Online. Available: http://www.who.int/buruli/en)

Figure 57.2 Buruli ulcer: pre-ulcerative lesion on the forearm.

Figure 57.3 Buruli ulcer: early ulcerative lesion with skin changes 
around the ulcer.

Clinical Manifestations of Disease Due to Environmental Mycobacteria
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tropical ulcers, cutaneous diphtheria, actinomycosis, cancrum 
oris, bacterial abscesses, skin tuberculosis and cutaneous 
leishmaniasis.

Diagnosis is made on clinical features, demonstration of acid-
fast bacilli in smears from the bases of progressive ulcers, biopsy 
and demonstration of M. ulcerans by conventional culture or, 
where available, PCR.

Figure 57.4 Buruli ulcer: large and deeply undermined ulcer 
overlying the left shoulder. The inserted ‘Spencer Wells’ forceps 
illustrates the extensive undermining of the ulcer.

Figure 57.5 Buruli ulcer: lesion involving the left eye and orbit. The 
lesion eventually resolved, unfortunately with loss of vision in the eye.

Figure 57.6 Buruli ulcer: a resolving ulcer on the left shoulder. Note 
the granulating base and absence of trophic changes in the 
surrounding skin.

Figure 57.7 Buruli ulcer: healed lesion with extensive scarring 
leading to a fi xed elbow joint. The skin is thin and easily traumatized. 
Note the oedematous hand due to a compromised lymphatic 
drainage.

Figure 57.8 Buruli ulcer: Diffuse, non-ulcerating form of the disease 
in a Congolese child with lower limb swelling.
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Swimming pool granuloma

Also called fi sh tank granuloma, this disease is caused by M. 
marinum, a water-borne EM that enters cuts and abrasions 
acquired while swimming in pools or handling tropical fi sh 
tanks.37,38 Cases have also occurred among fi shermen. The condi-
tion is characterized by the development of warty skin lesions 
resembling those of skin tuberculosis at the site of inoculation 
(Figure 57.9). Secondary lesions often develop along the draining 
lymphatics, resembling those seen in the fungal disease sporotri-
chosis and thus termed sporotrichoid spread. Rare complications 
include carpal tunnel syndrome, osteomyelitis and disseminated 
disease. Uncomplicated lesions usually heal spontaneously 
after a few months but treatment, described below, accelerates 
resolution.

Other forms of post-inoculation EM disease

Three main types of lesion are encountered – superfi cial warty 
lesions similar to those of swimming pool granuloma, localized 
post-injection abscesses and deeper lesions following more serious 
penetrating injuries or surgical procedures.

Superfi cial warty lesions

These have occasionally been caused by M. kansasii, M. szulgai, M. 
chelonae and unidentifi ed slow-growing scotochromogens and in 
some cases there is sporotrichoid spread.39 Outbreaks of skin 
ulcers associated with non-cultivable mycobacteria have been 
reported on the USA/Canada border and in Brazil and are termed 
Feldman-Hershfi eld ulcers, after the workers who fi rst described 
them.40

Post-injection abscesses

These are mostly caused by the rapid-growing species M. abscessus, 
M. chelonae, M. fortuitum and, rarely, M. fl avescens and M. peregri-
num. Abscesses may occur sporadically, especially when dirty 
needles are used, and are a cause of ‘sterile’ post-injection abscesses, 
so called because cultivation on standard media yields no bacterial 
growth. There have also been small outbreaks of abscesses after 
injection of contaminated material, such as vaccines, from multi-
dose containers.41,42 Abscesses develop 1–12 months after the 
injection and may reach an enormous size, up to 8 cm in diam-
eter. Many abscesses remain localized and resolve after surgical 
drainage, curettage or excision but a spreading cellulitis requiring 
antimicrobial therapy may develop, especially in immunosup-
pressed persons and insulin-dependent diabetics. Corneal ulcers 
and abscesses due to M. abscessus, M. chelonae and M. fortuitum 
have followed abrasions or penetrating injuries of the cornea 
(Figure 57.10).43

Deeper lesions

Serious and life-threatening post-traumatic lesions due to M. 
abscessus, M. chelonae and M. fortuitum have followed cardiac 
surgery involving the insertion of bioprosthetic heart valves and, 
rarely, other forms of surgery involving the insertion of prosthetic 
devices,44 and peritonitis due to the accidental introduction of EM 
has occurred in patients on intermittent peritoneal dialysis.18

Pulmonary disease

Most cases occur in middle-aged or elderly men who often have 
a history of smoking, bronchiectasis, healed tuberculosis or expo-

Figure 57.9 ‘Fish tank granuloma’ due to M. marinum infection. Figure 57.10 Keratitis due to M. chelonae following corneal 
transplant. Note the characteristic ‘cracked windscreen’ appearance.

Clinical Manifestations of Disease Due to Environmental Mycobacteria
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sure to industrial dusts, but cases also occur in otherwise healthy 
persons although, as mentioned above, some have low levels of 
certain cytokines.14 A few cases have been reported in elderly, non-
smoking women with no other evidence of lung disease – the 
‘Lady Windermere syndrome’45 – and, for unknown reasons, par-
ticularly aggressive forms of the disease have been described in 
young women with low body-mass indices. If undetected and 
untreated, cavities develop in the lung and respiratory failure may 
ensue.

The principal causative organisms of pulmonary disease are 
MAC and M. kansasii. Less frequent causes include M. xenopi, M. 
scrofulaceum, M. szulgai, M. malmoense, M. simiae, M. celatum and 
the rapid growers M. abscessus, M. chelonae and M. fortuitum. 
Although rare in childhood, a few cases caused by the rapid 
growers have been reported in children with cystic fi brosis and 
bronchiectasis. Diagnosis is made by bacteriological examination 
but it is important to distinguish true disease from mere con-
tamination of sputum by these ubiquitous organisms.

Although some differences in radiological features between 
tuberculosis and disease due to EM, and even between different 
species of EM, have been described, there is so much overlap in 
these features that a radiological determination of cause is not 
possible in the individual patient.46 Bizarre and rapidly changing 
radiological appearances are seen in those with HIV disease and 
other immunosuppressive disorders and the chest X-ray may 
appear normal in up to one-third of AIDS patients with pulmo-
nary disease due to EM.

Lymphadenitis

This mostly occurs during the fi rst 5 years of life, being rare in the 
fi rst year of life and most common in the second.2,47,48 In most 
cases a single cervical or pre-auricular node is involved: such nodes 
are usually painless and not tender on palpation, although there 
may be reddening of the overlying skin. Most affected children are 
otherwise healthy and, in the absence of immunosuppression, 
dissemination of the disease is rare. Lymphadenitis due to EM in 
older patients, especially if more than one node or other sites are 
affected, should arouse suspicion of immunodefi ciency, notably 
HIV disease.

Several species of EM cause lymphadenitis, the most common 
being MAC, but other species, depending on the geographical 
region, include M. malmoense, M. scrofulaceum, M. kansasii, M. 
haemophilum, M. abscessus, M. chelonae and M. fortuitum.

The pathogenesis of mycobacterial lymphadenitis is poorly 
understood but it is likely that the affected lymph nodes are sec-
ondary to primary tonsillar lesions. There is evidence that EM may 
colonize the tonsil, with seasonal variation. Although most 
affected children appear healthy, the possibility of minor defects 
in cytokine production or function must be considered. As men-
tioned above, neonatal BCG vaccination protects against lymph-
adenitis due to EM in childhood.

Disseminated EM disease

Isolated non-pulmonary lesions in the bones and joints,49 
and the genitourinary system18 have been reported in non-

immunosuppressed persons but these are extremely rare. More 
widespread disseminated disease was rare before the advent of 
the HIV pandemic, with the very few reported cases occurring 
principally in young people with congenital immune defi cien-
cies or lymphomas and in organ transplant recipients.50 Serious, 
recurrent and often fatal disseminated infections due to various 
EM during childhood have been reported in some families as a 
result of inherited abnormalities in γ-interferon receptors on 
macrophages, thereby compromising the immune activation of 
these cells.51 Patients may present with skin abscesses and ulcers 
or osteolytic skeletal lesions which may cause pathological 
fractures.

Disseminated mycobacterial disease became a frequent compli-
cation of HIV disease, notably in the USA and Europe, although 
it was (and still is) infrequently reported in Africa.52 The great 
majority of cases, 90% or more, are caused by the MAC although 
cases due to other species including M. genavense also occur.53 The 
latter is a very slow-growing mycobacterium which has also been 
isolated from pet and zoo birds.

Disseminated disease due to MAC or other EM is an AIDS-
defi ning condition in HIV-positive persons and almost always 
occurs in the profoundly immunosuppressed, usually after the 
onset of other AIDS-defi ning conditions. The risk factors include 
a low CD4 count (of under 50/mL), high viral load, the wasting 
syndrome and Pneumocystis carinii pneumonia.54 The clinical fea-
tures of patients with MAC infection are many and varied. Patients 
may remain asymptomatic for several months and are often not 
acutely ill and thus the diagnosis can easily be missed. Symptoms 
include weight loss, anorexia, abdominal discomfort, general 
malaise, haemoptysis, night sweats, diarrhoea, nausea and vomit-
ing, but these symptoms are also frequently encountered in other 
AIDS-related opportunist infections. Infi ltration of bone occasion-
ally results in pathological fractures. Large numbers of acid-fast 
bacilli are present in many organs, especially the lung, liver and 
intestine (Figures 57.11, 57.12). Multiple skin lesions, hepato-
megaly, generalized lymphadenopathy, arthritis and various hae-
matological abnormalities may occur, but these may also be 
caused by other AIDS-related opportunist pathogens. Bone marrow 
infi ltration leads to anaemia and leucopenia and infi ltration of 
the intestinal wall is a cause of vomiting, abdominal discomfort 
and severe diarrhoea.

Diagnosis of MAC infection is made by detection of the bacilli 
by microscopy or culture of biopsies of affected tissues including 
the intestinal mucosa (Figure 57.12) and bone marrow and by 
blood culture.55 The presence of acid-fast bacilli in clinical speci-
mens in severely immunocompromised HIV-positive individuals 
poses management dilemmas for the clinician who has to decide 
whether the isolated acid-fast bacillus is clinically signifi cant and, 
if so, whether to start conventional antituberculosis therapy or to 
give the combination of drugs described below for MAC, the most 
likely causative organism, to cover the period before culture results 
are available.

The incidence of AIDS-related disease due to MAC and other 
EM has declined considerably in the industrially developed 
nations since the introduction of antiretroviral therapy (ART) 
which, regrettably, is not yet widely available in the poorer coun-
tries. ART leads to a fi ve-fold reduction in the risk of fi rst occur-
rence of disseminated MAC disease and most cases that occur do 
so during the fi rst 2 months of ART.56
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DISEASES OF POSSIBLE MYCOBACTERIAL 
AETIOLOGY

Several authors have postulated that certain chronic granuloma-
tous diseases of unknown aetiology, notably sarcoidosis and 
Crohn’s disease, are caused by EM, possibly in unusual morpho-
logical or physiological forms. Although DNA specifi c for M. para-
tuberculosis, the cause of chronic hypertrophic enteritis (Johne’s 
disease) in cattle, has been detected by PCR in intestinal biopsies 
of patients with Crohn’s disease, questions of cause and effect 
remain. It is thus possible that M. paratuberculosis detected in some 
cases is a secondary saprophyte of diseased tissue rather than a 
primary pathogen. Although a fascinating and important topic, 
more research is required before a defi nitive conclusion can be 
reached.57

THERAPY OF DISEASE DUE TO EM

Few controlled clinical trials of the therapy of disease due to EM 
have been conducted. Published guidelines are, by their own 

admission, largely based on small uncontrolled studies or accu-
mulated anecdotal evidence.17,21 Thus only very general guidelines 
to therapy can be given and this is a subject that is likely to evolve 
and change rapidly. Likewise there is hardly any useful informa-
tion on the duration of therapy, which must be determined on the 
basis of the clinical course of the individual patient. Drug suscep-
tibility testing, even by standardized methods, is of limited value 
in predicting responses to treatment.21

Buruli ulcer

Surgery has a central place in treatment of Buruli ulcer, ranging 
from simple excision of stage I lesions to radical excision, often 
requiring extensive skin grafting, for stage II and III lesions.23 This 
poses serious problems in rural hospitals with limited facilities 
and, in high-prevalence areas, the local population should be 
encouraged to attend for treatment before the disease has pro-
gressed beyond the fi rst stage. Stage IV lesions require less exten-
sive surgery, but excision of scar tissue and skin grafting may be 
required for the prevention of contractures and disfi gurement. 
Detailed guidelines for the management of Buruli ulcer, including 
surgical procedures, have been published by the WHO.32 Recent 
evidence shows that antibiotic therapy – a 4–12 week course of 
rifampicin with an aminoglycoside (streptomycin or amikacin) 
– leads to resolution of small lesions, enables larger lesions to be 
treated by less extensive excision and greatly reduces the risk of 
recurrence after surgery. The WHO has published provisional 
guidelines for antibiotic treatment,33 and results of further clinical 

Figure 57.11 Liver biopsy from an AIDS patient stained with Ziehl–
Neelsen stain showing numerous acid-fast bacilli (MAC).

Figure 57.12 Ziehl–Neelsen stain of a small bowel biopsy showing a 
large infi ltrate of acid-fast bacilli (MAC) in a patient with AIDS.

Therapy of Disease Due to EM
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trials are awaited. There is also preliminary evidence that nitrogen 
oxide-generating creams limit the progression of disease.58

Swimming pool granuloma

Lesions due to M. marinum usually resolve spontaneously but 
recovery is accelerated by systemic treatment with minocycline, 
trimethoprim with sulfamethoxazole (co-trimoxazole) or a com-
bination of ethambutol with either rifampicin or clarithromycin.37 
Small lesions may also be cured by surgical excision.

Disease due to slowly growing EM

The newer macrolides azithromycin or clarithromycin form the 
basis of the modern treatment for all forms of disease due to MAC, 
M. kansasii, M. malmoense or M. xenopi, irrespective of the site of 
disease and the immune status of the patients.59 One of the mac-
rolides is given with at least one companion drug, preferably 
ethambutol but alternatively rifabutin or a quinolone. Some 
reports state that the addition of rifabutin to the macrolide–eth-
ambutol regimen improves the clinical response. Serious cases 
with high fever may require treatment with intravenous amikacin. 
The macrolide–ethambutol regimen is also the treatment of choice 
for pulmonary disease due to the species mentioned above in 
non-HIV-infected patients.59 The duration of therapy depends on 
the clinical response. Disease due to the less common mycobac-
teria must be treated empirically; for example, M. genavense infec-
tions are treated with the drug combinations used for MAC. 
Surgery is used for localized pulmonary lesions that fail to respond 
to antimicrobial therapy.

Antiretroviral therapy (ART) is more important in the treat-
ment of AIDS-related EM disease than antimycobacterial therapy 
and should be given when available.60 Rifabutin causes fewer drug 
interactions with ART than rifampicin but treatment with a mac-
rolide with ethambutol is preferable. Some patients receiving ART 
and antimycobacterial therapy develop the immune reconstitu-
tion infl ammatory syndrome (IRIS).61

Disease due to rapidly growing EM

Localized post-injection and post-traumatic abscesses caused by 
the rapid growers M. abscessus, M. chelonae and M. fortuitum usually 
respond to excision, curettage or drainage, but multiple abscesses 
or spreading cellulitis, as are sometimes seen in insulin-dependent 
diabetics and immunocompromised persons, require antimicro-
bial therapy. Information on treatment is derived from anecdotal 
experience, which indicates that useful agents for localized disease 
include erythromycin with trimethoprim and/or doxycycline and, 
for spreading or disseminated disease, various combinations of 
amikacin, gentamicin, cephalosporins, clarithromycin, imipenem 
and fl uoroquinolones. The outcome of therapy is very unpredict-
able and no guidelines on length of therapy can usefully be 
given.

Pulmonary disease due to the above rapidly growing EM, 
as occurs for example in children with cystic fi brosis, responds in 
a very unpredictable manner to therapy, which is based on the 
drugs described above for post-injection and post-traumatic 
lesions.

The rare cases of serious wound infection due to M. abscessus, 
M. chelonae or M. fortuitum in both HIV and non-HIV infected 
persons should be treated empirically as described above for dis-
seminated disease due to these species.

Lymphadenopathy

Disease involving a single lymph node in an otherwise healthy 
child is usually curable by total excision if that can be achieved 
without damaging the facial nerve or other important structures. 
If total excision is not possible, antimicrobial therapy appropriate 
for the causative organism as described above is required. Opin-
ions differ on the need for routine antimicrobial therapy for cases 
in which surgical excision appears complete. Nodes should not be 
merely incised and drained as this predisposes to chronic sinus 
formation.

NOCARDIAL DISEASE

Many species of nocardiae are found in the environment, notably 
in soil, and over 30 species have been shown to be associated with 
opportunist disease in humans, termed nocardiasis or nocardiosis. 
The principal causes of disease are Nocardia asteroides (including 
N. cyriacigeorgica) so named because of their star-shaped colonies. 
Other causes of disease are N. farcinica, N. brasiliensis, N. abscessus, 
N. otitidiscaviarum, N. nova and N. transvalensis. The other species 
are rarely encountered ones recently identifi ed by molecular tech-
nology and isolated from profoundly immunosuppressed patients 
with a wide range of unusual presentations.62

Pathogenesis

As with mycobacterial disease, infection usually occurs by inhala-
tion of the bacilli or, occasionally, by traumatic inoculation into 
the skin. Nocardiae are uncommon causes of opportunist pulmo-
nary disease that usually, but not always, occurs in immunocom-
promised individuals, including those with HIV disease or those 
receiving chemotherapy for cancer or post-transplant immuno-
suppressive therapy.63–68 Therapy with corticosteroids is a strong 
risk factor. As a result, the frequency and diversity of clinical 
manifestations of nocardial disease has increased in recent years. 
Pre-existing lung disease, especially alveolar proteinosis, also pre-
disposes to nocardial disease. A few cases of aspiration pneumonia 
due to nocardiae following near-drowning have been reported, 
including cases of the recently described Tsunami lung – a chronic 
necrotizing pneumonia presenting about 1 month after immer-
sion.69 In a minority of cases, ranging from 10–25% in published 
reviews, no underlying predisposing disease or immunosuppres-
sive condition was detected.67

The clinical and radiological features of nocardial pulmonary 
disease are non-specifi c and variable so that diagnosis is not easy 
and is often delayed or missed. Radiology usually reveals multiple 
confl uent abscesses with little or no surrounding fi brous reaction. 
Local spread may cause pleural effusions, empyema and invasion 
of the bones of the thoracic cage. The course of the disease is very 
variable, from very chronic to rapid spread through the lungs. 
Secondary abscesses in the brain and, less frequently, in other 
organs due to haematogenous dissemination occur in about one-
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third of patients with pulmonary disease.70 Widespread dis-
semination with skin abscesses and lesions in many organs 
is seen in those with AIDS and other causes of profound 
immuno suppression.68

Nocardiae cause primary post-traumatic, post-operative or 
post-inoculation cutaneous infections (primary cutaneous nocar-
diasis). This is usually caused by N. brasiliensis and, less often, by 
N. asteroides, N. otitidiscaviarum, N. transvalensis and, rarely, by 
some recently described species including N. abscessus, N. africana 
and N. veterana. Cutaneous infections may result in fungating 
tumour-like masses resembling mycetomas.

Laboratory diagnosis

Microscopical examination of sputum usually reveals numerous 
lymphocytes and macrophages, some of which contain pleomor-
phic Gram-positive and weakly acid-fast bacilli. Extracellular 
branching fi laments may also be seen. The Gram–Weigert and 
Gomori methenamine silver methods are useful for demonstrat-
ing nocardiae in sections of tissue biopsies. Nocardiae grow on a 
range of laboratory media including Löwenstein–Jensen medium, 
with colonies visible between 2 days and 1 month after inocula-
tion. Identifi cation of nocardiae at the species level is not easy, 
especially as many newly described species, though genetically 
distinct, are very similar in their phenetic characteristics.62 Thus 
identifi cation is undertaken in specialist laboratories by molecular 
methods including PCR restriction enzyme analysis and 16S rRNA 
sequencing.

Treatment

The nocardiae, especially the more recently described ones, have 
variable drug susceptibilities but the more common ones, includ-
ing N. asteroides, usually respond to treatment with sulphamethox-
azole with trimethoprim (co-trimoxazole) for 3 or more months, 
although this prolonged course often causes adverse drug reac-
tions and may be inadequate for severe and disseminated disease. 
An alternative regimen is high dose imipenem with amikacin, 
usually for 4–6 weeks. Limited experience indicates that various 
combinations of minocycline, third generation cephalosporins 
and linezolid (a member of the oxazolidinone class of synthetic 
antimicrobial agents for oral or intravenous use) are also effective. 
Strains of M. farcinica are often resistant to many antimicrobial 
agents including co-trimoxazole and cephalosporins, but one 
reported case of an extensive brain abscess responded well to 
moxifl oxacin.71 Drug susceptibility testing is subject to several vari-
ables and no standardized methods have been proposed. Myceto-
mata, even long-standing and extensive cases, respond well to 
antimicrobial therapy.

CONCLUSIONS

Relative to tuberculosis, disease due to EM is uncommon in trop-
ical countries, although in some countries, notably some in West 
Africa, Buruli ulcer is becoming a major health problem. Although 
often associated with various forms of immunosuppression, some 
forms of EM disease such as post-inoculation lesions and lymph-
adenitis in children occur in otherwise healthy persons. Diagnosis 

is usually made by bacteriological techniques. There are relatively 
few fi rm guidelines to therapy, although several clinical trials are 
underway. If control measures succeed in reducing the prevalence 
in tuberculosis worldwide, disease due to EM, which is acquired 
by environmental exposure rather than human-to-human spread, 
will continue as a challenge to the physician. Nocardiosis, although 
uncommon, must be added to the list of infections that immuno-
compromised people are subject to and it poses yet another diag-
nostic and therapeutic challenge, especially in those with HIV 
disease.
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Section 8 Bacterial Infections

Chapter 58 Stephen G. Withington

Leprosy

INTRODUCTION

Leprosy is a chronic granulomatous disease caused by infection 
with Mycobacterium leprae. It is primarily characterized by an insid-
ious process of direct infection of skin and nerves and associated 
immunological damage. Nerve involvement is responsible for 
repeated ulceration and paralysis affecting hands, feet and eyes. 
On a global scale leprosy is an important cause of physical dis-
abilities, commonly affecting people in their most productive 
stage of life. The disability and related social stigma associated 
with leprosy and its complications result in signifi cant barriers to 
full participation in society, and in considerable socioeconomic 
burden to those affected and society as a whole.

EPIDEMIOLOGY

Accurate information on leprosy is diffi cult to obtain, considering 
delays in diagnosis caused by the insidious onset of disease and 
fear of stigmatization, inaccuracies in treatment registry data, and 
incompleteness of reporting, particularly in regard to disability 
caused by leprosy. Almost 300 000 new cases of leprosy were 
reported in 2005, the vast majority occurring in South and South-
east Asia, South America and Africa, and nearly 220 000 were 
registered on treatment on 31 December, 2005 as shown in Table 
58.1.1 A total of 115 countries reported on leprosy in 2005, among 
which India, Brazil, Indonesia, Democratic Republic of the Congo, 
and Bangladesh reported the most new leprosy cases. Leprosy 
prevalence, measured in cases registered for treatment per 10 000 
population, was highest in Mozambique, Nepal, Democratic 
Republic of the Congo, Brazil, Tanzania and Madagascar. Only 
these six countries remained above the WHO target for elimina-
tion of leprosy as a public health problem, defi ned as a registered 
prevalence of less than 1/10 000, at the end of 2005. For many 
years, two-thirds of all new cases of leprosy have been reported 
from India alone. In recent years there has been a signifi cant 
fall-off in new cases in India and overall global trends refl ect this, 
though elsewhere there is little or no evidence of a decline in new 
cases.

The global registered prevalence of leprosy has decreased mark-
edly in the 20 years since 1985, when around 5.4 million were on 
treatment registers. Interpretation of prevalence and incidence 

trends is, however, complicated by signifi cant reductions in 
duration of treatment, the widespread updating of treatment reg-
isters, and large scale public health campaigns. In addition, recent 
changes in health system management of leprosy, particularly the 
integration of leprosy into general health services in many coun-
tries, notably India, have necessitated a major simplifi cation of 
guidelines, and a decreased focus on leprosy. Over 14 million 
people have been cured of leprosy since 1985; however, a signifi -
cant proportion of these have ongoing disability as a result of 
leprosy-related nerve damage. Data on disability due to leprosy 
are scarce, but it is probable that 3 million or more people are 
currently living with leprosy-related physical impairments and 
disabilities. Many are suffering stigmatization as a result, includ-
ing both felt and enacted stigma.

Distribution

Leprosy is known to occur at all ages, with incidence rates peaking 
in young adulthood. Disability due to leprosy is associated with 
increasing age at diagnosis. Males are more commonly diagnosed 
with leprosy than women in many, though not all countries, often 
in the ratio of 2 : 1. Since the diagnosis of leprosy is highly sensi-
tive to operational issues involved in case fi nding, decreased access 
for women to health information and health services needs to be 
considered as a possible explanation for the sex ratio observed. 
There are also questions about differential risks of exposure for 
men and women related to social customs of mobility in relation 
to gender. The development of clinical leprosy is associated with 
poverty, though it can affect people of every socioeconomic status. 
Leprosy had virtually disappeared from some historically endemic 
pockets of leprosy, such as Western Europe, prior to the era of 
effective chemotherapy, presumably related to socioeconomic 
development.

Incidence among contacts

In general, people with known leprosy-affected contacts are in the 
minority among new cases and the vast majority of those in close 
contact with leprosy-affected people will not develop leprosy. Nev-
ertheless, attack rates for contacts are higher than in the surround-
ing population, fi ve to ten times higher in contacts of multibacillary 
index cases (who have multiple lesions corresponding to more 
bacilli as in Figure 58.1), and two to four times higher in 
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paucibacillary cases. There appears to be a gradient in susceptibil-
ity depending on how physically or socially distant the contact is, 
along with a persisting genetic effect that is independent of physi-
cal distance.2

Transmission

The aetiological agent in leprosy is Mycobacterium leprae, which 
was fi rst identifi ed microscopically by Armauer Hansen in Norway 
in 1873. Humans are the only known signifi cant reservoir of infec-
tion in leprosy. People with untreated lepromatous leprosy may 
harbour billions of organisms per gramme of tissue and are 
believed to be the key factor in transmission of leprosy. Non-
lepromatous cases, though more frequent, have a much smaller 
bacillary load, not easily detectable by routine microscopy. The 
carriage of M. leprae by healthy subjects in nasal mucosa may also 
play a role in the transmission of leprosy. Rates of population 
nasal carriage of M. leprae based on PCR studies are much higher 
than registered prevalence rates of leprosy.3 The natural occurrence 
of disease due to M. leprae in wild, nine-banded armadillos is of 

negligible relevance to human leprosy globally though leprosy has 
occasionally been reported in armadillo handlers.

Portal of exit

Nasal secretions are believed to be the main portal of exit in 
leprosy, while the role of desquamating skin is less certain. Large 
numbers of viable organisms can be detected in the nasal secre-
tions of those with untreated lepromatous leprosy. By contrast, 
despite presence of large number of bacilli in deeper layers of the 
skin, it has generally proved diffi cult to detect acid-fast bacilli in 
desquamating epithelium of such patients, though Job has recently 
reported M. leprae in more superfi cial layers.4

Viability outside the host

The discharge of large numbers of M. leprae from nasal mucosa 
in secretions or droplet form raises the question of organism 
viability in the environment. M. leprae is known to survive for 
many days and possibly months under optimal conditions of high 
humidity and low sunlight.

Portal of entry

The portal of entry for M. leprae is uncertain but the only seriously 
considered sites are the upper respiratory tract and skin. Rees and 
McDougall succeeded in experimentally infecting immuno-
defi cient mice through aerosols containing M. leprae5 and the 
nasal route is generally thought to be most important. Experimen-
tal models and clinical examples of transmission through the skin 
have, however, also been reported.6

Host susceptibility

It has long been accepted that host susceptibility plays a signifi cant 
role in the development of clinical leprosy. The mechanisms by 
which lower socioeconomic status predisposes to an increased 
susceptibility to leprosy remain unclear. BCG vaccination has a 
protective effect, though studies in different countries have 
reported different rates of protection.7–9 HIV infection has not 
been associated with an increased risk of developing leprosy, or 
of developing more serious forms of leprosy.10 Leprosy reactions 
may, however, be increased in HIV-positive individuals with 
leprosy. Studies into genetic susceptibility have suggested a two 

Table 58.1 Distribution of leprosy cases by WHO region (excluding Europe), 2005

WHO region Registered cases Prevalence per 10 000 on 
31 December, 2005

New cases detected Case detection per 
100 000 in 2005

Africa 40 830 0.56 42 814 5.9

Americas 32 904 0.39 41 780 5.0

South-east Asia 133 422 0.81 201 635 12.2

East Mediterranean 4 024 0.09 3 133 0.7

West Pacifi c 8 646 0.05 7 137 0.4

Total 219 826 296 499

Figure 58.1 Multiple lesions of multibacillary leprosy.
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stage process, whereby non-HLA genes may have a signifi cant 
effect on the development of leprosy, while clinical subtype is 
partially controlled by HLA genes and partially by other genes.11 
Studies have identifi ed a locus on chromosome region 6q25 in 
Vietnamese patients signifi cantly linked to leprosy susceptibility.12 
A mutation in the intracellular portion of Toll-like receptor 2 
(TLR-2) was found to be associated with lepromatous leprosy 
in 10 of 45 Korean patients, but was not found in 41 tuberculoid 
patients or 45 healthy controls.13 Downstream signalling for 
immune response to M. leprae cell wall components was also 
abolished in in-vitro studies using the same TLR-2 mutation.14

Incubation period

The incubation period for leprosy is both diffi cult to defi ne and 
extremely variable. Onset is usually insidious, subclinical infec-
tion common, detection often delayed, and immunological tools 
inadequate to determine onset of disease. The average incubation 
period is generally agreed to be from 3–5 years, though rarely 
infants have been reported with leprosy in the fi rst few months 
of life, and war veterans exposed in endemic areas up to 30 years 
earlier may develop leprosy. The reported average delay to diag-
nosis from onset of clinical symptoms varies greatly but is often 
in excess of two years. The lengthy combined period of incubation 
and delay to diagnosis implies signifi cant spread of leprosy prior 
to treatment, and makes decreasing transmission through early 
diagnosis and treatment a diffi cult prospect.

Modelling transmission

The transmission of leprosy under several future scenarios has 
been modelled, based on observed trends in new case diagnosis 
globally and in specifi c countries where data collection is good, 
relying on a number of assumptions and adjustment of relevant 
variables. The SIMLEP model15 predicts a gradual decline in 
leprosy incidence on current trends, though with a signifi cant risk 
of future increase in leprosy incidence if BCG vaccination coverage 
declines or if global diagnostic and treatment services for leprosy 
deteriorate leading to further treatment delay. To some extent 
increased delay in diagnosis is inevitable with decline in preva-
lence, and has been associated with extensive disability at diagno-
sis in low prevalence countries such as the UK.16

MICROBIOLOGY

Mycobacterium leprae is a strongly acid-fast bacillus, with parallel 
sides and rounded ends, closely resembling Mycobacterium tubercu-
losis. Under electron microscopy the bacillus shows a great variety 
of forms, the most common being a slightly curved fi lament, 3–
10 μm in length. Organisms may be identifi ed in stained biopsies, 
smears of nasal secretions, or more commonly from slit skin 
smears. Bacilli are often grouped together in slides of smears from 
lepromatous patients like bundles of cigars known as palisades, 
and are occasionally present in large intracellular or extracellular 
clumps known as globi. It is thought that only the few solid staining 
organisms are viable while the vast majority of organisms, which 
show patchy staining and fragmented morphology, are non-viable. 
The proportion of solidly staining organisms (known as the 

Morphological Index or MI) is often around 4–5% in untreated 
lepromatous leprosy patients and falls dramatically within a few 
days of commencing standard leprosy chemotherapy.

Growth characteristics

Mycobacterium leprae is extremely fastidious in regard to growth 
requirements and is yet to be successfully cultured on artifi cial 
media. It is cultured in a small number of laboratories worldwide 
in laboratory mice using Shepard’s hind footpad inoculation 
method. Antibiotic sensitivities are determined through the ability 
of the organism to grow in mice fed different concentrations of 
antibiotic. The organism generation time is extremely long, around 
14 days on average, thus the determination of antibiotic sensitiv-
ity takes several months. In normal mice maximum growth occurs 
during a period of up to 6 months to around 106 organisms from 
an initial inoculum of around 104 bacilli. In immunodefi cient, 
thymectomized, irradiated (TR) mice microbial growth continues 
beyond 6 months with yields of up to 109 organisms, giving a 
model analogous to lepromatous leprosy with broad dissemina-
tion of bacteria beyond the footpads.17 This method can be used 
to culture small numbers of viable bacilli from patient specimens, 
which would not be possible using normal mice.

The nine-banded armadillo (Dasypus novemcinctus), in addition 
to being a natural host for M. leprae, has become the principal 
source of the organism for immunological and biochemical 
research. The animal’s primitive immune system and low body 
temperature make for ideal incubation conditions for M. leprae. 
Disseminated disease follows intravenous inoculation, and bacte-
rial yields from liver and spleen can reach 1012 organisms per 
gramme of tissue.

Genome

The genomic sequence of M. leprae has been mapped using a 
combination of automated DNA sequence analysis of selected 
cosmids and whole-genome ‘shotgun’ clones. Investigation into 
the genome of M. leprae in comparison with M. tuberculosis reveals 
an extreme case of reductive evolution. The genome of M. leprae 
is over 25% smaller than M. tuberculosis, amounting to a reduction 
of 1200 protein sequences, despite evidence for a common ances-
tor. Recent evidence suggests that many of the genes that were 
present in the genome of M. leprae have truly been lost.18 Less than 
half of the genome contains functional genes and whole meta-
bolic pathways together with their regulatory circuits have been 
eliminated.19 This likely explains the organism’s extreme genera-
tion time, and the inability to culture it in vitro. Research is now 
underway to develop diagnostic skin tests based on information 
from the completed genome, to better understand mechanisms of 
nerve damage and drug resistance and to identify novel targets 
and drugs for new therapeutic regimens.

PATHOGENESIS

Point of entry

Evidence for an entry point for Mycobacterium leprae primarily 
via the nasal cavity is enhanced by nasal endoscopic and biopsy 

Pathogenesis
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studies showing high rates of macroscopic and histological changes 
of leprosy in patients with various types of clinical leprosy,20,21 
which support a possible primary nasal focus of infection with 
later secondary spread. Transmission of leprosy via skin abrasions 
has been demonstrated under laboratory conditions, but is 
thought to play a minor role.

Immunology

Clinicopathological manifestations of leprosy are determined 
by host immunological response to M. leprae. The natural history 
of leprosy is characterized by much higher rates of infection than 
clinical disease. A protective immune response in leprosy is 
entirely dependent on cellular immune mechanisms, since only 
by this mechanism is M. leprae killed. Humoral antibodies are 
produced in response to various antigens of M. leprae, and are 
abundant in lepromatous leprosy but do not appear to be useful 
in elimination of the organism. The ability to produce and develop 
cell-mediated immunity determines whether clinical leprosy 
develops, heals spontaneously, or evolves into one of many 
clinico-pathological subtypes. With appropriate cell-mediated 
immune response, spontaneous resolution of early leprosy is the 
rule, not the exception. Single lesion leprosy typically resolves 
without treatment in the majority of cases.22 Depending on 
whether immunological response follows predominantly a type 1 
helper T lymphocyte (Th1) or a type 2 helper T lymphocyte (Th2) 
pattern, the clinical picture evolves towards the tuberculoid or 
lepromatous ends, respectively, of the spectrum of clinical leprosy 
(Table 58.2). Cell-mediated immunity is strong in tuberculoid 
leprosy but weak or absent in lepromatous leprosy. Dendritic cells 
appear to be the most effi cient antigen-presenting cells, and cell 
membrane antigens from M. leprae may be the most immuno-
genic, resulting in enhanced lymphocyte activation in tuberculoid 
leprosy compared with normal subjects.23

In addition to and underlying the adaptive immune mecha-
nisms described above, the role of innate immunity in leprosy 
nerve damage as well as skin involvement appears to be very 
important. Toll-like receptor 2 (TLR2) and a TLR2–TLR1 heterodi-
mer receptor have been shown to be crucial in the process of 
recognizing mycobacterial lipoproteins and generating an appro-
priate Th1 response. These receptors are more strongly expressed 
in lesions from tuberculoid than lepromatous leprosy, and, as well 

as promoting a Th1 cytokine response, their activity is enhanced 
in the presence of such a cytokine profi le and inhibited by Th2 
cytokines.14,24 A mutation in a conserved region of TLR2 has been 
associated with the abolishing of intracellular signalling and 
transcription of infl ammatory cytokines and susceptibility to 
lepromatous leprosy.13

Immunology of reactions

Leprosy reactions are a major cause of disability in leprosy, and 
are essentially immune phenomena. Reactions are termed type 1 
or type 2. Type 1 or ‘reversal’ reactions represent an ‘upgrading’ of 
the cell-mediated immune response to M. leprae antigens. The 
typical type 1 reaction is a reddened skin lesion of leprosy, with 
or without swelling and other manifestations of infl ammation. 
Nerves affected by type 1 reactions typically show an abrupt loss 
of function, not infrequently in the absence of other manifesta-
tions of infl ammation. The typical skin lesion of type 2 leprosy 
reactions is known as erythema nodosum leprosum (ENL) and is 
characterized by tender, erythematous subcutaneous papules at 
any skin site. Deposited antigen-antibody complexes may also 
affect nerve, eye and other organs and cause systemic effects.

Type 1 skin reactions result from a marked increase in delayed 
type hypersensitivity (DTH) reactivity, and a sharp increase in Th1 
cytokines, including TNF-α. By contrast, type 2 reactions in the 
skin and elsewhere are considered a prototype of immune complex 
disease, with resultant granulocyte attraction and complement 
activation. Th2 cytokine activation is characteristic of type 2 reac-
tions with selective dynamic increases in IL-6, IL-8, and IL-10 
mRNA, alongside persistent increases in IL-4 and IL-5 mRNA in 
lesions.

Some authors refer to a type 3 reaction, otherwise known as 
the Lucio phenomenon. This rare entity is a leucocytoclastic ulcer-
ative skin condition found in advanced, untreated lepromatous 
leprosy.

PATHOLOGY

Histopathological classifi cation

Leprosy is commonly divided into tuberculoid, borderline, and 
lepromatous types as in Table 58.2. The Ridley–Jopling histo-

Table 58.2 Clinical and immunological spectrum of leprosy

Immunological 
classifi cation

Tuberculoid Borderline Lepromatous

Cell-mediated immune response Strong Intermediate and unstable Weak

Antibody production Low or absent Variable Prominent

T cell and cytokine response Th1 pattern Th2 pattern

M. leprae presence in lesions Not detected Variable Large numbers

Histological appearance Epithelioid granulomas Mixed Foamy macrophages

Skin lesions Few asymmetrical lesions, 
defi nite loss of sensation

Variable number and type 
of lesions

Usually many lesions, more symmetrical, 
less sensory loss in lesions

Leprosy reactions Type 1 reactions may occur Type 1 common; Type 2 
less common

Type 2 reactions not uncommon



1057

pathological classifi cation incorporates two further intermediate 
types – borderline tuberculoid, and borderline lepromatous.25

Early changes

The earliest indication of skin infection with M. leprae is the 
multiplication of bacilli within the fi xed cells of the dermis. 
Monocytes from blood subsequently migrate towards invading 
organisms, in order to phagocytose and disintegrate them. Early 
invasion of nerves by M. leprae is signalled by focal damage related 
to blood vessels near their site of entry into the nerves. Bacteria 
spread centripetally along the fi ne fi bres of cutaneous nerve twigs 
and proliferate within Schwann cells, which are crucial in the 
pathogenesis of clinical leprosy. Overwhelmed Schwann cells then 
burst, releasing bacteria into endoneural spaces, where they are 
engulfed by histiocytes.

Indeterminate leprosy

Though not universally present, the earliest visible skin lesion 
in the natural history of leprosy is the indeterminate stage of infec-
tion. It is most commonly observed early in the course of infection 
in children in whom the type and level of immune resistance to 
M. leprae has not yet been fully determined. This stage may last 
for months, may spontaneously resolve, or may progress to tuber-
culoid, borderline or lepromatous leprosy, depending on the 
body’s fully evolved immune response to the infection. Histology 
shows foci of infl ammatory cellular exudates, mainly around the 
fi nest nerve fi bres in dermal plexuses (perineural paravascular 
infl ammation), consisting of lymphocytes and histiocytes pre-
dominantly, with or without scarce acid-fast bacilli.

Tuberculoid leprosy

An appropriate cell-mediated immune response generated through 
initial interaction between bacteria and dermal histiocytes results 
in a shift from indeterminate leprosy towards the tuberculoid pole 
of the leprosy immunological spectrum. Histologically this is 
recognized by the transformation of histiocytes into groups of 
epithelioid cells, which may coalesce to form giant cells. Well 
circumscribed foci of these cells in the dermis are often surrounded 
by a zone of lymphocytes, and known as epithelioid granulomata. 
Granulomatous cords follow the lines of neurovascular bundles 
(Figure 58.2). Effi cient mycobacterial phagocytosis and antigen 
presentation results in an effective Th1 immune response of cell-
mediated type, and hence few, if any, recognizable acid-fast bacilli 
are seen histologically. Nerve bundles become swollen by prolif-
eration of Schwann cells, which develop into epithelioid cells.

M. leprae’s propensity for nerve damage is based on its unique 
tendency to invade Schwann cells. A 21 kDa histone-like protein 
of M. leprae, known as LBP21, and phenoglycolipid 1 antigen 
(PGL-1) bind to the extracellular matrix protein laminin-2. In 
turn, αβ-dystroglycan in the basal lamina acts as a Schwann cell 
receptor for these laminin/M. leprae–antigen complexes. Direct 
cytotoxicity of T cells activated by Schwann cell processing and 
presentation of M. leprae proteins and peptides to MHC Class II-
restricted CD4+ Th1 cells26 in turn leads to infl ammatory damage 
to the nerve as an innocent bystander. Nerves may become diffi -

cult to recognize, and occasionally nerves undergo caseation. 
Fibrosis is common, and a mixture of myelinated fi bre loss and 
remyelination, as well as axonal degeneration and regeneration 
can be observed. Peripheral nerves are commonly involved in 
tuberculoid leprosy. Autonomic nerves may also be involved, and 
contribute to digital atrophy and bony absorption through inter-
ference with microvascular autoregulation.

Lepromatous leprosy

At the other end of the immunological spectrum, histiocytes of 
indeterminate leprosy gradually change into lepra cells, otherwise 
known as Virchow-cytes, a form of activated macrophage. These 
proliferate and may become foamy because of an abundance of 
poorly processed mycobacterial lipid material. Contrary to a more 
traditional understanding, on the basis of detailed electron micro-
graphic study, Abulafi a and Vignale27 argue that the lepra cells do 
ultimately kill bacteria, despite slow initial proliferation, but a 
failure of phospholipase activity results in inadequate antigen 
processing. They propose a second, delayed phase of antigen 
processing subsequent to degeneration of old lepra cells which 
initiates a Th2 pattern of immune response, generating groups of 
plasma cells and the prominent humoral antibody response seen 
in lepromatous leprosy. Other mononuclear cells may be seen, 
but lymphocytes are scanty. In fully developed lepromatous 
disease continuous sheets of chronic infl ammatory tissue with 
bacteria-fi lled blocks of lepra cells dominate the dermis (Figure 
58.3) while the subepidermal zone of the dermis is clear of infi l-
trate. At this stage the infection is systemic and spreads by lym-
phatics or blood to distant organs including liver, spleen and bone 
marrow, where miliary and sometimes large lepromas can be 
found. Mucous membranes of the upper respiratory tract are also 
extensively involved in lepromatous leprosy, and may be a primary 
site of involvement and immune response determination. Involve-
ment can extend from nose to larynx, and membranes are oede-
matous, thickened and ulcerated. Nasal cartilages may be 
perforated, and secondary bacterial invasion of cartilage and soft 
tissues of the upper respiratory tract is common.

Figure 58.2 Skin lesions of tuberculoid leprosy (high power). 
(Courtesy of the late S. G. Browne.)

Pathology
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Histoid leprosy is a rare nodular form of lepromatous leprosy 
which usually occurs in relapsed patients who have secondary 
resistance to dapsone, but may also occur with primary dapsone 
resistance. The histopathological features consist of well-formed 
lesions surrounded by a pseudocapsule, with variously arranged 
spindle-shaped, polygonal and foamy histiocytes, and a large 
number of solid staining acid-fast bacilli.28

Borderline leprosy

Histologically, borderline leprosy shows features intermediate 
between those of lepromatous and tuberculoid leprosy. An infl am-
matory reaction is seen in the superfi cial layers of the dermis, 
consisting of small round cells, histiocytes and clumps of epithe-
lioid cells but without giant cells. Depending on which immuno-
logical pole the patient response leans towards, nerves may show 
large numbers of bacilli or epithelioid cells with few bacilli, i.e. 
they may resemble nerves in tuberculoid or lepromatous disease 
(Figures 58.4, 58.5). Borderline leprosy is unstable, with potential 
for sharp immunological upgrading towards the tuberculoid pole 
of the spectrum (known as a reversal or type 1 reaction) or a more 
gradual drift to the lepromatous pole, sometimes referred to as 
downgrading.

CLINICAL MANIFESTATIONS

Infection with Mycobacterium leprae is far more common than the 
expression of clinical disease and the majority of early leprosy 
lesions resolve without treatment. The natural history of leprosy 
is highly variable. A small minority of cases with a weak cell-
mediated immune response develop polar lepromatous leprosy, 
a chronic, progressive and disseminated infection with multiple 
demonstrable acid-fast bacilli in skin smears and nasal secretions. 
A larger proportion mount a stronger immune response and 
develop tuberculoid leprosy, a highly localized disease character-
ized by primarily immunological damage to skin and nerves. In 
the spectrum between these two immunological and clinical 
poles, and prone to swing one way or the other, fall the majority 

of cases with borderline leprosy. A further group of patients 
have early, indeterminate leprosy and are undifferentiated 
immunologically.

Symptoms and signs

The mode of onset of leprosy is usually insidious, an absence 
of toxicity being characteristic of leprosy, even where bacterial load 
is enormous. Nevertheless, local infl ammatory reactions to M. 
leprae may appear unpredictably, sometimes accompanied by sys-
temic manifestations of infl ammation. The onset of clinical disease 
may be precipitated by another acute disease or physiological 
stress, such as puberty, childbirth or menopause.

The diagnosis of leprosy is usually based on clinical signs and 
symptoms alone, identifi able by appropriately trained health 
workers. Common presentations are changes in the appearance of 
the skin, tenderness, tingling or thickening of nerves, localized 
areas of anaesthesia with insensitivity to trauma, and numbness 

Figure 58.3 Skin lesions of lepromatous leprosy (high power) 
showing the lepra cellular tissue. (Courtesy of the late S. G. Browne.)

Figure 58.4 Nerve lesions (low power) of tuberculoid leprosy. 
(Courtesy of the late S. G. Browne.)

Figure 58.5 Nerve lesions (high power) of lepromatous leprosy. 
(Courtesy of the late S. G. Browne.)
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and tingling of extremities. Only rarely are laboratory investiga-
tions required to confi rm the diagnosis of leprosy.

Tuberculoid leprosy is confi ned to skin and/or nerve, being 
localized to one or a few asymmetric areas. In lepromatous leprosy, 
negligible immune resistance results in the wide dissemination of 
M. leprae throughout skin, nerves and the reticuloendothelial 
system. Invasion of eyes, testes, bones and mucous membranes of 
the upper respiratory tract also occurs in some. Borderline leprosy 
occurs in those with levels of immune resistance intermediate 
between tuberculoid and lepromatous leprosy and generally 
affects both skin and nerve. Distribution is therefore less wide-
spread and symmetrical than in lepromatous leprosy but more 
than in tuberculoid forms.

Skin

Typical leprosy skin lesions are either less pigmented than sur-
rounding skin or they may have a reddish or coppery hue. Macules 
or papules are most common, single or multiple, and ranging in 
size from just under 1 cm in diameter to very large. Lesions can 
be found anywhere on the body, but are uncommon in hairy areas 
such as the scalp. The most common sites are the face, buttocks 
and extremities. Palms and soles are not spared, but lesions are 
very rare in the axillae and groin. Sensory loss within skin lesions 
is a typical feature of leprosy, tested usually by light touch and/or 
pin prick. Skin infi ltration is also a common presentation, either 
as a feature of defi ned skin lesions or as a diffuse phenomenon, 
particularly affecting the face. Indeterminate leprosy is an early 
phase in the natural history of leprosy, usually presenting as a 
single hypopigmented macule (Figure 58.6) with uncharacteristic 
histology and absence of bacilli.

Skin lesions in tuberculoid leprosy appear as macules or plaques. 
Either erythematous or hypopigmented, tuberculoid macules 
often have a dry, rough surface with lack of sweating. They have 
well-defi ned borders, and loss of sensation is clearly demonstra-
ble. Tuberculoid leprosy plaques are usually erythematous, some-
times with a coppery, brownish or even purple hue. Plaque surface 
is dry, rough, and sometimes scaly and irregular. Edges are well 
defi ned and raised, while the centre of lesions may become fl at-

tened and sometimes have evidence of healing, appearing like 
normal skin. Skin lesions of tuberculoid leprosy are more common 
on the face, extensor surfaces of limbs, back and buttocks (Figure 
58.7). A few small ‘satellite’ lesions may be seen alongside a tuber-
culoid plaque. Thickened cutaneous nerves may also be palpated 
in the vicinity of the lesions and the edge of lesions should be 
palpated to detect such cutaneous nerves.

Skin lesions in lepromatous leprosy are generally multiple, small 
and symmetrically distributed. Sensory impairment within the 
lesions is often but not always detectable. A variety of morpholo-
gies of skin lesions are seen, including macules, plaques (infi ltra-
tions), papules and nodules. Sometimes all of these may be 
present at the same time in well advanced disease. The earliest 
skin lesions are macules, which are small, circular or elliptical, and 
are often ignored by the patient through lack of pain or itching. 
Hypopigmentation (not depigmentation) of these macules is 
usual, though erythematous lesions in light skins and coppery 
lesions in dark skins are also common. The surface of lesions is 
smooth and shiny, and edges are generally indistinct. Infi ltrated 
plaques are raised above the skin, particularly centrally, and give 
a sensation of thickening on palpation. As a rule, infi ltrated lesions 
are not anaesthetic. Papules and nodules are more advanced and 
often occur on the face. The ears should always be carefully exam-
ined by close inspection and palpation. The earlobes are more 
constantly affected than any other part of the body, and appear 
thickened quite early in the course of the disease, later becoming 
nodular (Figure 58.8). Signifi cant infi ltration of facial skin accen-
tuates normal wrinkles into deep furrows giving rise to character-
istic leonine (‘lion-like’) facies. Early infi ltration may be diffi cult 
to detect. Nodules may occasionally undergo necrosis and ulcer-
ation. Large ulcers may also form distally on the lower limbs 
secondary to lymphatic occlusion by bacillary invasion in 
advanced lepromatous disease. Trophic changes to digits may 

Figure 58.6 Early indeterminate lesion of paucibacillary leprosy. Figure 58.7 Tuberculoid leprosy macule on buttock.

Clinical Manifestations
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result in nails of fi ngers and toes becoming dry, dull, narrow and 
ridged longitudinally. Hair follicles of eyebrows and eyelids are 
frequently damaged, if not obliterated, by skin invasion by M. 
leprae in lepromatous leprosy. The resulting thinning of the eye-
brows commences in the lateral half and sometimes progresses to 
complete loss of eyebrows and eyelashes, known as superciliary 
and ciliary madarosis, respectively.

Skin lesions in borderline leprosy are either macular lesions 
(Figure 58.9) or infi ltrated plaques (Figure 58.10), or combina-
tions of these. Sensory impairment can be detected in some if not 
all macular lesions, while plaques are invariably anaesthetic. 
Lesions have their own distinctive features in which the hypoaes-
thetic characteristics of the two polar types (lepromatous and 
tuberculoid) are merged. Lesions are moderate in number 
and asymmetrical in distribution. The surface is often smooth and 

shiny and slopes away peripherally from a raised centre to edges 
which are well defi ned in places and indefi nite in others. Annular 
lesions are a characteristic form of borderline leprosy. An oval area 
of anaesthetic skin of normal appearance is surrounded by a band 
of infi ltrated, raised tissue of varying width. The inner edge of this 
band is raised and clear-cut, giving the central area a punched-out 
appearance, while the outer border merges gradually with the sur-
rounding skin. Sometimes an oval band of infi ltrated tissue occurs 
within annular lesions giving the impression of a target. Plaques 
may be found on any non-hairy part of the body, but favour the 
limbs and buttocks.

A rare variant of lepromatous skin infi ltration was described 
by Lucio and Alvarado in Mexico in 1852. The entire skin is dif-
fusely infi ltrated with no discrete lesions seen, and becomes stiff 
and smooth, similar to scleroderma. Loss of eyebrows and eye-
lashes occurs, and nasal destruction, alopecia and loss of body 
hair may develop. Widespread small telangiectases are also 
described. In such patients, a unique and very rare form of lepra 
reaction known as ‘Lucio’s phenomenon’ (or type 3 reaction) has 
been described. Painful, purpuric, ulcerating patches appear on 
the skin, later becoming crusted and healing by scarring. This may 
be differentiated from the much more common erythema 
nodosum leprosum (ENL) reaction by the absence of fever and 
leucocytosis, and absence of tender subcutaneous lesions.

Ulceration

In established leprosy, where peripheral sensory nerve damage 
is well advanced, leprosy may present with trophic skin ulcers, due 
to a lack of self-protection from burns, sharp object trauma, and 
repetitive minor trauma. Ulcers are most common on the plantar 
aspect of the feet over pressure areas – toes, metatarsal heads, heel, 
and lateral foot border. Hands may also be involved with ulcers, 
commonly involving the fi ngers and palm, especially due to 
burns. Repetitive minor injury results in gradual absorption and 
shortening of digits of fi ngers and toes. Trophic ulcers also occur 
on anaesthetic patches if they occur at trauma-prone sites, e.g. on 
buttocks or elbows.

Figure 58.8 Nodular changes in ear lobe in lepromatous leprosy.

Figure 58.9 Erythematous borderline tuberculoid leprosy macule 
with satellite lesions.

Figure 58.10 Borderline tuberculoid leprosy plaques.
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Leprosy skin reactions

Type 1 skin reactions typically begin as redness, swelling, warmth 
and, occasionally, tenderness arising suddenly within existing 
leprosy skin lesions (Figure 58.11). Occasionally, new skin lesions 
that were not previously apparent are ‘unmasked’ through the 
upgrading in cell-mediated immune responses characteristic of 
type 1 reactions. These reactions are most common in the fi rst few 
months following institution of antibiotic therapy for leprosy, but 
can occur before and after treatment. Generalized swelling of 
hands, feet and ankles may also accompany the more localized 
changes within leprosy skin lesions. Associated damage to involved 
nerves is another common manifestation of type 1 reactions. 
Treatment of HIV infection with highly active antiretroviral therapy 
in people with leprosy has been associated with the development 
of type 1 reactions as part of an immune reconstitution infl am-
matory syndrome.29,30

Type 2 skin reactions are characterized by small (5–10 mm) 
subcutaneous nodular lesions, which may occur at any body site, 
but rarely on the face, and are known as erythema nodosum lep-
rosum (ENL). When severe, these lesions may ulcerate and become 
pustular. ENL occurs in approximately 5% of multibacillary cases 
of leprosy and is characteristically associated with a systemic 
infl ammatory response including fever, tachycardia and malaise.

Nerves

Leprosy affects peripheral mixed nerves and cutaneous nerves. The 
most common peripheral nerves affected, in order of frequency, 
are the posterior tibial, ulnar, median, lateral popliteal (common 
peroneal), facial, and radial nerves. The trigeminal nerve, espe-
cially the ophthalmic branch, may also be affected, causing loss 
of corneal sensation. Enlargement of involved nerves at particular 
sites, notably the ulnar nerve at the elbow and the lateral popliteal 
at the head of the fi bula, is characteristic of leprosy and requires 
training and practice to detect reliably. Peripheral nerve trunks 
should be formally examined for enlargement and for loss of 
function at diagnosis and on a regular basis to detect any deterio-
ration. Cutaneous nerve thickening usually affects small nerves 

adjacent to leprosy skin lesions. Particular regional cutaneous 
nerves may also be enlarged, notably the greater auricular nerve 
(Figure 58.12), supraclavicular nerves, ulnar cutaneous nerve, 
radial cutaneous nerve, superfi cial peroneal nerve, and the sural 
nerve. Enlargement is sometimes graded as 1+ (mild) to 3+ 
(severe). It may be nodular rather than uniform thickening. 
Sensory loss is usually more prominent than motor function loss. 
Nerve thickening by itself, without associated sensory loss and/or 
muscle weakness, is suspicious but not a reliable sign of leprosy, 
hence other diagnostic features need to be sought to confi rm a 
clinical diagnosis.

Subjective symptoms of paraesthesiae, hyperaesthesiae, and 
hyperalgesia may signal sensory nerve function impairment, 
though frequently the impairment of light touch, temperature or 
pain sensation develops ‘silently’. Loss of position sense, vibration 
sense and tendon refl exes is rare. Motor nerve function impair-
ment also often develops in the absence of other signs of nerve 
infl ammation. Muscle wasting may ensue, if motor function loss 
and paralysis becomes established. Resulting deformities (Figure 
58.13), such as claw hand (ulnar nerve), ‘ape thumb’ (median 
nerve), drop foot (common peroneal nerve) and facial palsy 
(facial nerve) are all too frequent complications. Autonomic nerve 
involvement may be signalled by mild oedema of the hands and 
feet, which later may become dry, puffy and cyanosed.

Figure 58.11 Borderline leprosy skin lesions in type 1 reaction.

Figure 58.12 Leprosy patient with enlarged cutaneous nerves.

Figure 58.13 Typical leprosy hand deformities: ulnar claw, ‘ape 
thumb’ and pressure ulceration.

Clinical Manifestations
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Nerve thickening and associated dysfunction occurs more 
slowly in lepromatous leprosy than in other forms of leprosy due to 
the weaker immune response, but may involve multiple nerves. 
As with skin involvement, nerve thickening tends to be bilateral 
and symmetrical. Glove and stocking loss of sensation is common 
in established lepromatous leprosy.

Affected nerves in tuberculoid leprosy are thickened, often irregu-
larly, and associated sensory, motor or autonomic nerve function 
may be impaired. Sensory disturbances are most common. Motor 
changes are shown by muscle weakness or wasting and should 
always be examined for in the face, the intrinsic muscles of the 
hand and the dorsifl exors of the foot. It is rare for the dorsifl exors 
of the wrist to be affected, as the radial nerve is less commonly 
affected.

Nerve involvement can very often be demonstrated in borderline 
leprosy. Symptoms such as paraesthesiae and hyperalgesia often 
precede the clinical detection of skin lesions. Nerves are involved 
asymmetrically. As in tuberculoid leprosy, other body tissues are 
not affected directly by M. leprae but only indirectly, through reac-
tions, nerve damage, and secondary infection.

Reactions involving nerves

Acute nerve swelling and/or tenderness may accompany neuritis 
due to lepra nerve reactions, though silent neuritis is also common. 
In the AMFES study in Ethiopia, 55% of 594 new cases of leprosy 
had nerve impairment at diagnosis, and a further 12% developed 
new impairment after starting treatment.31 Most reactions occur 
in the fi rst year after diagnosis but can be delayed and/or recur-
rent. Occasionally nerve abscesses are found. ‘Cold’ nerve abscesses 
are not uncommon in tuberculoid leprosy, occurring as part of 
lepra reactions. Culture of pus from such abscesses is almost 
always sterile. Neuropathic pain due to leprosy is increasingly 
recognized.

Testing nerve function

Detection of nerve damage is an important issue, especially con-
sidering the frequency of silent neuritis. Light touch, pin prick and 
temperature sensation can be differentially affected and, ideally, 
should all be tested. In practice, careful and repeated testing using 
one modality such as light touch is usually adequate. Testing 
sensation using graded nylon monofi laments has become more 
widely used in clinical practice, with good sensitivity and repro-
ducibility, though more sophisticated tests of nerve function may 
reveal more widespread subtle abnormalities. Testing of sensation 
using a ball-pen is convenient and widely used in fi eld practice, 
though the correlation with graded monofi lament-defi ned thresh-
olds for normal and for protective sensation in hands and feet is 
highly operator dependent, and prone to underdetection.32 Clini-
cal voluntary muscle testing underestimates leprosy-related defi -
cits compared with nerve conduction studies, but regular testing 
using the MRC grading system will detect important changes in 
motor function. Sensory and motor nerve testing at diagnosis 
helps to stratify patients in terms of level of risk of further nerve 
function impairment. Regular testing, preferably on a monthly 
basis, is recommended for up to 12 months in paucibacillary 
patients and 24 months in multibacillary patients.

Eyes

Leprosy is a leading cause of blindness worldwide. The anterior 
portion of the eye is primarily involved in leprosy. Visual impair-
ment and blindness are common in patients with advanced 
lepromatous leprosy. Cornea, iris and lens can all be directly 
involved by M. leprae infection. Lagophthalmos (Figure 58.14), 
i.e. the failure of eye closure due to facial nerve damage, leads to 
exposure keratitis and predisposes to corneal trauma. Reduced or 
absent corneal sensation due to involvement of the ophthalmic 
branch of the trigeminal nerve is an additional potent cause of 
corneal ulceration and scarring, and goes unrecognized by the 
patient due to lack of corneal irritation. The eyes may also be 
involved in tuberculoid or borderline leprosy as a secondary con-
sequence of damage to the facial and trigeminal nerves.

Iridocyclitis occurs as part of the type 2 reaction in lepromatous 
leprosy and may be an acute or chronic process. Acute iridocycli-
tis is signalled by pain, photophobia, and a red eye. Conjunctival 
vascularity is increased in a peri-corneal distribution. Untreated 
acute iridocyclitis may become chronic, and the development of 
posterior synechiae leads to a small irregular pupil. A more insid-
ious form of chronic iridocyclitis also occurs in lepromatous 
leprosy and regular tests for visual acuity are recommended as a 
screening test. Slit lamp examination shows ‘fl are’ (cloudiness of 
aqueous fl uid) and cells in the anterior chamber. Later, iris atrophy 
develops and a regular pinpoint pupil without posterior synechiae 
formation. Cataract formation is also increased in lepromatous 
leprosy. Chronic iridocyclitis is a common cause of cataract as is 
the use of long term systemic steroids for lepra reactions.

Mucous membranes

Mucous membranes are frequently involved in lepromatous 
leprosy, especially in the upper respiratory tract. Nasal discharge, 
possibly blood-stained, and nasal stuffi ness may occur. Examina-
tion reveals hyperaemia and swelling of the mucosa. Nasal septal 
ulceration may progress to perforation, cartilage destruction, 
and nasal bridge collapse causing the characteristic ‘saddle-nose’ 
deformity. Nodules and subsequent ulceration may also occur 
elsewhere throughout the upper respiratory tract. Laryngeal 
involvement is a very rare and serious complication, characterized 
by hoarse cough, husky voice and stridor. Urgent tracheotomy has 
been performed for those with oedema of the glottis, as a result 
of reactions in those with laryngeal lesions.

Figure 58.14 Lagophthalmos due to leprosy.
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Bones

Extensive bony changes are common in lepromatous leprosy, 
particularly in the hands and feet, and are multifactorial in 
origin. Repeated trauma resulting from analgesia and secondary 
infection from trophic ulceration with resultant osteomyelitis are 
the major causes. Severe sensory loss may lead to the develop-
ment of Charcot joints in fi ngers, toes, wrists and ankles. Infi ltra-
tion of M. leprae bacilli, neurotrophic atrophy, disuse due to 
paralysis and contractures, and generalized osteoporosis also 
contribute to bony damage. Bone cysts and aseptic necrosis may 
be seen. Periostitis of the tibia, fi bula and ulna has also been 
described. In the proximal phalanges the diaphyses may become 
gradually thinned until only a fi ne needle of bone remains, or 
the bone disappears altogether. Atrophy in metatarsal bones 
begins distally, leading to a thin, pointed, ‘sucked candystick’ 
appearance.

Rarely, generalized osteoporosis may follow defective produc-
tion of testosterone as a result of testicular damage in lepromatous 
leprosy, but is more common as a complication of long-term 
steroid use in the management of reactions. Facial deformities 
result from a combination of aseptic necrosis of the anterior nasal 
spine and alveolar maxillary processes due to endarteritis in lep-
romatous leprosy, and secondary pyogenic osteomyelitis as a 
result of extensive mucosal ulceration of the nose. Nasal collapse, 
loss of incisor teeth and, rarely, perforation of the palate may 
result.

Symmetrical bony changes in hands and feet are less common 
in tuberculoid and borderline than lepromatous leprosy due to a 
lack of bacillary invasion of bone and small vessels. Disuse atrophy 
resulting from muscle wasting and paralysis, and neuropathic 
atrophy arising from sensory nerve involvement are, however, 
well recognized but are usually asymmetrical. Trophic ulceration 
of the feet and hands is common.

Reticuloendothelial system

Rubbery, painless enlargement of lymph nodes of the limbs may 
occur, and occasionally one or more nodes become swollen and 
infl amed as part of a lepra reaction, or more commonly in response 
to secondary infection of ulcers. Lymphoedema, especially of the 
lower legs, may occur. Spleen, liver and bone marrow may also be 
invaded by M. leprae in disseminated lepromatous leprosy.

Testes

Gynaecomastia and infertility may result from testicular invasion 
by M. leprae and resulting testicular atrophy in lepromatous 
leprosy.

Kidneys

Renal involvement in lepromatous leprosy occurs rarely, but 
is probably under-diagnosed. Glomerulonephritis, interstitial 
nephritis, pyelonephritis, and renal amyloidosis have been 
described. The latter appears to be related to the severity and fre-
quency of type 2 lepra reactions, in which disseminated antigen-
antibody immune complex deposition occurs.

DIAGNOSIS

Early diagnosis and treatment of leprosy is essential to minimizing 
disability, and potentially limiting disease spread. Delay in diag-
nosis has been associated with a signifi cant increase in nerve 
damage at diagnosis. Leprosy is primarily a clinical diagnosis. 
Biopsy is rarely required to confi rm the diagnosis where leprosy 
is commonly encountered. In an endemic area, any one of the 
classic triad of cardinal signs of leprosy (Table 58.3) is enough to 
establish a diagnosis.

Clinical classifi cation for treatment

For treatment purposes a simple clinical classifi cation is generally 
employed (Table 58.4). In an effort to simplify leprosy diagnosis 
and therefore decentralize leprosy services to primary health units 
as much as possible, WHO has emphasized clinical diagnosis on 
the basis of skin fi ndings alone. This has allowed signifi cant sim-
plifi cation of diagnosis and treatment allocation. Those with up 
to fi ve skin lesions due to leprosy are classifi ed as paucibacillary 
(PB) while those with more than 5 skin lesions are classifi ed as 
multibacillary (MB). A recent study of 5439 patients in South India 
suggests that this cut-off of 5 lesions is the best option for sensitiv-
ity (88.6%) and specifi city (86.7%) for detection of MB cases 
compared with the gold standard of slit skin smear.33

There is no doubt that leprosy control service coverage and 
access to treatment has improved as a result of such simplifi cation 
of diagnosis. Nevertheless, there is debate about the potential for 
cases to be missed or diagnosis delayed under this simplifi ed 
diagnostic regime. In one major study almost 50% of skin smear 
positive cases did not have a skin lesion with defi nite sensation 
loss.34 Such skin smear positive cases represent the greatest public 
health risk. In patients for whom a skin smear has been performed 
which is positive for acid-fast bacilli, the disease is automatically 
considered MB. Such patients represent 25–50% of all clinical 
MB cases where skin smear testing is routinely done. Some 
programmes consider nerve involvement, demonstrated by 
peripheral and cutaneous nerve enlargement to be additional 

Table 58.3 The three cardinal signs of leprosy

Hypopigmented or erythematous skin lesions showing defi nite 
reduction in sensation, or

Enlarged and clinically impaired nerves at sites characteristic of 
leprosy, or

Acid-fast bacilli in slit skin smears.

Table 58.4 A guide for treatment classifi cation of leprosy

Paucibacillary (PB) leprosy Multibacillary (MB) leprosy
Up to fi ve skin lesions Over fi ve skin lesions

Up to one nerve trunk may be 
involved

Many nerve trunks may be 
involved

Slit skin smear (if performed) is 
negative

Slit skin smear (if performed) 
may be positive

Diagnosis
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lesions for counting, and some count body areas. There is some 
evidence that increased nerve involvement and increased body 
area involvement is associated with increasing nerve damage, and 
presumably is a marker for decreased immunity.

In approximately 1–5% of cases of leprosy there are no skin 
lesions, and these patients are said to have ‘pure neural’ leprosy. 
Nerve biopsy and surrounding skin biopsy in such patients suggest 
that a signifi cant number have lepromatous morphology and 
acid-fast bacilli demonstrable on histopathological examination 
of nerve and/or overlying, apparently normal skin.35 For clinical 
purposes, many clinicians will treat those with one nerve involved 
as PB, and those with more than one nerve involved as MB type. 
When classifi cation is in doubt, the patient should be treated as 
having MB leprosy

Body charting

A clear ‘body-map’ showing the site and size and type of skin 
lesions, sites of nerve enlargement, and any nerve impairment due 
to leprosy is an invaluable aid to clinical diagnosis and ongoing 
management. It provides an important baseline against which 
future improvement or deterioration, particularly the possibility 
of relapse, can be measured.

LABORATORY

Slit skin smears and the bacteriological index

Slit skin smears are obtained by scraping fl uid from a 2–4 mm 
depth of pinched blood-free skin, using the edge of the disposable 
scalpel blade turned perpendicularly and reversed after slitting the 
skin. This fl uid is then smeared onto a microscope slide; 1% acid 
alcohol is used to decolourize an initial stain, which is usually 
carbol fuchsin, and a counterstain is applied, usually methylene 
blue. Untreated patients with lepromatous leprosy can harbour 
in excess of 109 organisms. Bacterial load is determined through 
quantitative microscopy of slit skin smears under the ×100 oil 
immersion lens. The results are expressed in a logarithmic scale 
called the Bacteriological Index (BI), which ranges from 1+ (1–10 
bacilli per 100 high power fi elds) to 6+ (>1000 bacilli per single 
high power fi eld).

Most patients with leprosy will have a negative slit skin smear 
(sensitivity only 5–40%, depending on proportion of PB cases and 
expertise with skin smear testing). Nevertheless, a positive test is 
diagnostic, and very helpful for those with early lepromatous 
disease in whom cardinal clinical signs are often not present. Yield 
is increased by more sites per patient but at the cost of patient 
discomfort, complications, expense, and time. Many recommend 
around three sites for skin smears, at least one being from a skin 
lesion, if present, and one being from a routine site, usually an 
earlobe.

Biopsy

Biopsy is rarely required in endemic countries since leprosy is 
generally a clinical diagnosis. Moreover, in early leprosy, biopsy 
may not provide a fi rm diagnosis, and relevant expertise among 
histopathologists is rare. Clinical observation over several months 

is often required in equivocal cases. Nevertheless, biopsy of the 
skin or nerve is sometimes necessary when the diagnosis of leprosy 
is in doubt. The most active (red, infi ltrated and/or enlarging) part 
of a lesion is most suitable for biopsy. Haematoxylin and eosin 
preparation along with Ziehl–Neelsen or Fite–Faraco staining for 
acid-fast bacilli are the basis of histological diagnosis. Pure neural 
cases, or cases where skin biopsy has not given suffi cient informa-
tion, are common reasons for requesting nerve biopsy. Nerve 
biopsy, if required, is generally performed on a thickened cutane-
ous nerve, rather than a peripheral nerve, in view of the potential 
for complications.

Mitsuda

The Mitsuda or lepromin reaction is analogous to the Mantoux 
test in tuberculosis, relying on a delayed hypersensitivity reaction 
to M. leprae antigens, an indicator of the ability of the host to 
mount a cell-mediated response to M. leprae. The 21-day delay 
between intradermal injection and test reading ensure that it is 
rarely performed, and largely a research tool. Sensitivity and 
specifi city are also limited, with lepromatous cases commonly 
negative because of a paucity of cell-mediated immunity.

Serology

Serological testing in leprosy has not yet found a place in routine 
diagnosis. Antibodies to leprosy antigens are more common 
among those patients without an effective (cell-mediated) immune 
response. Potential uses are in the early detection of multibacillary 
or lepromatous leprosy, especially where slit skin smears are unre-
liable or unavailable, and as a marker predicting leprosy among 
contacts of new cases with leprosy. Salivary IgA antibodies against 
whole M. leprae antigen were detected in 68% of over 2500 sub-
jects in a large community-based study in Maharashtra, India. 
Strong antibody positivity was observed more frequently in house-
hold contacts of people diagnosed with leprosy than those without 
contacts, and more in those without BCG immunization.36 Among 
potential candidates for serological study, antibodies to phenolic 
glycolipid-1 (PGL-1) are the most tested and most promising. 
Rapid tests for fi eld use have been developed and are under 
evaluation.

Polymerase chain reaction (PCR)

PCR tests have been developed, targeting conserved segments of 
the M. leprae genome. High rates of PCR-positivity for M. leprae in 
nasal secretions of the general population in certain settings have 
been documented.3 Some 1.6% of 2552 nasal swabs were PCR 
positive in three leprosy endemic communities of India, though 
PCR positivity was not found to be more common in leprosy 
contacts than in non-contacts.36 Primers of genes coding for rifam-
picin resistance have been developed to detect such 
resistance in M. leprae.37

Other tests

More recently, tests of specifi c cell-mediated immunity against M. 
leprae more rapid than the Mitsuda reaction have been developed. 
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One example is to measure the production of interferon-γ in 
response to M. leprae antigenic exposure through skin testing.38 
Specifi city, sensitivity and potential uses of such tests are under 
investigation.

DIFFERENTIAL DIAGNOSIS

Skin

Leprosy can manifest itself in a wide variety of skin lesions and 
the differential diagnosis of leprosy-like skin lesions is therefore 
correspondingly wide. Careful sensation testing, recognition of 
the presence or absence of associated features of leprosy, such as 
enlarged cutaneous or peripheral nerves, and exclusion of other 
skin conditions are needed to establish a diagnosis. Vitiligo and 
pityriasis versicolor are common tropical causes of hypopigmented 
lesions though usually more depigmented and smaller, respec-
tively, than those caused by leprosy. Other common skin lesions 
that may be confused with leprosy include dermatophyte infec-
tion, psoriasis, dermatitis, lichen planus, and vitamin defi ciency, 
especially pellagra. Scars complicating burns or trauma or other 
dermatological conditions need to be differentiated from leprosy 
as they may be anaesthetic. Filarial disease, with its tendency to 
lower limb ulceration, may occasionally be confused with leprosy. 
Leishmaniasis, particularly in its cutaneous forms, including post 
kala-azar dermal leishmaniasis, may closely resemble the nodular 
lesions of lepromatous leprosy, but sensation is intact, and dem-
onstration of Leishman–Donovan bodies in skin smears from 
lesions will establish the diagnosis.

Blastomycosis may produce skin lesions similar to leprosy. 
Syphilitic and yaws skin lesions may closely resemble the maculae 
of leprosy but sensation is intact. The VDRL reaction alone cannot 
always be depended upon, as false-positive reactions are not 
uncommon in lepromatous leprosy. The early lesions of mycosis 
fungoides can be mistaken for nodular leprosy. Lupus vulgaris and 
other mycobacterial skin lesions may resemble leprosy lesions but 
sensation is intact. Cutaneous sarcoidosis, granuloma annulare, 
and granuloma multiforme can resemble tuberculoid leprosy 
but there is no sensory loss and no nerve thickening and the 
histological appearances are different.

Scleroderma, localized or diffuse, may be confused with infi l-
trative forms of lepromatous leprosy but madarosis (loss of eye-
brows) is not present, nerves are not thickened, and acid-fast 
bacilli are absent from skin smears.

Lepra skin reactions

Erysipelas resembles tuberculoid leprosy in reaction, but the 
presence of fever and the absence of sensory defi cits differentiate 
these. Erythema nodosum leprosum (ENL) may be mistaken for 
folliculitis, for other forms of erythema nodosum or for the 
Weber–Christian syndrome. Carefully taken skin smears will be 
positive for acid-fast bacilli in ENL.

Nerves

Defi nitely enlarged nerves have a narrow differential diagnosis. 
Neurofi bromatosis may cause enlarged nerves at multiple sites, 

but not particularly in the characteristic sites and nerves affected 
by leprosy. Peripheral nerve impairment is not as common as in 
leprosy. Some forms of hereditary sensory neuropathy, notably 
familial hypertrophic interstitial neuritis (Déjérine–Sottas disease), 
may cause confusion because of thickening of peripheral nerves, 
together with sensory and motor nerve impairment. The differen-
tial diagnosis of diffuse peripheral polyneuropathy in the absence 
of enlarged nerves is very broad. The syndromes of mononeu-
ropathy and mononeuritis multiplex also have a wide potential 
range of differential diagnoses. Plantar anaesthesia leading to 
trophic ulceration can occur in diabetes, tabes, alcohol-related 
neuropathy, familial sensory radicular neuropathy, primary amy-
loidosis, and many other causes of peripheral neuropathy. Rayn-
aud’s disease is another cause of trophic changes in the extremities. 
Nerve enlargement and recognition of associated skin lesions 
is the key to clinical diagnosis of leprosy. Clinically-detectable 
acute infl ammation of nerves manifested by nerve swelling, heat 
and tenderness is also more predictive of leprosy, but is uncom-
mon. Polyneuritic leprosy affecting the hands must be differenti-
ated from syringomyelia, in which differential sensory loss occurs 
– loss of pain and temperature sensation, but preservation of light 
touch. Nerve injuries caused by trauma to the ulnar nerve or bra-
chial plexus or by cervical rib may cause confusion, but history 
and radiological examination are generally conclusive. Nerve 
entrapment syndromes such as meralgia paraesthetica causing 
anaesthesia of the anterolateral region of the thigh, and pressure 
injury to exposed nerves such as the lateral popliteal (common 
peroneal) nerve following prolonged sleep or intoxication may 
also cause confusion.

TREATMENT

Chemotherapy of leprosy with multi-drug 
therapy (MDT)

Since the recognition of widespread dapsone resistance in the 
1970s, multi-drug therapy (MDT) has become the norm in leprosy 
and is highly effective (Figures 58.15, 58.16). Monotherapy is to 
be avoided in order to prevent emergence of resistance. PB leprosy 
is treated with rifampicin and dapsone for 6 months, while MB 
leprosy is treated for a longer period and a further antibiotic, 
clofazimine, added to the standard WHO treatment regime. Dura-
tion of therapy for MB leprosy has been progressively reduced 
from early prolonged and tailored treatment until slit skin smears 
become negative, to the currently recommended 12 months. 
Reductions in duration have been largely pragmatic based on low 
observed relapse rates, rather than formal controlled trials of 
shortened regimes. Chemotherapy of leprosy has been standard-
ized globally by WHO to allow for simplifi ed treatment regimens 
for decentralized prescription (Table 58.5). Blister packaging for 
better treatment adherence, and worldwide donor funding of 
leprosy treatment has facilitated huge improvements in availabil-
ity of treatment and successful completion rates.

Rifampicin

Rifampicin is the cornerstone of leprosy chemotherapy, the key 
bactericidal component of all anti-leprosy regimes. A single dose 

Treatment
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Figure 58.15 Multibacillary leprosy of infi ltrating, lepromatous type 
before MDT. Figure 58.16 Same person cured with MDT.

Table 58.5 Standard WHO multi-drug therapy (MDT) for leprosy

Multibacillary leprosy Paucibacillary leprosy
The recommended standard adulta regimen is: The recommended standard adulta regimen is:

 Rifampicin 600 mg once a month, supervised  Rifampicin 600 mg once a month, supervised

 Dapsone 100 mg daily, self-administered  Dapsone 100 mg daily, self-administered

 Clofazimine 300 mg once a month, supervised, and 50 mg daily, 
self-administered

 Duration 12 months  Duration 6 months

a Children should receive appropriately reduced doses of the above drugs.

of rifampicin can reduce the number of viable bacilli to undetect-
able levels within a few days, with killing rates measured in excess 
of 99.9% after one month. Rates of resistance in reported series 
and in clinical practice remain low. Standardized WHO regimens 
employ supervised monthly doses of rifampicin since monthly 
dosing has equivalent effi cacy to daily dosing while being associ-
ated with lower rates of side-effects. Occasional cases of renal 
failure, thrombocytopenia, infl uenza-like syndrome and hepatitis 
are reported due to rifampicin. Rifampicin characteristically pro-
duces a reddish-brown colour in urine, sputum and sweat, and 
wearers of contact lenses should remove them during rifampicin 
therapy to prevent discolouration. The effectiveness of oral con-
traceptives and corticosteroids is reduced during rifampicin coad-
ministration. Rifampicin resistance in leprosy is rare. Mutations 
in the rpoB gene, which encodes the beta subunit of RNA poly-
merase, lead to high level resistance to rifampicin in M. leprae.37 
Since leprosy treatment depends so heavily on rifampicin, inabil-
ity to use the drug requires signifi cant modifi cation of treatment. 
At least one bactericidal drug such as ofl oxacin should be added 
to the treatment regime.

Dapsone

Dapsone is a synthetic sulphone, similar to the sulphonamide 
drugs, targeting dihydropteroate synthase, a key enzyme in bacte-

ria. It has been used in leprosy since the 1950s, revolutionizing 
treatment and prognosis. Despite early reports of widespread resis-
tance following monotherapy, dapsone remains very useful in 
combination with rifampicin in WHO MDT regimes for leprosy. 
Its main role in paucibacillary leprosy is probably to prevent the 
emergence of rifampicin-resistant organisms. In combination with 
clofazimine, dapsone is bactericidal, though not as powerful as 
single dose rifampicin. Dapsone is inexpensive and adverse effects 
are rare but can be severe. Dapsone-induced delayed type hyper-
sensitivity is characterized by a rash, which may be severe and 
exfoliative. Other features include fever and hepatitis, which may 
be severe. Dapsone hypersensitivity typically develops after 4–6 
weeks of treatment and patients must be warned to stop the drug 
and seek urgent medical attention if symptoms develop because 
signifi cant morbidity and mortality can occur. Mild haemolytic 
anaemia is common following dapsone treatment and rarely war-
rants change of therapy, but severe haemolysis occurs in patients 
with Glucose-6-Phosphate Dehydrogenase (G6PD) defi ciency and 
dapsone should be avoided in these patients. Agranulocytosis has 
rarely been reported due to dapsone.

Clofazimine

Clofazimine is an aminophenazone dye whose mechanism of 
action is not yet fully elucidated and may be multifactorial. 
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Clofazimine is useful in combination with dapsone and rifam-
picin for the treatment of MB leprosy, and reports of resistance 
are very rare. An increased booster monthly dose of clofazimine 
is added to the daily dosage in the WHO MDT regime to achieve 
target total monthly dosage. The pharmacokinetics of clofazi-
mine are complex, including a very long half life. In the dosage 
employed in the WHO MDT regimen for MB leprosy, clofazimine 
is relatively non-toxic. Increased pigmentation of the skin, par-
ticularly within skin lesions, is common but it clears completely 
within 6–12 months after treatment is discontinued. Higher 
doses (200–300 mg daily) of clofazimine are used for their 
immunomodulatory effect in the control of leprosy reactions. 
They are particularly useful in those with recurrent type 2 reac-
tions who cannot take corticosteroids due to complications of 
long-term therapy or other contraindications, or who have no 
access to thalidomide. In higher doses, clofazimine produces 
more signifi cant skin pigmentation and occasionally is accompa-
nied by severe gastrointestinal side-effects through crystal deposi-
tion in the intestinal tract.

Ofl oxacin

Ofl oxacin is a fl uoroquinolone antibiotic with moderate anti-
leprosy activity. Ofl oxacin has a long half-life and is given as a 
single daily dose. Side-effects include nausea, diarrhoea and other 
gastrointestinal complaints, and skin rash may occur. A variety of 
central nervous system complaints have been reported, including 
insomnia, headaches, dizziness, nervousness and hallucinations. 
Quinolones have been demonstrated to impair cartilage develop-
ment in high doses in some animal studies, hence use in children 
is generally restricted.

Minocycline

Minocycline is the only member of the tetracycline group which 
has demonstrated signifi cant bactericidal activity against M. leprae. 
Minocycline inhibits protein synthesis and has long been used for 
the treatment of acne. Adverse effects include gastrointestinal 
upset, photosensitivity, and dizziness. Absorption is impaired by 
antacids. Administration to children under the age of 12 and 
pregnant women is not recommended because of effects on 
growing teeth, notably signifi cant discolouration.

Other antibiotics

The decaying genome of M. leprae contains far fewer genes encod-
ing enzymes that could inactivate antibiotics and probably explains 
why it is more broadly sensitive to a range of antibiotics than M. 
tuberculosis, thus more options may become available in future. 
When used as a single dose in combination with minocycline, 
clarithromycin was shown to be highly bactericidal against 
M. leprae in lepromatous patients.39 Clarithromycin is a member 
of the macrolide group of antibiotics which inhibit bacterial 
protein synthesis by linking to the 50S ribosomal subunit, thereby 
preventing elongation of the protein chain. Side-effects include 
nausea, vomiting and diarrhoea. Rifabutin is highly active against 
M. leprae but has not displaced rifampicin in standard treatment. 
A variety of fl uoroquinolones are signifi cantly active against 

M. leprae, including moxifl oxacin, which appears to be more bac-
tericidal than ofl oxacin.

Pregnancy and lactation

Leprosy is exacerbated during pregnancy, so it is important that 
treatment be given or continued during pregnancy. Standard WHO 
MDT regimes have been used safely in pregnancy for thousands of 
women; however, ofl oxacin and minocycline should be avoided. 
Small quantities of anti-leprosy drugs are excreted through breast 
milk but there are no reports of adverse effects as a result apart 
from mild discolouration of infants due to clofazimine.

Co-infection with HIV or tuberculosis

The limited information available indicates that the response 
of patients with HIV co-infection to standard leprosy treatment is 
similar to that of other leprosy patients and does not require 
modifi cation. Caution must be exercised, however, because of 
the potential for an immune reconstitution syndrome to occur in 
patients with HIV given highly active antiretroviral treatment 
(HAART), potentially resulting in signifi cant leprosy reactions. 
Patients suffering from both leprosy and tuberculosis require 
standard antituberculosis therapy in addition to MDT for their 
leprosy. Rifampicin must be given in the dosage and frequency 
required for tuberculosis.

Special treatment regimens

Regimen for single-lesion paucibacillary leprosy

There is reasonable evidence for the effi cacy of a single dose of a 
drug combination for the treatment of adult single-lesion PB 
leprosy, consisting of:
1. Rifampicin, 600 mg
2. Ofl oxacin, 400 mg
3. Minocycline, 100 mg.
Children receive proportionately lower doses. This combination 
of rifampicin, ofl oxacin, and minocycline, known as ROM, was 
marginally less effective in terms of clinical improvement than the 
standard MDT regimen for single lesion PB leprosy in a controlled 
trial,40 and relative relapse rates are not known. Nevertheless, 
ROM has major advantages of convenience for patient and pro-
gramme. Caution should be exercised to ensure there are no 
nerves involved or other hidden lesions, in which case 6-month 
PB MDT should be used.

Regimen for patients who cannot take rifampicin

Special treatment regimens are required for those who cannot take 
rifampicin because of side-effects or intercurrent diseases such as 
chronic hepatitis, or who have been infected with rifampicin-
resistant M. leprae. The following 24-month regimen is recom-
mended for adults:
1. Daily administration of 50 mg clofazimine for 6 months, 

together with
2. Daily administration of two additional drugs out of ofl oxacin 

400 mg, minocycline 100 mg, or clarithromycin 500 mg for 6 
months, followed by

Treatment
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3. Daily administration of 50 mg clofazimine, together with 
100 mg minocycline or 400 mg ofl oxacin for an additional 
18 months.

Regimen for patients who refuse to take clofazimine

Clofazimine may be replaced by ofl oxacin, 400 mg daily, or by 
minocycline, 100 mg daily for 12 months. In 1997, the WHO 
Expert Committee on Leprosy41 also recommended the following 
alternative regimen for MB adult patients who refuse to take clo-
fazimine:
1. Rifampicin, 600 mg once a month
2. Ofl oxacin, 400 mg once a month and
3. Minocycline, 100 mg once a month.
Duration: 24 months.

Regimen for patients who cannot take dapsone

If dapsone produces severe toxic effects in any leprosy patient, 
it must be immediately stopped. No further modifi cation of the 
regimen is required for patients with MB leprosy. In PB patients 
with dapsone sensitivity, clofazimine in the dosage employed in 
the standard MDT for MB leprosy should be substituted for 
dapsone for a period of 6 months to avoid rifampicin mono-
therapy.

Relapse

Relapse after fi xed duration MDT therapy for leprosy is uncom-
mon. Distinguishing relapse from late type 1 reaction can be 
complicated and a defi nite rise in bacterial index on skin smear 
is usually required to confi rm relapse in lepromatous cases. In 
doubtful cases, trial of steroid therapy is useful to help distinguish 
reaction from relapse. Studies of large series have generally 
reported relapse rates of less than 0.5% after at least 5 years of 
follow-up in paucibacillary leprosy treated with 6 months of 
WHO PB MDT and in multibacillary leprosy treated with 2 years 
of WHO MB MDT. Reports of prospective studies of relapse rates 
after 12 months MB MDT for multibacillary disease are still 
awaited. Meanwhile WHO is exploring the option of uniform 
three-drug treatment of both MB and PB leprosy for 6 months in 
the interest of simplicity and in view of generally low ongoing 
relapse rates. Nevertheless, concern has been raised by some about 
further reduction in treatment duration due to reported high 
relapse rates (15–20%) in long-term follow-up of those with lep-
romatous leprosy and high bacterial indices (BI ≥ 4) on slit skin 
smear treated with 24 months of fi xed dose WHO MDT in two 
studies from Mali and India.42,43 Most concern over relapse has 
been directed at the risk of development of drug resistance, into 
which little serious research has been conducted, in part because 
of the complexity, length of time, and scarce availability of drug 
sensitivity testing together with a short transit requirement to the 
few reference laboratories available. Organisms persisting after 
MDT completion have long been recognized though their clinical 
relevance in regard to relapse is less certain. The requirement for 
a negative bacterial index on slit skin smear prior to discontinuing 
MDT therapy has been discarded in favour of fi xed duration 
therapy both because of practical diffi culties with skin smears and 
the continued decline in bacterial index post MDT discontinua-

tion in the vast majority of patients. Patients who relapse from 
MDT should be offered and will respond to a further course of 
MB MDT. The duration is generally increased to two years in 
such cases.

Reactions

The treatment of reactions is a key aspect of leprosy treatment, 
often neglected in the busy practice of tropical medicine. Because 
peripheral nerve trunks are often involved, unless reactions are 
promptly and adequately treated, permanent disabilities can 
result. Since nerve function impairment often develops silently, 
early treatment is only possible if patients are routinely and sys-
tematically examined for nerve function impairment in all the 
nerves commonly affected in leprosy. Leprosy programmes should 
ensure that:
1. Patients are taught to recognize the early signs/symptoms of 

reactions and to report promptly for treatment
2. Health workers routinely test for reactions, and are able to 

diagnose, treat and refer reactions as appropriate
3. Adequate stocks of prednisolone are maintained at peripheral 

health centres
4. During reactions, the appropriate leprosy therapy is continued 

without interruption.
Corticosteroids are most commonly used in the treatment of 
leprosy-related neuritis and type 1 lepra skin reactions (Table 
58.6). Several studies have documented the safety of corticoste-
roid therapy in lepra reactions and neuritis under fi eld conditions 
in leprosy, though caution is required and strongyloides hyperin-
fection is a particular concern requiring specifi c treatment. While 
high quality evidence of corticosteroid effi cacy against placebo is 
lacking and spontaneous nerve function recovery is common, 
high response rates of leprosy-related neuritis to corticosteroid 
therapy have been observed. Nevertheless, prolonged and repeated 
courses are often required, including after completion of MDT. A 
recent multicentre controlled trial conducted in four Indian states 
demonstrated superior outcome for treatment with 20 weeks of 
corticosteroid therapy for type 1 reactions compared with 12 
weeks of therapy.44 Benefi t in increasing the dose of prednisolone 

Table 58.6 Recommended treatment of leprosy reactions 
in adults

Initial Recurrent
Type 1 Prednisolone 1 mg/kg, 

for 12–20 weeks, 
tapering

Prednisolone 1 mg/kg, for at 
least 20 weeks, tapering

Type 2 Prednisolone 1 mg/kg, 
for 6–12 weeks, 
tapering

Prednisolone dosage as required 
to control recurrence. 
Consider addition of 
clofazimine high dose 
(300 mg/day) for 6–12 
months

Consider controlled use of 
thalidomide, in suitable cases, 
considering teratogenic 
potential
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from 30 mg to 60 mg was marginal and non-signifi cant. In the 
light of this, an extended course of 20–24 weeks of 1 mg/kg of 
prednisolone daily for MB cases with type 1 reactions and neuritis, 
as well as for those PB cases with recurrent reactions is recom-
mended. Physical treatments are often used in conjunction with 
corticosteroids in the case of neuritis, including rest, splinting, 
physiotherapy, and occasionally surgical decompression of nerves. 
Early and often-repeated intervention with corticosteroids is 
required in those with lepra reactions involving the face (Figure 
58.11), and in those with recurrent neuritis. Longer duration of 
therapy may be required in these cases.

A recent attempt to study the effectiveness of prednisolone 
against placebo in the treatment of very early sensory nerve 
damage not demonstrable by ball-pen testing in a randomized 
controlled trial failed to show a signifi cant benefi t of this approach 
over routine practice.45 A further controlled trial into treatment 
of late neuritis (of between 6 and 24 months duration) likewise 
failed to demonstrate any additional benefi t, largely because of 
some spontaneous improvement in the placebo arm of the study.46 
A signifi cant reduction in lepra reactions at 4 and 6 months was 
noted in a controlled trial of 4 months of prophylactic predniso-
lone (20 mg) in new MB patients. By 12 months of follow-up, 
however, the preventive benefi t was no longer statistically 
signifi cant.47

Type 2 (ENL) reactions vary in severity, duration and organ 
involvement. Mild ENL may be treated successfully with anti-
pyretic drugs such as aspirin. Severe ENL, often accompanied by 
neuritis, should be treated with prednisolone, as for type 1 reac-
tions, though for shorter duration, if possible. Treatment of type 
2 lepra reactions is not easy, since recrudescence of reactions fol-
lowing reduction in steroid therapy is common, and reactions 
may recur for years after completion of MDT. Thalidomide, the 
most useful agent for treatment of ENL, is not widely available 
because of personal and public health risks related to its terato-
genic potential. Treatment with thalidomide in doses of 
100–400 mg/day for up to 6 months has proven highly effective 
in the treatment of type 2 reactions. High dose clofazimine 
(200–300 mg/day in adults) is useful in those with recurrent 
type 2 reactions, to allow reduction or withdrawal of corticoste-
roids in patients who have become steroid-dependent. It may be 
given in three divided daily doses to minimize the gastrointestinal 
side-effects. The total duration of high-dose clofazimine therapy 
should not exceed 12 months. Some also advocate the concurrent 
use of clofazimine to prevent late relapse of leprosy after MDT 
completion in those receiving recurrent courses of corticosteroids. 
Other agents reported as useful adjuncts to corticosteroid treat-
ment or steroid-sparing agents in the treatment of type 2 reactions 
include pentoxifylline, zafi rlukast and recently methotrexate, but 
only small studies or case reports have been published on their 
use. Better data from larger, preferably placebo-controlled trials, 
are required.

Eye complications

Leprosy patients may develop ocular complications such as corneal 
ulceration, iridocyclitis and lagophthalmos. Iridocyclitis is an 
important cause of blindness in leprosy and should be treated 
promptly with mydriatics and topical steroids. Patients with lag-
ophthalmos require eye protection by use of goggles or sunglasses. 

Frequent use of artifi cial tear-drops during the day and ointments 
or oily drops at night is also useful to prevent exposure keratitis.

Paralysis

Keeping paralysed muscles mobile to prevent fi xed clawing is 
important. Surgical intervention for lagophthalmos, drop foot 
and wrist, and claw hands and toes is available in some centres. 
Tendons are transferred from innervated muscles and reattached 
at different sites to enable the performance of actions affected by 
paralysis. Such surgery requires specifi c, multidisciplinary exper-
tise including substantial physiotherapy intervention before and 
after surgery.

Trophic ulcers

Prevention and management of ulceration on sensory-impaired 
skin, particularly on the plantar aspect of anaesthetic feet, is an 
ongoing issue for many people affected by leprosy, long after MDT 
therapy has been discontinued. Trophic ulceration in leprosy 
resembles that in diabetes, and patients can benefi t from advances 
in diabetic ulcer management. Appropriate self-care is critical, 
combining modifi cations to life-style and daily activities with 
regular physical self-examination plus soaking and cleaning in 
water, and scraping off callus formation. Use of simple oils to help 
retain moisture is very helpful in dry skin with little autonomic 
nerve supply. Wearing of appropriate, well-fi tting footwear, mod-
ifi ed as necessary with appropriate insoles, or specially moulded 
to fi t damaged feet is very important. The need to distribute weight 
over the plantar surface of damaged feet has encouraged the use 
of multi-cellular rubber in shoe insoles or sandal soles. Similar 
care needs to be taken with anaesthetic hands, in relation to 
potentially risky actions of daily living. In addition to cleaning 
and appropriate bandaging, the key ingredient to healing of 
leprosy-related ulcers is rest, just as overuse in the absence of 
perception of pain is the cause of ulceration. Antibiotics and 
debridement may be required in deeper ulcers, or where cellulitis, 
osteomyelitis, or tenosynovitis have ensued. Gram-positive organ-
isms usually predominate, though mixed infections are common 
and relatively broad-spectrum antibiotics may sometimes be 
required. Recent surgical trends in the management of leprosy-
related plantar ulcers have favoured the use of plastic surgical 
techniques, using local superfi cial fl aps, with signifi cant decrease 
in ulcer recurrence rates.48

Neuropathic feet

Neuropathic bone disintegration in those with advanced nerve 
damage due to leprosy is diffi cult to treat. Initial management is 
by immobilization in a non-weight-bearing cast. Orthopaedic 
intervention through arthrodesis of talar and subtalar joints may 
be required in advanced cases of joint destruction.

Rehabilitation and advocacy

Physiotherapy and occupational therapy have an important role 
to play in the rehabilitation of those with physical impairments 
due to leprosy. Groups of leprosy-affected people have been 
particularly successful in maintaining physical and emotional 
well-being. Community-based rehabilitation programmes that 

Treatment



58. Leprosy

1070

are not leprosy-specifi c have the further advantage of address -
ing the stigma attached to the disease in appropriate ways.

Leprosy treatment programmes that do not address issues of 
social participation are incomplete. Studies in eight centres of 
Brazil, India and Nepal have identifi ed four consolidated ques-
tionnaire items for use in identifying the risk of restriction on 
participation in society as a result of developing leprosy.49 These 
are: the physical impact of leprosy (disability, disfi gurement); an 
emotional response to the diagnosis; female gender; and having 
little or no education. Psychological and social support for those 
particularly at risk, and public health approaches to address social 
exclusion of those affected by leprosy are essential to comprehen-
sive leprosy programmes.

Prognosis

Long-term prognosis in leprosy is good, as evidenced by the low 
relapse rates documented above. Early mortality is rare, confi ned 
generally to those with severe sepsis from untreated ulcers, and 
occasionally in those with severe drug reactions, particularly to 
dapsone. Nevertheless, leprosy patients are exposed to 
increased mortality risks due to its indirect and ongoing effects, 
approximately two to four times higher than in the general 
population.

Despite high cure rates, physical impairments due to leprosy 
are common, particularly in MB cases, where diagnosis is 
delayed, and in those with manual occupations. Social stigmatiza-
tion due to leprosy remains one the most unfortunate aspects of 
the disease, though there is wide anecdotal evidence of consider-
able mitigation of stigma through the successful and widespread 
implementation of MDT therapy and social mobilization 
programmes.

A clinical prediction rule, developed in a large cohort of patients 
in Bangladesh, emphasizes the predictive value of treatment 
classifi cation status (MB vs PB) and presence or absence of nerve 
function impairment at diagnosis (Table 58.7).50 Very high rates 
(65%) of development of new nerve function impairment within 
2 years of follow-up were observed in those patients who were 
both MB and had evidence of nerve function impairment at diag-
nosis. By contrast, PB patients with no evidence of nerve damage 
at diagnosis had only a 1.3% chance of developing new nerve 
function impairment within 2 years. An intermediate group with 
only one risk factor had a 16% chance of developing new impair-
ment. High rates of silent nerve damage warrant routine surveil-
lance with a view to early treatment of reactions and neuritis in 
leprosy until two years post leprosy diagnosis. Nevertheless, these 
data suggest a concentration of resources, where limited, on those 
in intermediate and high risk groups.

PREVENTION

Given leprosy’s long incubation period and clinically silent period 
of infectivity, isolation of new cases almost certainly has no useful 
preventive role, especially in the modern chemotherapy era. 
Leprosy chemotherapy with MDT rapidly clears nasal secretions 
of viable M. leprae. Early detection and treatment of new cases has 
therefore been the cornerstone of a public health approach aimed 
at reducing transmission of leprosy. Nevertheless, partly because 
of the diffi culties inherent in confi dently measuring the incidence 
of leprosy, evidence that this has reduced leprosy transmission is 
lacking.

There is a large body of evidence supporting the prophylactic 
effi cacy of vaccination with Bacille Calmette–Guerin (BCG) bacil-
lus in reducing risk of leprosy. Despite differences in studies, the 
protective effect is estimated at approximately 50%9 and revacci-
nation may further reduce risk.8 This is not surprising considering 
the degree of homology of M. leprae with M. BCG. As with tuber-
culosis, the degree of protection documented varies considerably 
from study to study, and country to country. Difference in back-
ground exposure to environmental mycobacteria across countries 
is one potential reason for this variation. Other vaccines, includ-
ing vaccines directly derived from M. leprae, have been studied but 
there is no strong evidence that these are more effective than BCG 
alone. Some candidate antigens are being studied for further 
leprosy vaccine research. Since many countries employ neonatal 
BCG vaccination for tuberculosis prevention, it is heartening to 
note the report of 74% protection by neonatal BCG vaccination 
against all forms of leprosy in a study in the Brazilian Amazon.7 
A projected future decline in leprosy incidence worldwide in 
simulation models depends in part on widespread effectiveness 
of BCG vaccination.

Most new patients with leprosy do not report contacts with 
leprosy, though careful longitudinal studies have documented 
contacts in many cases. Recent studies into the use of chemopro-
phylaxis in endemic Indonesian island communities show a sig-
nifi cant fall in new cases (74.6% reduction in incidence) where 
prophylaxis was given to a whole island compared with the control 
island during the fi rst 3 years of follow-up but this was not sus-
tained in the longer term.51 In the same study, prophylaxis given 
only to household contacts was not effective in reducing the 
incidence of leprosy. Further studies are in progress elsewhere 
to investigate the usefulness of extending contact prophylaxis 
beyond the immediate household.

Socioeconomic improvements in nutrition, housing and 
sanitation are almost certainly key factors in altering immune 
susceptibility towards non-sustainability of ongoing leprosy trans-
mission. On a population basis this is thought to be responsible 
for the dramatic fall in leprosy cases in Western Europe prior to 
the twentieth century. Long-term eradication of leprosy globally 
and from current endemic countries, may be predicated on a 
similar improvement in living standards worldwide.

Approach to leprosy as a public health problem

A focus on leprosy diagnosis, treatment and case holding by the 
combined efforts of WHO, national leprosy programmes, and 
other partners in the fi ght against leprosy has seen a dramatic fall 

Table 58.7 Risk of new nerve function impairment (NFI) 
within 2 years of treatment commencement based on 
clinical factors at diagnosis

PB (%) MB (%)
No NFI at diagnosis 1 16

NFI present at diagnosis 16 65

Source: Croft, et al. 2000.50
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in the prevalence of leprosy. For many years, vertical control 
systems ensured a dedicated focus and relatively well-trained and 
motivated staff, but such systems are relatively expensive, more 
diffi cult to access at peripheral levels, and potentially stigmatizing 
through being separated from the mainstream of health services. 
The current global leprosy control strategy aims to further reduce 
the burden of leprosy and sustain leprosy control activities.52 Key 
elements include:
1. Ensuring that MDT services are available and readily accessible 

to patients at the nearest health facility through:
a. Simplifi cation of diagnosis and treatment for leprosy
b. Training of peripheral and multipurpose health staff in 

appropriate diagnostic and treatment tasks
c. Planned integration of leprosy services into general 

health services
d. Appropriate referral mechanisms in place for more 

complex cases.
2. Concentrating resources on key countries and districts where 

leprosy prevalence is higher.
3. Developing appropriate health promotion strategies to 

enhance self-reporting at the earliest stages of leprosy.
4. Simplifi ed recording and reporting systems using standard 

indicators (at least new case detection rates, and treatment 
completion rates), and active management of leprosy registers 
to minimize re-registration of cases and improve treatment 
completion.

5. Sustaining political commitment towards the goal of eliminat-
ing leprosy.

6. Maintaining specialist leprosy expertise for technical guidance, 
monitoring and evaluating the progress of elimination and 
availability of MDT, training, research, and referral centres to 
support the general health services in diagnosing and treating 
diffi cult cases.

In order to enhance efforts to further reduce the incidence and 
impact of leprosy, several other key strategies need to be pursued 
nationally and internationally. The promotion of community action 
is essential in order to positively change the image of leprosy and 
reduce the stigma attached to the disease. The elimination strategy 
cannot depend on the health services alone and requires the 
involvement of other sectors, particularly the participation of the 
local community and its leaders, who have a key role in improving 
public awareness of the disease. Social marketing and advocacy 
activities through appropriate use of the media and building 
collaboration for advocacy among opinion and policy-makers are 
also crucial to reducing stigma and maintaining or enhancing 
awareness of leprosy and the availability of treatment. Maintaining 
research activity in leprosy is an ongoing challenge. The uncertainty 
over whether leprosy incidence is in fact decreasing mandates 
further investment in research into development of new diagnos-
tic, prophylactic, and even therapeutic tools. Operational research 
and closer collaboration between basic research and clinical 
research groups need expanding. Studies are needed to identify 
optimal methods for early detection and treatment of reactions 
and neuritis, especially under fi eld conditions. Vaccine develop-
ment depends largely on genomic studies and research into devel-
opment of vaccines for tuberculosis. Finally, and most importantly, 
more emphasis is required on the prevention of disabilities and 
rehabilitation of those with disabilities, using methods that are 
locally appropriate, involving community participation, and 

addressing barriers to full participation in society for those with 
leprosy-related disabilities.

Hopefully, the potential benefi ts of more fi nancially-sustain-
able, integrated systems of treatment delivery for leprosy will not 
be undermined by a return to past decades of neglect in the face 
of other overwhelming health problems. Leprosy is a complicated 
disease, requiring sustainable referral systems for diagnosis in 
complex cases, long adherence to treatment, close monitoring for 
development of nerve function impairment, multidisciplinary 
approaches to disability prevention and rehabilitation, and con-
tinued attention to the ongoing stigmatization of those affected 
by leprosy.

KEY POINTS IN LEPROSY EPIDEMIOLOGY

1. Global prevalence has dramatically declined in the last 20 
years, mainly due to shorter treatment duration.

2. Global new case detection remained stable or increased in the 
1990s, but has since declined. Operational issues, most recently 
the integration of leprosy into general health services in India, 
appear to be of most relevance, rather than a genuine change 
in leprosy incidence.

3. Increased incidence of leprosy is associated with lower socio-
economic status, proximity of contact with an index case 
especially of lepromatous type, genetic predisposition, lack 
of BCG vaccination, and male sex (in most societies).

4. The main portal of exit and entry for transmission of Mycobac-
terium leprae is the nose, spread being via nasal secretions and 
droplets.

5. The average incubation period is around 3–5 years, but varies 
from months to more than 30 years.

6. M. leprae can survive for extended periods in the natural 
environment.

SUMMARY FEATURES OF THE MICROBIOLOGY 
OF LEPROSY

1. The causative agent is Mycobacterium leprae, an acid-fast 
bacillus, 3–10 μm in length.

2. Most organisms under microscopy are fragmented, i.e. non-
viable. The proportion of solid-staining viable organisms is 
represented by the Morphological Index.

3. M. leprae cannot be grown on artifi cial media. The organism 
can be cultured in the footpads of laboratory mice. Drug sen-
sitivities are determined in the same mouse model.

4. The genome of M. leprae reveals a relatively small proportion 
of functional genes.
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Section 8 Bacterial Infections

Chapter 59 M. Monir Madkour

Brucellosis

Brucellosis is a systemic infection caused by intracellular bacteria 
of the genus Brucella which is transmitted from animal to human 
(zoonosis). Brucella species are traditionally classifi ed according 
to their preferred animal host, and four species, each comprising 
several biovars, are recognized in humans: B. melitensis (goats, 
sheep and camel), B. abortus (cattle), B. suis (pigs) and B. canis 
(dogs). The organisms may survive in unpasteurized white soft 
goat cheese for up to 8 weeks and die within 60–90 days in cheese 
that has undergone lactic acid fermentation. Freezing dairy prod-
ucts or meat does not destroy the organisms but they are killed 
by pasteurization and boiling. The organisms are shed in animal 
urine, stool and products of conception, and remain viable in soil 
for 40 days or more.1,2

EPIDEMIOLOGY

The true global incidence of human brucellosis is diffi cult to 
determine. In many countries brucellosis is not considered a noti-
fi able disease; however, more than 500 000 new cases of brucel-
losis every year are reported to the World Health Organization 
(WHO). In the USA, only 4–10% of cases are recognized and it is 
probably related to the illegal importation of unpasteurized dairy 
products. The distribution of brucellosis is worldwide, but a high 
prevalence in certain geographical areas in the Mediterranean 
region, Indian subcontinent, Mexico, and Central and South 
America is well recognized. B. melitensis is the most common cause 
of brucellosis in the world. Worldwide, the incidence of human 
and animal brucellosis is increasing while the eradication of the 
disease in animals has been achieved in only 17 countries. Factors 
contributing to the rising incidence are related to the recent expan-
sion of animal industries with a lack of scientifi c and modern 
methods of animal husbandry. Other factors include traditional 
eating habits, standard of personal and environmental hygiene, 
methods of processing milk and its products, and the rapid move-
ment of animals, both locally and internationally. Control and 
eradication programmes in animals are expensive and diffi cult to 
implement. With the ease of modern travel, patients may contract 
the disease while visiting endemic countries.1 In endemic areas 
brucellosis affects predominantly male and younger age groups. 
Traditionally, farm animals considered as pets are kept in close 
proximity to humans, and childhood disease indicates its ende-
micity in the community (Figure 59.1). In countries where brucel-

losis is controlled in animals, human brucellosis is mostly an 
occupational disease.

MODE OF TRANSMISSION

Ingestion of untreated dairy products, raw meat, liver or bone 
marrow is a common route of infection through the gastrointes-
tinal tract. Inhalation of the organisms is the most frequent route 
as an occupational hazard among herdsmen, dairy-farm workers, 
workers in meat-processing factories and laboratory workers. Pen-
etration by pieces of bone or intact or abraded skin is a common 
route of infection among abattoir workers.1

Accidental autoinoculation or conjunctival splashing of live 
brucella vaccine during animal vaccination is well recognized 
among veterinarians. Transplacental transmission, transmission 
via breast milk feeding, blood transfusion or marrow or organ 
transplantation, and sexual transmission are recognized in 
humans, although rare.

MICROBIOLOGY

Brucella spp. are small, non-encapsulated, non-motile, non-sporing, 
Gram-negative, aerobic bacilli.3 The complete sequencing of the B. 
abortus genome was accomplished in 2001, while that for B. meli-
tensis and for B. suis were achieved in 2002. Extended culture for 
up to 6 weeks using biphasic culture media (solid and liquid) or 
with the Castaneda bottle (incubated at 37°C with and without an 
atmosphere of carbon dioxide) are commonly used. Automated 
culture systems (BACTEC; Beton Dickinson, Sparks, MD) are more 
sensitive and fast. Bone marrow culture may rarely be required. 
Identifi cation of Brucella species and biotypes can be achieved by 
their taxonomic characteristics. The taxonomic characteristics of 
Brucella species and biovars are differentiated by their carbon 
dioxide requirements; ability to use glutamic acid, ornithine, lysine 
and ribose; hydrogen sulphide production; growth in the presence 
of thionine or basic fuchsin dyes; agglutination by antisera directed 
against certain lipopolysaccharide epitopes and by susceptibility to 
lysis by bacteriophage. PCR-based restriction fragment length poly-
morphism (PCR-RFLP) assay and 16S rRNA-based fl uorescence in 
situ hybridization assay are tools for the molecular diagnosis and 
identifi cation of Brucella species and biotypes.4
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PATHOGENESIS

The pathogenesis that is involved in the survival and replication 
of Brucella inside the host macrophages remains relatively 
unknown. Signifi cant advances have recently been made in under-
standing the mechanisms of Brucella intracellular survival, par-
ticularly in the fi eld of the virulence factors. The identifi cation and 
characterization of the bacterial and host molecules involved in 
the biogenesis of the replicative vacuole and other factors are yet 
to be discovered.5

Immunity against Brucella infection involves antigen-specifi c 
T cell activation and humoral responses. Brucella does not bear 
classic virulence factors and its lipopolysaccharide pathogenicity 
is not typical. The virulence factors implicated in the interaction 
between Brucella and the host have been identifi ed. Recent genomic 
studies of Brucella have identifi ed some genes that are implicated 
in the virulence of the organisms and that modify the process 
of phagocytosis, phagolysosome fusion, cytokine secretion and 
apoptosis. The virulence factor of Brucella is an analogue of the 
Vir B system. It consists of a type IV secretion system potentially 
responsible for the injection of toxins into the cytoplasm of 
infected cells.

Shortly after its entry through the mucosa, polymorphonuclear 
leukocytes and activated macrophages migrate to the site of access. 
The initial response is not antigen or organism specifi c and is 
therefore an innate immunity.6 It involves γδ T cell (Vγ9Vδ2), 
natural killer (NK) cell, and CD4 and CD8 T cell activation. Lipo-
polysaccharides on the surface of Brucella are recognized by these 
cells, which deliver signals to activate macrophages and facilitate 
phagocytosis of bacteria. Activated γδ T cells may provide the 
initial production of γ-interferon (IFNγ), TNF-α and other cyto-
kines, which become cytotoxic for Brucella-infected monocytes 
and the bacteria, impairing their intracellular survival. The major-
ity of brucellae are rapidly eliminated by phagolysosome fusion. 
Intracellular killing mechanisms in the macrophages are initiated 
with the help of cytokines secreted by T-helper cells.7 Macrophages 
activate the secretion of TNF-α which initiates a complex cascade 
of host defence mechanisms, leading to the production of hydro-

lic enzymes and the peroxide-halide system. This mechanism is 
also known as ‘oxidative-burst’ or ‘oxygen-based killing’.

The remaining bacteria survive in Brucella-containing compart-
ments in which rapid acidifi cation takes place. The Brucella resist 
killing by oxidative-burst by using the myeloperoxide–hydrogen 
peroxide–halide system. Bacteria enter the macrophages through 
a particular structure found in the macrophage, lipid rafts or 
lipid microdomain. This is considered as the key for bacterial 
survival in infected macrophages. Brucella requires smooth lipo-
polysaccharides (S-LPS) to avoid the bactericidal arsenal of 
macrophages.

Reports indicated that an immune defect occurs during the 
invasive phase of infection. The disease is associated with an 
impaired Th1 immune response and defective T cell proliferation, 
NK cell cytotoxic activity and IFNγ production. Brucella was found 
to resist lysosome-mediated killing and phagosome acidifi cation. 
Traffi cking of the Brucella-containing phagosome within macro-
phages and lack of fusion with the lysosome is clearly noted but 
its mechanism is not yet understood.

Brucellae multiply in the endoplasmic reticulum of macro-
phages without affecting host cell integrity.8 The organisms are 
then released by haemolysis and induced cell necrosis. The viru-
lence strategies of Brucella will determine the survival or death of 
infected macrophages. Brucella was observed to protect infected 
cells from death by apoptosis in a mechanism that utilizes IFNγ 
or TNF-α. In the early stage of infection, Brucella increases the 
activation of the cAMP/PKA pathway which regulates a variety of 
mechanisms that favour Brucella infection by preventing host cell 
elimination and rendering macrophages resistant to apoptosis.

After entry to the human body and being taken by local tissue 
lymphocytes, brucellae are later transferred through lymphatics to 
regional lymph nodes, then via the bloodstream to all organs of 
the body, particularly those rich in the reticuloendothelial system. 
The localization process of the organisms in body organs may be 
associated with infl ammatory cellular infi ltrates with or without 
granulomatous formation, caseation, necrosis or even abscess 
formation. Specifi c antibody production as a host response to 
Brucella occurs early after infection. In the fi rst week of infection, 
IgM against lipopolysaccharide appears in the serum. One week 
later, IgG and IgA appear, and peak during the fourth week. The 
appearance of the anti-LPS antibodies plays a limited role in 
the host defence response against infection, yet it plays a very 
important role in the diagnosis of the disease.

CLINICAL FEATURES

The incubation period of brucellosis is about 1 to 3 weeks but 
may extend up to several months. Brucellosis is a disease of 
protean manifestations that may simulate other febrile illnesses. 
History of travel to endemic areas should be obtained, as well as 
the patient’s occupational history. The onset of symptoms may be 
sudden (1 to 2 days) or gradual (1 week or more). It presents as 
a febrile illness, with or without localization to particular body 
organs. Brucella infection is classifi ed according to whether or not 
the disease is active (i.e. history, clinical features, and signifi cantly 
raised Brucella agglutinins with or without positive blood cultures) 
and whether or not there is localized infection in body organs. 
Evidence of active disease and the presence of localization have a 

Figure 59.1 Animal contact. Children in endemic areas are seen 
playing with camels and in the backyards of houses.
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signifi cant impact on the recommended treatment regimen and 
its duration. Classifi cation of brucellosis as acute, subacute, 
chronic, serological, bacteraemic or mixed types serves no purpose 
in diagnosis and management. The term ‘active brucellosis with/
without localization’ is recommended. The most frequent symp-
toms noted in 500 patients who attended my clinic with B. meli-
tensis are given in Table 59.1. The fever has no distinctive pattern 
that could differentiate it from other febrile illnesses. It usually 
shows diurnal variation, being normal in the morning and high 
in the afternoon and evening. Chills or rigors with profuse sweat-
ing may simulate malaria. Patients with brucellosis commonly 
look deceptively well and, less frequently, may look acutely ill. 
Physical signs may be lacking despite the multiplicity of symp-
toms. The frequency of physical signs seen in the same group of 
patients is shown in Table 59.2.

LOCALIZATIONS

Septic monoarthritis may occur as a result of haematogenous 
spread and localization of Brucella to the synovium or via direct 

Table 59.1 History and symptoms in 500 patients with B. 
melitensis infection who attended the author’s clinic

No. %

HISTORY

Animal contact 368 73.6

Raw milk/cheese ingestion 350 70

Raw liver ingestion 147 29.4

Family history 188 37.6

SYMPTOMS

Fever 464 92.8

Chills 410 82.0

Sweating 437 87.4

Body aches 457 91.4

Lack of energy 473 94.6

Joint pain 431 86.2

Back pain 431 86.2

Headaches 403 80.6

Loss of appetite 388 77.6

Weight loss 326 65.2

Constipation 234 46.9

Abdominal pain 225 45.0

Diarrhoea 34 6.8

Cough 122 24.4

Testicular pain (of 290 males) 62 21.3

Skin rash 72 14.4

Sleep disturbances 185 37.0

Localizations

Table 59.2 Signs in 500 patients with B. melitensis infection 
who attended the author’s clinic

Signs No. %
Ill-looking 127 25.4

Pallor 110 22.0

Lymphadenopathy 160 32.0

Splenomegaly 125 25.0

Hepatomegaly 97 19.4

Arthritis 202 40.4

Spinal tenderness 241 48.0

Epididymo-orchitis (of 290 males) 62 21.3

Skin rash 72 14.4

Jaundice 6 1.2

CNS abnormalities 20 4.0

Cardiac murmur 17 3.4

Pneumonia 7 1.4

Figure 59.2 Brucellar arthritis and osteomyelitis. Scintigram showed 
increased uptake in the osseous components of the left knee and the 
distal half of the left femur.

extension from neighbouring brucellar osteomyelitis (Figure 
59.2). Joints affected include the knee, hip, sternoclavicular, sac-
roiliac and shoulder or the sternum (Figures 59.3–59.7). Joint 
destruction with loss of function may occur if not diagnosed and 
treated early. In the spine, localization of infection starts at the 
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Figure 59.3 Destructive brucellar arthritis. (A) Frontal fi lm of the 
shoulder joint showing diffuse cartilage loss in the glenohumeral joint. 
(B) Film take 6 months later.

Figure 59.4 Destructive brucellar arthritis. High-resolution CT 
showing marked cartilage loss and sternoclavicular erosions in the left 
sternoclavicular joint.

Figure 59.5 Brucellar sacroiliitis. There is increased uptake in the 
right sacroiliac joint which can be noted on the anterior view of the 
scintigram.
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superior end-plate anteriorly, an area of rich blood supply. The 
infection may either regress and heal or progress to involve 
the entire vertebra, intervertebral disc and adjacent vertebrae and 
rarely is associated with paravertebral abscess formation. Brucellar 
spondylitis may involve single or, less frequently, multiple sites. 
The lumbar spine, particularly L4, is the most frequent site (Figure 
59.8). Plain radiography may help to differentiate brucellar spon-
dylitis from tuberculous spondylitis (Figure 59.9). Extraspinal 
brucellar osteomyelitis is rare and may affect the femur, tibia, 
humerus or the manubrium sterni (Figures 59.2 and 59.6). Bur-
sitis, tenosynovitis and subcutaneous nodules may rarely occur. 
The peripheral white cell count is normal in brucellar septic arthri-
tis and spondylitis. The total white cell count in the synovial fl uid 
ranges from 400 to 40 000/mm3 with 60% polymorphonuclear 
cells; glucose may be reduced and culture may be positive in about 
50% of the cases.

Cardiovascular localization may include endocarditis, myocar-
ditis, pericarditis, aortic root abscess (Figures 59.10 and 59.11), 
myotic aneurysms, thrombophlebitis and pulmonary embolism. 
Patients who live in endemic areas and have what has been 
labelled as ‘culture-negative infective endocarditis’ should have 
their blood culture extended for a period of up to 6 weeks. Respi-
ratory symptoms are common, but, because they are usually mild, 
clinicians tend to overlook them. A fl u-like illness with sore throat 
and mild dry cough is a common feature. Other rare foci of infec-
tion include hilar and paratracheal lymphadenopathy; pneumo-
nia, with solitary or multiple nodular lung shadowing or even 
with abscess formation; soft tissue miliary shadowing; pleural 
effusion; empyema; and mediastinitis.

Gastrointestinal infections are usually mild and are rarely a 
presenting feature of the disease. They include tonsillitis, and 
hepatitis with mild jaundice (either non-specifi c or granuloma-
tous with suppuration and abscess formation). Actual cirrhosis is 
rare. Splenic enlargement with abscess formation is rarely reported. 
Mesenteric lymphadenopathy with abscess formation, cholecysti-
tis, peritonitis, pancreatitis and ulcerative colitis are described. The 
liver transaminases, alkaline phosphatase, and serum bilirubin 
may be mildly raised.

Genitourinary localizations may be the presenting feature of 
brucellosis. They include unilateral or bilateral epididymo-orchitis 
in children, and in adults, prostatitis, seminal vesiculitis, dysmen-
orrhoea, amenorrhoea, tubo-ovarian abscesses, chronic salpingi-
tis, and cervicitis. Acute nephritis or acute pyelonephritis-like 
features, renal calcifi cations, and calyceal deformitites may occur. 
Renal granulomatous lesions with abscess formation, with case-
ation and necrosis may occur, as may cystitis and posterior 
urethritis.

Urine culture may be positive in about 50% of patients 
with brucellosis. Brucella organisms have recently been isolated 
from human semen during investigation of possible sexual 
transmission.

Neurobrucellosis is uncommon but serious. It includes menin-
goencephalitis, multiple cerebral or cerebellar abscesses, ruptured 
mycotic aneurysm, cranial nerve lesions, transient ischaemic 
attacks, hemiplegia, myelitis, radiculoneuropathy and neuritis, 
Guillain–Barré syndrome, a multiple sclerosis-like picture, para-
plegia, sciatica, granulomatous myositis and rhabdomyolysis.

The psychiatric features of brucellosis are no more frequent 
than those observed and caused by other infections. Neurobrucel-

Figure 59.6 Brucellar osteomyelitis. MRI of the sternum, coronal 
cut, T1-weighted image, showing an area of patchy decreased signal 
intensity in the lower half of the manubrium.

Figure 59.7 Destructive brucellar arthritis. Frontal radiograph 
showing diffuse osteopenia and diffuse cartilage loss in the right hip.

Localizations
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Figure 59.9 Comparative image features of plain radiography of 
tuberculous and brucellar spondylitis.

Figure 59.8 Early brucellar spondylitis. There is sclerosis at the 
anterior aspect of the superior end-plate of L4. Similar areas are seen 
in the inferior end-plates of L1 and L2. Note the normal disc spaces.

losis may be caused by direct blood-borne invasion by Brucella 
organisms, pressure from destructive spinal lesions, vasculitis, or 
an immune-related process. In meningoencephalitis the cerebro-
spinal fl uid (CSF) pressure is usually elevated and the fl uid may 
look clear, turbid or, rarely, haemorrhagic; the protein content and 
number of cells (predominantly lymphocytes) are raised, while 
glucose may be reduced or normal. Brucella organisms may be 
cultured from CSF. Brucella agglutinins in CSF are usually raised 
but occasionally may not be detected.

In endemic areas, the outcome of pregnancy in humans is 
similar to that noted in animals; this includes normal delivery of 
healthy infants, abortion, intrauterine fetal death, premature 
delivery, or retention of the placenta and other products of con-
ception, as well as transmission to infants through breast milk.

Skin manifestations are uncommon. They include maculo-
papular eruptions and contact dermatitis, particularly among 
veterinarians and farmers assisting animal parturition. Other der-
matological manifestations include erythema nodosum, purpura 
and petechiae, chronic ulcerations, multiple cutaneous and sub-
cutaneous abscesses, vasculitis, superfi cial thrombophlebitis, dis-
charging sinuses, and, rarely, pemphigus.

Direct splashing of live brucella vaccine into the eyes may cause 
conjunctivitis. Keratitis, corneal ulcers, uveitis, retinopathies, sub-
conjunctival and retinal haemorrhages, retinal detachment, and 
endogenous endophthalmitis with positive vitreous cultures are 
well documented.
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DIAGNOSIS

Defi nite diagnosis of brucellosis requires the isolation of the 
organism from the blood, body fl uids or tissues. Positive blood 
culture yield ranges between 40% and 70%. Identifi cation of spe-
cifi c antibodies against bacterial lipopolysaccharide and other 
antigens can be detected by the standard agglutination test (SAT), 
rose bengal, 2-mercaptoethanol (2-ME), antihuman globulin 

(Coombs’) and indirect enzyme-linked immunosorbent assay 
(ELISA). SAT is the most commonly used serological test in 
endemic areas. An agglutination titre of 1 : 160 or higher is con-
sidered signifi cant in non-endemic areas and 1 : 320 or higher in 
endemic areas.

Due to the similarity of the O polysaccharide of Brucella to that 
of various other Gram-negative bacteria (e.g. Francisella tolerensis, 
E. coli, Salmonella Urbana, Yersinia enterocolitica, Vibrio cholera, 
Xanthomanas maltophilia) the appearance of cross-reactions of class 
M immunoglobulins may occur. The inability to diagnose B. canis 
by SAT due to lack of cross-reaction is another drawback. False-
negative SAT may be caused by the presence of blocking 
anti bodies (the prozone phenomenon) in the α2-globulin (IgA) 
and in the α-globulin (IgG) fractions. Dipstick assays are new and 
promising, based on the binding of Brucella IgM antibodies, and 
found to be simple, accurate and rapid.

ELISA typically uses cytoplasmic proteins as antigens. It mea-
sures IgM, IgG and IgA with better interpretation and overcomes 
some of the shortcomings of SAT. PCR is fast and specifi c. Many 
varieties of PCR have been developed (e.g. nested PCR, real-
time PCR and PCR-ELISA) and found to have superior specifi city 
and sensitivity. Other laboratory fi ndings include normal periph-
eral white cell count, and occasional leucopenia with relative 
lymphocytosis. The serum biochemical profi les are commonly 
normal.9

TREATMENT

Treatment of brucellosis is still far from ideal. Two classical regi-
mens – a combination of doxycycline plus streptomycin (DS) or 
doxycycline plus rifampicin (DR) – recommended by WHO, have 
been used all over the world, as an out-patient management, for 
many years and remained effective. Doxycycline (preferred to 
other tetracyclines) is the most effective agent for the treatment of 
brucellosis. Doxycycline has increased activity in the acidic envi-
ronment of the phagolysosomes in the macrophages. Regimens 
containing doxycycline are more effi cient, with fewer therapeutic 
failures and relapses, than other regimens. The streptomycin-
containing regimen is slightly more effi cacious in preventing 
relapses, as rifampicin downregulates doxycycline levels in the 
serum. Doxycycline is given in an oral dose of 100 mg 12-hourly 
for 6 weeks. Streptomycin is administered intramuscularly, in a 
single daily dose of 15 mg/kg for 2–3 weeks. Rifampicin is used 
in a single oral daily dose of 600–900 mg for 6 weeks. Patients 
with localizations such as spondylitis, endocarditis, neurobrucel-
losis, and abscess formations in body organs may require hospi-
talization for possible surgery and triple antibiotics (doxycycline, 
aminoglycoside and rifampicin) should be used for a longer 
period of up to 6 months. Urgent valve replacement or drainage 
of abscesses may also be required with antibiotics. The overall 
therapeutic failure and relapse rates with DS and DR regimens 
range between 3% and 10%. The parenteral administration of 
aminoglycoside, nephrotoxicity and ototoxicity require adequate 
monitoring in the healthcare system. Monotherapy has been 
abandoned because of the unacceptably high rates of therapeutic 
failure and relapses.

Alternative regimens have been used over the past two decades. 
Gentamicin and netilmicin are alternative aminoglycosides, which 

Figure 59.10 Brucellar endocarditis with perforation of the anterior 
mitral valve leafl et (arrow) depicted by 2-D transthoracic 
echocardiography. 

Figure 59.11 Brucellar aortic root abscess and aortic valve 
vegetation demonstrated in this horizontal transoesophageal 
endocardiography view.

Treatment
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can be administered intramuscularly or intravenously as a single 
daily dose of 5 mg/kg for 7 days, together with doxycycline 100 mg 
12-hourly for 45 days. This combination of gentamicin plus doxy-
cycline has been found to be as effective as the DS regimen.10 In 
our experience, a longer duration of gentamicin plus doxycycline 
(GD) or netilmicin plus doxycycline (ND), for 14–28 days, fol-
lowed by doxycycline alone for a further 30–60 days, was associ-
ated with no therapeutic failure and a relapse/reinfection rate of 
only 3%. Regimens comprising co-trimoxazole in an oral dose of 
two tablets (480 mg each) twice daily for 2 months plus doxycy-
cline (CD) or plus rifampicin (CR) have been used. The effi cacy 
of the CD regimen is better than that of the CR regimen. In 
endemic areas, tuberculosis may also be common and the use 
of rifampicin may be restricted to avoid the emergence of 
resistance.11

Quinolones (ciprofl oxacin and ofl oxacin) have been used in 
a limited number of clinical studies in patients without localiza-
tions and the fi ndings have been controversial. The antimicrobial 
activities of quinolones are decreased in the acidic environment 
of phagolysosomes in macrophages. However, quinolones may 
have some role, as they may replace doxycycline or rifampicin 
whenever toxicity occurs. Quinolones may be used as a second-line 
regimen in patients who fail to respond or develop relapse 
after using another regimen. Ofl oxacin, in an oral dose of 400 mg 
12-hourly, or ciprofl oxacin, in an oral dose of 500 mg 12-hourly, 
can be used in combination with doxycycline or rifampicin for 6 
weeks. The cost of quinolones is a major drawback. Therapeutic 
failure and relapses with quinolones were reported by some 
investigators as being comparable to those observed with other 
regimens.12

Azithromycin is a macrolide (an azalide subclass) rapidly dis-
tributed into tissue and cells, particularly phagocytes. The acidic 
phagolysosomal environment within macrophages attenuates its 
antibacterial activities. Results showed high rates of therapeutic 
failure and relapses when used in a regimen for B. melitensis 
infection.13

Children less than 8 years of age with brucellosis are treated 
with co-trimoxazole plus rifampicin (CR). Rifampicin can be 
given orally or intravenously as a single dose of 10–20 mg/kg/day. 
Co-trimoxazole is used as an intravenous infusion of 36–54 mg/
kg/day in two divided doses. Paediatric suspension is used orally 
in a dose of 240 mg/mL 12-hourly.

Doxycycline is approved and used in the USA for the treatment 
of Rocky Mountain spotted fever in infants and young children. 
In Italy, infants and young children with brucellosis were treated 
with oral minocycline 2.5 mg/kg in combination with intrave-
nous rifampicin 10 mg/kg (both given 12-hourly) for 3 weeks: this 
regimen did not cause dental defects and was found to be very 
effective.14 Pregnant women with brucellosis are treated with co-
trimoxazole plus rifampicin (CR). Patients with renal impairment 
should be carefully monitored for serum urea, creatinine and 
aminoglycoside levels. If such facilities are not available, then the 
DR regimen should be utilized.

Monitoring of the response to treatment is based on improve-
ment of symptoms (within 14 days) and signs (within 2–4 weeks) 
after commencing antibiotics. Therapeutic failure is considered if 
there is no clinical improvement 14 days after commencing anti-
biotics till the end of therapy. Serological follow-up tests are not 
the ideal tools for monitoring response to treatment. The titres 

may not decrease or may even rise further if the patient develops 
a Jarisch–Herxheimer reaction with initial worsening of symp-
toms a few days after starting treatment. In the fi rst 3 months after 
completion of treatment, SAT may show a decrease in titre to less 
than 1 : 320 in only 8.3% of patients, and 28.6% of cured patients 
continue to have a titre of 1 : 320 or higher 2 years after comple-
tion of successful treatment. Patients receiving doxycycline in the 
treatment regimen are more likely to have serological cure than 
those not receiving such. Relapse is considered if clinical features 
recur and the agglutination titre rises with or without positive 
blood culture 1 year (usually in the fi rst 3–6 months) after com-
pletion of treatment. In endemic areas, where the re-exposure risk 
is persistent, reinfections may be diffi cult to differentiate from 
relapses.

PROGNOSIS AND PREVENTION

The mortality of the disease in 1909, as recorded in the British 
Army and Navy stationed in Malta, was 2%. The most frequent 
cause of death was endocarditis. Recent advances in antibiotics 
and surgery have been successful in preventing death due to 
endocarditis.

Prevention of human brucellosis can be achieved by eradica-
tion of the disease in animals by vaccination. Currently, no effec-
tive vaccine for humans is available.

Boiling milk before consumption or using it to produce other 
dairy products is protective against transmission via ingestion. 
Changing food habits of eating raw meat, liver or bone marrow 
is necessary.
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Section 8 Bacterial Infections

Chapter 60 Geoffrey M. Scott and Sarah Wyllie

Actinomycosis and Whipple Disease

Actinomycosis is characterized by indolent abscesses that cross 
fascial planes, forming chronic sinuses that discharge pus contain-
ing (in 40% of cases) ‘sulphur granules’.1 The causative organisms 
are mouth fl ora, so the jaw is a characteristic site for infection; 
other sites include the appendix, lung and uterus, but any organ 
may be infected.

GEOGRAPHICAL DISTRIBUTION

Because the organisms are part of the normal buccal fl ora, the 
infection may occur in any part of the world.

AETIOLOGY

The primary causative agents are Gram-positive anaerobic (or 
rarely facultatively aerobic), branching bacteria of the genera Acti-
nomyces and Arachnia. These organisms used to be thought of as 
fungi because they branched and formed aerial mycelia. However, 
they are clearly bacteria, by being prokaryocytic, by the absence 
of typical fungal carbohydrates (e.g. chitin) in the cell wall and by 
their method of reproduction. The term is derived from aktino 
(Greek: ray), suggested by the spikes radiating from the edge of 
the sulphur granules. The fi rst species described (Actinomyces bovis) 
from tumours of the jaws of cattle does not cause disease in 
humans. However, one or more of a number of species, such as 
A. israelii (the most important species named after the pioneering 
microbiologist Israel who fi rst described sulphur granules from a 
human lesion in 1878), A. naeslundii, A. meyeri, A. viscosus, A. 
odontolyticus and Arachnia propionica2 may cause human disease. 
These bacteria are rarely found alone in clinical specimens but are 
intimately associated with Gram-negative bacteria, such as Actino-
bacillus actinomycetemcomitans and Haemophilus aphrophilus (both 
well known for causing endocarditis). Separating and identifying 
these bacteria is diffi cult even in the specialized laboratory.

CLINICAL PRESENTATION

Actinomycosis is unlikely to be recognized specifi cally during the 
early development of disease. If associated with local invasion 
from the mouth, there will be soft, relatively non-tender, swellings 
which grow insidiously and then break down and discharge to the 

outside or inside the mouth. Some report that the abscesses look 
blue. Because the infection can spread unhindered by fascial 
planes, the abscesses may discharge anywhere in the region of the 
head and neck, including the tongue, palate or even scalp. Direct 
extension of the abscess may lead to invasion of the central 
nervous system. Infection in the thyroid has been recorded. Occa-
sionally an actinomycetoma will develop more rapidly than usual 
but it will still be ‘cold’. In some cases, chronic discharging sinuses 
persist in the neck or abdomen for many years.

When the patient presents with head and neck disease, it may 
well be possible to elicit a history of predisposing dental work or 
it may be quite obvious that the patient has very poor dentition 
with extensive caries. Sometimes the infection is precipitated by 
trauma, such as dental extraction or even an external blow. Human 
bites or trauma to the fi st from front teeth in a fi ght may cause 
local inoculation and infection.

Infection in the lungs spreads locally through to pleura, chest 
wall or mediastinum, and presumably follows the inhalation of a 
foreign body colonized with mouth fl ora. The presentation is one 
of constitutional upset associated with some symptoms referable 
to the chest (even haemoptysis) with an abnormal radiographic 
fi nding. Rare fatal disease is usually associated with invasion of 
the myopericardium.

Dissemination

Bloodstream spread of the organism occurs most commonly from 
established chronic infections at any site. This may lead to miliary 
multifocal infection and skin lesions. Extensive spread has been 
documented in association with malignant disease.

Abdominal

One-quarter to one-half of all cases of actinomycosis involve an 
abdominal organ. There may be a precipitating event, such as 
abdominal surgery, or internal (e.g. foreign body) or external 
trauma. The most usual antecedent surgery is for acute appendi-
citis and it is no surprise, therefore, that the most common site 
for infection is the ileocaecal region. Cases preceded years before 
by laparoscopic cholecystectomy complicated by gallstone spill-
age have been described.3 The infection spreads gradually from 
the primary site, is very diffi cult to diagnose and may become 
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obvious only when the infection points and discharges character-
istic pus. Even then, a small discharging sinus may go unrecog-
nized and undiagnosed for years. Spread through the portal system 
leads to liver abscess, which may spread insidiously through chest 
wall or diaphragm.

Pelvic or endometrial actinomycosis is rare but some cases have 
been recognized in patients using intrauterine contraceptive 
devices. This is rather uncommon – beware the cytopathologist’s 
report of the Papanicolaou stain of cervical smear suggesting that 
Actinomyces spp. are present.4 This is not a sensitive or specifi c way 
of making the diagnosis.5 However, it is worth considering the 
diagnosis if a patient with an intrauterine contraceptive device 
does develop indolent uterine or parauterine disease, which is 
often initially considered to be a malignant tumour. Pelvic acti-
nomycosis may also occur in the absence of an intrauterine 
device.

DIFFERENTIAL DIAGNOSIS

In extensive late disease, where sinuses are discharging pus with 
characteristic sulphur granules, the diagnosis should be obvious 
and can easily be confi rmed in the laboratory. Sulphur granules 
may also be demonstrated in section by the histologist searching 
for presumed tumour: the organism will not be seen on haema-
toxylin and eosin staining but will require a silver or Gram stain 
(Figures 60.1 and 60.2). Several other organisms yield sulphur 
granules from pus but rarely are they as characteristically gritty, 
with the stellate radiations seen in Actinomyces. They include 
Nocardia spp. (which produce almost indistinguishable disease, 
more often in immunosuppressed patients, and which demand 
rather different antimicrobial therapy): the sulphur granules in 
nocardiasis are grey and smooth. Staphylococcus aureus may cause 
chronic abscesses which discharge rather soft, irregular, yellow 
granules – a condition known as botriomycosis. Various fungi 
(e.g. Streptomyces spp.) may cause granules, and it is not unusual 
for these to be discharged from Madurella mycetoma, without any 
hint of Actinomyces spp. on culture.

Pulmonary disease will most often be diagnosed initially as 
tuberculosis or tumour. Nocardia spp. and fungi are more impor-
tant opportunistic pulmonary pathogens than Actinomyces, which 

most often affects otherwise healthy people. Abdominal disease 
may be misdiagnosed as appendix mass, Crohn’s disease or ileo-
caecal tuberculosis.

Uterine disease, if not diagnosed early, may present with a 
massive tumour in a fi xed pelvis, which will inevitably fi rst be 
diagnosed as malignancy.

DIAGNOSIS

The diagnosis is by macroscopic and microscopic examination of 
pus and granules and culture – preferably prolonged, in anaerobic 
conditions at 37°C. Whereas most strains have classical branching 
bacillary morphology, some appear as pleomorphic coccobacilli. 
Pus should be cultured in thioglycollate broth with added rabbit 
serum or brain–heart infusion broth or trypticase soy agar. 
Complex semisynthetic media may be more successful. Some 
species grow aerobically in carbon dioxide after a while, but this 
is not reliable. Under optimal conditions, a fi ne aerial mycelium 
is seen at day 1, then the colony grows into a solid white block, 
which collapses centrally over a period of 7–14 days, known 
(most appropriately) as a ‘molar tooth’.

Most microbiologists will not bother to speciate the strain, 
although this can be done by chemical tests provided the bacte-
rium can be separated from the concomitant Gram-negative 
organisms. Another method is to use species-specifi c conjugated 
antibody either on the original specimen or the cultured organ-
ism.6,7 Arachnia propionica forms smaller, smoother colonies than 
A. israelii, and they are not molar-tooth shaped; the organism 
produces propionic acid which can be detected by gas-liquid 
chromatography.

MANAGEMENT

Actinomyces spp. are sensitive to a wide variety of antimicrobials, 
including penicillin, which remains the drug of choice. Unfortu-
nately, penicillin V is not suffi ciently well absorbed to be effective 
for initial therapy, so amoxicillin is more suitable. High and 
prolonged dosage is indicated together with appropriate surgical 

Figure 60.1 Sulphur granule stained with haematoxylin and eosin.
Figure 60.2 Sulphur granule stained with Gram stain, revealing 
typical central Gram-positive branching bacteria.
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drainage and debridement. The level of amoxicillin can be 
enhanced by concomitant administration of probenecid. Virtually 
every other simple antibiotic can be used as an alternative – 
sulphonamide, erythromycin, chloramphenicol and tetracycline 
being effective. There is little correlation between in vitro sensitiv-
ity tests and clinical results. Drugs relatively ineffective in vitro are 
often very effective. However, metronidazole is inactive. Clinda-
mycin seems a logical choice, being active in vitro, well absorbed 
and penetrating into tissues and bone well, and might be the drug 
of choice when bone is involved.

PREVENTION

Actinomycosis is rare. There are few case series but the literature 
refl ects many hundreds of individual case reports. Disease associ-
ated with poor dentition can be prevented naturally by improving 
dental hygiene. The association with intrauterine contraceptive 
devices is suffi ciently rare that it should not be considered a con-
traindication to this method of contraception.

WHIPPLE DISEASE

George Hoyt Whipple described ‘intestinal lipodystrophy’ in 
1907.8 The disease is caused by a bacterium, Tropheryema whipplei, 
seen in the tissues but not cultured and characterized until 
recently.9 Clinical presentation is characteristically dominated by 
chronic weight loss, diarrhoea, malabsorption and arthralgia.10 
Musculoskeletal, neurological, ocular, cardiac, pulmonary and 
dermatological manifestations of infection with T. whipplei also 
occur and may precede or be independent of digestive symp-
toms.11 A diagnosis of Whipple disease was traditionally made on 
the basis of a characteristic history and histological examination 
of a small bowel biopsy stained with PAS. Diagnosis of other cases 
is very diffi cult because disease is rare and mimics so many other 
conditions. Symptoms may go on for many years without diag-
nosis.12 The organism does not grow on conventional media so 
amplifi cation of species specifi c DNA by polymerase chain reac-
tion (PCR) has become an important diagnostic method.13 The 
causative bacterium has been named Tropheryma whipplei (trophe 
for ‘nourishment’ and eryma for ‘barrier’, formerly whippelii).14 
The fi rst successful culture of T. whipplei has stimulated renewed 
interest in Whipple disease.15

Epidemiology

Whipple disease is truly rare even if the organism is ubiquitous. 
Intestinal lipodystrophy is predominantly reported in white male 
Caucasians and presents clinically around the end of the fourth 
decade.11,16 There are only a few case reports of Whipple disease 
in children. Only very slowly will a pattern emerge for the world-
wide distribution of disease caused by the bacterium.

Aetiology

Whipple originally described rod-shaped structures on silver stain-
ing of an intestinal biopsy.16 A bacterial aetiology, however, was 
not formally suggested until 1961 when ‘bacillary’ or ‘bacilliform’ 

bodies were demonstrated by electron microscopic examination 
of intestinal biopsies from patients with classical Whipple 
disease.17,18 Electron microscopic studies have shown the T. whip-
plei to be 1–2 μm in length and to have a trilaminar appearance. 
The bacterium is seen intracellularly within a wide variety of cells, 
as well as extracellularly. Amplifi cation and sequencing of bacte-
rial 16S ribosomal RNA retrieved from intestinal lesions has phy-
logenetically classifi ed the bacterium within the Actinomycetes.19

T. whipplei was fi rst isolated in human macrophages inactivated 
by interleukin 4 from two patients with culture-negative endocar-
ditis.20 This isolate has not been successfully subcultured. In 2000, 
Raoult and colleagues reported the successful isolation and sub-
sequent establishment of a strain of T. whipplei from the mitral 
valve of a 42-year-old Canadian man with culture-negative endo-
carditis.15 T. whipplei has since been isolated from the duodenum 
of a patient with relapsed Whipple disease.21 To date, molecular 
studies have revealed six genotypes (numbered 1–6) of T. whipplei 
based on sequence variation within the inter 16S–23S ribosomal 
DNA spacer (ITS)22,23 and two genotypes (named A and B) based 
on sequence variation within the 23S ribosomal RNA gene.24 It  
remains to be determined whether strain differences in T. whipplei 
coincide with the varying systemic pathologies seen in clinical 
Whipple’s disease.

Pathogenesis

A predisposition in males, association with HLA-B27,25 and per-
sistence of the organism in affected tissues despite prolonged 
antibiotic therapy, and the rarity of disease, suggest that specifi c 
immunological host factors play a role in pathogenesis. Studies of 
patients with Whipple disease have indeed demonstrated altered 
T cell populations and altered T cell function,26,27 B cells, immu-
noglobulin levels and macrophage responses.28,29 Patients tend to 
have a Th2 style of response expressing interleukin-4 rather than 
interferon-γ and IL-2.30 Successful treatment of refractory Whipple 
disease was achieved using a combination of antimicrobials and 
recombinant interferon-γ providing supportive evidence for the 
pathogenic relevance of impaired cellular immunity.31 It is not yet 
known whether any of these immunological defects are primary, 
thereby predisposing the individual to Whipple disease, or due to 
the infection itself. In vitro, IL-16 is essential for replication in 
monocyte-derived macrophages;32 like Coxiella, T. whipplei appears 
to survive in acidifi ed phagosomes and can be killed if the pH is 
raised.33

T. whipplei is believed to be an environmental or mouth resi-
dent organism34 and presumably invades via the gastrointestinal 
system. Genetic material from the bacterium has been demon-
strated in the saliva, gastric juice, and duodenal biopsies and 
monocytes,35 and in synovial tissue of individuals with and 
without clinical or histological evidence of Whipple disease.36–38 
These fi ndings are disputed.39,40 The confl icting data highlight the 
problems inherent in using DNA amplifi cation as a diagnostic 
method.

Clinical presentation

The clinical manifestations of Whipple disease are multiple and 
non-specifi c. Arthropathy precedes other symptoms in two-thirds 

Whipple Disease
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of patients and in these, immunosuppression may allow the devel-
opment of gastrointestinal symptoms.41 The classical triad of 
weight loss, diarrhoea and malabsorption may or may not be 
present. Patients are often non-specifi cally unwell with low-grade 
fever and lymphadenopathy. Laboratory investigations usually 
reveal malabsorption with a raised erythrocyte sedimentation 
rate.8,10 Apart from the classical changes in the bowel, patients may 
have seronegative arthralgia and uveitis. Synovium may be posi-
tive for T. whipplei by molecular probe42,43 or culture.44 In the 
cardiovascular system, heart valves (including xenografts) and 
coronary arteries may be involved, and rarely a patient may have 
myocarditis with focal fi brosis.45 Although now well-described in 
a number of case reports, culture-negative endocarditis is 
extremely rare compared with the more conventional causes.46 
Often patients with endocarditis are afebrile.47 The vegetations 
show fi brosis, infi ltration with mononuclear cells and minimal 
infl ammation.48

Whipple disease is a rare cause of non-specifi c global encepha-
lopathy49 and dementia and may be diagnosed by brain biopsy or 
PCR on cerebrospinal fl uid. Rarely, a patient may have a discrete 
tumour masquerading as glioma50 or may have arteritis.51 A com-
prehensive review in 2002 of 12 local cases of central nervous 
system disease in France revealed 122 case reports.52

Disseminated disease may present as a lymphoma-like illness 
with infected macrophages present associated with non-caseating 
granulomas in the bone marrow.53,54

Diagnosis

Classical disease is diagnosed by histopathological examination 
of intestinal biopsies, which reveal heavy deposits of periodic 
acid-Schiff (PAS) – positive material. Sampling error may lead to 
failure to identify abnormalities, although tissues are still positive 
by molecular methods.55 Histopathologists should perform PAS 
and diastase staining for the bacteria when confronted by non-
specifi c granulomatous infl ammation. Bacteria similar to those 
seen in the intestine can be found in the coronary arteries of 
patients who have died with classical Whipple disease.56 Clumps 
of bacteria, some intracellular, have been associated with the arte-
rial media, and atheroma, sometimes, although not always, with 
evidence of local infl ammation. Changes like sarcoidosis have 
been seen in affected lymph nodes positive for T. whipplei 16S 
RNA.57 With the sequencing of the genome,58 candidate protein 
antigen determinants have been identifi ed, which may make sero-
diagnosis possible in the near future.59 Similarly, immunostaining 
of tissues may be applicable in the future.60,61 Molecular diagnosis 
of tissues in reference centres is likely to be the diagnosis of 
choice.62 Contamination of reusable biopsy instruments such as 
fl exible endoscopes is not properly removed by conventional 
methods of decontamination. Theoretically, the organism could 
therefore be passed from one patient to another or specimens for 
PCR could be contaminated.63

Management

The treatment of choice at present, based on empirical studies, is 
co-trimoxazole, which should be continued for at least 1 year.64 
Gerard and co-workers (2002)52 suggest repeated examination of 

the CSF in individuals with CNS disease on treatment and non-
discontinuation of treatment until the PCR is negative. However, 
breakthrough infections have been described. Some give 2 weeks 
of intravenous cephalosporin (such as ceftriaxone or cefotaxime) 
before using co-trimoxazole. There is little evidence for the effi cacy 
of this strategy. The organism was found to be sensitive in vitro 
to many antibiotics including doxycycline and hydroxychloro-
quine, a combination used in the treatment of coxiellosis.65,66 It is 
resistant to trimethoprim, suggesting that the active component 
of co-trimoxazole is the sulphonamide.
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Section 8 Bacterial Infections

Chapter 61 Geoffrey M. Scott

Bartonellosis, Cat-scratch Disease, 
Trench Fever, Human Ehrlichiosis

THE GENUS BARTONELLA

Bartonella resembles Rickettsia: both are minute, pleomorphic, 
Gram-negative and, although found intracellularly in vivo, are 
able to grow on solid media.1,2 Recent work has shown a link 
between Bartonella bacilliformis (the type species, the cause of 
Oroya fever and verruga peruana) and organisms variously thought 
to cause cat-scratch disease or bacillary angiomatosis (Bartonella 
henselae). B. bacilliformis is closely related to Bartonella (formerly 
Rochilimaea) quintana3 by 16S cDNA hybridization2 and to Brucella 
abortus, but a probe to detect a conserved region of B. bacilliformis 
by polymerase chain reaction from clinical specimens failed to 
recognize Brucella abortus.3 Bartonellae are suffi ciently removed 
from the Brucella and Rickettsia to be considered a separate genus. 
An important property of bartonellae is chronic persistent or inter-
mittent bacteraemia in the defi nitive host.

When Bartonella quintana is transmitted by body louse (Pediculus 
humanis corporis) it causes trench fever; B. quintana and B. henselae 
transmitted by cat scratch or fl eas cause cat-scratch disease and 
endocarditis in healthy subjects or bacillary angiomatosis, peliosis 
hepatis and disseminated infections in patients with acquired 
immune defi ciency syndrome (AIDS).4–6 B. henselae specifi c DNA 
has been found in ticks.7 At present, the term bartonellosis is applied 
to infections caused by B. bacilliformis. Molecular techniques are 
appropriately being applied to differentiate species8,9 and have 
shown that B. henselae has at least two distinct genotypes.10

Other species whose importance is yet to be established in 
human disease include B. elizabethiae (from rats and causing dis-
eases like trench fever),11 B. (formerly Rochilimaea) vinsonii (from 
dogs and voles), B. clarridgeiae, B. grahamii (formerly Grahamella, 
a genus of bacteria infecting the red blood cells of birds and fi sh, 
although not of humans), found in an immunocompromised 
patient with retinitis,12 and B. koehlerae from cats.13 Bartonella-like 
infections associated with febrile anaemia or dermal nodules have 
been reported from Thailand, Sudan, Niger, Pakistan and the 
eastern USA but their relationship to B. bacilliformis is not clear. 
Bartonella-like (Haemobartonella muris) bodies are found in the 
blood of healthy mice and certain rodents; they cannot be cul-
tured and exist as a latent infection. They are transmitted by rat 
lice and after splenectomy cause an acute fatal anaemia resem-
bling Oroya fever. A similar anaemia occurs in the dog after 
splenectomy when infected with B. canis. It is likely that many 

species-specifi c members of the genus separable genotypically will 
be discovered in time.

B. bacilliformis, the cause of defi nitive bartonellosis, infects the 
red cells of humans. It occurs in two forms. One is a rod-shaped, 
slightly curved, Gram-negative bacillus, 2 × 0.5 μm, staining well 
with Giemsa, often in branching rods and chains but never crossed, 
which occurs in a large proportion of the red cells (Figure 61.1) 
during Oroya fever. V- and Y-shaped forms probably represent 
dividing organisms. The other form is coccoid, about 1 μm or less 
in diameter, oval or pear shaped, and contains chromatin gran-
ules. They occur singly or end-to-end in pairs or chains.

B. bacilliformis is aggressively motile and polar fl agellae, 20 nm 
in diameter, in bundles of up to 10, are visible by electron micro-
scopy but the organism is diffi cult to detect in fresh blood. 
When dried fi lms are ‘shadowed’ with palladium and examined 
by bright-fi eld microscopy, it is found that the organisms lie in 
depressions in red cells. Other species do not tend to be associated 
with human red cells in the same way.

Cultural characteristics

Bartonella bacilliformis was fi rst seen by Barton in 1909, then cul-
tured on solid media from citrated blood of patients with 
Carrión’s disease by Noguchi and Battistini in 1926. It is an obli-
gate aerobe and grows best at 25–28°C on blood agar. Battistini’s 
method of culture is simple: a small drop of blood from the fi nger 
of the patient is withdrawn into serum agar or Noguchi’s Lepto-
spira medium, the vial sealed and incubated at 28°C. Colonies 
are visible in 5–6 days. B. bacilliformis is also readily cultivated in 
the allantoic fl uid of the developing chick embryo at 25–28°C. 
The growth is rapid and abundant, and the cultivated bodies are 
0.6–1.6 mm in length. Zinsser’s agar slant method for cultivation 
of rickettsiae may also be used.14

Various bartonellae can be isolated in conventional blood cul-
tures. DNA amplifi cation methods are much more sensitive than 
classical culture15 and sensitivity of this can approach 90% when 
using serology plus histology as the gold standard for diagnosis.

CLASSICAL BARTONELLOSIS

Alternative names: Oroya fever, Guaitara fever, Carrión’s disease, 
verruga peruana.
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Introduction

Carrión, a medical student, infected himself with tissue from 
verruga peruana in 1885, a cutaneous eruption of haemangioma-
like growths. He developed Oroya fever, an acute febrile haemo-
lytic illness, and died, thus establishing the intimate link between 
these two disparate clinical conditions.16

Geographical distribution

Classical bartonellosis has a remarkable focal distribution, occur-
ring between latitudes N05 and S16, between altitudes 800 and 
3000 m on the western slopes of the Andes in Columbia, Peru 
and Ecuador.17,18 Furthermore, the infection tends to cause out-
breaks only in narrow valleys (quebradas) where the vector 
proliferates.

Experimental transmission: bartonellosis as 
a zoonosis?

Intravenous injection of B. bacilliformis into macaque monkeys 
causes irregular fever and anaemia, while the organisms can be 
demonstrated in the blood cells. The monkeys are often asymp-
tomatic unless splenectomized, and then the blood from a patient 
with Oroya fever is fatal.14 Intradermal inoculation into the supra-
orbital tissues gives rise to verrugous nodules. After inoculation of 
grey squirrels (Citellus tridecemlineatus) the organism could be 
recovered only for the fi rst 24–48 h, and the animals were asymp-
tomatic. Verruga can be conveyed by inoculation to puppies and 
rabbits, and B. vinsonii occurs as a natural infection in native 
American Indian dogs. It is possible that human infection is a 
zoonotic disease depending on a natural animal reservoir, 
although in the case of Oroya fever this has not been established 
with certainty.

Human reservoir

It is likely that the main reservoir consists of asymptomatic human 
cases. Bartonella was cultured from seven of 81 students and three 
of these seven were asymptomatic. In the verruga zone, 10–15% 
of people have been shown to be chronic carriers with positive 
blood cultures.14,19 B. bacilliformis can be seen in the endothelial 
cells of cutaneous verruga nodules, suggesting that they could act 
as a source of continuing infection to sandfl ies.

Sandfl y transmission

The only proven vectors in humans are New World sandfl ies, 
Lutzomyia spp.: L. verrucarum is the defi nitive vector.20 Evidence 
incriminating L. noguchii (and L. verrucarum) was obtained when 
insects were collected in a verruga district of Peru and sent to New 
York, where they were ground up in saline and injected intrader-
mally into monkeys.21 An outbreak of Oroya fever in the Mantaro 
valley of Peru occurred in the absence of L. verrucarum, but L. pescei 
(rare below 2400 m) and L. bicornutus (rare above 2600 m) were 
identifi ed as being prevalent in the area of the epidemic. The 
former species was thought to be more likely to be responsible for 
the outbreak because the cases occurred at higher altitudes. In the 
Narino department of south-western Colombia, the habits of 
L. colombianus are so like those of L. verrucarum that it may be a 
vector in this area. L. noguchii and L. peruensis are also suspected 
vectors.

The organisms adhere to the midgut of the sandfl y in moderate 
numbers after feeding on infected patients and have been found 
occasionally on the proboscis of wild-caught sandfl ies, suggesting 
that transmission may be by mechanical inoculation during 
biting.

Pathology

Red blood cells

The organisms bind to multiple surface glycoproteins of erythro-
cyte membranes.22,23 They invade erythrocytes, in which they mul-
tiply, causing destruction of the cells.24 In severe cases, the red 
cell count may drop in 3 or 4 weeks to 500 000/mm3. There is an 
associated polymorphonuclear leukocytosis, but without eosino-
philia. The anaemia is typically normocytic and hypochromic but 
may be macrocytic because of reticulocytosis or if there is associ-
ated dietary folate defi ciency.25 Destruction of the red cells is due 
to intravascular haemolysis; 50% of labelled erythrocytes have a 
half-life of 6 days (normal median survival 120 days). However, 
those red cells that survive this period have a normal survival rate. 
Normal erythrocytes injected into patients in the febrile anaemic 
phase behaved similarly, but red cells from a patient with verruga 
peruana survived normally, suggesting that the patient had 
acquired resistance to the haemolytic process after cessation of the 
febrile stage.

Reticuloendothelial system

The organisms invade the cells of the reticuloendothelial system 
causing hyperplasia in the lymph glands, with proliferation of 
Kupffer cells of the liver and histiocytes in the spleen, bone 

Figure 61.1 Bartonella bacilliformis in blood.
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marrow, kidneys, adrenals, pancreas, thyroid and testes. They also 
parasitize the endothelial lining cells of the blood and lymph 
vessels, which may be so distended by closely packed masses of 
the bacteria that infected cells can be detected on low-power 
microscopic examination of lymph glands, spleen, liver and intes-
tine.22 Marked changes are present in the liver, spleen and bone 
marrow. In the liver, areas of degenerative and central necrosis are 
found around the hepatic veins. In the centre of the necrotic areas, 
a yellow pigment resembling haemosiderin is present in abun-
dance. The spleen is invariably enlarged and contains necrotic 
areas with pigment. The lymph glands contain large macrophage 
endothelial cells studded with bacteria. The bone marrow shows 
proliferation, necrosis and marked phagocytosis of the large endo-
thelial cells. The malpighian bodies are not affected.

Verruga stage

The verrugous eruption is a sequela to the lesions in the reticulo-
endothelial system.26 There is proliferation of the endothelium of 
the lymphatic channels which become obstructed by plasma cells 
and fi broblasts, but the structure is much more vascular than that 
of yaws, which it otherwise resembles. The capillary blood vessels 
become dilated so that the granulomatous tumours are vascular, 
almost cavernous, and apt to bleed profusely. Nodules of angio-
blasts around the blood vessels are characteristic of the disease. 
B. bacilliformis is seen in considerable numbers in the endothelial 
cells of cutaneous verruga nodules, but distension of the cells is 
less than that seen in cases of Oroya fever. Scanty bacteria may be 
found in blood corpuscles.

Immunity

Recovery from the disease in any of its forms confers lasting 
immunity but this is not solely dependent on the presence of 
specifi c agglutinins in the blood.27 Passage from Oroya fever to 
the verruga stage, which is a change in the host–parasite relation-
ship resulting from the development of immunity, is accompa-
nied by a diminution of symptoms. It was shown that graduated 
inoculation of verrugous material induces an artifi cial immunity.22 
In monkeys infected with verruga tissue, splenectomy reverses the 
process and produces Oroya fever.

Serum antibodies that agglutinate the organism in titres from 
10 to 80 have been found in patients in both the Oroya fever and 
verruga stages.27,28 Cross-reactions occur with Proteus sp. OX19, 
OXK and OX2 (another tenuous link with rickettsiae). A strong 
agglutinating serum can be prepared for laboratory identifi cation 
of B. bacilliformis.

Prophylactic inoculation with a formalinized suspension of 
B. bacilliformis resulted in partial immunity so that subsequent 
attacks of Oroya fever were modifi ed.27

Clinical features17

Natural history

The spectrum of disease ranges from common asymptomatic car-
riage, to the severe and often fatal Oroya fever and on to verruga 
peruana.

OROYA FEVER

The incubation period of Oroya fever is about 3 weeks.17,29 Onset 
of the fever is insidious, and marked by malaise, soon followed 
by a rapidly developing anaemia and an irregular remittent pyrexia, 
associated with very severe pains in the head, joints and long 
bones. The bone pains are probably connected with disturbances 
in the haemopoietic system. The initial fever is like that of malaria, 
and the most severe illness resembles fulminant typhus and is 
known as the ‘severe fever of Carrión’. The liver, spleen and lymph 
nodes are enlarged and tender.

A characteristic anaemia develops with a tendency to macrocy-
tosis with nucleated red cells and a high reticulocytosis. In 
the febrile phase, most of the red cells contain numerous 
bacilliform organisms and there is a polymorphonuclear 
leukocytosis.

The death rate varies from 10% to 40%, death coming within 
2–3 weeks of the onset of the disease. A terminal delirium is often 
noted. In cases that proceed to the verruga stage, the fever may 
have lasted for 3–4 months. Superinfection with Salmonella 
typhimurium may prove fatal.30

Verruga peruana stage (localized bartonellosis or 
eruptive stage)

The latent interval subsequent to the development of Oroya fever 
is 30–40 days. Although verruga is usually a sequel of Oroya fever, 
it may arise spontaneously as long as 2 months after exposure. 
The initial stages are characterized by rheumatic-like pains together 
with fever, the pains being like those of yaws only more severe. As 
in yaws, the constitutional symptoms subside on the appearance 
of the skin lesions. The eruption may be sparse or abundant, 
discrete or confl uent. Some granulomas fail to erupt, others 
subside rapidly, and others may continue to increase and then, 
after remaining stationary for a time, gradually wither, shrink and 
drop off without leaving a scar.

Two types of eruption are seen. The miliary eruption (Figure 
61.2), not exceeding the size of a small pea, is found most 
abundantly on the face and extensor aspects of the extremities, 
less commonly on the trunk. A pink macule fi rst appears, later 
darkening and becoming nodular. The verruga artifi cially pro-
duced in monkeys by injection of Bartonella bodies is bright 
cherry-pink. The nodules, which are fl at or somewhat peduncu-
lated, are vascular and may develop on mucous surfaces in the 
mouth, oesophagus, stomach, intestine, bladder, uterus and 
vagina; hence dysphagia is a common symptom, with occasional 
haematemesis, melaena, haematuria and bleeding from the 
vagina.

The Oroya fever and verruga stages frequently co-exist and 
relapses of both the fever and the eruption may occur.

The nodular eruption (Figure 61.3) is rarer but more 
chronic than the miliary form. Individual lesions can grow to the 
size of a pigeon’s egg and may become strangulated and a 
source of danger as a result of haemorrhage. This type does 
not invade the mucous membranes and is usually confi ned 
to the regions of the knees and elbows. It appears in crops 
and lasts 2–3 months. The mortality rate from verruga is practi-
cally nil.

Oroya Fever
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with a pleocytosis and numerous intracellular Bartonella. Treat-
ment is that of the systemic disease.

Diagnosis

B. bacilliformis can be seen in the red cells on blood examination 
in the acute febrile stage(s) and in smears from verruga. The 
organisms can be cultured from the blood on appropriate special 
media. Serology is of no practical use except perhaps in travellers 
who pass transiently through an endemic area.28

Management

Chloramphenicol (4.0 g daily in divided doses) is the antibiotic 
of choice. The fever subsides in 48 h and there is a rapid return 
of the blood to normal.32 Other effective antibiotics include tetra-
cycline, streptomycin and co-trimoxazole.

Complications

Salmonellosis is the most frequent complication, occurring in 
40–50% of cases of Oroya fever. Salmonella infection is shown 
by a worsening of the patient’s condition and a recurrence of fever 
with gastrointestinal symptoms.

Other complications are thromboses, pleurisy, parotitis and 
meningoencephalitis; transitory arthralgia may precede the 
eruption.

Differential diagnosis

The Oroya fever stage must be distinguished from other acute 
fevers such as malaria, typhus, typhoid and acute haemolytic 
anaemia. The verruga stage may resemble yaws, secondary 
syphilis or Kaposi’s sarcoma. A single lesion may resemble a 
fi brosarcoma or angioma.

Epidemiology

History

It is probable that this disease existed in certain Andean valleys in 
north-west South America in pre-Columbian days. Many thou-
sands died during the reign of the Inca Huayna Capac and it is 
possible that Pizarro’s men also suffered from it. The earliest 
account was that of Gago de Vadilla in 1630. In the 1870s, when 
the central railway was being constructed from Lima to Oroya in 
Peru, a severe epidemic broke out among the construction workers, 
resulting in 7000 deaths. In 1885, the eponymous Carrión inocu-
lated himself with blood from a verruga nodule and died from 
Oroya fever, from which experiment Peruvian physicians deduced 
that verruga and Oroya fever were different stages of the same 
disease.16 In 1906, of 2000 men employed on tunnel work, 200 
perished. A considerable outbreak occurred in the Guaitara valley 
in southern Colombia near the Ecuador boundary in 1936, mainly 
in the valleys of the Mayo, Sambingo, Pacual and Juanambu 
tributaries of the Rio Patia. An outbreak with 200 deaths occurred 
in 1959 between January and April in the city of Anco which lies 

Figure 61.2 Verruga-like eruption in bartonellosis. (Courtesy of P. D. 
Marsden.)

Figure 61.3 Giant nodule on the arm caused by bartonellosis. 
(Courtesy of P. D. Marsden.)

Neurobartonellosis

Bartonella may invade the brain in large numbers in parasitized 
red cells.31 The pathological changes are found in the ependyma 
and choroid plexus, the vessels of the meninges and in the neurons. 
Vascular changes include venous thrombosis, adventitious haem-
orrhage and characteristic glioepithelial verrucomas.

Clinically, nervous system involvement occurs during the hae-
molytic phase; the cerebral form presents as meningoencephalitis 
with or without convulsions and has a high mortality rate. The 
spinal form, which is less common, presents as spastic or fl accid 
paralysis which may leave permanent disability, and the neuronal 
forms appear during the verruga stage arising from granulomas in 
the spinal or cranial nerves; these resolve with little or no disabil-
ity. The cerebrospinal fl uid shows a raised protein concentration, 
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2400 m above sea level in the valley of the Mantaro River in the 
Peruvian Andes.21

Status in more recent times

Another outbreak with 28 symptomatic individuals (14 deaths) 
occurred between February and October 1987 in Shuapillar, also 
in Peru.33 It is thought that Oroya fever has again become a serious 
problem in Peru following the cessation of spraying which was part 
of the malaria eradication programme. In a recent outbreak in Peru 
123 (14% of the exposed population) developed Oroya fever; 18% 
developed verruga peruana. More than half of the seropositive 
patients had been asymptomatic.34 Some 22 patients in the Urumba 
region of Peru were involved in an outbreak in 1998.11

The range of the infection is singularly limited and is confi ned 
to certain narrow valleys and ravines, the inhabitants of neigh-
bouring places being exempt. The disease is acquired only at night 
and a single night’s residence in an endemic area may be suffi -
cient. During the outbreak in the 1870s on the central railway in 
Peru, infection could be avoided by leaving the endemic area 
before nightfall. The disease is most prevalent from January to 
April when streams are in fl ood, the air hot, still and moist, 
malaria epidemic and insect life abundant.

Control

Control of the vector sandfl ies is easily obtained with DDT, and 
sandfl ies have been eradicated from human habitations.35

CAT-SCRATCH DISEASE

Introduction

Classically, this is a mild self-limiting zoonosis characterized by 
unilateral lymphadenitis in nodes draining the sites of minor 
trauma from cat bites or scratches or fl ea (Ctenocephalides) bites 
or, more rarely, disseminated infection and endocarditis. Patients 
with AIDS or alcoholism develop larger skin lesions at the primary 
site of inoculation and disseminated cutaneous and systemic 
disease.

Aetiology

Cat-scratch fever is caused by Bartonella henselae,10 sometimes by 
B. quintana36 and, much more rarely, by Afi pia felis,37,38 which is 
probably an environmental saprophyte living like Legionella with 
amoebae,39 and B. vinsonii subsp. berkhoffi i and possibly related 
species such as B. clarridgeiae.40 The likely defi nitive host is the cat 
or, more rarely, the dog.41 Serodiagnosis suggests that exposure to 
the agent(s) is much more common than classical overt disease 
and there are protean manifestations.

Epidemiology

From small studies from around the world, the organisms involved 
are probably holoendemic, although molecular epidemiology of 
the genus Bartonella is in its infancy. Because B. henselae was rec-
ognized only recently as a cause of non-specifi c febrile illness 

other than classical cat-scratch fever, epidemiological studies are 
sparse and cross-reacting antibodies may confound which species 
have been involved in past infection.42 Some 15% of cats in 
Germany have antibodies to Bartonella spp., but none to A. felis.43 
It is likely also that the latter organism is a very rare cause of 
human disease. Antibodies are more common in feral cats. Sero-
prevalence studies show that colonization by related agents may 
be very common in ruminants in some areas44 and in ticks.45 Most 
classical human infections arise by scratches and bites of domestic 
cats and their fl eas, and, less commonly, dogs. B. vinsonii subsp.
berkhoffi i is isolated from domestic and wild dogs,46 and probably 
causes some human disease.47 Dogs develop myocarditis and 
endocarditis with this agent.

Clinical presentation

Classical cat-scratch disease involves prominent enlargement of 
lymph nodes draining an area that has been bitten or scratched. 
There is often a small papule after 3–10 days at the site of the 
scratch or fl ea bite. However, the rash may occasionally become 
much more extensive. Enlargement of the nodes draining the site 
of the bite may be delayed for a few weeks. A third of patients 
have low-grade fever and malaise. The lymph nodes resolve spon-
taneously over several months. This classical presentation is more 
common in children than adults and may be complicated by 
neurological symptoms and liver or spleen involvement.48

In patients with AIDS and those immunosuppressed by alcohol, 
cancer or chemotherapy, both B. henselae and B. quintana (and 
probably other zoonotic species) cause bacillary angiomatosis and 
peliosis hepatis.4,5,49,50 Bacillary angiomatosis presents as multiple 
red skin papules or nodules with minor symptoms of fever, head-
ache, anorexia and weight loss. Dissemination may affect respira-
tory and gastrointestinal mucosae, the heart, bone marrow, liver, 
spleen and bone. Fever, nausea, vomiting, diarrhoea and abdom-
inal distension are features of peliosis hepatis. The treatment of 
choice is erythromycin.

Interest in the cutaneous and diffuse systemic disease induced 
by B. henselae in patients with AIDS has allowed the recognition 
of similar syndromes in immunocompetent individuals, espe-
cially children.51 In those with AIDS and after transplantation, the 
systemic symptoms are more pronounced, the local lesion devel-
ops into bacillary angiomatosis with focal cutaneous lesions and 
involvement of any internal organs (e.g. peliosis hepatis). Dis-
seminated skin lesions are seen, some nodular and angiomatous, 
some erythematous papules, or a mixture of these.

Disseminated infection with B. henselae may occur in immuno-
competent people. The patient may present simply with persistent 
pyrexia of unknown origin52 or erythema nodosum. Other forms, 
particularly in healthy children, include infectious mononucleosis-
like syndrome in a third of cases,53 with a paradoxically raised 
neutrophil count and hepatosplenomegaly, seronegative for 
Epstein–Barr virus, toxoplasmosis and cytomegalovirus.

Granulomatous disease may cause mass lesions at any site. 
Ocular and neurological involvement may occur. Patients may 
present with conjunctivitis, oculoglandular syndrome54 (like that 
caused by M. avium in children) or disciform keratitis,55 neuro-
retinitis with facial palsy,56,57 choroiditis and optic neuritis.58 An 
encephalitis, demyelination or transverse myelitis may precede or 

Cat-scratch Disease
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occur without lymph node involvement59,60 and may be very long 
lasting.61

Patients without lymphadenopathy tend to have persistent 
fever and systemic complications. This type of response is more 
common in the elderly. Rarely recognized presentations of dis-
seminated bartonellosis include ‘gastroenteritis’62 or mesenteric 
adenitis with acute ileitis.63 Spread to the liver and spleen via the 
portal system leads to hepatosplenic syndrome,64 granulomatous 
hepatitis65 and splenic abscess.66,67 Infections may simulate 
pyogenic conditions such as osteomyelitis,68–72 parotitis,73 breast 
mass74 or even bacillary angiomatosis on an area of burned skin.75 
Endocarditis is now well recognized.76 There is a tantalising 
relationship between Henoch–Schönlein purpura and positive B. 
henselae serology.77 Late immunological complications include 
IgA nephritis,78 or necrotizing crescentic glomerulonephritis.79

Differential diagnosis

Local lymphadenitis is usually considered at fi rst to be due to 
tuberculosis, and the nodular skin lesions in patients with AIDS 
are usually confused with Kaposi’s sarcoma. A history of animal 
contact is valuable but not essential. The differential diagnosis of 
fever with disseminated lymphadenopathy is so wide that serol-
ogy must simply be borne in mind. Granuloma formation may 
occasionally lead to hypercalcaemia, as in sarcoid. Biopsy of per-
sistently enlarged nodes and masses involving other organs is 
therefore essential to differentiate these diseases, and the his-
tological fi ndings are likely to be a surprise. It is wise to keep 
some biopsy material fresh and unfi xed, preferably frozen, so 
that appropriate cultures and DNA studies can be set up once 
histological examination is completed.

Beyond classical cat-scratch disease, the manifestations of 
infection with B. henselae are so diverse and the differential disease 
is so wide that patients are often thought to have serious disease, 
including malignancy80 or tuberculosis, and the diagnosis is 
usually delayed.

Diagnosis

Diagnosis may be made serologically81 and the histopathological 
changes are characteristic although not pathognomonic. Serolog-
ical kits are available82 but of variable sensitivity.83 Culture in the 
conditions suggested above for bartonellosis may be positive but 
caution has to be taken if reliance is placed on binding to poly-
clonal antiserum, which may react with Chlamydia spp.84 Differ-
entiation of B. henselae from B. quintana may be made with specifi c 
monoclonal antibodies,10,85,86 with polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) and then 
using appropriate restriction endonucleases.87 DNA amplifi cation 
methods are likely to be the method of diagnosis of choice in the 
future.88,89 A skin test preparation has been described but is not 
properly validated and not available commercially.

Pathology

B. henselae does not bind to human red cells like B. bacilliformis, 
but intraerythrocyte growth in cat red cells occurs. Both B. henselae 

and B. quintana grow in human epithelial cells and stimulate the 
proliferation of endothelial cells.90 The organism survives in endo-
somes and inhibits lysosome fusion.91 Cat-scratch disease is char-
acterized by a necrotizing and coalescent granulomatous reaction 
to the infection.66 This differs from other granulomas in having 
some neutrophil infi ltration and clumps of bacteria. Bacillary 
angiomatosis is a proliferation of new vessels lined with cuboidal 
epithelium and a neutrophil infi ltrate (Figure 61.4) mediated by 
interleukin-8 and its receptor on endothelial cells.92 Microcolonies 
of bacteria can be seen by Giemsa or silver stain, or on electron 
microscopy. Bacillary peliosis is characterized by blood-fi lled 
lacunae up to several millimetres in size, lined with discontinuous 
endothelial cells lying in a stroma loaded with clumps of bacteria 
(Figure 61.5), with infl ammatory cells and capillaries. Although 

Figure 61.4 Histological appearance of cutaneous angiomatosis 
(H&E stain). (Courtesy of S. Lucas.)

Figure 61.5 Peliosis hepatitis (silver stain). (Courtesy of S. Lucas.)
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generally recognized in the liver, they may be seen in other organs 
of patients with AIDS. The organism will grow on special media, 
provided enough time is allowed, which probably accounts for 
low yields from routine methods.

Management

Bartonellae are sensitive to many antimicrobials in vitro, includ-
ing penicillins and cephalosporins, co-trimoxazole, tetracyclines, 
rifampicin and fl uoroquinolones. Spontaneous resolution is the 
norm but one placebo-controlled trial with azithromycin showed 
more rapid resolution of large lymph nodes.93

TRENCH FEVER

‘.  .  .  my servant and one other, are the only non-verminous 
bodies in the platoon; not to say licentious’

(Wilfred Owen, letters, 1917)

Introduction

Louse-borne bartonellosis is caused predominantly by B. quin-
tana.94 This disease was described in World War I. Chronic carriage 
is possible and some patients develop endocarditis.

History

The term trench fever was coined by Hunt and Rankin,95 who 
described 30 cases. In 1916, His and Werner described the disease 
in German troops on the Eastern front, calling it Wolhnyian fever, 
and McNee et al.96 wrote a detailed description from the Western 
Front. Gratzer, an experienced army physician, said it had been 
endemic in Eastern Front troops since 1914. It was the cause of 
20–30% of troop wastage on both sides in the Great War.97 Recent 
molecular studies found evidence of B. quintana in lice and dental 
pulp of soldiers of Napoleon’s army who died and were buried in 
Lithuania.98 The disease is found in patients infested with body 
lice, although not head lice, even though the latter have been 
shown to support the organism. The infectious nature of this 
disease was established by experimental transmission of the 
aetiological agent in volunteers.99

Clinical presentation

In experimental trench fever, the incubation period is usually 7–9 
days but it may be much longer, depending on the inoculum – 
whether whole blood, the red cell fraction or extracts of infected 
lice or louse faeces. Although biting by lice may cause disease, this 
is less effi cient than rubbing louse faeces into scarifi ed skin. Clas-
sically, the patient develops sudden-onset general infl uenza-like 
illness with a high fever (>39°C), retro-orbital headache and lower 
limb pain. Severe and persistent anterior tibial pain is a classical, 
although unexplained, feature. Hyperaesthesia of thoracic and 
lumbar dermatomes and an analogy to tabes dorsalis, with a lack 

of periosteal or muscle infl ammation, suggest that the pain is 
neurological in origin. Patients often have a transient erythema-
tous rash. Splenomegaly is not unusual. The fever lasts a matter 
of 2–8 days, resolves suddenly with all symptoms, but classically 
relapses after a few more days. The height of the fever in the 
relapse may be the same as that in the presenting phase but is 
often less marked and may become chronic. Some patients have 
a prolonged relapsing-remitting fever and convalescence may be 
prolonged. Patients returned to base hospitals from the front were 
unfi t for duty for an average of 60–70 days, and some 10% of 
these became semi-permanent invalids. Blood remains infectious 
to volunteers and positive on culture for many weeks. However, 
the disease is rarely fatal.

Many carriers are asymptomatic. Alcoholics with bacteraemia 
are likely to have headaches, severe leg pain, pruritic lesions and 
reduced platelet counts.100 B. quintana may cause retinal artery 
occlusion and peripapillary angiomata with severe loss of 
vision.101

Endocarditis

B. quintana is now recognized as an important cause of ‘culture 
negative’ endocarditis.102–105 Duke criteria may not be fulfi lled.106 
Serological studies and special attention to the blood cultures are 
essential when preliminary investigations prove negative. A 
history of urban homelessness and likely exposure to lice is very 
important.102

It is not certain whether different clinical manifestations of 
infection are more determined by host variation or genetic diver-
sity of strains.107

Differential diagnosis

When the disease was fi rst recognized, it was quite clear to 
experienced physicians that this was something different from 
rheumatic fever (which was surprisingly rare in the troops), enteric 
and typhus fevers, and infl uenza. Most cases were initially called 
suspected typhoid fever, a diagnosis not confi rmed on blood 
culture. The characteristics of the remitting fever with severe limb 
pain were quite unlike typhoid. Patients with typhus were severely 
ill with a high mortality rate, and tended to have a purpuric 
rash.

Management

There is a dearth of information about antimicrobial treatment 
and its effects. The organism is sensitive to many antibiotics in 
vitro. It is likely that the most effective agents are tetracyclines or 
macrolides. Patients who have endocarditis should probably be 
treated by valve replacement.105

Diagnosis

The diagnosis may be made serologically, by culture and histo-
logically with specifi c PCR on infected tissues such as heart valve. 
Blood culture is slow. The organism can be seen by acridine 

Trench Fever
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orange staining of cultured blood, and the DNA can be amplifi ed 
from a positive culture.108 Sera may cross-react with other agents 
such as Coxiella.109

Transmission

There is no known animal reservoir. Early attempts to infect 
common laboratory animals failed, although there were some 
reports of severe infections in cats and mice. The organism may 
pass transovarially in the louse, although this was not apparent in 
early clinical experiments.110

Epidemiology

The disease probably exists the world over and evolutionary diver-
sity can be demonstrated.111 The risk of being infested by body 
lice is increasing as a result of a decrease in living standards, con-
tinuing confl icts and major refugee problems globally. Examina-
tion of lice themselves from different parts of the world can be 
used to estimate the risk of acquisition of B. quintana, R. prowazeki 
and Borrelia recurrentis in different countries.94,95,112,113 In the devel-
oped world, trench fever is an urban disease of alcoholic street 
dwellers and other socially deprived people.114 Control is achieved 
by delousing.

HUMAN EHRLICHIOSIS

Animal ehrlichiosis has been recognized in veterinary medicine 
for almost a century. Ehrlichia canis infection is very well described 
in dogs. Neorickettsia (formerly Ehrlichia) sennetsu was the fi rst 
ehrlichial pathogen to be identifi ed in humans in the early 
1950s.115 It caused an infectious mononucleosis-like disease char-
acterized by fever, lymphadenopathy, asthenia, anorexia and 
mononucleosis in Western Japan. In 1986, a new type of human 
ehrlichial disease was recognized in Arkansas, USA.116 Since then, 
Anaplasma (formerly Ehrlichia) phagocytophilia (homologous to 
E. equi117) and E. ewingii have been described.118,119 They are trans-
mitted by ticks from animal reservoirs. Infection is characterized 
by transient pleomorphic rash and systemic involvement. There 
is a low but signifi cant mortality rate.

Aetiology

Ehrlichia are small obligate intracellular Gram-negative bacteria 
that predominantly infect white cells. They do not have suffi cient 
genetic information to construct lipopolysaccharide or peptido-
glycan. Ehrlichia chaffeensis infects cells of the monocyte/macro-
phage and E. (formerly Anaplasma) equi/A. phagocytophilia and E. 
ewingii infect cells of granulocytic lineage. The diseases are named 
human monocytic (HME) and granulocytic (HE) ehrlichiosis, 
respectively. The organisms are clearly seen in inclusions in the 
white cells. Gene sequences resemble those in bartonellae, but are 
distinct from classical rickettsiae to which they are closely related.120 
The organisms can be passaged in tissue culture but have not yet 
been cultivated on conventional axenic media. Other common 
species in animals which occasionally infect man include 
E. canis.121

Geographical distribution and epidemiology

The diseases are recognized in areas where there are high concen-
trations of deer, such as east and mid-west USA and California, 
known as tick-belts122 and northern and eastern Europe.123,124 Most 
tick bites are acquired close to home and there are reports of 
suburban ehrlichiosis,125 which refl ect the recent increase in deer 
populations and their encroachment into towns. The risk is greater 
when families have a domestic dog. Rates of infection in endemic 
areas are around 50–60/100 000 per annum, and peaks of disease 
coincide with peaks of tick activity (early summer and early 
autumn). Males are affected three or four times more commonly 
than females. Various species of deer and small mammals act as 
a reservoir for ehrlichiosis and there is likely to be an enzootic 
cycle.126 Antibodies to Ehrlichia spp. in animals are found to be 
widespread in Africa and Eurasia but do not differentiate 
species.

Natural transmission

Various species of Ixodes ticks are involved (e.g. I. Ricinus, I. spini-
palpis) and E. ewingii is transmitted by Amblyoma americanum in 
the USA. I. pacifi cus was implicated in the carriage of A. phagocy-
tophilum in Northern California.127 The organism is passed trans-
stadially but not transovarially. Ticks are often co-infected with 
Ehrlichia spp. and Borrelia burgdorferi.128

Pathology

The organisms reside in intracytoplasmic inclusions and resist 
phagolysosome fusion.129,130 Control of the intracellular infection 
depends on cytokines such as IFNγ produced by lymphocytes 
which are activated either directly or by chemokines secreted by 
infected neutrophils.131

Clinical presentation

About 1 week after the exposure, patients develop a sudden high 
fever with a transient rash (10%) with systemic symptoms such 
as fever, nausea, vomiting and central nervous system involve-
ment (rarely with a cerebrospinal fl uid pleocytosis). Some 80% of 
patients give a history of tick bite. The rash may be erythematous, 
maculopapular or even vesicular, and usually, although not 
always, spares the palms and soles. The rash is more common in 
children.132 There may be some confusion because of co-infection 
with Borrelia burgdorferi.133 About half of children with monocytic 
ehrlichiosis have lymphadenopathy.132 The patient may have 
meningoencephalitis.134 The clues to the diagnosis of ehrlichiosis 
will be unexpected thrombocytopenia with leucopenia in either 
or both the mononuclear and polymorphonuclear series. Non-
specifi c changes include low albumin and sodium and raised 
hepatic transaminases. Inclusions may be seen in neutrophils or 
mononuclear cells depending on the infecting species. Most ill-
nesses are short lived and resolve rapidly without treatment. In 
some series, around 15% of patients with overt infection have 
severe manifestations such as septic shock, adult respiratory dis-
tress, various demyelinating neuropathies, or myolysis of striated 
or cardiac muscle. In other series, the rate of hospitalization with 
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severe consequences is estimated to be as high as 50%.135 Older 
patients with diabetes are more prone to severe disease. The mor-
tality rate is around 3–5% in those who are recognized as having 
ehrlichiosis, and probably slightly higher with the monocytic than 
with the granulocytic forms. Monocytic ehrlichiosis has been 
described as causing overwhelming infection in the immunosup-
pressed, particularly in patients with AIDS, but also in transplant 
recipients and those treated for cancer.136 However, although there 
are subtle differences in the mode of presentation of either species 
in immunosuppressed patients, the mortality is not higher than 
in immunocompetent controls.137

Diagnosis

The diagnosis is usually made serologically, but about half of the 
patients have antibodies to both agents and it may be impossible 
to differentiate an individual cause. Occasionally, antibodies 
cross-react with Coxiella and Rickettsia.138 DNA amplifi cation 
methods are performed in specialist centres.139

Differential diagnosis

If a history of tick bite is obtained, the infection may be confused 
with Rocky Mountain spotted fever, especially if there is a rash. 
However, the rash is predominantly macular and not petechial, 
and the changes in haematological indices are characteristic. 
Patients may be co-infected with Borrelia burgdorferi, leading to 
considerable diagnostic confusion.

Management

The treatment of choice is doxycycline, which should be given 
empirically before the diagnosis is confi rmed. The outcome is 
good even in transplant recipients.137 Chloramphenicol is the 
reserve choice but the quinolones and co-trimoxazole are ineffec-
tive. Rifampicin has been used successfully in pregnancy.
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Section 8 Bacterial Infections

Chapter 62 Geoffrey M. Scott

Tularaemia

Tularaemia is an acute febrile zoonotic infection. The causative 
organism is distinguished from other parvobacteria and has been 
named Francisella tularensis after Edward Francis (born 1872), an 
American bacteriologist who studied the agent and pathogenesis. 
Tularaemia is an infectious disease of rodents transmitted from 
these animals to humans by the bite of infected blood-sucking 
insects, by handling infected animals, by the ingestion of infected 
meat or water, or by the inhalation of contaminated aerosols or 
dust. It is also known locally as deer-fl y fever, Pahvant Valley 
plague, rabbit fever, Ohara disease, yato-byo (Japan) or lemming 
fever.

GEOGRAPHICAL DISTRIBUTION

Human tularaemia has been recognized in relatively restricted 
geographical environments in North America (about 200 cases per 
annum), Europe and the former Soviet Republics, and also to a 
lesser extent in Japan.1,2 A recent outbreak was reported from 
Spain.3

AETIOLOGY

F. tularensis is a small, non-motile, aerobic, Gram-negative coc-
cobacillus measuring 0.2 × 0.2–0.7 μm. Some of the organisms 
pass through coarser bacterial fi lters. Possession of a capsule 
confers virulence and is seen consistently in isolates from human 
infections. The organisms stain in tissue preparation with Giemsa, 
but stain poorly with Gram; in smears from cultures they show 
up well with aniline gentian violet. Immunofl uorescent tech-
niques can be used specifi cally to identify the organisms in clini-
cal material.4

The organism is not diffi cult to culture on chocolated blood 
agar rich in cystine, aerobically at 37°C, but it does not grow well 
on ordinary blood or nutrient agar. Most blood culture media 
support growth, but animal blood or spleen can be inoculated 
directly on to media enriched with cystine and thiamine with 
satisfactory results. Cystine agar consists of beef infusion agar (pH 
7.6), to which 0.02% of cystine is added. Growth appears on 
about the third day and fl ourishes luxuriantly in subcultures 
without the addition of fresh animal tissue. The organism causes 
green staining of blood and brown staining of chocolated blood. 

To ensure the primary growth, it is necessary that a piece of animal 
tissue be added to the medium. Tissue should be rubbed into agar 
and then left on the medium. Fermentation of glucose, laevulose, 
maltose and glycerine occurs with acid formation. Intraperitoneal 
injection of fresh capsulate isolates causes death in guinea pigs in 
5–10 days. Cultures of F. tularensis are very infectious to the micro-
biology staff and should be handled with great care.

There are two broad types of infection in humans: one is associ-
ated with a rabbit reservoir and a tick vector, with a mortality rate 
of 5–7%, and the other, which is less virulent, is associated with 
rodents. Four subspecies of F. tularensis and various biovars are 
recognized: ssp. tularensis (causing type A, the more serious infec-
tion) and palaearctica (holarctica) biovars I and II (causing type B or 
milder disease).5 Type A is almost exclusive to North America, 
although there has been one recent report of an isolate with very 
similar characteristics to ssp. tularensis from central Europe.6,7 A 
European isolate was found almost identical to the virulent 
American type strain Schu S4 by whole sequence analysis and 
two other strains closely related, raising the question as to how 
North American strains arrived in Europe.8 Type B is found in 
Europe and Japan, and also in North America. Subspecies mediasi-
atica has been found in central Asia and a part of the former Soviet 
Union. The fourth subspecies is novicida, found in water in Utah in 
1950 but rarely associated with human disease. The subspecies are 
differentiated by fermentation of glycerol, presence of citrulline 
ureidase and sensitivity to erythromycin, but it is not easy to sepa-
rate the biovars in the laboratory. DNA amplifi cation methods of 
various repetitive genes characteristic for Enterobacteriaceae have 
been developed recently for identifi cation and typing.7,9

TRANSMISSION

F. tularensis is transmitted in nature by a wide variety of routes but 
the three main ones appear to be: fi rst, between rodents in water 
and by close contact; second, to carnivores by consumption of 
infected rodents; and third, to birds and larger animals by ticks, 
biting fl ies and mosquitoes. Humans acquire the infection by 
direct contact from skinning rabbits, by eating them as food, and 
from tick, horsefl y and mosquito bites. Outbreaks may be associ-
ated with inhaled dust in rural areas, particularly where the rodent 
population increases and then becomes epizootically infected. F. 
tularensis can also be acquired easily in the laboratory.
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Water-borne infection

The infection is maintained among rodents, mainly in water. The 
water is contaminated by dead animals10 and excreta, and large 
numbers of rodents may be infected and die in this way.

Ingestion

Carnivores are infected chiefl y from the consumption of sick, 
infected rodents which are easy to catch. Domestic cats may 
become infected in this way and then transmit the organisms to 
humans by biting.11–13

Insect vectors

A wide variety of ticks can act as vectors. The nymph stages feed 
on small rodents and adults feed on larger mammals, including 
humans. The infection persists during the development of the tick, 
but infection is also transmitted transovarially. By this method 
infection can be maintained through the winter.

Dermacentor andersoni (wood tick), D. variabilis, D. occidentalis, 
D. reticulates, Ixodes ricinus and Haemaphysalis leporispalustris (rabbit 
tick) can all transmit the infection. D. andersoni is particularly 
important in the USA and F. tularensis is found in the intestinal 
lumen, in the cells of the gut wall, in the body fl uids and in the 
faeces. The organism can also be transmitted by biting fl eas, the 
deer-fl y (Chrysops discalis) as well as the stable fl y (Stomoxys calci-
trans), the squirrel fl ea (Ceratophyllus acutus), the rabbit louse 
(Haemodipus ventricosus) and the mouse louse (Polyplax serratus). 
The bacteria may be found in bed bugs or mites, but it is not 
certain how important these are in transmission. Aedes and Theo-
baldia spp. mosquitoes have been shown to transmit F. tularensis 
under experimental conditions, and in Sweden Aedes cinereus does 
so in nature. Mosquitoes transmit the infection to and between 
birds.

PATHOLOGY

As the disease is rarely fatal in humans, the pathology is best seen 
in infected animals. The pathological appearances of infected 
guinea pigs and rabbits at autopsy resemble those of plague. In 
an experimentally infected guinea pig, there is haemorrhagic 
oedema at the site of inoculation, blood-stained peritoneal exudate 
and a diffusely enlarged spleen with characteristic small necrotic 
foci. Similar lesions may be detected in the liver. On microscopic 
section of these organs, a dense infi ltration with polymorphonu-
clear cells can be found, but the organisms can be detected only 
with diffi culty. In the spleen of the mouse, on the other hand, little 
or no leukocytic response occurs and F. tularensis can be demon-
strated in large numbers. In the few recorded autopsies in humans, 
nodules have been found in the lung and spleen.

IMMUNITY

There is a great deal of interest in the immunopathology of tula-
rensis, a typical intracellular infection where cell-mediated immu-
nity plays an important part in response to infection.14–17 The 

organism replicates in the cytosol of the macrophage, having 
inhibited the respiratory burst and escaped from the phagolyso-
some.18 Persistence in macrophages is determined by genes which 
code for a protein secretory system.19 Other virulence properties 
include capsule, pili and lipopolysaccharide (which is relatively 
inert and poorly recognized by conventional LPS binding 
systems20) and determinants (membrane, stress response and 
metabolic proteins coded by a host of genes).21 The organism 
stimulates upregulation of IL23 and IL12, the former inducing 
IFN-gamma.22 Infected macrophages secrete prostaglandin E2 
which inbits T cell proliferation.23 Non-immune mice given neu-
tralizing antibodies to tumour necrosis factor alpha (TNFα) and 
interferon gamma (IFNγ) are rendered defenceless against sub-
lethal doses of F. tularensis.24 Similarly, Toll-like receptor 2-defi -
cient mice are more susceptible to infection. Virulent strains with 
capsules consume complement, leading to resistance to the bac-
tericidal activity of serum.25 Infection induces long-lasting immu-
nity in humans and there is no record of a second generalized 
attack. However, local reinfection may occur and persistent infec-
tion in those treated with bacteriostatic antibiotics is not infre-
quent. Agglutinating antibodies appear in the serum in the second 
week and reach a maximum level between the fourth and eighth 
weeks, after which there is a gradual fall, but they may persist for 
as long as 11 years. Serum antibodies can be used in diagnosis, 
but cross-reactions occur with Brucella melitensis and B. abortus 
(23% of tularaemia sera cross-react with B. melitensis and B. abortus, 
and 35% of B. melitensis and B. abortus with tularaemia). In 13% 
of cases of tularaemia, the serum agglutinates Proteus OX19 at a 
titre of 80 or over.

Type IV hypersensitivity can be demonstrated by an intra -
dermal test employing a suspension of killed organisms, and 
peripheral lymphocytes proliferate in response to F. tularensis 
antigens26 and heat-shock protein chaperone 60.27

CLINICAL FEATURES

Subclinical infections

Seroprevalence surveys during outbreaks and in areas of hyperen-
demicity reveal that the majority acquire F. tularensis asymptom-
atically or without a characteristic infection. In Sweden, up to 23% 
of a population studied had been infected, the infection being 
subclinical in one-third of those with positive reactions. The 
disease presents in a number of ways, depending on the route of 
infection. The incubation period is 1–10 days.

Cutaneous (ulceroglandular) form 
(approximately 60% of cases)28

Local cutaneous disease results from the bite of an infected tick 
or fl y, or an animal,11–13 or from direct contact of the broken skin 
with an infected source. An infl amed papule develops at the site 
of infection, which becomes pustular with a necrotic centre. This 
separates, leaving a punched-out ulcer (Figure 62.1), which is 
replaced by a scar on healing. Small sores on the hands are usually 
not diagnosed as tularaemia. However, there may be painful 
enlargement of the local lymph glands which may suppurate 
after 1–2 months and may remain enlarged for 2–3 months. A 
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glandular form of the disease may be seen (in about 15% of 
cases) without any sore. Sometimes the local lesion is associated 
with general signs of infection such as fever and prostration.

Ophthalmic (oculoglandular) form (1% of cases)

The site of entry of infection is the conjunctival sac, which is 
usually involved unilaterally. The patient may have rubbed the 
eyes while handling infected material or have been bitten on the 
eyelid by an infected insect. There is itching, lacrimation, photo-
phobia and pain in the eye with swelling of the preauricular, 
parotid, submaxillary and cervical lymph glands. The eyelids 
become swollen and the conjunctiva red and covered with small 
discrete nodules and grey exudate. Punched-out ulcers develop 
and last for 2–3 weeks. Suppuration of the glands is common. 
Dacryocystitis and corneal ulcers occur, and permanent impair-
ment of vision may follow.

Oral and abdominal form

This follows ingestion of infected meat or other food or water 
contaminated by rodent excreta. There is a necrotizing pharyngitis 
with abscesses on the roof of the mouth, fever, enlargement of 
local lymph glands and sometimes abdominal pain, vomiting and 
diarrhoea. Peritonitis may develop with persistent ascites, appen-
dicitis or intestinal haemorrhage.

Pneumonic and typhoidal (septicaemic) forms

These forms may arise primarily from infection via the respiratory 
route or as a late result of dissemination from a local infection. 
The onset is sudden with severe headache, vomiting, chills and 
fever. Myalgia and arthralgia are common. The initial rise in tem-
perature is above 40°C, with generalized weakness, aching, pros-
tration, sweats and loss of weight. The fever may show an initial 
rise followed by remission and a secondary rise or a continuous 
course lasting usually for 10–15 days, and rarely 3–4 weeks. Pete-
chial, roseolar, papular and pustular rashes are seen. A slightly 

tender enlargement of the spleen is found in one-third of cases. 
There may be a moderate polymorphonuclear leukocytosis of 
12–15 × 109/L but more often in this infection the white count is 
normal.

In one-half of the cases (some 10–20% of the total in the 
USA29), pulmonary symptoms develop, particularly dyspnoea and 
pleuritic pain. Milder forms resemble atypical pneumonia but 
may last for a month and there may be a solitary pulmonary 
nodule. There may be pleurisy, effusion, pneumonic consolida-
tion or lobular bronchopneumonia with abscess and cavitation in 
severe cases and occasionally pericarditis. The effusion mimics 
that seen in tuberculosis.30 There is an associated enlargement of 
the bronchial and mediastinal glands.

Dissemination may lead to meningitis, which mimics tubercu-
lous meningitis, or osteomyelitis or even endocarditis on native31 
or prosthetic material.32 The disease may present with lone 
neurological symptoms suggestive of encephalitis.33 These presen-
tations are all rare.34

Course

The infection is rarely fatal but in a series of severe untreated cases 
there was a mortality rate of 62% in pulmonary and 20% in 
typhoidal forms of the disease. The mean duration of fever in 
untreated cases is 26 days and adenopathy may last for 3–4 
months. In one-third of cases, recovery is slow, the debilitating 
effect being very marked and lassitude persisting for months. F. 
tularensis may remain dormant intracellularly for years.

DIAGNOSIS

The diagnosis is suspected only by a keen clinical awareness of 
behavioural risk in the patient and local geographical pathology. 
The differential diagnosis of the local form must be made from 
anthrax, plague, tick typhus and rat bite fever.34 The organism is 
isolated from an ulcer or lymph node aspirate on enriched agar 
or broth or by inoculation into guinea pigs, mice or rabbits, from 
whose tissues the organism may be isolated on special media as 
described. The organisms are rarely present in the blood35 but 
may be isolated from sputum.36 A serological diagnosis may be 
attempted using agglutination tests with cultures of F. tularensis 
from the spleens of infected mice in a formalinized citrate suspen-
sion, but cross-reactions with undulant and typhus fevers may 
occur. Half of patients with culture-proven tularaemia are serone-
gative. Recently, diagnostic polymerase chain reaction (PCR) has 
been tried with limited success (sensitivity 73%), from the ulcers 
of patients with serologically proven tularaemia.37 From other 
specimens, PCR has roughly the same sensitivity as culture.38

The differential diagnosis of the pulmonary form of tularae-
mia39 includes all the causes of atypical pneumonia, including 
legionellosis, psittacosis, Q fever, Mycoplasma pneumoniae and 
Chlamydophila pneumoniae.

TREATMENT

Streptomycin is extremely effective: 1 g intramuscularly daily for 
7 days will terminate the infection. Gentamicin is a suitable and 

Figure 62.1 An ulcer on the hand of a patient with tularaemia. 
(Courtesy of the Tropical Resources Unit.)

Treatment



62. Tularaemia

1106

less toxic alternative. The patient should be kept in bed for a time 
after subsidence of the fever and convalescence should be pro-
longed. More recently, tetracycline (250 mg four times daily for 2 
weeks) has been preferred, but there may be a relapse. Although 
erythromycin may be selected empirically to treat atypical pneu-
monia, and has been successful in tularaemia,40 it is worth noting 
that some strains are constitutively resistant. Doxycycline and 
ciprofl oxacin were both effective in an animal model of virulent 
tularaemia.41 The fl uoroquinolones are very active in vitro42 and 
have been successful in treating the few cases where they have 
been tried.13,43–47

EPIDEMIOLOGY

Tularaemia in humans is essentially a rural infection and has a 
varying epidemiology according to the area in which it occurs 
and the method of transmission (Table 62.1). Several important 
methods of acquisition have been identifi ed:
1. Vector-borne: by ticks, tabanid fl ies and mosquitoes.
2. Trapping: from the skins of infected rodents, muskrats and 

rabbits.
3. Hunting: from the consumption of rabbit meat.
4. Water-borne: from the water of streams infected by dead rats; 

well water infected by mice and fi eld voles.
5. Agricultural: from working in haystacks contaminated by fi eld 

voles and mice; processing of agricultural products; air-borne 
transmission by contaminated dust.

6. Domestic: use of grain and other products contaminated by 
mice; from bites by domestic cats.

7. Laboratory infections: presumably by the aerosol route or by 
accidental ingestion.

8. Wartime: trench and foxhole outbreaks.
Outbreaks in humans invariably follow natural epizootics in dif-
ferent species of wild mammals.

Natural infections

F. tularensis occurs as a natural infection of wild rodents, especially 
rats, fi eld mice, hares and rabbits. It has an extremely wide host 
range and many other species of animals as well as birds can be 
infected.48

North America

In North America, the most important reservoirs of infection are 
the jack rabbit, hare and their relatives. The infection is found in 
Wyoming and Montana in streams contaminated by dead beavers, 
which have been found in large numbers. Humans acquire the 
infection from skinning infected animals after hunting, and pre-
paring carcasses for cooking, and also after tick and deer fl y (Chrys-
ops discalis) bites. Occasionally, contact with sheep is a source of 
infection. The disease is most prevalent during the months of 
June to August.49 The disease is also present in wild animals in the 
East, as illustrated by seroprevalence studies in cats.50 59 cases 
presumed of air-borne origin and associated with grass mowing 
originated in Martha’s Vineyard, MA, USA between 2000 and 
2006.51

Europe

In Sweden, the lemming and varying hare are the main reservoirs 
and tularaemia is known as ‘lemming fever’; it is caused by contact 
with infected water contaminated by the bodies and excreta of 
infected lemmings. Outbreaks have occurred in peasant women 
who go barefoot in summer and are bitten by numerous mosqui-
toes (Aedes cinereus). A very large outbreak involving 676 identi-
fi ed cases occurred in Sweden in the winter of 1966, in which the 
likely source was air-borne dust from hay contaminated by vole 
faeces.52 In Austria, the Czech and Slovak Republics, and in 
Poland, the rabbit and hare are the main reservoirs. Between 1997 
and 2005, a grumbling outbreak in Bulgaria affected 285 people. 
The new strain was different from one isolated in 1962.53 In 
France, the infection has become much more common since the 
introduction of hares from central Europe for sporting purposes. 
In northern Europe, cases occur from July to October and in 
southern Europe from June to August.

F. tularensis subsp.holarctica caused an outbreak in free living 
marmosets in a research institute in Munich.54

The former USSR

In Russia, the water rat and introduced muskrat, which spread 
widely in the Ukraine after the disturbance caused by the great 
tank battles of World War II (1939–1945), are the main reservoirs. 
There was a great increase in the number of human infections after 
World War II (1945 onwards). In central Asia, Microtus and Arvi-
cola are the predominant rat hosts.

Table 62.1 Areas of human tularaemia infection and 
associated species

Area Species
USA Wandering shrew, grey fox, dog, cat, various 

ground squirrels (Pirote, Wyoming, Beechey’s 
and Columbian), chipmunk, beaver, wood rat, 
white-footed mouse, meadow mouse and 
varieties (Sawatch and Tule) of muskrat and 
brown rat (Rattus norvegicus), varying hare, jack 
rabbit, black-tailed jack rabbit, cotton-tail rabbit, 
sheep, calves, ruffed grouse, sharp-tailed grouse, 
bobwhite quail and horned owl.

Canada Richardson’s ground squirrel, Osgood’s white-
footed mouse, Drummond meadow mouse, 
varying hare, white-tailed jack rabbit, deer mice 
and Franklin’s gull.

Sweden Lemming and varying hare.

Central Europe Rabbit and hare.

USSR (former) Introduced muskrat, little ground squirrel, 
steppe lemming, water rat, continental vole, 
large water vole, house mouse, long-tailed fi eld 
mouse and hamster.

Asia Minor Continental vole, house and harvest mouse.

Japan Local rabbit.
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PREVENTION

Prevention depends upon avoidance of the circumstances leading 
to infection in the various endemic areas. Rabbits should not be 
skinned without gloves, and sick rabbits should not be eaten. 
However, proper cooking destroys the organism, as does pro-
longed freezing. Experimental work with F. tularensis in the labo-
ratory must be undertaken with great caution, and staff in routine 
laboratories are discouraged from handling the organism. Killed 
and live attenuated vaccine strains have been used in the former 
Soviet Republics for over 50 years.55 Live attenuated vaccines are 
much more effective than killed ones; they induce cell-mediated 
immunity26,56 and protective antibodies against lipopolysaccha-
ride.57 They do not reduce the risk of ulceroglandular disease but 
simply the danger from bacteraemia. A vaccine is not currently 
universally available.55
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Section 8 Bacterial Infections

Chapter 63 Geoffrey M. Scott

Anthrax

Anthrax (Greek: black) is a disease of domestic herbivores caused 
by the bacterium Bacillus anthracis, which lives in topsoil and is 
ingested by the animals when grazing. Infection in humans is rare 
considering the potential exposure to the organism, and it pres-
ents as a local cutaneous lesion, gastrointestinal infection or with 
overwhelming pneumonia and disseminated disease. The toxins 
are carried on plasmids. Other species rarely identifi ed as the cause 
of typical anthrax-like cutaneous infections include B. pumilus,1 
and B. cereus has been implicated in cases of inhalational 
disease.2

GEOGRAPHICAL DISTRIBUTION

Anthrax occurs worldwide but is ‘endemic’ in herbivorous live-
stock in certain regions. Domestic carnivores (dogs and cats) may 
be infected by eating contaminated carcasses. Human disease is 
most likely to occur in endemic regions (e.g. Iran,3 Central Africa, 
South America, Russia) by direct contact with infected carcasses. 
Industrial cases may occur anywhere and refl ect exposure to 
imported animal carcass products, such as bone meal (which used 
to be used for making glues) or hides.

AETIOLOGY AND PATHOGENESIS

Bacillus comprises a diverse and complex genus of air-borne 
aerobic spore-bearing organisms.4 B. anthracis is a large, non-
motile, brick-shaped, aerobic, Gram-positive rod which has the 
capacity to make heat- and dry-resistant spores under adverse 
conditions. The spore is central and does not expand the bacte-
rium. Spores survive for decades in topsoil and resist high tem-
peratures (e.g. 140°C in dry heat for 3 h, and 100°C in moist heat 
for 10 min). The organism may be provisionally identifi ed by 
Gram staining of pus aspirated from a lesion and will grow in air 
within 24 h to give large irregular colonies on simple media. The 
edge of the colony is sometimes likened to Medusa’s head, and 
the colony has a ground-glass appearance and adheres to the loop. 
The organism is then distinguished from other Bacillus spp. on 
non-motility, microscopical appearance of spores; isolates tend 
not to be haemolytic and are tyrosine deaminase negative.

Virulence is conferred by a capsule, coded by pX02, (which 
develops soon after germination in vivo and inhibits phagocyto-

sis) and a complex exotoxin pX01, which are plasmid determined. 
Over expression of pX02 inhibits sporulation. The toxin has three 
components which are not toxic in their own right but combine 
at the surface of mammalian cells which bear receptors.5 Activated 
‘Protective Antigen’ (PA) heptamerizes, binds to receptors and 
then organizes binding of the other factors, a metalloproteinase 
‘lethal factor’ (LF) and an adenylyl cyclase ‘oedema factor’ (OF). 
A heptameric pore is drilled into endosome membrane allowing 
the OF-LF complex into the cytosol.6 OF is toxic to mice and 
causes adrenal haemorrhage; it also inhibits platelet aggregation.7 
Small amounts of OF sensitize mice to LF.8,9 LF is a protein kinase 
which cleaves mitogen-induced protein kinases: LF-treated ex vivo 
mouse and human macrophages gradually die by apoptosis, in 
part by poisoning mitochondria.10,11 OF and PA upregulate cyclic 
AMP intracellularly and increase antxR expression, enhancing 
internalization of the three factors.12 The exotoxins are released 
by germinating spores at damaged epithelium and replicating 
organisms.13 It is presumed that they act on cells locally where the 
organisms fi rst invade, then in the local lymph nodes and then at 
distant sites as the patient becomes bacteraemic. After inhalation, 
alveolar macrophages cannot kill the bacterium when exposed to 
LT, implying a failure of innate immune response and possibly a 
failure of early recruitment of neutrophils to alveolar sites. Other 
important virulence factors include potent siderophores.14,15

The toxin-binding receptor is coded by antrX and autosomally 
recessive inherited mutations of antrX2 lead to a curious and very 
rare condition of systemic hyalinosis.16,17

EPIDEMIOLOGY AND TRANSMISSION

The sequence of events leading to the manifestation of anthrax in 
animals (and, usually subsequently, in humans) is complex and 
not completely understood. In areas of endemicity, the soil may 
be heavily contaminated by spores. These spores originated from 
vast numbers of organisms shed from animals who died from the 
disease. The bacteria have to compete with other soil bacteria, and 
rapid sporulation encouraged at high ambient temperature is 
critical to their survival. Vegetative forms die. Germination of 
spores occurs in conditions of high humidity, again encouraged 
by high temperature. In temperate conditions, although very 
humid, the temperature is rarely high enough to encourage either 
sporulation or germination, so it is rare for the topsoil to become 
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signifi cantly contaminated. Most new veterinary infection is 
imported with animal foodstuffs. The organism may be spread by 
insects, including house fl ies.18,19

If the summers are hot and dry, germination never occurs but 
the spores remain viable. If germination does occur after a period 
of rain followed by drought, animals will crop the grass down to 
the soil and be more likely to eat soil contaminated by the organ-
isms. Humans will then tend to become infected during the dry 
season.20 Infection of the animal is not well understood but it is 
thought that minor trauma from rough vegetation and soil itself 
in the mouth may cause a suffi cient portal of entry. An infected 
animal that dies is loaded with vast numbers of bacteria.

Humans acquire infection by direct inoculation of spores 
through breaks in the skin, causing cutaneous anthrax (about 95% 
of cases overall), by inhalation of spores (about 5% of cases) or 
by ingestion of contaminated meat (rare, probably in <1% of 
cases). There may be some indirect person-to-person spread in 
peculiar circumstances: e.g. an outbreak in The Gambia was in 
part traced to the use of communal loofahs when bathing,20 and 
in the UK and Russia, shaving brushes have been a source. In some 
areas, cutaneous disease is prevalent,19,20 but in others, the intes-
tinal form acquired by eating infected meat is much more 
common,21 a difference explained by the risk of exposure.

CLINICAL PRESENTATION

Cutaneous

After an incubation period of 2–3 days following inoculation of 
spores into surface cuts or abrasions, there is a small papule in 
the skin, perhaps with a central vesicle. A bacteriological diagno-
sis can be made from this point onwards. The next day, there are 
vesicles around the central lesion, which ulcerates and then dries 
leaving a black eschar. Atypically, there may be no vesicles. The 
eschar spreads to involve the vesicles as these dry up. There is no 
pain or even discomfort. The lesion does not discharge pus but 
by the third day considerable local oedema has developed and the 
local lymph nodes are swollen. Anthrax lesions are common on 
the head and neck and exposed arms, but rarely on the hands. If 
lesions of the neck are associated with massive oedema, they may 
cause respiratory obstruction (Figure 63.1). The lesion always 
resolves slowly, over a period of 2–6 weeks, despite appropriate 
antimicrobial treatment. The peripheral white cell count is usually 
normal. Cutaneous lesions are associated distal effects, such as 
abnormalities in cerebral perfusion likely mediated by toxins.22

Pulmonary

Classically, the patient inhales spores from contaminated hides. 
Wool sorters must be generally very resistant to disease because 
in factory conditions, when opening bales, they would be expected 
to inhale about 1000 spores during an 8-h shift, yet rarely contract 
the disease. It appears that workers who are continuously exposed 
become relatively resistant to infection. However, there have been 
occasional unexplained outbreaks, possibly associated with a very 
large inoculum.

After a short incubation period, pulmonary anthrax starts with 
fever and chills, and the patient rapidly becomes cyanotic and 

short of breath. The lungs fi ll with interstitial fl uid and the illness 
progresses inexorably to death over some days. Chest X-rays show 
mediastinal widening, pleural effusion and over half also have 
pulmonary infi ltrates. None of the changes is wholly specifi c,23 
although mediastinal widening, altered mental status and elevated 
haematocrit are 100% sensitive and 98% specifi c in making the 
diagnosis, as against all causes of community-acquired pneumo-
nia. In practice, the diagnosis is rarely made before death unless 
the history reveals occupational risk or doctors are alert to an 
outbreak or terrorist threat.

Intestinal

Common in Africa21 but rare elsewhere in the world, this arises 
by consumption of contaminated meat.24 The presentation is non-
specifi c with vomiting, diarrhoea and fever, occasionally with hae-
matemesis and dysenteric stools. In autopsy cases, an eschar may 
be found in the gut, but most patients recover spontaneously.

Other sites

Local lesions in the oropharynx may occur after eating contami-
nated meat. Local severe oedema is again prominent and life-
threatening.25 Bacteraemia may lead to infection at any site and 
will usually be fatal. Meningeal anthrax secondary to bacteraemia 
has been described.26

Recovery from anthrax is, not surprisingly, associated with non-
specifi c, diffuse, poorly defi ned ill-health sequelae.27

PATHOLOGY

The organism is found in the capillaries. The malignant pustule is 
an area of local necrosis of the skin. In the lung, pulmonary 

Figure 63.1 Anthrax pustule on the jaw.
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oedema, haemorrhage, pleural effusion and mediastinitis are 
found but there is no single lesion. Generalized petechiae refl ect 
vasculitis secondary to bloodstream spread. Often the spleen is 
enlarged, and is infected in fatal cases. Patients make antibodies 
to the organism after natural infection, but the persistence of this 
antibody is very variable.

DIFFERENTIAL DIAGNOSIS

A typical cutaneous malignant pustule is easy to recognize. Other 
local lesions that may cause confusion include tick-bites with local 
rickettsia infection, or tularaemia, cutaneous diphtheria and 
plague. A scraping must be done and examined microscopically, 
a common alternative cause for the lesion being Streptococcus pyo-
genes with Staphylococcus aureus. In the early stages, the lesion is 
just a small spot with a vesicle and is unlikely to present to a 
doctor. Oropharyngeal anthrax may be confused with diphtheria. 
Anthrax must be a very rare cause of overwhelming pneumonitis, 
for which the differential diagnosis is huge. A diagnosis of anthrax 
would be entertained only in someone with occupational or 
terrorist exposure.

DIAGNOSIS

The organism is seen on direct scraping and aspiration – little pus 
is obtained – and will grow rapidly on simple media. Blood cul-
tures are also useful during the disseminated phase. Identifi cation 
to genus is easy by visual inspection of colonies and Gram stain. 
Non-motility and chemical reactions are used to speciate isolates. 
Rapid methods of identifying the organism in powders have been 
developed and are likely to be available in forensic and specialist 
laboratories. Isolation of non-anthracis Bacillus spp. in classical 
cases of disease does not exclude the diagnosis of anthrax and 
such strains should be examined for the presence of toxin.

MANAGEMENT

Penicillin remains the proven drug of choice and is best given 
intravenously and in high doses to sick patients. Otherwise, intra-
muscular penicillin (short and long acting) or oral amoxicillin 
appears to be satisfactory – the vast majority of patients with mild 
cutaneous infection will recover anyway. Co-trimoxazole seems to 
be a useful alternative, but the organism tends to be resistant to 
chloramphenicol. The clinical course of the severe illness is not 
materially modifi ed by antibiotics but human anthrax immune 
globulin from vaccinated or recovered individuals may rarely 
appear to be helpful. Monoclonal antibody against protective 
antigen looks promising in experimental infections.28 A review of 
all cases of inhalational anthrax which could be found between 
1900 and 2005 revealed 82 cases and a suggestion that antibiotics 
in the early non-specifi c prodrome may be of benefi t. Of those 
who progressed to the fulminant stage, virtually all died.29 Strains 
resistant to penicillin will tend to be used in germ warfare30 and 
the consensus view as to the drug of choice in this situation is a 
fl uoroquinolone, such as ciprofl oxacin. Levofl oxacin has more 
favourable pharmacokinetics for the respiratory and central 
nervous systems. Quinolone resistance has been well described. It 

seems that failure of antibiotic treatment essentially occurs because 
this is a toxin-mediated disease. Early treatment is essential and 
more antibiotics are not likely to work. More imaginative 
approaches to therapy include high titre immunoglobulin from 
survivors and the exploration of, for example chloroquine, for its 
membrane stabilizing effects.31 In survivors, prolonged antibiotics 
must be given because non-germinated spores remain in the 
alveoli for weeks.

PREVENTION

The population should be encouraged not to eat the meat of 
animals that become ill or die.32,33 The spread of the disease from 
animals that have died from anthrax can be reduced by burying 
their carcasses in lime. Hides should be disinfected before export 
and occupational exposure reduced as far as possible by simple, 
sensible measures. However, a vaccine may be obtained for those 
at special risk of exposure.34 Multiple doses are necessary and it 
may be just as effective given intranasally.35 Live attenuated strains 
are under evaluation36 and the protective antigen gene has recently 
been cloned into vaccinia, baculovirus37 and Salmonella enterica38 
vectors.

BIOTERRORISM

Bacillus anthracis is perhaps the most suitable of all potential 
agents for germ warfare.39 It is easy to grow in bulk, survives well 
in spore form and can be delivered with a suitable carrier as a 
powder on fomites and by the air-borne route. Inhalational 
anthrax is almost always rapidly fatal. A cloud of spores released 
from a faulty plant where a fan was working in the reverse direc-
tion from that intended in Sverdlovsk in the former USSR in 1979 
caused many deaths in villagers downwind from the plant.40 Con-
struction of antibiotic-resistant mutants has been achieved.
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Section 8 Bacterial Infections

Chapter 64 Catherine L. Thwaites and Lam Minh Yen

Tetanus

Tetanus is a disease characterized by muscle rigidity and spasms. 
It derives its name from the Greek word ‘tetanos’ meaning ‘to 
contract’. Despite the World Health Organization’s efforts to erad-
icate the disease by 1995, tetanus remains one of the world’s 
major preventable causes of death, with an estimated incidence of 
700 000 to 1 million cases a year, causing an estimated 213 000 
deaths.1,2

People have recognized the association between wounds and 
subsequent rigidity, spasms and death since ancient times. The 
Edwin Smith papyrus (1000 BC) outlines the case of a man with 
a scalp wound who developed trismus and muscle rigidity. Hip-
pocrates (400 BC) describes a similar case of a man who, having 
sustained a penetrating wound to the back, experienced trismus 
and muscle spasms then died on the second day of the illness. 
However, it was not until 1880 that Nicolaier demonstrated that 
soil contamination of wounds resulted in tetanus. Nicolaier also 
discovered identical bacilli in the wounds, but it was Kitasato who 
isolated the fi rst pure culture of Clostridium tetani 9 years later. In 
1890, Faber discovered tetanus toxin, the same year as von Berhring 
and Kitasato produced the fi rst antitoxin. Then, using formalde-
hyde, Ramon succeeded in detoxifying tetanus toxin, yet still pre-
serving its antigenicity. In 1926, he performed the fi rst successful 
vaccination of humans.3

The availability of a tetanus vaccine has enabled developed 
countries to virtually eliminate the disease. However, C. tetani will 
never be eradicated from the soil and so wherever vaccination 
programmes are ineffective or inadequate, tetanus will continue 
to occur.

EPIDEMIOLOGY

C. tetani is a ubiquitous organism, present in the soil and in 
human and animal faeces. The disease it causes is now primarily 
confi ned to developing countries as a consequence of inadequate 
immunization. In 2004, an estimated 27 million children did not 
complete their primary immunization course.1 Neonatal tetanus 
usually arises from contamination of the umbilical stump. Infec-
tion is linked to delivery on unclean surfaces, traditional mid-
wifery practices such as cutting the umbilical cord with bamboo 
and applying soil, cow dung, clarifi ed butter or even engine oil to 
the umbilical stump.4 Ritual surgery such as ear-piercing or cir-
cumcision may also cause infection. Neonatal tetanus is prevented 

by maternal immunization, yet with an estimated 40 million 
unimmunized pregnant women in 2004 the WHO’s desired erad-
ication remains elusive.1 Even after maternal immunization, the 
infant is still at risk in many countries, as malaria and HIV reduce 
placental transfer of protective antibody.5,6

In children and adults, lacerations to feet and hands are 
common injuries associated with tetanus.7 Otitis media is an 
important portal for the disease in children. Tetanus arising from 
injections (either therapeutic medical or via drug abuse) carries 
an especially poor prognosis, as does tetanus arising from other 
internal sites of infection.7

In the developed world, tetanus is rare: in 2002 there were six 
cases in the UK.8 Similarly US data from 1998–2000 shows an 
average of 43 cases/year.9 Most cases occur in the elderly – a group 
at increased risk due to declining protective antibody levels. 
However, recent studies have shown that younger people are also 
vulnerable due to missed immunizations or additional risk 
factors.10 In 2004, an outbreak of tetanus occurred in drug users 
in the UK – the exact reasons for this remains unclear, but it 
appears that many had an incomplete vaccination history or used 
a high-risk administration method known as ‘skin popping’.11 
Heroin users are known to be particularly at risk from tetanus. 
Heroin is sometimes mixed with quinine which causes local 
necrosis, a favourable environment for C. tetani multiplication as 
well as its low pH facilitating toxin entry into nerves.

BACTERIOLOGY

C. tetani is a strictly anaerobic Gram-positive bacillus found in soil 
and animal faeces. When subjected to adverse conditions, rounded 
terminal spores are formed: this gives the classical ‘drumstick’ 
appearance to the bacillus, although this is not always seen. 
C. tetani is described as Gram-positive, but from cultures >24 h old, 
it is readily decolourized and thus can appear to be Gram-negative. 
It is motile by means of numerous fl agella and when cultured on 
blood agar, this results in swarming, giving a fi lm with a feathery 
margin on the surface of the agar. Increasing the concentration of 
agar in the medium will inhibit swarming. Discrete colonies are 
fl at, translucent and show a narrow zone of haemolysis.

The biochemical activity of C. tetani is limited. In general it 
does not ferment sugars, although some strains will ferment 
glucose. Gelatin is slowly hydrolysed but other proteins used in 
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laboratory tests are not digested. Indole is produced slowly, but 
not hydrogen sulphide. Neither lecithinase nor lipase are pro-
duced. Gas-liquid chromatography of broth culture extracts reveals 
the major bacterial products to be acetic, butyric and propionic 
acids.

Antibiotics to which the bacilli of C. tetani are susceptible 
include penicillin, erythromycin, clindamycin, tetracycline, chlor-
amphenicol and metronidazole. The spores are very resistant to 
many physical and chemical agents. Spores may survive in boiling 
water for several minutes or longer (although they are destroyed 
by autoclaving at 121°C for 15–20 min), and they can survive 
desiccation, most household disinfectants and marked changes in 
pH. Spores are commonly found in soil from all areas of the 
world, and the organism may be found in animal and human 
faeces although isolation rates have varied widely.12

PATHOGENESIS

C. tetani requires low oxygen tensions for germination and mul-
tiplication. In well-oxygenated healthy tissue, germination does 
not occur and spores are removed by phagocytes. However, if 
spores are inoculated into damaged tissue, along with adjuvants 
such as soil, faeces, chemical substances or other bacteria, local 
oxygen tensions are lowered and favourable conditions are created 
for germination and vegetative growth.13

Only toxin-producing strains of C. tetani are capable of causing 
disease. The toxin is a potent neurotoxin, encoded on a 75 KB 
plasmid, and produced as a single chain (molecular mass 150 kDa) 
which undergoes post-translational cleavage to form one heavy 
and one light chain linked by a disulphide bond. The entire amino 
acid sequence has been determined and is similar to that of the 
botulinum toxins, but as botulinum toxins are not transported 
into the central nervous system they produce a different clinical 
picutre.14

Tetanus toxin enters the nervous system from adjacent muscle. 
It may also be disseminated to distant sites via the lymphatics and 
the blood. Neuronal internalization results from binding of the 
carboxy terminal of the heavy chain to predominantly neuronal 
gangliosides – hence the neurospecifi city of the toxin. The toxin 
then undergoes retrograde axonal transport from the periphery 
followed by trans-synaptic transition to presynaptic nerves, where 
it exerts its effects.15 The toxin light chain is a zinc-dependent 
metalloprotease which cleaves the vesicle-associated membrane 
protein 2, VAMP-2 (or Synaptobrevin).16 This protein is a key com-
ponent of the SNARE (soluble N-ethylmaleimide-sensitive factor 
attachment protein receptors) complex responsible for endocyto-
sis and release of neurotransmitter. By this mechanism, tetanus 
toxin blocks the release of neurotransmitter. The toxin acts as a 
presynaptic inhibitor at many neuronal sites including the neuro-
muscular junction, but its principal effect is on the γ-aminobutyric 
acid (GABA) inhibitory interneurones, normally responsible for 
inhibition of a motor neurones.15 Reduced inhibition at this site 
results in disinhibited motor neurone discharge which gives rise to 
characteristic features of muscle rigidity and spasms. Muscle groups 
with the shortest neuronal pathways are affected fi rst – hence 
trismus and dysphagia are common early symptoms.

Disinhibition of the autonomic nervous system also occurs and 
results in uncontrolled sympathetic and parasympathetic dis-

charge. Tetanus toxin is able to enter adjacent neurones and spread 
within the CNS. Animal experiments with radiolabelled toxin 
show transportation of toxin within the brain stem.17 The effects 
of toxin here may explain the cardiovascular, respiratory and tem-
perature disturbances seen in severe cases of the disease.

CLINICAL PICTURE

Tetanus is characterized by muscular rigidity and spasms. It is 
sometimes confi ned to muscles adjacent to the site of the wound 
(local or cephalic tetanus) but usually involves the whole body 
(generalized tetanus).

Following wound contamination with C. tetani, there is a 
period of a few days or weeks before symptoms occur. This is 
termed the ‘incubation period’. The fi rst symptom is usually 
trismus, or ‘lockjaw’, as a result of rigidity of the masseter muscles. 
As the disease progresses, rigidity spreads to all muscle groups, 
usually in a descending fashion. Lockjaw, muscle stiffness and 
backache are almost universal presenting complaints.18

In very mild forms of tetanus, rigidity may be the only symptom. 
However, most patients will progress to experience spasms. Spasms 
are phasic amplifi cations in muscle tone, varying in intensity and 
duration from brief twitches to prolonged contractions. They are 
most pronounced during the fi rst 2 weeks of the disease. Spasms 
occur spontaneously or as a result of stimuli such as loud noises, 
bright lights or physical manipulation. Spasms can be strong 
enough to cause vertebral fractures or tendon avulsions and are 
excruciatingly painful.3 The latter may be partly due to disinhibi-
tion of pain pathways within the spinal cord. Facial muscle 
involvement results in the characteristic facial appearance of the 
‘risus sardonicus’ or ‘sardonic smile’ (Figure 64.1). Involvement 
of muscles of the back and neck produces opisthotonos. Particu-
larly serious are spasms involving the respiratory muscles which, 
if frequent or prolonged, may result in death due to asphyxia. 
Laryngeal spasm involving the vocal cords usually occurs without 
warning relatively early in the course of the disease and can result 
in acute airway obstruction. Aspiration is a particular problem in 
tetanus, occurring as a consequence of the combination of exces-
sive secretions and inability to swallow due to pharyngeal muscle 
rigidity. Together these factors explain why hypoxia is a common 
feature in those presenting with moderate to severe tetanus.19

The advent of mechanical ventilation has led to a reduction in 
mortality from respiratory failure, but in doing so has unmasked 
another major cause of mortality: the syndrome of autonomic 
overactivity. This usually becomes apparent during the second 
week of the illness and typically takes the form of sustained labile 
hypertension and tachycardia, accompanied by pyrexia and 
profuse sweating. Circulating catecholamines are raised, even 
compared to critically ill patients with other diseases and adrena-
line is particularly elevated indicating the involvement of the 
adrenal medulla.20 Occasionally, the opposite occurs: bradyar-
rhythmias, refractory hypotension and even cardiac arrest. This is 
usually a pre-terminal event.

Autonomic system dysfunction commonly affects the gastroin-
testinal system, resulting in excessive production of secretions, 
gastric stasis or diarrhoea. The syndrome is also associated with 
acute renal failure. This occurs in the absence of rhabdomyolysis 
and is characteristically non-oliguric.21
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Severe tetanus often requires 3–4 weeks of intensive care treat-
ment. As a consequence, the various problems of prolonged hos-
pitalization become apparent after the second week of the illness: 
nosocomial infections are common, as are gastrointestinal bleed-
ing and pressure sores.

The clinical features of neonatal tetanus are similar to those in 
older people. Figure 64.2 illustrates the characteristic appearance. 
Infants usually present between 5 and 28 days of age. Those whose 
mothers have received prior vaccination experience milder disease. 
Infants present with stiffness, inability to feed and spasms. The 
ability to cry signifi es a good prognosis, as it indicates the respira-
tory muscles and vocal cords are functioning. Aspiration is 
common and one-third of infants have concomitant septicae-
mia.22

Prognosis in all patients depends upon the severity of the 
disease, occurrence of complications and the setting. With modern 
intensive care facilities and specialist experience, mortality rates of 
<10% have been reported.7 However, without such facilities mor-
tality fi gures of >50% (and higher in neonates) are common.23,24 
A short incubation period (time from injury to fi rst symptom) of 
≤4 days generally indicates severe disease. The period between the 
fi rst symptom and the development of muscular spasms is termed 
the period of onset. Shorter periods of onset, particularly <48 h, 
are again associated with more severe forms of tetanus.25 Several 
authors have a produced prognostic scoring systems. However, 

these have only recently been validated.25 The Tetanus Severity 
Score takes into account the incubation period, clinical signs, the 
state of immune protection and the nature of the injury and seems 
to provide the best overall predictor of outcome (Table 64.1).

For those who survive, most recover completely, although resid-
ual effects include limb deformities due to residual contractures 
which improve with physiotherapy. Rehabilitation is hindered by 
persisting muscle rigidity which may last for several months. Tem-
porary neurological sequelae following tetanus include irritability, 
sleep disturbance, fi ts and myoclonus.26 Neonatal tetanus may 
have more lasting sequelae, especially in those infants who expe-
rienced prolonged periods of hypoxia.27

DIAGNOSIS

The diagnosis of tetanus is clinical, based on the history and 
examination fi ndings. For an experienced clinician, there is little 
diffi culty in making the diagnosis. There are no confi rmatory tests, 
although some may help exclude other diseases. There may be no 
obvious site of entry and isolation of C. tetani from a wound is 
not diagnostic without the characteristic clinical picture. A defi nite 
history of immunization would argue against a diagnosis of 
tetanus, although tetanus has been reported in patients with con-
ventionally ‘protective’ levels of antibody.

The differential diagnosis includes strychnine poisoning, which 
may closely mimic tetanus. Strychnine is a competitive antagonist 
of the inhibitory neurotransmitter glycine, which results in pre-
synaptic disinhibition, leading to hyperrefl exia, severe muscle 
spasms and convulsions. There is usually a history of ingestion 
and symptoms may begin within 30 min; toxicological tests of 
urine, serum or gastric contents can confi rm the diagnosis.

Dystonic reactions to phenothiazines may simulate trismus 
and may cause spasms of the back resembling opisthotonos. 
However, the abnormality rapidly disappears after administration 
of anticholinergic agents.

Figure 64.1 Tetanus: risus sardonicus with profuse salivation.

Figure 64.2 Neonatal tetanus: typical features of generalized 
tetanus resulting from an infected umbilical stump.

Diagnosis
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MANAGEMENT

Management of tetanus is essentially supportive. It involves three 
main strategies: to prevent further toxin release, to neutralize any 
unbound toxin and to minimize effects of already-bound toxin 
while maintaining the airway and adequate respiration.

Prompt debridement of the wound is essential to prevent 
further multiplication and toxin release of C. tetani. Metronida-
zole is the antibiotic of choice, although penicillin is still widely 
used. Patients treated with metronidazole have fewer spasms and 
require less sedation than those treated with penicillin.28 Penicillin 
is similar in structure to GABA, and although it does not readily 
cross the blood-brain barrier, in high doses it can act as a central 
GABA competitive antagonist, thus exacerbating the effects of 
tetanus toxin.

Unbound toxin should be neutralized with antitoxin. Histori-
cally, equine anti-tetanus serum has been used, but it is associated 
with a high incidence of anaphylactic reactions. In many countries 
it has now been replaced by the human tetanus immune globulin 
(HTIG). Much debate has centred on the best route of administra-
tion of antitoxin. Results of animal experiments almost 100 years 
ago suggested that intrathecal administration of antitoxin may be 
superior. A recent study has once again suggested that intrathecal 
immunoglobulin may indeed reduce progression to more severe 
disease and reduce hospital stay and length of mechanical ventila-
tion.29 Furthermore, its results have been supported by a recent 
meta-analysis.30

Good nursing care is crucial to the outcome of patients with 
tetanus. All patients should be nursed in quiet, dark rooms to 
minimize provoked spasms. Frequent turning is necessary to 
prevent the development of pressure sores, although truncal rigid-
ity of the patients makes this diffi cult. Patients who are unable to 
swallow will require a nasogastric tube. Close attention should be 
paid to fl uid balance, as tetanus patients have greatly increased 
insensible fl uid losses, especially in the presence of autonomic 
dysfunction.

Benzodiazepines are the mainstay of treatment in mild to mod-
erate tetanus. As inhibitors of an endogenous inhibitor at the 
GABAA receptor, they oppose the effects of tetanus toxin on the 
GABAergic neurones. Diazepam is the most commonly used 
although its long half-life, and those of its metabolites, may cause 
prolonged effects. It can be given orally in mild cases, or intrave-
nously in more severe disease.31 Doses up to 100 mg/h have been 
reported, and up to 200 mg/day is common. Intravenous infusion 
of midazolam may be a preferred option by virtue of its shorter 
half-life, although prolonged use will still lead to accumulation. 
The anaesthetic agent, propofol, has been used to provide seda-
tion and additional muscle relaxation. It is non-cumulative and 
has a short duration of action, making it an attractive adjunct.32

If spasms persist despite benzodiazepine therapy, then paralysis 
and mechanical ventilation should be instituted. Non-depolariz-
ing muscle relaxants with minimal cardiovascular effects, such as 
vecuronium or cisatracurium, are the muscle relaxants of choice. 
Older agents, such as pancuronium, may exacerbate autonomic 
instability. Tracheostomy is the usual means of securing the airway, 
allowing ventilation and secretion clearance. Patients with 
laryngeal spasm may require urgent tracheostomy. For this 
reason, all tetanus patients should be nursed under close supervi-

Table 64.1 Tetanus severity score (TSS), calculated from 
the total of individual section scores

Score
Age (years)

 ≤70 0

 71–80 5

 >80 10

Time from 1st symptom to admission (days)

 ≤2 0

 3–5 −5

 >5 −6

Diffi culty breathing on admission

 No 0

 Yes 4

Co-existing medical conditionsa

 Fit and well 0

 Minor illness or injury 3

 Moderately severe illness 5

 Severe illness not immediately life-threatening 5

 Immediately life-threatening illness 9

Entry siteb

 Internal or injection 7

 Other (including unknown) 0

Highest systolic blood pressure recorded during 1st day in hospital 
(mmHg)

 ≤130 0

 131–140 2

 >140 4

Highest heart rate recorded during 1st day in hospital (b.p.m.)

 ≤100 0

 101–110 1

 111–120 2

 >120 4

Lowest heart rate recorded during 1st day in hospital (b.p.m.)

 ≤110 0

 >110 −2

Highest temperature recorded during 1st day in hospital (°C)

 ≤38.5 0

 38.6–39 4

 39.1–40 6

 >40 8

aDefi ned according to ASA physical status scale.
b‘Internal’ site includes postoperative/postpartum or open fractures; ‘injection’ 
includes intramuscular, subcutaneous or intravenous injections.
Source: Thwaites CL, Yen LM, Glover C, et al. Predicting the clinical outcome of 
tetanus: the tetanus severity score. Trop Med Int Health 2006; 11:279–287.
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sion with appropriately skilled personnel at hand to deal with any 
emergencies.

Tetanus literature contains many reports of the use of other 
agents used to treat spasticity: dantrolene has been used to reduce 
spontaneous muscular spasms, but it is potentially hepatotoxic if 
used for prolonged periods. The GABAB agonist baclofen has also 
successfully suppressed spasticity.33

In patients with autonomic instability, the usual manifestation 
is a tachycardia accompanied by hypertension. First-line therapy 
in this situation has been intravenous or intramuscular morphine. 
It inhibits sympathetically mediated vasoconstriction and induces 
peripheral arteriolar vasodilatation by inhibiting central sympa-
thetic discharge. Other opioid agents with shorter half-lives have 
also been reported to be benefi cial, although no randomized con-
trolled trials have been performed.34 Peripheral β-adrenoceptor 
blockade alone is usually insuffi cient to gain satisfactory cardio-
vascular control in severe cases of tetanus. The relatively long 
duration of action of most agents has been associated with sub-
sequent refractory hypotension and cardiac arrest. The combined 
α- and β-blocker labetalol may confer some advantages, but its 
duration of action is still too long to be a useful alternative. The 
new short-acting β-blocker esmolol, however, has been used suc-
cessfully.35 Peak effects are observed within 6–10 min of injection, 
and have almost completely disappeared after 20 min. Chlor-
promazine, clonidine and epidural bupivacaine have all been used 
with success in the past.36 Recent interest has surrounded magne-
sium sulphate-α vasodilator and muscle relaxant that offers the 
potential to control both muscle spasms and autonomic instabil-
ity. An initial series reported such benefi ts that the authors sug-
gested it as an alternative to benzodiazepines as a fi rst-line agent,37 
however a larger randomized controlled trial has not shown such 
convincing benefi ts, although it does indeed appear to have ben-
efi cial effects in controlling spasms and reducing autonomic insta-
bility.38

Hypotension may be treated by head-down positioning, 
noxious stimulation or inotropic agents. Bradyarrhythmias require 
atropine.

Finally, the amount of toxin circulating in natural disease is 
insuffi cient to provoke an immunizing antibody response. There-
fore, all patients should receive a course of tetanus toxoid to 
prevent recurrences.

PREVENTION

The prevention of tetanus depends on primary immunization and 
the thorough management of wounds in those people who have 
not been immunized or whose immune status is thought to be 
inadequate. In addition, health education and improved socioeco-
nomic conditions are important: for example, the use of aseptic 
techniques in the management of the umbilical cord and the 
provision of adequate protective footwear.

Tetanus toxoid is produced by formaldehyde treatment of the 
toxin (plain toxoid). Although it is a relatively good immunogen, 
the duration of antibody response is much improved by adsorp-
tion with aluminium hydroxide as an adjuvant. It may be given 
alone, or preferably in combination with diphtheria toxoid. 
Tetanus toxoid is considered very safe, even in immunocompro-
mised individuals.

The WHO recommends a six-part primary immunization pro-
gramme with fi ve childhood doses (three under 1 year, and boost-
ers aged 4–7 years and 12–17 years) with one further dose in adult 
life – for example at fi rst pregnancy or military service.1

In the UK, the fi rst dose is given at 2 months of age, followed 
by the second and third doses at 4-week intervals. Adsorbed toxoid 
is available in combination with diphtheria toxoid and pertussis 
vaccine (DTP) for use in these immunization schedules of young 
children. Two booster doses of tetanus and diphtheria toxoids 
(DT) are given at 3–5 years of age and at 13–18 years of age. In 
the USA, an initial four-dose schedule is recommended with inter-
vals of 4–8 weeks between the fi rst three doses and the fourth dose 
6–12 months later. A booster is given at 4–6 years old and again 
10 years later.39 In the USA, the advice is to give additional booster 
doses of adsorbed tetanus toxoid every 10 years. However, in the 
UK, more recent advice is that fi ve doses (primary course plus two 
boosters) are suffi cient and additional booster doses are not rec-
ommended unless a tetanus-prone wound occurs.

Neonatal tetanus may be prevented by immunization of 
women during pregnancy. In women with incomplete or 
unknown vaccination history, two or preferably three doses of 
adsorbed toxoid should be given, with the last dose at least 
2–4 weeks prior to delivery.1 Immunity is passively transferred 
to the fetus and the antibodies will remain long enough to 
protect the baby during the neonatal period. In subsequent preg-
nancies, a single booster can be given at 6 months’ gestation, but 
if pregnancies are frequent, boosters should only be given every 
5 years. Special care should be taken to ensure those with HIV 
or living in malaria-endemic areas receive a full course of 
vaccination.

Prevention of tetanus also depends on the effective manage-
ment of wounds. It is most important that wounds are thoroughly 
cleaned, all foreign material removed and non-viable tissue 
débrided. Particular attention should be given to tetanus-prone 
wounds. These include puncture wounds, burns, animal and 
human bites, wounds contaminated with soil or faeces, and any 
wound where treatment is delayed. These wounds should not be 
sutured: packing, frequent inspection and delayed primary closure 
is preferable. Antibiotic chemoprophylaxis is of secondary impor-
tance to good surgical management and immunoprophylaxis. 
When indicated, a long-acting penicillin can be given. If the 
wound is infected with β-lactamase-producing staphylococci an 
appropriate alternative antibiotic such as erythromycin or fl u-
cloxacillin should be used.

A history of previous immunization should be sought, as this 
will determine the exact type of immunoprophylaxis to be given. 
If the patient has received a full course or a booster of tetanus 
toxoid within 10 years, a further dose is not required. If the last 
dose was >10 years ago, a further dose should be given. Where 
there is doubt about previous immunization or a full course was 
never completed, a full course of adsorbed tetanus toxoid should 
be commenced.40

Passive immunization with HTIG (250 units) should also 
be given for tetanus-prone wounds occurring in people with inad-
equate immunization status (i.e. incomplete, unknown or a 
booster >10 years ago). Even where immunization is adequate 
(the last dose within 10 years) a dose of HTIG may be given if the 
risk of developing tetanus is high. If HTIG is not available, equine 
antiserum (1500 units) is an alternative. Very high-risk wounds 
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are those with heavy soil or faecal contamination, extensive burns, 
or where foreign material or necrotic tissue cannot be removed. 
In these cases, the dose of HTIG should be doubled to 500 units 
and a further dose may be given after 4 weeks if the wound is still 
not clean or healed.39 Both toxoid and immunoglobulin can be 
given at the same time, provided that separate injection sites are 
used.

REFERENCES

 1. WHO. Tetanus vaccine. Wkly Epidemiol Rec 2006; 81(20):198–208.
 2. Thwaites CL, Farrar JJ. Preventing and treating tetanus. BMJ 2003; 

326(7381):117–118.
 3. Urwadia FE. Historical perspective. In: Urwadia FE, ed. Tetanus. New York: 

Oxford University Press; 1994:1–6.
 4. Gitta SN, Wabwire-Mangen F, Kitimbo D, et al. Risk factors for neonatal 

tetanus –Busoga region, Uganda, 2002–2003. MMWR 2006; 55(suppl 1):
25–30.

 5. Brair ME, Brabin BJ, Milligan P, et al. Reduced transfer of tetanus antibodies 
with placental malaria. Lancet 1994; 343(8891):208–209.

 6. de Moraes-Pinto MI, Almeida AC, Kenj G, et al. Placental transfer and 
maternally acquired neonatal IgG immunity in human immunodefi ciency 
virus infection. J Infect Dis 1996; 173(5):1077–1084.

 7. Thwaites CL, Yen LM, Nga NTN, et al. Impact of improved vaccination 
programme and intensive care facilities on incidence and outcome of tetanus 
in southern Vietnam, 1993–2002. Transactions of the Royal Society of Tropical 

Medicine and Hygiene 2004; 98(11):671–677.
 8. HPA. Tetanus in England and Wales 2001–2004. CDR Weekly 2005. Online. 

Available: http://www.hpa.org.uk/cdr/archives/2005/cdr3405.pdf
 9. Pascual FB, McGinley EL, Zanardi LR, et al. Tetanus surveillance – United 

States, 1998–2000. MMWR Surveill Summ 2003; 52(3):1–8.
10. Kruszon-Moran DM, McQuillan GM, Chu SY. Tetanus and diphtheria 

immunity among females in the United States: are recommendations being 
followed? Am J Obstet Gynecol 2004; 190(4):1070–1076.

11. Brett MM, Hood J, Brazier JS, et al. Soft tissue infections caused by spore-
forming bacteria in injecting drug users in the United Kingdom. Epidemiol 

Infect 2005; 133(4):575–582.
12. Sanada I, Nishida S. Isolation of Clostridium tetani from soil. J Bacteriol 1965; 

89(3):626–629.
13. Smith JWG, Collee JG. Tetanus. In: Smith GR, Easmon CSF, eds. Topley and 

Wilson’s Principles of Bacteriology, Virology and Immunity. 8th edn. London: 
Edward Arnold; 1990:331–351.

14. Blasi J, Chapman ER, Link E, et al. Botulinum neurotoxin A selectively cleaves 
the synaptic protein SNAP-25. Nature 1993; 365(6442):160–163.

15. Humeau Y, Doussau F, Grant NJ, et al. How botulinum and tetanus 
neurotoxins block neurotransmitter release. Biochimie 2000; 82(5):427–446.

16. Schiavo G, Poulain B, Rossetto O, et al. Tetanus toxin is a zinc protein and its 
inhibition of neurotransmitter release and protease activity depend on zinc. 
Embo J 1992; 11(10):3577–3583.

17. Cabot JB, Mennone A, Bogan N, et al. Retrograde, trans-synaptic and 
transneuronal transport of fragment C of tetanus toxin by sympathetic 
preganglionic neurons. Neuroscience 1991; 40(3):805–823.

18. Farrar JJ, Yen LM, Cook T, et al. Tetanus. J Neurol Neurosurg Psychiatry 2000; 
69(3):292–301.

19. Femi-Pearse D. Blood gas tensions, acid-base status, and spirometry in tetanus. 
Am Rev Respir Dis 1974; 110(4):390–394.

20. Thwaites CL, Yen LM, Cordon SM, et al. Urinary catecholamine excretion in 
tetanus. Anaesthesia 2006; 61(4):355–359.

21. Daher EF, Abdulkader RC, Motti E, et al. Prospective study of tetanus-induced 
acute renal dysfunction: role of adrenergic overactivity. Am J Trop Med Hyg 
1997; 57(5):610–614.

22. Antia-Obong OE, Ekanem EE, Udo JJ, et al. Septicaemia among neonates with 
tetanus. J Trop Pediatr 1992; 38(4):173–175.

23. Hesse IF, Mensah A, Asante DK, et al. Adult tetanus in Accra, why the high 
mortality? An audit of clinical management of tetanus. West Afr J Med 2005; 
24(2):157–161.

24. Ertem M, Cakmak A, Saka G, et al. Neonatal tetanus in the South-Eastern 
region of Turkey: changes in prognostic aspects by better health care. J Trop 

Pediatr 2004; 50(5):297–300.
25. Thwaites CL, Yen LM, Glover C, et al. Predicting the clinical outcome of 

tetanus: the tetanus severity score. Trop Med Int Health 2006; 11(3):279–287.
26. Illis LS, Taylor FM. Neurological and electroencephalographic sequelae of 

tetanus. Lancet 1971; 1(7704):826–830.
27. Teknetzi P, Manios S, Katsouyanopoulos V. Neonatal tetanus – long-term 

residual handicaps. Arch Dis Child 1983; 58(1):68–69.
28. Yen LM, Dao, LM, Nay NPJ, et al. Management of tetanus: a comparison of 

penicillin and metronidazole. In: Symposium of antimicrobial resistance in 

Southern Viet Nam, Ho Chi Minh City, Vietnam; 1997.
29. Miranda-Filho Dde B, Ximenes RA, Barone AA, et al. Randomised controlled 

trial of tetanus treatment with antitetanus immunoglobulin by the intrathecal 
or intramuscular route. BMJ 2004; 328(7440):615.

30. Kabura L, Ilibagiza D, Menten J, et al. Intrathecal vs. intramuscular 
administration of human antitetanus immunoglobulin or equine tetanus 
antitoxin in the treatment of tetanus: a meta-analysis. Trop Med Int Health 
2006; 11(7):1075–1081.

31. Okoromah CN, Lesi FE. Diazepam for treating tetanus (Cochrane Review). In: 
The Cochrane Library. Chichester: John Wiley; 2004.

32. Borgeat A, Popovic V, Schwander D. Effi ciency of a continuous infusion of 
propofol in a patient with tetanus. Crit Care Med 1991; 19(2):295–297.

33. Santos ML, Mota-Miranda A, Alves-Pereira A, et al. Intrathecal baclofen for the 
treatment of tetanus. Clin Infect Dis 2004; 38(3):321–328.

34. Beecroft CL, Enright SM, O’Beirne H A. Remifentanil in the management of 
severe tetanus. Br J Anaesth 2005; 94(1):46–48.

35. Beards SC, Lipman J, Bothma PA, et al. Esmolol in a case of severe tetanus. 
Adequate haemodynamic control achieved despite markedly elevated 
catecholamine levels. S Afr J Surg 1994; 32(1):33–35.

36. Bhagwanjee S, Bosenberg AT, Muckart DJ. Management of sympathetic 
overactivity in tetanus with epidural bupivacaine and sufentanil: experience 
with 11 patients. Crit Care Med 1999; 27(9):1721–1725.

37. Attygalle D, Rodrigo N. Magnesium as fi rst line therapy in the management of 
tetanus: a prospective study of 40 patients. Anaesthesia 2002; 57(8):811–817.

38. Thwaites CL, Yen LM, Loan HT, et al. Magnesium sulphate for treatment of 
severe tetanus: a randomised controlled trial. Lancet 2006; 368(9545):1436–
1443.

39. CDC. Update on adult immunization. Recommendations of the 
Immunization Practice Advisory Committee (AICP). MMWR 1991; 40:47–52, 
67–71, 73, 77–81, 86–94.

40. Salisbury DM, Begg NT. Tetanus, eds. In: Immunisation against infectious 
diseases. (The green book); 1996. Online. Available: http://www.doh.gov.uk/
greenbook/greenbookpdf-chapter-30-layout.pdf



1119

Section 8 Bacterial Infections

Chapter 65 Michael D. Smith

Plague

Plague is an acute infectious disease caused by the organism Yer-
sinia pestis. It is a zoonosis, transmitted mainly by the bite(s) of 
infected fl eas. Wild rodents are the natural reservoir. In man, the 
most common clinical presentation is bubonic plague (regional 
lymphadenitis) which accounts for over 90% of reported cases. 
Other forms include septicaemic plague without bubo, pneu-
monic plague (either primary or secondary to bacteraemia), men-
ingitis and pharyngitis. Asymptomatic and minor self-limiting 
infections also occur.

Plague is best known as an ancient disease (pestilence), 
although it remains endemic in many parts of the world today. 
There have been three documented world pandemics. The fi rst was 
in the sixth century. In the fourteenth century, the Black Death 
swept across Europe killing between one-quarter and one-third of 
the entire population. The third pandemic originated in China in 
1860 and reached Hong Kong in 1894. It was here that Alexandre 
Yersin successfully isolated the causative organism. The pandemic 
spread by rats on board ships, to South-east Asia, India, Africa and 
the Americas. The infection was then transmitted to sylvatic 
rodents, allowing it to become established in rural areas. In India, 
there may have been up to 10 million deaths by 1919. During the 
1960s and early 1970s, there was a resurgence of plague in 
Vietnam, with a peak of over 4000 cases per year.

EPIDEMIOLOGY AND MODE 
OF TRANSMISSION

Plague is still reported consistently from several countries in 
Africa, Asia and the Americas. In the decade 1994–2003 an average 
of 2850 cases were reported annually to the World Health Orga-
nization (WHO), of which nearly 90% occurred in Africa (Table 
65.1). In the USA, a few cases continue to occur every year.1

Foci of infection (Figure 65.1) are maintained worldwide in 
natural animal reservoirs, and transmission occurs by bites of 
infected fl eas or ingestion of infected animals. In Asia and Africa, 
the domestic black rat Rattus rattus and the brown sewer rat R. 
norvegicus remain the most important animal reservoir(s) for 
transmission of plague to man. A sudden ‘die off’ in these urban 
rodents may presage human plague. Other rodents maintain the 
infection in the fi eld, for example R. exulans in Asia, and Mastomys 
spp. and gerbils in Africa (Figure 65.2). The most important fl ea 
vector involved in transmission is Xenopsylla cheopis.

In the USA, plague is maintained in sylvatic rodents, such as 
ground squirrels, rock squirrels and prairie dogs. These animals 
may enter areas of human habitation directly, or the infected fl eas 
may be carried by domestic cats and dogs. Occasional cases of 
human plague have also resulted from direct contact with infected 
cats.2

A distinct seasonal pattern is seen. Most cases occur in warm 
dry periods when fl eas are most abundant and humans are most 
likely to come into contact with the natural hosts. In the highland 
plateaus of Madagascar, the plague season is September–April, 
whereas on the west coast it is July–November.3

MICROBIOLOGY

Y. pestis is a small Gram-negative coccobacillus, which commonly 
exhibits bipolar staining and pleomorphism, particularly in clini-
cal specimens. The genus Yersinia belongs to the family Enterobac-
teriaceae. Y. pestis is non-motile and non-spore forming. Both in 
vivo and in culture on serum agar at 37°C, a capsule-like envelope 
may be formed. It grows aerobically on many common culture 
media, including nutrient agar and blood agar, and forms tiny 
colourless, often granular, colonies after 24 h at 37°C; there is no 
haemolysis. On MacConkey agar, it appears as pinpoint non-
lactose fermenting colonies, which disappear after 2–3 days, pre-
sumably due to autolysis. Biochemically, Y. pestis is catalase positive, 
oxidase negative and reduces nitrate but does not hydrolyse urea. 
It does not utilize citrate or produce indole. Glucose and mannitol 
are fermented, but not sucrose or lactose. On triple sugar-iron agar 
slants it produces an acid butt and an alkaline slope. Identifi cation 
of Y. pestis is confi rmed by specifi c phage lysis.

The organism is susceptible to adverse conditions but can 
survive for many months in the cool damp conditions of the soil 
in rodent burrows. Organisms are killed by heating at 56°C for 
15 min, and by exposure to sunlight for 4 h. They may survive 
drying for a few days, but survival is prolonged in dried blood and 
secretions.

PATHOGENESIS

Y. pestis produces a number of virulence factors encoded either 
chromosomally or on one of three plasmids.4,5 A temperature-



65. Plague

1120

dependent coagulase is produced during infection of the fl ea, 
which causes clotting of blood in the proventriculus. As a conse-
quence of this blockage of the fl ea’s foregut, blood containing 
many organisms is regurgitated during subsequent attempts to 
feed. The coagulase is most active at temperatures below 30°C but 
is inactive at 35°C or above. Fleas are cold blooded and these 
observations may explain why transmission of plague ceases in 
the hot seasons in endemic areas. Fraction 1 antigen is a capsular 
glycoprotein, which enables the organism to evade phagocytosis; 
it is produced at 37°C but not below 27°C. Thus in the fl ea and 
when fi rst inoculated into humans these organisms express F1 
antigen poorly and are easily phagocytosed, but not killed, by 
neutrophils and monocytes. However, subsequent generations 
express F1 antigen fully, which together with pH6 antigen and the 
Yop virulon, enables them to avoid phagocytosis. Y. pestis also 
possess the ability to survive and replicate within the phagolyso-
some of macrophages.

V antigen, which is present within the cytoplasm or secreted 
from the cell, is an essential virulence factor and is highly immu-
nogenic. The exact function of V antigen is not known, but it 
appears to suppress pro-infl ammatory cytokines6 and inhibit neu-
trophil chemotaxis.7

Other virulence factors include plasminogen activator, haemin 
storage system and classical lipopolysaccharide endotoxin. The 
largest plasmid also encodes for a murine toxin, which is essen-
tially lethal for mice and rats only.4

PATHOLOGY

The essential feature of plague in man is the bubo – an enlarged, 
congested and centrally necrotic lymph node. Y. pestis can be 
demonstrated in abundance in these lesions. Congestion and 
haemorrhage may be seen in most organs of the body, and exten-
sive haemorrhages may be present in the mucosa of the gastroin-
testinal tract. In pneumonic plague the fi ndings are of a 
haemorrhagic pneumonia and blood-stained fl uid in the pleural 
cavities (Figure 65.3).

CLINICAL MANIFESTATIONS

Historical accounts suggest that plague is one of the most virulent 
infections known to man, but subclinical cases are not uncom-
mon and bubonic plague can be of mild or moderate severity. The 
incubation period is generally 2–5 days but may be up to 15 days. 
In a small proportion of cases, there is a prodromal stage of fever, 

Table 65.1 Cases of human plague reported to the World 
Health Organization (1994–2003)

Location Cases (n) Mortality 
(%)

Africa – total 25 096 7.1

 Madagascar 8 416

 Democratic Republic 
 of Congo

3 619

 Tanzania 3 527

 Mozambique 2 387

Americas – total 754 6.1

 Peru 631

Asia – total 2 675 6.9

 Vietnam 1 331

Worldwide – total 28 530 7

Figure 65.1 Known and probable foci of plague. ++, Frequent transmission; ±, infrequent or suspected transmission.

Figure 65.2 Tatera robusta. Several gerbils from this genus have 
been found infected with Y. pestis in East and South Africa, as well as 
in India where they are associated with focal outbreaks in humans.
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weakness and anorexia. The initial manifestations are usually due 
to lymphadenitis in the nodes draining the site of a fl ea bite.

Bubonic plague

This is the most common form of plague and has a characteristic 
clinical picture. Typically, bubonic plague presents with a short 
prodrome of fever, malaise, anorexia and headache. Sometimes 
there is a dull ache at the site of future buboes, which will develop 
within 24 h. The primary buboes will be found in different loca-
tions depending on the site of inoculation. The most common site 
is the groin (70–80%), with the femoral nodes more often involved 
compared with the inguinal nodes (Figure 65.4).8 Other primary 
sites are the axilla (14–20%), the cervical and submaxillary regions, 
and very rarely the clavicular, popliteal and epitrochlear nodes. 
Cervical and submaxillary node involvement is more often present 
in children. Buboes usually affect only one site but very occasion-
ally two or more may be involved.

Development of the bubo is characterized by severe pain, swell-
ing and marked tenderness of the affected lymph node. Individual 
nodes may attain the size of a hen’s egg; sometimes clusters of 
nodes form a larger, more irregular swelling. There is surrounding 
oedema and the overlying skin is warm, reddened and adherent. 
The mass is immoveable and non-fl uctuant, although, particularly 
if not treated with antibiotics, suppuration and abscess formation 
will occur during later stages. The buboes are generally so tender 
that the patient will hold the associated limb, or head, in such a 
position as to relieve the pressure.

The onset of fever in plague is often abrupt with the tempera-
ture rising rapidly to 39–40°C, or even higher. Prostration and 

lethargy are marked. Sometimes there is agitation or even delir-
ium. Vomiting and diarrhoea occur occasionally. Hepatomegaly 
is common, but the spleen, although slightly enlarged, is not 
usually palpable.

In some patients, small skin lesions, such as vesicles and pus-
tules may be seen in the region drained by the affected nodes. 
These may ulcerate or form an eschar (Figure 65.5), or rarely a 
carbuncle. Y. pestis can be isolated from these lesions. Although 
uncommon, perhaps the best-known skin manifestation is a 
patchy purpuric dermal necrosis, which gave rise to the popular 
name ‘Black Death’.

Laboratory fi ndings include an elevated leukocyte count 
(12 000–22 000/mm3) and toxic granulation of neutrophils. 

Figure 65.3 The lung from a fatal case of pneumonic plague. The 
lower lobe shows intense hyperaemia and haemorrhage with necrotic 
nodules. The upper lobe contains only necrotic nodules with 
compensatory emphysemal changes.

Figure 65.4 Bubonic plague. Fever and regional lymphadenopathy 
with suppuration, especially in the inguinal and axiliary regions, 
commence after an incubation period of less than 1 week.

Figure 65.5 A young woman with eschar of an infected fl ea bite 
and local facial carbuncle.

Clinical Manifestations
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Eosinophilia is absent in the acute phase but is often noticed 
during convalescence. There is also laboratory evidence of dis-
seminated intravascular coagulation.9 Liver enzymes and bilirubin 
are frequently elevated, especially in more severe cases, although 
clinical jaundice is rare.

Minor infections also occur and may go unnoticed. They may 
present with mild fever and less pronounced lymph node enlarge-
ment (‘pestis minor’), which is self-limiting.

Septicaemic plague

Episodes of bacteraemia often occur in bubonic plague: in one 
study, quantitative culture of small volumes of blood detected 
bacteraemia in 40% of cases.10 Densities greater than 102/mL were 
associated with higher mortality.

The term ‘septicaemic plague’ denotes a severe acute illness 
characterized by a high density of organisms in the blood, without 
clinically apparent buboes. The bacteraemia may be so high (up 
to 107/mL) that organisms are detectable in a peripheral blood 
smear. Septicaemic plague accounted for 11% of cases in the USA 
during the 1970s.11 However, in New Mexico from 1980 to 1984, 
25% of the 71 cases reported were septicaemic.12 This was more 
likely to occur in people aged over 40 years. Symptoms include 
fever, rigors, malaise and headache. Gastrointestinal symptoms of 
nausea, vomiting, diarrhoea and abdominal pain are more fre-
quent than in bubonic plague. The duration of illness is shorter 
than in bubonic plague and, if not treated appropriately, the 
patient rapidly becomes shocked and dies within a few days.

Pneumonic plague

Pneumonia in plague can occur in two forms, either as a primary 
pneumonia or secondary to bacteraemic spread in bubonic plague 
or septicaemic plague. Primary pneumonia has an incubation 
period of 2–4 days (range 1–6 days).13,14 The illness begins with 
intense headache and malaise, fever, vomiting and marked pros-
tration and clouding of consciousness. In the initial stages, there 
may be little to suggest pneumonia, but cough and dyspnoea 
develop with the production of watery, blood-stained sputum. 
Physical signs in the lungs are slight; there are reduced breath 
sounds and coarse crepitations at the bases. Respiratory failure 
ensues and the patient rapidly dies. Chest radiography shows 
evidence of multilobar consolidation or bronchopneumonia; 
there may be minimal pleural effusions. The discrepancy between 
gross radiographic abnormalities and minimal physical signs in 
the chest is characteristic. The mortality rate in both types of 
plague pneumonia is extremely high, and appropriate antibiotic 
treatment must be given within 24 h of onset if the mortality rate 
is to be reduced.

Pneumonic plague is generally very uncommon, but it is the 
one form that may result in human-to-human transmission via 
infected droplets. This usually requires close contact with cases 
who have a productive cough. Where the climate is cool and 
humid, allowing infectious particles to persist, epidemics of pneu-
monic plague have occurred, such as that in Manchuria in 1910–
1911. It is also a potential risk in laboratory workers handling 
cultures of Y. pestis. Pneumonic plague is probably not as conta-
gious as it is commonly believed.14 An analysis of past outbreaks 

estimated that the average number of secondary cases per primary 
case (R0) was only 1.3, even before control measures are imple-
mented.13

Plague meningitis

Primary plague meningitis is extremely rare. Most cases of men-
ingeal involvement have occurred as a complication of inade-
quately treated bubonic plague, typically after 9–15 days. There is 
an association between the presence of axillary buboes and the 
development of meningitis.10 It is postulated that this may be due 
to spread by the lymphatic route, but bacteraemia is considered 
to be the means of spread from other sites.

Plague meningitis presents with symptoms and signs common 
to all types of pyogenic meningitis, including fever, headache, 
vomiting and neck stiffness. Examination of cerebrospinal fl uid 
will show a predominately neutrophil leukocytosis, and Y. pestis 
may be demonstrated by Gram stain (Figure 65.6). Mortality is 
higher than in uncomplicated bubonic plague.

Pharyngeal or tonsillar plague

This is a rare variety of plague that results from ingestion15 or pos-
sibly inhalation of the organism. Usually the tonsils become 
swollen and infl amed. There is anterior cervical lymphadenopathy 
and swelling of the parotid area, with surrounding oedema. Y. 
pestis can be isolated from the throat.

Asymptomatic plague

Asymptomatic infections are probably not uncommon in endemic 
areas as demonstrated by serological surveys.16 Asymptomatic car-
riage of the organism in the throat has also been documented.17

DIAGNOSIS

The diagnosis of plague must be considered in anyone presenting 
with fever and localized lymphadenitis, without another obvious 
cause of infection, if they live in, or have returned from, an endemic 
area. Once plague is suspected, laboratory confi rmation should be 
sought as quickly as possible, so that appropriate therapy is given. 
The defi nitive diagnosis of plague requires culture of Y. pestis from 
a clinical specimen, or a four-fold rise in antibody titre.18

Figure 65.6 Yersinia pestis in cerebrospinal fl uid taken from a patient 
with meningitis.
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In most cases, aspiration of a bubo will provide material for 
microscopic examination and culture. If no fl uid or pus is obtained, 
a small amount of saline can be injected and reaspirated. Smears 
may be stained with Wayson, Giemsa or Gram stains. A presump-
tive diagnosis of plague is made by demonstration of bipolar 
staining coccobacilli, with rapid identifi cation by immunofl uores-
cence using F1-specifi c antibodies labelled with fl uorescein. Blood 
cultures should always be taken, and in suspected pneumonic or 
meningeal plague specimens of sputum or cerebrospinal fl uid 
should be processed in the same way as bubo aspirates. Specimens 
for culture should be inoculated on to blood agar and MacConkey 
agar, and may also be placed into an enrichment broth, with 
subculture after 24–48 h.

Serological diagnosis is possible but antibodies may not be 
detectable when the patient fi rst presents; however it is useful in 
culture-negative cases. Haemagglutinating antibodies to F1 antigen 
appear after 1 week and may be detected by the passive haemag-
glutination test (PHA). A single titre of ≥16 is very suggestive of 
plague, whereas a fourfold rise in paired sera is diagnostic. Enzyme 
immunoassays (EIA) have been applied to the detection of serum 
antibody19 and F1 antigenaemia.20 Both appear to be useful diag-
nostic tests.

A signifi cant recent advance in the diagnosis of plague has been 
the development of a hand-held, immunochromatographic test, 
which detects F1 antigen in a range of sample types, with good 
sensitivity and specifi city.21 It holds promise as a rapid bedside 
test, even in remote areas that do not have access to other means 
of diagnosis.

Several methods of DNA detection using polymerase chain 
reaction (PCR) have been developed recently. One clinical study 
to determine the diagnostic value of PCR on bubo aspirates found 
that, although very specifi c, it was not as sensitive as culture or F1 
antigen detection.22

DIFFERENTIAL DIAGNOSIS

Although the picture of severe bubonic plague is distinctive, other 
infections can cause acute lymphadenitis. Staphylococcal and 
streptococcal infections will usually be associated with an obvious 
suppurative lesion or an area of lymphangitis in the region drained 
by the affected lymph nodes. In the USA tularaemia may cause 
confusion. Lymphogranuloma venereum and chancroid also 
cause inguinal lymphadenopathy; however, the buboes are less 
painful and often fl uctuant, and there are usually mild constitu-
tional features.

Primary septicaemic plague and meningeal plague are generally 
indistinguishable from other Gram-negative septicaemias and 
other types of pyogenic meningitis, respectively. Pneumonia in 
plague has to be differentiated from the ‘adult respiratory distress 
syndrome’ that may occur in bubonic and septicaemic forms. 
Pharyngeal or tonsillar plague should be distinguished from other 
common causes of acute tonsillitis and diphtheria.

TREATMENT

In clinically suspected cases, appropriate antibiotic therapy should 
be started as soon as specimens have been taken for microbio-

logical confi rmation. Even bubonic plague can evolve quickly into 
a life-threatening disease. Streptomycin, tetracycline and chloram-
phenicol are the antibiotics traditionally used in the treatment of 
plague, and they remain highly effective today. The response to 
treatment is dramatic provided the patient is not already mori-
bund. Patients with pulmonary involvement are highly infectious 
and must be kept in strict isolation, with precautions against air-
borne spread, until at least three days of antibiotic treatment has 
been given and the patient is clinically improved.

Streptomycin was established as the treatment of choice over 
40 years ago; the regimen is 30 mg/kg per day in two divided 
doses, given intramuscularly, for 10 days. This drug is potentially 
ototoxic and nephrotoxic. In elderly patients and those with renal 
impairment, the frequency of administration and total dosage 
should be reduced. Renal function should be monitored and 
blood taken for streptomycin levels, if available. Newer aminogly-
cosides have very good in vitro and in vivo activity,23,24 and a recent 
clinical trial showed that gentamicin (2.5 mg/kg intramuscularly, 
twice daily, for 7 days) was very effective in treating plague in 
adults and children.25

Tetracycline (250–500 mg four times daily, for 10 days) is a 
satisfactory alternative, especially in milder cases when an oral 
drug is required. Doxycycline has better in vitro activity23 and is 
also very effective clinically (adult dose 100 mg twice daily for 7 
days).25 The tetracyclines are useful when prophylaxis is consid-
ered necessary. They should not be given to pregnant women or 
children up to 8 years of age, and should also be avoided in renal 
failure.

Chloramphenicol is the drug of choice for plague meningitis 
because it achieves good concentrations in the cerebrospinal fl uid. 
An initial loading dose of 25 mg/kg is given intravenously, fol-
lowed by 100 mg/kg per day in four divided doses. When the 
clinical condition permits, it can be administered orally for a total 
course of 10 days.

Susceptibility studies show that the fl uoroquinolone com-
pounds and third-generation cephalosporins are the most active 
antimicrobial agents against Y. pestis in vitro.23,24 In murine models 
of infection, the fl uoroquinolones are also highly active against Y. 
pestis,26,27 suggesting that they will be effective in treating human 
disease. However, the newer cephalosporins gave poor results,26 so 
they cannot be recommended for treatment until more data are 
available.

Until recently, all strains of Y. pestis were remarkably sensitive 
to a wide range of antibiotics. In 1995, two distinct strains, with 
antibiotic resistance, were isolated from patients in different areas 
of Madagascar. One was resistant to streptomycin alone. However, 
the other strain was resistant to streptomycin, tetracycline, chlor-
amphenicol and sulphonamides, but remained susceptible to tri-
methoprim, fl uoroquinolones and cephalosporins. In both cases, 
the resistance was mediated by a plasmid, which could be trans-
ferred easily to other strains of Y. pestis.28

PROGNOSIS

The mortality rate from plague before the antibiotic era ranged 
from 50% to 95%. With the advent of effective antibiotic therapy 
the mortality rate fell dramatically. The overall fatality rate in cases 
reported more recently is approximately 7%.1 In uncomplicated 

Prognosis
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bubonic plague this may be as low as 5%, but in septicaemic 
plague documented in New Mexico the case fatality rate was 
33%.12 The prognosis is much worse in patients with pulmonary 
involvement and, in particular, primary pneumonia invariably 
remains fatal if treatment is delayed more than 24 h.

PREVENTION

Plague is subject to the International Health Regulations and con-
fi rmed cases should be reported to WHO. The control of plague 
depends upon public education, active surveillance and rodent 
and fl ea control measures. During an outbreak, active case fi nding 
and follow-up of contacts are essential.18

Surveillance should be undertaken to assess the potential for 
epizootic plague and the risk of transmission to man. This includes 
bacteriological monitoring of dead or sick rodents and the sero-
logical testing of ‘sentinel animals’, such as carnivores and dogs, 
which are more likely to have contact with plague-infected 
rodents.18 EIA techniques have advantages over PHA for serologi-
cal surveillance. Flea indices should be established; this involves 
determining the number and species of fl eas per host animal, as 
well as the percentage of hosts infested. DNA detection, using 
PCR, has been applied to the identifi cation of Y. pestis in fl eas and 
is more sensitive than mouse inoculation.29

The presence of food sources and shelter in areas of human 
habitation encourages rodents and may be associated with out-
breaks of plague. There should be proper disposal of food and 
refuse; unused out-buildings, wood piles and other forms of 
shelter for rats should be removed. People should be educated to 
avoid activities that will bring them into contact with rodents and 
their fl eas. In areas of sylvatic plague, pet cats and dogs should be 
treated periodically with insecticides.

Specifi c rodent and fl ea control measures with the use of rodent-
icides and effective insecticides, although important, are most 
likely to be successful in the control of urban plague, rather than 
sylvatic plague (which may cover a large area). Attempts at rodent 
control must be preceded by fl ea control measures because of the 
potential risk of increasing human exposure to plague-infected 
fl eas.18 Rat control on ships and in docks, by fumigation, poison-
ing and trapping, is very important in preventing the dissemina-
tion of plague.

The inactivated vaccine, which consisted of formalin-killed Y. 
pestis is no longer available; there were doubts about this vaccine’s 
effi cacy in preventing pneumonic plague. New subunit vaccines 
based on F1 and V antigens are being developed and show much 
greater effi cacy in mice.30

Chemoprophylaxis with oral tetracycline or doxycycline, for 7 
days, is recommended for persons in close contact with plague 
pneumonia, and individuals contaminated in laboratory acci-
dents. Ciprofl oxacin should be a suitable alternative as it has 
proved to be protective against experimental pneumonic infection 
in mice.27
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Section 8 Bacterial Infections

Chapter 66 David A. B. Dance

Melioidosis

INTRODUCTION

Melioidosis is the name used to describe any infection of humans 
and a wide range of other animals caused by the saprophytic 
environmental bacterium Burkholderia (formerly Pseudomonas) 
pseudomallei. Originally identifi ed by Whitmore and Krishnas-
wami in Rangoon, Burma, in 1911,1 it is increasingly recognized 
as an important indigenous infection in many tropical and 
sub-tropical regions, but is probably greatly under-diagnosed.2,3 
This increasing recognition, including travel-associated cases, 
along with its potential as a biological weapon, has seen a surge 
of interest in the disease in recent years.3–5

EPIDEMIOLOGY AND MODE 
OF TRANSMISSION

Melioidosis is widely endemic in south- and east-Asia, especially 
Thailand, and northern Australia, although it is unevenly dis-
tributed within these areas.2,3 In north-east Thailand, the average 
annual incidence has been estimated as 4.4/100 000, although 
this is probably an underestimate, and B. pseudomallei accounts 
for almost 20% of community-acquired septicaemia.3,4 In north-
ern Australia, where in some places melioidosis is the commonest 
cause of fatal community-acquired bacteraemic pneumonia, rates 
as high as 41.7/100 000 have been reported.3 Recent cases in Brazil 
have highlighted the presence of the disease in the Americas,6 but 
the position in Africa is unclear, although sporadic cases have 
been reported there.2,3,7 During the 1970s, an unusual epizootic 
also occurred in France.2–4

In endemic areas, B. pseudomallei is readily isolated from mud 
and surface water, particularly rice paddy.8 Melioidosis is most 
common in people who have close contact with soil and water 
(e.g. rice farmers in Thailand, aboriginals in Australia), although 
in most cases the precise mode of acquisition is unclear. It is 
usually assumed that most infections result from inoculation, 
although inoculation events can only be identifi ed in 5–25% of 
cases.3,9 Occasional cases follow immersion in, or aspiration of, 
fresh water, such as occurred during the Asian tsunami of 2004.3,10 
More recently, mounting evidence suggests that inhalation is an 
important mode of acquisition, especially during severe weather 
events.11,12 Other recent outbreaks have been traced to contami-
nated potable water supplies and contaminated disinfectants or 

detergents.3 Iatrogenic and laboratory-acquired infections have 
occurred occasionally,2,3 but transmission through direct contact 
with infected humans or animals, including transplacental trans-
mission and mother-to-infant spread via breast milk, has been 
described only rarely.2,3

Melioidosis is highly seasonal, with 75–85% of cases present-
ing during the rainy season,3,4,9,11,12 presumably refl ecting recent 
exposure to the organism in the environment. When a specifi c 
exposure can be identifi ed, the incubation period is usually 1–21 
days (mean 9 days).3 However, B. pseudomallei has the unusual 
ability to remain latent for periods of up to 62 years,13 which has 
given rise to the nickname ‘Vietnamese time-bomb’. The pro-
portion of seropositive persons who are latently infected is 
unknown.

MICROBIOLOGY

B. pseudomallei is an ovoid, oxidase-positive, motile Gram-
negative bacillus which often exhibits marked bipolarity micro-
scopically. It grows readily on most routine culture media, often 
forming rugose colonies, and giving off a sweet earthy smell. 
Other important characteristics include arginine dihydrolase and 
gelatinase activity, growth at 42°C, the ability to use a wide range 
of carbon and energy sources, and intrinsic resistance to amino-
glycosides, polymyxins and the early beta-lactams, but susceptibil-
ity to co-amoxiclav. The species is antigenically homogeneous, 
but a number of molecular techniques, most usefully multilocus 
sequence typing, can distinguish between isolates.3,5 The genome 
has been sequenced and comprises two chromosomes of 4.07 and 
3.17 megabase pairs, associated with core and accessory functions, 
respectively, with a high proportion of genomic islands.3,5,14 Burk-
holderia mallei, the causative agent of glanders, appears to be a 
clone of B. pseudomallei that has lost genetic material in associa-
tion with adaptation to equine hosts. Another closely related but 
avirulent soil organism, Burkholderia thailandensis, has proved 
useful for the study of B. pseudomallei virulence determinants.15

PATHOGENESIS

Although severe melioidosis may occur in apparently normal indi-
viduals, up to 80% of cases have underlying diseases, most fre-
quently diabetes mellitus or chronic renal failure.3–5,15 Steroid 
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therapy, alcohol abuse and liver disease, chronic lung disease 
(including cystic fi brosis), kava consumption, malignant disease, 
thalassaemia, chronic granulomatous disease and pregnancy may 
also predispose to melioidosis but, surprisingly, infection with 
HIV does not appear to.3–5 Recrudescence of latent infection also 
usually occurs at times of intercurrent stress.16

The result of exposure to B. pseudomallei in the environment 
varies markedly from case to case, ranging from asymptomatic 
seroconversion (the commonest outcome) to fulminant sepsis 
and death. Which route is followed in any individual depends on 
a balance between the size and route of the inoculum and the 
virulence of the infecting strain on the one hand, and the host 
response on the other. This topic has recently been comprehen-
sively reviewed.3–5,15,16 A range of bacterial factors, including an 
antiphagocytic polysaccharide capsule, quorum sensing mecha-
nisms, a type III secretion system associated with intracellular 
growth and spread, bacterial components such as lipopolysac-
charide, fl agella, pili, secreted products (e.g. protease, lipase, 
lecithinase, various toxins) and a siderophore (‘malleobactin’) 
have all been associated with virulence,3–5,15 but the relative con-
tributions of individual virulence factors to the disease process 
have not been well characterized. The ability of the organism to 
survive and grow intracellularly or become metabolically inactive 
within granulomas probably contributes to the recalcitrant and 
persistent nature of the infection.16 On the host side, innate 
immune mechanisms, macrophage and neutrophil function, and 
both cellular and humoral responses probably all play a role in 
defence against the organism.3,4,15,17 An exaggerated host response 
may also be damaging.3,4,15

PATHOLOGY

The microscopic appearance of lesions is not pathognomonic and 
forms a spectrum from abscess to granuloma depending on the 
duration of the illness and the response of the individual. Multi-
nucleate giant cells, often containing ‘globi’ of bacteria, in a back-
ground of acute necrotizing infl ammation, are a characteristic 
feature.18

CLINICAL MANIFESTATIONS

The variable course and manifestations have made it diffi cult to 
develop a satisfactory clinical classifi cation of melioidosis. Since 
60–70% of the population in endemic areas have antibodies to B. 
pseudomallei by the age of 4 years,19 yet few acquire clinically-
apparent melioidosis, and the majority of infections are presum-
ably mild or asymptomatic. Seroconversion has been associated 
with a fl u-like illness.20 Some of the more common clinically 
apparent forms are described below.

Septicaemic melioidosis

Some 46–60% of cases of culture-positive melioidosis are bacter-
aemic, and the majority of these are clinically septicaemic.3,4,21 
Patients usually have a short history (median 6 days; range 1 day 
to 2 months) of fever and rigors.21 Some 4% of cases in Australia 
are thought to represent recrudescent latent infections.3 Approxi-

mately half have evidence of a primary focus of infection, usually 
pulmonary or cutaneous.3,4,21 Diminished consciousness, jaundice 
and diarrhoea may also be prominent features. Initial inves-
tigations usually reveal anaemia, a neutrophil leukocytosis, 
coagulopathy and evidence of renal and hepatic impairment. 
Deterioration is often rapid, with the development of widespread 
metastatic abscesses, particularly in the lungs, liver (Figure 66.1), 
spleen and prostate, and metabolic acidosis with Kussmaul’s 
breathing. Mycotic aneurysms are being recognized with increas-
ing frequency.22 Cutaneous or subcutaneous abscesses occur in 
approximately 10% of cases and an abnormal chest radiograph 
is found in 80% of patients, the most common pattern being 
widespread, nodular shadowing (Figure 66.2).

Figure 66.1 Ultrasound of liver showing multiple abscesses in a 
patient with septicaemic melioidosis (©Dr S. Peacock).

Figure 66.2 Septicaemic melioidosis. Widespread nodular 
shadowing representing blood-borne pneumonia (©Professor N. J. 
White).
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Localized melioidosis

The lung is the most common site for localized melioidosis. The 
most frequent form is a cavitating pneumonia accompanied by 
profound weight loss, which is often confused with tuberculosis 
or lung abscess (Figure 66.3), although mild bronchitis or bron-
chopneumonia may be the only manifestations. Any lung zone 
may be affected, although there is a predilection for upper lobe 
involvement.23 Localized complications include pneumothorax, 
empyema and purulent pericarditis, whilst progression to septi-
caemia is not uncommon.

Localized B. pseudomallei infection may occur in any organ. 
Well described presentations include: cutaneous and subcutane-
ous abscesses, suppurative parotitis, lymphadenitis, osteomyelitis 
and septic arthritis, liver and/or splenic abscesses (Figure 66.4), 
cystitis, pyelonephritis, prostatic abscesses, epididymo-orchitis, 
keratitis, meningoencephalitis, and brain abscesses.3,4 For reasons 

that have yet to be explained, parotitis in children is common 
in Thailand but not Australia, whereas prostatic abscesses and 
neurological melioidosis are reported more frequently from 
Australia than Thailand.3,4

DIAGNOSIS

Melioidosis should be considered in any patient who has ever 
visited an endemic area who presents with septicaemia and/or 
abscesses, especially if they have a strongly associated predispos-
ing condition, such as diabetes. It is diffi cult to make a clinical 
diagnosis with confi dence. A failure to defervesce on empirical 
treatment with penicillin and gentamicin, a combination often 
used to treat patients with septicaemia in the tropics, is useful 
supporting evidence, but usually the diagnosis depends on the 
isolation of B. pseudomallei , the detection of its antigens or nucleic 
acid, or the presence of specifi c antibodies. Microscopy of pus, 
sputum or urine may reveal bipolar or unevenly staining Gram-
negative rods, but this appearance is not specifi c for B. pseudomal-
lei. The most useful rapid diagnostic tool is immunofl uorescence 
on pus or secretions, but this is not generally available.24 Numer-
ous PCR assays for B. pseudomallei have been developed and some 
have shown promise in small scale evaluatons,3,5,25 but none is in 
widespread use.

The organism should be sought in blood, pus, urine, sputum 
or any other specimen indicated by the patient’s clinical presenta-
tion. The laboratory should be notifi ed when melioidosis is sus-
pected, since selective techniques increase the isolation rate,3–5 and 
the organism may be overlooked or discarded as a contaminant 
by the unwary. The antibiotic susceptibility pattern described 
above is a useful clue. The organism is classifi ed as a ‘category 3’ 
pathogen because of the potential for infection among laboratory 
staff, although this has rarely occurred. Commercial B. cepacia 
medium compares favourably with other media designed to grow 
B. pseudomallei, and is more likely to be available outside endemic 
areas, but commercial identifi cation kits may give misleading 
results,5 so possible isolates should always be sent to a Reference 
Laboratory for confi rmation by those who rarely encounter the 
organism.

There is no standard assay for serodiagnosis of melioidosis. An 
indirect haemagglutination (IHA) test, using a crude mixture of 
poorly characterized antigens, is the test most widely used in 
endemic areas, although many other assays have been described. 
Most tests have disappointing sensitivity and specifi city, particu-
larly in endemic areas where background seropositivity rates are 
high.3–5 A commercial immunochromatographic test produced in 
Australia has given variable results in fi eld evaluations.3,5 Serology 
may be useful in patients from non-endemic areas, in whom a 
single IHA titre of >1 : 40 at presentation is suggestive of melioi-
dosis. In patients from endemic areas, only a rising or very high 
titre in a patient with a compatible illness can be taken as pre-
sumptive evidence of melioidosis.

Differential diagnosis

With such variable manifestations that it has been nicknamed 
‘the remarkable imitator’, the range of differential diagnoses of 
melioidosis is very wide, and varies considerably from patient to 

Figure 66.3 Cavitating pneumonia in melioidiosis, with an air-fl uid 
level.

Figure 66.4 Spleen removed from a patient with chronic melioidosis 
showing multiple abscesses (©Professor N. J. White).

Diagnosis
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patient depending on the site of infection. Common differentials 
in acute severe cases include any bacterium causing community-
acquired septicaemia, pneumonia or abscesses, particularly Staph-
ylococcus aureus. Chronic pulmonary cases must be distinguished 
from tuberculosis and anaerobic lung abscesses, and hepatic cases 
from mixed bacterial or amoebic liver abscesses.

MANAGEMENT

General

Patients with septicaemic melioidosis require aggressive support-
ive treatment, with particular attention to correction of volume 
depletion and septic shock, respiratory and renal failure, and 
hyperglycaemia or ketoacidosis. Severe cases should ideally be 
managed in an intensive care unit. Abscesses should be drained 
surgically whenever possible in both disseminated and localized 
disease.

Antimicrobial therapy

Several prospective randomized comparisons of antimicrobial 
therapy for melioidosis have been undertaken over the past 20 
years, resulting in a good evidence base for treatment, which has 
been summarized in recent reviews.3–5,26 The standard approach 
to chemotherapy of severe disease is to use at least 2 weeks of 
parenteral treatment initially, followed by 12–20 weeks of oral 
‘eradication’ therapy to reduce the risk of relapse. Mild cases may 
be treated with oral drugs alone. Preferred regimens are given 
in Table 66.1. Co-amoxiclav and cefoperazone-sulbactam have 
also been used for parenteral treatment, but experience is more 
limited.

Encouraging results using G-CSF for adjunctive treatment of 
melioidosis septic shock have been reported in an uncontrolled 
study from northern Australia,3,5 but this did not achieve statistical 
signifi cance in a prospective randomized trial.27 In vitro resistance 

to co-trimoxazole, which can only reliably be determined by ‘E-
test’, is not uncommon, but it is not known whether this increases 
the risk of relapse or should alter the choice of treatment.5,28

PROGNOSIS

Even with optimal antibiotic treatment, the mortality of severe 
melioidosis is 19% in Australia and 40% in Thailand, death within 
the fi rst 48 h of hospital admission being common.3–5 Even in 
those that recover, the response to therapy is often slow (median 
time to resolution of fever 9 days).4,21 Poor prognostic features 
include hypotension, absence of fever, leucopenia, azotaemia, 
abnormal liver function tests, a high level of bacteraemia, raised 
levels of a range of pro-infl ammatory cytokines, and positive urine 
or sputum cultures.3–5 Relapse occurs in 9.7% overall, and is com-
moner in those with disseminated infections who receive less than 
12 weeks of treatment.29 Surprisingly, reinfection also appears to 
occur in 3.4% of survivors followed-up for long periods of time.29 
Antibiotic resistance may develop occasionally during the course 
of treatment, although this is rare (<1%) with β-lactams.

PREVENTION

No B. pseudomallei vaccine has been developed for human use, 
although experimental vaccines are under development.30 Anti-
biotic prophylaxis has been attempted following laboratory 
exposures and would be considered in the event of deliberate 
release, but there is limited evidence of its effi cacy.3 Prevention 
is thus limited to the avoidance of contact with B. pseudomallei 
in the environment, particularly by ‘at-risk’ individuals such as 
diabetics, the removal of point sources and adequate chlorination 
of water supplies. The risk of cross-infection appears to be 
very low, but cases may be barrier nursed where facilities are 
available.
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Section 8 Bacterial Infections

Chapter 67 Nicholas J. White and Tran Tinh Hien

Diphtheria

DEFINITION

Diphtheria is an acute infectious disease of the tonsils, pharynx, 
larynx or nose, and occasionally of other mucous membranes or 
skin, caused by Corynebacterium diphtheriae. The word diphtheria 
originates from the term ‘diphtherite’, which has a Greek root 
meaning skin or hide, and refers to the leathery appearance of the 
characteristic pharyngeal membrane.1 The disease is caused by the 
local effects of destructive infection (usually in the nasopharynx) 
and the distal effects of diphtheria toxin on the heart, peripheral 
nerves and kidneys. Death results from airways obstruction, myo-
carditis or polyneuritis. Diphtheria has declined dramatically in 
affl uent countries over the past 80 years,2,3 but it remains an 
important disease in many parts of the tropics and there has been 
a recent resurgence of the disease in the West. Between 1990 and 
1999, over 158 000 cases and 4000 deaths were reported in the 
countries of the former Soviet Union. Approximately 100 years 
ago, 1% of all medical publications were on diphtheria. Now 
there is very little clinical research on diphtheria. Most new devel-
opments are in vaccine formulations.

BACTERIOLOGY

The diphtheria bacillus was fi rst grown in pure culture by Loeffl er 
in 1884. The causative organism, C. diphtheriae is a non-motile, 
non-capsulated, non-spore-forming aerobic bacillus. Although it 
is described as Gram-positive, it is easily decolourized during the 
staining procedure and may appear Gram-negative. On micro-
scopy, C. diphtheriae exhibits considerable pleomorphism, 
ranging from the classical club shape to long slender bacilli. The 
arrangement of organisms on a smear often resembles Chinese 
letters. The presence of metachromatic granules when stained 
by Loeffl er’s methylene blue or Albert’s stain is characteristic, 
although this should not be relied upon for identifi cation.

C. diphtheriae grows well on blood agar, but tellurite blood agar 
(Hoyle’s medium) is recommended as this inhibits other respira-
tory fl ora and allows the characteristic colonial morphology of 
the three biotypes (gravis, intermedius and mitis) to develop.4 
Although, as the name implies, toxigenic gravis strains are gener-
ally associated with more severe disease, in vitro mitis strains often 

produce more toxin than gravis or intermedius strains. Toxin pro-
duction is very dependent on the composition of the growth 
medium. The iron content is particularly important. Young organ-
isms produce more toxin than older organisms, and thus increased 
toxin production is associated with rapid growth. The association 
between biotype and severity is not constant. C. diphtheriae is 
further identifi ed by biochemical reactions: acid is produced from 
glucose and maltose but only very rarely from sucrose; urea is not 
hydrolysed. The gravis biotype ferments starch.5 Simple screening 
tests have been developed for identifi cation of the pathogenic 
corynebacteria, which do not produce pyrazinamidase, but do 
produce cystinase (seen as a brown halo around colonies, when 
cystine is incorporated into modifi ed Tinsdale’s agar).6

PATHOGENESIS

The potentially lethal effects of diphtheria in humans are caused 
by an exotoxin. The toxigenicity of C. diphtheriae depends on the 
presence of a tox+ phage (α lysogenic β-phage) which induces the 
organism to produce toxin. Harmless non-toxigenic strains of 
C. diphtheriae, lacking the tox+ β-phage, can be converted to 
pathogenic toxigenic strains by infection with a lysogenic phage 
(in vitro). This process may also occur in vivo.7

Toxin production by corynebacteria is usually detected by Elek’s 
test5 or guinea pig inoculation, but recently enzyme 
immunoassays have been developed which are cheaper and easier.8 
Diphtheria toxin can also be produced by C. ulcerans and this has 
resulted in clinical diphtheria.9

Diphtheria exotoxin is a 62 000 Da polypeptide which includes 
two segments: the active toxin moiety (A) and the binding (B) 
segment, which binds to specifi c receptors on susceptible cells. 
The binding B portion attaches to the cell membrane, allowing 
the active A portion to enter the cells where it catalyses a reaction 
that inactivates the transfer RNA (tRNA) translocase ‘elongation 
factor 2’ (EF-2), in eukaryotic cells. This factor is essential for reac-
tions that transfer triplet codes from messenger RNA to amino 
acid sequences via tRNA. Thus EF-2 inactivation stops synthesis of 
the polypeptide chains. The diphtheria toxin affects all human 
cells, but the most profound effects are on the myocardium (myo-
carditis), peripheral nerves (demyelination) and kidneys (acute 
tubular necrosis).
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EPIDEMIOLOGY

The only known reservoir for C. diphtheriae is the human. Diph-
theria spreads from person to person, either from acute cases or 
from asymptomatic carriers. The principal modes of spread are by 
respiratory droplets or direct contact with secretions from the 
respiratory tract or exudate from infected skin. Fomites and dust 
are not important vehicles of transmission, but the organism can 
resist drying and may be isolated from fl oor dust in a ward or a 
room in which an infected patient is being nursed. Epidemics have 
been caused by milk contaminated by a human carrier. Some 
patients become carriers and continue to harbour C. diphtheriae 
for weeks or months, or rarely, for a lifetime.

The incidence of diphtheria in the Western world has decreased 
in the last 50–75 years (152 cases per 100 000 population in 1920 
to 0.002 per 100 000 in 1980 in the USA). As diphtheria began to 
decline before the immunization programmes were instituted, 
and epidemics have occurred even in well immunized popula-
tions,10 it seems that there are additional undefi ned factors con-
tributing to the low incidence of diphtheria in affl uent countries. 
Although there has been a great decline in the disease in wealthy 
countries (such that most physicians in these countries have never 
seen a case of diphtheria), the disease is still a signifi cant problem 
in many developing countries.

CLINICAL MANIFESTATIONS OF 
THE ACUTE INFECTION

Diphtheria is predominantly a disease of childhood.11,12 After an 
incubation period of 2–5 days, diphtheria presents in a variety of 
different forms depending upon the location of the pseudomem-
brane. The grey-white membrane is the hallmark of the infection. 
It is caused by the destructive effects of the toxin on epithelial cells. 
The membrane is composed of a coagulum of leukocytes, bacteria, 
cellular debris and fi brin. It is adherent to underlying tissues and 
bleeds if pulled away. In clinical practice, the disease can be 
divided into groups as follows: cutaneous, nasal, faucial, tracheo-
laryngeal and malignant diphtheria. Faucial diphtheria is the most 
common, whereas cutaneous diphtheria is relatively rare in 
endemic areas; however, where the disease is rare, cutaneous diph-
theria is relatively more common.

Anterior nasal diphtheria

The principal symptom is nasal discharge (100%). This is usually 
unilateral, thin at fi rst, then purulent and bloody with excoriations 
of the nostril and skin above the upper lip. Nasal diphtheria is 
relatively common in infancy. It is often mild, except when naso-
pharyngeal or faucial forms co-exist.

Faucial diphtheria

This is the most common form of diphtheria. The onset is usually 
slow, with moderate fever, malaise and sore throat (80%). Other 
symptoms may include nausea, vomiting and painful dysphagia. 
There is typically a patch or patches of greyish-yellow adherent 

membrane with a surrounding dull red infl ammatory zone on one 
or both tonsils. At the beginning of the illness, diphtheria can look 
like any type of tonsillitis, with only a small spot of membrane 
on one tonsil. The membrane may then extend to the uvula, soft 
palate, oropharynx, nasopharynx or larynx. The lymph nodes in 
the neck are enlarged and painful, and the neck may be slightly 
swollen (Figure 67.1). The fetor of diphtheria is characteristic and 
was once one of the four criteria for clinical diagnosis (membrane, 
fetor, lymphadenitis, oedema).2

Tracheolaryngeal diphtheria

Diphtheria of the larynx is usually secondary to faucial diphtheria 
(85%). Occasionally, there is no membrane on the pharynx at all. 
The initial symptoms include moderate fever (75%) with hoarse-
ness (100%), unproductive cough and dyspnoea. Obstruction of 
breathing by the expanding membrane and associated oedema 
occurs gradually over about 24 h. Sometimes the membrane 
detaches, causing acute respiratory obstruction. The severely 
affected child appears frightened and agitated, but is quiet, sweat-
ing and ominously cyanotic. The accessory muscles of respiration 
are used, with retraction of supraclavicular, substernal and inter-
costal tissues on inspiration. Without a tracheostomy the child 
will suffocate and die.

Malignant diphtheria

This is the most severe form of diphtheria. The onset is more acute 
than in other forms. The patient becomes rapidly ‘toxic’, with high 
fever, rapid pulse, low blood pressure and cyanosis. Usually, 
extension of the membrane is more rapid, spreading from the 
tonsils to the uvula, then creeping forward across the hard palate, 
up the nasopharynx, or sometimes down the nostrils. Cervical 
adenitis and oedema produce the classical ‘bull neck’ appearance. 
The patient may bleed from the mouth, nose and skin. Cardiac 
involvement with heart block occurs earlier, within a few days 
from the onset. More than 50% of malignant diphtheria cases 
are fatal, and this high mortality rate has changed little with 
treatment.

Cutaneous diphtheria

Skin infections with C. diphtheriae are now more common than 
nasopharyngeal disease in the West. This particularly affects 
vagrants and alcoholics living in unhygienic conditions. The clin-
ical features range from a simple pustule to a chronic non-healing 
ulcer with a grey, dirty, membrane. Toxic complications from 
these infections are infrequent, and when they do occur, are more 
likely to manifest as neuritis than myocarditis.

Other sites

Occasionally, clinical infections with C. diphtheriae may occur in 
other sites, such as ears, conjunctiva or vagina. Swabs of ear dis-
charge from otitis media may occasionally grow C. diphtheriae but 
toxic manifestations are rare.
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TOXIC COMPLICATIONS

Severe diphtheria is a terrible disease. Even if patients survive the 
acute destructive phase of the infection, they are likely to die from 
the remote effects of the toxin. Patients recovering from diphthe-
ria may die suddenly up to 8 weeks following the acute disease. 
The most prominent toxic complications of diphtheria are myo-
carditis and neuritis. The risk and the severity of toxin damage 
correlate with the extent of the pseudomembrane and the delay 
in administration of antitoxin. The frequency of cardiac involve-
ment following laryngeal and malignant diphtheria is 3–8-fold 
higher than for tonsillar diphtheria, and 2–3-fold higher if anti-
toxin is given 48 h or more from the onset of disease.

Myocarditis

Overall, approximately 10% of patients with diphtheria develop 
myocarditis, although two-thirds of patients with severe infection 
will have some evidence of cardiac involvement. Myocarditis can 
be predicted on admission by the extent of the pseudomembrane, 
and is almost invariable if there is a bull neck.12–15 The fi rst evi-
dence of cardiac toxicity usually occurs in the second week of 
illness. Clinical signs include soft heart sounds, a gallop rhythm, 
and less commonly signs of congestive heart failure. Incompetent 
murmurs may develop as the ventricles dilate. The mortality rate 
associated with diphtheritic myocarditis is approximately 50%. 
Echocardiography shows dilated, poorly contracting ventricles. 
Electrocardiographic (ECG) abnormalities are more common 
than clinical signs of myocarditis and include frequent supraven-

tricular and ventricular ectopics, bursts of tachyarrhythmia, broad-
ening of the QRS complex, ST and T wave changes, varying degrees 
of heart block, and bradyarrhythmias.14–16 The loss of anterior R 
waves or the development of complete heart block is an ominous 
sign. Patients with bundle branch block and complete heart block 
have a very high mortality rate (more than 80%). Levels of cardiac 
enzymes (creatine phosphokinase MB, myoglobin and troponins) 
rise in proportion to the degree of cardiac damage.15 Although 
early reports suggested that diphtheria might cause conduction 
disturbances to arise after recovery, this has not been confi rmed 
in recent series.

Neuropathy

Neurotoxicity is evident in 10–20% of cases. As with myocardial 
damage, the extent and severity of nervous system involvement is 
determined by the extent and severity of the primary (usually) 
oropharyngeal infection. The exotoxin causes segmental degen-
eration of the myelin sheath and in severe cases, degeneration of 
the axon cylinder. Polyneuritis is uncommon in mild diphtheria 
but occurs in approximately 7–10% of moderate and severe cases. 
Neurological complications develop late, usually between 3 and 
8 weeks after the onset of local symptoms, and often when other 
severe manifestations are resolving. Paralysis of the soft palate is 
a characteristic and early manifestation of neuropathy. It does not 
occur with cutaneous diphtheria and therefore probably results 
from local toxin spread in the oropharyngeal tissues.17,18 This 
results in a nasal voice and regurgitation of ingested fl uids through 
the nose. Later, blurred vision may occur because of paralysis of 

Figure 67.1 Patient with acute diphtheria 
– swollen facies.

Toxic Complications
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the muscles of accommodation together with paralysis of the 
pharynx, larynx and respiratory muscles. The IXth and Xth cranial 
nerves are most commonly affected, followed by the VIIth nerve, 
the nerves to the external ocular muscles (III, IV and VI).19 Quadri-
paresis is common, and death from respiratory failure may result 
either from paralysis of the respiratory muscles or paralytic closure 
of the larynx. Limb weakness occurs in about half of those with 
neuropathy. Sensory defi cit affects proprioception in particular. 
Autonomic dysfunction is common, and sudden hypotension 
may occur between the fourth and seventh weeks of disease. The 
evolution of the neurological defi cit is often asynchronous such 
that cranial nerve defi cits may be improving while peripheral 
nerve defi cits worsen.19 In comparing diphtheria with Guillain–
Barré syndrome (GBS), diphtheric polyneuropathy is much more 
likely than GBS to have a bulbar onset, to lead to respiratory 
failure, to evolve more slowly, to take a biphasic course, and to 
cause death or long-term disability. In a recent series of adults with 
diphtheria from Latvia, 41% of those with limb weakness still 
could not work at their 1-year follow-up. Antitoxin seems ineffec-
tive in preventing neuropathy if administered after the second day 
of diphtheritic symptoms.20

Other complications

Less common complications of diphtheria include acute tubular 
necrosis, disseminated intravascular coagulation, endocarditis and 
secondary pneumonia. The overall mortality rate of diphtheria is 
approximately 5–10%, with relatively higher rates in infancy and 
old age.

DIAGNOSIS

In many parts of the world, especially in developing countries, 
diphtheria is still a common disease. It should be considered in 
any patient with the following symptoms: tonsillitis and/or phar-
yngitis with pseudomembrane, hoarseness and stridor, cervical 
adenopathy or cervical swelling (bull neck), unilateral bloody 
nasal discharge or paralysis of the palate. Direct smears of infected 
areas of the throat are often made, but these are unreliable. The 
diagnosis is confi rmed by isolation and identifi cation of C. diph-
theriae from infected sites, but cultures are often negative, particu-
larly if the patient has received antibiotics before admission to 
hospital. The differential diagnosis includes streptococcal or viral 
pharyngitis and tonsillitis, and Vincent’s angina. Common and 
sometimes tragic errors are to diagnose tonsillar diphtheria as 
infectious mononucleosis, or a case of ‘bull neck’ (malignant 
diphtheria) as mumps. If possible, cardiac enzymes or troponins 
should be monitored along with the electrocardiogram to anti-
cipate myocardial dysfunction and conduction disturbances.

MANAGEMENT

Emergency tracheostomy should be performed to anticipate or 
relieve respiratory obstruction in laryngeal diphtheria.21,22 The 
procedure must not be delayed until the patient develops cyano-
sis. Agitation and the use of the accessory respiratory muscles are 
indications for immediate tracheostomy. As the mortality rate of 

diphtheria increases with delay in antitoxin administration, treat-
ment with diphtheria antitoxin should be started on clinical sus-
picion, without waiting for defi nitive laboratory confi rmation. 
The dose of antitoxin depends on the site of primary infection, 
the extent of pseudomembrane, and the delay between the onset 
and the antitoxin administration: 20 000–40 000 units for faucial 
diphtheria of less than 48 h duration, or cutaneous infection; 
40 000–80 000 units for faucial diphtheria of more than 48 h 
duration, or laryngeal infection; 80 000–100 000 units for malig-
nant diphtheria (bull neck, toxic state). Adrenaline (epinephrine) 
should be available to cope with rare anaphylactic reactions to the 
antitoxin.

Antibiotics will stop toxin production and prevent further 
spread of organisms in the host. C. diphtheriae is susceptible to a 
variety of antibiotics including penicillin, cephalosporins, eryth-
romycin and tetracycline. In a randomized comparison in Vietnam, 
the use of penicillin was associated with shorter fever clearance 
(median 27 h) compared with 46 h for erythromycin recipients 
and, whereas there was no penicillin resistance, 27% of the C. 
diphtheriae isolated were resistant to erythromycin.23 The recom-
mended antibiotic treatment regimen is therefore penicillin G, 
50 000 units/kg daily in four divided doses, with erythromycin, 
parenterally or orally, 5 mg/kg four times daily as an alternative 
for penicillin-allergic patients. Antibiotic susceptibility should be 
checked when cultures are positive. Erythromycin is considered to 
be more effective in eliminating the carrier state, although there 
are limited data to support this.

Bed rest is recommended during the acute phase, but there is 
no proof of its benefi t. Close electrocardiographic monitoring is 
indicated, particularly after the fi rst week, to detect early signs of 
cardiac involvement. Angiotensin-converting enzyme inhibitors 
(captopril) have been used in patients, but there have been no 
randomized trials. If there is high-grade or complete heart block, 
then temporary pacing should be performed, although again there 
have been no large trials to determine whether these measures 
infl uence outcome. One study has suggested that carnitine may 
be benefi cial by decreasing the incidence of myocarditis,24 but 
additional evidence of its effi cacy is required. The administration 
of corticosteroids may benefi t laryngeal diphtheria by reducing 
swelling,25 but otherwise is of no benefi t.26

Insertion of a temporary pacemaker is indicated in complete 
heart block with bradycardia, although the mortality remains 
high.27,28

PREVENTION

Diphtheria is readily preventable by vaccine administration. This 
is included in the triple vaccine: diphtheria, tetanus and pertussis 
vaccine (DTP) or the quintuple diphtheria, tetanus, pertussis, 
polio and HiB vaccine. The recommended primary course of 
immunization of children aged up to 7 years consists of three 
doses: the fi rst at 6–8 weeks of age, the second at 3 months and 
the third at 4 months. A booster dose of diphtheria, tetanus, per-
tussis, and polio (dTaP/IPV or DTaP/IPV) vaccine is given between 
40 months and 5 years of age. A fi nal immunization with diph-
theria, tetanus, polio (Td/IPV) vaccine is given between 13 and 18 
years of age. If primary immunization is delayed until 7 years 
of age, or is interrupted, a series of three doses of tetanus and 
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diphtheria toxoid adsorbed (DT ads), which contains less diph-
theria toxoid than DTP, should be completed, giving the second 
dose 4–8 weeks after the fi rst, and the third 6–12 months later. 
Research continues into combination vaccines and the intranasal 
delivery route. Patients with diphtheria should receive active 
immunization after recovery. Close contacts should be screened 
for C. diphtheriae with throat swab culture. If the immunization 
status is unclear, they should be treated with an appropriate anti-
biotic if culture positive, and receive primary immunization 
according to their age. Immunity following immunization can be 
assessed by means of the Schick test. A standardized sterile diluted 
fi ltrate from a culture of C. diphtheriae (the Schick test toxin) is 
injected intradermally (0.2 mL) into the fl exor surface of the left 
forearm. An equal volume (0.2 mL) of heat-inactivated fi ltrate 
(Schick test control) is injected intradermally into the right 
forearm. The injection sites are inspected after 24–48 h and again 
at 5–7 days. A lack of infl ammation indicates adequate antitoxic 
immunity. Sometimes non-specifi c reactions (pseudoreactions) 
occur, but these are usually equal in both arms (i.e. toxin and 
control elicit an equal infl ammatory reaction). Schick-negative 
patients are either resistant to disease or, with gravis and interme-
dius strains, they may sometimes develop mild disease.
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Section 8 Bacterial Infections

Chapter 68 Moses S. Kapembwa

Endemic Treponematoses

The endemic or non-venereal treponematoses include yaws, 
endemic syphilis and pinta. Their causative organisms, Treponema 
pallidum subsp. pertenue for yaws, T. pallidum subsp. endemicum for 
endemic syphilis and T. pallidum subsp. carateum for pinta, have 
remained until recently morphologically and antigenically indis-
tinguishable from T. pallidum subsp. pallidum, which causes vene-
real syphilis (see Chapter 21). Likewise, there are no differences 
in serology or response to penicillin. Nevertheless, there are 
signifi cant clinical and epidemiological differences among these 
treponematoses.

The discrepant manifestations of these biologically ‘similar’ 
organisms has generated considerable interest leading to academic 
disputes and much speculation and argument among medical 
historians. Hudson1 recognized only T. pallidum and believed in 
an all-embracing concept (unitarian theory): all the treponemato-
ses were due to the same organism and the differences were 
determined by the socioenvironmental conditions, such as age, 
microclimate of skin, temperature and humidity. Others, includ-
ing Hackett,2 believe that these conditions are separate entities 
caused by different organisms. Whereas PCR amplifi cation has 
provided ample evidence in support of species specifi city,3 no 
genetic differences have been shown to distinguish between the 
non-venereal treponemal sub-species. Subtle differences are pos-
sible and remain to be characterized. In one study, for example, 
Treponema pallidum subsp. pertenue and T. pallidum subsp. pallidum 
were reported to differ in at least one nucleotide.4 The differences 
with regard to experimental infections by these treponemes in 
laboratory animals have also been described.5 Humans are the 
only proven reservoirs for the non-venereal treponemes and, 
although similar organisms have been isolated from primates in 
Africa, their signifi cance with regard to human disease is 
unclear.6

Endemic treponematoses were among the most predominant 
diseases in the pre-antibiotic era. Thus, in the mid-twentieth 
century, there were an estimated 50 million cases of yaws world-
wide (half in Africa), over 1 million cases of endemic syphilis 
(mostly in North Africa and the eastern Mediterranean basin) and 
about 1 million cases of pinta confi ned to Central and South 
America. Discovery of long-acting penicillin preparations, which 
were cheap, safe and curative with a single intramuscular injec-
tion, made a cost-effective eradication programme possible. Con-
sequently, in 1948, the World Health Organization, in conjunction 

with UNICEF and many national governments, established a 
global control programme, fi rst against yaws and later extended 
to include endemic syphilis and pinta. Mobile teams were formed, 
and over 50 million individuals were treated of the 160 million 
examined in 46 countries. As a result, these diseases were brought 
under control and even eliminated from some areas. However, 
dismantling of the mobile teams and lack of active surveillance 
led to the persistence of endemic foci in some countries. From 
1980, not surprisingly, reports began to appear of an alarming 
resurgence, notably of yaws and endemic syphilis, particularly in 
West Africa, Central Africa, and to a lesser extent, south-East Asia 
and the western Pacifi c.7–11 In some parts of the Central African 
Republic, the pygmy population has been suggested to harbour 
the main focus of yaws.12 Sporadic cases were also being reported 
from some countries in the Americas.13,14 The geographical distri-
bution of the endemic treponematoses in the early 1990s is shown 
in Figure 68.1. In some tropical areas, when yaws came under 
control, venereally acquired syphilis had apparently become 
more prevalent, possibly because of immunological and sociocul-
tural factors. Thus, both yaws and venereally acquired syphilis 
were being encountered in these areas, giving rise to diagnostic 
problems.

In addition to the similarities mentioned above, the endemic 
treponematoses have some other common characteristics, 
including non-venereal transmission (mainly in childhood), a 
predominantly rural distribution associated with poverty, over-
crowding, the absence of congenital transmission and the lack 
of involvement of cardiovascular and central nervous systems. 
The occasional reports purporting to show evidence of involve-
ment of cardiovascular and central nervous systems have 
attracted little support, and positive serological tests in the 
newborn may be due to passive transplacental transfer of IgG. 
Their differentiation, therefore, at the present time, is dependent 
on clinical and epidemiological aspects. The incubation 
period of endemic treponematoses is similar to that of venereal 
syphilis.

YAWS

Yaws is also known by other names: Framboesia (German), Pian 
(French), Buba (Spanish), Parangi and Paru (Malay).
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Epidemiology and mode of transmission

Yaws is found in the warm, humid, tropical, predominantly rural 
areas of Africa, Central and South America, the Caribbean, and 
equatorial islands of South-east Asia, notably Indonesia and 
Papua New Guinea, with a limited distribution in some remote 
parts of India and Thailand. In endemic areas, the prevalence of 
infectious yaws increases during the rainy season, when skin 
lesions tend to be more numerous.

Yaws occurs commonly among children aged 2–15 years who 
live in poor, overcrowded and insanitary conditions. Direct per-
sonal skin-to-skin contact is the major route of transmission of 
yaws. The reproducibility of yaws in humans by inoculation with 
secretions from patients with framboesia was demonstrated by 
Paulet in 1848 and by Charlouis in 1881, well before the identi-
fi cation of T. pertenue by Castellani in 1905.15–17 A lack of soap 
and water, clothes and footwear facilitates the spread of the 
disease. Infectivity occurs particularly under humid tropical condi-
tions. Indirect transmission of treponemal infection by formites 
and insects settling on open moist lesions is theoretically possible 

but no evidence exists.18 Sexual transmission does not, as a rule, 
play a role in endemic treponematoses.

Clinical features

The course of yaws may be divided into early, latent (during which 
infectious relapses may occur) and late (tertiary) non-infectious 
stages.

Early stage

Early yaws comprises the primary and secondary stages. After an 
average incubation period of 21 (range 9–90) days, the initial or 
primary lesion (‘mother yaw’) appears at the site of entry of the 
organisms, usually on the exposed parts of the body, such as the 
legs, arms, face and neck. The lesion manifests as a round or 
oval papule, 2–5 cm in diameter, and may develop into a large 
papilloma (Figure 68.2). Early-stage skin lesions are often itchy, 
leading to excoriation and ulceration. Such lesions contain 
numerous treponemes and are, therefore, highly infectious.

Pinta

Yaws
Endemic syphilis

Figure 68.1 Geographical distribution of the endemic treponematoses in the early 1990s. (From Clinics in Dermatology 1999; 17:144; courtesy 
of Dr Herman Jan H. Engelkens.)
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The primary lesion may last for 3–6 months and heal with or 
without scar formation. Lymphatic spread may lead to lesions in 
the neighbouring areas, and haematogenous spread of the organ-
isms may produce lesions elsewhere in the body.

Secondary lesions usually appear a few weeks to up to 2 years 
after the appearance of the primary lesion, and may be preceded 
or accompanied by fever, arthralgia, malaise and generalized 
lymphadenopathy. The skin manifestations resemble the initial 
lesion but are more disseminated. They may become crusted and 

Figure 68.2 Yaws: initial lesion ‘mother yaw’. (Courtesy of C. J. 
Hackett.)

Figure 68.3 Cutaneous early yaws: papillomas. (Courtesy of C. J. 
Hackett.)

Figure 68.4 Cutaneous early yaws: papillomas on the arm. 
(Courtesy of C. J. Hackett.)

Figure 68.5 Cutaneous early yaws: discoid papillomas. (Courtesy of 
C. J. Hackett.)

removal of the yellow crust reveals raspberry granulomas (fram-
boesides) (Figures 68.3, 68.4). Annular, discoid (Figure 68.5), 
crescentic or irregularly shaped papules and nodules can also be 
seen. The palms of the hand and soles of feet show hyperkeratotic 
plaques. Plantar papillomas, in particular, take longer to erupt 
than those elsewhere on the skin and may make walking painful, 
resulting in a sideways ‘crab-like’ gait (crab yaws) (Figure 68.6). 
Lesions occurring on the moist areas of the body or at the muco-
cutaneous junctions may resemble the condylomata lata of 
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syphilis. The secondary lesions, which tend to occur in crops, 
may last for up to 6 months and heal without any scars, except 
when ulcerated and secondarily infected.

Bone involvement is manifested by osteitis and periostitis; the 
affected bones are painful (worse at night) and tender. Dactylitis 

Figure 68.6 Indeterminate yaws: plantar hyperkeratosis (crab yaws).

Figure 68.7 Early yaws: polydactylitis. Figure 68.8 Early yaws: goundou. (Courtesy of C. J. Hackett.)

(i.e. osteoperiostitis of the proximal phalanges of the fi ngers; 
Figure 68.7) and swelling of the ulna, as well as involvement of 
the long bones of the legs, are common in children. Plain radiog-
raphy is usually suffi cient to identify early bone changes.19 In very 
rare cases, there is hypertrophic osteitis of the nasal process of 
the maxillae, giving rise to the swellings on both sides of the 
bridge of the nose, called goundou (Figure 68.8). In untreated 
cases, the swellings may grow and obstruct the nostrils.

Attenuated yaws is a milder clinical presentation that is recog-
nized in areas of low prevalence, comprising transient, dry, fl at 
cutaneous lesions confi ned to intertriginous areas of the body.20

Latent stage

The disease may then progress to latency, resulting eventually in 
spontaneous cure or persistent latency. Serological tests may 
remain positive, usually at low titres. An estimated 10% of patients 
develop late lesions after 5 or more years of untreated infection.

Late stage

Late stage yaws is characterized by necrotic destructive lesions of 
the skin (Figure 68.9), gummatous lesions of the bones (Figure 
68.10) and overlying tissues resulting in varying degrees of 
scarring and deformity. These lesions are similar to those of ven-
ereal syphilis (Chapter 21). The late manifestations include: hyper-
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syphilis lesions – in which the organisms were demonstrated 
largely in the dermal-epidermal junction as well as in the dermis. 
Using specifi c monoclonal antibodies, these same authors were 
also struck by the paucity of T and B lymphocytes in yaws 
specimens.

Diagnosis and differential diagnoses

Dark-fi eld examination of exudates from primary and secondary 
skin lesions will reveal motile treponemes which must be differ-
entiated from saprophytic spirochaetes. Serological tests behave 
as in the case of venereal syphilis (Chapter 21).

Clinical diagnosis of yaws in the presence of classical lesions is 
straightforward in endemic areas, but differentiation from endemic 
syphilis may occasionally be diffi cult. The common skin condi-
tions to be differentiated include chronic scabies, verrucae, fungal 
infections, impetigo, lichen planus, sarcoidosis, psoriasis, eczema 
and tungiasis. Gummatous lesions should be differentiated from: 
tropical ulcer, fungating mycotic lesions, cutaneous leishmaniasis, 

Figure 68.9 Late yaws: gumma of the right breast. (Courtesy of 
C. J. Hackett.)

Figure 68.10 Late yaws: gummatous osteitis of radius and ulna. 
(Courtesy of C. J. Hackett.)

keratosis of palms and soles with deep fi ssuring; juxta-
articular subcutaneous fi brous nodules around the elbows and 
knees; bursitis (Figure 68.11); disfi guring lesions of the nasophar-
ynx (rhinopharyngitis mutilans or gangosa) (Figure 68.12) as a 
result of ulceration of the palate or nasal septum progressing to 
perforation of the turbinates and pharynx; offensive discharge. In 
addition, hypertrophic osteoperiostitis gives rise to bowing of the 
tibia (sabre tibia, Figure 68.13). Hyperkeratosis of palms and soles 
(see Figure 68.6) and goundou (see Figure 68.8) tend to be more 
pronounced in late yaws. The former may be accompanied by fi s-
sures and may be very painful. Eventually, there may be scarring 
and disfi guration of the hands and feet.

Congenital transmission does not occur, and the cardiovascular 
and nervous systems are considered not to be affected. However, 
in one study, ocular and neurological abnormalities were noted 
in patients presumed to be suffering from late yaws.21 Other indi-
rect evidence of yaws causing idiopathic myeloneuropathy has led 
to suggestions that the potential sequelae of yaws are identical to 
those of venereal syphilis.22

Histopathology

In early yaws, papillomatous epidermal hyperplasia is the main 
feature and treponemes can be demonstrated in specimens stained 
by silver impregnation technique23 or immunofl uorescence.24 It is 
generally believed that the basic pathology in yaws is the same as 
that in venereal syphilis. However, in yaws, endothelial prolifera-
tion seems to be much less marked; obliterative changes in the 
vessels are not encountered and acanthosis is more prominent.23

Studies have been carried out to localize treponemes and char-
acterize infl ammatory infi ltrate in skin biopsies from patients with 
early venereal syphilis and early infectious yaws.25 Treponemes in 
yaws cases (from West Sumatra) were found to be mostly, but not 
exclusively, confi ned to the epidermis as opposed to early venereal 
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leprosy, neoplasm(s) and possibly other conditions. Juxta-
articular nodules of onchocerciasis and dactylitis of tuberculosis 
and sickle cell disease should be distinguished by appropriate 
tests. Radiography will demonstrate bone lesions but these may 
be identical to those of venereal and endemic syphilis.

If differentiation from venereal syphilis is diffi cult, especially 
in latent cases – as may happen when an immigrant presents at a 
clinic in a country with a temperate climate and the adequacy of 
any previous treatment is in doubt – the person should be treated 
as for syphilis. However, in view of the social implications, special 
care should be taken in communicating the diagnosis to the 
patient, who should be given a full explanation.

Management and control

See later in this chapter.

ENDEMIC SYPHILIS

Epidemiology and mode of transmission

Endemic syphilis, also known as Bejel, Firjal, Loath, Njovera, 
Dichuchwa, Siti, is a chronic childhood infection of skin, bone 

and cartilage. The disease is endemic in the arid Sahelian areas of 
West Africa, with foci also in Zimbabwe (Njovera) and Botswana 
(Dichuchwa), and to a lesser extent among the nomadic people 
in the Arabian Peninsula and the aborigines of central Australia. 
The disease primarily affects people in poor rural communities 
living in unhygienic and overcrowded conditions. The majority of 
early cases are found in children aged 2–15 years, who are the 
main reservoir of infection. The initial lesion is usually on the oral 
mucosa and transmission is by direct contact through kissing or 
by indirect contact through eating and drinking utensils. The 
infection spreads easily among family groups from infected chil-
dren to other children and previously uninfected adults. The role 
of fl ies acting as vectors remains unproven. There is no proof that 
congenital transmission occurs in endemic syphilis.

Clinical features

A primary lesion is rarely present in endemic syphilis. The earliest 
lesions encountered are the mucous patches which are shallow 
painless ulcers on the lips (Figure 68.14) and in the oropharynx. 
The latter may give rise to sore throat and hoarseness of the voice 
due to laryngitis. Other early manifestations of the disease are 

Figure 68.11 Late yaws: chronic bilateral prepatellar bursitis.
Figure 68.12 Late yaws: gangosa. (Courtesy of C. J. Hackett.)
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osteoperiostitis of the long bones causing nocturnal bone pains 
as in yaws, condylomata lata occurring in the moist areas of 
the body (e.g. anogenital area; Figure 68.15), axillae, angular 
stomatitis and split papules including, occasionally, a generalized 
maculopapular and other forms of rash, as in venereal 
syphilis. Generalized lymph gland enlargement may also be 
encountered.

In untreated patients, the early lesions tend to undergo healing 
with or without scarring, and the patient passes into the latent 
phase of the disease. Secondary relapses are uncommon. The 
period of latency is usually prolonged, after which some patients 
develop late lesions, such as osteoperiostitis and gummatous 
lesions. These result in ulceration and destruction of the skin and 
bones. As in yaws, destruction of the maxilla, palate and nasal 
bones results in gangosa. Severe plantar and palmar keratosis may 
be encountered, with ulceration and disability. Juxta-articular 
nodules also occur. There is, as yet, no convincing evidence of the 
involvement of cardiovascular and nervous systems in endemic 
syphilis. One report described ocular manifestations in 17 patients 
(age range 37–73 years) with clinical fi ndings consistent with 
bejel.26

As with attenuated yaws, a seemingly less virulent form of bejel 
has been reported in Saudi Arabia and attributed to improved 
nutrition and hygiene.27

Diagnosis and differential diagnosis

These are essentially the same as those for yaws.

Management and control

See later in this chapter.

PINTA

Epidemiology and mode of transmission

Pinta, also referred to as Azul, Carate, Mal De Pinto is the mildest 
of the non-venereal treponematoses and occupies a unique posi-
tion in having principally skin manifestations. The disease is con-
fi ned to the underdeveloped rural areas of northern South America, 
namely, the western area of Brazil, Columbia, Bolivia28,29 and 
Mexico in the states of Oaxaca, Guerrero, Michoacan and Chiapas.30 
However, there is a paucity of data with regard to the current 
prevalence of pinta.

The infection is acquired in childhood or early adolescence 
among people living in unhygienic conditions. Those aged 15–30 
years with long-standing skin lesions comprise the main reservoir. 
Treponemes persist in these lesions for many years. The lesions 
tend to be dry but are itchy, and scratching may release serum with 
abundant treponemes. Transmission, as in the case of yaws, is 
believed to be by direct lesion-to-skin contact, facilitated by 
a breach in the recipient’s skin. As in the case of other trepone-
matoses, the role of fl ies in the transmission of pinta remains 
uncertain.

Figure 68.13 Late yaws: sabre tibia. (Reproduced with permission 
from Arya OP, Osoba AO, Bennett FJ, eds Tropical Venereology. 2nd 
edn. Edinburgh: Churchill Livingstone; 1988:138.)

Figure 68.14 Early endemic syphilis: mucous papules on the buccal 
surface of the upper lip.

Pinta
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Clinical features

The primary lesion appears at the site of entry of the organisms, 
usually located on the exposed parts of the body such as arms, 
legs or face. It starts as an erythemato-squamous papule which 
enlarges slowly and is accompanied by satellite lesions. The initial 
lesion may become pigmented, hyperkeratotic and scaly. The 
regional lymph nodes are enlarged and painless.

The secondary stage develops several months after the initial 
lesion, with the appearance of more extensive, often smaller, 
plaques either around the primary lesion or disseminated to other 
areas. These ‘pintids’ are painless but itchy. They undergo a variety 
of colour change(s) from red to copper colour, lead-grey and 
bluish-black. Such lesions, which may remain present for years or 
reappear in recurrences, are to be found anywhere on the body.

The late lesions are characterized by varying degrees of pig-
mentary changes, hypochromia and atrophy around dyschromic 
lesions (Figure 68.16). Hyperkeratosis of the palms and soles, 
including juxta-articular nodes, is occasionally encountered. 
However, some experts dispute this and consider that these 
patients may in fact be suffering from yaws. Leucoderma is the 
main complication and this may result in social stigmas. There is 
no reliable evidence of systemic involvement.

Diagnosis and differential diagnosis

Diagnostic tests are the same as those for other endemic trepone-
matoses, i.e. dark-fi eld examination of the material from the early 
lesions and serological tests. The histopathological picture is 
largely similar to that of yaws. In addition, the basal cells show 
loss of melanin and many melanophages may be present in the 
dermis.31 A moderate dermal infl ammatory infi ltrate consisting 

mainly of plasma cells and lymphocytes may be present. The 
characteristic colour changes provide a clue to the diagnosis but 
other conditions, such as vitiligo, pityriasis versicolor, leprosy, 
discoid lupus erythematosus, chronic pellagra, psoriasis and tinea 
corporis should be excluded.

A B

Figure 68.15 Early endemic syphilis: 
moist papules involving the (A) scrotum 
and (B) anus. (Courtesy of P. D. 
Marsden.)

Figure 68.16 Late pinta: depigmentation of the lower leg. 
(Courtesy of L. A. Leon.)
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HUMAN IMMUNODEFICIENCY VIRUS 
INFECTION AND ENDEMIC TREPONEMATOSES

No information is at present available on the relationship between 
human immunodefi ciency virus (HIV) infection and endemic 
treponematoses. However, immunological abnormalities associ-
ated with HIV infection have been reported to alter the course 
of syphilis, albeit in a minority of patients. These abnormalities 
may reactivate latent infection, decrease the latent period before 
onset of neurosyphilis, increase the severity of manifestations, 
alter serological responses and render conventional therapy 
inadequate.32–34 It is highly likely that HIV infection will have 
similar infl uences on endemic treponematoses. The modifi ed 
clinical manifestations and serological responses may cause dif-
fi culties in diagnosis.

Ulcerative lesions caused by syphilis are believed to facilitate 
HIV transmission. Likewise, yaws lesions may also enhance the 
risk of acquiring and transmitting HIV.

MANAGEMENT OF 
ENDEMIC TREPONEMATOSES

A long-acting penicillin preparation is the drug of choice. Benza-
thine penicillin G is given as a single intramuscular injection in 
the upper outer quadrant of the buttock. The dose is 600 000 units 
for children and contacts under 6 years of age, 1.2 million units 
for those aged 6–15 years, and 2.4 million units for adults.

Treatment in the early stage(s) will result in cure and complete 
resolution of manifestations but will not reverse the damage 
caused by late stage disease. The lesions become non-infectious 
within 24 h after administration of the antibiotic.

Erythromycin or tetracycline, 500 mg by mouth four times 
daily for 15 days is recommended for those allergic to penicillin. 
Children between the ages of 8 and 15 years should receive half 
that dose. Tetracycline should not be given to pregnant women or 
to children below 12 years of age.

Follow-up

After adequate treatment, in the great majority of patients, non-
treponemal tests, namely the rapid plasma reagin (RPR) or Vene-
real Disease Research Laboratory (VDRL) test, titres either decline 
or become negative in due course. However, in a minority of 
patients, especially if treated in the late stages, these tests may 
remain positive at low titre (below 1 : 8). This is not an indication 
for further treatment. The specifi c tests such as T. pallidum haemag-
glutination (TPHA) or fl uorescent treponemal antibody absorp-
tion (FTA-ABS), which remain reactive throughout life, play no 
part in assessment of the adequacy of treatment.

CONTROL OF ENDEMIC TREPONEMATOSES

Following the successful mass detection and treatment campaigns 
of the 1950s and 1960s, surveillance for the endemic treponema-

toses diminished and a resurgence of yaws has now been docu-
mented in Papua New Guinea and Guyana.35,36 Millions of people 
are again at risk of contracting these infections due to the ever 
increasing frequency of worldwide travel, migration and poverty 
in the developing world. Development of a treponemal vaccine in 
the foreseeable future and the prospect of eradication of the non-
venereal treponematoses seem unlikely. The main method of 
control will, therefore, lie in identifi cation and treatment of infec-
tious cases, including treatment of immediate contacts. Despite 
isolated reports of apparent treatment failure, there is no evidence 
of emergence of penicillin-resistant treponemes. However, this 
situation could change at any time; hence, the control of endemic 
treponematoses should be a priority. The principal intervention 
strategies for control include clinical surveillance (requiring 
dark-fi eld microscopy and RPR or VDRL tests) to detect cases 
of infection, detection of latent disease using serological tests and 
effective mass treatment programmes.

The treatment policies recommended by the World Health 
Organization37 are as follows:
1. If the prevalence of clinically active infection in the commu-

nity is over 10%, give benzathine penicillin G to the entire 
population.

2. If the prevalence of clinically active cases is 5–10%, give 
benzathine penicillin G to the patients, their contacts and to 
all children below the age of 15 years.

3. If the prevalence of clinically active infection is under 5%, treat 
all active cases as well as household and other obvious 
contacts with benzathine penicillin G.

Economic considerations may necessitate integration of trepone-
matosis control activities into other public health programmes 
including health education.

The standards of living and personal and environmental 
hygiene must be improved. Sustained surveillance, integrated into 
strengthened primary healthcare, must be maintained to detect 
and treat new or missed cases including their contacts, and treat-
ment failures.
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Section 8 Bacterial Infections

Chapter 69 Gordon C. Cook

Other Spirochaetal Diseases 
(excluding Treponema spp. and 
Leptospira spp.)

There are several examples of tick-borne diseases of Homo sapiens;1,2 
the most topical at present is Lyme disease.

LYME DISEASE

This consists of a tick-borne zoonosis (in its natural cycle, rodents 
and hard ticks of the Ixodes ricinus complex are involved) caused 
by Borrelia burgdorferi;3–5 clinical manifestations can be divided 
into acute and chronic forms involving the skin, joints, nervous 
system, and pericardium, endocardium and myocardium. Deer 
and other mammals form a reservoir of infection.

History

The disease was fi rst described in the mid-1970s in the USA, fol-
lowing an outbreak in children at Lyme, Connecticut. However, it 
occurs throughout much of the Northern Hemisphere and is the 
most common ‘tick-borne’ diseases are seen in Europe, Russia and, 
to a lesser extent, Asia (especially South-east Asia). Suspected but 
unsubstantiated cases of Lyme borreliosis have been documented 
in sub-Saharan Africa, South America and Australia. Since 1980, 
several outbreaks have occurred in the eastern USA, and cir-
cumstantial evidence suggests that the infection is becoming 
more common in both northern America and Europe, although 
it is impossible to exclude increased awareness and greater 
recognition.

Aetiology

The spirochaetes were fi rst identifi ed in the mid-gut of the adult 
black-legged tick Ixodes scapularis (Figure 69.1). They were subse-
quently isolated from blood, skin and cerebrospinal fl uid (CSF) 
of patients with early Lyme disease.

B. burgdorferi was taxonomically described in 1984; it is a fl ag-
ellated, helical, spirochaetal bacterium. Surface membrane pro-
teins are specifi c for individual strains; a prominent 41 kDa 
antigen is located on the fl agellum. Arthropathy is more common 
with the predominant strain in North America, and cutaneous and 
neurological complications with the European and Asian strains.

Humans are incidental hosts of B. burgdorferi and are usually 
infected in late spring and early summer. The ticks responsible for 
this infection require a shady environment of high humidity, and 
ready access to appropriate vertebrate hosts. These vary enor-
mously – from the white-footed mouse in coastal north-eastern 
USA, the chipmunk (in the eastern USA), to deer in much of 
Europe and Asia. Transmission of B. burgdorferi to Homo sapiens is 
via saliva of feeding ticks. There is no person-to-person transmis-
sion, although there is some evidence of transplacental infection. 
The organism can survive for long periods in stored blood, 
although transfusion-acquired infection has not been recorded.

Pathology

Lyme disease consists of an infl ammatory process with non-
specifi c histological changes; the causative agent is extremely 
sparse in infected tissue and is diffi cult to identify, even in silver-
stained sections. The most striking histological changes are in 
joints, in both the acute and chronic stages. There is very little 
information on neuropathological changes histologically.

B. burgdorferi has been isolated from the myocardium of a 
patient with a long-standing cardiomyopathy; the organism has 
also been documented in the myocardium of a patient who suf-
fered from both Lyme disease and babesiosis.

Clinical features

Lyme disease can affect all age groups of both sexes,6 but the 
highest rates have been recorded in children aged less than 15 
years and in adults aged 40 years or more.

The portal of entry is the dermis; following inoculation by the 
infected tick, spread of infection is via cutaneous, lymphatic or 
haematogenous routes. The incubation period is typically 7 to 14 
days, but may be as short as 3 days or as long as 30 days. Early 
infection is either localized or disseminated: the former consists of 
a slowly expanding, annular, erythematous rash (Figure 69.2) 
(which is not always remembered by the patient), and, in the latter, 
the skin, nervous system, musculoskeletal system and/or heart are 
involved. Late disseminated infection occurs weeks 
or months after initial infection, assuming the patient has not 
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previously received treatment. Intermittent arthropathy, usually 
involving a large joint (often the knee), is the most common chronic 
manifestation. Neurological sequelae7–10 are less common. Morbid-
ity can be severe, chronic and disabling, but only in a minority of 
infected individuals;11 however, no known deaths have yet been 
attributable to B. burgdorferi infection alone – only when associated 
with other infections, such as babesiosis or ehrlichiosis.

The post-Lyme syndrome (like the post-viral syndromes) seems 
to be a genuine entity;12 in the presence of proven disease, neuro-
logical or arthritic manifestations persist in a minority of infected 
individuals in spite of an adequate course of antibiotic therapy 
(see below).

Diagnosis

Diagnosis is usually obvious if there is a history of a tick bite in 
an endemic area.13 IgM antibodies to B. burgdorferi can be detected 
within about 2 weeks of infection; the peak usually occurs between 

the 3rd and 6th week. By 6 weeks or more, the level of IgG is usually 
raised. An enzyme immunoassay, indirect fl uorescent antibody, 
and/or Western immunoblot and PCR are also of value. Sero-
logical reactivity is usually present in disseminated infection.14 
Early (acute) lesions yield a positive result in 80% of cases, but 
this is not a routine diagnostic procedure.

Management

Lyme disease can be treated successfully with antibiotics at all 
stages; amoxicillin, doxycycline, cefuroxime and erythromycin 
(for 14–21 days) have all been used in acute cases.15,16 Later, com-
plicated disease often responds slowly or incompletely, and more 
than a single course of antibiotic therapy may be necessary; par-
enteral cephalosporin or penicillin (for 21–28 days) are usually 
most effective.

Prevention

Avoidance of tick bites in an endemic area is vital;17 protective 
clothing and tick repellents are of value (in the same way as mos-
quito bites may be prevented by a similar approach). Removal of 
a tick as soon as possible after attachment is obviously advisable. 
Vaccines against infection with B. burgdorferi have been developed 
for both humans and dogs;18–20 they are safe and effective in 
adults, but have not yet been evaluated satisfactorily in children.

RELAPSING FEVER

Relapsing fever is also known as recurrent fever, spirillum fever, 
tick fever and tick bite fever.

Aetiology

The causative agents are two morphologically indistinguishable 
species of spirochaete: Borrelia recurrentis and B. duttoni; these are 
actively motile spiral organisms (6–10 × 0.4 μm) with fi ve to ten 
fairly regular, but loose, waves (Figure 69.3). Multiplication is by 
transverse fi ssion. These organisms have tapering ends, but no 
fl agella; electron microscopy reveals that each consists of a bundle 
of 12 fi laments twisted round the spirochaete body, external to 
the cell wall, with a thin covering layer of viscid material. They 
have a rapid ‘corkscrew’ movement and can be visualized in blood 
fi lms between the red cells, staining pink with Giemsa or Leish-
man reagents, and sometimes appearing beaded or granular. The 
organisms may assume irregular shapes, and appear tangled 
together towards the end of a pyrexial attack. They can be visual-
ized by dark-ground illumination, and grown with diffi culty in 
enriched media21,22 in the allantoic fl uid of fertile hen’s eggs, but 
are best demonstrated by animal inoculation. Susceptible animals 
include newborn rabbits, monkeys, mice,23 rats and ground squir-
rels; guinea pigs are not normally susceptible.

Species differentiation

B. recurrentis infects lice (but not ticks); guinea pigs are resistant, 
except in East Africa. Sudanese strains are not infective to monkeys. 
B. duttoni involves soft ticks, which can infect lice and most 
rodents.

Figure 69.1 Ixodes scapularis. Larva, nymph, adult male and adult 
female. (Courtesy of Pfi zer Central Research.)

Figure 69.2 Erythema migrans. A lesion with a dusky centre, is a 
common variant. (Courtesy of Dr Steven Luger.)
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Pathophysiology

Human cycle

During pyrexial attacks, spirochaetes appear in the blood, where 
they may be visualized in leukocytes; they disappear during a 
crisis and can be detected only by animal inoculation. Resistant 
spirochaetes persist in the brain and other tissues until a fresh 
immunologically distinct strain proliferates and reaches the 
bloodstream.

Pathogenesis

Borrelia spp. enter the skin and subcutaneous tissues without 
causing a primary lesion; from there they invade both systemic 
and lymphatic circulations. They multiply in blood, being phago-
cytosed by the reticuloendothelial system; there is no replication 
at extravascular sites. However, sequestration of platelets occurs 
in the bone marrow with thrombocytopenia; this is responsible 
for petechial rashes in the skin, together with haemorrhages. In 
the liver there is intrahepatic biliary obstruction; hepatocellular 
involvement results in jaundice.

Fever is caused by large numbers of Borrelia spp. There is no 
toxin production; the outer envelope is heat stable, and stimulates 
mononuclear cells to produce pyrogens. A Jarisch–Herxheimer 
reaction may occur spontaneously, or following treatment con-
sequent on phagocytosis of a large number of Borrelia spp. Dis-
seminated intravascular coagulation may also occur.

Morphology

Features at autopsy consist of jaundice and congestion of organs 
with petechial haemorrhages in the pleura, lungs, heart, brain, 
kidneys, stomach and intestine.

Borrelia spp. concentrate in the liver, where they multiply, 
causing focal necrosis of parenchymal cells, which they invade. 
Fixed phagocytes do not respond to live Borrelia spp. but ingest 
dead ones. Shortly before a ‘crisis’, the Borrelia spp. ‘roll up’ and 
are taken up by endothelial cells in the liver, spleen and bone 
marrow. Surviving Borrelia spp. remain in these organs, and also 
the brain, until the next relapse. In the spleen, Borrelia spp. accu-
mulate and multiply in sinuses, causing cellular infi ltration; they 
may enter endothelial cells, causing infarcts and necrosis; they can 
be demonstrated in infarcts. The spleen is large, soft and red; 
perisplenitis is common. Borrelia spp. may also be demonstrated 
in the kidneys. In blood vessels, damage to endothelium causes 
haemorrhage, which may present as petechiae. The myocardium 
shows ‘cloudy swelling’. Bronchopneumonia is common.

A polymorphonuclear leukocytosis is present and Borrelia spp. 
may sometimes be visualized within polymorphs. The bone 
marrow is hyperaemic. Lymph glands may be involved.

Borrelia spp. are neurotropic, involving the meninges and 
central nervous system. In infected animals they may be found in 
the brain (in capillaries) and cerebellum as late as 1 year after 
infection. There are no changes in nerve cells, but an intense 
microglial reaction in the cortex. Meningitis is sometimes 
present.

Immunity

Immunologically, Borrelia spp. behave in a way comparable with 
the African trypanosome. Antigenic variation overcomes specifi c 
humoral antibodies to give rise to a series of relapses. When 
spirochaetes fi rst enter in the circulation, IgM antibodies (agglu-
tinins, immobilizing antibodies, spirochaeticidine, lysins and 
leukostatic antibodies which promote phagocytosis) specifi c to 
the antigenic Borrelia spp. type overwhelm the haematological 
forms but do not eradicate the organisms from the tissue(s). 
Remaining Borrelia spp., which are antigenically unstable, generate 
new antigens – only to be removed by fresh IgM antibodies spe-
cifi c to that type. This process leads to ‘waves’ of IgM antibodies 
succeeding one another; it is followed by the formation of 
IgG antibodies that lack specifi city. Lytic activity is dependent on 
complement. There is no signifi cant immunity to subsequent 
attacks of relapsing fever.

Louse-borne relapsing fever: epidemic 
(cosmopolitan) type

Geographical distribution

The major endemic area lies in the highlands of Ethiopia24–28 and 
in Burundi; the infection can appear anywhere in areas of low 
endemicity in Peru and Bolivia, north-west and East Africa, 
India, Asia and China – wherever environmental conditions 
are suitable – and also in times of social unrest and war 
(Figure 69.4).

Figure 69.3 Borrelia recurrentis in a peripheral blood fi lm.



69. Other Spirochaetal Diseases (excluding Treponema spp. and Leptospira spp.)

1152

Transmission

Louse transmission

Homo sapiens constitutes the only known mammalian host, and 
the disease is transmitted from person to person by the body 
(Pediculus humanus var. corporis) and head (P. h. var. capitis) louse. 
Lice can be infected only by feeding on blood during a pyrexial 
episode. Spirochaetes are taken into the stomach and disappear 
from there in 24 hours at 28°C; they cannot be detected again 
until 6 days later, when they appear in the body cavity (haemo-
coele), where they increase rapidly in numbers to involve all 
organs, except the ovaries, salivary glands and intestinal tract. The 
louse remains unaffected; spirochaetes can escape only by injury 
to the body or limbs. Lice are not infective until 6 days after a feed, 
and humans are infected by crushing lice on the skin – not by a 
bite. There is no transovarian transmission.

Congenital transmission

Transplacental transmission and abortion are not uncommon.

Transmission by blood transfusion

This has been recorded, albeit rarely.

Clinical features

Natural history

Louse-borne relapsing fever can manifest as a severe disease, 
consisting of a febrile illness characterized by a primary attack of 
fever, followed by up to four relapses. There is a great variation 
in the degree of severity, varying from an asymptomatic parasitae-
mia to a severe febrile illness with death resulting from hepatic or 
cardiac failure. In some epidemics, a mortality rate of 70% or 
more has been recorded.

Incubation period

This is 2–10 (usually 4–8) days.

Symptoms and signs

Onset is sudden, with chills and fever (temperature rises rapidly 
to 40.5°C or even higher) and the patient may become deliri-
ous.25,26 The patient sits or lies on the bed or ground, silent, with 
a glazed expression and apathetic manner, and is mentally dull or 
confused. There is associated dizziness, severe headache,25,26 and 
pain in the back, chest, abdomen, legs (especially the calves) and 
joints. Nausea, vomiting and dysphagia are common. Dyspnoea 

Figure 69.4 Geographical distribution of louse-borne relapsing fever (Borrelia recurrentis). (Courtesy of the Department of Entomology, London 
School of Hygiene and Tropical Medicine.)
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is often present; it is loud and hissing, and can be heard for some 
distance away from the patient; the diagnosis may be suspected 
from a distance. Cough is common; the sputum may contain Bor-
relia spp. The spleen becomes enlarged,25 occasionally to such a 
degree that spontaneous rupture occurs. Hepatomegaly is present; 
jaundice is common. Bleeding often occurs into the skin (pete-
chial rash),25 over the fl anks and shoulders, and into mucous 
membranes; epistaxis is common. During a fi rst attack, an ery-
thematous rash may appear over the upper part of the body, 
resembling that of typhoid fever (see Chapter 52). Conjunctival 
vessels are congested and may bleed (clumps of adherent Borrelia 
spp. become impacted in capillaries, where they enmesh red cells, 
causing capillary rupture followed by haemorrhage). There may 
be widespread intravascular coagulation. Heavy albuminuria is 
usually present.

Fever lasts for 5–7 days; temperature falls by crisis to 36°C or 
even lower (when there may be a state of collapse) and is 
accompanied by profuse sweating, diarrhoea, weakness and relief 
from associated symptoms. Rarely, the infection presents as a 
febrile illness in travellers; one such case occurred in a French 
patient returning from Mali.29 Tick-borne relapsing fever has been 
misdiagnosed as malaria in Swedish travellers returning from 
Togo.30

Relapse occurs 5–9 days after the fi rst attack in two-thirds of 
patients (Figure 69.5); it is less severe and there is no rash. A 
second relapse occurs in one-quarter of those infected, but more 
than four relapses are exceedingly unusual.

Liver function tests refl ect extensive hepatocellular dysfunc-
tion.25 Anaemia is present and a marked polymorphonuclear 
leukocytosis (15–30 × 109/L) is apparent on a peripheral blood 
fi lm. CSF pressure is often raised; a lymphocytic pleocytosis is 
common and Borrelia spp. may be present.

Complications

Complications include pneumonia (of lobar distribution),24,25 
which may be a major clinical feature, and nephritis, parotitis, 
diarrhoea, arthritis, neuropathy, acute ophthalmitis and iritis, 
meningoencephalitis, meningitis or meningism.

Cardiac involvement

Myocardial involvement25 is common on the day of crisis; this is 
accompanied by a prolonged QTc, altered T waves, tachycardia 
greater than 100/min, systolic blood pressure of 90 mmHg or less, 
gallop rhythm, and reversed splitting of the second sound in the 
pulmonary area. A phase of critically low cardiac output (resulting 
from myocardial damage) may ensue; this usually resolves after 
treatment.

Prognosis

The case mortality rate varies; it is usually around 2–9% but occa-
sionally reaches 12%. Death usually occurs during the fi rst febrile 
attack, as a result of prothrombin defi ciency, hepatic coma, myo-
carditis or disseminated intravascular coagulation. During the 
initial crisis, death may result from hyperpyrexia, with convul-
sions, heart failure, shock or cerebral oedema. Death is usually 
sudden and unexpected, and may occur shortly after initiation of 
treatment.

Differential diagnosis

In parts of East Africa, epidemics of febrile illness in which jaun-
dice25 is a feature often result from louse-borne relapsing fever. 
During the initial attack, other causes of febrile jaundice can 
present similarly: yellow fever (which does not usually present 
with jaundice as a major feature), viral hepatitis, leptospirosis, 
severe Plasmodium falciparum infection, typhoid fever, louse-borne 
typhus fever (with which it sometimes co-exists), trench fever and 
cerebrospinal meningitis (CSF has been known to reveal menin-
gococci and Borrelia spp. in the same microscopical fi eld). After 
the initial attack, and during relapses,25,26 other differential diag-
noses are relapsing typhoid fever, relapsing malaria (Plasmodium 
vivax), pyelonephritis, gallstones and kala-azar.

Diagnosis

Borrelia spp. are usually detected in thick blood fi lms obtained 
during a febrile attack. They may be isolated at any time by 
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inoculation of blood or CSF into young rats or white mice, in 
which the blood yields a positive result within 2–3 days; guinea 
pigs, adult rabbits and dogs are refractory.

Serological tests

These are unreliable; those for syphilis may give false-positive 
results. A complement fi xation test has been devised, and an 
immobilization test has proved sensitive; a fl uorescent antibody 
test using Borrelia spp. antigen is less sensitive, and cross-reacts 
with Treponema pallidum.

Management

Tetracycline, either alone or combined with penicillin,25,26 is effec-
tive. Procaine penicillin (300 mg) plus tetracycline (500 mg) 6-
hourly for 7 days is safe and effective. In Ethiopia, a single 500 mg 
dose of tetracycline or erythromycin has proved effective. Intrave-
nous tetracycline 250 mg is effective when oral therapy is contra-
indicated. A Jarisch–Herxheimer reaction25,26 commonly occurs 
after administration of tetracycline and/or penicillin, especially 
after intravenous administration. The patient becomes restless, a 
rigor lasting 10–30 minutes with an abrupt temperature rise, and 
a rapid pulse rate, respiratory rate and raised blood pressure are 
accompanied by intense shivering; this is followed by a phase of 
fl ushing and profuse sweating when the blood pressure falls. The 
affected patient then becomes more comfortable and falls asleep; 
the temperature is normal the following day. Borrelia spp. dis-
appear from peripheral blood about the time of the peak reac -
tion. The mortality rate is low. Corticosteroids are ineffective, but 
meptazinol (an opioid antagonist with agonist properties), 300–
500 mg intravenously, reduces the severity of an attack. Intravenous 
fl uid is often necessary to counteract dehydration.26

Epidemiology

Louse-borne relapsing fever behaves similarly to louse-borne 
typhus, with which it frequently co-exists. It is a disease of great 
antiquity; epidemics have occurred in times of war. Refugees and 
major population migrations (with overcrowding and poor 
hygiene) favour epidemics. It has been estimated that there were 

15 million cases in sub-Saharan Africa, Sudan, Ethiopia, Eastern 
Europe and Russia between 1910 and 1945, with over 5 million 
deaths, the mortality rate reached up to 75%. It is a disease of 
overcrowding, cold and poor hygiene – conditions that lead to 
heavy louse infection. It is also encountered in the tropics at high 
altitudes, where head lice may be important in transmission.

Control

With modern delousing methods, using insecticides, epidemics 
should be immediately brought to a halt.27 Insecticide powder is 
blown into the clothes of the ‘at-risk population’ to eliminate lice; 
heat sterilization of clothing kills the eggs. Personal prevention 
may be achieved by careful delousing, without crushing the lice, 
and avoidance of scratching. Lice cannot transmit infection by bite 
or faeces (see Appendix IV).

Tick-borne relapsing fever

Geographical distribution

Tick-borne relapsing fever has a wide distribution in both Old28 
and New31 Worlds, in fi ve main areas (three in the Old World and 
two in the New World); each has a specifi c Borrelia spp. tick vector 
complex (Figure 69.6).

Aetiology

Seven species of Borrelia spp. are involved (Table 69.1).

Transmission

Transmission by ticks

The major mode of transmission is by soft ticks of the genus 
Ornithodoros (see Appendix IV).

Tick cycle

Both nymphs and adults transmit infection via salivary glands 
(and bite), and by coxal fl uid. Borrelia spp. penetrate the wall of 
the small intestine after being ingested during a blood meal; they 
subsequently invade the haemocoele and other organs, including 

A B

Figure 69.6 Geographical distribution 
of tick-borne (endemic) relapsing fever in 
(A) the Old World and (B) the New World. 
(Courtesy of the Department of Entomology, 
London School of Hygiene and Tropical 
Medicine.)
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salivary glands, coxal glands and ovary, where they multiply. 
Organisms are not found in tick faeces. Infection of a susceptible 
animal may take place via the bite of an infected tick – a relatively 
large puncture into which infective saliva is pumped, or which 
may be the portal of entry for coxal fl uid secreted during feeding. 
O. moubata nymphs transmit by both salivary and coxal fl uid, 
whereas those of O. turicata, O. parkeri, O. hermsi and O. tholozani 
do not produce coxal fl uid while feeding. Transmission can occur 
in less than 1 minute after tick attachment.

Transovarian transmission is usual; a tick remains infected for 
many years, transmitting the infection to its offspring. The organ-
isms can perpetuate themselves enzootically in ticks (without the 
requirement of another host) for at least fi ve generations.

Other methods of transmission

Borrelia spp. can enter through intact mucous membrane and skin. 
Accidental infection via the conjunctiva is also possible. Transfu-
sion, transplacental transmission and infection via intravenous 
drug administration are all recorded. Borrelia spp. can survive in 
lice and bed bugs; they do not develop further in these hosts.

Hosts

Homo sapiens is the only source of infection for O. moubata; major 
sources of infection for other soft ticks are rodents, which live in 
open country, caves and burrows and do not infect human dwell-
ings. Infection is transmitted to humans only incidentally. Animal 
hosts include monkeys, squirrels, chipmunks, rats, hedgehogs, 
and possibly bats and other cave-dwelling mammals.

Immunity

Tick-borne relapsing fever is more serious in expatriates than in 
indigenous people, who have usually been exposed to the disease 
previously; neurological complications are far more common in 
visitors to an endemic area.

Clinical features

Natural history

Tick-borne relapsing fever is usually milder than the louse-borne 
form. A primary bout of fever is followed by several relapses 
(11) before the infection resolves. The mortality rate is low, 

but neurological complications (see below) are a signifi cant 
feature. Recovery is usually complete; there are no long-term 
sequelae.

Incubation period

Although this may be short (1–2 days has been recorded in the 
Spanish form), it is usually longer – up to 14 days.

Symptoms and signs

Onset

The primary attack begins abruptly with severe headache and fever 
of up to 40°C. It may rarely be fulminating, leading to coma and 
death; it can also take the form of a chronic, low-grade fever. 
During this attack, the spleen enlarges (45%) and may infarct; 
haemorrhage may ensue. Hepatomegaly can also occur (11%), but 
jaundice is not as common as in the louse-borne form. There may 
also be diarrhoea, bronchitis and pneumonia. Massive haematu-
ria, associated with nephritis, has been recorded in Israel.

Changes in peripheral blood

Borrelia spp. are less numerous in peripheral blood than in the 
louse-borne form. A polymorphonuclear leukocytosis is present. 
The initial attack may last for 4–5 days (shorter in the African 
form), ending in a ‘crisis’ which can lead to ‘collapse’.

Relapses

Relapses are characteristic of the tick-borne form, and may occur 
at intervals of 1–2 days or may be separated by up to 3 weeks. 
Between three and six relapses are common, with up to 11 in the 
African form (Figure 69.7).

Complications

Neurological

Borrelia spp. causing tick-borne relapsing fever are neurotropic.27 
They may be present in CSF and can be detected by microscopic 
examination or animal inoculation. Various neurological syn-
dromes may result, initially appearing at the end of the fi rst bout 
of fever or during relapses.

Cranial nerve involvement

This is the most common neurological complication. The 7th nerve 
is most frequently involved (22% in one series in North Africa); 

Table 69.1 Species of Borrelia involved in tick-borne relapsing fevers

Species Vector Geographical area
B. duttoni Ornithodoros moubata (O. m. porcinus and 

O. savignyi)
East, central and south Africa

B. hispanica O. erraticus Mediterranean region (part), north and west Africa, Portugal and Spain

B. persica O. tholozani (= papillipes) including var. crossi Mediterranean region (part), Tobruk, Cyprus, Israel, through Iran to 
Kashmir and Sinkiang province of western China

B. parkeri O. parkeri Central and western USA, Mexico

B. turicatae O. turicata Central and western USA, Mexico

B. hermsi O. hermsi Central and western USA, Mexico

B. venezuelensis O. rudis (= venezuelensis) Northern, South and Central America southwards to northern Argentina
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the 3rd, 4th, 5th, 6th (with ophthalmoplegia) and 8th (with deafness) 
cranial nerves may also be affected.

Meningitic form

Lymphocytic meningitis, and occasionally subarachnoid haemor-
rhage, may occur. The CSF is under pressure; a pleocytosis is fre-
quently present. This form is not uncommon in expatriates in the 
Dakar area.

Other cerebral syndromes

Hemiplegia, aphasia, encephalitis, optic atrophy, iritis and irido-
cyclitis are by no means uncommon. The spinal nerves may be 
involved, especially in O. moubata and O. tholozani infections. 
There may be sciatic neuralgia, with anaesthesia. Most cerebral 
complications resolve without a residual defi cit.

Other complications

Bronchitis, hepatic failure and arthritis may occur.

Differential diagnosis

Other fevers should be distinguished, and distinction made 
between louse-borne relapsing fever and other relapsing fevers (rat 
bite fevers); major differences between tick-borne and louse-borne 
forms are summarized in Table 69.2.

Diagnosis

In the febrile phase, Borrelia spp. can be visualized in a peripheral 
blood fi lm; they are fewer than in the louse-borne form, and 
inoculation into mice and rats may be required for demonstration. 
Diagnosis is often diffi cult in the afebrile period; a history of travel 
and residence in a known infected camp or village is of value, and, 
in a subsequent relapse, Borrelia spp. can be demonstrated at the 
onset and peak of the febrile episode. Serological tests may be 
useful, as in louse-borne relapsing fever.

Management

Treatment is the same as for louse-borne relapsing fever: tetracy-
cline (single 500 mg dose) or procaine penicillin (300 mg). Dox-

ycycline has also been used.28,31 The Jarisch–Herxheimer reaction 
is not a common complication, but can occur.28

Epidemiology

Tick-borne relapsing fever is an endemic disease found only in 
certain locations. In Central, East and South Africa, where humans 
are the sole reservoir, it is present in human habitations and 
wherever people live collectively (i.e. in certain types of house, 
staging camps for migrant workers and old camping sites). In East 
Africa, O. moubata consists of two types: one preferring to feed on 
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relapsing fever. There are usually three to six 
relapses; as many as 11 have been recorded.

Table 69.2 Major differences between tick-borne and 
louse-borne relapsing fevers

Tick-borne Louse-borne
Parasites in 
peripheral blood

Scanty Numerous

Paroxysms Relatively short – not 
more than 5–7 days 
Often chronic, irregular 
fever

Relatively long – up 
to 10 days

Relapses Two or more Two or fewer, often 
none

Vomiting Only with meningitis At any stage

Other symptoms Lethargy, loss of weight, 
debility

Diarrhoea, jaundice, 
coma, severe 
haemorrhage

Neurological 
complications

Common. Cranial nerve 
palsies

Infrequent

Ocular 
complications

Papilloedema with 
meningitis

Infrequent

Illness Less severe More severe

Mortality Less than 10% May be high – up 
to 50%

After Cogill NF. J R Army Med Corps 1949; 93:2.
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chickens (which are not important in transmission) living in hot 
humid conditions, and the other preferring humans and found in 
cooler, wetter locations (highlands), where it is an important 
vector.

O. moubata porcinus, which is widely distributed in dwellings 
at all altitudes in East Africa, feeds on humans and favours a 
higher rainfall and a high relative humidity; it is a superior vector 
than O. moubata. O. savignyi prefers a hot, dry climate and infects 
marketplaces and cattle byres around wells; here it comes into 
contact with humans.

In North Africa, the eastern Mediterranean, central Asia, and 
North and South America, rodents constitute the major reservoir; 
infection is transmitted to humans incidentally. Ticks live in 
animal burrows and caves, and, in North America, in holiday 
homes – where chipmunks live in roofs.

Control

Control of infection (where dwellings are the source of infection) 
is achieved by the construction of concrete fl oors and improved 
walls so that ticks lack access. Ticks can be killed by most insecti-
cides but are relatively unaffected by DDT; they are, however, 
susceptible to BHC (20 mg per 900cm2) used to dust the fl oor. 
Old camping sites and mud houses should be avoided. Travellers 
must never sleep on the fl oor.28

RAT BITE FEVERS32

Two forms have been described:
• sodoku (sokosho),33,34 named by Japanese workers and caused 

by Spirillum minus (S. morsus-muris)
• Haverhill fever (infectious erythema), named by American 

workers, and caused by Actinobacillus muris (formerly Streptoba-
cillus moniliformis).
These are not strictly tropical diseases; their inclusion here is 

because they are ‘relapsing’ diseases and may be confused with 
other infections.

Sodoku

Geographical distribution

Most recorded cases have occurred in Japan; the condition also 
occurs in Australia, Africa, the Americas and Europe.

Aetiology

Spirillum minus is a short spiral organism (2–4 μm long), rather 
thick, and with regular rigid spirals and pointed ends continued 
into one or more fl agella. It moves rapidly, resembling a vibrio, 
and is readily stained by methylene blue or Giemsa.

S. minus can be cultivated; subcultivation has been successful. 
It can be grown by intraperitoneal inoculation into guinea pigs, 
mice and rats.

Transmission

S. minus parasitizes rats, which are healthy carriers. Transmission 
is from rat to human, although infection can be caused by the bite 

of cats, ferrets and bandicoots. Rat urine contaminating food con-
stitutes a further vehicle of transmission.

Pathology

The organism enters at the site of the bite; local infl ammation and 
even necrosis may be present. It is transmitted to regional lymph 
glands. In fatal cases, neuronal degeneration has been recorded in 
brain, and degenerative changes in liver and kidneys.

Clinical features

Natural history

Sodoku consists of a relapsing fever that may subside spontane-
ously or continue for many months. It is usually a relatively mild 
disease, but the mortality rate is about 10%.

Incubation period

This varies from 5 to 30 days, the average being 5–10 days.

Symptoms and signs

There is usually a history of a bite,33 which heals but may later 
break down to form an ulcer (Figure 69.8). Later, the scar and 
sometimes the surrounding tissues become infl amed, with forma-
tion of blebs and even necrosis. The local lymphatics are involved 
and regional glands become swollen and tender. Onset of fever is 
characterized by rigors and malaise; body temperature gradually 
rises over 3 days to a maximum of 39.4–40°C; after a further 3-day 
period this ends in a crisis, accompanied by profuse sweating.

Figure 69.8 Rat bite fever produces an initial lesion at the site of 
the bite; this is followed by relapsing fever and rash. (Courtesy of 
Tropical Resources Unit.)

Rat Bite Fevers
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Following the primary attack, a quiescent interval (5–10 days) 
ensues. One or more relapses associated with similar symptoms 
and a characteristic purple papular exanthem, or urticaria, on the 
chest and arms have been recorded. The eruption is sometimes 
nodular. With each bout of fever, the cicatrix at the site of the 
original bite becomes infl amed.

In most cases the refl exes are increased; there may be pain 
involving muscles and joints, and hyperaesthesiae and oedema in 
various parts of the body. Arthritis has been recorded. The mortal-
ity rate is about 10%. In fatal cases the terminal phase is ushered 
in by delirium, often followed by coma. Some cases subside spon-
taneously; others continue for months.

As in relapsing fever, the organism can be demonstrated in 
peripheral blood during the febrile episode only, disappearing 
during apyrexial intervals. During the paroxysm there is an eosin-
ophilia and moderate leukocytosis (e.g. 15 × 109/L). CSF pressure 
is increased.

Differential diagnosis

Differential diagnosis is from the different forms of relapsing and 
trench fevers, with which the temperature chart (Figure 69.9) has 
much in common. In tropical countries, the possibility of co-
existent Plasmodium spp. infection should be borne in mind. 
Puffi ness of the face accompanying the urticarial eruption may 
simulate acute nephritis.

The reaction occurring around the site of the scar may be con-
fused with erysipelas or cellulitis.

Diagnosis

A diagnosis of rat bite fever can usually be established from the 
history, infi ltration at the site of the bite, typical temperature 
chart, a characteristic rash, and response to penicillin administra-
tion. Diagnosis can be confi rmed either by dark-ground illumina-
tion (spirilla may be visualized in the exudates obtained from the 
site of the bite, or in serous fl uid from the papule)33 or by a 
Giemsa-stained smear. It is seldom possible to demonstrate spi-
rilla in a thick blood fi lm. If a number of relapses have occurred, 
the most useful investigative procedure consists of demonstrating 
lytic antibodies. Absolute proof of clinical diagnosis may be 
obtained by inoculating the patient’s blood, lymph gland or 
wound biopsy into a guinea pig or mouse.

S. minus is not easily found in peripheral blood (although it 
enters the bloodstream after a few days), but is found in exudates 
near the bite and in ‘juice’ from local lymph nodes. Inoculation 
of infected material into a mouse or rat produces a haematologi-

cal infection, and in the guinea pig a febrile disease. Infected dogs 
remain asymptomatic. Monkeys and rabbits are susceptible. The 
spirilla are present in rat tongue muscle. Rats, mice and guinea 
pigs may be healthy carriers.

Serology

There is a weak positive treponemal serological reaction, and a 
positive Weil–Felix test result to proteus OXK strain.

Management

Response to penicillin is rapid; a single 300 mg injection of a 
repository penicillin33,34 is adequate. Streptomycin and tetracy-
cline are also effective.

Epidemiology

Single sporadic cases occur following a rat bite. Small epidemics 
can follow when contaminated raw milk is the vehicle of 
infection.

Haverhill fever

Geographical distribution

Haverhill fever is present in the USA, Europe and elsewhere.35–38

Aetiology

Actinobacillus muris (A. moniliformis, Streptobacillus moniliformis) is 
a natural ‘parasite’ of the nasopharynx of rats. It consists of a 
pleomorphic organism that forms slender, branching fi laments 
(1–3 × 0.3–0.4 μm); these break up to form chains of bacilloid or 
coccoid bodies. It is a more common cause of rat bite fever than  
S. minus.

Transmission

Although infection is sometimes traced to a rat bite, transmission 
can occur via raw milk contaminated by rat urine; this has caused 
many epidemics.

Pathology

Little is known of the pathology; ulcerative endocarditis and 
subacute myocarditis have both been recorded. Hepatomegaly 
is usually present.

Clinical features

Natural history

Haverhill fever consists of a febrile illness, an erythematous rash 
(most prominent on the hands and feet), arthralgia35 and subse-
quent development of a sore throat. The fever may relapse, and, 
untreated, continue for months.

Incubation period

This is 3–10 days; during this time, gastrointestinal symptoms 
may be present.

Figure 69.9 Temperature chart in rat bite fever, showing periodic 
relapses.
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Symptoms and signs

If bitten,35–37 the wound has usually healed; this is followed by 
fever, extreme prostration, severe generalized muscular pain and 
tenderness, headache and a generalized morbilliform rash,37 most 
marked on the hands and feet. Generalized lymphadenopathy is 
present. Non-suppurative shifting arthropathy35 is characteristic. 
In untreated cases, the disease may subside spontaneously after 
9–10 days; it may continue with a prolonged relapsing fever 
accompanied by night sweats that may recur for weeks or months 
at irregular intervals. The case mortality rate is about 10%, the 
cause usually being bacterial endocarditis and/or abscess 
formation.38

Diagnosis (Table 69.3)

Differential diagnoses include coxsackievirus infection, meningo-
coccal septicaemia and erythema multiforme. The organism 
can be isolated from blood by aerobic culture,32 and subcultured 
on blood agar (in a carbon dioxide atmosphere) after 48 hours. 
The role of imaging in spirochaetal infection has been 
reviewed.39

Serology

A. muris can be agglutinated by serum; a fl uorescent antibody titre 
(IgM) at 1 : 400 has been obtained using an antigen consisting of 
Actinobacillus spp.

Management

Tetracycline (250 mg 6-hourly for 2 weeks) is the antibiotic of 
choice. Erythromycin is also effective.36 Penicillin has also been 
used,37 although some coccobacillary variants are relatively resis-
tant to this agent.
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Section 8 Bacterial Infections

Chapter 70 Geoffrey M. Scott and Timothy J. Coleman

Leptospirosis

Leptospirosis is a zoonosis that occurs in many parts of the world 
but most frequently in tropical and subtropical regions. Most cases 
are mild or asymptomatic but the most severe illness, often 
referred to as Weil’s disease, characterized by a severe febrile 
illness with bleeding, jaundice and renal failure, may be associ-
ated with death through renal failure or pulmonary haemor-
rhage.1–5 It is known by many different local names (e.g. mud, 
swamp, sugar cane, Fort Bragg and Japanese autumnal fevers). 
Overall, the major maintenance hosts are rodents and the organ-
ism is passed in their urine for long periods of time, even for the 
lifetime of the animal. Leptospires can survive for up to a few 
weeks in fresh water depending on the pH, but they remain viable 
for a much shorter period in brackish water. Humans are infected 
through direct or indirect contact with the urine of infected 
animals.

AETIOLOGY

The organism

The causative agents belong to the genus Leptospira, fi ne spiral 
bacteria of 0.1 μm in diameter and 6–20 μm in length.6 Under 
dark ground microscopy, the organism appears straight with one 
or both ends hooked (Figure 70.1). Spinning motility around 
their long axis may disguise the spiral nature of the organisms.7

Classifi cation

The family of Leptospiraceae has been subdivided into three 
genera – the Leptospira, Leptonema and Turneria (previously Lepto-
spira parva). The genus Leptospira comprises two species: L. inter-
rogans (pathogenic) and L. bifl exa (saprophytic).

The species L. interrogans is divided into serogroups (e.g. cani-
cola) and then into many serovars, and strains are identifi ed by 
cross-agglutination – absorption with known strains using homol-
ogous antisera raised in rabbits. The test is labour intensive and 
therefore expensive. Major and unique antigens are currently 
being defi ned by raising monoclonal antibodies and these may be 
applied to the identifi cation of certain specifi c serovars. New 
serovars may be found occasionally.8

Analysis of whole-cell DNA digests may also be used to show 
dissimilarities between strains.9,10 This welcome move away from 

(potentially variable) antigen characterization may well reveal 
even more strains contained in what are termed ‘geno’ and 
‘subgeno’ groups. However, at present, classifi cation based on 
serological differences rather than DNA relatedness is often the 
most practical for clinical usage.

L. interrogans comprises the parasitic and pathogenic strains 
that can cause disease in humans and animals, whereas L. bifl exa 
includes those that are considered non-pathogenic. The species L. 
interrogans can be divided into more than 200 recognized serovars. 
The severity of infection is probably as much to do with dose and 
host susceptibility as with the strain involved, because any serovar 
has the ability to cause mild to severe disease in different hosts. 
Some serovars tend to show a particular geographical distribution 
and differences in the major maintenance host. For example, in 
the UK, L. hardjo is particularly associated with cattle, explaining 
the observed increased risk of infection with this serovar in dairy 
farmers. Social and economic changes and alterations of working 
practices may occasionally result in a serovar that had previously 
been identifi ed only in animals causing disease in humans.11

Free-living saprophytic strains (L. bifl exa) do not cause disease 
in humans but their presence in the environment indicates that 
conditions exist under which strains pathogenic to humans can 
survive. L. bifl exa strains are not pathogenic to hamsters and grow 
at 13°C and in the presence of 8-azaguanine, both of which are 
inhibitory to L. interrogans.

Requirements for culture

L. interrogans is an obligate aerobe that can be grown on various 
media that incorporate vitamins B1 and B12, long-chained fatty 
acids (= C15) and ammonium salts. The optimal growth condi-
tions are pH 7.2–7.6 with media enriched with fresh serum or 
albumin, with incubation at a temperature of 28–30°C. The 
organism survives in anticoagulated (but not citrated) blood for 
many days and, for a few days, in some commercial blood culture 
bottles.12 As most blood cultures are incubated at 37°C, lepto-
spires are unlikely to survive for subsequent culture in the case of 
a late suspected diagnosis made after more frequent causes of 
bacteraemia have been excluded. However, it is unusual for clini-
cians and laboratories routinely to undertake blood culture spe-
cifi cally to detect leptospires, unless they are in a centre of endemic 
or epidemic infection.
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EPIDEMIOLOGY AND TRANSMISSION

Rodents, particularly species of rat, are the most important main-
tenance hosts of leptospires that may infect humans. However, it 
is likely that every mammal has the potential to become a carrier 
of some serovar and is capable of spreading the disease among its 
own kind and to other species, including humans. In maintenance 
hosts, the organisms continue to replicate in the renal tubules 
after primary infection and may then be excreted in the urine 
asymptomatically for months or years.

Rural seroprevalence surveys in some developing countries 
indicate 15–20% of the population has been exposed. There are 
wide differences in seroprevalence, mainly according to climatic 
factors (ranging from 0.7% in a desert shantytown to 28% in a 
similar area which tended to fl ood).13 The annual incidence of 
leptospirosis in an endemic area of leptospirosis in Sao Paulo, 
Brazil was 0.53 per 100 000 of the population calculated over 
almost 30 years and predominantly involved male adults in the 
working age group 20–39 years.14 In Vietnam, by the age of 7 
years, the prevalence is 11% (M : F 1.5 : 1.0) with a calculated 
acquisition rate of 1.5% p.a.15 The mortality ranges from 5–14% 
in diagnosed cases and is commoner in the older population.16

Humans acquire infection by direct or indirect contact with the 
urine of maintenance hosts, which include rodents and other wild 
animals, some domestic animals (e.g. dogs excreting L canicola) 
and farm animals (e.g. cattle excreting L. hardjo). Leptospires are 
naturally aquatic bacteria, and their prolonged survival in urine-
contaminated water is an extremely important factor with regard 
to transmission of infection. In order for humans to be infected, 
the organism generally gains entry through fresh cuts or grazes on 
the skin and possibly through intact mucous membranes. Other 
routes of infection are probably of minor importance in humans. 
Immersion in heavily contaminated fresh water carries a high risk; 
the number of organisms may increase in the late summer in 
temperate climes, particularly in stagnant water, so bathing in 
canals carries a signifi cant risk.17 Working closely with infected 
animals also carries a risk, as does working in an environment 

heavily contaminated with infected urine unless work practices 
are adopted to reduce the risk of skin contact. Sporadic cases are 
seen in alley dwellers in temperate urban situations.18

The survival of leptospires in the environment is favoured by 
warm, moist conditions and neutral or slightly alkaline pH. They 
survive in fresh water at neutral pH for up to 4 weeks but at pH5, 
survival is reduced to about 2 days. Comparison of workers in two 
rat-infested mines in Japan showed the seroprevalence of lepto-
spirosis to be very high in the mine where the water was alkaline 
but low where the water was acid. The incidence of leptospirosis 
relates directly to the daily maximum rainfall19 and increases 
during some disasters, including fl oods20 and hurricanes.21

Occupations associated with leptospirosis include mining, 
farming, animal slaughter, veterinary medicine, fi sh farming and 
processing, sewage and canal work, sugar cane harvesting and 
trench warfare. Leptospirosis is known by many different local 
names describing the likely source, location, season or occupa-
tional associations (e.g. mud, swamp, Fort Bragg, Japanese autum-
nal fevers, cattle-associated leptospirosis). More recently, the 
disease has been described in those taking part in recreational 
water sports, such as canoeing, white-water rafting, swimming in 
canals or windsurfi ng. Military recruits involved in jungle training 
and those taking ‘safari holidays’ in tropical areas are at risk of 
infection.22,23 Major sports events may be involved24–26 and disease 
may be more severe in those who take exercise during the pro-
drome.27 The sources of leptospirosis in Denmark (118 cases 
between 1970 and 1996) were occupational (63%), travel (8%), 
exposure to sewers (7%) and recreational activities (4%).28

Domestic animals such as dogs may be infected. Although 
human infection with L. canicola is most often contracted from 
dogs, the latter are more likely to develop overt disease from infec-
tion caused by L. icterohaemorrhagiae. This observation demon-
strates that an animal may be a maintenance host for one serovar 
and show no evidence of disease, and yet is susceptible to other 
pathogenic serovars. Disease and carriage in domestic animals 
have no implication for human disease.

During periods of increased rainfall and fl ooding, more than 
one disease may emerge. During a Dengue outbreak in Mumbai 
in 2002, a signifi cant number of children had leptospirosis.29 
There is a sense that the incidence of leptospirosis is increasing in 
some parts of the world and this may be true given cyclical cli-
matic changes. In areas of relatively low prevalence, seasonal and 
climatic changes are more diffi cult to recognize. However, surveil-
lance systems are poor except in defi ned outbreaks refl ecting the 
diffi culty in case ascertainment and confi rmation particularly for 
those with mild illness. Diffi culties with National schemes are 
well illustrated in a report from Thailand.30

PATHOLOGY AND IMMUNOLOGY

Leptospires disseminate widely after entering the body. In the 
most severe cases jaundice, bleeding and renal failure occur.31 
Virulence factors are poorly understood but include hyaluronidase 
and a ‘burrowing motility’ and may be contributory causes to the 
damage seen in small blood vessels. These could explain the 
ability of the organism to penetrate intact mucous membranes 
and perhaps the dissemination, but neither explains the full path-
ological picture.

Figure 70.1 Leptospires under dark-ground illumination – 
characteristically hooked at both ends.
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Whereas the fi rst phase does not involve much infl ammation, 
direct hepatocellular damage leads to jaundice, and tubular damage 
occurs by a yet undiscovered mechanism. The liver is not enlarged 
and microscopic damage ranges from no appreciable changes on 
light microscopy, to unicellular damage with oedema, to multiple 
necrotic foci, seen only in those who die soon after onset of symp-
toms.32 Normally, regeneration of the liver begins rapidly and 
reorganization will have begun even in a patient who dies later 
from renal failure. Renal changes include enlargement with oedema 
and subcapsular haemorrhage, and renal tubular necrosis.33–35

Haemorrhage may be present in any internal organ, and refl ects 
endothelial damage and increased capillary fragility. Disseminated 
intravascular coagulation is not a feature.36 The mechanism of 
damage in liver, kidneys and blood vessels is not known. Although 
much of the pathological change could be explained by cytotoxins, 
none has been demonstrated. Cell damage may occur by interfer-
ence by glycolipoprotein fractions with Na-K ATPase, but this does 
not explain cross-species specifi city of virulence.37 Curiously the 
renal failure is accompanied by a high aldosterone concentration 
and hypokalaemia.38 The second phase of the illness is character-
ized by the host immune response and includes immune complex 
glomerulonephritis and vasculitis with endothelial injury. Lepto-
spiral outer membrane proteins bind to toll-like receptor 2 to 
mediate infl ammation.39 In those who have died with pulmonary 
disease, extensive alveolar haemorrhage with hyaline membrane 
formation is present40,41 and histopathological examination reveals 
swollen capillary endothelial cells with increased pinocytotic vesi-
cles and giant dense bodies in the cytoplasm.42 Leptospiral antigen 
can be demonstrated by immunocytochemistry, but distribution 
and intensity are not related to the severity of the pathology seen. 
Platelets adhere to and aggregate at the vascular endothelium.42 In 
a guinea pig model of severe pulmonary leptospirosis, the organ-
isms appear to express lower concentrations of bacterial lipopoly-
saccharide O which may be an important virulence change in the 
organism allowing greater pathogenicity.43

CLINICAL PRESENTATION

Most people who have been infected with leptospires do not 
remember any illness to account for their seropositivity. Severe 
infection resulting in jaundice and renal failure is rare. Of 50 cases 
of acute hepatorenal syndrome in central India, 17 (34%) showed 
good evidence for leptospirosis.44 In North India, of patients with 
an acute febrile illness, 26/100 were found to have clinical criteria 
suggestive of leptospirosis and eight of these were proved to have 
the disease by immunological tests. One additional patient with 
non-specifi c febrile symptoms also had leptospirosis.45 Although 
some serovars (e.g. icterohaemorrhagiae) tend to be associated 
with more serious illness, there is no ‘serovar-specifi c presentation’ 
in humans. Men are infected more frequently than women but 
this is considered to refl ect increased risk of occupational or rec-
reational exposure rather than increased susceptibility. In many 
cases, leptospirosis follows a biphasic course.

Early non-specifi c bacteraemic phase

The incubation period is usually 7–12 (median 11) days, although 
in a very few cases it may be as short as 2 days or as long as 30 

days. There follows an acute febrile, infl uenza-like illness with 
chills, sore throat, headache, myalgia, back pain, anorexia, nausea 
and vomiting and, sometimes, herpes labialis. Sometimes the 
acute phase is severe, the patient is prostrate and has a persistently 
high fever (39–40°C) with exquisitely tender muscles, some 
cough and perhaps even haemoptysis, with dyspnoea and 
persistent vomiting. Abdominal pain is common and the patient 
tends to be constipated. Aseptic meningitis is common in some 
series.

During this phase, leptospires may be cultured from blood and 
cerebrospinal fl uid (CSF) and other tissues, but not from urine. 
Serological tests are negative until at least 5 days after the onset 
of symptoms. This so-called bacteraemic phase lasts around 4–7 
days. Wide dissemination of the organism in the acute phase may 
result in meningeal invasion. There may be a transient skin rash; 
e.g. in Fort Bragg fever there is a pretibial rash with raised ery-
thematous patches (2–5 cm in diameter) with some induration 
but much less tenderness than would be expected with erythema 
nodosum. It seems to be more common following infection with 
L. autumnalis or pomona than with L. canicola or icterohaemorrha-
giae. Myalgia and tender musculature, with raised serum creatine 
phosphokinase levels, and conjunctival suffusion are characteris-
tic. There may be moderate hepatomegaly but splenomegaly is less 
common.

The platelet count may fall and thrombocytopenic purpura and 
frank bleeding ensue. Urinalysis shows proteinuria but creatinine 
clearance usually remains normal until tubular necrosis or glo-
merulonephritis occurs.

Second (immune) phase

After the initial illness, a second phase begins, characteristically 
the patient having developed antibodies to the infecting organ-
ism. The antibody response is predominantly in the IgM class, 
which has strong agglutinating properties and may persist for 
many months. In mild cases, the second phase may be associated 
with minimal symptoms and signs but in a proportion of more 
severe infections, meningeal or hepatorenal manifestations pre-
dominate. In the severe form of the disease, the fi rst and second 
phases merge imperceptibly; with persistent high fever the patient 
deteriorates, becoming jaundiced and starting to bleed into the 
skin, mucous membranes and lungs. The liver enlargement is now 
more prominent. As the sclerae become icteric, the suffused vessels 
glow orange. Purpura and ecchymoses are seen. Oliguric renal 
failure, shock and myocarditis follow and are associated with a 
high mortality rate. The patient develops pulmonary oedema and 
subpleural pulmonary haemorrhages with haemoptysis. Acute 
adult respiratory distress syndrome occurs occasionally and, in 
these cases, smoking may be an important risk factor.46 The patient 
will deteriorate rapidly if signifi cant gastrointestinal haemorrhage 
occurs, but pulmonary haemorrhage is an important cause of 
death.41,47 The electrocardiogram is often abnormal, refl ecting 
myopericarditis.

Patients who develop oliguria, then anuria with rising plasma 
creatinine concentrations require renal dialysis. The serum potas-
sium level is paradoxically low. The bilirubin concentration is 
high, but often without marked enzyme abnormalities, and the 
combination of high bilirubin and creatinine levels should imme-

Clinical Presentation
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diately raise the question of leptospirosis. Renal failure is the usual 
cause of death but myocarditis, adrenal failure, haemorrhage and 
cerebral artery thrombosis may also be contributory. In those who 
survive without renal support, the creatinine concentration begins 
to fall at the end of the second week of the illness, indicating rapid 
resolution of the tubular necrosis. All renal function parameters 
will have returned to normal by 6 months except urinary concen-
trating ability.48

Abdominal pain may occur with suffi cient increases in the level 
of amylase and lipase, despite renal failure, to suggest that pan-
creatitis is the cause, especially in younger patients.49,50

Central nervous system involvement

A patient may present, especially in the fi rst phase of the illness, 
predominantly with meningitis; the CSF contains moderate 
numbers of lymphocytes and mildly raised protein levels without 
altered glucose concentration. Rarely, there is acute encephalomy-
elitis or a psychiatric syndrome characterized by mania. The pres-
ence of myalgia, conjunctival suffusion, slight jaundice and 
occasional petechiae can be clues to help move the diagnosis away 
from enterovirus infection. Cerebral arteritis is an unusual late 
complication – moyamoya syndrome is caused by obstruction of 
the internal carotid arteries near the circle of Willis.

Eye involvement

The eyes are suffused and there may be subconjunctival haemor-
rhages during acute leptospirosis. Pathogenic leptospires may 
invade the eye during the acute febrile phase and this may be fol-
lowed by uveitis weeks or months after recovery. More commonly, 
a mild anterior iridocyclitis, blurring of the vitreous and haemor-
rhages in the retina can occur and result in disturbance to 
vision.51

DIFFERENTIAL DIAGNOSIS

Jaundice and renal failure with an acute febrile illness should 
immediately include leptospirosis in the differential diagnosis, 
and a full history of occupational, recreational and animal expo-
sure must be taken. In practice, most cases of jaundice will at fi rst 
be thought to be due to viral hepatitis: a raised bilirubin level with 
relatively unchanged enzymes and polymorphonuclear leukocy-
tosis with negative viral serology should point away from viral 
in -fection. However, many other acute fevers are associated with 
jaundice (e.g. malaria, acute schistosomiasis, visceral leishmani-
asis, melioidosis, plague, tularaemia and relapsing fever). The 
most important clinical clue is the link with renal failure. The 
haemolytic–uraemic syndrome may be caused by toxins produced 
by gut pathogens such as Shigella spp. and Escherichia coli (serotype 
O157), but dysentery is a prominent feature in such cases. In one 
series from Mumbai, leptospirosis presented as acute liver failure 
in 5/28 patients.52 If petechiae are present, meningococcal disease 
must be excluded. Examination of the CSF is, therefore, very 
important when there is any hint of meningitis. Any patient with 
acute lymphocytic meningitis must have a full history for possible 
exposure to leptospirosis taken.

DIAGNOSIS

It is unlikely that the early non-specifi c illness of leptospirosis will 
be diagnosed unless there is a clear suggestion of the diagnosis in 
some occupational or recreational exposure, or if there is an out-
break. Clinical clues that may suggest the diagnosis of leptospiro-
sis over other causes of acute fever are disproportionate myalgia, 
jaundice, conjunctival suffusion, pretibial rash and lymphocytic 
meningitis. If the diagnosis is suspected at this early stage, it is 
important to liaise with the microbiologist to arrange for appro-
priate specimens to be examined.3 However, rapid results are not 
always possible: cultures may take 2–3 weeks to prove positive 
and antibodies are unlikely to be detected until at least 5–6 days 
after the onset of symptoms. Diagnosis using dark-fi eld micro-
scopy requires considerable experience; many artefacts (e.g. red 
blood cell membranes) may resemble leptospires when blood 
cultures are viewed directly. Culture into special media is more 
sensitive than direct microscopy. The chance of detecting lepto-
spires in blood cultures declines rapidly when the specimen is 
taken after day 4 of the illness.53

The urine will be negative in the bacteraemic phase, so is not 
worth testing until the illness has been under way for some 10 
days; but by then serological tests will be positive. Therefore, it is 
not often worthwhile directly examining urine if serum is avail-
able. If urine is submitted, it must be examined fresh since the 
leptospires will die if it is acidic. A simple way of alkalinizing the 
urine is to give potassium citrate mixture, for example as Cysto-
purin, one sachet (equivalent to 3 g) three times/day for 2 days, 
or sodium bicarbonate, 3 g every 2 h, until the urine pH > 7. Some 
confusion will occur if there are protein fi brils in the urine associ-
ated with renal tubular damage – they look surprisingly like 
immobile leptospires. The viability and motility of the bacteria 
are therefore particularly important.

When the patient is jaundiced, the bilirubin level is markedly 
raised but transaminase and alkaline phosphatase concentrations 
may not rise much beyond the upper limit of normal. The liver 
shows steatosis. The urine contains bilirubin and urobilinogen 
with some protein. The creatine phosphokinase54 and amylase50 
levels are often raised. There is also a polymorphonuclear leuko-
cytosis, which is useful in distinguishing leptospirosis from acute 
viral hepatitis. The haemoglobin level may fall, partly due to the 
infection and partly to haemorrhage. As the illness develops, the 
albumin level falls and the globulin and triglyceride concentra-
tions rise. The bleeding time is prolonged: the clotting is normal 
and bleeding is due to capillary fragility.36 There is no consump-
tion of clotting factors. Later a rise in prothrombin time refl ects 
hepatocyte failure. The erythrocyte sedimentation rate rises in the 
second week.

Serological detection of antibodies to leptospires is usually the 
investigation of choice after symptoms have been present for 5–6 
days.2,55 Early tests in non-specifi c febrile illness are not usually 
positive.56 After this, a single high titre (such as a micro-agglutina-
tion titre >800) may be of help57 but a rising titre is diagnostic. 
Reference laboratories may provide differentiation of the antibody 
into IgM and IgG, and perform more specifi c tests including one 
of a variety of enzyme-linked immunosorbent assay (ELISA) tech-
niques or microscopic agglutination against live or formalized 
organisms (MAT), which aids differentiation of serogroups and 



1165

serovars.58,59 Various assays have been compared including micro-
scopic agglutination (MAT) versus IgM-ELISA;60 the latter may 
become positive somewhat earlier than the former. Rapid latex 
agglutination and dipstick assays are currently under evalua-
tion.61–64 Crude agglutination or complement fi xation tests using 
a standardized polyvalent antigen are performed in some local 
laboratories. A commercially available ‘LeptoDipstick’ detects IgM 
in serum and urine but may be oversensitive compared to con-
ventional diagnostic tests.65 Therefore any positive results should 
be confi rmed by alternative tests. New tests are being developed 
using recombinant antigens.66 Theoretically molecular diagnostic 
tests should be helpful but they are experimental at the moment 
and unlikely to be available where leptospirosis is most common 
or where it is very rare.67 DNA amplifi cation from urine is diffi -
cult.68 Several groups have identifi ed suitable DNA segments for 
amplifi cation (e.g. in gyrase subunit B or ompL1 or multi-locus 
sequence typing of housekeeping genes) which can detect and 
discriminate between some serovars and may eventually prove 
useful in diagnosis.

SYNDROMES ASSOCIATED WITH 
OTHER SEROVARS

There are no serovar-specifi c syndromes of leptospirosis. Any of 
the serovars of L. interrogans can cause any of the syndromes men-
tioned, and the illness can be of any seriousness. Serovar L. lai was 
fi rst recognized in association with pulmonary haemorrhagic syn-
drome; this was then recognized as being an occasional feature of 
other serovars. Recognition of disease, dynamic epidemiology, 
virulence and predominant strains are all subject to variation, 
according to changes in climate and animal hosts. Nevertheless, 
there have been some striking associations with particular 
serovars.

Canicola fever

Serovar canicola is more likely to cause lymphocytic meningitis 
than the hepatorenal syndrome and is rarely fatal.69 If acquired in 
pregnancy, the fetus may abort. The disease is usually acquired 
from domestic dogs, which can excrete the organism in the urine 
for years. Dogs may fall ill themselves on acquiring the infection 
and should be immunized against leptospirosis as puppies. A 
common symptom in the infected dog is polyuria, and the history 
of contact with dogs, other pets or farm animals must be sought 
from any patient with lymphocytic meningitis (or other symptom 
complex suggestive of leptospirosis). Pigs sometimes also acquire 
L. canicola but are usually asymptomatic.

Other serovars

Outbreaks of infection with other serovars are geographically focal 
and become well recognized locally. Most cause symptoms that 
are non-specifi c (headache, myalgia, fever, perhaps with mildly 
raised bilirubin levels but rarely with overt jaundice). However, 
infection with L. autumnalis is particularly associated with a Fort 
Bragg fever: Curious pretibial, raised 2–4-cm erythematous 
patches, which are much less tender than erythema nodosum and 

occur at the height of the illness.70 Pretibial fever may also occur 
with other serovars (e.g. L. pomona) and there has been some 
confusion with legionellosis. Serovar pomona, a parasite predom-
inantly of pigs, causes swineherd’s disease, fi rst described in 
Australia and then in Switzerland, and behaves in humans 
like canicola fever. Serovar australis group antibodies that were 
not cross-reactive with canicola and icterohaemorrhagiae were 
shown in beagles with chronic hepatitis.71

Serovar grippotyphosa causes swamp or mud fever, and bata-
viae causes rice-fi eld disease, described in outbreaks fi rst in Indo-
nesia and later in Italy.

MANAGEMENT

Penicillin and other related β-lactam antibiotics are active against 
experimental leptospirosis in animals.72 Tetracyclines are also 
effective and there is some controversy as to whether penicillin 
is preferable to tetracyclines. Macrolides (azithromycin and clar-
ithromycin) and the ketolide telithromycin are also active in 
animal challenge experiments.73 However, penicillin (1.2G ben-
zylpenicillin intravenously or intramuscularly every 4–6 h) is 
probably the drug of choice in patients suspected of having lep-
tospirosis, yet it is a widely held view that this would be ineffective 
if delayed beyond the fi rst few days of the illness.74 This is, perhaps, 
explained by the fact that after this time the manifestations of the 
disease are immunologically mediated. However, whereas recent 
placebo-controlled studies suggest that there may still be a small 
advantage in giving penicillin late (that is, beyond the fourth day 
of the illness),75 a systematic review revealed only three trials that 
were acceptable for analysis that failed to prove any benefi t for 
antibiotic treatment at all.76 A more recent randomized trial of 
penicillin vs placebo after day 4 in Brazil showed a non-signifi cant 
trend to reduction in mortality (15/125 to 8/128) in line with 
previous tantalizing results.77 Tetracycline (e.g. doxycycline 100 mg 
orally every 12 h)78 or erythromycin (500 mg orally every 12 h) 
are alternatives in patients who are allergic to penicillin, but are 
not more likely to be effective. Ceftriaxone was not better than 
penicillin in a small open-label study.79 There were no differences 
in outcome in patients with possible leptospirosis empirically 
treated with either penicillin, cefotaxime or doxycycline in an 
open-label study of 264 patients (confi rmed) in northern 
Thailand, although the tetracycline was usefully active against 
rickettsial infection which affected 132 additional patients.80 For 
possible concurrent malaria with leptospirosis, doxycycline, 
azithromycin and clindamycin show in vitro activity.81

For very ill patients, intensive care support may be necessary. 
Specifi c support therapy is required for anaemia due to bleeding 
and for renal failure. Haemodiafi ltration is now favoured if 
resources permit, but when resources are limited, peritoneal dial-
ysis should be instituted to tide the patient over until the tubular 
necrosis has begun to resolve. A tendency to bleeding is not a 
contraindication to haemodialysis.

For the acute pulmonary syndrome, pulsed methylpredniso-
lone may be effective. A small non-randomized study showed a 
signifi cant reduction in mortality when the steroid was started 
soon after the onset of the pulmonary syndrome.82 Parenteral 
feeding is important because of the hypercatabolic state of the 
febrile patient in renal failure.34

Management
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There are negligible risks to healthcare workers of acquiring the 
disease from an infected patient.

CONTROL AND PREVENTION

With more than 200 pathogenic serovars and the fact that all 
animals may become infected, some chronically, the eradication 
of leptospirosis is clearly impossible. However, there are three 
main ways in which the risk of leptospirosis in humans can be 
reduced. First, domestic farm animals and pets can be immunized. 
This does not completely abolish the risk of an animal acquiring 
infection but signifi cantly reduces the overall risk to humans.83 
Secondly, risks in occupational and recreational exposure can be 
identifi ed and addressed. Although classically described in sewer 
workers, leptospirosis is now rare in this group in many countries 
because protective clothing and simple hygienic precautions have 
been introduced. In general, farmers tend not to take similar 
precautions because of a misconception in some parts of the 
world that the disease is not particularly associated with farming. 
However, specifi c measures can be taken; e.g. burning cane fi elds 
prior to harvest reduces the risk of the sharp young shoots cutting 
hands. Other simple measures, such as removing rubbish from 
work and domestic environments, will reduce the rodent popula-
tion. Improved education of people at particular risk (e.g. farmers 
and those taking part in water sports) and healthcare staff increases 
awareness and may enable earlier diagnosis and treatment. Thirdly, 
chemoprophylaxis (e.g. with doxycycline) can be used in groups 
at particularly high risk.84–87

A Cochrane database review found only two properly con-
trolled prophylactic trials of doxycycline (and in one of these the 
method of blinding was not described) involving 1022 subjects. 
The risk of leptospirosis in the treated groups was 0.6% (3 of 509) 
compared with 4.9% (25 of 513) in those who received no treat-
ment. It was calculated that prophylaxis in 24 subjects (95% 
confi dence intervals 17–43) was needed to prevent disease in one 
subject. Side-effects were recorded in 3% of those receiving doxy-
cycline, compared with 0.2% of control subjects, and this has to 
be taken into account when deciding on a prophylaxis strategy at 
times of high risk and special circumstances.88
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Section 9 Mycotic Infections

Chapter 71 Roderick J. Hay

Fungal Infections

The fungi are recognized causes of disease in all parts of the world. 
The commonest of the infections caused by these eukaryotic 
organisms are superfi cial, and include diseases such as dermato-
phytosis or ringworm and candidosis. However, extensive, deform-
ing and potentially fatal deep or systemic fungal infections can 
also occur.1 Fungal cells are similar to animal cells but are char-
acterized by the presence of a polysaccharide-based cell wall. 
There are two principal types of fungi: the yeasts, single cells which 
reproduce by a process of bud formation to give rise to single 
daughter cells; and the mycelial or mould fungi, which form 
chains of contiguous cells, hyphae. Some fungi, the dimorphic 
fungi, exist as either yeasts or mycelia at different stages of their 
life cycles. Examples of dimorphic organisms include most of the 
major respiratory pathogens such as Histoplasma capsulatum and 
Coccidioides immitis. The formation of specialized reproductive 
structures or spores (conidia) is also typical of fungi, although this 
usually only occurs under laboratory conditions. Fungi can cause 
human disease in a number of different ways, through the produc-
tion of toxins, sensitizing antigens (allergens) or by the invasion 
of tissue. Invasive diseases caused by fungi are known collectively 
as the mycoses: the superfi cial, subcutaneous or systemic 
mycoses.

The distribution of mycoses is affected by a number of factors: 
the presence of the organisms in the environment, host immunity, 
frequency and route of exposure and the use of invasive or immu-
nosuppressive medical technology. These infl uence the spread of 
fungal disease in the tropics as well as in temperate climates. The 
main superfi cial mycoses are common in the tropics. The sub-
cutaneous infections, which occur through implantation of 
pathogenic organisms via injury, are largely confi ned to the 
tropics and subtropics. The main systemic mycoses due to respira-
tory pathogens, such as Histoplasma capsulatum, also occur in 
the tropics, while systemic opportunistic infections caused by 
organisms such as Aspergillus are probably more common in 
temperate areas where there is a greater reliance on therapeutic 
immunosuppression.

SUPERFICIAL MYCOSES

Superfi cial infections caused by fungi are common in all environ-
ments, particularly the tropics. While, on occasions, this is due to 
the existence of endemic foci of specifi c species, such as the causes 

of tinea imbricata or tinea capitis, there is also a real increase in 
prevalence of certain infections. Factors such as climate, humidity 
of the skin surface and the PCO2 concentration may all affect the 
expression of these diseases.

The main superfi cial infections are dermatophytosis or ring-
worm, superfi cial candidosis and pityriasis (tinea) versicolor 
(Table 71.1). However, other conditions, such as foot infections 
caused by Scytalidium dimidiatum as well as the hair shaft infec-
tions, white and black piedra, and tinea nigra are also seen. Oto-
mycosis, a superfi cial infection of the external auditory meatus, is 
also common. Oculomycosis, in particular mycotic keratitis, 
occurs in temperate as well as tropical environments but poses a 
frequent and diffi cult management problem in the tropics (see 
Chapter 18).

Dermatophytosis

The dermatophyte or ringworm fungi are common causes of 
superfi cial infections.2 They are mould fungi which became 
adapted to parasitize the skin by attacking the keratin through the 
production of proteases with keratin specifi city. They can invade 
epidermis but remain confi ned to the stratum corneum as well as 
the hair shaft or nail plate. There are three pathogenic genera of 
dermatophyte in humans: Trichophyton, Microsporum and Epider-
mophyton. These organisms normally cause exogenous infections 
originating from outside the human host. There are three main 
sources: other humans, animals or soil, known respectively as 
anthropophilic, zoophilic or geophilic. Examples of possible 
animal hosts are cats and dogs (M. canis), cattle (T. verrucosum), 
monkeys (T. simii) and rodents (T. mentagrophytes).

Pathogenesis

The fungi invade after adhering to stratum corneum cells. Factors 
which encourage fungal invasion include increased environmen-
tal humidity and CO2 content, both of which may occur in a 
tropical environment and in the presence of occlusion. Less is 
known about those factors which determine human susceptibility; 
generally it is thought that most individuals are susceptible to 
infection.3 The presence of medium chain length fatty acids in 
sebaceous material may, however, prevent hair shaft invasion by 
dermatophytes in postpubertal children. There is evidence that 
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susceptibility to tinea imbricata may be mediated via an autoso-
mal recessive gene.4 In addition, patients with persistent treat-
ment-unresponsive dermatophytosis affecting the palms and soles 
are signifi cantly more likely to be atopic than others.5 Resistance 
is largely mediated via non-specifi c factors, such as an increase in 
epidermal turnover, unsaturated transferrin or by activation of 
T cell-mediated immunity. Patients with the acquired immune 
defi ciency syndrome (AIDS), for instance, although not appar-
ently showing an increased incidence of infection, may have 
clinically atypical and extensive lesions.6

Epidemiology

In most tropical countries dermatophytoses are common.7–11 The 
main types of infection seen are tinea corporis, tinea cruris and 
tinea capitis. Tinea pedis is considered to be less common in many 
parts of the tropics. However, there are several features of the 
epidemiology of foot infections which may be relevant.12 Occlu-
sion of the feet with shoes or socks predisposes to infection, 
although a higher proportion of the populace may have asymp-
tomatic infections of their soles. In areas of the tropics where there 
is industrial activity, such as in the mining or petroleum indus-
tries, the incidence of foot infections may be much higher. There 
are a number of different organisms which can cause this type of 
infection, ranging from dermatophytoses to Candida or Scytalid-
ium species, Gram-negative bacteria and erythrasma, a Gram-
positive bacterial infection.13 For instance, in eastern Saudi Arabia 
there is a high rate of Candida infection in the toe–web spaces 
rather than dermatophytosis.14 Populations of organisms on the 
feet, particularly those affecting the interdigital spaces, may vary 
from time to time and one may replace another to cause infection; 
the term ‘dermatophytosis complex’ has been coined to describe 
this phenomenon.13

Laboratory diagnosis

The diagnosis of dermatophytosis can be confi rmed by demon-
strating the organisms in skin scrapings or hair or nail samples 
taken from lesions.2,15 Scrapings are generally best removed with 
a blunt scalpel from the edge of lesions. They are mounted in 
5–10% potassium hydroxide and are then scanned with a micro-
scope. The organisms are seen in scrapings as chains of cells 
forming hyphae. In addition, they grow on simple mycological 
media such as Sabouraud’s agar and their gross and microscopic 

morphology is used to distinguish the different species. At present, 
molecular techniques play little part in their diagnosis.

Clinical features

The normal term for dermatophytosis is tinea, followed by the 
Latin for the appropriate part of the body affected (tinea capitis, 
head; tinea cruris, groin, etc.).

Tinea corporis

This presents with a scaly and itchy rash affecting the trunk or 
proximal limbs. The typical lesion is a circular scaling patch with 
some central clearance (Figure 71.1). However, in many lesions 
the main abnormalities, scaling or papule/pustule formation, are 
seen at the edge where an intact or broken rim can just be made 
out. Tinea corporis lesions may be very large and affect a wide area 
on the back and chest. In patients with AIDS the symptoms and 
signs may be altered considerably, with extensive or follicular 
forms being seen in some patients.16

Tinea imbricata is a specifi c type of tinea corporis caused by 
the fungus Trichophyton concentricum.17 It is endemic in remote and 
humid tropical areas in the West Pacifi c and parts of Malaysia, 
Indonesia and South America. Lesions are characterized by the 
development of multiple concentric rings of scales which may 
cover a large area of the body from an early age (Figure 71.2). 
Other patterns include diffuse desquamation with large scales and 
lichenifi cation. This infection is notoriously diffi cult to eradicate 
from patients who are living in endemic areas.

Localized lesions respond to one of the azole antifungals, such 
as clotrimazole or econazole or topical terbinafi ne. Whitfi eld’s 
ointment is also effective in many patients. Oral therapy is gener-
ally needed for extensive disease or tinea imbricata; the main 
choices are griseofulvin, itraconazole or terbinafi ne.

Tinea capitis

Tinea capitis or scalp ringworm is endemic in many developing 
countries. It can be caused by either anthropophilic or zoophilic 

Table 71.1 Superfi cial mycoses

Dermatophytosis (ringworm, tinea)

Superfi cial candidosis (thrush)

Malassezia infections: pityriasis versicolor, Malassezia folliculitis, 
seborrhoeic dermatitis

Scytalidium infections: less common; tinea nigra, white piedra, 
black piedra, alternariosis, onychomycosis due to mould fungi

Otomycosis

Keratomycosis

Figure 71.1 Tinea corporis due to Trichophyton rubrum.
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fungi.18 Generally in rural areas anthropophilic organisms are 
more common and this is true for large areas of India, Latin 
America and Africa.19 By contrast, in the Middle East and in some 
South American countries, particularly in cities, zoophilic infec-
tions are being seen more frequently, usually caused by Microspo-
rum canis. The difference between the two types is in their 
transmission, with those originating from human sources being 
more easily transmitted from child to child, causing small or large 
epidemics of disease. In many communities in Africa, for instance, 
scalp ringworm is endemic.20–22 There is also evidence of a change 
with an increase in the incidence of T. tonsurans infections in Africa 
and Brazil.

Tinea capitis is an infection generally confi ned to prepubertal 
children. With most anthropophilic fungi the infections present 
insidiously with diffuse or circumscribed areas of hair loss. Scaling 
may be minimal and hairs are broken at scalp level, leaving a 
swollen black dot in the hair follicle (Figure 71.3). More scaly 
types resemble seborrhoeic dermatitis, but highly infl ammatory 
lesions (kerion) are occasionally seen. The course of disease is 
indolent but lesions normally clear at puberty. The zoophilic 
organisms are generally more infl ammatory, and scaling with hair 
loss is obvious. Lesions are often quite itchy and infl ammatory 
crusts cover the lesions. Children (and adults) may carry the 
organisms without clinical lesions.23,24 Adult tinea capitis, although 
rare, may be seen in patients with AIDS.

Favus is a specifi c form of scalp ringworm caused by Trichophy-
ton schoenleinii. It is found mainly in isolated pockets in parts of 
North, East and South Africa, the Middle East and South America. 
The infection is characterized by the formation of large matted 
crusts – scutula – over the scalp. This infection is usually recog-

nized by the local population as distinct from other forms of tinea 
capitis. Hairs are often retained until late in the course of the 
disease but their loss may be permanent.

The diagnosis of this infection can be confi rmed by examining 
scrapings from the patient’s scalp and by culture.25 Some causes 
of dermatophytosis affecting hairs, notably those due to Microspo-
rum species, produce greenish fl uorescence in scalp hairs under a 
fi ltered ultraviolet (Wood’s) light.

The best treatment for dermatophytosis affecting the scalp is 
oral; topically applied drugs are seldom effective.22 Griseofulvin 
in a dose of 10–20 mg/kg daily is the usual agent.26,27 The normal 
duration of therapy is 6–8 weeks. However, in some cases it is 
possible to use a single dose of 1 g daily, which can be given under 
supervision to large numbers of children in a school.18 Terbinafi ne 
and itraconazole are also effective, the latter showing particular 
activity against tinea capitis due to Trichophyton species.

Tinea cruris

Dermatophytosis affecting the groin – tinea cruris – is common 
in most tropical countries. It is almost always caused by anthro-
pophilic species of dermatophytes, mainly Trichophyton rubrum 
and Epidermophyton fl occosum. Sometimes these infections may 
appear to reach epidemic proportions in certain groups such as 
soldiers or prisoners. The usual lesion is an itchy rash with a raised 
border extending from the groin down the upper thigh, and on 
occasions, into the natal cleft. In women it may extend around 
the waist area. Treatment with topically applied antifungal creams, 
such as clotrimazole or miconazole or half-strength Whitfi eld’s 
ointment works well in most cases.28

Figure 71.2 Tinea imbricata. Figure 71.3 Scalp ringworm (tinea capitis) due to Trichophyton 
violaceum, showing the ‘black dot’ appearance.
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Tinea pedis

Dermatophytosis affecting the feet is very common in most tem-
perate climates; although less common in developing countries, 
it none the less occurs. The most common sites of infection are 
the interdigital spaces or the soles. The main symptoms are itching 
and occasionally pain. There may be erosions affecting web spaces. 
If there are severe erosive changes, particularly if there is greenish 
discolouration of the area, Gram-negative bacteria, such as Pseu-
domonas species, may be implicated. Other possibilities include 
Candida and Scytalidium species or erythrasma, a bacterial infec-
tion caused by Corynebacterium minutissimum. Scytalidium infec-
tions which are indistinguishable from those due to T. rubrum are 
encountered frequently in West Africa.

The usual treatment for toe-web dermatophytosis is a topically 
applied antifungal. Good results can be obtained with a range 
of compounds including Whitfi eld’s ointment, azoles such as 
clotrimazole or miconazole, or terbinafi ne. For infections of the 
sole requiring treatment, oral therapy with griseofulvin, terbin-
afi ne or itraconazole is preferable. Scytalidium infections respond 
poorly to current antifungals.

Onychomycosis

Nail plate invasion caused by dermatophytes is common in tem-
perate countries, where it may affect up to 15% of the population. 
The prevalence of this infection in the tropics is unknown. It nor-
mally occurs together with sole or web-space infections and is 
most common in the toe-nails. The usual causes are anthropo-
philic fungi, such as Trichophyton rubrum. The affected nails become 
thickened and opaque; distal erosion of the nail plate occurs in 
long-standing cases29 (Figure 71.4). Superfi cial invasion of the nail 
plate caused by dermatophytes, such as T. interdigitale, or moulds 
such as Acremonium or Fusarium species, is seen more frequently 
in the tropics.30 This is called superfi cial white onychomycosis. 
Therapy is diffi cult, with few nail infections responding to topical 
antifungals, although in the early stages some will clear with tio-

conazole or amorolfi ne nail solutions. The cheapest oral treat-
ment, griseofulvin, is associated with a high relapse rate when 
toe-nails are involved. It may have to be used for 12–18 months. 
Other oral drugs, terbinafi ne (250 mg daily)31 or itraconazole 
(400 mg daily for 1 week per month ×3),32 produce higher 
recovery rates in shorter periods (3 months). They are also more 
expensive than griseofulvin.

Superfi cial candidosis

Superfi cial infections due to Candida species are common in a 
tropical environment and include oral and vaginal as well as skin 
infections.33 The principal pathogen is C. albicans, although other 
species, such as C. tropicalis, C. parapsilosis, C. krusei and C. glabrata 
may also cause human infections. C. albicans forms fi laments or 
hyphae during the process of tissue invasion. The disease is seen 
worldwide, although some clinical varieties such as interdigital 
candidosis are more common in warm climates.14

Pathogenesis and epidemiology

Candida albicans is a normal commensal of the mouth, gastroin-
testinal tract and vagina. Carriage rates vary but 15–60% of normal 
individuals have commensal carriage in the mouth. Somewhat 
lower percentages have colonization of the gastrointestinal 
tract or vagina.34 Survival of the organisms in these sites depends 
on a variety of factors, including their ability to adhere to mucosal 
cells and compete with commensal bacteria. Factors which 
disturb this balance favour either elimination or growth and 
subsequent invasion by the organism. They can usually be 
explained logically. For instance, use of antibiotics eliminates 
other members of the commensal fl ora of the mouth and 
bowel and allows Candida to invade. Depression of either T 
lymphocyte or neutrophil-mediated immunity allows the organ-
isms to grow and invade following inhibition of normal control 
mechanisms. The main exception is vaginal candidosis, where 
most women with this common infection have no detectable 
predisposition.

Clinical features

The main clinical forms of superfi cial disease are oropharyngeal, 
vaginal and cutaneous candidosis. In addition, chronic mucocu-
taneous candidosis is a condition which may appear as a rare 
chronic infection in predisposed patients. Systemic candidosis is 
a serious infection generally confi ned to compromised patients. It 
will be discussed elsewhere.

Oropharyngeal candidosis

Oral infection is seen in all countries, particularly in infants, the 
elderly and immunocompromised patients, including those with 
AIDS.35 It occurs in breast-fed and bottle-fed infants and may be 
a complication of malnutrition, in which it can affect the reintro-
duction of feeding because of soreness of the mouth. As a com-
plication of human immunodefi ciency virus (HIV) infection, the 
appearance of oropharyngeal candidosis is a common and early 
manifestation of the development of AIDS.Figure 71.4 Onychomycosis due to a dermatophyte.
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There are a number of different clinical types of oropharyngeal 
candidosis.36,37 These are largely distinguished by their chronicity 
and clinical appearances. Acute pseudomembranous candidosis 
presents with white plaques on the epithelium that are infl amed 
and easily detached. The scattered nature of these appearances is 
suggestive of the speckling on a thrush’s breast, hence its common 
name ‘thrush’. This may present as an acute infection in infants, 
the elderly or in patients who are immunocompromised, such as 
those with AIDS. In the last group and in patients with chronic 
mucocutaneous candidosis the condition is often persistent and 
refractory to therapy – chronic pseudomembranous candidosis.

In some individuals, plaques are not formed but the mucosal 
surface appears red and glazed – acute erythematous candidosis, 
also known as acute atrophic oral candidosis. This may occur in 
patients with AIDS.37,38 In patients presenting with infl ammatory 
changes and oral discomfort associated with dentures (denture 
sore mouth), persistent erythema associated with Candida is a 
common feature – chronic erythematous candidosis. In smokers, 
chronic candidosis may have additional features such as the 
appearance of irregular white plaques, which cannot be detached, 
on the tongue and other areas of the mouth–chronic plaque-like 
candidosis. Histologically, this contains epithelial atypia and, in 
some patients, oral carcinomas have developed. A few patients 
with chronic oral Candida infection may develop a pebbly appear-
ance on the mucosa – chronic nodular candidosis.

Any of the above changes can be accompanied by splitting at 
the corners of the mouth (angular cheilitis), which in these cases 
may be due to Candida infection. This is an important and 
common sign of candidosis.

In most patients the main focus of infection is the buccal 
mucosa, but in severely infected individuals there is involvement 
of the tongue or pharynx, as well as the oesophagus. Oesophageal 
candidosis is mainly seen in patients with AIDS, leukaemia or 
chronic mucocutaneous candidosis. While it may present with 
retrosternal pain on swallowing, it is often silent. Secondary oral 
infection due to Candida may occur in patients with epithelial 
abnormalities, such as hyperkeratosis or ulceration due to lichen 
planus, pemphigus and other conditions such as oral submucous 
fi brosis, mainly seen in patients from the Indian subcontinent.

Vaginal candidosis

Vaginal Candida infection is normally caused by C. albicans, 
although other Candida species, such as C. glabrata or C. tropicalis 
have also been cultured.33 While it can occur in pregnant women 
or diabetics, one of the features of this condition is that there is 
usually no underlying abnormality to be found. Severely immu-
nocompromised women do not usually show a higher frequency 
of persistent vaginal infections than appropriate control groups, 
although persistent vaginal infection has been reported in some 
women with AIDS.

The main clinical forms of vaginal candidosis are similar to 
those seen in the oral mucosa, most commonly an acute (pseu-
domembranous or erythematous) form.34 However, chronic 
relapsing or persistent vaginal candidosis and secondary vaginal 
candidosis can all occur.39 The symptoms of the acute types vary 
from a creamy discharge to itching and dyspareunia. Recurrent 
infections are unfortunately common and occasionally they are 
persistent. The clinical appearances are varied but the main varia-

tions are the presence or absence of soft white plaques (thrush). 
Secondary candidosis may occur in those with underlying 
mucosal disease, such as pemphigoid, lichen planus or Behçet’s 
syndrome.

Candida intertrigo

The skin is only indirectly involved in vaginal infection when 
there is spread of infection to the vulva and the perineum. In this 
case, a prominent red rash in the groin and on the upper surface 
of the thighs may appear, together with satellite pustules and 
papules. The same can occur in other sites such as beneath the 
breasts and around the umbilicus. In some cases, there is no 
underlying skin abnormality, although groin candidosis in males 
and females is more common in diabetic subjects. Eczema or 
psoriasis affecting the skin fl exures may be accompanied by sec-
ondary candidosis.

Interdigital candidosis

Infection of the fi nger- or toe-web spaces by Candida is more 
common in hot climates. It may be the most common type of foot 
infection in army groups in the tropics. Lesions are white with 
soggy-looking skin, which is superfi cially eroded. Candida may 
be a secondary invader of interdigital dermatophytosis. Lesions 
between the fi ngers are mainly seen in women and a relationship 
between repeated washing and cooking has been suggested; it is 
also more common in the overweight.

Candida infection and nappy dermatitis

Nappy rash in infants is a form of irritant eczema, which is often 
secondarily infected with, among other organisms, C. albicans. The 
presence of yeasts may be suspected by the appearance of satellite 
pustules and this is confi rmed by culturing the organisms from 
swabs of the area.

Candidosis of the nails

Paronychias are acute or chronic infections of the nail folds caused 
by Candida species, such as C. albicans or C. parapsilosis.40 These 
are common in the tropics. They occur in patients who are likely 
to immerse their hands frequently in water or whose occupations 
involve cooking. In addition to swelling of the nail fold, pain and 
intermittent discharge of pus, the lateral border of the nail may 
be undermined with onycholysis (Figure 71.5). Other causes of 
paronychia are staphylococcal and Gram-negative bacterial infec-
tions. The latter often co-exist with Candida species. However, in 
many chronically affected patients, this disease is complicated by 
irritant dermatitis and eradication of the organisms alone will not 
effect recovery.

Chronic mucocutaneous candidosis

The rare syndrome of chronic mucocutaneous candidosis (CMC) 
usually presents in childhood or infancy with oral, nail and cuta-
neous candidosis which recurs despite treatment.41 Other chronic 
skin infections, such as warts (papilloma viruses) and dermato-
phytosis may also appear. An adult form also exists.

The oral lesions are usually of the chronic pseudomembranous 
or plaque types. The skin may be covered with crusted plaques – 
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the so-called Candida granulomas – particularly where the infec-
tion has spread to the face or scalp. The fi ngernail changes involve 
the nail plates, nail folds and periungual skin, all of which may 
be severely damaged.

A large number of immunological abnormalities have been 
described in association with this condition but, with few excep-
tions, these have been found to change with time and therapy. In 
some cases, where infection forms part of the familial endocri-
nopathy syndrome with associated hypoadrenalism, or hypopara-
thyroidism, the likely defect is a mutation in the autoimmune 
regulator (AIRE) genes. Even so, the immunological investigation 
of children with CMC is not necessary unless they have very exten-
sive infections or a history suggestive of abnormal responses to 
other infections, such as chickenpox or severe staphylococcal 
boils. Here it is worth excluding functional leukocyte abnormali-
ties, such as chronic granulomatous disease, although such 
patients usually have a history of internal infection. With the 
exception of bronchiectasis most patients with CMC do not have 
internal disease, although the most severely affected patients may 
later develop systemic infections such as tuberculosis. It is also 
worth screening all cases for endocrinopathy.

Laboratory diagnosis

The diagnosis of superfi cial candidosis can be confi rmed by direct 
microscopy (see Dermatophytosis) of skin scrapings or swabs. 
Both yeasts and hyphae can be seen. Candida species can be 
distinguished on culture by assimilation and fermentation 
reactions.15

Treatment

Candida infections respond well to a range of antifungals available 
in cream, vaginal tablet or oral pastille forms.27 These include 
the polyene antifungals, such as amphotericin B or nystatin and 
azole drugs (econazole, clotrimazole, ketoconazole, miconazole). 
Patients with AIDS may respond poorly to topical therapy and 
orally absorbed antifungals, such as fl uconazole 100–200 mg 
daily),42 ketoconazole (200–400 mg daily)43 or itraconazole 
(100–200 mg daily),44 given intermittently are used. Prolonged 
use of ketoconazole and fl uconazole in AIDS patients may give 
rise to drug resistance, although this is less where highly active 
antiretroviral therapy (HAART) is available. Oral antifungal 
therapy is also needed for patients with CMC.

Scytalidium infections

Scytalidium dimidiatum, a plant pathogen found in the tropics and 
subtropics, and S. hyalinum, which has only been isolated from 
humans, cause infections of the skin which mimic the dry-type 
infections caused by Trichophyton rubrum.45 These infections have 
mainly been reported in immigrants from tropical areas to tem-
perate countries, although infection in the tropics may be more 
common than previously believed.46 Recent studies from Nigeria, 
for instance, have suggested that this is a common infection in 
both dermatological out-patients and industrial groups, such as 
mine workers. Infections have been reported from West and East 
Africa, India and Pakistan, Thailand, Hong Kong and several coun-
tries in Latin America.

The infection presents with scaling of soles and palms and 
cracking between the toe webs (Figure 71.6). Nail dystrophy is 

Figure 71.5 Chronic Candida paronychia.

Figure 71.6 Palm infection caused by Scytalidium. This mimics 
dermatophytosis.
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common and onycholysis without signifi cant thickening is 
often seen; some patients have nail fold swelling. The clini -
cal features of S. dimidiatum and S. hyalinum infections are 
indistinguishable.

It is important to recognize these infections because they are 
common in some areas and do not respond to most antifungal 
drugs. The laboratory diagnosis follows similar lines to that used 
in dermatophytosis – skin scrapings and culture.47 The appearance 
of these fungi in skin scrapings is characteristic as they are sinuous 
and irregular. They do not grow on media containing cyclohexi-
mide.

Treatment of these infections is diffi cult. Nail disease does not 
respond to any of the antifungal agents. Responses of skin infec-
tion have been recorded with a number of compounds, such as 
Whitfi eld’s ointment, econazole or terbinafi ne, although relapse 
is common.

Malassezia yeast infections

The Malassezia (lipophilic) yeasts are skin-surface commensals 
which have also been associated with certain human diseases, the 
most common of which are pityriasis versicolor, Malassezia fol-
liculitis and seborrhoeic dermatitis and dandruff.48 In addition, 
these organisms rarely cause systemic infections, usually in neo-
natal infants receiving intravenous lipid infusions. There are a 
number of Malassezia species which are oval or round yeasts and 
their distribution on the skin surface differs. The formation of 
short stubby hyphae by round yeasts on the skin surface is a 
feature of the development of pityriasis versicolor.

Pityriasis versicolor

The pathogenesis of pityriasis versicolor is still not fully under-
stood. The disease occurs in young adults and older individuals 
but is less common in childhood.49 Pityriasis versicolor is a 
common disease in the tropics and elsewhere in otherwise healthy 
patients and there is no evidence of immunosuppression in these 
groups. However, it has also been associated with Cushing’s syn-
drome and immunosuppression associated with organ transplan-
tation, but not with AIDS. The infection is very common in the 
tropics and incidence rates of over 70% have been reported in 
some studies. Generally, this disease is associated with warm cli-
mates and sun exposure.

The rash consists of multiple hypo- or hyperpigmented, occa-
sionally red, macules which are distributed across the upper trunk 
and back; with time these coalesce. The lesions are asymptomatic 
and scaly. The hypopigmented lesions may be confused with 
vitiligo but here there is complete loss of pigmentation. The pres-
ence of scaling and partial loss of pigment is, however, typical of 
pityriasis versicolor.

Lesions can also be highlighted by shining a Wood’s light on 
the area. They fl uoresce with a yellowish light, although this is 
generally a weak response and complete darkness as well as a 
powerful light source are necessary. Alternatively, scrapings from 
the lesions will show the characteristic organisms, which consist 
of clusters of round yeasts closely associated with short stubby 
hyphae. These are normally viewed in 10% potassium hydroxide-
treated mounts, although the addition of Parker Quink® ink to 
the potassium hydroxide is an easy stain to apply and it highlights 

the fungi well. This infection is usually caused by Malassezia 
globosa. But culture is not necessary to initiate treatment.

Malassezia folliculitis

A second condition associated with Malassezia yeasts is an itchy 
folliculitis on the back and upper trunk, which often appears after 
sun exposure, usually in teenagers or young adult males. Lesions 
are itchy papules and pustules which are often widely scattered 
on the shoulders and back. The condition has to be distinguished 
from acne as it does not respond to the same range of 
treatments.

Seborrhoeic dermatitis

Lipophilic yeasts of the genus Malassezia are part of the normal 
skin fl ora and therefore any evidence that they are either directly 
or indirectly implicated in the pathogenesis of common skin dis-
eases such as dandruff (scalp scaling) or seborrhoeic dermatitis is 
diffi cult to assess. However, these yeasts are found in large quan-
tities in the scales of seborrhoeic dermatitis and dandruff. Most 
patients with seborrhoeic dermatitis or dandruff respond to treat-
ment with azole antifungal agents and this coincides with the 
disappearance of the yeasts. Seborrhoeic dermatitis is one of the 
earliest and most consistent abnormalities seen in patients with 
AIDS50 but it is also common in perfectly healthy individuals.

The main clinical feature of seborrhoeic dermatitis is the 
appearance of erythema, together with greasy scales in the scalp, 
eyebrows and eye lashes, in the nasolabial folds, behind the ears 
and over the sternum.

Management

Treatment of Malassezia infection can usually be accomplished 
using topical azole antifungals such as clotrimazole (cream) or 
ketoconazole (cream or shampoo). Oral therapy with ketocon-
azole or itraconazole is also a possibility. Cheaper alternatives 
include selenium sulphide (1–2%) or 20% sodium hyposulphite 
solution. In the case of seborrhoeic dermatitis, topically ap -
plied azole antifungals will produce signifi cant improvements; 
other possibilities include topical tar-based preparations and 
corticosteroids.

Rarer superfi cial infections

White piedra is a chronic infection of the hair shafts caused by a 
yeast, Trichosporon beigelii.51 It is generally sporadic and rare and 
the infection is mainly seen in genital hair. It may also affect the 
axilla and scalp. The lesions are soft yellowish nodules around the 
hair shafts.52 This disease can be seen in temperate and tropical 
areas. It is usually asymptomatic and is noticed on routine inspec-
tion. Trichomycosis axillaris, in which hairs in the axillae are 
covered with a soft yellowish coating, is caused by a bacterial 
infection associated with excessive sweating. It is generally easily 
controlled with an antiperspirant.

Black piedra caused by Piedraia hortae is a rare asymptomatic 
infection confi ned to the tropics. Here, scalp hairs are surrounded 
by a dense black concretion containing spores, thus forming a 
small nodule.53 The disease has been reported in both humans 
and apes.
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Tinea nigra is an infection of palmar or plantar skin caused by 
a black yeast, Phaeoannelomyces werneckii. It is mainly seen in the 
tropics but can present in Europe and the USA. The main differ-
ential diagnosis is an acral melanoma as it presents as a fl at pig-
mented mark on the hands or feet. If the lesion is scraped with a 
glass slide or scalpel it can be shown to be scaly. Lesions are 
usually solitary. The presence of pigmented hyphae in skin scrap-
ings is typical. Tinea nigra responds to a variety of treatments 
including Whitfi eld’s ointment and azole creams.

Alternaria species cause a rare form of skin granuloma, often 
presenting with ulceration in normal or immunocompromised 
patients. The lesions are most often located over exposed sites, 
such as the dorsum of the hands. It has been seen in patients 
with AIDS.

A variety of different fungi, such as Fusarium, Aspergillus and 
Pyrenochaeta, also occasionally cause onychomycosis. Acremonium 
and Fusarium species, in particular, are sometimes associated with 
superfi cial nail-plate invasion (superfi cial white onychomycosis) 
in the tropics.

Otomycosis

Otomycosis or otitis externa caused by fungi is seen in most 
tropical areas. The most common cause is Aspergillus niger,54 which 
forms a dense mat in the external auditory meatus, with loss of 
hearing and serous secretion. This can be removed carefully with 
a wax hook through an otoscope.

SUBCUTANEOUS MYCOSES

Subcutaneous fungal infections are mainly confi ned to the tropics 
and subtropics (Table 71.2). While they are seldom common, 
their diagnosis and management are diffi cult and it is important 
to establish the correct diagnosis. These infections are generally 
caused by direct introduction of organisms through the skin into 
the dermis or subcutaneous tissues and for this reason, they are 
often called ‘mycoses of implantation’ (Table 71.3). They gener-
ally remain confi ned to their site of introduction, only spreading 
locally; however, there are rare examples where the infection dis-
seminates beyond this area to affect distal sites. In addition, the 
disease sporotrichosis has both a subcutaneous and a systemic 
form, in the latter instance the infection spreading from a primary 
pulmonary focus.

Mycetoma

Mycetoma (Madura foot) is a chronic subcutaneous infection 
caused by actinomycetes or fungi in which the organisms 
form into aggregates (called grains), attracting an infl ammatory 
response in the deep dermis and subcutaneous tissue and 
leading to the development of draining sinuses communicating 
with the overlying skin and causing osteomyelitis.55 Those myce-
tomas caused by actinomycetes are called actinomycetomas; 
those caused by fungi, eumycetomas (mycotic mycetomas) 
(Table 71.4).

Table 71.2 Causes of mycetoma

Organism Colour of grain Common 
distribution

Fungi

 Madurella 
 mycetomatis

Black Africa, Middle East, 
India

 M. grisea Black Central and South 
America, Caribbean

 Scedosporium 
 apiospermum

White/yellow Anywhere, USA and 
Europe

 Fusarium or 
 Acremonium spp.

White/yellow Anywhere

 Aspergillus nidulans White/yellow Sudan, elsewhere

 Neotestudina rosati White/yellow Africa

Actinomycetes

 Actinomadura 
 madurae

White/yellow Africa, Middle East, 
elsewhere

 A. pelletieri Red Africa, India, 
elsewhere

 Streptomyces 
 somaliensis

White/yellow Africa, Middle East, 
elsewhere

 Nocardia spp. Small white/yellow Americas, elsewhere

Table 71.3 Subcutaneous mycoses

Mycetoma

Chromoblastomycosis (chromomycosis)

Sporotrichosis

Lobomycosis

Subcutaneous zygomycosis

 due to Basidiobolus

 due to Conidiobolus

Table 71.4 Causes of chromoblastomycosis

Fonsecaea pedrosoi

Cladophialophora carrionii

F. verrucosa

Rhinocladiella aquaspersa

Epidemiology

Mycetoma is generally a disease seen in the tropics or subtropics, 
although cases are described from other zones.55,56 It is more often 
seen in areas where there is a low annual rainfall. The main sites 
for this infection are Mexico, Central and northern South America, 
Africa, the Middle East and India. Cases are reported less fre-
quently in the Far East. The main causes of mycetoma are shown 
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in Table 71.3. Organisms prevalent in certain areas are shown; 
however, cases may rarely be seen outside these endemic zones. 
As a general principle, the main causes of mycetoma in Central 
America are Nocardia species,57 whereas in most African countries 
and the Indian subcontinent Madurella mycetomatis is the most 
common cause. The causes of mycetoma are generally classifi ed 
according to organism, namely fungi (eumycetoma) or actinomy-
cetes (actinomycetoma), and by grain colour – black, red or pale, 
e.g. red grain actinomycetoma is an infection caused by Actino-
madura pelletieri. The proportion of pale grain eumycetomas is 
higher in temperate areas and in addition many of the fungi iso-
lated are sterile moulds which cannot be identifi ed because of a 
lack of distinguishing characteristics.

Mycetoma is more common in males than females and gener-
ally affects adults. It is also mainly seen in agricultural workers, 
although this is not invariable. The majority of patients appear to 
have no predisposing illness. There is evidence that the organisms 
are spread from the environment via a penetrating injury such as 
a thorn prick. The fungal causes of mycetoma have been isolated 
from plants, plant debris and soil; Nocardia species have been 
isolated from soil. It appears that the organisms possess mecha-
nisms that aid survival in the human host allowing them to evade 
defences. Some of the mechanisms of adaptation include the 
deposition of intra- or extracellular melanin, cell wall thickening 
and immunomodulation.58

Clinical features

The earliest sign of a mycetoma is the appearance of a small 
symptom-free dermal or subcutaneous swelling.55,56 It is diffi cult 
to give an accurate estimate of incubation periods as few patients 
give a history of a penetrating injury. However, it may take several 
years before the fi rst sign of disease, a painless subcutaneous 
nodule, is seen. With time, this slowly enlarges and sinuses appear 
on its upper surface (Figure 71.7). Pain may occur prior to rupture 
of sinuses on to the skin surface and in the early stages these dry 
up. Chronically discharging sinuses may be formed in well-
established lesions. At this stage there is considerable woody 
swelling affecting the site, accompanied by deformity.

The main areas affected are those subject to trauma such as the 
feet, lower legs and hands. Nocardia species are prominent among 
causes of lesions on the chest and back; Streptomyces somaliensis is 
the most common cause of head and neck lesions. Dissemination 
is rare, although some infections may become very extensive and 
spread widely over a limb. The only threat to life is where they 
involve the skull.

Radiological changes include cortical thinning or hypertrophy, 
periosteal proliferation and lytic lesions.59 Magnetic resonance 
imaging (MRI) is the most accurate method of delineating the 
extent of lesions.

Differential diagnosis

Mycetomas may be mistaken for osteomyelitis caused by bacteria 
or actinomycosis. Actinomycosis is an infection caused by Actino-
myces israelii, A. bovis or other actinomycetes, such as Arachnia 
propionica. The infections are usually located close to the sites 
where these organisms can be carried, such as the oral cavity, 
chest, and within the abdominal cavity, around the caecum.

Laboratory diagnosis

The laboratory diagnosis of mycetoma depends on the demonstra-
tion of grains of the organisms.60 These are generally obtained by 
opening a sinus where there is a small amount of pus beneath the 
skin surface, using a sterile needle. The grains can usually be seen 
with the naked eye in the pus and blood coming from the sinus 
tract. They can be processed as follows:

Direct microscopy. Grains are mounted in 5–10% potassium 
hydroxide (Figure 71.8). They are gently squashed. As a general 
rule, if the fi laments can be seen with the ×40 objective the cause 
is a fungus. However, if these are not visible, the cause is likely to 
be an actinomycete.

Grains can be taken directly from sinuses for histology and 
embedded after formalin fi xation. The pathology laboratory 
should be shown the grains, otherwise they may be discarded 
prior to fi xation.61 The appearance of many grains is typical in 
haematoxylin and eosin stained sections and the use of special 
fungal stains, such as periodic acid–Schiff or methenamine silver 
is not strictly necessary.

Grains can be cultured on a variety of media and the appear-
ances of the fungi or actinomycetes is typical, although a special-
ist laboratory will be needed for their identifi cation.

If grains cannot be obtained by this method, a deep and wide 
biopsy is necessary and the specimen submitted for histology and 
culture.

A main aim of laboratory diagnosis is to separate fungal and 
actinomycete causes because the treatment of each is different.

Management

The treatment of mycetoma depends on knowing whether the 
cause is an actinomycete or a fungus.62 The actinomycetes respond 

Figure 71.7 Mycetoma affecting the hand due to Madurella grisea.

Subcutaneous Mycoses
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to a variety of antibiotics, such as sulphonamides and sulphones 
or co-trimoxazole. For many infections it is advisable to use a 
second drug, such as rifampicin or streptomycin. Alternatives 
include amikacin, ciprofl oxacin and imipenem for diffi cult cases. 
Most of these infections will respond to therapy, although Strep-
tomyces somaliensis is notoriously resistant to therapy in some 
cases. Here, alternative regimens include combined sodium fusi-
date and a sulphonamide.

Treatment of eumycetomas is more diffi cult. About 40–50% of 
infections due to Madurella mycetomatis respond to ketoconazole 
200–400 mg daily. Other possibilities include griseofulvin (500–
1000 mg daily) itraconazole (200–400 mg daily) or voriconazole 
(400 mg daily). Although surgery remains an option, the most 
effective operation is amputation and if the patient is not inca-
pacitated by the infection, which is often the case, removal of a 
limb, for instance, may result in greater disability. This is espe-
cially true where facilities for artifi cial limbs and rehabilitation are 
poor. Generally, mycetomas are only slowly progressive and are 
seldom life-threatening. It may be better for the patient to receive 
no operative treatment in these circumstances.

Chromoblastomycosis

There are a number of fungal infections which are caused by pig-
mented fungi, known as dematiaceous fungi.63 Generally, these 
organisms visibly contain melanin or secrete extracellular melanin 
into the environment. Many other fungi that are not visibly pig-
mented contain small amounts of melanin. The production of 
melanin is of evolutionary importance, as it allows these fungi to 
withstand environmental changes, such as drought, heat or cold. 
There are a number of different infections caused by dematiaceous 
fungi but the most common is chromoblastomycosis (chromo-
mycosis). Common causes of this disease are Fonsecaea pedrosoi 
and Cladophialophora carrionii.

Epidemiology and pathogenesis

Chromoblastomycosis is a chronic infection caused by pigmented 
fungi which form specialized cells, muriform or sclerotic cells, in 
tissue (Table 71.4).64 It involves the dermis and epidermis, where 
a variety of pathological changes occurs, ranging from pseudo-
epitheliomatous hyperplasia to granuloma formation. The organ-
isms that cause this infection are found in the natural environment 
in plant debris or forest detritus. The main range of chromoblas-
tomycosis involves the tropics and subtropics and the incidence 
of infection is highest in countries with a high rainfall. The disease 
is mainly seen in countries of central and northern South America, 
parts of Africa, particularly the east coast of southern Africa, 
the Far East, Japan and the West Pacifi c.63 The infection is most 
common in males and in agricultural workers.

Like mycetoma, there is no evidence of underlying predisposi-
tion in those with chromoblastomycosis. The infection is believed 
to gain entry via an abrasion, although there are no animal models 
of the infection to establish this as the chief mode of entry.

Clinical features

The hallmark of chromoblastomycosis is warty proliferation of 
the skin. The early lesions are small nodules or papules which 
slowly enlarge.65,66 They become raised and verrucose and adjacent 
nodules amalgamate to form a complex of warty growth (Figure 
71.9). Other lesions are fl atter and plaque-like and extend slowly, 
sometimes healing with central scarring. Cyst-like changes and 
mycetoma-like lesions are also seen. The lesions are asymptom-
atic, although with necrosis of keratin there is often an unpleasant 
smell associated with them. Long-standing lesions can cause con-
siderable deformity at the site infected and rarely squamous car-
cinomas can develop.

Figure 71.8 Direct microscopy in potassium hydroxide (10%) of a 
black grain eumycetoma (×40).

Figure 71.9 Chromoblastomycosis.
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The main sites affected are those on peripheral locations, such 
as hands, feet and lower legs. The infection spreads locally and 
bloodstream dissemination is very rare. Occasionally, deep infec-
tions with the same organism have been reported.

Differential diagnosis

The changes of chromoblastomycosis are typical, although there 
are some features which may be confused with other processes. 
For instance, early lesions may resemble other warty conditions, 
such as papilloma virus infections or tuberculosis verrucosa. In 
extensive chromoblastomycosis, the chronic changes may super-
fi cially resemble mossy foot secondary to lymphoedema. However, 
in the latter condition, the changes are diffusely distributed over 
the skin surface.

Laboratory diagnosis

The process of identifi cation of chromoblastomycosis follows 
standard mycological lines:
• Direct microscopy of skin scrapings. These should be taken from 

the surface of lesions. The pigmented muriform cells with 
transverse septa can be seen in potassium hydroxide-treated 
specimens (Figure 71.10)

• Biopsy. The histopathology of chromoblastomycosis is charac-
teristic. The epidermis shows pseudoepitheliomatous hyper-
plasia with some attempt at transepidermal elimination of 
fungi. The latter can also be seen in granulomas or neutrophil 
abscesses in the dermis

• Culture. Although the organisms grow readily on conventional 
mycological media, they are black moulds which are diffi cult 
to identify because of the close resemblance of many of their 

specifi c features, such as sporulation. Often it is necessary to 
send cultures to specialist laboratories.67 However, the diagno-
sis can be made on histopathological grounds alone.

Management

The treatment of chromoblastomycosis has changed over recent 
years. Generally, it is inadvisable to use surgical excision unless 
the lesion is very small and chemotherapy is also used. The reason 
is that the infection may spread within the scar.

The commonly used drugs are itraconazole (100–400 mg 
daily) or terbinafi ne (250 mg daily). Thiabendazole is an alterna-
tive. A combination of terbinafi ne and itraconazole or fl ucytosine 
is probably most successful in late and extensive cases. A further 
approach to therapy is the use of local heat applied from heat-
retaining gels or pocket hand-warmers. The heat must not 
be suffi cient to burn the patient but high enough to be just 
comfortable.

Phaeohyphomycosis

Phaeohyphomycosis is another infection due to pigmented fungi 
in the skin. Cases are diffusely distributed through most tropical 
countries but are not common. Generally, the infection presents 
with large cysts around the lower or upper limbs and these can 
mimic ganglia or Baker’s cysts.67

The organisms are implanted from the environment and in 
some of these cysts there are fragments of plant material. Each cyst 
is surrounded by a fi brous capsule but contains palisading granu-
lomas and a necrotic centre. The fungi are present as irregular 
mycelial fragments whose pigmentation may be very variable and 
sometimes it is necessary to use specifi c fungal stains. Occasion-
ally, this form of infection is seen in immunocompromised 
patients, particularly those receiving systemic corticosteroids.

The treatment is excision.

Sporotrichosis

Sporotrichosis, the infection caused by the dimorphic fungal 
pathogen Sporothrix schenckii, is widely distributed through the 
tropical world.68 It may present either as a cutaneous infection or 
on occasions as a deep mycosis (see below). Extensive dissemi-
nated cutaneous infections are seen in patients with AIDS.69

Epidemiology

Sporotrichosis was fi rst described in the USA and subsequently in 
Europe but although it is seen in central and southern USA the 
main foci of infection are in Mexico, Central and South America, 
Africa and Japan. Scattered cases are seen in the Far East and 
Australia. The organism is part of an extensive group of soil and 
plant pathogens, the Sporothrix and Sporotrichum species. But Spo-
rothrix schenckii’s ability to invade animals is unique, as is its 
dimorphism, whereby it exists as a mould at room temperature 
and in the environment but as a yeast in animal tissue.68

Exposure to infection is usually sporadic, although small out-
breaks of infection have been described in certain occupational 
groups, such as fl orists, packers, plant workers, fi shermen and 
armadillo hunters. There are also focal areas where the disease 

Figure 71.10 Direct microscopy in potassium hydroxide (10%) of 
a skin scraping from a case of chromoblastomycosis showing the 
muriform cells (×40).

Subcutaneous Mycoses
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appears to be hyperendemic in Guatemala,70 Mexico, Brazil, Peru 
and South Africa. In South Africa, contamination of pit props 
has been reported to cause disease in mine workers, whereas in 
Brazil in some areas high rates of infection co-exist in cats and 
humans.

Sporotrichosis affects both males and females and can also 
infect children and infants.

Clinical features

There is a variety of different clinical forms of sporotrichosis.71,72 
Some infections appear to resolve spontaneously, although the 
frequency of this occurrence is unknown. Certain patients develop 
fi xed lesions which are usually solitary ulcerated granulomas on 
exposed sites, including the face. Small satellite lesions frequently 
develop around the edge of these larger granulomas. Ulcers enlarge 
slowly. A second form of cutaneous sporotrichosis is called lym-
phangitic because the infection spreads from a primary granuloma 
or ulcer along the course of local lymphatics. Secondary lesions 
formed along the lymphatic path may discharge or ulcerate. Other 
forms of infection may mimic chronic leg ulcers and lupus vul-
garis. Disseminated deep lesions of sporotrichosis may affect 
other body sites such as the joints, lungs and meninges.73 While 
most of these patients do not have major underlying conditions, 
alcoholism or diabetes is seen in some.

In patients with AIDS, these infections may spread to involve 
multiple skin sites with large numbers of ulcers or nodules.71

Differential diagnosis

Leishmaniasis may resemble either of the two principal forms of 
sporotrichosis and where this condition is endemic, some physi-
cians advise using a sporotrichin intradermal skin test to orient 
the direction of investigation. This is read after 48 h, like a tuber-
culin reaction. Atypical mycobacterial infections, particularly 
those due to Mycobacterium marinum, may cause similar changes 
along draining lymphatics.

Laboratory diagnosis

Sporotrichosis differs from the other subcutaneous mycoses in 
that culture is the most reliable mode of diagnosis because there 
are few organisms present in lesions and these may be diffi cult 
to fi nd.68

• Direct microscopy seldom has a role to play although it may be 
used to screen for amastigotes of Leishmania species.

• Culture. Sporothrix schenckii grows well on Sabouraud’s agar and 
will form characteristic spores. Samples from swabs, 
curettings and biopsies are all suitable. They should be taken 
from the edge of lesions.

• Biopsy. The histopathology shows a mixed granulomatous and 
polymorphonuclear response. Organisms are scattered in this 
infi ltrate, although some are surrounded by a refractile eosino-
philic halo called an asteroid body. In some centres, an 
immunofl uorescence test is available using specifi c antibody 
conjugates for application to fi xed biopsy tissue.

• Sporotrichin skin test. This is an intradermal reaction. The agent 
is prepared from polysaccharide antigens of the organism. 
Uninfected patients from endemic areas may also have positive 
responses.

Management

The treatment for sporotrichosis is potassium iodide, made up in 
a saturated solution. The starting dose is 1–2 mL given three times 
daily and increased drop by drop to a maximum of 4–6 mL three 
times a day. The slow increase is necessary because of the unpleas-
ant taste and the possibility of symptoms of iodism: nausea, dry 
mouth, altered taste, swollen salivary glands. The normal duration 
of therapy is at least 2 months and often up to 4 months. Alterna-
tives are itraconazole in doses of 100–200 mg daily or terbinafi ne 
250–500 mg daily.

Subcutaneous zygomycosis

Subcutaneous zygomycosis (phycomycosis) comprises two sepa-
rate diseases: those caused by Basidiobolus and Conidiobolus.74 Gen-
erally, the clinical features of these infections are distinct, as are 
their epidemiology and age prevalence.

Subcutaneous zygomycosis due to Conidiobolus (conidiobolo-
mycosis, rhinoentomophthoromycosis) is uncommon but is 
found in different tropical areas of the West Indies, South America, 
Africa and Southern India.75,76 The causative organism is usually 
C. coronatus, a fungus which is an insect pathogen. The usual focus 
of infection is within the nasal cavity and the infection spreads 
from the turbinates to involve the subcutaneous tissues of the face 
and neck with a hard painless swelling. The deformity may be 
severe. This infection is seen mainly in adults.

Subcutaneous zygomycosis is also caused by Basidiobolus (sub-
cutaneous phycomycosis, basidiobolomycosis). The usual cause 
of this infection is B. ranarum, a pathogen of amphibians and 
reptiles. The site of infection is usually confi ned to the limb girdles 
or proximal limbs.77,78 It is mainly seen in Central, East and 
West Africa but is reported from elsewhere and chiefl y infects 
children. Once again, the swelling is deforming and has a woody 
consistency.

In both diseases, the histology is similar, with a dense infi ltrate 
of eosinophils in the subcutis and large strap-like hyphae con-
tained in granulomas.

The treatment is either ketoconazole or itraconazole, although 
saturated potassium iodide can be used.

Lobomycosis

Lobomycosis is a rare infection, seen in Central and South America, 
caused by Lacazia loboi, a fungus which has not been cultured to 
date.79 The infection is seen in subcutaneous tissues and presents 
with plaques and keloid-like scars. The only treatment is excision. 
The epidemiology of the infection is unusual as it is seen mainly 
in remote areas80 and the same infection has also been seen in sea 
or freshwater dolphins. Rarely squamous carcinomas may develop 
in long-standing lesions.

SYSTEMIC MYCOSES

The systemic mycoses are fungal infections which involve deep 
organs. While some, often referred to as the endemic mycoses, 
affect healthy individuals, others are opportunistic infections 
which occur in patients with some underlying predisposition. In 
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recent years systemic mycoses, such as cryptococcosis and histo-
plasmosis, have become prominent as secondary complications 
in patients with AIDS, although it is of interest that not all sys-
temic mycoses have increased in this population. Generally, in 
most developed countries the opportunistic infections are more 
common but in many tropical areas the endemic systemic fungal 
infections are seen more frequently.

ENDEMIC SYSTEMIC MYCOSES

The main endemic mycoses are shown in Table 71.5. The usual 
route of entry of all organisms in this group is the lung, although 
direct implantation into the skin after an accident is also possible. 
Each disease has a defi ned endemic area and their pathogenesis 
is similar. The majority of people exposed to infection are merely 
sensitized to the organism and develop delayed-type hypersensi-
tivity to the fungus, seen on intradermal testing with an appropri-
ate antigen (the asymptomatic form) or low antibody titres. In 
some patients there is a primary illness which appears to follow 
massive exposure to the organisms (the acute pulmonary form). 
Chronic pulmonary forms of these diseases may also occur and 
they closely resemble pulmonary tuberculosis. Dissemination 
from the primary lung focus may also take place. It may be a rapid 
event followed by widespread infi ltration of organs (acute dis-
seminated form). The infection in such cases progresses rapidly 
and the disease may be fatal unless treatment is instituted. Acute 
disseminated forms are most likely to occur in patients who are 
immunosuppressed (AIDS, lymphoma) but may also be seen in 
infants and others. More slowly progressive forms also occur and 
have to be monitored carefully (chronic disseminated forms). 

While generally they only spread slowly, in some situations they 
may begin to disseminate. In some infections, histoplasmosis and 
coccidioidomycosis for example, disseminated and pulmonary 
forms do not generally co-exist. Primary cutaneous infections 
following cutaneous inoculation are rare and generally follow 
laboratory or post-mortem room accidents.

Histoplasmoses

The classifi cation of histoplasmosis in man is somewhat com-
plicated. There are two main types.81 The fi rst, sometimes called 
classical or small form histoplasmosis, is caused by Histoplasma 
capsulatum var. capsulatum. This is a dimorphic fungus whose yeast 
phase forms are those present in tissue. The disease is endemic 
throughout much of the world, with the exception of Europe, and 
presents with pulmonary and disseminated infection affecting the 
lungs, reticuloendothelial system and mucosal surfaces. The yeast 
forms seen in tissue are small (2–4 mm in diameter). It will be 
referred to hereafter as histoplasmosis. The second form, African 
or large-form histoplasmosis caused by H. capsulatum var. duboisii, 
only occurs in Africa.82 The yeasts found in tissue are large (12–
20 mm) and the main signs of infection follow dissemination to 
lymph nodes, skin and bones. The organisms isolated from both 
are identical in culture but can be differentiated by molecular 
genetic techniques and are regarded as variants of a single species, 
H. capsulatum.

Histoplasmosis

Histoplasmosis is an infection caused by the dimorphic fungus, 
Histoplasma capsulatum var. capsulatum. The organism can be found 
in soil or areas where large numbers of birds or bats have roosted, 
including barns, caves and under the eaves of houses. There is no 
association with any one particular bat species in the tropics. The 
endemic areas include parts of the USA, West Indies, Central and 
South America, Africa, India and the Far East.81 Apart from the 
USA, the endemic areas with the highest incidence of new infec-
tions occur in Central and South America. It is thought that bird 
or bat excreta provides the necessary milieu for growth of organ-
isms present in the environment, although bats can also be 
infected. Exposure in man is usually sporadic, although occasion-
ally the disease is seen in groups of exposed patients such as cave 
explorers or farm workers.

Defence against H. capsulatum is largely by cell-mediated 
responses. The organism is about 2–4 mm in diameter and can be 
taken up by macrophages. The infection may therefore be pro-
longed in individuals with defective T lymphocyte-mediated 
responses, including those with AIDS.

Clinical features

The majority of patients who acquire histoplasmosis remain 
asymptomatic, the only sign of past exposure being a positive 
intradermal histoplasmin test which is read after 48 h. This test is 
used for studying the epidemiology of infection but has little value 
as a diagnostic procedure because it only indicates exposure and 
many patients with active infection are anergic.

The acute pulmonary form of histoplasmosis often follows 
exposure to a site containing numerous Histoplasma spores such 

Table 71.5 Systemic mycoses

Mycosis Organism
Endemic respiratory infections

 Histoplasmosis Histoplasma capsulatum var 
capsulatum

 African histoplasmosis H. capsulatum var duboisii

 Blastomycosis Blastomyces dermatitidis

 Coccidioidomycosis Coccidioides immitis

 Paracoccidioidomycosis Paracoccidioides brasiliensis

 Infection due to Penicillium 
 marneffei

Opportunistic infections

 Systemic candidiosis Candida albicans, C. 
tropicalis, C. glabrata, etc.

 Aspergillosis Aspergillus fumigatus, A. 
fl avus, A. niger

 Cryptococcosis Cryptococcus neoformans

 Mucormycosis Species of Absidia, Rhizopus 
and Rhizomucor

Others: infections due to Fusarium, 
Trichosporon

Endemic Systemic Mycoses
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as a cave. Patients develop an acute febrile illness 10–14 days after 
exposure. There is cough, chest pain, joint pains and, in some 
cases, erythema multiforme. Radiologically there is often diffuse 
mottling and in some cases hilar enlargement (Figure 71.11). 
Normally, spontaneous recovery occurs and no treatment is given 
except supportive measures. However, very rarely in some patients 
the disease progresses and disseminates.

Some patients may be found on routine imaging to have soli-
tary or multiple asymptomatic pulmonary nodules, which are 
surgically removed in order to distinguish them from a carcinoma. 
These are then found to contain Histoplasma yeasts (Figure 71.12). 
Once again, therapy is not necessary. A second type of chronic 
pulmonary disease produces focal consolidation and cavitation, 
usually in one or both apices, seen on radiography. This closely 
resembles pulmonary tuberculosis. The main symptoms, such as 
cough, chest pain and haemoptysis, are also similar. In the early 
stages, some recovery can occur but later in established cases there 

is slow progression of the infl ammatory lesion which can encroach 
on other lung areas. This form of histoplasmosis is not often seen 
in the tropics.

Acute disseminated histoplasmosis affects the bone marrow 
and lymph glands as well as the liver and spleen.83 Patients present 
with fever, weight loss, malaise and hepatosplenomegaly. There 
may be evidence of bruising and purpura. Diffuse pulmonary 
infi ltrates and small skin papules and ulcers can also occur. This 
type of histoplasmosis will progress to death if unchecked. Acute 
forms of disseminated histoplasmosis are seen in patients with 
AIDS.84,85 In the latter groups the symptoms may be non-specifi c 
(weight loss and fever), although some clues, such as hepato-
splenomegaly or multiple skin lesions (nodules, papules, ulcers), 
may be seen. A more indolent type of disseminated histoplasmo-
sis is seen in otherwise healthy individuals. They usually present 
with either oral ulceration or hypoadrenalism. The latter should 
be sought in such patients. Chronic disseminated histoplasmosis 
may present years after the patient has left an endemic area. The 
oral ulcers are persistent and painful. Laryngeal involvement, 
meningitis and endocarditis can also occur.

Laboratory diagnosis

The organisms of H. capsulatum are very small and diffi cult to 
visualize by direct microscopy but they can sometimes be seen in 
bone marrow or blood smears stained with Giemsa. They can be 
grown readily from sputum or other sources such as bone marrow 
in appropriate cases. Blood cultures are sometimes positive in 
patients with AIDS. The organisms grow as moulds at room tem-
perature and have to be converted into yeast phase at 37°C. As 
this process is slow a more rapid test involving the detection of 
antigen leached from culture, the exoantigen test, is available. 
Serology has a useful role in diagnosis. There are complement 
fi xation tests for histoplasmosis as well as an immunodiffusion 
test, both of which use standardized reagents. These tests can be 
used in diagnosis and as a guide to prognosis. New tests of par-
ticular value in patients with AIDS have been developed for the 
detection of circulating Histoplasma antigen, but these are not 
widely available. Histopathology is also useful. Histoplasmas are 
small oval yeasts up to 5 mm in diameter. They are usually found 
intracellularly. In patients with AIDS they tend to be more pleo-
morphic in size and shape.

A guide to the use of diagnostic tests in the different forms of 
histoplasmosis is seen in Table 71.6.

Management

The asymptomatic forms of histoplasmosis do not necessarily 
require therapy. Therapy is also usually withheld in acute pulmo-
nary forms, although supportive treatment such as bed-rest and 
fl uids may be given where necessary. The value of antifungals in 
these types is not known, although itraconazole would be a pos-
sible choice. Chronic pulmonary histoplasmosis and chronic dis-
seminated histoplasmosis are usually treated with itraconazole. 
The role of other azoles such as posaconazole in this infection 
is not as yet established. Itraconazole (200–400 mg daily) can 
also be given in more rapidly disseminating types of infection. 
An alternative is amphotericin B (0.6–1.0 mg/kg daily) in the 
disseminated types. In patients with AIDS it is necessary to use 

Figure 71.11 Acute pulmonary histoplasmosis.

Figure 71.12 Histoplasma capsulatum in a lung lesion. Gomori 
(methenamine silver) (GMS ×100).
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long-term suppressive therapy with itraconazole after induction 
of remission with amphotericin B, otherwise relapse will normally 
occur in patients not receiving HAART. Where antiretrovirals are 
used long-term treatment can be cautiously withdrawn after 4–6 
months.

African histoplasmosis

African histoplasmosis, as the name suggests, is confi ned to Africa. 
It is caused by H. capsulatum var. duboisii, which resembles the 
other variant but forms larger yeasts in tissue.82 The infection is 
not common but occurs in Central and West Africa south of the 
Sahara and north of the Zambezi River. It is only rarely seen in 
AIDS patients. The ecological source of this fungus is unknown. 
It is thought that, as with the other type of histoplasmosis, it gains 
entry through the lungs.

The patient usually presents with focal disease affecting the 
skin, bone or a lymph gland. Alternatively, multiple sites may be 
affected, including the gastrointestinal tract, lungs and other 
mucosal surfaces. This form is more rapidly progressive.

The disease is diagnosed by the presence of large oval yeasts 
(8–14 mm) seen in direct microscopy (Figure 71.13) or histo-
pathological examination of biopsied lesions. The organism can 
be isolated in culture. Serology is generally negative.

The main agents are itraconazole, ketoconazole or even ampho-
tericin B.

Blastomycosis

Blastomycosis is a systemic fungal infection caused by Blastomyces 
dermatitidis, a dimorphic pathogen.86 The disease is mainly found 
in the USA and Canada but cases have also been seen in Africa, 
India and the Middle East. As with histoplasmosis the main portal 
of entry is via the respiratory tract. Yeast phase organisms cause 
disease.

Epidemiology

B. dermatitidis has only occasionally been isolated from the natural 
environment, usually in North America and in sites where there is 
a risk of fl ooding, such as river banks.87 The organism has not been 
isolated from such sources in Africa and its ecological niche here is 
unknown. The infection was fi rst described in the USA and subse-
quently it became known as North American blastomycosis, until 
the fi rst case was described from North Africa. Since then, cases have 
been described from a variety of African countries, from the north 
coast (e.g. Algeria) to Namibia.88 The largest number of cases have 
been seen in Zimbabwe. It is not clear whether the disease differs 
in different geographical areas, but in African cases the principal 
signs of the disease are those of disseminated infection affecting 
the bone or skin. There is also evidence that the organisms from 
African and US sources are antigenically and genetically different 
although morphologically identical. Other cases have been detected 
in the Middle East,89 India90 and Europe.

Clinical features

The main clinical features of infection follow a somewhat similar 
pattern to those seen with histoplasmosis.

There is no commercially available skin test for blastomycosis 
but the use of experimental antigens has suggested that subclinical 
exposure is present in endemic areas. There is an uncommon acute 
pulmonary form of the infection which presents with acute re -
spiratory symptoms – cough, pleuritic pain and fever. This is 
most often seen in children and has not been described in the 
tropics.86

The chronic pulmonary type of blastomycosis presents with 
focal consolidation and cavitation in the chest with symptoms of 
cough, fever and weight loss. This may be confused radiologically 
with pulmonary tuberculosis. Unlike histoplasmosis, this may 
co-exist with disseminated lesions of blastomycosis. Disseminated 

Table 71.6 Use of laboratory tests in histoplasmosis

Type Tests
Acute pulmonary Serology (after 14–18 days), culture, chest 

radiography

Chronic 
pulmonary

Culture (sputum), serology, chest radiography

Acute 
disseminated

Culture (bone marrow, blood, sputum, skin)

Serologya (including antigen detection)

Histopathologyb

Chronic 
disseminated

Culture (ulcers)

Serology (often negative)

Histopathology

a In acute forms of histoplasmosis titres of complement fi xation test antibodies 
greater than 1 : 64 indicate a risk of dissemination. New tests of antigen 
detection are available in some areas.
b Some laboratories can carry out immunofl uorescence on fi xed tissue using 
conjugated anti-Histoplasma antibodies to identify the organisms.

Figure 71.13 African histoplasmosis. Direct microscopy in potassium 
hydroxide (10%) of pus from a skin ulcer (×40).

Endemic Systemic Mycoses
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blastomycosis is most often seen in the tropics. The main sites of 
dissemination are the skin and bones. Skin lesions may be ulcers, 
abscesses, granulomas or crusted plaques which heal with scar 
formation. The bones involved are principally axial skeletal bones, 
such as vertebrae, and spinal cord compression may occur as a 
result of this infection. Dissemination also occurs in the immu-
nocompromised patient.91

Laboratory diagnosis

The diagnosis of this infection is based on direct microscopy at 
suitable sites as well as sputum and culture. B. dermatitidis is a 
dimorphic fungus which grows as a mould at room temperature 
but as a yeast at 37°C. Histological changes of blastomycosis are 
typical as the yeasts produce a characteristic broad-based bud.

Management

Therapy of blastomycosis involves the use of either itraconazole 
(200–400 mg daily) or intravenous amphotericin B is an alterna-
tive (0.6–1.0 mg/kg daily).

Coccidioidomycosis

This infection is caused by Coccidioides immitis or its very close 
relative C. posadasii which are soil organisms, geographically 
confi ned to semi-desert areas of the New World.92 The infection 
consists of a respiratory disease which may spread to other 
sites. Coccidioidomycosis may affect both healthy and immuno-
compromised patients.

Epidemiology

This infection is seen mainly in a geological zone known as the 
lower Sonoran life zone, where there is a low annual rainfall and 
a characteristic vegetation including cacti and creosote bushes. The 
disease is confi ned to the semi-desert areas of the New World in 
the USA, Central America (Honduras, Guatemala), Colombia, 
Venezuela, Argentina and Paraguay. The infecting form is an 
arthrospore, which is inhaled but is transformed in the host into 
a spore-like structure, the spherule. This is a large 50–80 mm 
diameter spore containing small endospores which are released 
by rupture of the spherule; they can develop into further spores.

Clinical features

Infection follows inhalation. Once again in the endemic area, a 
signifi cant proportion of the populace appear to be subclinically 
sensitized, e.g. up to 70% in California.93 The primary infection, 
when it is symptomatic, may present with fever, weight loss, 
cough and chest pains. Arthralgia, conjunctivitis and erythema 
nodosum or erythema multiforme may all develop. The radio-
logical changes vary from minimal focal consolidation to pleural 
effusion to massive hilar adenopathy. This clinical type is usually 
self-resolving, although progression is much more likely in 
American Indians, Blacks or mestizos. Pregnant women are also 
at risk from dissemination. An extensive pneumonia may follow 
infection in patients with depressed T lymphocyte function, 
such as those who have received organ transplants. Chronic pul-
monary nodules or cavitation may also occur.92 The latter is char-

acteristically thin-walled on radiography. Dissemination is also 
seen. Dissemination of coccidioidomycosis often affects the joints 
or meninges, but skin and other organs may also be affected. Skin 
changes include ulcers and granulomas as well as warty papules 
and nodules. Meningitis is a chronic process which clinically 
mimics tuberculous infection. It is notoriously diffi cult to treat. In 
patients with AIDS prolonged pneumonia and disseminated 
infections can both occur.94

Laboratory diagnosis

The diagnosis depends on the identifi cation of spherules in smears, 
biopsies or sputum as well as on the growth of the organism. 
Coccidioides is a white mould fungus which is easily spread by 
aerosol: the two species can only be distinguished by molecular 
genetic techniques. It is therefore a potential laboratory hazard 
and laboratory staff should be forewarned if this is being con-
sidered diagnostically. There are also a number of useful serolo-
gical tests (complement fi xation, immunodiffusion and 
immunoelectrophoresis).

Management

The treatment of coccidioidomycosis has been changing in recent 
years, with an increasing reliance on the use of itraconazole 
and fl uconazole. Intravenous amphotericin B is an alternative. 
Posaconazole may also prove to be an effective therapy. The 
responses of widely disseminated infection and meningitis to 
these treatments are often poor.

Paracoccidioidomycosis

Paracoccidioidomycosis or South American blastomycosis is a sys-
temic fungal infection, which is confi ned to Central and South 
America.95 It causes a range of pulmonary and systemic symptoms 
but is a sporadically occurring infection caused by the dimorphic 
fungus Paracoccidioides brasiliensis. Yeast phase organisms can be 
found in tissue.

Epidemiology

The main areas where this disease is present are Colombia, Ven-
ezuela, Ecuador, Brazil and Argentina, but other South and Central 
American countries may be involved. Skin testing reveals that the 
distribution of sensitization in the community is patchy, and 
seldom more than 25% have positive skin tests. Both sexes may 
be sensitized but this infection is more common in men than 
women. The process of transformation from hyphal (environ-
mental) phase to yeast phase P. brasiliensis is partly regulated 
by an intracytoplasmic oestrogen receptor. The natural source 
of the organism is probably soil.

Clinical features

The presence of a small group of healthy individuals in an endemic 
area with positive skin test reactions suggests that there is a sub-
clinical form of this disease.96 The main clinical types are named 
after those parts of the body predominantly affected, such as pul-
monary, lymphonodular, mucocutaneous or mixed. In chronic 
pulmonary infection there is often widespread and extensive 
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infi ltration followed by severe fi brosis. There is also dissemination 
to other sites such as the oral or nasal mucosa or lymph nodes.97 
These are the mucosal (mucocutaneous) or lymphatic forms, 
respectively, but the most common variety is a mixed type where 
there are multiple foci of infection. Usually all are only slowly 
progressive. On mucosal surfaces this infection produces large 
erosions and ulcers, less commonly warty papules. All these forms 
of infection are virtually confi ned to males. While in most patients 
paracoccidioidomycosis is an indolent infection, an aggressive 
widespread form of disease occurs occasionally in younger 
patients. Paracoccidioidomycosis is rare in patients with AIDS.

Laboratory diagnosis

The infection is diagnosed by demonstrating presence of the char-
acteristic yeast forms in sputum, smears or biopsies. These yeasts 
form multiple buds, often appearing around the periphery of a 
parent cell. The organism is a dimorphic fungus which can be 
isolated in culture. At room temperature it grows as a mycelial 
form and has to be converted on enriched agar into the yeast 
phase at 37°C. Immunodiffusion and complement fi xation tests 
are also available.

Management

The main treatments are itraconazole (100–200 mg daily) or keto-
conazole (200 mg daily), but intravenous amphotericin B is an 
alternative. The latter may be necessary in the widespread aggres-
sive forms of infection.

Infection due to Penicillium marneffei

P. marneffei is a fungus which is a pathogen of bamboo rats of the 
genus Canomys, found in China and South-east Asia. It causes a 
disease which grossly resembles histoplasmosis in both otherwise 
healthy and immunocompromised patients.98,99 It is common in 
AIDS patients. The endemic areas extend from parts of Malaysia 
through Thailand to Myanmar and Assam and north to South 
China, Taiwan and Hong Kong. Infections are commoner after the 
rains and it is assumed that the main portal of entry is the lung.

The main sites affected are the lungs, skin, liver, spleen and 
bone marrow. Most patients have disseminated disease, although 
occasionally the infection is localized. Skin lesions occur in about 
60% of cases with AIDS and consist of umbilicated papules, small 
ulcers of nodules. They are very prominent on the face.

The organisms resemble Histoplasma species but do not form 
buds, individual cells being divided by septa. Cells may also be 
curved. The organism has a characteristic appearance in culture 
and often produces a diffusible red pigment.

The main therapeutic agents are itraconazole or amphotericin 
B. In AIDS patients the initial treatment is amphotericin B fol-
lowed by long-term suppressive treatment with itraconazole. 
Again, itraconazole can be withdrawn with caution after 4–6 
months, especially in patients on antiretrovirals

SYSTEMIC OPPORTUNISTIC PATHOGENS

The main opportunistic fungi are listed in Table 71.7. In industri-
alized countries they are a major problem in severely ill patients, 

particularly those with neutropenia and those receiving solid 
organ or bone marrow transplants. They are also seen in intensive 
care units. In addition to these, some infections, such as crypto-
coccosis, are present in patients with AIDS. In the tropics less 
attention has been paid to some of these opportunists, such as 
candidosis and aspergillosis, with some important exceptions;100 by 
contrast, cryptococcosis is recognized to be a common and increas-
ingly important problem everywhere. For more detailed informa-
tion on these infections the reader is referred to other texts.101

Systemic candidosis

Systemic Candida infections occur in a variety of patients, particu-
larly those who are neutropenic, such as leukaemia patients, those 
who have received major surgery and patients receiving long-term 
intravenous feeding. The importance of these infections in the 
tropics is largely unknown.101

Aspergillosis

Aspergillosis is a disease caused by species of the genus Aspergillus, 
principally A. fumigatus, A. fl avus and A. niger. There are a number 
of different clinical syndromes caused by these fungi, which 
occur in temperate and tropical climates alike. Aspergilli are well-
recognized causes of allergic pulmonary disease, either when 
inhaled as spores (extrinsic asthma) or when growing within 
airways where, in susceptible individuals, they may cause a form 
of intrinsic asthma known as allergic bronchopulmonary aspergil-
losis.102 The latter causes reversible bronchoconstriction in the 
early stages but thereafter irreversible pulmonary damage may 
occur. This type of disease has been recorded in India, among 
other tropical areas. A form of aspergillosis seen regularly in 
tropical areas is the development of a fungus ball in patients 
with pulmonary cavitation, usually secondary to tuberculosis.103 
This fungus ball may elicit an infl ammatory response and in a 
minority of patients (15%) will cause severe haemoptysis.104 
The other mode of pathogenesis by Aspergillus is through invasion 
of tissue. This is mainly a problem in the severely neutropenic 
patient. However, there is one invasive Aspergillus syndrome 
that is mainly seen in the tropics: invasive paranasal Aspergillus 
granuloma.

Invasive Aspergillus granuloma of the paranasal sinuses is a 
slowly progressive infection affecting the sinuses, orbit and 
brain.101,105 It is seen mainly in Africa and the Middle East and in 
most patients is caused by A. fl avus. The patient presents with 
headache, nasal obstruction and orbital swelling with, in some 
cases, proptosis. In later stages, invasion of the brain may ensue. 

Table 71.7 Opportunistic systemic mycoses

Systemic candidosis

Aspergillosis

Mucormycosis

Cryptococcosis

Less common

Systemic infections due to Trichosporon, Fusarium, Bipolaris

Systemic Opportunistic Pathogens
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On radiography a mass can be seen in the maxillary or ethmoid 
sinuses with erosion of the bones of the base of the skull and 
orbit. These changes can be confi rmed with computed tomogra-
phy. If nuclear MRI is available the infi ltrated area contains a 
typically dense mass. If the lesions are biopsied the main change 
is a hard granulomatous mass with fi brosis. Scattered fungal frag-
ments can be seen in giant cells, using specifi c stains, and the 
organism can be isolated in culture. Serology (immunodiffusion) 
is often positive. The main differential diagnosis consists of other 
Aspergillus-related illnesses. The presence of an intrasinus mass 
without bone erosion may be due to an aspergilloma or dense 
colonization with Aspergilli. In this instance, presence of the organ-
ism may not be of pathological signifi cance. The decision is dif-
fi cult as, unless numerous fragments of tissue are examined, the 
more sinister changes of fi brosis will not be seen. Aggressive para-
nasal sinus invasion may also occur in neutropenic patients.

The main treatment for paranasal Aspergillus granuloma is sur-
gical removal of as much of the tumour as is possible, followed 
by long-term therapy with itraconazole (200–400 mg daily). This 
may have to be extended for 6–24 months and, if available, 
serology is a helpful way of monitoring. An alternative ther -
apeutic option is amphotericin B but long-term therapy is not 
possible with this drug. There are no reports as yet of experience 
with voriconazole, now a fi rst line therapy for other forms of 
aspergillosis.

Mucormycosis

Fungi belonging to the genera Absidia, Rhizopus and Rhizomucor, 
and less commonly other groups, may cause an aggressive para-
nasal, pulmonary or disseminated infection in predisposed groups 
such as diabetic or neutropenic patients as well as traumatic 
victims of natural disasters such as mud slides.106 This infection, 
known as mucormycosis, is seen in temperate as well as tropical 
countries and may cause the rapid demise of a patient unless there 
is prompt surgical intervention and treatment with intravenous 
amphotericin B. It may also present with orbital cellulitis or as a 
necrotizing wound infection. In malnourished children it may 
cause a necrotizing gastrointestinal infection.

Treatment with amphotericin B combined, where possible, 
with surgical debridement offers the best chance of recovery.

Cryptococcosis

Cryptococcosis is a systemic infection caused by an encapsulated 
yeast fungus, Cryptococcus neoformans. Its distribution is worldwide 
and it generally presents with meningitis or some other manifesta-
tion of extrapulmonary dissemination. While it may cause disease 
in otherwise healthy individuals, it is also a pathogen of patients 
with defective T lymphocyte function, such as patients with AIDS, 
lymphoma or those receiving systemic steroid therapy.

Epidemiology and pathogenesis

There are two variants of C. neoformans: C. neoformans var. neofor-
mans and C. neoformans var. gattii.107,108 The neoformans variety 
causes disease in immunocompromised patients including those 
with AIDS, and is found in most countries. Its ecological niche 
appears to be soil or areas where there are large amounts of pigeon 

excreta, from which this fungus can be isolated. The presumed 
route of entry is via inhalation. The gattii form is seen mainly in 
tropical areas and generally occurs in healthy individuals. It has 
been reported from Africa, the Far East, Papua New Guinea and 
Australia. This organism has only recently been isolated from the 
environment from debris from certain species of Eucalyptus. In 
addition to the differences in distribution there are possible dif-
ferences in their clinical behaviour, apart from the predilection of 
the neoformans variety for patients with AIDS.109 In gattii infections 
mass lesions, e.g. lung, appear to be more common.

Subclinical sensitization occurs in the general population. 
Infection rates in the tropics are not known and appear to be vari-
able, even in patients with AIDS. There is evidence that in Zaire 
about 12% of those with AIDS have circulating cryptococcal 
antigen, indicating active infection. However, in AIDS patients in 
Ghana the incidence is lower; in Zambia the infection is again 
more common. The explanation for these fl uctuations is unknown. 
However, clustering of cases may occur and has been seen for 
instance in Papua New Guinea, where the disease is mainly caused 
by C. neoformans var. gattii.

Clinical features

Cryptococcal infection may present with pulmonary infection –
cough, chest pain and fever.108 However, pulmonary lesions are 
more often present as an incidental and symptomless fi nding in 
a patient with other manifestations of cryptococcosis. The 
common presentation of this infection in the non-AIDS patient 
is with meningitis, although headache and neck stiffness may not 
be severe; but other signs such as confusion, drowsiness, photo-
phobia and cranial nerve palsies may be seen. Other signs of 
dissemination such as papular or ulcerative skin lesions, lytic 
bone deposits and prostatitis may be found. In patients with 
AIDS, the symptoms of meningitis are often minimal and 
fever may be the main clinical sign, together with malaise and 
tiredness.110

Laboratory diagnosis

The laboratory diagnosis of cryptococcosis is straightforward. It 
depends on the demonstration of the organism(s) by staining 
smears, cerebrospinal fl uid (CSF) or sputum with Indian ink 
(Figure 71.14) or nigrosin. The capsule surrounding the organism 
displaces the opaque stain and the surrounding clear halo seen 
with the microscope is typical of Cryptococcus. The organism can 
be cultured readily on conventional mycological media such as 
Sabouraud’s agar, although it may take 3–12 days for the yeasts 
to be recognizable. Sources of culture material include CSF, 
sputum and biopsies.111 In patients with AIDS blood cultures may 
also be positive.

The quickest method of diagnosis is the use of the antigen 
detection test, which employs antibody-sensitized latex particles 
or an enzyme-linked immunosorbent assay test. Both are used to 
detect capsular antigen in serum or CSF. The tests are specifi c and 
the latex tests will produce a positive response in 30 min. It can 
also be used to follow the course of therapy. Biopsy material will 
also show the large yeast cells using periodic acid–Schiff or Grocott 
stains; the mucicarmine stain is specifi c for cryptococcal capsule, 
which it stains pink.
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Management

The main therapy in the non-AIDS patient is a combination of 
intravenous amphotericin B (0.4–0.8 mg/kg daily) and fl ucyto-
sine (120–150 mg/kg daily divided in four doses). The response 
in most patients is good but therapy may have to be continued 
for 4–6 weeks, and sometimes longer. The treatment of the AIDS 
case is more complex. Few treatments can produce permanent 
recovery and the usual strategy is to start with a period of induc-
tion therapy followed by long-term suppression to prevent relapse. 
At present, the best choice of drugs is still unclear. Many units will 
use an initial period of amphotericin (0.4–0.8 mg/ kg daily), with 
or without fl ucytosine, for 2 weeks, followed by long-term daily 
suppressive therapy with fl uconazole (200–400 mg). Fluconazole 
may also be used to produce remission on its own, although the 
dose is usually 600 mg or higher. Again, where patients are receiv-
ing antiretrovirals long-term suppressive therapy can be with-
drawn after 4–6 months.

Other mycoses

Other opportunistic infections with fungi are seen in different 
countries and are not specifi cally associated with the tropics. 
Again, they usually occur in the neutropenic patient. They include 
infection with Trichosporon, Fusarium and Bipolaris species. These 
diseases are generally uncommon, but carry a high mortality.

Oculomycosis

Infections of the eye caused by fungi are regularly seen in the 
tropics (see also Chapter 18). Generally, they involve the cornea 
and follow contamination of a traumatic external injury (kerato-
mycosis).112 The chief causes in the tropics are fi lamentous fungi 
of the genera Fusarium, Aspergillus, Curvularia, Acremonium and 
Penicillium. Less commonly, yeasts such as Candida species are 
implicated. Patients usually present with pain in the eye and pho-
tophobia. There is often an obvious ulcer, although it may be 
necessary to demonstrate this with slit-lamp microscopy. The ulcer 

may be covered with slough and with small satellite ulcers around 
the edge. Surrounding chemosis and a hypopyon may also be 
present. If the condition is not treated, severe intraocular infection 
followed by glaucoma, blindness and perforation of the globe will 
occur. Scrapings from the ulcer will readily show the presence of 
fungal hyphae and these can then be isolated on Sabouraud’s 
medium. It is very important to establish the presence of fungi in 
such cases of keratitis because their management is very different 
from that used for bacteria.

Intensive application of antifungal drops, such as econazole 
(1%) in arachis oil, clotrimazole or natamycin every few hours is 
advised. Oral itraconazole or voriconazole may help in some 
infections although it is seldom useful where Fusarium is involved. 
Mechanical debridement may also be useful in some cases. Kera-
tomycosis is a preventable cause of blindness if recognized and 
treated as soon as possible.
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Section 9 Mycotic Infections

Chapter 72 Robert F. Miller

Pneumocystis jiroveci Infection

INTRODUCTION

Different species of the ascomycetous fungus Pneumocystis asymp-
tomatically infect a wide range of mammalian hosts and may 
cause a pneumonia, known as PCP (from PneumoCystis Pneumo-
nia). In humans, Pneumocystis pneumonia is caused by Pneumocys-
tis jiroveci (previously called Pneumocystis carinii).1

Pneumocystis was fi rst described by Chagas in 1909, but it was 
not until 1951 that it was identifi ed as the cause of interstitial 
plasma cell pneumonitis. This had been described in Europe in 
the late 1930s and 1940s in premature and malnourished chil-
dren, especially those in orphanages. In the 1960s Pneumocystis 
pneumonia occurred largely in children with congenital defects of 
the immune system and in both children and adults with acquired 
immune defects secondary to malignancy or its treatment.2 With 
organ transplantation it became apparent that Pneumocystis pneu-
monia was associated with the immunosuppression used to 
prevent organ rejection. With prophylaxis (see below), case rates 
fell in those populations. In 1980, clusters of Pneumocystis pneu-
monia in previously healthy men precipitated a search for under-
lying immunosuppression and subsequently the acquired immune 
defi ciency syndrome (AIDS) was defi ned.2

EPIDEMIOLOGY AND MODE 
OF TRANSMISSION

Most patients who develop Pneumocystis pneumonia have abnor-
malities of T lymphocyte function or numbers; rarely Pneumocystis 
pneumonia occurs in patients with isolated B cell defects and in 
persons without underlying immunosuppression (Table 72.1).3–5 
Irrespective of the nature or intensity of the underlying immuno-
suppression, glucocorticoid therapy is an independent risk factor 
for development of Pneumocystis pneumonia in non-HIV immu-
nosuppressed individuals.3–5

Before the introduction of prophylaxis, attack rates for Pneumo-
cystis pneumonia in children varied from 25% in those with rhab-
domyosarcoma and 22–43% in those with acute lymphoblastic 
leukaemia to 27–42% in those with severe combined immunode-
fi ciency.3–5 After organ transplantation, attack rates in adults for 
Pneumocystis pneumonia vary from 4–10% following renal trans-
plantation to 16–43% after heart or heart–lung transplantation, 
if prophylaxis is not given.3,5

The CD4+ T lymphocyte count is used in HIV-infected patients 
to determine the risk of Pneumocystis pneumonia in an individual 
and also when to start prophylaxis (see below). The CD4+ T 
lymphocyte count may also be useful in determining risk of 
Pneumocystis pneumonia in non-HIV-infected immunosuppressed 
patients.

Pneumocystis pneumonia remains a common AIDS-defi ning 
diagnosis in Europe, North America and Asia, but is largely con-
fi ned to patients unaware of their HIV status at presentation and 
to those who are non-compliant with or intolerant of prophylaxis 
and antiretroviral therapy.6

Pneumocystis pneumonia had been regarded as uncommon in 
HIV-infected patients in Africa,7–9 in contrast to the high incidence 
reported in developed countries in the early stages of the HIV 
epidemic. Data emerging from central Africa about the signifi -
cance of Pneumocystis pneumonia in adult patients with HIV in -
fection have been confl icting.10,11 Differences in patient selection 
criteria, diffi culties in diagnosing Pneumocystis pneumonia or true 
geographical variation in the prevalence of Pneumocystis might 
have accounted for such differences. More recently, several studies 
have shown that Pneumocystis is an important pathogen causing 
much morbidity and mortality in African adults and children 
infected with HIV.12–16

Based on its morphology and lack of response to antifungal 
drugs, Pneumocystis was previously regarded taxonomically as a 
protozoan. Pneumocystis is now known to be an ascomycetous 
fungus.1 Pneumocystis cannot be reliably cultured in vitro. Pneu-
mocystis from humans and other mammalian host species shows 
antigenic, karyotypic and genetic heterogenicity.1,17,18 Cross-
infection between host species has not been achieved, suggesting 
host specifi city and that Pneumocystis infection in humans is not 
a zoonosis.1,18 Lower levels of genetic diversity are seen among 
human-derived Pneumocystis than occur among Pneumocystis 
derived from different mammalian hosts.1,17,19

The majority of healthy children and adults have antibodies to 
Pneumocystis, suggesting that Pneumocystis pneumonia in an immu-
nosuppressed individual arises by reactivation of a childhood-
acquired, symptomless, latent infection.1,2 However, this 
hypothesis is challenged by the failure to fi nd Pneumocystis in 
bronchoalveolar lavage fl uid or autopsy lung tissue from immune-
competent individuals18 and by the observation that Pneumocystis-
specifi c DNA is detectable at low levels using the polymerase chain 
reaction (PCR) in less than 25% of HIV-positive patients with 
CD4+ T lymphocyte counts lower than 200 cells/μL who present 
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with respiratory episodes and diagnoses other than Pneumocystis 
pneumonia. Pneumocystis pneumonia in humans is now thought 
to arise by de novo infection from an exogenous source; this 
model is supported by the fi nding of different Pneumocystis geno-
types in each episode in patients with recurrent pneumonia.20,21 
Recent molecular data also suggest that transmission of Pneumo-
cystis from infected patients to susceptible immunocompromised 
individuals may occur, although there are insuffi cient data to 
support routine isolation of patients with suspected or proven 
Pneumocystis pneumonia.22–25 Pneumocystis-specifi c DNA may be 
detected in respiratory samples from patients without clinically-
apparent Pneumocystis pneumonia who have minor levels of 
immunosuppression induced by HIV infection, non-HIV infected 
patients receiving long-term glucocorticoid therapy and also in 
immune competent individuals with chronic pulmonary disease.26 
These observations suggest that asymptomatic carriage or ‘coloni-
zation’ by Pneumocystis may occur.

PATHOGENESIS

Pneumocystis is inhaled and deposited in the alveoli, where the 
trophic form attaches to type 1 pneumocytes. The organism is 
eliminated by immune-competent individuals; in the immunode-
fi cient host, Pneumocystis pneumonia will develop. The major 
surface glycoprotein (MSG) of Pneumocystis binds macrophages, 
induces proliferation of T lymphocytes and secretion of tumour 
necrosis factor alpha (TNFα), interleukin (IL) 1 and IL-2.27 Mono-
cytes respond to MSG by releasing IL-8 and TNFα. Pneumocystis 
induces changes in pulmonary surfactant: the phospholipid level 
is reduced and total cholesterol, phosphatidylglycerol and phos-
pholipase A2 levels are increased.28

PATHOLOGY

Pulmonary infection with Pneumocystis is characterized by an 
eosinophilic foamy intra-alveolar exudate which is associated with 
a plasma cell interstitial infi ltrate.29 Two forms of Pneumocystis may 
be identifi ed morphologically. By using Grocott’s methenamine 
silver, toluidine blue O or cresyl violet stains, thick-walled cystic 
forms (6–7 μm in diameter), each containing four to eight sporo-
zoites, are seen to lie freely within the alveolar exudate (Figure 
72.1). The exudate itself consists largely of thin-walled, irregularly 
shaped, single nucleated trophic forms (2–5 μm in diameter) 
which are shown with Giemsa stain or electron microscopy. Both 
forms of Pneumocystis may also be demonstrated by use of indirect 
immunofl uorescence with monoclonal antibodies raised against 
Pneumocystis. Unusually, interstitial fi brosis, granulomatous 
infl ammation, diffuse alveolar damage, cavitary lesions and pneu-
matocele formation may occur.30 Rarely, Pneumocystis infection 
may extend beyond the alveoli and extrapulmonary pneumocys-
tosis involving liver, spleen or gut may occur.31

CLINICAL MANIFESTATIONS

Clinical presentation is non-specifi c. Patients typically present 
with progressive exertional dyspnoea, a non-productive cough 
and fever of several days’ or weeks’ duration, which is often asso-
ciated with a sensation of inability to take in a deep breath.32 In 
patients immunosuppressed by HIV infection, symptoms are 
usually of longer duration than in patients immunosuppressed 
as a result of other causes.33 Auscultation of the chest is usually 
normal; rarely, fi ne inspiratory crackles may be heard. Table 72.2 

Table 72.1 At-risk groups for Pneumocystis pneumonia

Sporadic disease

 Patients receiving chemotherapy

  Acute lymphoblastic leukaemia

  Hodgkin lymphoma

  Rhabdomyosarcoma

 Organ transplant recipients

  Allogeneic bone marrow

  Heart, heart–lung

  Liver

  Renal

 Immunosuppression for infl ammatory disorders

  Wegener granulomatosis

  Collagen vascular disease

 Congenital immunodefi ciency

  Severe combined immunodefi ciency syndrome

  Hypogammaglobulinaemia

Epidemic disease

  HIV infection

No apparent risk factors

Figure 72.1 Transbronchial biopsy showing cysts of Pneumocystis 
carinii (Grocott’s methenamine silver, ×200).
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shows typical and atypical features for patients presenting with 
Pneumocystis pneumonia.

DIAGNOSIS

Non-invasive investigations

These investigations have moderate to high sensitivity but lack 
specifi city.

Chest radiology

In early pneumonia, the chest radiograph may be normal; with 
later presentations, and with more severe disease, diffuse perihilar 
interstitial infi ltrates are seen (Figure 72.2). These appearances 

may progress to diffuse bilateral air space (alveolar) consolidation 
resembling pulmonary oedema (Figure 72.3).32 With delayed pre-
sentation or untreated severe disease, there may be confl uent 
alveolar shadowing (‘white out’) throughout both lungs, with 
sparing of the costophrenic angles and apices. The chest radio-
graphic appearances in Pneumocystis pneumonia may change 
rapidly from being normal at presentation to markedly abnormal 
over a period of only 2–3 days.32 Atypical radiographic features 
are seen in up to 20% of patients with Pneumocystis pneumonia; 
these include cystic air space and pneumatocele formation, uni-
lateral consolidation, lobar infi ltrates, nodules, mediastinal 
lymphadenopathy, pleural effusions and upper zone infi ltrates 
resembling tuberculosis (Figure 72.4).

Although the chest radiograph is a very sensitive way of detect-
ing Pneumocystis pneumonia, these typical and atypical radio-
graphic appearances may also occur in other fungal, mycobacterial 
and bacterial infections, and in non-infectious conditions, such as 
pulmonary Kaposi sarcoma (KS) and non-specifi c interstitial 
pneumonitis (NIP).

With treatment, improvements in the chest radiographic 
appearances are not usually apparent for 7–10 days. After treat-
ment and clinical recovery, some radiographs remain abnormal 
for many months in the absence of symptoms; others show resid-
ual fi brosis or post-infectious bronchiectasis.

High-resolution computed tomography

This may be useful in the symptomatic patient with a normal or 
equivocal chest radiograph. Patches of ‘ground glass’ shadowing 

Table 72.2 Presentation of Pneumocystis pneumonia

Typical features Atypical features
Symptoms

 Progressive exertional dyspnoea over 
 days or weeks

Sudden onset of 
dyspnoea over hours

 Cough: non-productive, or productive 
 of mucoid sputum

Cough productive of 
purulent sputum

 Tachypnoea

 Inability to take in a deep breath, not 
 due to pleuritic pain

Pleuritic chest pain

 Fever ± sweats Haemoptysis

Signs

 Normal breath sounds or fi ne end-
 inspiratory basal crackles

Signs of focal 
consolidation, pleural 
effusion or wheeze

Investigations

 Chest radiograph

  Normal

  Early presentation   or

  perihilar haze

  Bilateral interstitial shadowing

  Later presentation

   or

  alveolar-interstitial changes

   or

  ‘white out’ (marked alveolar 
  consolidation)

 Arterial blood gases

  PaO2 PaCO2

  Normal Normal or 
hypocarbia

Early presentation

  Hypoxaemia Normal or 
hypercarbia

Later presentation

Reproduced from Malin AS, Miller RF. Pneumocystis carinii pneumonia: 
presentation and diagnosis. Rev Med Microbiol 1991; 3:80–87.

}

} Figure 72.2 Chest radiograph showing perihilar shadowing in a 
patient with early Pneumocystis pneumonia.

Diagnosis
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indicate active pulmonary disease caused by Pneumocystis or by 
cytomegalovirus or fungal pneumonia.

Arterial blood gases

In early Pneumocystis pneumonia, even though the arterial oxygen 
tension (PaO2) may be normal or near normal, hypocarbia (indi-
cating hyperventilation) may be present. With progression of the 
pneumonia, hypoxia may occur (Table 72.2).32 The occurrence of 
hypercarbia in the hypoxaemic patient with Pneumocystis pneumo-
nia is an ominous sign and implies severe respiratory compro-
mise. By performing arterial blood gas analysis the alveolar-arterial 
oxygen gradient A − aO2 may be calculated. The A − aO2 gradient 
is widened in over 90% of patients with Pneumocystis pneumonia. 
Both hypoxaemia and a widened A − aO2 gradient may also occur 
in bacterial and mycobacterial infections, NIP and KS.32

Exercise oximetry

In immunosuppressed patients with respiratory symptoms, 
normal or near-normal chest radiographs and normal resting 
PaO2 values, exercise-induced arterial desaturation is a sensitive 
and specifi c method of detecting Pneumocystis pneumonia. A 
normal exercise test (with no desaturation) virtually excludes the 
diagnosis.

Invasive investigations

Sputum induction

Immunosuppressed patients with suspected Pneumocystis pneu-
monia rarely expectorate sputum spontaneously, but sputum may 
be obtained by inhalation of an aerosol of hypertonic (2.7%, 
0.44 mol/L) saline generated by an ultrasonic nebulizer. The 
success rate for this technique varies considerably between 
centres.34 Careful patient preparation (in particular rigorous 
cleansing of the mouth before the procedure) and deployment of 
an experienced nurse or physiotherapist to supervise the proce-
dure increase the success rate.34 Pneumocystis is usually found in 
clear ‘saliva-like’ samples. Purulent samples suggest a bacterial 
infection. The sensitivity varies between 55% and 90%; a negative 
result from sputum induction for Pneumocystis should prompt 
referral for bronchoscopy. Some patients fi nd sputum induction 
is unpleasant and experience cough, nausea and retching, or dys-
pnoea. Unpredictable arterial blood desaturation may occur 
during inhalation of saline and persist for up to 20 min after the 
procedure.35 The patient’s arterial oxygen saturation should be 
measured with an oximeter during sputum induction. The proce-
dure should be carried out away from other patients and health-
care workers, ideally in a ‘negative pressure’ room to avoid the risk 
of nosocomial transmission of tuberculosis.36

Fibreoptic bronchoscopy

Fibreoptic bronchoscopy with bronchoalveolar lavage (BAL) and 
transbronchial biopsy (TBB) have a high diagnostic yield when 
used in the investigation of immunocompetent and immunosup-
pressed patients with radiographically diffuse pneumonia. Early 
in the AIDS epidemic both BAL and TBB were used routinely in 
order to diagnose Pneumocystis pneumonia and to identify other 

Figure 72.3 Chest radiograph showing extensive bilateral 
shadowing in a patient with severe Pneumocystis pneumonia.

Figure 72.4 Chest radiograph showing atypical appearances of 
upper lobe consolidation, mimicking tuberculosis, in a patient with 
Pneumocystis pneumonia.
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pathogens. With the realization that BAL alone has a sensitivity of 
90% or greater for detection of Pneumocystis and that TBB adds 
very little additional diagnostic information, yet is associated with 
pneumothorax (in up to 20% of cases), haemorrhage and sudden 
falls in PaO2 which occasionally require ventilatory support, the 
technique has been used less frequently.37 At bronchoscopy the 
majority of AIDS centres now routinely perform only BAL. Treat-
ment should never be deferred pending results of bronchoscopy 
in a patient with suspected Pneumocystis pneumonia as signifi cant 
clinical deterioration may occur. The yield for diagnosis of Pneu-
mocystis from BAL fl uid is not reduced for up to 10 days after 
starting antimicrobial therapy.

Open lung biopsy

The high yield from bronchoscopy and BAL for diagnosis of 
Pneumocystis pneumonia means that this technique is now rarely 
necessary. Open lung biopsy is still occasionally performed in 
immunosuppressed patients with diffuse pneumonia and nega-
tive results from two or more bronchoscopies, and in patients who 
deteriorate despite treatment for a bronchoscopically-confi rmed 
pathogen.38

Molecular detection tests

Detection of Pneumocystis-specifi c DNA using the polymerase 
chain reaction (PCR) in BAL fl uid and induced sputum is superior 
to histochemical staining,39,40 but specifi city is less than 100%. 
Pneumocystis DNA may also be detected in oropharyngeal samples 
obtained by gargling with 10–15 mL normal saline.40,41 Molecular 
detection tests are not currently available commercially.

Empirical therapy

Some physicians have suggested that it is not necessary to perform 
invasive tests, including bronchoscopy, in HIV-infected patients 
presenting with symptoms, chest radiographic and arterial blood 
gas abnormalities typical of Pneumocystis pneumonia, and that 
such patients may be treated empirically,42 with bronchoscopy 
reserved for those who fail to respond by day 5 or deteriorate on 
therapy and for those who have presentations atypical for Pneu-
mocystis pneumonia.43 Others have argued strongly that bron-
choscopic confi rmation of the diagnosis is mandatory in every 

case. Both strategies appear to be equally effective in clinical 
practice.44

TREATMENT

An assessment of the severity of the pneumonia, using the history, 
examination fi ndings and results of arterial blood gas estimations 
and the chest radiograph (Table 72.3), will enable decisions to be 
made about choice of therapy; some drugs are unproven or inef-
fective in severe disease.45,46 Severity stratifi cation also identifi es 
patients who will benefi t from adjunctive glucocorticoids (see 
below). Patients with glucose 6-phosphate dehydrogenase defi -
ciency should not receive co-trimoxazole, dapsone or primaquine 
as they increase the risk of haemolysis.45,46

THERAPY

Co-trimoxazole

High-dose co-trimoxazole (100 mg/kg daily of sulfamethoxazole 
and 20 mg/kg daily of trimethoprim) given in two to four divided 
doses orally or intravenously is fi rst choice therapy for Pneumocys-
tis pneumonia of all grades of severity. In HIV-infected patients 
treatment is given for 21 days because shorter courses are associ-
ated with treatment failure.46 In patients with other causes of 
immunosuppression, shorter courses (e.g. 14–17 days) are 
often given.46 In patients with moderate or severe disease, co-
trimoxazole is given intravenously for the fi rst 7–10 days, then 
orally; in patients with mild disease oral co-trimoxazole may 
be given throughout. Adverse reactions to co-trimoxazole, which 
are usually fi rst evident at 6–14 days of treatment, are common 
and include neutropenia and anaemia in up to 40% of patients, 
rash in 25%, fever in over 20% and abnormal liver function in 
approximately 10%.46

Co-administration of folic or folinic acid does not reduce or 
prevent haematological toxicity and may be associated with 
increased therapeutic failure. Dose reduction of co-trimoxazole, 
to 75% of the dose given above, is associated with a reduced 
toxicity profi le but may be associated with reduced effi cacy.46 It is 
not clear why there is such a high frequency of adverse reactions 
to co-trimoxazole in patients immunosuppressed by HIV infec-

Table 72.3 Grading of severity of Pneumocystis pneumonia

Mild Moderate Severe
Clinical features Increasing exertional 

dyspnoea ± cough and 
sweats

Dyspnoea on minimal exertion, 
occasional dyspnoea at rest, 
fever ± sweats

Dyspnoea at rest, tachypnoea at rest, persistent 
fever, cough

Arterial blood 
gas (room air)

PaO2 normal, SaO2 falling 
on exercise

PaO2 = 8.1–11 kPa PaO2 < 8.0 kPa

Chest radiograph Normal or minor perihilar 
infi ltrates

Diffuse interstitial shadowing Extensive interstitial shadowing ± diffuse alveolar 
shadowing (‘white out’), sparing costophrenic 
angles and apices

SaO2, arterial oxygen saturation, measured with a transcutaneous oximeter.
Reproduced with permission from the BMJ publishing group: From Miller RF, Mitchell DM. Pneumocystis carinii pneumonia. Thorax 1992; 47:305–314.

Therapy
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tion compared with patients immunosuppressed by other causes, 
but it may be due to HIV-induced changes in acetylator status, 
accumulation of toxic metabolites such as hydroxylamines, or 
glutathione defi ciency.46

Alternative therapy

Several other treatments are available if co-trimoxazole is not 
tolerated by the patient or if treatment fails (Table 72.4).45,46

Clindamycin with primaquine

This combination was originally only used to ‘salvage’ patients 
with mild and moderately severe Pneumocystis pneumonia who 
failed to respond to co-trimoxazole or pentamidine. It is now used 
as alternative therapy in patients with pneumonia of all grades of 
severity.46 Clindamycin 450–600 mg four times daily with prima-
quine 15 mg daily (by mouth) are used. Higher doses of prima-
quine confer no therapeutic advantage and are associated with a 
greater risk of methaemoglobinaemia.46 Treatment is for 21 days 
regardless of the type of underlying immunosuppression. Clinda-
mycin is usually given intravenously for the fi rst 7–10 days, then 
orally in moderate and severe disease; the treatment may be given 
orally throughout in patients with mild disease. Clindamycin-
primaquine is as effective as co-trimoxazole or dapsone-
trimethoprim (see below) when given as initial treatment for 
patients with Pneumocystis pneumonia of mild and moderate 
severity47 and is superior to intravenous pentamidine when used 
in patients intolerant of, or who are failing treatment with, co-
trimoxazole.46,47 Almost two-thirds of patients develop a rash and 
approximately 25% develop diarrhoea. If diarrhoea occurs during 
clindamycin-primaquine therapy, the stool should be analysed for 
the presence of Clostridium diffi cile toxin.

Dapsone with trimethoprim

In patients with mild or moderately severe Pneumocystis pneumo-
nia, the combination of dapsone (100 mg per day) and trime-
thoprim (20 mg/kg daily) is as effective as co-trimoxazole (doses 
as above) and is better tolerated.46,48 Rash, nausea and vomiting, 
and asymptomatic methaemoglobinaemia (due to dapsone) are 
the major side-effects with this combination. Approximately 50% 
of patients develop mild hyperkalaemia (<6.1 mmol/L), which is 
due to trimethoprim. This combination has not been shown to 
be effective in severe disease.

Atovaquone

Atovaquone 750 mg twice daily, orally for 21 days, is less 
effective than either oral high-dose co-trimoxazole or intravenous 
pentamidine for treatment of mild and moderate severity 
Pneumocystis pneumonia, but is better tolerated than either 
drug.46,49 It is ineffective in patients with severe pneumonia. 
Common adverse reactions include rash, nausea and vomiting, 
and constipation. Absorption of the drug from the gastrointestinal 
tract is variable; taking the suspension with food may increase its 
absorption.

Parenteral pentamidine

Intravenous pentamidine is now seldom used in mild and mod-
erately severe disease because of its toxicity profi le and because 
other less toxic treatments have equivalent effi cacy. It continues to 
be used in patients with severe pneumonia.46,50 It is given at a dose 
of 4 mg/kg daily, by intravenous infusion for 21 days. Intramus-
cular pentamidine is no longer used because of the risk of sterile 
abscess at the injection site. Compared with high-dose co-tri-
moxazole, intravenous pentamidine is of almost equivalent effi -
cacy but has a greater toxicity profi le. Up to 60% of patients 
receiving pentamidine develop nephrotoxicity, which is usually 
manifested as an isolated increase in the serum creatinine level; 
approximately half develop leucopenia. Hypotension and nausea/
vomiting both occur in up to 25% of patients.46 Hypoglycaemia 
occurs in approximately 20% of patients. Reduction of the dose 
of pentamidine (to 3 mg/kg daily) does not compromise effi cacy 
and reduces toxicity.50 There are no therapeutic advantages if 
high-dose co-trimoxazole and intravenous pentamidine are 
combined; indeed the combination has a much higher toxicity 
profi le than when either drug is used alone.

Nebulized pentamidine

This form of therapy is no longer recommended for the treatment 
of Pneumocystis pneumonia.46 Patients given nebulized pentami-
dine (600 mg/day) for 21 days respond to therapy very slowly; 
reductions in fever and dyspnoea and improvements in radio-
graphic appearances and blood gases may take more than 14 
days).46,51 There is a greater rate of relapse of Pneumocystis pneu-
monia in patients treated with nebulized pentamidine when com-
pared to those given parenteral therapy.51 Development of 
extrapulmonary pneumocystosis may not be suppressed by this 

Table 72.4 Treatment of Pneumocystis pneumonia

Mild Moderate Severe
First choice Co-trimoxazole Co-trimoxazole Co-trimoxazole

Second choice Clindamycin–primaquine Clindamycin–primaquine Clindamycin–primaquine

Third choice Dapsone–trimethoprim or Atovaquone Dapsone–trimethoprim or Atovaquone i.v. Pentamidine

Fourth choice i.v. Pentamidine i.v. Pentamidine –

Adjunctive glucocorticoids Unproven benefi t Yes Yes
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form of treatment as very little of the inhaled pentamidine is 
absorbed systemically.

Corticosteroids

Adjunctive therapy with glucocorticoids for patients with moder-
ate and severe Pneumocystis pneumonia has been shown to reduce 
the likelihood of respiratory failure (by half) and death (by one-
third) in HIV-infected patients.52,53 In the non-HIV-infected immu-
nosuppressed population, adjuvant steroids reduce the duration 
of time on mechanical ventilation and overall time in the inten-
sive care unit.4,54 Corticosteroids probably act by reducing the 
body’s intrapulmonary infl ammatory response to Pneumocystis. It 
is recommended that glucocorticoids are given to HIV-infected 
patients with proven or suspected Pneumocystis pneumonia who 
have a PaO2 < 9.3 kPa or A − aO2 = 4.7 kPa (both measured while 
the patient is breathing room air).52,53 No specifi c recommenda-
tions exist for non-HIV-infected patients, but the above criteria are 
often used in clinical practice.

Corticosteroid treatment should begin at the start of specifi c 
anti-Pneumocystis therapy. Clearly, in some patients treatment 
will begin on a presumptive basis and it is necessary to confi rm 
the diagnosis as soon as possible. Several regimens have been 
used, the most common being oral prednisolone 40 mg twice 
daily for 5 days, thereafter 40 mg once daily for days 6–10 
and then 10 further days of 20 mg daily. Intravenous methylpred-
nisolone may be given at 75% of these doses; alternatively, 
higher doses may be given for a shorter period of time, such as 
methylprednisolone 1 g once daily for 3 days and 0.5 g on days 
4–6, followed by oral prednisolone 40 mg once daily reducing to 
zero over 20 days.45,46,52,53 There is no evidence that adjunctive 
corticosteroids are of benefi t in patients with mild Pneumocystis 
pneumonia.

General management

Patients with mild Pneumocystis pneumonia may be treated with 
oral co-trimoxazole as out-patients under close supervision of a 
physician. All patients with moderate and severe Pneumocystis 
pneumonia should be treated in hospital with intravenous co-
trimoxazole, clindamycin with primaquine, or pentamidine and 
adjunctive corticosteroids. If the patient does not respond by 7–10 
days, or deteriorates before this time, he or she should be switched 
to alternative therapy.46

All hypoxaemic patients with Pneumocystis pneumonia should 
receive supplemental oxygen therapy via a tight-fi tting face mask 
in order to maintain the PaO2 = 8.0 kPa. If an inspired oxygen 
concentration of 60% fails to maintain the PaO2 = 8.0 kPa, 
non-invasive ventilatory support with continuous positive 
airways pressure (CPAP) ventilation, either by nasal or face mask, 
may be used. If CPAP ventilation fails to maintain oxygenation, 
or the PaCO2 rises, or the patient becomes tired, mechanical ven-
tilation should be considered. The prognosis of patients with 
severe Pneumocystis pneumonia with respiratory failure has 
improved in recent years, as a consequence of general improve-
ments in ICU management of respiratory failure.55 Most centres 
would mechanically ventilate patients with a fi rst or second 
episode of Pneumocystis pneumonia and those who rapidly dete-
riorate following bronchoscopy. The timing of starting antiretro-

viral therapy in relation to treatment of Pneumocystis pneumonia 
is uncertain.56,57

PROGNOSIS

Several clinical and laboratory features are thought to predict a 
poor outcome in an HIV-infected patient with Pneumocystis pneu-
monia32,55 but, unfortunately, studies are inconsistent, as not all 
provide prognostic information.32,55 Prognostic factors include 
patient’s age at admission, lack of knowledge of HIV status, pre-
sentation with a second or subsequent episode of Pneumocystis 
pneumonia, evidence of poor oxygenation (PaO2 < 7.0 kPa or A 
− aO2 = 4.0 kPa), marked chest radiographic abnormalities, 
peripheral blood leukocytosis (white blood cell count >10.8 × 
109/L), a low serum albumin concentration (<35 g/L) and raised 
serum lactate dehydrogenase (LDH) enzyme levels (>300 IU/L). 
After admission and investigation, identifi cation of a co-pathogen 
in induced sputum or BAL fl uid, the presence of neutrophilia >5% 
in BAL fl uid and raised serum LDH enzyme levels (that remain 
increased despite treatment), need for mechanical ventilation 
and/or development of a pneumothorax are also predictive of a 
poor outcome.32,55

CHEMOPROPHYLAXIS

With progressive immunosuppression and falls in CD4+ T lym-
phocyte counts, HIV-infected individuals are at increased risk of 
developing Pneumocystis pneumonia. Primary prophylaxis, to 
prevent a fi rst episode of Pneumocystis pneumonia, is given when 
the CD4+ T lymphocyte count falls below 200 cells/μL or the CD4 
total lymphocyte ratio is less than 1 : 5, to patients with HIV-
related constitutional symptoms such as unexplained fever of 
3 weeks or more in duration, or oral candida regardless of CD4 
count, and to patients with other AIDS-defi ning diagnoses, such 
as KS.46,58 Secondary prophylaxis is given in order to prevent a 
recurrence.46,58 In individuals immunosuppressed by other causes, 
prophylaxis is given to those with high attack rates for Pneumocys-
tis pneumonia, for example children with acute lymphoblastic 
leukaemia or severe combined immunodefi ciency syndrome, 
adults with Hodgkin disease, rhabdomyosarcoma or Wegener 
granulomatosis and to individuals following organ transplanta-
tions such as allegenic bone marrow, renal, heart or heart–lung, 
or liver.2,4,59

Co-trimoxazole 960 mg once daily is the fi rst-choice regimen 
for both primary and secondary prophylaxis. Lower doses, 960 mg 
three times weekly or 480 mg once daily, may be equally effective 
and have fewer side-effects.58 Co-trimoxazole may also protect 
against bacterial infections and reactivation of cerebral toxoplas-
mosis. Rash, with or without fever, occurs in up to 20% of 
patients. Desensitization should be attempted in those unable to 
tolerate co-trimoxazole.46 Alternatively, other less effective agents 
may be used for prophylaxis. These include nebulized pentami-
dine, 300 mg once per month, via a jet nebulizer (once per fort-
night if the CD4+ T lymphocyte count is <50 cells/μL), dapsone, 
100 mg daily with pyrimethamine 25 mg once weekly (pyrimeth-
amine may protect against cerebral toxoplasmosis), atovaquone, 
750 mg twice daily, or azithromycin 1250 mg once a week.46,58

Chemoprophylaxis
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Long-term effects of 
co-trimoxazole prophylaxis

The drug target for sulfamethoxazole and dapsone is dihydrop-
teroate synthase (DHPS). While the effi cacy of co-trimoxazole as 
prophylaxis for Pneumocystis pneumonia is clearly demonstrated, 
long-term use of this combination is associated with adverse 
reactions (see above) and with the development of mutations 
in the DHPS gene of Pneumocystis and other microorganisms.60,61 
Molecular biological techniques show that non-synonymous 
single nucleotide polymorphisms in the DHPS gene of human 
Pneumocystis, which confer resistance, occur more frequently in 
patients who have received prophylaxis with dapsone or co-
trimoxazole and have been described in patients failing treatment 
of Pneumocystis pneumonia with co-trimoxazole.61–63

In populations exposed to co-trimoxazole used as prophylaxis, 
there are parallel marked increases in resistance to this drug in 
other microorganisms, including Enterobacteriaceae, Escherichia 
coli and Staphylococcus aureus.61 This phenomenon was fi rst 
described in North America but is of increasing importance, par-
ticularly in Africa, where use of co-trimoxazole is increasing as a 
consequence of World Health Organization recommendations64 
and few alternative regimens for prophylaxis exist.

Stopping prophylaxis

The widespread availability and uptake of highly active antiretro-
viral therapy (HAART) in North America, Europe and Australasia 
has been associated with marked reductions in incidence of many 
opportunistic infections, including Pneumocystis pneumonia, hos-
pital admissions and mortality from HIV infection. In most 
patients, within a few weeks of starting HAART, there are rapid 
decreases in plasma HIV RNA and, in parallel, increases in CD4 T 
lymphocyte counts. The US Public Health Service/Infectious 
Disease Society of America now recommend that primary prophy-
laxis against Pneumocystis pneumonia may be discontinued in 
HIV-infected patients who respond to HAART with an increase in 
CD4 lymphocyte counts to above 200 cells/μL, sustained for at 
least 6 months.58 Many of these patients will also have reduction 
in HIV RNA to below the limit of detection. Withdrawal of 
secondary prophylaxis may be carried out, using these criteria. 
If, despite HAART, the CD4 lymphocyte count falls to below 
200 cells/μL and/or the HIV RNA ‘load’ rises, then prophylaxis 
should be re-instituted using the criteria for primary prophylaxis. 
Clearly, close patient monitoring is needed to detect any such 
changes rapidly.
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Section 10 Protozoan Infections

Chapter 73 Nicholas J. White

Malaria

Malaria is the most important parasitic disease of man. Approxi-
mately 5% of the world’s population is infected, and it causes over 
1 million deaths each year. The disease is a protozoan infection 
of red blood cells transmitted by the bite of a blood-feeding 
female anopheline mosquito. Malaria, or ague as it was com-
monly known, has been described since antiquity. Hippocrates is 
usually credited with the fi rst clear description among occidental 
writers: In Epidemics, he distinguished different patterns of fever, 
and in his Aphorisms he describes the regular paroxysms of inter-
mittent fever. In Europe, seasonal periodic fevers were particularly 
common in marshy areas, and were frequently referred to as 
‘paludial’ (L. palus marshy ground; Fr. paludisme). In the early 
nineteenth century, miasmatic infl uences were believed to cause 
a variety of diseases. Malaria was thought by Italian writers to be 
caused by the offensive vapours emanating from the Tiberian 
marshes.1 The word ‘malaria’ comes from the Italian, and means 
literally ‘bad air’. Indeed the cause of the seasonal periodic fevers 
was a continuous source of debate until the late nineteenth 
century.2 The work of Meckel, Virchow and Frerichs had estab-
lished that the pigment (mistakenly thought to be melanin) 
observed in the blood of some patients with periodic fever resulted 
from the destruction of red blood corpuscles. This same pigment 
caused the characteristic grey discolouration of the internal organs 
in patients dying from this disease. In the 1870s, medicine slowly 
moved towards the germ theory of disease, following the pioneer-
ing work of Koch. In 1879, Edwin Klebs and Corrado Tommasi-
Crudelli reported the identifi cation of a bacterial cause of malaria. 
Recovery of the ‘organism’, Bacillus malariae, from patients with 
malaria was confi rmed by several infl uential Italian physicians 
and pathologists – and similar reports began to appear in the USA. 
It was not surprising, therefore, that the report of a French Army 
surgeon working in Algeria, claiming that malaria was caused by 
a parasite, was treated initially with some scepticism.3 On 20 
October 1880 (or in a later publication he gives the date as 6 
November), Charles Louis Alphonse Laveran was examining the 
fresh blood of a patient with ague, and observed moving bodies 
(he was probably watching gametocyte exfl agellation) which he 
surmised correctly were parasites of the red blood cells. The trans-
missability of the infection in blood was proved 4 years later, by 
Gerhardt, but the route of natural infection was not discovered 
until the next decade. Following the suggestion of Patrick Manson, 
a young Scottish physician in the Indian Medical Service, Ronald 
Ross, began to investigate the possibility that malaria could be 

transmitted by mosquitoes. In 1897, after many months of failure, 
he reported the presence of pigmented bodies in the gut of a 
certain species of brown ‘dapple winged’ mosquito fed on patients 
with malaria.4 He speculated that these might represent the para-
site stage in the mosquito (he was in fact describing the oocysts) 
but, because of diffi culties in obtaining these ‘unusual’ mosqui-
toes and his transfer to Calcutta, he was unable to characterize the 
complete life cycle, i.e. transmission from human to mosquito 
to human. After many years of study, Ross fi nally proved the 
existence of the complete life cycle involving a mosquito in the 
malaria of canaries.5 He identifi ed the anopheles mosquito as the 
vector of human malaria, although by the time Ross fi nally had 
the opportunity to demonstrate Plasmodium falciparum sporogony 
in anopheline mosquitoes in Sierra Leone, Bignami and his col-
leagues6 in Rome, following the pioneering work of Grassi, had 
succeeded in infecting a healthy volunteer with P. falciparum from 
mosquito bites. Both Laveran and Ross received Nobel Prizes for 
their respective discoveries.

Understanding of the biology of malaria was further advanced 
by a third Nobel-prize winning discovery. In 1883, the Viennese 
psychiatrist Julius Wagner–Jarregg became interested in the rela-
tionship between fever and mental illness. Between 1888 and 
1917, he experimented on a number of methods of inducing fever 
to treat patients with General Paralysis of the Insane (GPI is a form 
of neurosyphilis). On 14 June 1917, he inoculated blood from a 
soldier with tertian fever into two patients with GPI.7 So began 
the era of malariatherapy of neurosyphilis. This became standard 
treatment practice throughout the world until the introduction of 
penicillin 30 years later. Overall, at a time when GPI accounted 
for 10% of all mental hospital in-patients in Europe, malaria 
therapy gave approximately 30% of patients a full, and 20%, 
a partial remission of this debilitating and ultimately lethal 
infection.

Until the nineteenth century, malaria was found in northern 
Europe, North America and Russia – and transmission in parts of 
Southern Europe was intense. Since then it has been eradicated 
from these areas, and the number of cases in the Middle East, 
China, and parts of Asia and South America has fallen, but else-
where in the tropics there has been a resurgence of the disease1 
and between 1970 and 2000 the number of cases worldwide and 
the number of deaths steadily increased. Approximately 270 
million people suffer from malaria, and there are over one million 
deaths each year. Most of these deaths are in African children 
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although the burden in Asia has been underestimated. Malaria 
also contributes to neonatal mortality by reducing birth weight. 
This rising death toll was not a result of failing health systems, as 
the number of deaths from many other infectious diseases fell. It 
resulted from increasing resistance of the anopheline vector to 
insecticides, and of the parasite to the antimalarial drugs that were 
deployed. In the last few years the grim tide has been reversed 
with considerable increases in funding for malaria control, and 
increasing deployment of effective drugs and methods of vector 
control (particularly insecticide treated bed-nets).

THE PARASITE

The malaria parasite is a mosquito-transmitted protozoan. Plasmo-
dia are sporozoan parasites of red blood cells transmitted to animals 
(mammals, birds, reptiles) by the bites of mosquitoes. Protozoan 
parasites of the phylum Apicomplexa contain three genetic ele-
ments: the nuclear and mitochondrial genomes characteristic of 
virtually all eukaryotic cells and a 35-kilobase circular extrachro-
mosomal DNA. This encodes a vestigial plastid (the apicoplast) 
that is an evolutionary homologue of the chloroplasts of plant and 
algal cells. Four species of the genus Plasmodium infect humans, 
although infections with a fi fth parasite P. knowlesi, a malaria of 
long-tailed and pig-tailed macaque monkeys, is an important cause 
of human malaria on the island of Borneo and peninsular Malay-
sia.8 The individual characteristics of the four species of human 
malaria parasites and the potentially lethal monkey parasite P. 
knowlesi are shown in Table 73.1. Almost all deaths and severe 
disease are caused by P. falciparum. In phylogenetic terms, this 
parasite is closest to the avian malarias (P. lophurae, P. gallinaceum), 
but it is now clear that P. falciparum has co-evolved with its human 
host through several evolutionary bottlenecks9–11 and was not a 
recent acquisition from birds as once thought. The three ‘benign’ 
malarias, P. vivax, P. ovale and P. malariae, all lie close together on 
the evolutionary tree near the other primate malarias. Severe disease 
with these species is relatively unusual, although on the island of 
New Guinea Plasmodium vivax is associated with signifi cant mortal-
ity.12 Occasionally patients with vivax malaria will die from rupture 
of an enlarged spleen,13 and P.vivax infections in pregnancy reduce 
birth weight, which predisposes to neonatal death.14 Full genome 
sequences are now available for P. falciparum and P. vivax. The 

remarkably AT rich P. falciparum genome is approximately 23 Mb 
in size and encodes about 5300 genes on 14 chromosomes. Some 
60% of the encoded proteins are of unknown function.15

GEOGRAPHICAL ASPECTS

Distribution

Malaria is endemic in 109 countries and is found throughout the 
tropics (Figure 73.1). In Africa, P. falciparum predominates, as it 
does in Papua New Guinea and Haiti, whereas P. vivax is more 
common in Central and parts of South America, North Africa, the 
Middle East and the Indian subcontinent. The prevalence of both 
species is approximately equal in other parts of South America, 
South-east Asia and Oceania. P. vivax is rare in sub-Saharan Africa 
(except for the horn of Africa), whereas P. ovale is common only 
in West Africa. P. malariae is found in most areas, but is relatively 
uncommon outside Africa. Malaria was once endemic in Europe 
and northern Asia, and was introduced to North America, but it 
has been eradicated from these areas. In northern China and 
North Korea P. vivax strains (P. vivax hibernans) with long incuba-
tion periods and long intervals (10–12 months) between relapses 
may still be found.

Epidemiology

The mosquito vector

Malaria is transmitted by some species of anopheline mosquitoes. 
Malaria transmission does not occur at temperatures below 16°C, 
or above 33°C, and at altitudes >2000 m because development 
in the mosquito (sporogony) cannot take place. The optimum 
conditions for transmission are high humidity and an ambient 
temperature between 20 and 30°C. Although rainfall provides 
breeding sites for mosquitoes, excessive rainfall may wash away 
mosquito larvae and pupae.16

The epidemiology of malaria is complex and may vary consid-
erably even within relatively small geographical areas.17–20 Intensi-
ties of malaria transmission vary from very low (on average one 
infectious bite per person every 10 years) to extremely high (three 
infectious bites per person per day). Malaria transmission to man 

Table 73.1 Human malaria parasites

P. falciparum P. vivax P. ovale P. malariae P. knowlesi
Exoerythrocytic (hepatic) phase of 
development (days)

5.5 8 9 15 5–7

Erythrocytic cycle (days) 2 2 2 3 1

Hypnozoites (relapses) No Yes Yes No No

Number of merozoites per 
hepatic schizont

30 000 10 000 15 000 2000 ?

Erythrocyte preference Young RBCs but can invade all agesa Reticulocytes Reticulocytes Old RBCs None identifi ed

Maximum duration of untreated 
infection (years)

 2 4 4 40 ?

a Parasites causing severe malaria are not selective in red cell invasion.
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depends on several interrelated factors. The most important 
pertain to the anopheline mosquito vector, and in particular its 
longevity. As sporogony (development of the sporozoite parasites 
in the vector) takes over a week (depending on ambient tempera-
tures), the mosquito must survive for longer than this after feeding 
on a gametocyte-carrying human, if malaria is to be transmitted. 
Macdonald gave the following formula for the likelihood of infec-
tion based on the sporozoite rates,17 i.e. the proportion of anoph-
eline mosquitoes with sporozoites in their salivary glands.

S
P ax

ax P

n

e

=
− log

where P = the probability of mosquito survival through 1 day; n 
= the duration, in days, of the extrinsic cycle of the parasite in the 
mosquito; a = average number of blood meals on man per day, 
and x = the proportion of bites infective to man. The probability 
of a mosquito surviving n days is given by

P
P

n

e− log

The inoculation rate, or the mean daily number of bites (h) 
received by sporozoite-bearing mosquitoes is given by

h = mabs

where m = anopheline density in relation to man and b = 
proportion of bites that are infectious. The reproductive rate 
of the infection (r) or the number of secondary cases resulting 
from a primary case is then given by
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where z is the recovery rate, or the reciprocal of the duration 
of human infectivity. This is usually estimated at 80 days 
for P. falciparum in a non-immune subject, i.e. z = 0.0125. The 
term

1−
−

ax
ax Pelog

refers to the proportion of anopheline mosquitoes ‘not yet 
infected’. When transmission is very low (i.e. x approaches 0) then 
the basic reproductive rate (r0) reduces to

r
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n

e
0

2

=
− log

Thus, as a general approximation, malaria transmission is 
directly proportional to the density of the vector, the square of 
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Figure 73.1 Global distribution of malaria. WHO map. Online. Available: http://gamapserver.who.int/mapLibrary/Files/Maps/global_cases.jpg 
(accessed 1 April 2008).
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the number of times each day that the mosquito bites man, 
and the tenth power of the probability of the mosquito surviv-
ing for 1 day. The model described by MacDonald has certain 
theoretical limitations (it has been refi ned in recent years to 
accommodate these21), but it does illustrate certain fundamen-
tal points of practical relevance to control or eradication pro-
grammes. Vector longevity in determining transmission is clearly 
great and focuses control measures on the adult mosquito. At 
very high levels of transmission, there is considerable reserve 
in the system and large reductions in transmission reduce malaria 
by a negligible amount (e.g. a reduction in transmission of 
90% from 300 infectious bites/year to 30 bites/year will make 
very little difference to the prevalence of malaria) – but as r0 
approaches the critical value of 1 (below which the disease dies 
out), small reductions in r0 have very large effects on the amount 
of malaria. Thus malaria is very vulnerable in low transmission 
settings. Control programmes can be very effective in these cir-
cumstances, and can eradicate malaria – as indeed they did in 
Europe where r0 was certainly low in many areas, and the vector 
rested inside houses and could be attacked with residual insec-
ticides. The value of r0 has been much debated, although there 
is good reason to believe it is generally low (e.g. <10). This 
gives hope to those developing vaccines and other interventions 
aimed at reducing transmission of malaria. Vectors differ con-
siderably in their natural abundance (particularly with season 
of the year), feeding and resting behaviours, breeding sites, fl ight 
ranges, choice of blood source (many anopheline vectors also 
bite animals), and vulnerability to environmental conditions 
and insecticides.

There is also considerable variation in the ability of anoph-
eline mosquitoes to transmit malaria (the vectorial capacity). 
There are nearly 400 species of anopheline mosquitoes and 
many are species complexes. Confusingly, the taxonomy con-
tinually changes as differences within species complexes are 
characterized. Approximately 80 anopheline species can trans-
mit malaria, 66 are considered natural vectors, and about 45 
are considered important vectors.16 Each vector has its own 
behaviour patterns and even within species these can vary 
between geographical areas. For example, in South-east Asia 
mosquitoes of the Anopheles dirus complex are highly effective 
vectors, and are an important cause of ‘forest and forest fringe’ 
malaria. They breed in the tree collections of water, and are 
consequently vulnerable to deforestation, or too little or too 
much rainfall, but they are very diffi cult to attack with insec-
ticides. A. sundaicus (recently subspeciated into A.sundaicus 
[Indonesia] and A.epiroticus [mainland SE Asia]) is found near 
the coast as it breeds in brackish water but human biting 
times vary considerably within the species complex. A. ste-
phensi, the principal vector in the Indian subcontinent, breeds 
in wells or stagnant water and can be controlled by treating 
breeding sites with insecticides or polystyrene balls. The most 
effective malaria vectors (such as the A. gambiae complex) are 
hardy, long-lived, naturally occur in high densities, and bite 
humans frequently. Malaria is often seasonal, coinciding with 
the rainy season which provides water for mosquito breeding 
and increased humidity favouring mosquito survival. Other 
factors, which are not well understood, also infl uence mos-
quito populations and lead to fl uctuations in the prevalence of 
malaria.

The human host

The behaviour of man also plays an important role in the epide-
miology of malaria. There must be a human reservoir of viable 
gametocytes to transmit the infection. In areas where there is a 
long dry season, and malaria is highly seasonal, the reservoir for 
malaria transmission is in people who asymptomatically harbour 
parasites for long periods until the next rainy (transmission) 
season. In areas of high transmission, infants and young children 
are more susceptible to malaria than the more immune older 
children and adults. Parasite densities are higher and gametocy-
taemia is detected more frequently in children. In endemic areas 
the relative contributions to overall transmission of the younger 
age group, who have higher parasite densities, become ill more 
often, and are therefore more likely to receive drugs, versus the 
older asymptomatic individuals who have more immunity, lower 
parasite densities, and are less likely to receive antimalarial treat-
ment, are unclear. The endemicity of malaria is best defi ned by 
the entomological inoculation rate (EIR), or number of infectious 
mosquito bites received per person per year, but is defi ned tradi-
tionally in terms of the spleen or parasite rates in children aged 
between 2 and 9 years (Box 73.1).22

In areas which are holoendemic or hyperendemic for P. 
falciparum, such as much of tropical Africa or coastal New Guinea, 
people are infected repeatedly throughout their lives. There 
is considerable morbidity and mortality during childhood. In 
The Gambia, where people were infected once each year on 
average,20 malaria was estimated to cause 25% of deaths between 
1 and 4 years of age. The effects of insecticide-treated nets on 
death rates in children (average reduction in all-cause mortality 
in children under 5 years old of approximately 20%) across 
sub-Saharan Africa are further testament to the impact of malaria 
on child survival. But eventually, if the child survives, a state of 
‘premunition’ is achieved where infections cause little or no 
problem to the host. Thus a form of immunity develops which is 
suffi cient to control, but not prevent the infection. The slow 
rate at which premunition is acquired may be a function of 
age. Non-immune adults entering an area of intense transmission 
acquire premunition more rapidly than children.23 Falciparum 
malaria infections are more severe in pregnancy, particularly 
in primigravidae,24–26 and appear to be augmented by iron 
supplementation.27–29

Malaria mortality and morbidity

It is diffi cult to be precise about how many people die each 
year from malaria, as the disease is most prevalent where health 

Box 73.1 Traditional classifi cation of 
malaria epidemiology

■ Hypoendemic: spleen rate or parasite rate 0–10%.
■ Mesoendemic: spleen or parasite rate 10–50%.
■  Hyperendemic: spleen or parasite rate 50–75% and adult spleen 

rate is also high.
■  Holoendemic: spleen or parasite rate over 75%, and adult 

spleen rate low. Parasite rates in the fi rst year of life are high.
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services are lacking. But in recent years, a considerable effort has 
gone into deriving estimates of the global burden of disease.30–32 
The Disease Control Priorities Project estimated 42 280 000 dis-
ability adjusted life years (DALYs) and 1 124 000 deaths from 
malaria in 2000. It is widely quoted that 90% of the deaths from 
malaria in the world are in African children, but recent studies 
suggest that the burden of malaria in Asia may have been under-
estimated.18 The setting up of standardized demographic surveil-
lance systems in many malaria endemic areas will result in more 
accurate data, and more accurate measurement of the impact of 
interventions.

Clinical epidemiology

Babies develop severe malaria relatively infrequently (although, if 
they do, the mortality is high). The factors responsible for this 
include passive transfer of maternal immunity,33 and the high 
haemoglobin F content of the infants’ erythrocytes which retards 
parasite development.34 In holoendemic areas the baby is inocu-
lated repeatedly with sporozoites during the fi rst year of life, but 
the blood stage infection is seldom severe.19 People may receive 
up to three infectious bites per day. In this epidemiological context, 
the main clinical impact of falciparum malaria is to cause severe 
anaemia in the 1–3-year age group (Figure 73.2). With less intense 
or more variable or unstable transmission the age range affected 
by severe malaria extends to older children, and cerebral malaria 
becomes a more prominent manifestation of severe disease.35–37 
Although mortality falls with decreasing transmission intensity, it 
remains substantial until the EIR falls well below one. In hyper-
endemic and holoendemic areas indigenous adults never develop 
severe malaria, unless they leave the transmission area and return 
years later (and even then malaria is seldom life-threatening). 
Immunity is constantly boosted and effective premunition pre-
vents parasite burdens reaching dangerous levels. Most infections 
in adults are asymptomatic.

Where transmission of malaria is low, erratic, markedly sea-
sonal, or focal, symptomatic infections are more common. A state 
of premunition is often not attained. Symptomatic disease occurs 

at any age, and cerebral malaria is a prominent manifestation of 
severe disease at all ages. This is termed ‘unstable’ malaria. In 
many areas, the transmission of malaria varies considerably over 
short distances, and severe disease is common when non-immune 
individuals enter these areas (e.g. woodcutters in South America 
and South-east Asia where malaria is of the ‘forest fringe’ type or 
highland refugees in Burundi descending into malarious low-
lands).

Malaria is usually a ‘rainy season disease’ coinciding with 
increased mosquito abundance. In some areas, parasite rates (i.e. 
the proportion of people with positive blood smears) are relatively 
constant throughout the year, but the majority of cases still do 
occur during the wet season.38 In Europe, before eradication, fal-
ciparum malaria was common in spring and in late summer and 
autumn, and was termed ‘aestivo-autumnal malaria’.39 The inten-
sity of transmission or ‘endemicity’ can change. For example in 
Africa, the sub-Sahelian drought has reduced rainfall and mos-
quito transmission in countries such as Senegal and The Gambia. 
In the 1960s transmission was intense, and severe disease was rare 
in children over 3 years of age.40,41 Today, transmission has fallen 
to levels found in areas of unstable endemicity, such as some areas 
of South-east Asia42 and cases of cerebral malaria occur occasion-
ally in indigenous adults. Deforestation, population migration, 
and changes in agricultural practice have profound effects on 
malaria transmission. Urban malaria is becoming an increasing 
problem in many countries.

In low transmission settings malaria can behave as an epidemic 
disease carrying a high mortality. Epidemics are caused by migra-
tions (i.e. introduction of susceptible hosts), the introduction of 
new vectors, or changes in the habits of the mosquito vector or 
the human host. Epidemics have occurred in North India, Sri 
Lanka, South-east Asia, Ethiopia, Madagascar, Brazil (when the 
formidable African vector A. gambiae was inadvertently imported 
from Africa in the 1930s) and more recently in Burundi and 
KwaZulu Natal where drug resistance was also a contributory 
factor.

Increasing international air travel and worsening antimalarial 
drug resistance have led to an increase in imported cases of malaria 
in tourists, travellers and immigrants. With the recent exception 
of some of the former Soviet republics in East Europe and West 
Asia, this has not led to the reintroduction of malaria to areas from 
where it had earlier been eradicated (although the vector, and 
thus the potential, remains). The incidence of malaria has risen 
markedly in several African countries, India, and Bangladesh over 
recent decades. Imported malaria is often misdiagnosed, leading 
to delays in treatment and severe presentations of falciparum 
malaria are not uncommon. Malaria may also be transmitted by 
blood transfusion, transplantation, or through needle-sharing 
among intravenous drug addicts.

MALARIA PARASITE LIFE CYCLE

Pre-erythrocytic development

Infection with human malaria begins when the feeding female 
anopheline mosquito inoculates plasmodial sporozoites at the 
time of feeding.43 The small motile sporozoites are injected during 
the phase of probing as the mosquito searches for a vascular space 

Figure 73.2 The relationship between age and the clinical 
presentations of severe malaria at different levels of malaria 
transmission.

Malaria Parasite Life Cycle
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before aspirating blood. In most cases, relatively few sporozoites 
are injected (approximately 8–15), but up to 100 may be intro-
duced in some instances.44,45 Most sporozoites come from the 
larger salivary ducts and represent only a small fraction of the total 
number in the salivary gland. After injection, they enter the circu-
lation, either directly or via lymph channels (approximately 20%), 
and rapidly target the hepatic parenchymal cells. Within 45 min 
of the bite, all sporozoites have either entered the hepatocytes or 
have been cleared. Each sporozoite bores into the hepatocyte and 
there begins a phase of asexual reproduction. This stage lasts on 
average between 5.5 (P. falciparum) and 15 days (P. malariae) 
before the hepatic schizont ruptures to release merozoites into the 
bloodstream (Table 73.2).22 In some instances, the primary incu-
bation period can be much longer. In P. vivax and P. ovale infec-
tions a proportion of the intrahepatic parasites do not develop, 
but instead rest inert as sleeping forms or ‘hypnozoites’, to awaken 
weeks or months later, and cause the relapses which characterize 
infections with these two species. During the pre-erythrocytic or 
hepatic phase of development considerable asexual multiplication 
takes place and many thousands of merozoites are released from 
each ruptured infected hepatocyte. However, as only a few liver 
cells are infected, this phase is asymptomatic for the human 
host.

Asexual blood-stage development

The merozoites liberated into the bloodstream closely resemble 
sporozoites. They are motile ovoid forms which invade red cells 
rapidly. The process of invasion involves attachment to the eryth-
rocyte surface, orientation so that the apical complex (which pro-
trudes slightly from one end of the merozoite and contains the 
rhoptries, the micronemes, and dense granules) abuts the red cell, 
and then interiorization takes place by a wriggling or boring 
motion inside a vacuole composed of the invaginated erythrocyte 
membrane. Once inside the erythrocyte, the parasite lies within 
the erythrocyte cytosol enveloped by its own plasma membrane 
and a surrounding parasitophorous vacuolar membrane. The 
attachment of the merozoite to the red cell is mediated by the 
attachment of one or more of a family of erythrocyte binding 
proteins, localized to the micronemes of the merozoite apical 
complex, to a specifi c erythrocyte receptor. In P. vivax this is related 
to the Duffy blood group antigen Fya or Fyb.46,47 The absence of 

these phenotypes in West Africans, or people who originate from 
that region, explains their resistance to infection with P. vivax, and 
the absence of vivax malaria in West Africa. For P. falciparum the 
merozoite protein EBA 175, a product of the ‘Duffy binding like’ 
(DBL) superfamily of genes encoding ligands for host cell recep-
tors, is clearly important.48,49 This binds to sialic acid and the 
peptide backbone of the red cell membrane sialoglycoprotein 
glycophorin A. But other, sialic acid dependent and independent 
pathways of invasion also occur indicating considerable reserve in 
the invasion system.48,50 Binding is linked to activation of a para-
site actin motor which provides the mechanical energy for the 
invasion process. The red cell surface receptors for P. malariae and 
P. ovale are not known.

During the early stage of intraerythrocytic development (<12 h), 
the small ‘ring forms’ of the four parasite species appear similar 
under light microscopy. The young developing parasite looks like 
a signet ring or, in the case of P. falciparum, like a pair of stereo-
headphones, with darkly staining chromatin in the nucleus, a 
circular rim of cytoplasm, and a pale central food vacuole (Figures 
73.3. 73.4). Parasites are freely motile within the erythrocyte. As 
they grow, they increase in size logarithmically and consume the 
erythrocyte’s contents (most of which is haemoglobin). With this 
increase in size, P. falciparum-infected erythrocytes become spher-
ical and less deformable, whereas P. vivax enlarges the infected red 
cells, which become more deformable.51,52 Proteolysis of haemo-
globin within the digestive vacuole releases amino acids which are 
taken up and utilized by the growing parasite for protein synthe-
sis, but the liberated haem poses a problem. When haem is freed 
from its protein scaffold, it oxidizes to the toxic ferric form. Intra-
parasitic toxicity is avoided by spontaneous dimerization to an 
inert crystalline substance, haemozoin.53 This may be facilitated 
nonenzymatically by parasite proteins. Non-polymerized haem 
exits the food vacuole but is then degraded in the cytosol by glu-
tathione.54 Too much non-polymerized haem overwhelms the 
defence mechanism and is toxic. The digested products, mainly 
the brown or black insoluble pigment haemozoin, can be readily 
seen within the digestive vacuole of the growing parasite. To 
obtain amino acids and other nutrients and to control the elec-
trolytic milieu in the infected erythrocyte the parasite inserts spe-
cifi c transporters and other proteins in the red cell membrane.55

At approximately 12–14 h of development, P. falciparum 
parasites begin to exhibit a high molecular weight strain-specifi c 
variant antigen, Plasmodium falciparum erythrocyte membrane 
protein 1 (PfEMP1) on the exterior surface of the infected red cell 
which mediates attachment of the infected erythrocyte to vascular 
endothelium.56,57 This is associated with knob-like projections 
from the erythrocyte membrane. Expression increases towards the 
middle of the cycle (24 h). These ‘knobby’ or K+ red cells progres-
sively disappear from the circulation by attachment or ‘cytoadher-
ence’ to the walls of venules and capillaries in the vital organs. 
This process is called ‘sequestration’. The other three ‘benign’ 
human malarias do not cytoadhere in systemic blood vessels and 
all stages of development circulate in the bloodstream.

As P. vivax grows it enlarges the infected red cell, which in con-
trast to P. falciparum, leads to an increase in deformability 
as the parasite matures. Red granules known as Schuffner’s 
dots appear throughout the erythrocyte. Similar dots are also 
prominent in P. ovale, which also distorts the shape of the infected 
erythrocyte (hence its name). P. malariae produces characteristic 

Table 73.2 Malaria incubation periods in malaria therapy 
and volunteer studies

Prepatent 
period (days)

Incubation 
period (days)

P. falciparum 11.0 (2.4) 13.1 (2.8)

P. vivax 12.2 (2.3) 13.4 (2.7)

P. malariae 32.7a 34.7a

P. ovale 12.0 14.1

Values are mean (SD).
a These data are taken from artifi cially induced malaria data reported in Boyd 
(1948); naturally acquired infections are considered to have an incubation period 
of between 13–28 days.
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expands logarithmically at approximately 10-fold per cycle.59 Only 
a sub-population of erythrocytes can be invaded. This is deter-
mined largely by red cell age. P. vivax can invade red cells for up to 
2 weeks after emergence from the bone marrow. In Thailand, P. 
falciparum parasites causing severe malaria showed unselective 
invasion, and had a greater multiplication potential at high densi-
ties than those which caused uncomplicated malaria.60,61 The 
asexual life cycle is approximately 24 h for P. knowlesi, 48 h for P. 
falciparum, P. vivax and P. ovale, and 72 h for P. malariae.

Sexual stages and development in the mosquito

After a series of asexual cycles in Plasmodium falciparum, a sub-
population of parasites develops into sexual forms (gametocytes) 
which are long lived and motile. These are the stages which 

Figure 73.3 Asexual life cycle of Plasmodium 
falciparum. After approximately 13–16 h of 
development, the parasitized erythrocytes start to 
adhere to the vascular endothelium lining the 
capillaries and venules.

Figure 73.4 Asexual life cycle of Plasmodium vivax.

‘band forms’ as the parasite grows. It is usually present at low 
parasitaemias. When humans are infected with the potentially 
lethal monkey malaria P. knowlesi it also produces band forms, and 
is therefore often mistaken for P. malariae.58 High parasitaemias 
(over 2%) are usually caused by P. falciparum.22 Approximately 
36 h after merozoite invasion (or 54 h in P. malariae), repeated 
nuclear division takes place to form a ‘segmenter’ or schizont (the 
term ‘meront’ is etymologically more correct). Eventually the 
growing parasite occupies the entire red cell which has become 
spherical, depleted in haemoglobin, and full of merozoites. It then 
ruptures, so that between 6 and 36 merozoites are released, destroy-
ing the remnants of the red cell. Following P. falciparum schizogony 
the residual cytoadherent erythrocyte membrane and associated 
malaria pigment often remain attached to the vascular endothe-
lium for many hours. The released merozoites rapidly re-invade 
other red cells and start a new asexual cycle. Thus, the infection 
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transmit the infection. The process of gametocytogony takes about 
7–10 days in P. falciparum. Thus there is an interval of approxi-
mately 1 week between the peaks of asexual and sexual stage para-
sitaemia in acute falciparum malaria. In contrast P. vivax begins 
gametocytogenesis immediately, and the process of gametocytog-
ony in the blood stage infection takes only 4 days. Symptomatic P. 
vivax infections are therefore more likely to present with patent 
gametocytaemia and to transmit before treatment than acute P. 
falciparum infections. The male-to-female gametocyte sex ratio for 
P. falciparum is approximately 1 : 4.62 One male (containing 8 
microgametes) and one female (macrogamete) are required per 
mosquito blood meal (approximately 2 μL) for infection to occur. 
Thus gametocyte densities of 1 per μL are theoretically suffi cient to 
infect mosquitoes, a density beneath the limit of detection for 
most routine microscopy. Following ingestion in the blood meal 
of a biting female anopheline mosquito, the male and female 
gametocytes become activated in the mosquito’s gut. The male 
gametocytes undergo rapid nuclear division and each of the eight 
nuclei formed associates with a fl agellum (20–25 μm long). The 
motile male microgametes separate and seek the female macroga-
metes. Fusion and meiosis then takes place to form a zygote. For a 
brief period, the malaria parasite genome is diploid. Within 24 h 
the enlarging zygote becomes motile and this form (the ookinete) 
penetrates the wall of the mosquito mid-gut (stomach) where it 
encysts (as an oocyst). This spherical bag of parasites expands by 
asexual division to reach a diameter of approximately 500 μm, i.e. 
it becomes visible to the naked eye. During the early stage of oocyst 
development there is a characteristic pigment pattern and colour 
that allows speciation (it was this that caught the eye of its discov-
erer, Ronald Ross, in 1894), but these patterns become obscured by 
the time the oocyst has matured to contain thousands of fusiform 
motile sporozoites. The oocyst fi nally bursts to liberate myriads of 
sporozoites into the coelomic cavity of the mosquito. The sporo-
zoites then migrate to the salivary glands to await inoculation into 
the next human host during feeding. The development of the 
parasite in the mosquito is termed sporogony, and takes between 
8 and 35 days depending on the ambient temperature and species 
of parasite and mosquito. The longevity of the mosquito is a criti-
cal factor in determining its vectorial capacity (see above).

Molecular genetics

Inheritance in Plasmodium is similar to that in other eukaryotes. 
Haploid and diploid generations alternate. A large number of 
individual genes were cloned and sequenced on the long and 
winding (and as yet unfi nished) road towards the development 
of a malaria vaccine, and in the past few years the entire genome 
of several malaria parasites have been sequenced. P. falciparum has 
approximately 6000 genes in its 14 chromosomes and extrachro-
mosomal elements compared with the 31 000 of its natural host. 
Codon composition is extremely biased to adenine and thymidine 
in P. falciparum but more evenly balanced in the other malaria 
parasite genomes. There appear to be some groupings of genes 
related to function. For example, the genes encoding the merozo-
ite surface proteins are grouped. The many genes encoding the 
variant red cell surface antigens (‘var’ and ‘rif’ families), which 
contribute to the antigenic diversity necessary for the parasite to 
elude the host immune system, are also located close to each other 
near the telomeres.15,63 The ‘var’ gene product, the variant surface 

protein which mediates cytoadherence (PfEMP1) appears to be 
the main antigen determining the parasite population structure 
during chronic falciparum malaria infections.64 Variation in surface 
antigenicity results from the activation of a different ‘var’ gene. 
This switching occurs at different rates, some of which exceed 2% 
per asexual cycle. It has been suggested that the diversity of these 
immunodominant variant repeat sequences interferes with the 
selection of high affi nity antibody responses, and perpetuates low 
affi nity responses in malaria. This ‘confusion of the immune 
response’ delays the development of effective immunity.65 Immune 
selection also provides the selective pressure to maintain diversity 
in T- and B cell epitopes through a high frequency of non-
synonymous base mutations during the asexual development of 
malaria parasites. On a larger scale, drug resistance has had a 
profound effect on the malaria parasite population structure. The 
progeny of single drug resistant parasites (fi rst bearing chloro-
quine resistance and later sulfadoxine-pyrimethamine resistance) 
which originated in South-east Asia have swept across India and 
then spread across Southern and Eastern Africa.

The mechanisms maintaining genetic diversity within the par-
asite genome are many and complex.66 Some of the polymorphic 
antigens identifi ed are encoded by single gene copies in the 
haploid genome. These polypeptide antigens are characterized by 
tandem repeat sequences. Unequal crossing over during recombi-
nation can generate completely different sequences of these 
repeats. As these repeat sequences are also antibody targets, their 
variation provides antigenic diversity.

THE INFECTION

Genetic factors protecting against malaria

In 1949, J.B.S. Haldane suggested that people who were heterozy-
gous for red cell abnormalities such as thalassaemia or sickle cell 
disease might be protected against malaria.67 This, he said, would 
explain the high gene frequencies for the haemoglobinopathies in 
tropical areas and their rarity in colder climes. A state of ‘balanced 
polymorphism’ would exist, whereby the loss of the disadvantaged 
homozygotes would be offset by the survival advantage of hetero-
zygotes. There is now good evidence from detailed epidemiological 
studies that this hypothesis is correct, although the mechanisms of 
protection vary considerably among the different erythrocyte 
abnormalities. The greatest protection is conferred by sickle cell 
trait, and Melanesian ovalocytosis.68,69 These patients’ red cells 
resist parasite invasion (in the case of sickle cell trait under low 
oxygen tensions), and once invaded the AS cells sickle readily, 
facilitating their clearance by the reticuloendothelial system. The 
protective effect conferred by the thalassaemias or glucose-6-phos-
phate dehydrogenase (G6PD) defi ciency (which share a geograph-
ical distribution with malaria) is generally weaker.70–72 In some 
studies, a protective effect has not been apparent, but recent large 
epidemiological studies on these genetic erythrocyte abnormalities 
do support the Haldane hypothesis. For example in two large 
African case-control studies, G6PD defi ciency (both in female het-
erozygotes and male hemizygotes) was associated with 46–58% 
reduction in the risk of severe malaria.71 The mechanism of protec-
tion in many of these haemoglobinopathies and how they interact 
with each other, is also less well understood.72 The rate of decline 
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of haemoglobin F in the fi rst year of life is slower in α- and β-thal-
assaemia heterozygotes. Erythrocytes containing high haemoglo-
bin F concentrations do not support parasite growth well. But 
studies from Vanuatu indicate that children with α-thalassaemia 
actually have more malaria (both P. falciparum and P. vivax) in the 
early years of life than their ‘normal’ counterparts, suggesting a 
complex interaction between malaria species and haemoglobin 
chain synthesis.73 Melanesian ovalocytic erythrocytes both resist 
invasion by malaria parasites and provide a hostile intraerythro-
cytic ionic milieu for development. In the case of haemoglobin C, 
protection may be explained by abnormal presentation of the 
surface cytoadherence ligand PfEMP1 and consequent interference 
with sequestration.74 Some haemoglobinopathies may protect 
against severe malaria but not uncomplicated malaria. For example, 
haemoglobin E heterozygotes (HbAE) are haematologically almost 
normal, and these individuals are susceptible to falciparum malaria 
but appear to be protected against severe malaria. Parasite multi-
plication at high densities is reduced.75,76 Apart from the well 
established protection conferred by polymorphisms in the genes 
encoding haemoglobin, a large and confusing array of other poly-
morphisms associated with protection and susceptibility to malaria 
have been reported. For example, certain human leukocyte antigens 
(HLAs) are rare in Northern Europeans, but common in West Afri-
cans. Two of these, the class I antigen HLA-BW53 and the class II 
antigen HLA-DR B1* 1302, may also confer protection against 
severe malaria.77 HLA molecules present processed antigenic pep-
tides to cytotoxic T lymphocytes. HLA-B53-restricted cytotoxic T 
cells recognize a conserved nonamer peptide from a pre-erythro-
cytic (liver) stage-specifi c malaria antigen (LSA-1).78 This suggests 
that cytotoxic T lymphocyte responses to the pre-erythrocytic stages 
of malaria may be important in immunity, and would explain how 
possession of HLA-B53 might confer a survival advantage.

In some cases, a polymorphism has been associated with pro-
tection in one study and susceptibility in another! Three different 
TNF promoter polymorphisms appear independently to be associ-
ated with severe malaria; Gambian children homozygous for the 
TNF-308A allele were at a seven-fold increased risk of dying or 
recovering with neurological sequelae.79 Although this association 
was confi rmed in East Africa, it was not found in two independent 
studies in Asia. TNF-238A was associated independently with 
severe anaemia,80 and TNF-376A with susceptibility to cerebral 
malaria. A single nucleotide polymorphism in the inducible nitric 
oxide synthase gene promoter region was associated with severe 
anaemia in Gabon. Recent separate case–control studies on genetic 
polymorphisms in CD36 and ICAM-1, the two major receptors for 
P. falciparum cytoadherence, have given confl icting results. The 
CD36 polymorphism protected from severe malaria in one study 
but increased the risk in the other. An African ICAM-1 polymor-
phism predisposed to cerebral malaria in Kenya, was neutral in The 
Gambia, and protected in Gabon. In some of these associations, 
the possibility of linkage cannot be ruled out (i.e. the polymorphic 
gene lies close to another gene which is causally associated with 
the observed effect). For example the MHC III region, where the 
TNF promoter polymorphisms are located, contains a remarkably 
high density of genes with probable immune functions.81 The con-
tribution of epistasis, which is the interaction between genes, to 
malaria susceptibility and resistance has been underappreciated.82 
This makes interpretation of genetic associations very diffi cult, and 
probably explains many of the inconsistencies described above.

Expansion of the blood-stage infection

When the hepatic meronts (schizonts) rupture, they liberate 
approximately 105–106 merozoites into the circulation (i.e. the 
product of 5–100 successful sporozoites). These invade passing 
red cells immediately. In non-immune subjects the multiplication 
rate in P. falciparum often exceeds 10 per cycle (i.e. >50% effi -
ciency)59 and may reach 20-fold per cycle during the subsequent 
expanding phase of the infection (Figure 73.5).83 For the fi rst few 
cycles, the host is unaware of the brewing infection. On average, 
parasites are detectable in the blood by microscopy on the 11th 
day after sporozoite inoculation (the diligent microscopist can 
detect 20–50 parasites/μL reliably on thick fi lms). At this stage, 
the host may still feel well, or may complain of vague non-specifi c 
symptoms of malaise, headache, myalgia, weakness or anorexia.84,85 
On average, the fever begins 2 days later, but in some cases, fever 
precedes detectable parasitaemia. The rise in parasite count is 
logarithmic initially, with a rising sine wave pattern of parasitae-
mia in falciparum malaria,86,87 but in most cases the parasite expan-
sion terminates abruptly to limit the infection at a parasite density 
of 104–105/μL (Figure 73.5). Only P. falciparum has the capacity 
for untrammelled multiplication. Parasitaemias may exceed 50% 
in some cases. Several factors converge to limit parasite multiplica-
tion. The host mobilizes specifi c and non-specifi c immune 
defences (particularly in the spleen). The parasite schizonts are 
damaged by high fevers.88 The availability of suitable red cells is 
exhausted: P. vivax and P. falciparum prefer younger red cells and 
P. malariae prefers older cells. Interestingly, whereas P. vivax shows 
invasion restricted to only 13% of the red cell population, and 
P. falciparum causing uncomplicated malaria to 40%, P. falciparum 
parasites causing severe malaria in SE Asia show unrestricted 
invasion.60

Figure 73.5 Logarithmic expansion of malaria infections in vivo. 
The vertical axis represents the total number of parasites circulating in 
the blood following infection of an adult of 50 kg. The infection 
rapidly reaches a lethal burden at high multiplication rates unless 
restrained. Maximum recorded multiplication rates are approximately 
×20 per cycle in vivo. (From White and Krishna,83 with permission.)

The Infection
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Thus, the untreated infection increases exponentially, then the 
rate of expansion decelerates rapidly, parasitaemia fl uctuates, 
settles around a plateau, then declines and continues for several 
weeks or months at low levels before fi nally being eliminated. 
Although natural infections often contain two or more genetically 
different parasite strains, development tends to be relatively syn-
chronous from the outset.87 Further synchronization takes place 
in untreated infections in non-immune subjects, such that merog-
ony (‘sporulation’) takes place within 1–2 h. This degree of syn-
chronization is associated with fever spikes and rigors (the 
‘paroxysm’), and is more likely in P.vivax, P.ovale and P.malariae 
infections. Although one ‘brood’ predominates, in P. falciparum 
there is often at least one minor ‘brood’ or subpopulation cycling 
24 h out of phase with the major brood.

The periodicity of malaria is enshrined in the terminology of the 
fever pattern. P. malariae has a 72-h life cycle, and so in untreated 
infections the paroxysm occurrs on the fourth day (using the Greek 
system of ‘inclusive reckoning’ the previous paroxysm is considered 
to occur on day one). This is termed ‘quartan malaria’. The other 
human malarias are termed tertian (fever on the third day; 48-h 
asexual cycle). P. knowlesi has a 24-h cycle (quotidian). P. falciparum 
often synchronized to a daily fever spike (quotidian fever), presum-
ably caused by two broods of approximately equal size oscillating 
24 h out of phase, or failed to synchronize at all.84–86 The classic 
descriptions of malaria symptomatology derive largely from 
detailed clinical observations made in the late nineteenth and early 
twentieth centuries, the experience with artifi cial infections in early 
chemotherapy trials, studies conducted by the military, and the 
extensive use of malaria therapy in the treatment of neurosyphilis. 
These observations were usually made on non-immune adults. In 
malaria therapy, patients with neurosyphilis were artifi cially 
infected by mosquito bites or transfusion, and the infections with 
P. falciparum or P. vivax were left untreated so that the patients 
experienced recurrent high fevers. If symptoms were severe then the 
malaria infection was judiciously titrated with sub-curative doses 
of quinine. Nowadays, these characteristic fever charts with regular 
fever spikes are seen rarely because malaria is treated promptly. It 
was also apparent from these studies and later animal experiments 
that some strains of P. falciparum were more virulent than others.89–

91 For example, the now extinct European strains were notorious. 
The virulence factors of malaria parasites have not been well char-
acterized, but may include variations in multiplication capacity, 
cytoadherence and rosetting ability, the potential to induce cyto-
kine release, antigenicity and antimalarial drug resistance.

Parasite biomass

Malaria is readily diagnosed from the blood fi lm stained with a 
Romanowsky dye. In the benign malarias (where sequestration is 
considered not to occur), the number of parasites in the body may 
be estimated simply by multiplying the parasitaemia by the esti-
mated blood volume. In P. falciparum the microscopist can see 
only the fi rst third of the asexual life cycle. In the second two-
thirds the parasitized cells are sequestered. As a consequence there 
may be large discrepancies between the number of parasites in the 
peripheral (circulating) blood and the number of parasites in the 
body (the parasite burden) (Figure 73.6).83,92 This has often 
puzzled and misled clinicians; some patients appear to tolerate 

high parasitaemia with little adverse effect, whereas others die 
with low parasite counts. The clue to this apparent discrepancy 
lies both in the immune status of the host and in the stage of 
development of parasites on the peripheral blood smear.92 A pre-
dominance of more mature parasites on the blood fi lm suggests 
that the peripheral blood parasites are the trailing edge of a much 
greater sequestered parasite biomass, and it carries a worse prog-
nosis for any parasitaemia than a predominance of younger forms. 
Two patients with the same peripheral parasitaemia may have as 
much as a one hundred-fold difference in the total number of 
parasites in the body. The presence of intraneutrophilic phagocy-
tosed malaria pigment (in more than 5% of neutrophils) also 
refl ects the degree of previous schizogony and is also a valuable 
prognostic index.93,94 Measurement of proteins released by the 
parasite, such as Pf HRP2 in plasma, provides a good method of 
assessing this hidden pathogenic sequestered biomass.95 In syn-
chronous P. falciparum infections the peripheral blood parasite 
numbers fall at the time of sequestration, and rise abruptly at the 
time of merogony (when a predominance of tiny rings are seen) 
(Figure 73.5). The other explanation for the ability to tolerate high 
parasitaemias without apparent adverse effects relates to the devel-
opment of ‘anti-toxic’ immunity.96 The host adapts to repeated 
infection by producing fewer cytokines for a given quantum of 
parasites (see below).97 Eventually a state is reached where infec-
tions are asymptomatic. This is called premunition.

Immunity

The precise mechanisms controlling malaria infections in the host 
are still incompletely understood. It was apparent from the era of 
malaria therapy for neurosyphilis, that a strain-specifi c immunity 
developed which protected against re-challenge with the same 
parasite strain, but did not protect from challenge with a different 
strain.98 Effective immunity, as distinct from premunition, may be 

Figure 73.6 The problem of assessing the parasite burden from the 
peripheral parasitaemia in P. falciparum malaria. Sequestration hides 
the parasites causing harm. Two patients A and B have the same 
parasitaemia. In patient A, most of the parasites are circulating, and 
only a few from the previous cycle have yet to undergo merogony. In 
patient B, most of the parasites have already sequestered and only 
20% of the biomass still circulates. There are over 60 times more 
parasites in patient B than in patient A. The clue to this difference lies 
in the stage distribution (shown crossing the hatched lines) of the 
circulating parasites which will be more mature in patient B. (From 
Silamut and White,92 with permission.)



1211

reached when there has been suffi cient exposure to all local strains 
of malaria parasites. This is diffi cult to quantify as there is still no 
good in-vitro correlate of either antitoxic or strain-specifi c immu-
nity to malaria. In controlling the acute infection, non-specifi c 
host defence mechanisms and the later development of more 
specifi c cell-mediated and humoral responses are both impor-
tant.99 Protective antibodies inhibit parasite expansion by aggluti-
nating merozoites and by binding to parasitized erythrocytes. The 
opsonised parasitized red cells activate the Fc receptors of the 
monocyte-macrophage series resulting in splenic clearance.100,101 
The systemic and splenic monocyte-macrophage series appear to 
be the most important immune effector cells in the direct attack 
on parasitized erythrocytes and merozoites, although neutrophils 
may also play a role.102,103 Non-specifi c effector mechanisms 
include non-opsonic phagocytosis via direct binding to mono-
cyte-macrophage CD36, pro-infl ammatory cytokine release, and 
the activation of phagocytic cells (including neutrophils) to release 
toxic oxygen species104 and nitric oxide,105 both of which are par-
asiticidal. The reaction of these oxygen intermediates with lipo-
proteins produces lipid peroxides. These are more stable cytotoxic 
molecules and are unaffected by antioxidants. There is also aug-
mentation of splenic clearance function: the splenic thresholds 
for both fi ltration106 and Fc receptor-mediated phagocytosis are 
lowered.107,108 P. falciparum-infected erythrocytes are both more 
rigid51,109 and more opsonized than uninfected red cells as they 
express both host- and parasite-derived neoantigens on the eryth-
rocyte surface. However, the parasite proteins expressed on the red 
cell surface undergo antigenic variation110,111 which prevents 
complete immune clearance and thereby sustains the untreated 
infection.

The immune response

Following natural infection there is a transient humoral response 
to sporozoite antigens; sporozoite antibodies decline then with a 
half-life of 3–4 weeks.112 In areas of high transmission sporozoite 
antibody levels tend to plateau between 20 and 30 years of age, 
and do not correlate with premunition. Cytotoxic T cell immune 
responses cannot be directed against the blood stage parasite as 
red cells do not express human leukocyte (HLA) antigens, but the 
pre-erythrocytic liver stages of the parasite are vulnerable to T cell 
attack. Several lines of experimental evidence in animal malarias, 
and the observation that certain HLA types are relatively protected 
from severe malaria, indicate that class 1 restricted CD8(+) T cells 
play an important role in immunity. There is evidence supporting 
a role for both α–β and γ–δ CD4+ cells in the immune reponse 
to malaria.113

Strain-specifi c immunity to the asexual blood stage parasites 
develops slowly during natural untreated infections, but it then 
provides good protection against rechallenge. However, parasite 
populations are diverse, and cross-strain protection is initially 
weak or negligible. The development of immunity in endemic 
areas may represent the gradual acquisition of a repertoire of 
immunological memory for the range of local parasites. This 
involves strain-transcending immunity suffi cient to ameliorate 
disease (antitoxic immunity) and a more strain-specifi c immunity, 
which protects from or attenuates the infection. The immune 
response to malaria is clearly very complex, and the relative 

importance of humoral and cellular immunity in man has not 
been defi ned clearly.114 Infusions of hyperimmune serum to 
patients with acute malaria have reduced or eliminated parasitae-
mia115,116 through opsonization and activation of phagocytic and 
cytotoxic effector functions by cytophilic IgG antibodies, augmen-
tation of ring-form infected erythrocyte clearance,117 and aggluti-
nation of merozoites. In addition to the role of cellular immunity 
in preventing pre-erythrocytic development, the increase in 
malaria severity in patients living in endemic areas with the 
acquired immune defi ciency syndrome (HIV-AIDS) suggests that 
CD4+ cells play a signifi cant role in modulating the severity of 
falciparum malaria.

PATHOPHYSIOLOGY

The pathophysiology of malaria results from destruction of eryth-
rocytes, the liberation of parasite and erythrocyte material into the 
circulation, and the host reaction to these events. P. falciparum 
malaria-infected erythrocytes sequester in the microcirculation of 
vital organs, interfering with microcirculatory fl ow and host tissue 
metabolism.

Toxicity and cytokines

For many years malariologists hypothesized that parasites con-
tained a toxin which was liberated at schizont rupture, and caused 
the symptoms of the paroxysm. No toxin in the strict sense of the 
word has ever been identifi ed, but malaria parasites do induce 
release of cytokines in much the same way as bacterial endo-
toxin.118,119 A glycolipid material with many of the properties of 
bacterial endotoxin is released on meront rupture.120,121 This mate-
rial is associated with the glycosylphosphatidylinositol anchor 
which covalently links proteins including the malaria parasite 
surface antigens to the cell membrane lipid bilayer.122,123 This 
activates host infl ammatory responses in macrophages by signal-
ling through toll-like receptor (TLR) 2 and to a lesser extent TLR 
4.123,124 Malaria antigen-related IgE complexes also activate cyto-
kine release. The limulus lysate assay, a test of endotoxin-like 
activity, is often positive in acute malaria. These products of 
malaria parasites, and the crude malaria pigment which is released 
at schizont rupture, induce activation of the cytokine cascade in a 
similar manner to the endotoxin of bacteria. But they are consider-
ably less potent. For example an E.coli bacteraemia of 1 bacterium/
mL carries an approximate mortality of 20% whereas in falciparum 
malaria only parasite densities of well over 109/mL produce such 
a lethal effect. Clearly, compared with bacteria, malaria parasites 
are notable for their lack of toxicity! Cells of the macrophage-
monocyte series, γ/δ T cells, α/β T cells, CD14+ cells and 
endothelium are stimulated to release cytokines in a mutually 
amplifying chain reaction. Initially tumour necrosis factor (TNF), 
which plays a pivotal role, interleukin (IL)-1, and gamma inter-
feron (γIFN) are produced and these in turn induce release of a 
cascade of other ‘pro-infl ammatory’ cytokines including IL-6, IL-8, 
IL-12, IL-18.125–127 These are balanced by production of the ‘anti-
infl ammatory’ cytokines, notably IL-10.128 Cytokines are respon-
sible for many of the symptoms and signs of the infection, 
particularly fever and malaise. Plasma concentrations of cytokines 
are elevated in both acute vivax and falciparum malaria.125–127,129,130 

Pathophysiology
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In established vivax malaria, which tends to synchronize earlier 
than P. falciparum, a pulse release of TNF occurs at the time of 
schizont rupture and this is followed by the characteristic symp-
toms and signs of the ‘paroxysm’, i.e. shivering, cool extremities, 
headache, chills, a spike of fever, and sometimes rigors followed 
by sweating, vasodilatation and defervescence.129 For a given 
number of parasites Plasmodium vivax is a more potent inducer of 
TNF release than P. falciparum, which may explain its lower pyro-
genic density.

It has been proposed that severe malaria and bacterial septicae-
mia may have a common cytokine-mediated pathology, despite 
considerable differences in their clinical, metabolic and haemody-
namic manifestations. Cytokine concentrations in the blood fl uc-
tuate widely over a short period of time, and are high in both P. 
vivax and P. falciparum; indeed some of the highest TNF concentra-
tions recorded in malaria occur during the paroxysms of synchro-
nous P. vivax infections.129 Nearly all the TNF measured in these 
assays is bound to soluble receptors; there is usually little or no 
bioactivity. Nevertheless, in most series there is a positive correla-
tion between cytokine levels and prognosis in severe falciparum 
malaria. Acute malaria is associated with high levels of most cyto-
kines but the balance differs in relation to severity. IL-12 and TGF-β 
1, which may regulate the balance between pro-and antiinfl amma-
tory cytokines, are higher in uncomplicated than severe malaria.130–

132 IL-12 is inversely correlated with plasma lactate – a measure of 
disease severity.133,134 IL-10, a potent antiinfl ammatory cytokine, 
increases markedly in severe malaria but, in fatal cases, does not 
increase suffi ciently to restrain the production of TNF.130 A reduced 
IL-10/TNF ratio has also been associated with childhood malarial 
anaemia in areas of high transmission.133–135 All this points to a 
disturbed balance of cytokine production in severe malaria.

The fi rst studies to associate elevations in plasma cytokine 
levels with disease severity focused on TNF and cerebral malaria, 
and led to the suggestion that TNF played a causal role in coma 
and cerebral dysfunction. Genetic studies from Africa indicated 
that children with the (308A) TNF2 allele, a polymorphism in the 
TNF promoter region, had a relative risk of 7 for death or neuro-
logical sequelae from cerebral malaria.79 This fi nding was not 
confi rmed in studies from South-east Asia. A separate polymor-
phism in this region which affects gene expression was associated 
with a four-fold increased risk of cerebral malaria.81 On the other 
hand, the clinical studies in cerebral malaria with anti-TNF anti-
bodies, and other strategies to reduce TNF production reported to 
date have shown no convincing effects other than reduction in 
fever.136 In contrast to contradictory evidence in severe falciparum 
malaria, there is good evidence that cytokines do play a causal role 
in the pathogenesis of cerebral symptoms in murine models of 
severe malaria.137 Numerous interventions have been benefi cial in 
this model, but the clinical relevance of these observations is 
uncertain as Murine ‘cerebral malaria’ is clinically and pathologi-
cally unlike human cerebral malaria. There is no direct evidence 
that systemic release of TNF or other cytokines causes coma in 
humans (although mechanisms involving local release of nitric 
oxide and other medicators within the central nervous system and 
consequent inhibition of neurotransmission can be hypothe-
sized). In a large prospective study in adults with severe malaria, 
elevated plasma TNF concentrations were associated specifi cally 
with renal dysfunction,130 and TNF levels were actually lower in 
patients with pure cerebral malaria than those with other mani-

festations of severe disease. Severe malarial anaemia has been 
associated with yet another TNF promoter polymorphism (238A; 
odds ratio, OR 2.5).80 Taken together, these various fi ndings do 
not support a cytokine mediated pathology that is common to 
sepsis and malaria, although they do suggest some role for TNF 
and other cytokines in severe disease, (but not encephalopathy per 
se). The extent to which these cytokine abnormalities are a cause 
or an effect of severe disease remains to be determined.

Cytokines are probably involved in placental dysfunction, sup-
pression of erythropoiesis and inhibition of gluconeogenesis, and 
certainly do cause fever in malaria. Tolerance to malaria, or pre-
munition, refl ects both immune regulation of the infection and 
also reduced production of cytokines in response to malaria (‘anti-
toxic immunity’). Cytokines upregulate the endothelial expression 
of vascular ligands for P. falciparum-infected erythrocytes, notably 
ICAM-1, and thus promote cytoadherence. They may also be 
important mediators of parasite killing by activating leukocytes, 
and possibly other cells, to release toxic oxygen species,138 nitric 
oxide, and by generating parasiticidal lipid peroxides, and causing 
fever. Thus, whereas high concentrations of cytokines appear to 
be harmful, lower levels probably benefi t the host.

Sequestration

Erythrocytes containing mature forms of P. falciparum adhere to 
microvascular endothelium (‘cytoadherence’) and thus disappear 
from the circulation. This process is known as sequestration 
(Figure 73.7). The simian malaria parasites P. coatneyi and P. 
fragile infecting rhesus monkeys also sequester, but this does not 
occur to a signifi cant extent with the other three human malaria 
parasites. Sequestration is thought to be central to the patho-
physiology of falciparum malaria.139–141

The mechanics of cytoadherence are similar to leukocyte endo-
thelial interactions. Tethering (the initial contact) is followed by 
rolling and then fi rm adherence (stasis). Once adherent, the para-
sitized cell remains stuck until schizogony and even afterwards 
the residual membranes (and often the attached pigment body) 
remain attached to the vascular endothelium. Rolling is probably 
the rate-limiting factor determining cytoadherence.142

Blood is a complex soup of deformable cells suspended in 
plasma proteins, electrolytes, and a variety of small organic mol-
ecules. Its effective viscosity changes non-linearly under the differ-
ent shear rates encountered in the circulation (non-Newtonian 
behaviour). At haematocrits <12% (i.e. severe anaemia), red blood 
cell suspensions exhibit Newtonian behaviour. Under experimen-
tal conditions, changes in haematocrit over the range commonly 
encountered in severe malaria (venous haematocrit, 10–30%; cap-
illary values are lower) have major effects on cytoadherence. 
Rolling increased fi ve-fold as haematocrit rose from 10% to 20%, 
and cytoadhesion rose 12-fold between 10% and 30%. Over this 
range, the viscosity of blood approximately doubles, and so if 
shear stress is held constant, shear rates fall by approximately half 
allowing greater time for contact between cells and endothelium. 
The higher the haematocrit, the more that cells roll along the 
endothelial surface, and a higher proportion of these adhere to 
the vascular endothelium.143

Once infected red cells adhere, they do not enter the circula-
tion again, remaining stuck until they rupture at merogony 
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(schizogony).144 Under febrile conditions cytoadherence begins at 
approximately 12 h after merozoite invasion, and reaches 50% of 
maximum after 14–16 h. Adherence is essentially complete in the 
second half of the parasites’ 48-h asexual life cycle. As a conse-
quence, whereas in the other malarias of man mature parasites are 
commonly seen on blood smears, these forms are rare in 
falciparum malaria, and often indicate serious infection.92 It was 
thought that ring stage-infected erythrocytes do not cytoadhere at 
all, but recent pathological and laboratory studies show that that 
they do, although much less so than more mature stages.144,145 
Ring form-infected parasites are also concentrated in the spleen 
and placenta, raising the intriguing possibility that the entire 
asexual cycle could take place away from the peripheral circula-
tion. Sequestration occurs predominantly in the venules of vital 
organs (Figure 73.7). It is not distributed uniformly throughout 
the body, being greatest in the brain, particularly the white matter, 
prominent in the heart, eyes, liver, kidneys, intestines and adipose 
tissue, and least in the skin.140,146 Even within the brain the distri-
bution of sequestered erythrocytes varies markedly from vessel to 
vessel,144 possibly refl ecting differences in the expression of endo-
thelial receptors (Figure 73.8). Cytoadherence and the related 
phenomena of rosetting and autoagglutination lead to micro-
circulatory obstruction in falciparum malaria (Figure 73.7).147 
The gross microcirculatory obstruction caused by cytoadherent 
erythrocytes has recently been clearly visualized in vivo using 
polarised light imaging (in the buccal and rectal microcirculation) 
and by high resolution fl uoroscein angiography of the retinal 
circulation.148,149

The consequences of microcirculatory obstruction are activa-
tion of the vascular endothelium, endothelial dysfunction, 
together with reduced oxygen and substrate supply, which leads 
to anaerobic glycolysis, lactic acidosis and cellular dysfunction.

Cytoadherence

Cytoadherence is mediated by several different processes. The 
most important parasite ligands are a family of strain-specifi c, 

A

B

Figure 73.7 Two electron micrographs (×4320) showing densely 
packed parasitized erythrocytes sequestered in cerebral venules of a 
fatal case of cerebral malaria. Note that even when no intracellular 
parasite is seen, electron dense deposits are evident on the cell 
membranes indicating the red cell does contain a parasite, but that its 
body has been missed in the section. The packing of red cells is much 
tighter than in normal conditions. (Courtesy of Emsrii Pongponratn.)
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Figure 73.8 Uninfected red cells must squeeze past the static, rigid, 
spherical cytoadherent parasitized erythrocytes to maintain fl ow. This 
is compromised by the reduced deformability of uninfected red cells in 
severe malaria and the intererythrocytic adhesive forces that mediate 
rosetting.
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Figure 73.9 Freeze fracture electron micrograph of the membrane 
of a red cell containing mature P. falciparum showing regularly spaced 
surface knobs. (Courtesy of David Ferguson.)

high molecular weight parasite-derived proteins termed P. 
falciparum erythrocyte membrane protein 1 or PfEMP-1.57,141,150 
These variant surface antigen (VSA) proteins (molecular mass 
240–260 kDa) are encoded by ‘var’ genes, a family of ∼60 genes 
distributed in three general locations within the haploid genome: 
either immediately adjacent to the telomere, close to a telomeric 
‘var’ gene, or in internal clusters.151

Each parasitized red cell expresses the product of a single gene, 
a process which is tightly controlled at the transcriptional level, 
and varies between different parasites and different PfEMP-1 
genes.152 PfEMP-1 is transcribed, synthesized, and stored within 
the parasite. Beginning at around 12 h of development, it is then 
exported to the surface of the infecting erythrocyte.153 There it is 
apposed by an electrostatic interaction through the membrane to 
a submembranous accretion of parasite-derived knob-associated 
histidine-rich protein (KAHRP) which is in turn anchored to the 
red cell via the cytoskeleton protein ankryn.154 These accretions 
cause humps or knobs on the surface of the red cell, which are 
the points of attachment to vascular endothelium (Figure 73.9). 
The protuberances are not essential for cytoadherence (Figure 
73.10). A small subpopulation of naturally occurring parasites do 
not induce surface knobs, and parasites can be selected in culture 
which are knob negative (K−) but still cytoadhere. However, 
natural parasite isolates are nearly always knob positive (K+). 
PfEMP-1 protrudes from the red cell surface offering several Duffy 
binding-like (DBL) domains each capable of binding to particular 

vascular ‘receptors’. Analysis of multiple PfEMP-1 sequences 
has revealed common antigenic determinants in the DBL-1α 
domain, a constituent of the so-called ‘head structure’ common 
to all PfEMP-1 variants that is involved in the formation of rosettes 
and in cytoadherence. PfEMP-1 expression is greatest in the middle 
of the asexual cycle. PfEMP1 is an important adhesion molecule 
and as it is a parasite protein exposed to immune recognition, 
it is also a major antigenic determinant for the blood stage 
parasite. Two other variant surface antigens encoded by different 
gene families have been identifi ed – the Rifi ns and the Surfi ns.155,156 
Their function is uncertain. Proteins expressed only on the younger 
ring stage infected red cells have also been identifi ed in parasite 
lines which subsequently develop a chondroitin-sulphate 
A binding phenotype. These could play a role in ring stage 
cytoadherence.157

As in other protozoal parasites, the immunodominant surface 
antigen undergoes antigenic variation to ‘change its coat’ and 
avoid immune mediated attack. Each P. falciparum var gene 
appears to have different rates of switching on and off, with a net 
result that the infecting parasite population ‘switches’ to a new 
variant of PfEMP1 at an average rate of about 2% per asexual cycle 
in culture158 although this may be considerably higher in vivo. 
Interestingly, the PfEMP-1 gene expressed shows some depen-
dence on previous variant expression, refl ecting the effects of host 
immune response on parasite antigenic variation.159

In the chronic phase of untreated infections, this antigenic 
variation results in small waves of parasitaemia approximately 
every three weeks. In addition to the ‘var’, ‘rifi n’ and ‘surfi n’ variant 
surface antigen gene superfamilies of P. falciparum, genome 
sequencing has revealed the ‘vir’ gene superfamily in Plasmodium 
vivax.160 A protein similar to PfEMP-1 named sequestrin (molecu-
lar mass 270 kDa) has been identifi ed on the surface of infected 
red cells using anti-idiotypic antibodies raised against one of the 
putative vascular receptors CD36 (see below).161 The protein 
MESA may also be partially expressed on the surface of the red 
cell and has been suggested as a contributor to cytoadherence. The 
central role of parasite derived proteins in cytoadherence is not 
accepted by all. It has been suggested that cytoadherence is medi-
ated by altered red cell membrane components such as a modifi ed 
form of the red cell cytoskeleton protein band 3 (the major eryth-
rocyte anion transporter, also called Pfalhesin).162 In culture, most 
parasites lose the ability to cytoadhere after several cycles of rep-
lication. In vivo, cytoadherence may be modulated by the spleen.163 
This has been shown in Saimiri monkeys infected with P. falci-
parum. Parasitized erythrocytes do not cytoadhere in splenecto-
mized monkeys. Rare patients who have had a splenectomy 
develop falciparum malaria and in some of these all stages of the 
parasite are seen in peripheral blood smears.164

Vascular endothelial ligands

A number of different cell adhesion molecules expressed on the 
surface of vascular endothelium have been shown to bind parasit-
ized red cells (Figure 73.10). The interaction between these pro-
teins and the variant surface adhesin of the parasitized red cell is 
complex. The property of cytoadherence can be studied in vitro 
with cells expressing the potential ligands on their surface 
(e.g. human umbilical vein/dermal microvascular or cerebral 
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Figure 73.10 Schematic representation of cytoadherence in falciparum malaria. On the red cell side, the principal ligand is the variant antigen 
Plasmodium falciparum erythrocyte membrane protein 1 (PfEMP1). This is expressed on the surface of ‘knobs’ which protrude from the red cell 
surface. It is anchored beneath to the knob associated histidine rich protein (KAHRP), and stabilized by PfEMP3. The rifi n and CLAG gene 
products are not directly involved in adhesion but CLAG does appear to be required for cytoadherence. Parasite modifi ed band 3 (the major 
anion transporter) contributes to adhesion probably by binding to thrombospondin (TSA). Sequestrin is a distinct parasite derived protein also 
mediating adhesion. The ring stage adhesion122 (not shown) is distinct from PfEMP1, and expressed in the fi rst third of the asexual cycle. On the 
vascular endothelial side, many molecules facilitate adhesion by binding PfEMP1. The most important is the cellular differentiation antigen: CD36. 
Intercellular adhesion molecule 1 (ICAM 1) is important particularly in the brain, elsewhere it synergises with CD36. Chondroitin sulphate A (CSA) 
attached to thrombomodulin (TM), are very important for placental sequestration. Hyaluronic acid (HA) has also been implicated as a receptor 
for placental sequestration, but the evidence for this has weakened as it has emerged that HA is usually contaminated with CSA. The other 
identifi ed adhesion molecules are vascular cell adhesion molecule 1 (VCAM1), E-selectin, platelet endothelial cell adhesion molecule 1 (PECAM1), 
αv β3 integrin, heparan sulphate (HS) and P-selectin.

endothelial cells or transfected COS cells) or with the immobi-
lized purifi ed candidate ligand proteins. Probably the most impor-
tant of these proteins is the leukocyte differentiation antigen 
CD36165,166; nearly all freshly obtained parasites bind to CD36.167 
Binding is increased at low pH (<7.0) and in the presence of high 
calcium concentrations.168 CD36 is constitutionally expressed on 
vascular endothelium, platelets, and monocytes/macrophages but 
is usually not present on the surface of cerebral vessels,169 although 
it has been suggested that parasitized erythrocytes could bind via 
CD36 to platelets adherent to cerebral vascular endothelium.170

The intercellular adhesion molecule (ICAM-1 or CD54), which 
is also the receptor for rhinovirus attachment, appears to be the 
major cytoadherence receptor in the brain.169,171 ICAM-1, but not 
CD36, is upregulated by cytokines (notably TNFα), and provides 
a plausible pathological scenario whereby cytokine release 
enhances cytoadherence. At physiological shear rates (i.e. those 
likely to be encountered in the human microcirculation) the 
binding forces (c.10−10N) are similar for CD36 and ICAM-1.142,172,173 
For both, the forces of attachment are lower than those required 
for detachment, which suggests post-attachment alterations to 
increase adhesion. Binding to the two ligands is synergistic.174 
Thrombospondin (a natural ligand for CD36) will also bind to 
some parasitized red cells (probably to modifi ed band 3). Other 
proteins including VCAM-1, PECAM/CD31, E-selectin and the 
integrin alphav-beta3 have also been shown to bind in some cir-
cumstances.141 P-selectin has been shown to mediate rolling. The 

relative importance of these molecules and their interactions in 
vivo is still not clear.

Chondroitin sulphate A (CSA) appears to be the major receptor 
for cytoadherence in the placenta.175–177 Binding is mediated by a 
particular PfEMP1 (var2CSA) which gives hope for a specifi c 
vaccine against malaria in pregnancy.178,179 Thus, the placenta 
selects a parasite subpopulation expressing this epitope. Antibod-
ies which inhibit parasitized red cell cytoadherence by binding 
var2CSA are generally present in multigravidae in endemic areas, 
but not primigravidae.180 This probably explains why the adverse 
effects of pregnancy on birth weight are greater in primigravidae.

Other as yet unidentifi ed vascular receptors are also present, as 
sequestration also occurrs in vessels expressing none of the poten-
tial ligands identifi ed so far. In summary ICAM-1 appears to be a 
major vascular ligand in the brain involved in cerebral sequestra-
tion, CSA is the major ligand in the placenta, and CD36 is prob-
ably the major ligand in the other organs. The relationship between 
cytoadherence, measured ex-vivo, and the severity of infection or 
clinical manifestations has been inconsistent between studies. 
This is not particularly surprising, as all parasitized erythrocytes 
cytoadhere. Severity is related to the number of parasites in the 
body and distribution of cytoadherence within the vital organs. 
The relative importance of parasite phenotype and the various 
potential vascular ligands in the pathophysiology of severe falci-
parum malaria and the precise role of the spleen as a modulator 
of cytoadherence still remains to be determined.

Pathophysiology
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Rosetting

Erythrocytes containing mature parasites also adhere to uninfected 
erythrocytes.181 This process leads to the formation of ‘rosettes’ 
when suspensions of parasitized erythrocytes are viewed under the 
microscope (Figure 73.11). Rosetting shares some characteristics 
of cytoadherence.182,183 It starts at around 16 h of asexual life cycle 
development (slightly after cytoadherence begins)184 and it is 
trypsin-sensitive. But parasite species which do not sequester do 
rosette185 and unlike cytoadherence, rosetting is inhibited by 
certain heparin subfractions and calcium chelators. Furthermore, 
whereas all fresh isolates of P. falciparum cytoadhere, not all 
rosette. Rosetting is mediated by attachment of specifi c domains 
of PfEMP1 to the complement receptor CR1, heparan sulphate, 
blood group A antigen, and probably other red cell surface mol-
ecules. Attachment is facilitated by serum components recently 
identifi ed as Complement factor D, albumin, and IgG anti-band 
3 antibodies.186 The forces required to separate a rosette are 
approximately fi ve times greater than those required to separate 
cytoadherent cells, although shearing forces may still be effective 
in disrupting rosettes in vivo. When known rosetting parasite lines 
(K+R+) are perfused through the rat mesocaecum, an ex vivo 
model for the study of vascular perfusion, they cause signifi cantly 
more microvascular obstruction than isolates which cytoadhere 
but do not rosette (K+R−).139,187 Rosetting has been associated with 
severe malaria in some studies but not in others.188–191 It has been 
suggested that rosetting might encourage cytoadherence by reduc-
ing fl ow (shear rate), which would enhance anaerobic glycolysis, 
reduce pH and facilitate adherence of infected erythrocytes to 
venular endothelium. Rosetting tends to start in venules, and 
this could certainly reduce fl ow. The adhesive forces involved in 
rosetting could impede forward fl ow of uninfected erythrocytes as 
they squeeze past sticky cytoadherent parasitized red cells in cap-
illaries and venules (Figure 73.9).192,193 The mechanical obstruc-
tion or ‘static hindrance’ would be compounded by the lack of 
deformability of the adherent, and circulating parasitized red 
cells.

Aggregation

Recently, a new adherence property of parasitized red cells has 
been characterized, and associated with disease severity.194,195 This 
is the platelet mediated aggregation of parasitized erythrocytes 
and is mediated via platelet CD36. These cells clump together in 
ex vivo cultures. Aggregation could also contribute to vascular 
occlusion.

Red cell deformability

As Plasmodium vivax matures inside the erythrocyte, the cell 
enlarges and becomes more deformable.52 Plasmodium falciparum 
does exactly the opposite; the normally fl exible biconcave disc 
becomes progressively more spherical and rigid.51,193 The reduc-
tion in deformability results from reduced membrane fl uidity, 
increasing sphericity, and the enlarging and relatively rigid 
intraerythrocytic parasite. Infected red cells are less fi lterable than 
uninfected cells, and readily removed by the spleen. Indeed it has 
been argued that sequestration is an adaptive response to escape 

Figure 73.11 Rosetting. (A) Uninfected red blood cells bind to a 
P. vivax-infected erythrocyte. (Courtesy of R. Udomsangpetch.) (B) 
Transmission electron micrograph of a rosette around a P. falciparum-
infected erythrocyte. (Courtesy of D. Ferguson.)

splenic fi ltration. However, reduced deformability alone cannot 
account for microvascular obstruction as it would lead to obstruc-
tion at the mid-capillary (i.e. the smallest internal diameter in the 
vasculature) and could not explain sequestration in venules.193

Even in severe malaria the majority of red cells are still unin-
fected. A reduction of uninfected red cell deformability has been 
recognized as a major contributor to disease severity and outcome. 
This phenomenon is specifi c to severe falciparum malaria; it is not 
found in sepsis.147 Increased erythrocyte rigidity measured at the 
low shear stresses encountered in capillaries and venules is cor-
related closely with outcome in severe malaria.193,196 When assessed 
at the higher shear rates encountered on the arterial side, and 
importantly in the spleen, reduced red cell deformability corre-
lates with anaemia.197

A

B
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immune responses and immune memory. In severe malaria there 
is evidence of a broader immune suppression,216 with defects in 
monocyte and neutrophil chemotaxis, reduced monocytic phago-
cytic function, and a tendency to bacterial super-infection.217,218 In 
the nephrotic syndrome associated with chronic P. malariae infec-
tions, malaria antigen and immune complexes can be eluted from 
the kidney, indicating an immunopathological progress in this 
condition.219 But why some children are affected but the majority 
are not remains a mystery.

Permeability

There is evidence of a mild generalized increase in systemic vas-
cular permeability in severe malaria.220 Focal perivascular and 
intraparenchymal oedema is seen in the brain in 70% of fatal 
cases.202 In the past, it was suggested that cerebral malaria resulted 
from a marked generalized increase in cerebral capillary permea-
bility which led to brain swelling, coma and death,221,222 but the 
imaging studies conducted to date indicate that, although there 
may be some increases in brain water, as would be expected given 
the widespread venular and capillary obstruction, the majority of 
adults and children with cerebral malaria do not have signifi cant 
cerebral oedema (Figure 73.12).223–226 However, the role of raised 
intracranial pressure in cerebral malaria still remains unclear. 
Whereas 80% of adults have opening pressures at lumbar punc-
ture which are in the normal range (<200 mm CSF), 80% of 
children have elevated opening pressures (>100 mm CSF: the 
normal range is lower in children)227,228 and intracranial pressure 
may rise transiently to very high levels. Uncontrolled epileptic 
seizure activity increases cerebral metabolism thereby increasing 
the imbalance between energy demand and limited supply 
(because of microvascular obstruction) and may cause brain 
swelling. Some patients with cerebral malaria die from acute respi-
ratory arrest with neurological signs that are compatible with 
brain stem compression. But these signs are also common, and 
may persist for many hours, in survivors. The elevation in opening 
pressure is usually not great (in general, it is much lower than in 
bacterial or fungal meningitis), and there is no difference between 
these lumbar puncture opening pressures in surviving children 
and fatal cases.229 Studies of computerized tomography (CT) or 
magnetic resonance imaging (MRI) have generally shown slight 
brain swelling in cerebral malaria (compatible with an increased 
intracerebral blood volume resulting from sequestration), some-
times discrete focal areas of oedema (particularly in white matter) 
or abnormal areas of signal attenuation in severe cases, but not 
severe generalized cerebral oedema.223–226 Where generalized 
oedema has been reported it has been inferred from brain swelling 
on CT, and could have resulted from increased intracerebral blood 
volume.230 Immunohistochemical studies on autopsy brain tissues 
indicate focal disruption of specialized endothelial cell tight junc-
tions, and endothelial activation in areas of intense sequestration, 
but clinical investigations have also failed to detect major altera-
tions in blood–brain barrier permeability.231–234 In summary, 
raised intracranial pressure probably arises mainly from an 
increase in cerebral blood volume, which results from the addition 
of the circulating blood required to maintain cerebral perfusion 
and the considerable sequestered static biomass of intracerebral 
parasitized erythrocytes. Children may be particularly vulnerable 

Immunological processes

Given the very large amount of research conducted on the immu-
nology of malaria it is remarkable how little we know of the 
contribution of immune processes to malaria pathology. It has 
been suggested that severe malaria, and in particular cerebral 
malaria, results from specifi c immune-mediated damage.198 This 
is unlikely. Confusion arises when the term cerebral malaria is 
applied equally to human disease and to the neurological dysfunc-
tion in animal models infected with unusual parasites.199 Neuro-
pathology in rodent models does result from immune mediated 
damage, but human cerebral malaria has very different histo-
pathological appearances. In relation to the degree of parasitized 
red cell sequestration, relatively few leukocytes are found in or 
around the cerebral vessels in fatal cases, although recent patho-
logical studies have shown more host leukocyte and particularly 
platelet accumulation in the cerebral vasculature of African chil-
dren who died from cerebral malaria compared to the fi ndings in 
South-east Asian adults.200 The degree of host leukocyte response 
depends on the stage of infection and is less than that seen in 
other organs, such as the kidney or lung, which may relate to the 
immunologically privileged state of the cerebral parenchyma. 
When excess intravascular leukocytes are seen in pathological 
specimens, they are often fulfi lling their housekeeping role of 
clearing away residual cytoadherent membranes and pigment. 
There is little pathological evidence in man for cerebral vasculitis 
in cerebral malaria. There is evidence of systemic endothelial dys-
function, and recent neuropatholical studies have shown evidence 
for intraparenchymal responses including widespread astroglial 
activation, evidence of blood–brain barrier leakage and axonal 
injury.201,202

Although some glomerular abnormalities have been noted in 
fatal malaria,203 the clinical and pathological fi ndings suggest that 
acute tubular necrosis, and not acute glomerulonephritis, is the 
cause of renal dysfunction. The pathogenesis of pulmonary 
oedema is uncertain – as it is for the adult respiratory distress 
syndrome in other conditions – but it is unlikely to involve a 
specifi c immune-mediated process. Thus despite the enormous 
intravascular antigenic load in malaria, with the formation and 
deposition of immune complexes and variable complement 
depletion,204–207 there is little direct evidence of a specifi c immu-
nopathological process in severe malaria.

While innate immune responses are very important in control-
ling malaria,208 acute infections are associated with malaria 
antigen-specifi c unresponsiveness.209–211 This selective paresis is 
one of the factors contributing to the slow development of an 
effective and specifi c immune response in malaria. Acute malaria 
is characterized by non-specifi c polyclonal B-cell activation. There 
is a reduction in circulating T cells with an increase in the γ/δ T-cell 
subset,212 but other T-cell proportions are usually normal.213 
Although residents of hyperendemic or holoendemic malarious 
areas have hypergammaglobulinaemia, most of this antibody is 
not directed against malaria antigens.214 In non-immune indi-
viduals, the acute antibody response to infection often comprises 
mostly IgM or IgG2, isotypes which are unable to arm cytotoxic 
cells and thus kill asexual malaria parasites.215 These observations 
have led to the suggestion that malaria induces an immunological 
‘smoke-screen’ with broad-spectrum and non-specifi c activation 
that interferes with the orderly development of specifi c cellular 
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Figure 73.12 Early T1-weighted magnetic resonance imaging (550/25 TR/TE) of the brain in a 28-year-old man with cerebral malaria. 
(A) During coma showing slight swelling. (B) Following recovery of consciousness showing shrinkage. (C) 135 days later the brain is normal. 
There was no evidence of cerebral oedema on T2-weighted images. The acute swelling was interpreted as representing increased intracerebral 
blood volume. (From Looareesuwan et al.,223 with permission.)
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as after the skull sutures have fused, there is less space for cranial 
expansion than in adults. The relationship between intracerebral 
pressure and volume is non-linear (i.e. once the brain has expanded 
to fi ll the skull, only small further increases in volume cause large 
increases in intracranial pressure). Any contribution of increased 
permeability is likely to be small, although it could be important 
on the steep part of the pressure–volume relationship. The pos-
sibility that a sudden rise in intracranial pressure accounts for 
some deaths cannot be excluded.235

Pathogenesis of coma

Coma in severe malaria is called cerebral malaria. Although several 
factors may contribute to impaired consciousness in severe malaria 
(seizures, hypoglycaemia), there is a syndrome of diffuse but 
reversible encephalopathy which is characteristic of malaria, and 
is not seen in other infections. The cause of coma is not known. 
There is undoubtedly an increase in cerebral anaerobic glycolysis 
with cerebral blood fl ows that are inappropriately low for the 
arterial oxygen content, increased cerebral metabolic rates for 
lactate, and increased CSF concentrations of lactate,236,237 but these 
changes, which refl ect impaired perfusion, do not provide suffi -
cient explanation for coma. Presumably, the metabolic milieu 
created adjacent to the sequestered and highly metabolically active 
parasites and their attachment to the activated cerebral vascular 
endothelium interferes with endothelial and blood–brain barrier 
function. But how this disrupts neurotransmission is not known. 
Cytokines increase production of nitric oxide, a potent inhibitor 
of neurotransmission, by leukocytes, smooth muscle cells, microg-
lia and vascular endothelium through induction of the enzyme 
nitric oxide synthase. Inducible nitric oxide synthase expression is 
increased in the brain in fatal cerebral malaria.238 So local synthe-
sis of nitric oxide could be relevant to the impairment of con-
sciousness. Reversible axonal dysfunction has recently been shown 
in neuropathological studies and this probably plays an important 
rate in central nervous of system dysfunction. Coma is not caused 
by raised intracranial pressure. There has been considerable inter-
est in the mechanism of coma, and attempts to reverse it. But it 
should be remembered that the brain in cerebral malaria has a 
severely compromised blood supply, and waking a patient from 
coma may result in an increased cerebral metabolic demand. 
Coma in cerebral malaria could be neuroprotective.

Renal failure

There is renal cortical vasoconstriction and consequent hypoper-
fusion in severe falciparum malaria.239 In patients with acute renal 
failure (ARF) renal vascular resistance is increased. The renal injury 
in severe malaria results from acute tubular necrosis.240 The oxygen 
consumption of the kidneys is reduced in ARF, and it is not 
improved by dopamine-induced arteriolar vasodilatation and 
consequent increase in renal blood fl ow suggesting a fi xed injury.241 
Acute tubular necrosis presumably results from renal microvascu-
lar obstruction and cellular injury consequent upon sequestration 
in the kidney and the fi ltration of nephrotoxins such as free 
haemoglobin, myoglobin and other cellular material. It always 
recovers fully in survivors. Signifi cant glomerulonephritis is very 
rare.242,243 The role of systemic and local cytokine release and 

altered regulation of renal microvascular fl ow is uncertain, 
although in a recent study elevated plasma TNF was associated 
with renal impairment.130 Massive haemolysis compounds the 
insult in blackwater fever complicating malaria, and haemoglo-
binuria may itself lead to renal impairment.244,245 Mild renal 
impairment occurs in young children with severe malaria, but 
established acute renal failure is almost exclusively confi ned to 
older children and adults.

Pulmonary oedema

Despite intense sequestration in the myocardial vessels, the heart’s 
pump function is remarkably well preserved in severe malaria. 
Pulmonary oedema in malaria results from a sudden increase in 
pulmonary capillary permeability that is not refl ected in other 
vascular beds.246,247 The pulmonary capillary wedge pressure is 
usually normal and the pressure threshold for the development 
of pulmonary oedema is relatively low.248 Whereas acute renal 
failure, severe metabolic acidosis, and coma are confi ned mainly 
to falciparum malaria, acute pulmonary oedema may also occur in 
vivax malaria. The cause of this increase in pulmonary capillary 
permeability is not known, although the presence of sequestered 
PRBC and host leukocytes in pulmonary capillaries may have a 
role in causing pulmonary capillary endothelial cell dysfunction.

Fluid space and electrolyte changes

Following rehydration the plasma volume is increased in moder-
ate and severe malaria.249–251 In most adults, total body water and 
extracellular volume are normal. Plasma renin activity, aldoste-
rone and antidiuretic hormone concentrations are elevated, 
refl ecting an appropriate activation of homeostatic mechanisms 
to maintain adequate circulating volume in the presence of general 
vasodilatation and a falling haematocrit. Mild hyponatraemia 
and hypochloraemia are common in severe malaria, but serum 
potassium concentrations are usually normal. Occasionally hypo-
natraemia is severe. Studies in Kenyan children indicate inappro-
priate antidiuretic hormone (arginine vasopressin) secretion in 
two-thirds of cases.252 There has been much recent debate whether 
childen with severe malaria are hypovolaemic and fl uid 
depleted.253–255 When measured directly in Gabonese children 
total body water was either normal or slightly reduced, arguing 
against dehydration,253 whereas studies in Kenyan children suggest 
there may be benefi t from infusions of colloid, particularly 
albumin solutions.254,255 The jury is out and intervention studies 
are underway which should resolve this question.

Anaemia

The pathogenesis of anaemia is multifactorial.256,257 It results from 
the obligatory destruction of red cells containing parasites at 
merogony, the shortened survival of red cells from which parasites 
have been extracted by the spleen, and the accelerated destruction 
of non-parasitized red cells that parallels disease severity, all 
compounded by bone marrow dyserythropoeisis.258–260 In severe 
malaria anaemia develops rapidly; the rapid haemolysis of unpar-
asitized red cells is the major contributor to the decline in haema-
tocrit.259–261 Bone marrow dyserythropoeisis persists for days or 
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weeks following acute malaria and reticulocyte counts are usually 
low in the acute phase of the disease.262–264 The cause of the dys-
erythropoiesis is thought to be related to intramedullary cytokine 
production. Severe malarial anaemia in African children has been 
associated with the 238A TNF promoter polymorphism and low 
levels of the anti-infl ammatory cytokine IL-10.80 Serum erythro-
poetin levels are usually elevated, although in some series it has 
been suggested that the degree of elevation was not suffi cient for 
the degree of anaemia.265–267 In falciparum malaria the entire red 
cell population (i.e. both infected and uninfected red cells) 
becomes more rigid. This loss of deformability correlates with 
disease severity and outcome,147,196 and, when measured at the 
high shear rates encountered in the spleen, with the degree of 
resulting anaemia.197 The mechanism responsible has not been 
identifi ed, although there is evidence in acute malaria for increased 
oxidative damage which might compromise red cell membrane 
function and deformability.268 In simian malarias there is evidence 
of an inversion of the erythrocyte membrane lipid bilayer in unin-
fected erythrocytes,269 but this has not been studied in man. The 
role of antibody (i.e. Coombs’-positive haemolysis) in anaemia is 
unresolved.270–272 The majority of studies to date do not show 
increased red cell immunoglobulin binding in malaria, but in the 
presence of a lowered recognition threshold for splenic clearance, 
this might be diffi cult to detect. The splenic threshold for the 
clearance of abnormal erythrocytes, whether because of antibody 
coating or reduced deformability, is lowered.107,108 Thus, the spleen 
removes large numbers of relatively rigid cells causing shortened 
erythrocyte survival, particularly in severe malaria. This is unaf-
fected by corticosteroids.273 The spleen also fulfi ls its normative 
function of removing damaged intraerythrocytic parasites from 
red cells, (particularly following treatment with an artemisinin 
derivative), and returning the ‘once parasitized’ red cells back to 
the circulation by a process of ‘pitting’.274 These erythrocytes then 
have reduced survival.275

In the context of acute uncomplicated malaria, the anaemia is 
worse in younger children, and those with protracted infections. 
Loss of unparasitized erythrocytes accounts for approximately 
90% of the acute anaemia resulting from a single uncomplicated 
infection.276 Iron defi ciency and malaria often coincide in the 
same patient, and in some areas routine iron supplementation 
following malaria promotes recovery from anaemia.

Coagulopathy and thrombocytopenia

In acute malaria, coagulation cascade activity is accelerated with 
accelerated fi brinogen turnover, consumption of antithrombin III, 
reduced factor XIII, and increased concentrations of fi brin degra-
dation products.277–282 In severe infections the antithrombin III, 
protein S and protein C are further reduced and prothrombin and 
partial thromboplastin times may be prolonged. In occasional 
patients (<5%) bleeding may be signifi cant. The coagulation 
cascade is activated via the intrinsic pathway.283 Intravascular 
thrombus formation is observed rarely at autopsy in fatal cases 
and on histopathological examination, fi brin deposition is sparse 
and platelets are unusual in adult cases,140 in contrast to paediat-
ric cases.200

Thrombocytopenia is common to all the four human malarias 
and is caused by increased splenic clearance.284 Thrombocytope-

nia is associated with high levels of IL-10 and appropriately raised 
concentrations of thrombopoeitin (a key growth factor for platelet 
production).285 Plasma concentrations of macrophage colony 
stimulating factor are high, which stimulate macrophage activity, 
and may increase platelet destruction.286 Platelet turnover is 
increased. The role of platelet-bound antibody in malarial throm-
bocytopenia is controversial.287–289 There has been evidence of 
platelet activation in some studies, but not others.290 Erythrocytes 
containing mature parasites may activate the coagulation cascade 
directly,291 and cytokine release is also procoagulant. The high 
plasma levels of P-selectin found in severe malaria may derive 
from platelets,286 but could also come from vascular endothelium, 
as plasma concentrations of other endothelial derived proteins 
(thrombomodulin, E-selectin, ICAM-1, VCAM-1) are elevated as 
well.292,293 It was suggested in the past that disseminated intravas-
cular coagulation (DIC) is important in the pathogenesis of severe 
malaria,294,295 but detailed prospective clinical and pathogenesis 
studies have refuted this. Coagulation cascade activity is directly 
proportional to disease severity,281 but hypofi brinogenaemia 
resulting from DIC is signifi cant in less than 5% of patients with 
severe malaria, and lethal haemorrhage (usually gastrointestinal) 
is very unusual.296,297

Blackwater fever

Blackwater fever (Figure 73.13) is a poorly understood condition 
in which there is massive intravascular haemolysis and the passage 
of ‘Coca-Cola’-coloured urine.297–299 Historically, this was linked 
to frequent quinine self-medication in expatriates living in 

Figure 73.13 Blackwater fever. A 25-year-old male with severe 
malaria, pulmonary oedema, renal impairment and massive 
haemolysis.
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malarious areas, and indeed blackwater fever almost disappeared 
from Africa during the ‘chloroquine’ era from 1950 to 1980. With 
the return of quinine blackwater fever has now reappeared.300 
Blackwater (black urine) occurs in four circumstances: (1) when 
patients with G6PD defi ciency take oxidant drugs (e.g. prima-
quine, sulphones or sulphonamides) irrespective of whether they 
have malaria or not; (2) occasionally when patients with G6PD 
defi ciency have malaria and receive quinine treatment; (3) in 
some patients with severe falciparum malaria who have normal 
erythrocyte G6PD levels irrespective of the treatment given and 
(4) when people who are exposed to malaria self-medicate fre-
quently with quinine (or structurally related drugs).

In severe malaria, rates of blackwater in Asian patients are 
similar whether the patients receive quinine or an artemisinin 
derivative. How quinine causes blackwater in these last three situ-
ations is not known, as it is not an oxidant drug. G6PD-defi cient 
red cells are particularly susceptible to oxidant stress as they are 
unable to synthesize adequate quantities of NADPH through the 
pentose shunt. This leads to low intraerythrocytic levels of reduced 
glutathione, and both alterations in the erythrocyte membrane 
and increased susceptibility to organic peroxides. Blackwater fever 
may be associated with acute renal failure, although in the major-
ity of cases renal function remains normal.298

The spleen

There is considerable splenic enlargement in malaria, mainly as a 
result of cellular multiplication and structural change, and an 
increased capacity to clear red cells from the circulation both by 
Fc receptor-mediated (immune) mechanisms107,108 and by recogni-
tion of reduced deformability (fi ltration).106 There is considerable 
accumulation of parasitized erythrocytes.301 The increased fi ltra-
tion of the spleen and the reduced deformability of the entire red 
cell population results in the rapid development of anaemia in 
severe malaria. The spleen may also modulate cytoadherence.111 
It plays a central role in limiting the acute expansion of the malaria 
infection by removing parasitized erythrocytes, and this has led to 
the suggestion that a failure to augment splenic clearance suffi -
ciently rapidly may be a factor in the development of severe 
malaria. Characteristic changes to the immuno-architecture of the 
spleen are seen during infection which may refl ect a central role 
for dendritic cells in orchestrating specifi c immune responses.302

The spleen is capable of removing damaged intraerythrocytic 
parasites and returning the once infected red cells to the circula-
tion (a process known as ‘pitting’),274 where they have shortened 
survival.275 This is an important contributor to parasite clearance 
following antimalarial drug treatment (particularly treatment with 
artemisinin derivatives).303,304

Gastrointestinal dysfunction

Abdominal pain may be prominent in acute malaria. Minor stress 
ulceration of the stomach and duodenum is common in severe 
malaria. The pattern of malabsorption of sugars, fats and amino 
acids suggests reduced splanchnic perfusion.305–308 This results 
from both gut sequestration and visceral vasoconstriction. Gut 
permeability is increased,309 and this may be associated with 
reduced local defences against bacterial toxins, or even whole 

bacteria in severe disease. Antimalarial drug absorption is remark-
ably unaffected in uncomplicated malaria, except for those drugs 
which have fat (i.e. food)-dependent absorption (halofantrine, 
atovaquone, lumefantrine).

Liver dysfunction

Jaundice is common in adults with severe malaria, and there is 
other evidence of hepatic dysfunction, with reduced clotting factor 
synthesis, reduced metabolic clearance of the antimalarial drugs, 
and a failure of gluconeogenesis which contributes to lactic aci-
dosis and hypoglycaemia. Nevertheless, true liver failure (as in 
fulminant viral hepatitis) is very unusual. There is sequestration 
in the hepatic microvasculature and, although many patients with 
acute falciparum malaria have elevated liver blood fl ow values, in 
very severe infections liver blood fl ow is reduced.308,310,311 In adults, 
liver blood fl ow values <15 mL/kg per min are associated with 
elevated venous lactate concentrations,311 which suggests a fl ow 
limitation to lactate clearance and thus a contribution of liver 
dysfunction to lactic acidosis. Direct measurements of hepatic 
venous lactate concentrations in severe malaria confi rm that the 
hepatosplanchnic extraction ratio is inversely correlated with 
mixed venous plasma lactate (i.e hyperlactataemia is associated 
with reduced liver clearance of lactate).312 There is no relationship 
between liver blood fl ow and impairment of antimalarial drug 
clearance.313 Jaundice in malaria appears to have haemolytic, 
hepatic, and cholestatic components. Cholestatic jaundice may 
persist well into the recovery period. There is no residual liver 
damage following malaria.

Acidosis

Acidosis is a major cause of death in severe falciparum malaria, 
both in adults and children. This has been considered to be mainly 
a lactic acidosis, although ketoacidosis (and sometimes salicylate 
intoxication) may predominate in children, and the acidosis of 
renal failure is common in adults.312,314–317 In severe malaria, the 
arterial, capillary, venous and CSF concentrations of lactate rise in 
direct proportion to disease severity. Acid-base assessment or 
venous lactate concentrations on or 4 h after admission to hospi-
tal are very good indicators of prognosis in severe malaria.315,318 
In bacterial sepsis there is also hyperlactataemia, but, unless there 
is profound shock, the lactate-pyruvate ratio is usually <15. This 
indicates that hypermetabolism is the source of lactate accumula-
tion in sepsis. In severe malaria, the pathogenesis is different; 
lactate-pyruvate ratios often exceed 30, refl ecting tissue hypoxia 
and anaerobic glycolysis. Lactic acidosis results from several dis-
crete processes: the tissue anaerobic glycolysis consequent upon 
microvascular obstruction; a failure of hepatic and renal lactate 
clearance; and the production of lactate by the parasite.319,320 The 
role of hypovolaemia is controversial. Mature malaria parasites 
consume up to 70 times as much glucose as uninfected cells, and 
over 90% of this is converted to L+lactic acid (plasmodia do not 
have the complete set of enzymes necessary for the citric acid 
cycle). Interestingly, up to 6% of the lactic acid appears as D-
lactate, but this does not contribute materially to the acidosis.321 
However, calculations based on glucose and lactate turnover in 
man indicate that the majority of the lactic acid produced in 
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malaria derives from host rather than parasite sources. Lactate 
levels also rise after generalized convulsions. Lactate turnover in 
both adults and children with severe malaria is increased approx-
imately three-fold compared with values obtained in healthy 
adults.322,323 Studies in children using stable isotope techniques 
indicate that increased lactate production (resulting from anaero-
bic glycolysis) rather than reduced clearance is the main cause of 
lactate accumulation323 although in adults reduced clearance is 
certainly a contributor.322 Hyperlactataemia is associated with 
hypoglycaemia, and is accompanied by hyperalaninaemia, and 
elevated glycerol concentrations refl ecting the impairment of glu-
coneogenesis through the Cori cycle.324–327 Lactate, glutamine, and 
alanine are the major gluconeogenic precursors. However, recent 
studies indicate the presence of another, as yet unidentifi ed strong 
organic anion, in acidotic patients with severe malaria, which is 
the major contributor to acidosis.328,329

Triglyceride and free fatty acid levels are also elevated in acute 
malaria,330 and plasma concentrations of ketone bodies are raised 
in patients who have been unable to eat. Ketoacidosis may be 
prominent in children. In severe malaria, there is dysfunction of 
all organ systems, particularly those with obligatory high meta-
bolic rates. The endocrine glands are no exception. Pituitary–
thyroid axis abnormalities result in the ‘sick euthyroid’ syndrome 
and also parathyroid dysfunction.331 Mild hypocalcaemia is 
common,332,333 and hypophosphataemia may be profound in the 
very seriously ill.332 By contrast, the pituitary-adrenal axis appears 
normal in acute malaria.334

Hypoglycaemia

Hypoglycaemia is an important manifestation of severe malaria. 
It is associated with hyperlactataemia and shares the same patho-
physiological aetiology: an increased peripheral requirement for 
glucose consequent upon anaerobic glycolysis (the Pasteur effect), 
the increased metabolic demands of the febrile illness,335–338 and 
the obligatory demands of the parasites, which use glucose as their 
major fuel (all of which increase demand); and a failure of hepatic 
gluconeogenesis and glycogenolysis (reduced supply). Hepatic 
glycogen is exhausted rapidly: stores in fasting adults last approx-
imately 2 days, but children only have enough reserves for 12 h. 
Healthy children have approximately three times higher rates of 
glucose turnover compared with adults, but in severe malaria 
turnover is increased by more than 50% (to values fi ve times 
higher than those in adults with severe malaria.323,335–338 The com-
bination of impaired gluconeogenesis, limited glycogen stores, 
and greatly increased demand results in hypoglycaemia in 20–
30% of children with severe malaria. In patients treated with 
quinine, this is compounded by quinine-stimulated pancreatic 
β-cell insulin secretion.324,339,340 Hyperinsulinaemia is balanced by 
a reduced tissue sensitivity to insulin, which returns to normal as 
the patient improves. This probably explains why quinine-induced 
(hyperinsulinaemic) hypoglycaemia tends to occur after the fi rst 
24 h of treatment, whereas malaria-related hypoglycaemia (with 
appropriate suppression of insulin secretion) is often present 
when the patient with severe malaria fi rst presents.324,325 Hypogly-
caemia contributes to nervous system dysfunction, and in cerebral 
malaria may be associated with residual neurological defi cit in 
survivors.

Placental dysfunction

Pregnancy increases susceptibility to malaria. This is probably 
caused by a suppression of systemic and placental cell-mediated 
immune responses.341 There is intense sequestration of P. falci-
parum infected erythrocytes in the placenta,342 local activation of 
pro-infl ammatory cytokine production, and maternal anaemia. 
This leads to cellular infi ltration and thickening of the syncytio-
trophoblast and placental insuffi ciency343–347 with consequent 
fetal growth retardation. Illness close to term also results in pre-
maturity. In areas of intense transmission a malaria attributable 
reduction in birth weight (c. 170 g) is confi ned to primigravidae. 
There is no convincing evidence that malaria causes abortion or 
stillbirth in this context. With lower levels of transmission (i.e. 
less immunity) the risk extends to other pregnancies348 and there 
is a propensity to develop severe malaria with a high incidence of 
fetal death.349 The recent discovery that Plasmodium vivax, a para-
site not thought to cytoadhere, also reduces birth weight (by about 
two-thirds the amount caused by P. falciparum),14 has questioned 
the primary role of sequestration in the pathogenesis of placental 
insuffi ciency.

Bacterial infection

Patients with severe malaria are vulnerable to bacterial infections, 
particularly of the lungs and urinary tract (following catheteriza-
tion). Postpartum sepsis is also common. Spontaneous bacterial 
septicaemia may also occur in severe malaria. This is relatively 
unusual in adults (probably <1% of cases) but is much more 
common in young children.350–354 There is undoubtedly consider-
able overlap between sepsis (both pneumonia and septicaemia) 
and malaria in endemic areas. The diffi culty is one of diagnosis; 
where transmission is high and parasitaemia is common in chil-
dren, it may be diffi cult or impossible currently to distinguish 
bacterial infections with coincident parasitaemia from infections 
complicating malaria.355 The blood slide or rapid diagnostic tests 
are sensitive but not specifi c for malaria as the cause of the illness, 
whereas blood culture is insensitive in the diagnosis of bacterae-
mia. Nevertheless, there is strong evidence that severe malaria 
predisposes to bacteraemia, particularly in children. Enteric bac-
teria are commonly isolated, suggesting that these infections often 
originate from the gut, which is a site of preferential parasitized 
erythrocyte sequestration This suggests that the normal defences 
against bacterial invasion from the gut are compromised. Malaria 
predisposes young children to systemic non-typhoidal Salmonella 
infections, which are a major cause of septicaemia where HIV-
AIDS is prevalent.351,353

PATHOLOGY

As the benign human malarias are rarely fatal, there is very little 
information available on the pathology of these infections. Unfor-
tunately, this is not the case for P. falciparum malaria. In fatal 
malaria, the microvasculature of the vital organs is packed with 
erythrocytes containing mature forms of the parasite.356–362 There 
is abundant intra- and extra-erythrocytic pigment and organs such 
as the liver, spleen and placenta may be grey-black in colour. 
Sequestration is not uniformly distributed; it tends to be greatest 
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in the brain and heart356,363 followed by the gut, kidney, adipose 
tissue, liver, lungs and least of all, in bone marrow and skin. There 
is remarkably little extravascular pathology in malaria.

Brain

If the patient dies from the acute infection, the brain is commonly 
mildly swollen, with multiple small petechial haemorrhages 
throughout the white matter.356–364 Different architectural types 
of haemorrhage are seen; simple petechial, zonal ring haemor-
rhages and Durck’s granulomata. Haemorrhages are less promi-
nent in the grey matter. Large haemorrhages or infarcts are rare. 
There is usually no evidence of tentorial or foramen magnum 
herniation. Capillaries and venules are distended and packed 
with erythrocytes containing mature forms of the parasite 
(whereas these are seen rarely in peripheral blood smears).140 This 
sequestration is particularly prominent in the white matter, which 
is much less vascular than the grey matter. The degree of cerebral 
sequestration and the intensity of erythrocyte packing is greater 
in cerebral malaria than in fatal malaria in which the patient was 
not comatose, indicating a causative relationship.140,363 A large 
quantity of intra- and extra-erythrocytic pigment is evident. In 
the white matter, accumulations of glial cells are seen surround-
ing haemorrhagic foci (Durck’s granuloma), where vessels 
have been occluded by a mass of parasitized cells, and then rup-
tured. At a microvascular level, there is considerable variation in 
the intensity of sequestration between vessels, with each vessel 
having a discrete age distribution of parasite maturity.144 This 
indicates asynchronous sequestration which presumably refl ects 
asynchronous upregulation of vascular ligands. At the ultrastruc-
tural level the erythrocytes are seen to be packed 
closely together and the infected red cells adhere to the vascular 
endothelium by attachment of knob-like surface projections 
to the endothelial surface.140,364,365 In adults, occasional fi brin 
strands are seen but platelets are usually not seen140 and there is 
only focal leukocyte aggregation, i.e. there is no evidence of 
thrombus formation or vasculitis. In children, there is more 
fi brin deposition and platelets are more evident. On immuno-
fl uorescent staining malarial antigens may be seen on the endo-
thelial basement membrane,365,366 but the signifi cance of this 
observation is uncertain (i.e. does it refl ect pathology in vivo or 
an agonal artefact?). In some cases, there are only a few, or no 
parasites in the cerebral vessels. This occurs when death was 
several days after parasite clearance, or the diagnosis was incorrect 
(e.g. the cause of death was a bacterial infection). Secondary neu-
ropathological changes include widespread astroglial activation 
and non-specifi c signs of neuronal stress response.367 Immuno-
histochemical staining reveals signifi cant axonal injury. Evidence 
of axonal dysfunction correlates with premortem coma and pro-
vides a plausible mechanism whereby the parasitized erythrocyte, 
remaining within the vascular space, can reversibly affect neuro-
logical function.201

Heart and lungs

Despite intense sequestration in the myocardial microvasculature, 
the heart is remarkably normal, although petechial epicardial 
haemorrhages are common, and in anaemic patients the heart is 

commonly pale and dilated. As in all other organs, extravascular 
pathological changes are rare. In adults, the lungs often show 
evidence of pulmonary oedema, although this may be patchy. 
Hyaline membrane formation suggests leakage of proteinaceous 
fl uid. There is moderate sequestration368,369 and leukocyte aggre-
gates are more prominent than in the brain. There may be second-
ary bacterial pneumonia. Pathophysiological studies in P. vivax 
infections suggest pulmonary vascular sequestration but there 
have been no pathological studies in vivax malaria.370

Liver and spleen

The liver is generally enlarged and may be black from malaria 
pigment. There is congestion of the centrilobular capillaries with 
sinusoidal dilatation and Kupffer cell hyperplasia.371 Sequestra-
tion of parasitized erythrocytes is associated with variable cloudy 
swelling of the hepatocytes and perivenous ischaemic changes, 
and sometimes centrizonal necrosis. In adults, hepatic glycogen is 
often present despite hypoglycaemia. In uncomplicated malaria, 
the liver histology is often normal;371–373 the spleen is often dark 
or black from malaria pigment, enlarged, soft and friable; it is full 
of erythrocytes containing mature and immature parasites.374 
There is evidence of reticular hyperplasia and architectural reorga-
nization.375 The soft and acutely enlarged spleen of acute lethal 
infections contrasts with the hard fi brous enlargement associated 
with repeated malaria.

Kidneys

The kidneys are often slightly swollen. In adults, there are com-
monly tubular abnormalities consistent with ischaemia, including 
acute tubular necrosis and tubular epithelial cell regenerative 
change. There is patchy sequestration, particularly in the glomeru-
lar capillaries,376 although this is less than that seen in cerebral 
capillaries. Occasional mesangial and endothelial cell proliferative 
changes are seen. Leukocyte sequestration is similar to that in the 
lung, and more marked than in the brain. Immunofl uorescence 
and electron microscopic studies show minimal immunoglobulin 
deposition on the glomerular capillary basement membranes, but 
the changes are not those of a primary immune complex-mediated 
glomerulonephritis.

Alimentary tract

Upper gastrointestinal bleeding from erosions may occur in severe 
malaria. There is intense sequestration in the gut, and visceral 
ischaemia may explain the acute abdominal pain that sometimes 
occurs in severe malaria, and also the increased risk of enteric 
bacterial septicaemia.306 Despite this, drug absorption is often 
remarkably normal.

Bone marrow

Dyserythropoetic change is prominent in all the acute malar-
ias.263,264,377 Bone marrow macrophages contain malaria pigment, 
and erythrophagocytosis may be seen. Iron is usually plentiful. 
The platelet and white cell series are usually normal.

Pathology
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Placenta

The placenta may be black from malaria pigment even if the 
mother is asymptomatic throughout pregnancy. Large numbers of 
mature parasites are seen on crush smears,378 although the periph-
eral blood smear may be negative. There is often trophoblastic 
thickening, macrophage infi ltration, pigment deposition and 
perivillous fi brin deposition. Active infection is associated with 
basement, membrane thickening, fi brinoid necrosis and syncitial 
knots.379–383 Chronic infection is associated with marked 
mononuclear cell infi ltration.

CLINICAL FEATURES IN RELATION TO 
TRANSMISSION INTENSITY

The clinical manifestations of malaria are dependent on the previ-
ous immune status of the host. In areas of intense P. falciparum 
malaria transmission, asymptomatic parasitaemia is usual in 
adults (premunition). Severe malaria never occurs in this age 
group: it is confi ned to the fi rst years of life, and becomes progres-
sively less frequent with increasing age. In Africa overall the 
average age of children admitted to hospital with severe malaria 
is 3 years, which corresponds with the peak mortality in the third 
year of life. The rate at which age-specifi c acquisition of premuni-
tion occurs is proportional to the intensity of malaria transmis-
sion. In areas with a constant high-level P. falciparum transmission 
(e.g. average infected anopheline biting frequencies of daily up to 
monthly), severe malaria occurs predominantly between 6 months 
and 3 years of age; milder symptoms are seen in older children, 
and adults are usually asymptomatic and have low parasitaemias. 
Malaria is common in pregnancy, but is oligosymptomatic or 
asymptomatic (although anaemia may be severe). The birth weight 
of babies born to primigravidae is reduced signifi cantly. Spleen 
rates are high (>50%) in children between 2 and 9, corresponding 
with the epidemiological terms hyperendemic and holoendemic 
malaria. Severe anaemia in young children is the most common 
presentation of severe falciparum malaria in these circumstances. 
With lower or more seasonal or unstable transmission patterns 
the age distribution of severe malaria shifts upwards, severe 
malaria is seen in older children as well, and cerebral malaria 
becomes the most prominent manifestation (Figure 73.2). Spleen 
rates in children are lower than 50%. With even lower or more 
seasonal patterns of transmission, and when non-immunes travel 
to endemic areas, symptomatic disease is seen at all ages. Severe 
malaria does not occur commonly with P. vivax, P. ovale, or P. 
malariae but acute infection in a non-immune patient is still 
serious and debilitating. With more intense exposure, a state of 
premunition is also reached with these infections.

Incubation period

Precise data on the incubation period of malaria come from the 
detailed studies of malaria therapy for neurosyphilis, and also the 
many hundreds of volunteer experiments conducted between 
the turn of the century and 1965 (Table 73.1).84–86,89,90 In the 
majority of mosquito-transmitted infections several heavily 
infected anophelines were allowed to bite. The sporozoite inocula 
were therefore probably larger than those received in most natu-

rally acquired (autochthonous) infections. In most cases of falci-
parum or vivax malaria the incubation period is approximately 2 
weeks. The shortest incubation period documented was reported 
by Shute384 in a sailor who docked briefl y in West Africa and 
somehow developed malaria 3 days later. Primary incubation 
periods can be long, particularly if the infection is suppressed by 
partially effective chemoprophylaxis. Most tropical strains of P. 
vivax had similar incubation periods to P. falciparum, but strains 
from cooler countries often had extremely long incubation periods. 
The primary infection began 9–12 months after sporozoite inocu-
lation. This coincided with the short summer-time mosquito 
breeding season in these cold countries. These strains of P. vivax 
(e.g. P. vivax var hibernans) acquired in northern and Eastern 
Europe, Russia, central and northern China, are now nearly extinct 
but for a few areas of China, North Korea and South Korea near 
the demilitarized zone.

In the artifi cial infection experiments, the differences in 
recorded incubation periods between strains of the same Plasmo-
dia species were small, although a negative correlation was appar-
ent between the probable dose of sporozoites and the duration of 
the prepatent period (the time from sporozoite inoculation until 
the fi rst positive blood fi lm). The incubation period (time from 
sporozoite inoculation to fever) was prolonged by ineffective 
antimalarial treatment or prophylaxis – both of which reduce 
the effective multiplication rate.

The durations of the prepatent and incubation periods are also 
strongly infl uenced by previous exposure, i.e. ‘immunity’. Effective 
immunity both reduces effective multiplication, which prolongs 
the prepatent period, and raises the threshold at which symptoms 
occur (premunition), which prolongs the incubation period. In 
vivax malaria the symptom threshold is raised disproportionately 
in immune individuals, i.e. the gap between the prepatent and 
incubation period widens.

Mixed species infections

The incidence of mixed species infections is always underesti-
mated. Even with sensitive PCR detection methods, which reveal 
a higher rate than microscopy, mixed infections are underesti-
mated. In simultaneous infection with P. falciparum and P. vivax, 
the former suppresses the latter, and the primary vivax malaria 
infection may not appear until several weeks later.385–387 Some-
times the reverse occurs and P. vivax suppresses P. falciparum.388 
In sub-Saharan Africa P. falciparum commonly occurs together 
with P. malariae or P. ovale. In many areas outside Africa P. falci-
parum and P. vivax are both common and co-existent infections 
are frequent but, because of mutual suppression, the incidence is 
considerably underestimated.385–391 For example, in Thailand 
approximately 30% of patients with P. falciparum malaria will 
have a subsequent symptomatic infection with P. vivax within 2 
months of their primary falciparum malaria, without further expo-
sure to malaria infection.385 The converse (P. vivax malaria with 
undiagnosed coincident P. falciparum infection) occurs in approx-
imately 8% of cases.388 In low transmission settings coincident 
infection of P. falciparum with P. vivax reduces the risk of severe 
malaria four-fold,392 reduces the degree of anaemia,262 and reduces 
P. falciparum gametocyte carriage.393 But in higher transmission 
settings the effect is opposite; mixed infections are associated with 
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greater morbidity. Mixed infections with P. malariae and P. ovale 
are also underestimated.390,391

Pyrogenic density

The parasitaemia at which fever (>37.3°C) occurs is termed the 
‘pyrogenic density’. This varies widely: some non-immune patients 
will become febrile before parasites are visible on blood smears 
(i.e. the incubation period is shorter than the prepatent period), 
whereas immune adults or older children can on occasions toler-
ate up to 100 000 P. falciparum parasites/μL without fever. The 
pyrogenic density for P. vivax is generally lower than that of P. 
falciparum; in 76% of cases reported by Kitchen394 the pyrogenic 
density was <100 parasites/μL. In P. falciparum infections average 
pyrogenic densities can be as high as 10 000/μL,389 but it must be 
remembered that less than half the life cycle circulates in falci-
parum malaria.356 The parasites in the blood smear are the circulat-
ing parasites in the generation subsequent to that which underwent 
pyrogenic merogony, and they are therefore an underestimate of 
the total parasite burden. The pyrogenic density is a marker of 
immunity. High pyrogenic densities indicate premunition, and a 
lower risk of severe disease. There are fewer data on pyrogenic 
densities in P. malariae infections, but it appears that they are 
higher than for P. vivax; values over 500/μL were found in 38% of 
Boyd’s cases. There are limited data on P. ovale, but the available 
evidence suggests a pyrogenic density similar to P. vivax.

Uncomplicated malaria

The cardinal feature of malaria is fever. The clinical features of 
uncomplicated malaria are common to all four species, although 
there is a suggestion that P. vivax, which tends to synchronize 
rapidly, may cause more severe symptoms early in the course of 
the infection. P. malariae and possibly P. ovale both have a more 
gradual onset than P. vivax. P. falciparum is unpredictable: the 
onset ranges from gradual to fulminant. The fi rst symptoms of 
malaria are non-specifi c and resemble infl uenza. They are similar 
for all four species of Plasmodium. Headache, muscular ache, vague 
abdominal discomfort, lethargy, lassitude and dysphoria often 
precede fever by up to 2 days. The temperature rises erratically at 
fi rst, with shivering, mild chills, worsening headache and malaise, 
and loss of appetite. Children are irritable, lethargic and anorexic. 
If the infection is left untreated the fever in P. vivax and P. ovale 
regularizes to a 2-day cycle (tertian), and P. malariae fever spikes 
occur every 3 days (quartan pattern). P. falciparum remains erratic 
for longer, and may never regularize to a tertian pattern.84 These 
terms derive from the Greek practice of inclusive reckoning, in 
which the beginning of the fever is considered day one. Thus, a 
tertian fever recurs every third day and a quartan fever every fourth 
day, with intervals of 2 and 3 days, respectively. Some infections 
consist of two broods cycling 24 h out of phase and in these there 
is a daily fever spike (quotidian fever). Even more complex fever 
patterns are described in detail in the early literature.

The classical malaria fever charts (which graced earlier editions 
of this textbook), and the teeth-chattering rigors and profuse 
sweats that characterized the ‘paroxysm’ (Figure 73.14), are rela-
tively unusual today as malaria therapy of neurosyphilis is no 
longer practised (penicillin is more effective and more pleasant), 

Figure 73.14 The rigor of P. vixax malaria. (The time course of signs 
and symptoms is taken from Kitchen SF, Puttnam P. Observations on 
the character of the paroxysm in vivax malaria. J Natl Malaria Soc 
1946; 5:57–78.) True rigors are rare in P. falciparum malaria and occur 
with the other three human malarias only after the infections have 
synchronized suffi ciently.

and symptomatic infections are treated as soon as they are diag-
nosed. In a true paroxysm, the temperature usually rises steeply 
from a normal or slightly elevated level to exceed 39°C. As the 
temperature begins to rise, there is intense headache and muscu-
lar discomfort. The patient feels cold, clutches at blankets, and 
curls up shivering and uncommunicative (the chill). There is 
peripheral vasoconstriction, and often ‘goose-pimples’. Within 
minutes, the limbs begin to shake and the teeth chatter, and the 
temperature climbs rapidly to a peak (usually between 39 and 
41.5°C). The rigor usually last 10–30 min, but can last up to 
90 min (Figure 73.14). By the end of the rigor, there is peripheral 
vasodilatation and the skin feels hot. A profuse sweat then breaks 
out. The blood pressure is relatively low and there may be symp-
tomatic orthostatic hypotension. The patient feels exhausted and 
may sleep. Defervescence usually takes 4–8 h. Paroxysms with 
rigors are more common in P. vivax and P. ovale than in P. falci-
parum or P. malariae malaria. They may begin a relapse, or occur 
after several days of more chaotic fever in primary infections with 
these two malaria species. True rigors are unusual in naturally 
acquired falciparum malaria. As the infection continues, the spleen 
and liver enlarge and anaemia develops. The patient loses weight. 
If no treatment is given, the natural infection stabilizes for several 
weeks or months and then gradually resolves. The duration of 
illness is proportional to the level of immunity and differs between 
the parasite species. Mild abdominal discomfort is common in 
malaria, and rarely patients may appear to have an ‘acute 
abdomen’. Constipation or diarrhoea may occur. In some areas, 
watery diarrhoea is a prominent manifestation. However, there is 
usually no diffi culty distinguishing malaria from gastroenteritis. 
A dry cough has been reported in some series, but this is not 
prominent. However, the respiratory rate may be raised, particu-
larly in children, and this can give rise to diagnostic confusion in 
primary healthcare facilities where respiratory rate is used as the 
only criterion for the diagnosis of acute respiratory infection. On 
chest examination, there is no evidence of consolidation or effu-
sion, but in an endemic area, the clinical distinction between early 
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pneumonia and severe malaria in young children can be very dif-
fi cult. In routine clinical practice in malarious areas of the tropics, 
malaria is the most common cause of fever in children and is the 
most likely diagnosis in a febrile patient with no obvious respira-
tory or abdominal abnormalities. In travellers returning from such 
areas, any fever must be considered to be malaria unless proved 
otherwise. In semi-immune patients, low-grade fever may be the 
only complaint in malaria. In tropical practice, malaria is so 
common that it must be excluded in any febrile patient.

The response to treatment is usually rapid with resolution of 
fever and most symptoms within 3 days, and often more rapidly 
in semi-immune individuals. In high transmission settings the 
haematocrit starts to rise almost immediately. In low transmission 
settings anaemia resolves more slowly; the nadir of the hae-
matocrit is usually around one week after starting antimalarial 
treatment.

Relapse

Both P. vivax and P. ovale have a tendency to relapse after resolu-
tion of the primary infection. Relapse, which results from matura-
tion of persistent hypnozoites in the liver, must be distinguished 
from recrudescence of the primary infection because of incom-
plete treatment. P. falciparum is the usual cause of recrudescent 
infections and these tend to arise 2–4 weeks following treatment 
(but this can be as long as 10 weeks following mefl oquine treat-
ment). Relapses occur weeks or months (or even years) after the 
primary infection. The proportion of cases relapsing and the inter-
vals between relapses vary between strains. The pattern of relapse 
is determined largely by the geographical origin of the infection. 
For example, over 50% of P. vivax infections in Thailand relapse 
whereas in most of India the proportion is closer to 20%.395 The 
rare subtropical P. vivax tends to have long gaps between relapses 
whereas tropical strains have short intervals (3–6 weeks). In 
Patrick Manson’s famous experiment, conducted in September 
1900, he infected his 23 year-old son with P. vivax, through mos-
quitoes sent by rail from Rome to London. His son became ill 
with ‘double tertian fever’, but was treated with quinine and recov-
ered fully. In June 1901, he suddenly became ill again with vivax 
malaria; a relapse interval of 9 months.396,397 In recent years, a 
relapse interval of 6 weeks has been quoted widely for tropical 
Plasmodium vivax infections but this is an artefact of the use of 
chloroquine for treatment, which suppresses the fi rst relapse (at 
3 weeks).398 Blood chloroquine levels decline by the time of the 
second relapse at 6 weeks, and this is the fi rst to manifest itself. 
The symptoms of a relapse start more abruptly than in the primary 
infection as the infection is more synchronous. They may begin 
with a sudden chill or rigor. Primaquine given for 14 days will 
eradicate hypnozoites and prevent relapse in over 80% of 
patients.

Malaria in pregnancy

In areas of intense transmission, the principal impact of falciparum 
malaria in pregnancy is an increased incidence of anaemia and a 
reduction in birth weight (approximately 170 g on average) of 
babies born to primigravidae.345 Thus a greater proportion of 
babies have low birth weights (<2.5 kg). Low birth weight is a 

major risk factor for infantile death. Malaria reduces birth weight 
mainly by intrauterine growth retardation (IUGR). In high trans-
mission areas, malaria may also cause prematurity.399 In low trans-
mission areas, prematurity is caused by symptomatic malaria close 
to term, not earlier in the pregnancy. The net result is an increased 
risk of neonatal death.400 In high transmission settings, despite 
intense sequestration of parasites in the placenta, the mothers are 
usually asymptomatic, although they are more likely to be anaemic. 
In areas with lower levels of malaria transmission (mesoendemic 
or hypoendemic), symptomatic disease occurs and pregnant 
women are at an increased risk of severe falciparum malaria, par-
ticularly in the second and third trimesters. In low transmission 
areas, the adverse effects of malaria on birth weight extend to the 
fi rst three pregnancies (and in non-immunes, to all pregnancies).26 
Anaemia is common and there is an increased risk of developing 
severe malaria. Anaemia itself is a risk factor for maternal mortal-
ity; moderate anaemia (Hb4-8 g/dL) carrying a relative risk of 1.35 
and severe anaemia (Hb <4 g/dL), a risk of 3.5.400 If a pregnant 
woman does develop severe malaria, fetal loss is common, and 
the maternal mortality is very high. The mortality of cerebral 
malaria in pregnancy is approximately 50%, compared with 15–
20% in non-pregnant adults. Acute pulmonary oedema and 
hypoglycaemia are particular complications of severe malaria in 
pregnancy. The baby is commonly stillborn. The clinical features 
of uncomplicated vivax, ovale or malariae malaria are similar to 
those of uncomplicated P. falciparum. P. vivax infections also 
increase anaemia and they reduce birth weight by approximately 
100 g. In contrast to P. falciparum, vivax malaria affects multi-
gravidae more than primigravidae.14 If a mother delivers with 
acute malaria, blood-borne transmission to the newborn is not 
uncommon, but this often resolves spontaneously. Nevertheless, 
babies must be observed closely for congenital malaria and malaria 
considered in the differential diagnosis of neonatal fever or 
anaemia.

Malaria in children

The majority of childhood malaria infections (Figure 73.15) 
present with fever and malaise, and respond rapidly to antima-
larial treatment. Severe falciparum malaria is rare in the fi rst six 
months of life, although when it does occur the mortality is high. 
In young children, the progression of falciparum malaria can be 
rapid. Generalized seizures are associated with fever, but they are 
more common in P. falciparum than P. vivax malaria, even in the 
absence of other signs of cerebral involvement. This suggests that 
cerebral sequestration causes signifi cant pathology even in con-
scious patients. Coma, convulsions, acidosis, hypoglycaemia and 
severe anaemia are common presenting features of severe malaria 
in childhood.401–404 At the bedside, the presence of respiratory 
distress (acidotic breathing) or deep coma defi nes children at high 
risk of dying.36 These two overlapping clinical syndromes account 
for the majority of lethal infections. In areas of intense transmis-
sion, profound anaemia is the usual manifestation of severe 
malaria, and this occurs mainly in the 1–3 year age group. Severe 
malaria is rare in older children in high transmission settings. In 
areas of lower less stable transmission, cerebral malaria becomes 
a predominant manifestation of severe disease, and the age range 
shifts upwards. Jaundice and pulmonary oedema are unusual in 
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young children, and renal failure is very rare (a marked difference 
compared with adults). As a consequence, iatrogenic overhydra-
tion is less of a problem in children than in adults, although 
intravenous fl uid administration must still be carefully supervised 
in small children. Dehydration is more common. In cerebral 
malaria seizures occurs frequently, particularly in the <3-year age 
group, and should be treated promptly. Hypoglycaemia is 
common, occurring in up to 30% of children with severe malaria, 
and is often accompanied by lactic acidosis. The blood glucose 
should be checked frequently and, where possible, continuous 
intravenous infusions of 5% or 10% dextrose given as a preventive 
measure.

In general, children tolerate the antimalarial drugs better than 
adults, and their symptoms resolve more quickly. The temptation 
to estimate body weight by ‘eye’ should be resisted, and all chil-
dren should be weighed if possible so that the doses of anti-

malarial drugs can be given on a mg/kg basis. (Although 
administration of drugs adjusted to surface area is theoretically 
preferable, antimalarial doses have been devised on the basis of 
body weight). Children with acute malaria vomit readily, particu-
larly if the temperature is high. Oral antimalarial treatment is 
more likely to be retained if it is palatable and the child is cool 
and calm before drug administration. In busy tropical clinics, only 
a minority of patients can be admitted to hospital, and many 
children with moderately severe malaria have to be treated on an 
out-patient basis. It is common practice to administer a single 
intramuscular dose of quinine and to send the patient home with 
the remainder of the oral regimen, and to give the parents advice 
to return if the child deteriorates further. In this situation, there is 
a danger of signifi cant iatrogenic hypotension if the child is kept 
upright (e.g. on the mother’s back). If possible the child should 
be observed for at least 2 h following parenteral drug administra-
tion and reassessed before discharge.

The diagnosis of severe malaria in children living in malaria 
endemic areas may be diffi cult. As a positive blood smear is 
common in apparently healthy children, fi nding malaria parasites 
in the blood of a sick child does not necessarily mean the child 
has severe malaria. Fever and rapid laboured breathing could be 
pneumonia even if the blood smear is positive. The obtunded 
child might have meningoencephalitis, and the shocked child 
might be septicaemic despite positive blood smears. The net result 
is that severe malaria in children tends to be overdiagnosed.

Malaria and HIV

When the enormity of the HIV epidemic in Africa was fi rst recog-
nized, it was thought that malaria and HIV infection did not 
interact signifi cantly. This is not true. While asymptomatic HIV 
infection has little impact on malaria, with increasing immuno-
suppression in HIV-AIDS, immune control of malaria is 
impaired.405–411 There is an increasing risk of parasitaemia, increas-
ing risk of illness, and in low transmission settings an increased 
risk of severe malaria. HIV infection compounds malaria-
associated reduction in birth weight. Therapeutic responses to 
antimalarial treatment are impaired so treatment failure rates are 
increased. Drug interactions between antiretrovirals and antima-
larials have not yet been studied adequately. Where sulfadoxine-
pyrimethamine is effective, then prophylaxis against opportunistic 
infections with trimethoprim-sulphamethoxazole will protect 
from malaria also.

Severe malaria

Death from acute P. vivax, P. ovale or P. malariae infections is rare. 
Occasionally already debilitated patients may succumb, and fatal 
haemorrhage may follow a ruptured spleen (either traumatic or 
spontaneous), but these events are very uncommon. There have 
been many case reports of ‘cerebral vivax malaria’. Some of these 
may have been misdiagnoses, but there is increasing evidence, 
particularly from India and Indonesia, that Plasmodium vivax infec-
tions can be severe and life-threatening.412,413

Falciparum malaria is a major cause of death. The progression 
to severe disease can be rapid. In young children presenting with 

A

B

Figure 73.15 (A) A 6-year-old Thai boy with cerebral malaria. His 
father was admitted at the same time with cerebral malaria – both 
survived. (B) A 3-year-old Gambian girl with cerebral malaria and 
opisthotonos. (Courtesy of Jane Crawley.)

Clinical Features in Relation to Transmission Intensity
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cerebral malaria a history of less than one day’s illness is common. 
Although undernutrition is associated with an increased risk of 
clinical malaria and anaemia in high transmission settings,414 cere-
bral malaria is rare in severe malnutrition and often seems to 
strike down the healthiest people. The great malariologist Ettore 
Marchiafava noted over 100 years ago how common severe 
malaria was in the ‘hale and hearty’ Italian shepherds who 
descended from the malaria-free mountains to the malarious 
valleys every autumn.39 In adults, patients with severe malaria 
usually have a history of being ill for several days before admis-
sion to hospital.

Defi nitions of severe falciparum malaria are useful for clinical 
and epidemiological purposes. Defi nitions were proposed by 
working groups convened by the World Health Organization 
(WHO) in 1986, 1990295 and 2000.415 The widely used 1990 
defi nition (Table 73.3412) was modifi ed in a more recent series of 
recommendations, to make it more inclusive and practical, and 
to focus more on children (Table 73.4). Both are presented with 
comments.

In severe malaria, there is often evidence of multiple vital organ 
dysfunction, and more than one of the above criteria are fulfi lled. 
Physicians should not worry unduly about defi nitions or seman-
tics. They should treat any patient about whom they are worried as 
having severe malaria, even if they do not fall clearly into one of 
the above categories.

Cerebral malaria

This may be defi ned strictly as unrousable coma (i.e. there is a 
non-purposeful response or no response to a painful stimulus) in 
falciparum malaria. In practice, any patient with altered conscious-
ness should be treated for severe malaria. Although cerebral 
malaria is the most prominent feature of severe falciparum malaria, 
some patients with ultimately lethal infections never lose con-
sciousness until they die. In cerebral malaria, the onset of coma 
may be sudden, often following a generalized seizure, or gradual, 
with initial drowsiness, confusion, disorientation, delirium or agi-
tation, followed by unconsciousness. Extreme agitation is a poor 
prognostic sign in falciparum malaria. The length of the prodromal 
history is usually several days in adults, but in children, can be as 
short as 6–12 h. A history of convulsions is common.

On examination, the patient is febrile and unrousable. There 
may be some passive resistance to neck fl exion, but the board-like 
rigidity of meningitis is not found, and there are no other signs 
of meningeal irritation. There may be anaemia, which in some 
cases, particularly children, may be profound. Conversely, jaun-
dice is relatively unusual in children but common in adults. Signs 
of bleeding are unusual and indicate a poor prognosis. The 
patient is usually warm, dry, and well perfused peripherally, with 
a low-normal blood pressure and a sinus tachycardia. Skin perfu-
sion is variable. Poor capillary refi ll (refi ll time >2 s) is a serious 
prognostic sign in children. Intermittent ‘goose-pimples’ are 
common in association with cutaneous vasoconstriction. Sus-
tained hyperventilation is a poor prognostic sign as it indicates 
metabolic acidosis if the chest is clear, or pneumonia or pulmo-
nary oedema if it is not. The liver and spleen are commonly 
enlarged, but soft. Massive splenomegaly is not found. There is 
no lymphadenopathy and no rash. The clinical features are 

usually of a symmetrical encephalopathy. Focal signs are unusual. 
On examination of the nervous system, the gaze is usually normal 
or divergent (but there is no evidence of extraocular muscle 
paresis) (Figure 73.16). The pupils are usually mid-size and 
equally reactive. The fundus should be examined carefully. Five 
distinct fundoscopic abnormalities have been observed; retinal 
whitening, retinal haemorrhages, focal whitening of vessels, pap-
illoedema and cotton wool spots.416 These are more easily seen 
using indirect ophthalmoscopy, although this is usually unavail-
able. Papilloedema is unusual and is a sign of poor prognosis, 
as is retinal oedema. Retinal haemorrhages have been reported 
in between 6% and 37% of cases.416–420 The haemorrhages are 
often fl ame or boat shaped, and may have a pale centre resem-
bling Roth spots. They rarely affect the macula. The retinal vessels 
should be examined for a very characteristic segmental whitening 
that probably refl ects intense sequestration with red cells contain-
ing little haemoglobin and mature parasites.416 High resolution 
digital imaging retinal angiography shows irregular vascular 
lining in some vessels and obstruction refl ecting cytoadherence.420 
In adult patients, the corneal refl exes are usually preserved but 
in children with deep coma they may be lost (a poor prognostic 
sign). It is important to examine the eyes carefully to exclude the 
rapid repetitive jerky movements that indicate covert seizure activ-
ity. There may be forced jaw closure with repetitive spontaneous 
teeth grinding (bruxism). The jaw jerk is sometimes brisk and 
there is often a pout refl ex. Other frontal release signs are very 
unusual. Cranial nerve abnormalities are rare. Tone may be 
increased, decreased or normal. Likewise, the refl exes can be brisk 
or depressed. The abdominal refl exes are invariably absent, the 
cremasteric refl exes often preserved, and the plantar responses 
extensor in approximately half the patients. Patients may exhibit 
phasic increases in tone with extensor posturing of the decorticate 
(arm fl exed, legs extended), or more usually decerebrate (arms 
and legs extended) types. The back may arch as in opisthotonus, 
with sustained, usually upward and lateral, ocular deviation. The 
posturing is commonly associated with noisy hyperventilation. 
Generalized or sometimes focal seizures may occur. The duration 
of coma varies considerably but overall is shorter in children 
(average 1 day) than in adults (average 2–3 days). Clinical evi-
dence for seizure activity may be very subtle (e.g. tonic clonic eye 
movements without limb movement), and in some children 
there are no signs despite electroencephalographic evidence. 
Aspiration pneumonia is a potentially lethal sequel.

Untreated cerebral malaria is probably nearly always fatal. The 
overall mortality of treated cerebral malaria obviously depends on 
the referral practices and medical facilities available, but in reported 
studies with quinine treatment it averages 15% in children and 
20% in adults (but up to 50% in pregnancy).24–26,297,421 Some series 
have reported lower mortalities, but in these the defi nition of 
cerebral malaria has been more ‘generous’, i.e. they have included 
patients who were obtunded or delirious but not unrousable. 
Hospitals acting as secondary or tertiary referral centres often 
experience higher mortalities as they see a residue of more severe 
patients. The later the patient is referred, the higher the mortality. 
In the Vietnam War, the mortality of acute falciparum malaria was 
higher in soldiers who had returned to the USA than it was in 
Vietnam.422 Obviously the diagnosis was made much more rapidly 
in Vietnam where physicians were well aware of malaria, than in 
the USA where they were not.
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Table 73.3 1990 WHO Defi nition of severe malaria

 1. Cerebral malaria – unrousable coma not attributable to any other cause in a patient with falciparum malaria. The coma should persist 
for at least 30 min (1 h in the 2000 defi nition) after a generalized convulsion to make the distinction from transient postictal coma. 
Coma should be assessed using the Blantyre coma scale in children or the Glasgow coma scale in adults (Table 73.12).

 2. Severe anaemia – normocytic anaemia with haematocrit <15% or haemoglobin <5 g/dL in the presence of parasitaemia more than 
10 000/μL. Note that fi nger prick samples may underestimate the haemoglobin concentration by up to 1 g if the fi nger is squeezed. If 
anaemia is hypochromic and/or microcytic, iron defi ciency and thalassaemia/haemoglobinopathy must be excluded. (These criteria are 
rather generous; and would include many children in high transmission areas. A parasitaemia of >100 000/μL might be a more 
appropriate threshold.)

 3. Renal failure – defi ned as a urine output of <400 mL in 24 h in adults, or 12 mL/kg in 24 h in children, failing to improve after 
rehydration, and a serum creatinine of more than 265 μmol/L (>3.0 mg/dL). (In practice for initial assessment, the serum creatinine 
alone is used.)

 4. Pulmonary oedema or adult respiratory distress syndrome.

 5. Hypoglycaemia – defi ned as a whole blood glucose concentration of less than 2.2 mmol/L (40 mg/dL).

 6. Circulatory collapse or shock – hypotension (systolic blood pressure <50 mmHg in children aged 1–5 years or <70 mmHg in adults), 
with cold clammy skin or core-skin temperature difference >10°C. (The more recent review declined to give precise defi nitions, but 
noted the lack of sensitivity or specifi city of core-peripheral measurements.) Capillary refi ll time is not mentioned but recent studies 
indicate this simple test provides a good assessment of severity.449

 7. Spontaneous bleeding from gums, nose, gastrointestinal tract, etc. and/or substantial laboratory evidence of DIC. (This is relatively 
unusual.)

 8. Repeated generalized convulsions – more than two observed within 24 h despite cooling. (In young children, these may be febrile 
convulsions, and the other clinical and parasitological features need to be taken into account.) Clinical evidence of seizure activity may 
be subtle (e.g. tonic clonic eye movements, profuse salivation, delayed coma recovery).

 9. Acidaemia – defi ned as an arterial or capillary pH <7.35 (note temperature corrections are needed as most patients are hotter than 
37°C; add 0.0147 pH unit per degree Celsius (°C) over 37°C), or acidosis defi ned as a plasma bicarbonate concentration <15 mmol/L 
or a base excess >10. (Operationally, the clinical presentation of ‘respiratory distress’ or ‘acidotic breathing’ is focused upon in the 
2000 recommendations. Abnormal breathing patterns are a sign of severity indicating severe acidosis, pulmonary oedema or 
pneumonia.)

10. Macroscopic haemoglobinuria – if defi nitely associated with acute malaria infection and not merely the result of oxidant antimalarial 
drugs in patients with erythrocyte enzyme defects such as G6PD defi ciency. (This is diffi cult to ascertain in practice: if the G6PD status 
is checked following massive haemolysis, the value in the remaining red cells may be normal even in mild G6PD defi ciency. This part of 
the defi nition is not very useful.)

11. Postmortem confi rmation of diagnosis. In fatal cases a diagnosis of severe falciparum malaria can be confi rmed by histological 
examination of a postmortem needle necroscopy of the brain. The characteristic features, found especially in cerebral grey matter, are 
venules/capillaries packed with erythrocytes containing mature trophozoites and schizonts of P. falciparum. (These features may not be 
present in patients who die several days after the start of treatment, although there is usually some residual pigment in the cerebral 
vessels.)

The 2000 recommendations also include the following: (see Table 73.4)

12. Impairment of consciousness less marked than unrousable coma. (Any impairment of consciousness must be treated seriously. 
Assessment using the Glasgow Coma Scale is straightforward, but the Blantyre Scale needs careful local standardization particularly in 
younger children.)

13. Prostration: Inability to sit unassisted in a child who is normally able to do so. In a child not old enough to sit, this is defi ned as an 
inability to feed. This defi nition is based on examination not history.

14. Hyperparasitaemia – the relation of parasitaemia to severity of illness is different in different populations and age groups, but in general 
very high parasite densities are associated with increased risk of severe disease, e.g. >4% parasitaemia is dangerous in non-immunes, 
but may be well tolerated in semi-immune children. In non-immune children studied in Thailand a parasitaemia ≥4% carried a 3% 
mortality (30 times higher than in all uncomplicated malaria) but in areas of high transmission values much higher may be tolerated 
well. Many use a threshold defi nition of 10% parasitaemia in higher transmission settings.

The followings were not considered criteria of severe malaria:

Jaundice – detected clinically or defi ned by a serum bilirubin concentration >50 μmol/L (3.0 mg/dL). This is only a marker of severe 
malaria when combined with evidence of other vital organ dysfunction such as coma or renal failure.

Hyperpyrexia – a rectal temperature above 40°C in adults and children is no longer considered a sign of severity.

Clinical Features in Relation to Transmission Intensity
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Table 73.4 Outline classifi cation of severe malaria in 
children (WHO 2000)

GROUP 1

  Children at immediately increased risk of dying who require 
parenteral antimalarial drugs and supportive therapy

  Prostrated children (prostration is the inability to sit upright in a 
child normally able to do so, or to drink in the case of children 
too young to sit)

 Prostrate but fully conscious

 Prostrate with impaired consciousness but not in deep coma

 Coma (the inability to localize a painful stimulus)

 Respiratory distress (acidotic breathing)

  Mild – sustained nasal fl aring and/or mild intercostal indrawing 
(recession)

  Severe – the presence of either marked indrawing (recession) of 
the bony structure of the lower chest wall or deep (acidotic) 
breathing

GROUP 2

  Children who, though able to be treated with oral antimalarial 
drugs, require supervised management because of the risk of 
clinical deterioration, but who show none of the features of 
group 1 (above)

  Children with a haemoglobin level <5 g/dL or a haematocrit 
<15%

 Children with two or more convulsions within a 24 h period

GROUP 3

  Children who require parenteral treatment because of persistent 
vomiting but who lack any specifi c clinical or laboratory 
features of groups 1 or 2 (above)

Figure 73.16 Divergent gaze in a 25-year-old Bangladeshi man with 
cerebral malaria.

Case history

A 2-year-old girl was brought to a large provincial African hospital 
by her mother in the late afternoon. She had had two generalized 
convulsions in the morning, and she was unrousable after the fi rst 
of these. Her mother had noticed she was febrile, drowsy and 
apathetic and did not eat the previous evening, but before that, 
she had appeared to be well (although the mother had been 
working in the fi elds the previous day, and so could not be exact 
as to the time when symptoms began). After the fi rst convulsion, 
the child was taken to a health centre where a presumptive diag-
nosis of malaria was made, and a single intramuscular injection 
was given into the buttock before the child was referred on to 
hospital. In the past, the child had received her immunizations, 
and had received treatment for malaria in the previous rainy 
season. She had also had several febrile episodes, which the 
mother had treated at home with antimalarial drugs and tradi-
tional medicines, and these had resolved without complications.

On examination, the child was unrousably comatose with only 
a non-localized motor response to a painful stimulus (Blantyre 
coma score 1). She was not anaemic or jaundiced, and she weighed 
9 kg. The blood pressure was 85/65 mmHg, the pulse 138/min, 
and the rectal temperature 40.1°C. The child was not clinically 
dehydrated. The respiratory rate was 52/min. She was breathing 
deeply with the use of accessory muscles of respiration, intercos-
tals indrawing, and fl aring of the alar nasae. There were coarse 
breath sounds, particularly over the left lung fi eld. The spleen tip 
was palpable and the liver 3 cm enlarged. There was some passive 
resistance to head fl exion, but no other evidence of meningeal 
irritation. On fundoscopy a fl ame-shaped haemorrhage with a 
pale centre was visible adjacent to the superior nasal artery in the 
left eye. The optic discs were fl at. The eyes were divergent. Positive 
fi ndings on examination of the central and peripheral nervous 
systems were a pout refl ex, a symmetrical increase in tone, and 
extensor plantar responses. Intermittent extensor posturing of the 
‘decerebrate’ type, with extended arms and legs, sustained upward 
gaze and noisy hyperventilation lasting 10–15 s, occurred every 
5 min. Blood was taken and an intravenous infusion of 5% dex-
trose water was started. A glucose oxidase stick test indicated the 
blood glucose was only 1.1.mmol/L; 8 mL (0.5 g/kg) of 50% dex-
trose was given by slow intravenous injection and the infusion 
was changed to 10% dextrose. There was no improvement in her 
clinical condition. The haematocrit was read as 36%, the white 
count was reported as 12 000/μL (no differential was available) 
and the parasitaemia on brief microscopic examination of the thin 
fi lm was heavy; a subsequent count gave a value of 136/1000 red 
cells. In 25% of the parasites, pigment was evident indicating they 
were mature trophozoites, and 3% were schizonts. Phagocytosed 
pigment could be seen in 10% of the neutrophils. An infusion of 
quinine dihydrochloride was started. A loading dose of 160 mg 
(20 mg salt/kg) was drawn up (as close as possible to 0.53 mL of 
a 300 mg/mL solution in a 1 mL syringe) and injected into a 
120 mL burette (infusion chamber) with 10% dextrose and set to 
run at 30 mL/h. (The hospital was fortunate to have a stock of 
paediatric infusion sets but if these had not been available, the 
quinine could have been given by split i.m. injections to the ante-
rior thighs). A lumbar puncture was performed; the CSF was clear, 
there was clear CSF with free rise and fall with respiration, and 
the opening pressure was recorded as 140 mm CSF. The admitting 
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physician was confi dent in a diagnosis of severe malaria, but was 
concerned there might also be pneumonia developing so she also 
started parenteral chloramphenicol succinate 25 mg/kg per 6-
hourly, and requested a chest radiograph. Tepid sponging brought 
the rectal temperature down to 38.3°C. The posturing lessened in 
intensity and frequency. The vital signs remained stable over the 
next 4 h and the chest remained clear, but the respiratory rate 
increased to 60/min. The breathing was deep and noisy. The bed 
was wet, indicating that urine had been passed. A repeat blood 
glucose at 4 h was 3.2 mmol/L. At 5 h the blood pressure was 
80/50, pulse 150/min, temperature 37.7°C and respiratory rate 
62/min. The Blantyre coma score was still 1, and the neurological 
signs were unchanged. Some 20 minutes later the respiration 
became ataxic, and then stopped. She could not be resuscitated.

Comment

This child with cerebral malaria had several poor prognostic fea-
tures on admission to hospital: deep coma, convulsions, extensor 
posturing, respiratory distress, hyperparasitaemia, a predomi-
nance of mature parasites on the peripheral blood smear, pigment 
in peripheral blood neutrophils and hypoglycaemia. The admit-
ting physician was aware immediately that the outlook was bleak 
from the combination of coma and respiratory distress. The short 
history and absence of anaemia together with the high parasite 
count suggest a fulminant infection. The predominance of mature 
parasites suggests the possibility of a much greater sequestered 
parasite biomass than that evident from the peripheral parasitae-
mia. She was hypoglycaemic and almost certainly had lactic aci-
dosis. Although the child had received an intramuscular injection 
before referral, the admitting physician could not be sure that it 
was quinine, and concluded correctly that the benefi ts of admin-
istering a quinine loading dose exceeded the risks of over treat-
ment (note also that the injection had been given into the buttock, 
which is still sadly very common, despite the risks of signifi cant 
sciatic nerve injury). Although the best available parenteral anti-
malarial treatment was started as soon as the diagnosis was made, 
irreversible pathological processes may already have taken place. 
As in many fatal cases in children, the exact cause of the fi nal 
respiratory arrest was not known. The pragmatic decision to start 
antibiotics (chloramphenicol) as well as quinine illustrates the 
diffi culties in excluding pneumonia or sepsis confi dently in 
severely ill children, and under the circumstances was entirely 
reasonable. Could this child’s life have been saved? If an effective 
treatment had been given earlier in the course of the illness the 
answer is almost certainly yes. Community pre-referral treatment 
with rectal artesunate has been shown to reduce the mortality of 
severe malaria in children under 5 years, by 25%. In very large 
studies conducted in Asia, parenteral artesunate reduced the mor-
tality of severe malaria by 35%. Studies in African children com-
paring parenteral quinine and artesunate are in progress.

Convulsions

Seizures are common, particularly in young children. They are 
associated with falciparum malaria even in uncomplicated infec-
tions.423 In the majority of cases, the child recovers uneventfully 
following one or two generalized convulsions, but some patients 
do not recover consciousness rapidly (<30 min) and may remain 

unrousable (cerebral malaria). In some cases, the cause of the 
protracted coma is status epilepticus. Focal seizures may also 
occur, but they are less common. Aspiration pneumonia is a 
common and preventable sequel to grand mal seizures. Repeated 
grand mal seizures in cerebral malaria are associated with residual 
neurological sequelae.

Post-malaria neurological syndromes and defi cits

Residual neurological defi cit

As severe malaria and seizures associated with malaria are so 
common in children, the possibility that these cause subtle but 
signifi cant psychomotor impairment is of tremendous importance 
to tropical countries.424 It is becoming increasingly clear that 
subtle but important neurocognitive defi cits may follow recovery 
from cerebral malaria, particularly in children. The long-term 
prognosis of these has not yet been established. In approximately 
3% of adults and 10–23% of children, there is a clinically obvious 
persistent neurological defi cit following cerebral malaria (Figure 
73.17).425–429 In children, this is associated with profound and 
protracted coma, anaemia, and prolonged and repeated convul-
sions. In a retrospective study from Kenya, multiple seizures were 
associated with persistent motor defi cits, malnutrition, hypogly-
caemia and seizures with subsequent language defi cits, and deep 
coma with cognitive impairment.428 In The Gambia hypoglycae-
mia was not a risk factor for neurological defi cit.429 About 10% of 
children have demonstrable language defi cit following cerebral 
malaria.430,431 There is also an increased risk of epilepsy following 
severe malaria in childhood.432

In approximately 60% of severe cases with residual neurologi-
cal defi cit, there is a hemiparesis with variable hemisensory 
defi cit and sometimes hemianopia.427 Cortical blindness, diffuse 
cortical damage, tremor and occasionally isolated cranial nerve 
palsies may occur. Many of the defi cits recover rapidly, and by 
6 months, only 4% of survivors have obvious neurological 
abnormality.427,429

Figure 73.17 Permanent global residual neurological defi cit 
following prolonged hypoglycaemia in a 33-year-old Vietnamese 
woman who had cerebral malaria in pregnancy. She had received 
intravenous quinine but, despite parenteral glucose administration, she 
was repeatedly severely hypoglycaemic.

Clinical Features in Relation to Transmission Intensity
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Relapsing coma

Rarely, patients who recover from cerebral malaria may lapse into 
coma again, usually after a period of 1–2 days when they are rous-
able. In this condition, the CSF protein may be elevated (200–
300 mg/dL) and there is sometimes an increase in CSF lymphocytes. 
There may be residual neurological defi cit on recovery.

Post-malaria neurological syndromes

A variety of other late neurological complications may occur fol-
lowing recovery from cerebral malaria. These include psychosis, 
encephalopathy, Parkinsonian rigidity and tremor, a fi ne tremor 
and cerebellar dysfunction.433–436 These post-malaria neurological 
syndromes (PMNS) may also rarely follow uncomplicated malaria, 
and could account for some of the cases previously attributed to 
mefl oquine or chloroquine neurotoxicity. However, there appears 
to be a strong interaction between mefl oquine and cerebral 
malaria, such that 5% of patients who receive mefl oquine after 
severe malaria develop PMNS (a risk 10–50 times higher than 
following mefl oquine treatment of uncomplicated malaria).434 
Mefl oquine should not be used following cerebral malaria. The 
conditions are self-limiting, but very distressing, and usually 
resolve over several days, or sometimes 1–2 weeks. The syndrome 
of cerebellar ataxia occurring 2–3 weeks after acute uncomplicated 
malaria appears to be relatively common in Sri Lanka.435 It too is 
usually self-limiting with recovery over a few weeks.

Acute renal failure

In some adult patients with severe malaria acute oliguric renal 
failure and other vital organ dysfunction is present on admission, 
whereas in others renal dysfunction becomes evident as the patient 
recovers from the acute phase of severe disease.240,437,438 In the 
former fulminant presentation, there is a high incidence of associ-
ated hepatic dysfunction and metabolic acidosis, and pulmonary 
oedema is the usual terminal event. The blood pressure is normal. 
Jaundice is common and there may be a bleeding tendency. There 
may be slight proteinuria, but the urine sediment is unremarkable. 
The subacute presentation carries a better prognosis. The patient 
may be oliguric but is rarely anuric. The serum creatinine rises 
over a period of days until either dialysis is required because of 
hyperkalaemia or uraemic complications such as bleeding, pleural 
or pericardial effusions, encephalopathy or intractable vomiting, 
or there is gradual resolution with an increase in urine output. In 
the subacute presentation of acute renal failure parasitaemia may 
have cleared following antimalarial treatment before the patient 
is referred to hospital.194 Although acute renal failure is a com-
mon complication of malaria in adults living in areas of low or 
unstable transmission, it is rare in children. Indeed, in high-
transmission areas it is almost unheard of. Renal failure is also 
associated with haemoglobinuria in patients with massive 
haemolysis439 (see Blackwater fever, below).

Metabolic acidosis

The main clinical indication of metabolic acidosis is laboured 
hyperventilation with increased inspiratory effort (often termed 
respiratory distress) and a clear chest initially on auscultation 

(Kussmaul’s breathing). This usually results from accumulation of 
organic acids including lactic acid. Ketoacidosis may be present in 
children.248,310–318,328 There is a wide anion gap.328 Hypovolaemia is 
an important contributor and must be corrected. In areas where 
aspirin is still used widely salicylate intoxication should be con-
sidered.440 Acidosis may be associated with renal failure in adults, 
but in the acute infection there is also a metabolic (lactic) acido-
sis. There may be a temporary worsening of lactic acidosis follow-
ing grand-mal seizures, but the outlook in persistent acidosis is 
poor. Although blood pressure and tissue perfusion is usually 
adequate initially, hypotension commonly ensues.

Blackwater fever

The sinister reputation of blackwater fever derives from the high 
mortality (20–30%) documented in Europeans and Asians 
working in colonial Africa in the fi rst half of the twentieth 
century.298,439,441 Approximately half of these deaths were caused 
by renal failure. G.R. Ross,441 writing from Southern Rhodesia 
(Zimbabwe), described blackwater fever as ‘a disease to blanch the 
cheek of the bravest’, and such was its reputation that magistrates 
considered it as an excuse for a felony! Today, the mortality is 
much lower. Indeed the passage of black (coca-cola coloured) or 
dark-brown-red urine is often not associated with signifi cant renal 
impairment. Blackwater is usually transient and resolves without 
complications, but in severe cases renal failure may develop.298,442 
This behaves as acute tubular necrosis. Blackwater results from 
massive haemolysis. Some patients are G6PD defi cient. In some 
patients, myoglobinuria may also be present. Transfused blood is 
also rapidly haemolysed. The mortality is highest when blackwa-
ter fever is associated with severe malaria and other evidence of 
vital organ dysfunction. Patients with blackwater fever and severe 
anaemia often have a slate-grey appearance, and their plasma may 
be red (haemoglobinaemia).

Acute pulmonary oedema

Hyperventilation or Kussmaul’s breathing (respiratory distress) 
is a poor prognostic sign in malaria.443 In the tachypnoea associ-
ated with high fever, breathing is shallow compared with the 
ominous laboured hyperventilation associated with metabolic aci-
dosis, pulmonary oedema or bronchopneumonia. Acute pulmo-
nary oedema may develop at any time in severe falciparum malaria. 
It is particularly common in pregnant women, but rare in chil-
dren. This is one form of the adult respiratory distress syn-
drome,246–248,444–446 and in some cases, may be diffi cult to distinguish 
clinically from pneumonia. The heart sounds are normal. The 
central venous pressure and pulmonary artery occlusion pressures 
are usually normal, the cardiac index is high, and systemic vascu-
lar resistance is low. This points to an increase in capillary perme-
ability (unless the patient has been overhydrated). The chest 
radiograph shows increased interstitial shadowing and a normal 
heart size.

Hypotension

The majority of patients with severe malaria are febrile, with a 
high cardiac output, a low systemic vascular resistance, and a 
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low-normal blood pressure. They are usually warm and well per-
fused. Patients with severe disease may develop sudden hypoten-
sion and become shocked. This was called ‘algid malaria’.447,448 In 
a proportion of cases, there is bacterial septicaemia, but in the 
majority blood cultures are subsequently negative. In children, 
poor capillary refi ll is a valuable prognostic sign.449 Shock usually 
responds temporarily to saline infusion and inotropes, but pul-
monary oedema may be provoked if too much salt is given and 
in adults if left-sided fi lling pressures (pulmonary artery wedge 
pressures) rise above 15 mmHg. The overall mortality is high. 
Orthostatic hypotension is common in acute uncomplicated 
malaria.450,451 It is associated with impaired refl ex cardioaccelera-
tion and is worsened by the quinolone antimalarial drugs.452

Rarely symmetrical peripheral gangrene can be associated with 
severe falciparum malaria. This does not appear to result from dis-
seminated intravascular coagulation, but the roles of red cell and 
platelet agglutination and vascular obstruction have not been 
characterized.

Hypoglycaemia

Hypoglycaemia is either asymptomatic in severely ill patients, or 
presents as a further deterioration in the level of coma.324–327,453 It 
is a sign of poor prognosis. In severe malaria, the usual signs of 
sweating and increased sympathetic nervous system activity are 
commonly absent or indistinguishable from the signs of malaria. 
Hypoglycaemia occurs in approximately 8% of adults and up to 
30% of children with cerebral malaria. It is often recurrent. The 
clinical response to glucose is usually disappointing. In pregnant 
women with quinine-stimulated hyperinsulinaemic hypoglycae-
mia, the clinical features of hypoglycaemia are usually evident, 
and the patient responds dramatically to glucose. Hypoglycaemia 
can be often prevented by infusion of 10% dextrose but frequent 
monitoring is still necessary.

Anaemia

The degree of anaemia and the rate at which it develops vary 
enormously. The haemoglobin concentration may fall by up to 
2 g/dL each day. Anaemia is a particular problem in children, 
where it may lead to sudden death. These complications are par-
ticularly likely with haemoglobin concentrations below 5 g/dL 
(15% haematocrit) and the risk rises steeply below 4 g/dL.454 
Some patients appear to tolerate severe malarial anaemia rela-
tively well. These patients usually have an underlying chronic 
anaemia, and have adapted to chronic anaemia by right-shifting 
the oxygen dissociation curve which increases tissue unloading of 
oxygen. Thus, it is both the absolute haemoglobin concentration 
and the magnitude of the fall that determine the clinical conse-
quences of anaemia. In the past, a syndrome of malaria-associated 
anaemic congestive heart failure was often diagnosed, and was 
managed by fl uid restriction, and often very cautious blood trans-
fusion. It is now clear that the majority of these children with 
severe anaemia, rapid deep breathing and low blood pressure are 
in fact hypovolaemic and acidotic and need quite the opposite 
treatment; intravenous rehydration and urgent blood transfu-
sion.455 Severe anaemia in high transmission settings has tradi-
tionally been ascribed to malaria but a recent detailed study from 

Malawi (where the prevalence of HIV infection is high and iron 
defi ciency is low) illustrates what a multifactorial problem this is 
usually. In children presenting with severe anaemia (Hb <5g/dL) 
bacteraemia, malaria, hookworm , HIV, G6PD defi ciency, vitamin 
A defi ciency and vitamin B12 defi ciency were all associated with 
severe anemia whereas folate defi ciency, sickle cell disease, and 
iron defi ciency were not.456

Persistent fever

Patients with severe malaria may have persistent fever after para-
site clearance. Although a proportion of cases have an identifi able 
chest or urinary tract infection, or in children blood cultures may 
grow Salmonella spp., the majority of cases have no clear explana-
tion and the fever eventually resolves in a few days without further 
treatment.

LABORATORY FINDINGS

Haematology

There is a progressive normochromic normocytic anaemia. The 
white count is usually normal, but may be raised in very severe 
malaria, and very occasionally, there is a leucoerythroblastic 
picture. There is slight monocytosis, lymphopenia and eosinope-
nia, with reactive lymphocytosis and eosinophilia in the weeks 
following the acute infection.457,458 The platelet count is reduced 
in all acute malarias, usually to around 100 000/μL, but thrombo-
cytopenia is profound in some cases. Fibrinogen levels are usually 
elevated – a reduction indicates signifi cant consumption (DIC). 
The fi brin degradation products are elevated. There is evidence of 
increased coagulation cascade activity through intrinsic pathway 
activation with antithrombin III depletion that is proportional to 
disease severity and there may be prolongation of the prothrom-
bin and partial thromboplastin times. Polymorphonuclear leuko-
cyte elastase levels are elevated in severe infection, suggesting 
neutrophil activation.459

Acute phase proteins

The C-reactive protein, orosomucoid (α1-acid glycoprotein), pro-
calcitonin and fi brinogen levels are raised, and immunoglobulin 
levels rise while albumin falls. Cytokine levels are raised in acute 
malaria; there are increased concentrations of circulating cytokine 
receptors, and there is an increase in urinary neopterin.

Biochemistry

There may be mild hyponatraemia460 but the plasma potassium is 
remarkably normal, unless there is severe acidosis, although it 
may fall during the recovery phase from severe malaria.461 The 
serum bicarbonate is often reduced and the anion gap widens in 
proportion to the acidosis. In adults, the serum creatinine and 
blood urea may be raised, with an increased urea to creatinine 
ratio. Total and conjugated bilirubin are often elevated in adults, 
the transaminase concentrations are often raised, and there may 
also be slight elevation of the hepatic alkaline phosphatase 

Laboratory Findings
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concentration. In children, the 5-nucleotidase is raised in propor-
tion to disease severity. Creatinine phosphokinase, myoglobin 
and plasma urate levels are elevated in adults and children with 
severe malaria.462 The serum calcium may be low and hypophos-
phataemia may be profound in severe infections.332 Hypoglycae-
mia may occur, and in the absence of quinine treatment this is 
accompanied by elevated ketones, raised plasma lactate and 
alanine, and low insulin levels.324–326 Lactate levels in arterial or 
venous blood, or CSF, are elevated and blood bicarbonate is 
reduced in proportion to disease severity.463

Cerebrospinal fl uid

The pressures in adults and children are similar, averaging approx-
imately 160 mm CSF. But because the normal range in children 
is lower (<100 mm) most values in children are elevated.184 The 
CSF is usually normal in cerebral malaria, but moderately 
raised concentrations of protein are common (sometimes 
up to 200 mg/dL). There may be up to 10 cells/mL, and on 
occasions up to 50 are seen (usually all lymphocytes). The CSF 
lactate concentration is raised in cerebral malaria, and the glucose 
may be slightly low relative to blood. If the patient is deeply jaun-
diced the CSF may appear yellow.

Prognostic factors

The prognostic factors listed in Table 73.5 refl ect vital organ dys-
function and the magnitude of the parasite burden. They are not 
absolute, and in fatal cases, several factors usually co-exist. Some 
of the apparently poor prognostic factors can have a benign expla-
nation. Hyperventilation (respiratory distress) is usually a bad 
sign (indicating metabolic acidosis, pulmonary oedema, or pneu-
monia), but shallow tachypnoea can result from high fever alone 
(the tidal volume is lower). Upper gastrointestinal bleeding in 
cerebral malaria may also occur spontaneously. The prognostic 
implications of severe anaemia depend on the rate at which the 
haematocrit falls, the co-existing parasitaemia and metabolic 
abnormalities (particularly acidosis) and the stage of the infec-
tion. If anaemia develops gradually then even haemoglobin values 
less than 7 g/dL (packed cell volume <20%) can be surprisingly 
well tolerated as there is time for homeostatic adaptations such as 
the right shift in the oxygen dissociation curve, the increase in 
cardiac index and the fall in systemic vascular resistance. Hypoten-
sion is a poor prognostic sign only when associated with poor 
tissue perfusion, as evidenced by cool peripheries and poor capil-
lary refi ll. Patients, particularly children, with acute malaria often 
have very low blood pressures but they are warm and well per-
fused. The biochemical measures are in general proportional to 
severity, but individual abnormalities can have other explana-
tions. For example, hypoglycaemia carries a fi ve-fold higher mor-
tality in severe malaria, but in pregnant women treated with 
quinine hypoglycaemia may occur in uncomplicated infections 
because of quinine-stimulated hyperinsulinaemia. The concentra-
tion of lactate in venous or arterial blood or CSF is linearly pro-
portional to the severity of disease. In terms of predictive 
prognostic value, the admission venous bicarbonate concentra-
tion has the best sensitivity and specifi city, and it is available 

widely. Persistent acidosis with low plasma bicarbonate and ele-
vated plasma lactate 4 h after admission indicates a poor progno-
sis. Although deep jaundice is often a bad sign, some adult patients 
develop a profound cholestatic jaundice without other evidence 
of vital organ dysfunction. Parasitaemia has traditionally been 
used as a measure of severity since the classic studies of Field and 
colleagues in Kuala Lumpur, Malaysia.464,465 They observed that 
P. falciparum parasite counts over 100 000/μL were associated with 
an increased risk of dying, and that the mortality of a count over 

Table 73.5 Laboratory indicators of a poor prognosis in 
severe malaria

BIOCHEMISTRY

 Hypoglycaemia <2.2 mmol/L

 Hyperlactataemia >5 mmol/La

 Acidosis Arterial pH < 7.3

Venous plasma HCO3 <15 mmol/La

 Serum creatinine >265 μmol/Lb

 Total bilirubin >50 μmol/L

 Liver enzymes sGOT (AST) >3 upper limit of normal

sGPT (ALT) >3 upper limit of normal

5-Nucleotidase ↑

 Muscle enzymes CPK ↑

Myoglobin ↑

 Urate >600 μmol/L

HAEMATOLOGY

 Leukocytosis >12 000/μL

Severe anaemia (PCV <15%)

 Coagulopathy Platelets <50 000/μLc

Prothrombin time prolonged >3 s

Prolonged partial

thromboplastin time

Fibrinogen: <200 mg/dL

PARASITOLOGY

 Hyperparasitaemia >100 000/μL – increased mortalityd

>500 000/μL – high mortalityd

  >20% of parasites are pigment-containing trophozoites and 
schizonts

 >5% of neutrophils contain visible malaria pigment

PCV, packed cell volume; sGOT (AST), serum glutamic oxaloacetic transferase 
(aspartate aminotransferase); sGPT (ALT), serum glutamic pyruvic transaminase 
(alanine aminotransferase); CPK, creatine phosphokinase.
a Of all the laboratory indicators, measurements of acidosis have the best 
prognostic value.
b This is the criterion for adults. Less elevated values are found in children with 
severe malaria.
c Severe thrombocytopenia is only a poor prognostic sign if associated with 
other severity indicators.
d These refer to thresholds in non-immune adults. The thresholds are much 
higher in children in endemic areas; the most common threshold of 10% 
parasitaemia corresponds to approximately 300 000 parasites/μL at a haematocrit 
of 25%.
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500 000/μL was 50%. The distribution of parasite counts in 
severe malaria is shifted to higher parasitaemias in children 
living in areas of intense transmission, compared with non-
immune adults. For example, parasite counts over 200 000/μL are 
not uncommon in ambulant semi-immune children who are 
mildly ill, whereas parasitaemias in this range are usually associ-
ated with severe disease in non-immune adults (Table 73.6). The 
sensitivity and specifi city of parasitaemia alone as a prognostic 
indicator is limited, but can be improved by staging parasite devel-
opment (more mature parasites – worse prognosis),92 and count-
ing the number of polymorphonuclear neutrophil leukocytes 
which contain pigment (>5% – poorer prognosis).93,94 For any 
parasitaemia the prognosis is worse if >20% of parasites contain 
visible pigment, and better if >50% of parasites are at the tiny ring 
stage. Recent studies indicate that measurement of Plasmodium 
falciparum Histidine Rich protein2 (PfHRP2) in plasma or serum 
can be used to estimate the sequestered parasite biomass in severe 
malaria.95

DIAGNOSIS

Malaria is diagnosed by microscopic examination of the blood. 
It is not a clinical diagnosis. In malaria endemic areas where 
malaria is the most common cause of fever (e.g. in children under 
5 years in high transmission settings), then it is reasonable to 

treat for malaria if rapid tests or microscopy are not readily avail-
able.

Blood smears

Thick and thin blood fi lms are made on clean, grease-free glass 
slides (Figure 73.18). Having written the patient’s name, time and 
date, the glass slide can be cleaned by breathing on the surface 
and wiping with a clean cloth. The patient’s fi nger should be 
cleaned with alcohol, allowed to dry, and then the side of 
the fi nger tip (or the dorsum below the nail-bed) should be 
pricked with a sharp sterile lancet or needle. Two drops of 
blood are placed at one end of the slide. The thin fi lm is made 
immediately by placing the smooth leading edge of a second 
(spreader) slide in the central drop of blood, adjusting the angle 
(less blood – more acute) and, while holding the edges of the 
slide, smearing the blood with a swift and steady sweep along the 
surface. If the blood drop is too large, the spreader slide should 
be dunked in the drop, then ‘jumped’ to the slide surface carrying 
a smaller amount of blood – and then smeared. Making good thin 
fi lms requires some practice. Anaemic blood smears poorly. The 
thick fi lm should be stirred in a circular motion with the corner 
of the second slide until clotting takes place. The thick fi lm must 
be of uneven thickness, but it should be possible to read the 
hands, but not the fi gures, of a watch face through the fi lm.

Table 73.6 Severe manifestations of P. falciparum malaria in adults and children

PROGNOSTIC 
VALUEa

FREQUENCYa

Children Adults Children Adults

CLINICAL MANIFESTATIONSb

+ (?) Prostration +++ +++

+++ ++ Impaired consciousness +++ ++

+++ +++ Respiratory distress (acidotic breathing) +++ ++

+ ++ Multiple convulsions +++ +

+++ +++ Circulatory collapse + +

+++ +++ Pulmonary oedema (radiological) +/− +

+++ ++ Abnormal bleeding +/− +

++ + Jaundice + +++

+ + Haemoglobinuria +/− +

LABORATORY FINDINGS

+ + Severe anaemia +++ +

+++ +++ Hypoglycaemia +++ ++

+++ +++ Acidosis +++ ++

+++ +++ Hyperlactataemia +++ ++

+/− ++ Hyperparasitaemia ++ +

++ ++ Renal impairment + +++

a On a scale from + to +++ ; +/− indicates borderline prognostic value of infrequent occurrence.
b Anuria and hypothermia (core temperature <36.5°C) are also poor prognostic signs.

Diagnosis



73. Malaria

1236

Intradermal smears

Chinese researchers have shown that smears from intradermal 
blood may contain more mature forms of P. falciparum than the 
peripheral blood.466 This is considered to allow a more complete 
assessment of severe malaria. The intradermal smears may also be 
positive or may show pigment containing leukocytes after the 
blood smear is negative. In terms of diagnostic sensitivity the 
intradermal smear is similar to the bone marrow (i.e. slightly more 
sensitive than peripheral blood). The smears are taken (Figure 
73.19) from multiple intradermal punctures with a 25 G needle 
on the volar surface of the upper forearm. The punctures should 
not ooze blood spontaneously, but sero-sanguinous fl uid can be 
expressed on to the slide by squeezing.

Staining and reading

The thick fi lm should be dried thoroughly, otherwise it may wash 
away during staining. Drying may be accelerated by using a hair 
dryer. The thin fi lm is then fi xed by brief immersion in anhydrous 
methanol (taking care not to fi x the thick fi lm). Giemsa’s stain 
buffered to a pH of 7.2 makes the best malaria slides, but for 
optimum results the stain should be left on the slide for 30 min. 
Field’s stain is quicker and almost as good , but the thin and thick 
fi lms are treated differently.467 The thin fi lm is immersed in the red 
stain (Field’s B) for 6 s, then gently washed off for 5 s, then 
immersed in the blue stain (Field’s A) for 3–4 s and then gently 
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Figure 73.18 Making a peripheral blood smear.

Figure 73.19 Making an intradermal smear.
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washed off (5 s). The reverse order applies to the thick fi lm: the 
slide is fi rst immersed in the blue stain (Field’s A) for 5 s, then 
gently washed off (5 s) then the red stain (Field’s B) for 5 s, then 
gently washed off (5 s). Slides should be dried in a slide rack before 
examining under oil immersion at a magnifi cation of ×1000.

Best results are obtained with fresh fi ltered stains and anhy-
drous methanol for fi xing the thin fi lm. Repeatedly reusing stains, 
which are full of precipitates, particles, and microorganisms, with 
methanol left in an open jar to absorb atmospheric water, and a 
poorly maintained fungus infected microscope (very familiar to 
all of us who work in the tropics) makes accurate parasite specia-
tion and counting a lot more diffi cult.

Before going to oil immersion on the microsope (×1000 mag-
nifi cation), the slide should be scanned briefl y under low magni-
fi cation to identify the best area for detailed examination. For the 
thin fi lm, the tail of the fi lm should be examined; for the thick 
fi lm, the area of optimum thickness and staining and least artefact 
is chosen. The thick fi lm is approximately 30 times more sensitive 
than the thin fi lm, although sensitivity and specifi city depend to 
a great extent on the experience of the microscopist, the quality 
of the slides, stains and microscope, and the time spent examining 
the slide. Artefacts are common and often confusing. Speciation 
of malaria at the trophozoite stage is easier on the thin fi lm, 
although gametocytes and schizonts are more likely to be seen on 
the thick fi lm. The thin fi lm is more accurate for parasite counting. 
The number of parasitized red cells per 1000 red cells should be 
counted. If there are two parasites in one red cell, this is counted 

as one. At low parasitaemias (<5/1000 on the thin fi lm) the thick 
fi lm should be counted; the number of parasites per 200, or pref-
erably 500 white cells is noted. These fi gures can then be corrected 
by the total red cell and white cell counts to give the number of 
parasites per unit blood volume (μL). If the white count is not 
available then the count is assumed to be 8000 μL. An alternative 
is to count all parasites in a fi xed volume of blood. In severe 
malaria parasitaemias are usually high, and the stage of parasite 
development should be assessed on the thin fi lm. The proportion 
of asexual parasites containing visible pigment (i.e. mature tro-
phozoites and schizonts) should be counted. The presence of 
pigment in neutrophils and monocytes should also be noted and 
counted. In patients who have already received antimalarial treat-
ment, pigment may still be present in leukocytes after clearance 
of parasitaemia, and this is an important clue to the diagnosis. 
Monocytes containing pigment are cleared more slowly than 
pigment containing neutrophils.The morphological characteristics 
of human malaria parasites are given in Table 73.7.

Rapid diagnostic tests

The introduction of simple, rapid, sensitive, highly specifi c, and 
increasingly affordable dipstick or card tests for the diagnosis of 
malaria has been a major advance in recent years. These are based 
on antibody detection of malaria specifi c antigens in blood 
samples; currently histidine rich protein 2 (PfHRP2), parasite 
lactate dehydrogenase (which is antigenically distinct from the 

Table 73.7 Morphological characteristics of human malaria parasites

P. falciparum P. vivax P. ovale P. malariae
Asexual parasites Usually only ring forms seen. 

Fine blue cytoplasm oval, 
circular, comma-shaped or 
occasionally squeezed to the 
edge of the cell (appliqué 
form). One or two 
chromatin dots. Parasitaemia 
may exceed 2%

Irregular large fairly thick 
rings becoming very 
pleomorphic as the parasite 
matures. One chromatin dot

Regular dense ring enlarges 
to compact blue mature 
trophozoite. One chromatin 
dot

Dense thick rings, 
maturing to dense 
round trophozoites or 
rectangular or band-
form trophozoites. 
Pigment associated with 
rings and trophozoites. 
Large red chromatin dot 
or band. Low 
parasitaemia usual

Meronts (Schizonts) Rare in peripheral blood. 
8–32 merozoites, dark 
brown-black pigment

Common. 12–18 
merozoites, orange brown 
pigment

8–14 merozoites, brown 
pigment

8–10 merozoites, black 
pigment

Gametocytes Banana-shaped. Male: light 
blue. Female: darker blue. 
Red-black nucleus with few 
scattered blue-black pigment 
granules in cytoplasm

Round or oval. Male: round, 
pale blue. Female: oval, dark 
blue. Triangular nucleus, 
few orange pigment 
granules

Large round dense blue like 
P. malariae, but prominent 
James’ dots. Brown 
pigment

Large oval-shaped. 
Male: pale blue. Female: 
dense blue. Large black 
pigment granules

Red cell changes Normal size. As parasite 
matures cytoplasm becomes 
pale, the cells become 
crenated, and a few small 
red dots appear over the 
cytoplasm (Maurer’s clefts)

Enlarged. Pale red 
Schüffner’s dots increase in 
number as parasite matures

Cells become oval with 
tufted ends. Prominent 
James’ dots

Normal size and shape. 
No red dots

Note: Multiple invasion is often quoted as a feature of falciparum malaria. This is simply a function of higher parasite densities: at any given density, multiple invasion 
is over three times more frequent with P. vivax compared with P. falciparum. The simian parasite P. knowlesi, which is an important cause of human malaria in parts of 
South-east Asia, resembles P. falciparum at the ring stage, and P. malariae at the trophozoite stage.

Diagnosis
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host enzyme), and aldolase. Current PfHRP2 and PfLDH tests, 
based on colour reactions, provide a diagnostic sensitivity for P. 
falciparum similar to trained microscopists.468–471 Recently, specifi c 
tests for P. vivax have been developed. Many tests also include 
‘pan-malaria’ antibody which detects all malaria species. The cards 
or sticks then carry two band colour reactions plus a control 
(which should be positive). Thus a positive test with these two 
bands, with a negative in the Plasmodium falciparum test, signifi es 
one of the other malaria species is causing the infection (and 
therefore, chloroquine rather than another antimalarial drug is 
required). This part of the test usually is less sensitive than good 
microscopy. The P. falciparum antigen detection tests may remain 
positive in patients with persistent gametocytaemia.470 There are 
now many different tests from many different manufacturers, 
based on several different antibodies, and considerable variability 
between them in performance characteristics. Most available tests 
are based on PfHRP2. These tests are the least expensive, simplest 
to perform, and the most robust under tropical conditions.471,472 
Variability in the diagnostic sensitivity of PfHRP2 based tests also 
results from sequence diversity in the gene encoding PfHRP2 and 
consequent variability in the number of antigenic repeats.

PfHRP2 tests detect only falciparum malaria, and because 
PfHRP2 is cleared very slowly from the blood, may remain posi-
tive for up to 1 month after the acute infection, particularly if the 
parasitaemia was high.473 This is a disadvantage in areas where 
transmission is high, and infections frequent, but is very useful in 
the diagnosis of severely ill patients who have received previous 
antimalarial treatment. Their parasitaemia may have cleared but 
the PfHRP2 test will remain strongly positive. In contrast, PfLDH 
is cleared rapidly from blood, and so the test becomes negative 
within days of treatment. PfHRP2 is present in parasitized eryth-
rocytes but it is also secreted into plasma, and plasma concentra-
tions (which can be assessed semi-quantitatively from the intensity 
of the colour reaction) are a guide to the parasite biomass and 
thus severity.474 The PfHRP2 test has proved useful in detecting 
mixed P. falciparum and P. vivax infections where the former was 
not evident microscopically.388 False-positive tests may occur in 
patients with high concentrations of rheumatoid factor,475 and 
false negatives have been reported in patients whose parasites 
have a rare antigenically variant form of PfHRP2.

Other techniques

Unlike mature red cells, malaria parasites contain DNA and RNA. 
This can be stained with fl uorescent dyes and visualized under 
ultraviolet light microscopy, or, with appropriate fi lters, seen 
under ordinary light. In the QBCTM technique blood samples are 
taken into a specialized capillary tube containing acridine orange 
stain and a fl oat. Under high centrifugal forces (14 000 g) the 
infected erythrocytes, which have a higher buoyant density than 
uninfected cells, become concentrated around the fl oat. Using a 
modifi ed lens adaptor (ParalensTM) with its own light source, the 
acridine orange fl uorescence from malaria parasites can be visual-
ized through an ordinary microscope.476 In some series this system 
has proved more sensitive than conventional light microscopy, 
although it does not give parasite counts or speciation with accu-
racy, and it is relatively expensive. It is useful for screening large 
numbers of blood samples rapidly. DNA probes have also been 

developed for malaria diagnosis, but their utility outside epide-
miological surveys is uncertain. Detection of malaria antibody can 
be useful in some circumstances, such as confi rmation of earlier 
infection, but has no place in acute diagnosis.

Postmortem diagnosis

The diagnosis of cerebral malaria postmortem can be confi rmed 
from a brain smear. A needle aspirate or biopsy is obtained 
through the superior orbital foramen or the foramen magnum. A 
smear of grey matter is examined after staining the slide in the 
same way as for a thin blood fi lm.174,477 Capillaries and venules 
are identifi ed microscopically under low power, and examined 
under high power. If the patient died in the acute stage of cerebral 
malaria, the vessels are packed with erythrocytes containing 
mature parasites and a large amount of pigment.

THE ANTIMALARIAL DRUGS

History

Extracts of the plant huang hua hao (also often termed qinghao; 
Artemesia annua), known as qinghaosu, have been used in tradi-
tional medical practice in China for over two millenia. In 340AD, 
Ge Hong described use of qinghao infusions for the treatment of 
fever in the famous Handbook of Emergency Treatments. Thereafter 
qinghao is mentioned frequently in the Chinese materia medica 
as a treatment for agues. Antimalarial drug discovery has often 
been linked to war. With the growing confl ict in Vietnam in the 
1960s, Ho Chi Minh asked Zhou En Lai for assistance in combat-
ing malaria threatening his troops. Chinese scientists examined 
both synthetic and traditional medicine treatments. The antima-
larial properties of qinghaosu were rediscovered in 1971 when 
low temperature ethyl-ether extracts of the plant were shown to 
have activity against experimental rodent malaria.478 On the other 
side of the world, another medicinal plant came to medical atten-
tion during the reign of the Count of Cinchon as Viceroy of Peru 
between 1628 and 1629 (Figure 73.20). Legend has it that the 
Viceroy’s wife, the Countess, was affl icted by ague in Lima. She 
was a well known and popular fi gure and news of her illness 
spread inland. It eventually reached Lloxa where a Spaniard was 
in governorship. He knew of a local remedy obtained from the 
bark of a tree and sent it to the ailing Countess. The therapeutic 
result was excellent; she improved rapidly, and was so impressed 
that she ordered the bark in quantity and dispensed it to the poor 
of Lima who commonly suffered from the dangerous tertian 
fevers. The pulverized bark became known as ‘los polvos de la 
Condeca’ or the Countess’s powder, and Linnaeus subsequently 
named the tree from which the bark was obtained ‘Cinchona’ in 
honour of the Countess. Sadly, the detective work of one A.W. 
Haggis, reported in 1941,479 has shown that ‘the fabulous story of 
the Countess of Cinchon’ is almost certainly a romantic fable. 
Nevertheless, it is likely that the bark was introduced to Europe 
by the Fathers of the Society of Jesus around the time of the story, 
or even earlier (c. 1630) and was widely promoted in Europe by 
the Jesuit Cardinal Juan de Hugo. For these reasons, it became 
known as Jesuit’s bark.480 Not everyone was convinced by the new 
remedy, and when in 1653 Archduke Leopold of Austria relapsed 
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1 month after being cured of double quartan fever, his personal 
physician Jean-Jacques Chiffl et began a bitter polemic on the 
merits of the bark which was to last for 200 years. Much of the 
dispute stemmed from the fact that many considered all fevers 
had the same cause, and clearly not all responded to Jesuit’s bark. 
It was probably Torti in 1712 who fi rst stated that the bark was 
‘specifi c solely for the ague’.

Another source of debate, and one that is still active today, was 
dosage. Sir Robert Talbor (Talbot) was one of the few physicians 
who was not afraid to give the bark in large and repeated doses, 
and when he cured the Dauphin (the son of Louis XIV) with his 
‘remede anglais’ his fame spread far and wide. He subsequently 
treated Charles II of England successfully with the same medica-
ment. Others were less enthusiastic. Many protestants believed the 
bark to be a poison disseminated by the Jesuits. The dose–response 
question was clarifi ed in 1768 by Lind, who demonstrated clearly 
that in order to get best results the bark should be given in full 
doses as soon as the disease was diagnosed (advice that has stood 
the test of time).

In 1820, the French chemists Pierre Pelletier and Joseph Caven-
tou isolated the alkaloid quinine from cinchona bark. Purifi cation 
of the various cinchona alkaloids allowed standardization of 
dosage. Adequate doses could now be given in relatively small 
amounts of pure drug, but by the middle of the nineteenth century 
enormous doses (up to 100–150 grains over 2 days) were being 
prescribed. Toxicity was common and the popularity of the med-
icine declined. Gradually, however, the diagnosis of agues and the 
prescription of Cinchona alkaloids became more rational and 
logical. The new colonial powers recognized the importance of 
Cinchona, and improved methods of horticulture resulted in 
better yields of the alkaloids from the cultivated trees. The Dutch 
took the lead and vast plantations of high yielding Cinchona led-
geriana were started in the East Indies (principally in Java).481

Laveran, having identifi ed haematozoa as the cause of palu-
dism, later concluded that quinine cured the disease by killing the 
newly discovered parasites. This theory encountered considerable 
resistance in the years immediately following its publication. In 
1880, Bacelli described the intravenous method of administering 
quinine (although there is evidence that this route had been used 
for 50 years before that). Laveran considered intravenous injection 
to be dangerous, giving rise to both local and general complica-
tions, and was only justifi ed in ‘the most grave and pernicious 
disease’. He also confi rmed the earlier observations of Thomas 
Willis (1659) that cinchona cured the acute attacks of ague, but 
did not prevent relapses, and also appeared to have no effect on 
crescents (gametocytes of P. falciparum). The eminent Italian 
malariologists subsequently showed that quinine prevented 
asexual blood-stage development but could not stop sporulation 
of formed segmenters (meronts or schizonts).

In England in 1856, William Henry Perkin fortuitously discov-
ered analine purple (mauve) while attempting to synthesize 
quinine from coal tar products. Thus began the synthetic dye 
industry. Later in Germany, the antimicrobial properties of those 
newly discovered aniline dyes were investigated. In 1890, Ehrlich 
showed that methylene blue had antimalarial activity against P. 
cathemerium in canaries, but the dye proved disappointing in 
clinical practice, and structural modifi cations did not lead to 
compounds with improved activity. During the Great War (1914–
1918) whole armies were immobilized in the Balkans because of 
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Figure 73.20 (A) The ‘Arbor febrifuga Peruviana’. ‘In the district of 
the city of Loja, diocese of Quito, grows a certain kind of large tree, 
which has a bark like cinnamon, a little more coarse and very bitter: 
which ground to powder is given to those who have fever, and with 
only this remedy, it leaves them’ (Bernabé Cobo S. J. Historia del Nuevo 
Mundo; 1582–1657). (B) A cinchona plantation in Democratic Republic 
of Congo.

B
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malaria, and there were heavy losses in Mesopotamia, East Africa 
and the Jordan Valley. The British and French armies used quinine 
extensively, and, despite frequent objections to the bitter medica-
ment, many lives were saved. The military and strategic impor-
tance of antimalarial drugs stimulated much research immediately 
after the war.482 In the early 1920s, the resurgent German chemi-
cal industry again focused its attention on new antimicrobial 
compounds. The fi rst synthetic antimalarial was discovered in 
1926. This was an aminoquinoline compound, pamaquine, also 
known as plasmoquine or plasmochin, a forerunner of the 8-
aminoquinoline primaquine. Pamaquine was followed by the 
acridine compound mepacrine (quinacrine) in 1932, and the 
structurally related 4-aminoquinoline, chloroquine, in 1934. Ini-
tially chloroquine was rejected as being too toxic for human use, 
and the research team at Bayer were asked to produce a safer 
compound. They then produced 3-methylchloroquine (Sonto-
quine) but, despite clinical studies, these compounds were gener-
ally unavailable at the outbreak of World War II.

Armies fi ghting in tropical theatres of war usually lose more 
men to malaria than bullets.482At the outset of World War II, the 
Allies knew their position was precarious in the tropics, as most 
of the world’s Cinchona was grown in Java,483 and this was 
vulnerable to Japanese invasion. They embarked upon a tremen-
dous combined research effort into the development and evalu-
ation of new antimalarials. In the event, Java did fall to the 
Japanese, but widespread use of mepacrine (quinacrine) pro-
phylaxis by the Allied soldiers proved highly effective (albeit 
somewhat toxic) and probably saved the day. Information on 
chloroquine was, in fact, available to the Allied Powers through 
pre-war reciprocal arrangements between the pharmaceutical 
companies, Bayer and Winthrop, but lay buried in documents 
until the defection of two French soldiers in North Africa in 1943. 
They brought with them a German antimalarial, later identifi ed 
as Sontoquine. However, chloroquine was not fully evaluated 
until the end of the war.484

An entirely separate line of research in the UK led to the dis-
covery in 1945 of the antimalarial biguanides, proguanil and 
subsequently chlorproguanil. These compounds were later shown 
to inhibit the plasmodial enzyme dihydrofolate reductase (DHFR). 
Researchers at the Wellcome Research Laboratories synthesizing 
purine analogues developed the antimitotic compound 6-mercap-
topurine (and later azathioprine) and in 1952 discovered the 
antiprotozoal DHFR inhibitor pyrimethamine. This same line of 
Nobel Prize winning research later developed trimethoprim, 
which has considerably greater affi nity for bacterial DHFR (but 
also inhibits the plasmodial enzyme), and also allopurinol, aci-
clovir and zidovudine (AZT).

By the early 1950s, the 4-aminoquinolines, chloroquine, and 
to a much lesser extent amodiaquine, had become the treatment 
of choice for all malaria throughout the world. Pyrimethamine 
was also used in treatment, and chloroquine, pyrimethamine and 
proguanil were used for prophylaxis. Primaquine was given to 
prevent relapses of P. vivax and P. ovale.485 The Cinchona alkaloids 
were little used outside francophone Africa and, with the discon-
tinuation of quinine, blackwater fever became a rarity. This was 
the heyday of the malaria eradication era,486 and with the tremen-
dous successes in Europe and North America and many urban 
areas of the tropics, interest in the development of new antima-
larial drugs waned rapidly. But eradication in the tropics failed, 

and in the 1960s, antimalarial drug resistance emerged as a major 
threat.

Until 2005, most countries relied on chloroquine to treat 
malaria, and when this failed they turned to sulfadoxine-
pyrimethamine (SP). But resistance to chloroquine emerged at 
the end of the 1950s simultaneously in Colombia and the Thai-
Cambodian border and over the next four decades spread across 
the entire tropical world. The expanding tide of antimalarial drug 
resistance, together with the looming confl ict in Vietnam and the 
manifest failure of the global eradication programme prompted 
a massive US army-led research effort to screen and test new 
antimalarial compounds. Most of the compounds developed 
were structurally related to the known quinoline antimalarials. 
Mefl oquine and halofantrine are the result of this effort.487 A new 
and more potent 8-aminoquinoline compound (tafenoquine) 
has also been developed by the American army research pro-
gramme in recent years and is now in phase III trials. In the 
1980s, the hydroxynaphthaquinone compound atovaquone (a 
modifi cation of a compound discovered over 50 years ago) was 
combined with proguanil in a single fi xed dose formulation 
(Malarone®) and was registered widely. It is a safe and highly 
effective antimalarial, although atovaquone is very expensive to 
manufacture.

It is the Chinese who have given us the most important anti-
malarial drugs in recent years. Several very promising synthetic 
antimalarial compounds, structurally related to existing drugs, 
have been produced, evaluated, and deployed. These are lumefan-
trine (formerly known as benfl umetol), pyronaridine, piperaquine 
and naphthoquine. All are active against multi-drug resistant 
malaria. By far the most important development in malaria treat-
ment in recent years has been the Chinese rediscovery and devel-
opment of the drugs related to artemisinin (qinghaosu).488–494 
These drugs are structurally unrelated to existing antimalarials. 
They are rapidly and reliably effective and remarkably well toler-
ated and safe. But they were very slow to be adopted. The fi rst 
countries outside China to deploy the artemisinin antimalarials 
were Vietnam, Thailand and Cambodia. In the 1990s in this part 
of South-east Asia, worsening multi-drug resistance in Plasmodium 
falciparum threatened the prospect of untreatable malaria, but 
treatment with artemisinin or its derivatives remained highly effec-
tive. Artemisinin combination treatments (initially artesunate-
mefl oquine) were introduced, and were fi rst deployed nationally 
by Cambodia in 2001. Elsewhere, despite increasing evidence of 
effi cacy and safety, there was initial reluctance to accept these 
drugs, which were signifi cantly more expensive than the failing 
chloroquine and SP. Eventually worsening drug resistance in 
P. falciparum in Africa and the associated rising mortality fi nally 
created suffi cient pressure on international agencies and donors 
to stop supporting the inexpensive but increasingly ineffective 
chloroquine and SP. The evidence in favour of these drugs is now 
overwhelming. There have been more clinical trials on artemisinin 
and its derivatives than any other antimalarial drugs. Artemisinin 
derivatives are used in parenteral or rectal formulations for severe 
disease and in combination with other antimalarial drugs for 
uncomplicated malaria. Artemisinin-based combination treat-
ments (ACTs) are better than other antimalarials, and in 2006 
were recommended by the World Health Organization antima-
larial treatment guidelines as fi rst-line treatment for all falciparum 
malaria in malaria endemic areas.
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Between the 1960s and the 1990s, there was very little research 
on new antimalarial drugs by the international pharmaceutical 
industry. In recent years, increased international funding and the 
formation of public–private partnerships have led to a resurgence 
of research and development. There is now the ‘healthiest’ pipe-
line for developing antimalarials in living memory and over 15 
new antimalarials are in various stages of development. The main 
concern is that most of these work on known targets and therefore 
may fall to common resistance mechanisms. New drugs for new 
parasite targets are needed.

Antimalarial drug resistance

In the last two decades of the twentieth century, the global death 
toll from malaria rose, while the mortality from other infectious 
diseases (with the notable exception of HIV-AIDS) generally fell. 
This was attributed directly to drug resistance. Plasmodium falci-
parum had developed resistance to all classes of antimalarial drugs 
with the general exception of the artemisinin derivatives.495–500 
Reduced in vitro susceptibility to artemether has been reported in 
French Guyana, but not elsewhere.501

The other human malarias are generally more sensitive to anti-
malarial drugs than P. falciparum, although resistance of P. vivax 
to antifols is widespread. Signifi cant chloroquine resistance has 
now developed in Plasmodium vivax in Oceania, the island of New 
Guinea, parts of Indonesia, and to a lesser degree in several other 
diverse locations.502–504 Quinine resistance in P. falciparum was fi rst 
reported from Brazil in 1910,505 but has never been high grade, 
and has not compromised use of the drug. Within years of the 
introduction of the antifols proguanil and pyrimethamine, resis-
tance was noted in both P. falciparum and P. vivax, which certainly 
did compromise use of these drugs, but antimalarial resistance 
was not treated seriously until chloroquine resistance in P. falci-
parum developed almost simultaneously in South-east Asia and 
South America at the end of the 1950s. The selection of resistance 
may have resulted from the misguided use of chloroquine (and 
pyrimethamine) impregnated salt in an attempt to control malaria 
by mass prophylaxis.506 During the 1970s chloroquine resistance 
in P. falciparum spread from South-east Asia and South America, 
and fuelled the resurgence of falciparum malaria in the tropics. By 
the early 1980s, chloroquine was no longer effective in many 
countries, and the fi rst ominous reports of resistance from the east 
coast of Africa appeared. Since then chloroquine resistance spread 
remorselessly across Africa,507 and today few countries in the 
tropics (such as those north of the Panama canal) are unaffected. 
Pyrimethamine resistance has also worsened rapidly, and the syn-
ergistic combination with sulphonamides (SP; sulphadoxine-
pyrimethamine) is no longer effective in much of East Asia, 
Southern and Central Africa and South America. The importance 
of transcontinental spread of resistance in P. falciparum has been 
highlighted by recent molecular epidemiological studies which 
confi rm that both the chloroquine resistance and the SP resistance 
that have wreaked such havoc in Africa, originated in South-east 
Asia.508

South-east Asia, and in particular the Thai-Cambodian border 
have traditionally had the world’s most drug resistant malaria 
parasites and events there have acted as harbingers of the devel-
opment of resistance elsewhere. Chloroquine resistance spread 

throughout the region in the 1960s and 1970s, and SP fell rapidly 
to resistance in the early 1980s. In 1984 mefl oquine replaced 
quinine as the treatment of choice for falciparum malaria in 
Thailand. This was the fi rst country in which mefl oquine was used 
widely. It was introduced in combination with sulphadoxine and 
pyrimethamine in order to delay the onset of resistance. However, 
since 1988 mefl oquine resistance developed rapidly in 
Thailand120,508 and adjacent Cambodia and western Burma, and 
later in Vietnam, while sensitivity to quinine declined very gradu-
ally. By 1994, high level mefl oquine resistance had developed in 
some areas with early treatment failures in 10% of cases. On the 
North-western border of Thailand, the combination of artesunate, 
given for 3 days, and high dose mefl oquine (25 mg/kg) was intro-
duced.509 Despite the fact that P. falciparum there was already mefl o-
quine resistant, this proved remarkably effective. In the subsequent 
14 years cure rates have remained over 90%. Following deploy-
ment of the ACT there was an improvement of mefl oquine sensitiv-
ity and500,510–512 and a marked decline in the incidence of falciparum 
malaria. These results from the Thai-Burmese border, the dramatic 
declines in malaria mortality associated with artemisinin deploy-
ment in Vietnam,513 and the combination of ACT deployment and 
improved vector control in KwaZulu Natal514 led to a global initia-
tive to evaluate antimalarial drug combinations based on the 
artemisinin derivatives. These combinations have proved safe and 
effective, and where they have been extensively deployed have 
usually resulted in a reduction in malaria. It is now widely accepted 
that ACTs should replace existing monotherapies for the treatment 
of malaria with the objective of ensuring sustained effi cacy and 
preventing the emergence of resistance to the artemisinin deriva-
tives. As ACTs are now central to all malaria control efforts, their 
loss to resistance would be a disaster. The recent observations of 
slow parasite clearance times following artemisinin treatment from 
the Thai-Cambodian border are therefore very worrying. This may 
refl ect the development of tolerance to this essential class of anti-
malarial drugs. There is natural concern that antimalarial drug 
resistance could spread once again from this region.478

Antimalarial treatment

In general, the antimalarial drugs are more toxic than antibacteri-
als, i.e. the therapeutic ratio is narrower, but serious adverse effects 
are rare. The available antimalarials fall into three broad groups: 
the aryl aminoalcohol (quinoline-related or quinoline-like) com-
pounds (quinine, quinidine, chloroquine, amodiaquine, mefl o-
quine, halofantrine, lumefantrine, piperaquine, pyronaridine, 
primaquine, tafenoquine); the antifols (pyrimethamine, progua-
nil, chlorproguanil, trimethoprim); and the artemisinin com-
pounds (artemisinin, dihydroartemisinin, artemether, artemotil, 
artesunate). Of these, the artemisinin drugs have the broadest time 
window of action on the asexual malarial parasites, from young 
rings to early schizonts. This explains why they produce the most 
rapid therapeutic responses.515,516 Rapid parasite clearance follow-
ing artemisinin treatment refl ects killing and removal of ring stage 
parasites. Several antibacterial drugs also have antiplasmodial 
activity, although in general their action is slow, and they are used 
in combination with the antimalarial drugs. Those used are the 
sulphonamides and sulphones, tetracyclines, clindamycin, macro-
lides, and inadvertently, chloramphenicol. Fosmidomycin is an 
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active antimalarial antibiotic under investigation. Signifi cant resis-
tance has been reported to the sulphonamides but not the other 
classes of antibiotics (although macrolide resistance is readily 
induced in the laboratory). Drugs which are active against sensi-
tive P. falciparum are also active against the other three malaria 
species.

Antimalarial pharmacodynamics

The principal effect of antimalarial drugs in the treatment of 
uncomplicated malaria is to inhibit parasite multiplication (by 
stopping parasite development). The untreated infection can mul-
tiply at a maximum rate given by the average number of viable 
merozoites per mature schizont (100% effi ciency).517 In non-
immunes multiplication is often relatively effi cient with multipli-
cation rates of 6–20/cycle (30–90% effi ciency). Antimalarials 
exerting their maximum effects (Emax) will convert this to a nega-
tive fi gure from −10 to −10 000, thus reducing parasite numbers 
by between 10- and 10 000-fold per cycle. Emax denotes the 
maximum effect, which is the effect represented at the top of the 
sigmoid dose-response or concentration-effect relationship. Drugs 
differ in their Emax; for example the artemisinins often produce a 
10 000-fold reduction in parasite numbers per asexual cycle, 
whereas antimalarial antibiotics such as tetracycline or clindamy-
cin may achieve only at most a 10-fold parasite reduction per cycle 
(Figure 73.21).517 The lowest blood or plasma concentration of 
antimalarial drug which results in Emax can be considered a 
minimum parasiticidal concentration or MPC. Parasite reduction 
appears to be a fi rst order process throughout.518 This means that 
provided that the MPC is exceeded then a fi xed fraction of the 
population is removed each successive asexual cycle. Patients with 
acute malaria may have up to 1012 parasites in the circulation. 
Even with killing rates per cycle of 99.99%, it will take at least 
three life cycles (6 days) to eradicate all the parasites. Thus, anti-
malarial treatment must usually provide therapeutic drug concen-
trations for 7 days (covering four cycles) to affect a cure.517,519 For 
rapidly eliminated drugs, this means the course of treatment must 

be 7 days. Treatment responses are always better in patients with 
some immunity.520 In endemic areas, this means that the worst 
treatment results are seen in young children.

In the treatment of severe malaria, the antimalarial drug activ-
ity on the different stages is also important as the object of treat-
ment is to stop parasite maturation, particularly from the less 
pathogenic circulating ring forms to the more pathogenic cytad-
herent stages. The drugs used for the treatment of malaria all act 
predominantly in the middle third of the life cycle when there is 
the greatest increase in parasite synthetic and metabolic activ-
ity.521,522 The antifols act a little later, but none of the drugs will 
prevent rupture and reinvasion once the meront (schizont) has 
formed (the widely used term schizontocidal is therefore incor-
rect). Young rings are also relatively drug resistant (particularly to 
quinine and pyrimethamine). The artemisinin compounds have 
the broadest time window of antimalarial action, and the most 
rapid in vivo activity.516,517 These compounds, and to a lesser 
extent chloroquine, prevent maturation of ring stages inducing 
accelerated clearance and reducing subsequent cytoadherence 
(whereas quinine does not).521,522 The life-saving benefi t of artesu-
nate over quinine in severe malaria results largely from the 
additional killing of circulating ring stage parasites which are 
thereby prevented from maturing and sequestering. Quinine does 
not do this.

Mode of action and mechanisms of resistance

Resistance means that there is a shift to the right in the dose-
response (concentration-effect) relationship. Higher concentra-
tions of drug are required to achieve parasite killing. The shape 
of the relationship may also change and the maximum effect be 
lowered.

Antifols and sulphas

Pyrimethamine and the antimalarial biguanides interfere with 
folic acid synthesis in the parasite by inhibiting the bifunctional 
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Figure 73.21 Pharmacodynamics. The effects of 
different rates of parasite killing on the elimination 
of the malaria infection. The individual parasite 
biomass is given on the vertical axis. 1012 parasites 
corresponds to about 2% parasitaemia in an adult 
who is not anaemic. The artemisinin derivatives 
achieve the highest parasite reduction ratios (PRR: 
104 per asexual cycle) and eradicate the infection 
in 6–8 days. Most of the other antimalarials 
achieve PRR values of 102 to 103 per cycle. The 
antimalarial antibiotics alone (e.g. doxycycline) 
have PRR values of approximately 10 and take 
3 weeks to cure malaria if used alone (which 
they should not be!).
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enzyme dihydrofolate reductase – thymidylate synthase (DHFR). 
Sulphonamides act at the previous step in the synthetic pathway 
by inhibiting dihydropteroate synthase (DHPS). There is marked 
synergy in antimalarial activity between the two classes of 
compounds. Resistance to proguanil and pyrimethamine in P. 
falciparum and P. vivax were reported within a few years of their 
introduction as monotherapies.523,524 DHFR resistance is associ-
ated with point mutations in the DHFR gene which lead to reduced 
affi nity (100–1000 times less) of the enzyme complex for the 
drug.524–529 The fi rst mutation is usually at position 108 of PfDHFR 
(serine to asparagine) and the corresponding position 117 of 
PvDHFR. This has little clinical relevance initially, but then in P. 
falciparum, mutations arise at positions N51I and C59R conferring 
increasing levels of in-vivo resistance to pyrimethamine. Infections 
with triple mutants are relatively resistant but some therapeutic 
response is usually seen. The stage is then set for the acquisition 
of a fourth, and devastating mutation at position 164 (isoleucine 
to leucine).527 In Plasmodium vivax a similar sequence of events 
occurs with sequential acquisition of mutations in PvDHFR con-
ferring increasing antifol resistance.528 The I164 L mutation renders 
the available antifols completely ineffective against Plasmodium 
falciparum malaria. This mutation is prevalent in parts of South-
east Asia530 and South America, and sadly has recently emerged in 
East Africa.531 Interestingly, mutations conferring moderate pyri-
methamine resistance do not necessarily confer cycloguanil resis-
tance, and vice versa.532,533 For example, mutations at position 16 
(alanine to valine) plus serine to threonine at 108 confer high level 
resistance to cycloguanil but not pyrimethamine.5 In general, the 
biguanides (cycloguanil, chlorcycloguanil) are more active than 
pyrimethamine against the resistant mutants (and they are more 
effective clinically too), but they are ineffective against parasites 
with the PfDHFR I164L mutation.

The marked synergy with sulphonamides and sulphones is very 
important for the antimalarial activity of sulpha-pyrimethamine 
or sulphone-biguanide combinations. Sulphonamide and sul-
phone resistance also develops by progressive acquisition of muta-
tions in the gene encoding the target enzyme DHPS534,535 (which 
is a bifunctional protein with the enzyme PPPK). Specifi cally in 
Plasmodium falciparum altered amino acid residues associated with 
reduced antifol susceptibility have been found at positions 436, 
437, 540, 581, and 613 in the DHPS domain. Parasites with DHPS 
mutations nearly always have DHFR mutations as well. The addi-
tion of the 540 to the 437 mutation is associated with particularly 
high failure rates. The 581 and 631 mutations do not occur in 
isolation, but always on top of an initial mutation (usually alanine 
to glycine at 437). Plasmodium falciparum parasites with ‘quintuple 
mutations’ (PfDHFR S108N, N51I , and C59R and PfDHPS A437G, 
K540E ) are now widespread in tropical countries and are associ-
ated with high SP treatment failure rates, and poor responses to 
the artesunate-SP combination.536–538

Quinolines and related drugs

The mode of action of the quinoline antimalarials has been a 
source of controversy for years. These drugs are weak bases, and 
they concentrate in the acid food vacuole of the parasite,539 
but this in itself does not explain their antimalarial activity.540 
Chloroquine intercalates DNA, but only at concentrations (1–
2 mmol/L) much higher than required to kill parasites (10–

20 nmol/L). Chloroquine binds to ferriprotoporphyrin IX, a 
product of haemoglobin degradation,541 and thereby chemically 
inhibits haem dimerization. This is an essential defence mecha-
nism for the parasite to detoxify haem, and inhibition of this 
process provides a plausible explanation for the selective antima-
larial action of these drugs.542 Chloroquine also competitively 
inhibits glutathione mediated haem degradation, another parasite 
detoxifi cation pathway.540 Chloroquine resistance is associated 
with reduced concentrations of drug in the acid food or digestive 
vacuole. Both reduced infl ux and increased effl ux have been impli-
cated.542 The resistant parasites lose chloroquine from the digestive 
vacuole 40–50 times faster than drug-sensitive parasites. This effl ux 
mechanism is similar to that found in multi-drug resistant (MDR) 
mammalian tumour cells. The fi rst effl ux mechanism to be char-
acterized was the ATP-requiring transmembrane pump, P. glycopro-
tein. Genes encoding these MDR proteins have been identifi ed in 
P. falciparum (PfMDR1). These unmutated MDR genes are found 
in increased copy numbers in most quinine and mefl oquine resis-
tant parasites, and point mutations (notably asparagine to tyrosine 
at position 86) are associated with chloroquine resistance.543 
Amplifi cation of PfMDR is the main contributor to mefl oquine 
resistance.544,545 Transfection studies confi rm a role for PfMDR in 
mediating resistance to chloroquine and mefl oquine.546,547 But the 
critical discovery has been the association of point mutations in 
CRT (a food vacuolar membrane protein thought to have a trans-
porter function), with chloroquine resistance.547–550 The central 
role of a PfCRT mutation resulting in a change in coding from 
lysine to threonine at position 76 gene in mediating chloroquine 
resistance has been shown unequivocally in the laboratory by 
transfection studies and in epidemiological studies where thera-
peutic responses are predicted by this single polymorphism.549,550 
In several regions where chloroquine resistance was prevalent, a 
reversion to wild type PfCRT in parasite populations has been 
associated with a return of chloroquine susceptibility.551 This sug-
gests that PfCRT mutation is associated with a fi tness cost to the 
parasite. PfCRT also may play an important role in amodiaquine 
and quinine resistance.547 From an epidemiological standpoint 
multiple unlinked mutations probably contribute to chloroquine 
resistance, modifying the central role of CRT. It is likely that other 
contributors to quinoline resistance remain to be discovered. 
Mutations in CRT do not explain chloroquine resistance in Plas-
modium vivax. The Y976F mutation in Pvmdr1 has been associated 
with chloroquine resistance,552 and PvMDR amplifi cation with 
mefl oquine resistance in P. vivax.

The chloroquine effl ux mechanism in resistant parasites can be 
inhibited by a number of structurally unrelated drugs: calcium 
channel blockers, tricyclic antidepressants, phenothiazines, cypro-
heptadine, antihistamines, etc. whereas mefl oquine resistance is 
reversed by penfl uridol which does not reduce chloroquine 
effl ux.553,554 This gave hope that chloroquine resistance might be 
reversed in clinical practice. Initial evaluations were uniformly 
disappointing, but studies in Nigerian children given chloroquine 
together with very high doses of chlorpheniramine, did indicate 
signifi cantly improved effi cacy against chloroquine resistant falci-
parum malaria.555 In general antimalarial drug resistance to mefl o-
quine, quinine, lumefantrine, and halofantrine is linked. Within 
a particular geographical area there is a reciprocal relationship; 
increasing mefl oquine resistance is associated with increasing 
susceptibility to chloroquine.556,557
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Atovaquone

Atovaquone interferes with parasite mitochondrial electron trans-
port, and it also depolarizes the parasite mitochondria thereby 
blocking cellular respiration.558 High levels of resistance result 
from single point mutations in the gene encoding cytochrome 
b.559 This is one of three genes is encoded in the 6 kb extrachro-
mosomal mitochondrial DNA. Resistance mutations arise fre-
quently in vitro and in vivo (Figure 73.22).

Artemisinin and derivatives

The mechanism of action of the artemisinin drugs remains a 
subject of considerable debate. Initially it was thought to involve 
generation of carbon centred free radicals which alkylate critical 
proteins.560,561 Parasiticidal activity is certainly dependent on the 
integrity of the peroxide bridge. However, artemisinin has recently 
been shown to be a potent inhibitor of a sarcoplasmic endoplas-
mic reticulum calcium transporting ATPase (PfATPase6) and it has 
been proposed that this is the target.562,563 But the synthetic per-
oxide RBX11160 (OZ 277), which has similar pharmacodynamic 
properties to the artemisinins, is only a very weak inhibitor of 
PfATPase6, so clearly other mechanisms of action are involved 
too.564 In general multi-drug resistant parasites are more resistant 
to artemisinin derivatives, and moderate reduction in susceptibil-
ity can be induced experimentally. The parasites associated with 
slow parasite clearance from the Thai-Cambodian border are not 
particularly resistant in vitro using conventional tests, and do not 
contain consistent mutations in the gene encoding PfATPase6.

The emergence and spread of antimalarial 
drug resistance

Antimalarial drug resistance is a major threat to health in the 
tropics. The development of resistance can be divided into two 
phases; the relatively rare event giving rise to resistance denovo, 
and the subsequent spread of resistance among the parasite 

population(s). Malaria parasites do not acquire resistance genes 
by lateral transfer from other parasites. Resistance arises from 
spontaneous point mutations in the genome or gene duplications, 
which are independent of drug selection pressure.565 Once formed, 
these more resistant mutants have a survival advantage in the pres-
ence of antimalarial drugs.566,567 Several factors encourage the 
development of resistance. These are the intrinsic frequency with 
which the genetic changes occur, the degree of resistance conferred 
by the genetic change (pharmacodynamics), the proportion of all 
transmissible infections which are exposed to the drug, the drug 
concentration profi les (pharmacokinetics), the patterns of drug 
use, and the immunity profi les of the community.568 Resistant 
parasites will be selected when parasites are exposed to subthera-
peutic drug concentrations (i.e. concentrations which would erad-
icate most sensitive infections but not infections with the resistant 
mutants). Thus non-immune patients infected with large numbers 
of parasites who receive inadequate treatment (because of poor 
drug quality, adherence, vomiting of an oral treatment, etc.) are a 
potent source of denovo resistance. This emphasises the impor-
tance of correct prescribing, and good adherence to prescribed 
drug regimens, particularly in patients with heavy parasite burdens, 
in reducing the denovo emergence of resistance. The emergence of 
resistance is slower in high transmission areas, because back-
ground immunity eliminates the majority of infections and so 
clears resistant mutants and thereby stops them being transmitted. 
The spread of resistant mutant parasites is facilitated by the use of 
drugs with long elimination phases which provide a ‘selective 
fi lter’, allowing infection by the resistant parasites, while the resid-
ual antimalarial activity prevents infection by sensitive para-
sites.569,570 Slowly eliminated drugs such as mefl oquine (T1/2 β 2–3 
weeks) or chloroquine (T1/2 β 2 months) persist in blood and 
provide such a selective fi lter for months after drug administration 
(Figure 73.23). The selection pressure can be enormous. In Africa 
approximately 250 000 kg or 170 × 106 adult treatment doses of 
chloroquine were consumed annually. Thus in many parts of the 
continent the majority of the population had chloroquine in the 
blood at any time.
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Prevention of resistance using combinations of 
antimalarial drugs

The emergence of resistance can be prevented by the use of com-
binations of drugs with different mechanisms of action, and 
therefore different drug targets.565,568,571,572 The same rationale 
underlies the current treatment of tuberculosis, leprosy, HIV infec-
tions and many cancers. If two drugs are used, which do not share 
a common mode of action and therefore the parasite has to 
develop different mechanisms of resistance to them, then the ‘per 
parasite probability’ of developing resistance to both drugs is the 
product of their individual per parasite probabilities. For example 
if the per parasite probability of developing resistance to drug A 
and drug B are both 1 in 1012, then a simultaneously resistant 
mutant will arise spontaneously every 1 in 1024 parasites. As there 
are approximately 1017 malaria parasites in the entire world, and 
a cumulative total of less than 1020 in 1 year, such a simultaneously 

resistant parasite would arise roughly once every 10 000 years – if 
the drugs always confronted the parasites in combination (Figure 
73.24). Thus the lower the denovo probability per parasite of 
developing resistance, the greater the delay in the emergence of 
resistance. However, this powerful approach has several limita-
tions. If not everyone receives the combination, and some patients 
only receive one of the components, then resistance can arise 
(emphasizing the importance of achieving high coverage when 
these drugs are deployed). Mutual protection works only if both 
drugs are always present together, but in current ACTs there is a 
considerable pharmacokinetic mismatch, such that the slowly 
eliminated partner drug is present for days or weeks unprotected 
by the artemisinin component. This will enhance the spread of 
resistance. Combinations are also more expensive. But the 
increased cost is outweighed by the longer-term benefi ts. At 
present, there are a number of important, but unanswered, 
practical questions concerning resistance. We do not know the 
relative importance of all the factors which contribute, and there-
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fore the optimum strategy to prevent resistance. On the other 
hand, fi nding these out will take decades. The most promising 
approach is the systematic deployment everywhere of affordable 
(i.e. subsidized) effective ACTs (Figure 73.25).573

Quinine

Quinine is a bitter powder obtained from the bark of the Cin-
chona tree. It is widely used as a fl avouring (tonic water, bitter 
lemon) and it is an effective treatment for night cramps, as well 
as for malaria. Contrary to widespread belief, quinine is not anti-
pyretic. Quinine is usually formulated as the dihydrochloride salt 
for parenteral administration, and as the sulphate, bisulphate, 
dihydrochloride, ethylcarbonate, hydrochloride or hydrobromide 
salts for oral administration. Unlike the other antimalarials, and 
somewhat confusingly, quinine doses are usually prescribed as 
weights of salt rather than base (the different salts have different 
base contents) (Table 73.8). Quinine acts principally on the 
mature trophozoite stage of parasite development. It does not 
prevent sequestration or further development of formed meronts 
and does not kill the pre-erythrocytic or sexual stages of P. falci-
parum.

Pharmacokinetics

Quinine is well absorbed after oral or intramuscular administra-
tion both in adults and children.573–577 Peak levels are usually 
reached within 4 h (more rapidly if the intramuscular injections 
are diluted) (Figure 73.26). In acute malaria the total apparent 
volume of distribution (Vd) is contracted and systemic clearance 
reduced in proportion to disease severity.578–580 As a result blood 
concentrations are higher in uncomplicated malaria than in 
healthy subjects, and highest in severe malaria.579 The elimination 
half-life of quinine is approximately 18–20 h in cerebral malaria, 
16 h in uncomplicated malaria and 11 h in health.574,579,580 In 
children and pregnant women the apparent volume of distribu-
tion is relatively smaller and elimination is more rapid.575–578,581–583 
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Figure 73.25 Artemisinin combination 
treatment. The effects of adding a three-day 
course of artesunate to high-dose (25 mg/kg) 
mefl oquine on malaria parasite killing in an area of 
pre-existing mefl oquine resistance (e.g. in 
Thailand). Without the artesunate, the 
parasitaemia declines 100-fold per asexual cycle, 
and is eliminated fi nally in 3 weeks (A; large 
triangle). If artesunate is added for 3 days, 
covering two asexual cycles, then the parasite 
biomass is reduced 108-fold leaving a tail of a 
maximum of only 105 parasites remaining (and 
usually much fewer) for the high concentrations of 
mefl oquine to remove (B; fi rst small triangle). This 
offers a hundred million-fold lower opportunity of 
selecting a resistant parasite. Note that without 
artesunate the corresponding number of parasites 
(B1; second small triangle) ‘see’ much lower 
concentrations of mefl oquine (from x to y, 
compared with m to n) and have therefore an 
increased risk of recrudescing subsequently.

Table 73.8 Antimalarial drugs: salt–base equivalents

Salt (mg) Base (mg)
Chloroquine sulphate 204 150

Chloroquine diphosphate 242 150

Chloroquine hydrochloride 184 150

Amodiaquine dihydrochloride 261 200

Mefl oquine hydrochloride 274 250

Piperaquine phosphate 320 –

Quinine sulphate 363 300

Quinine bisulphate 508 300

Quinine hydrochloride 405 300

Quinine dihydrochloride 366 300

Quinine hydrobromide 366 300

Quinine ethylcarbonate 366 300

Quinidine sulphate 217 200

Quinidine bisulphate 234 200

Quinidine gluconate 289 200

Primaquine phosphate  26  15

Traditionally quinine has been prescribed in doses of salt while the other 
quinolines have been prescribed in doses of base.

Malnutrition reduces both Vd and clearance similar to malaria.584 
Quinine is a base and is bound principally to the acute phase 
plasma protein α1-acid glycoprotein.585 Plasma protein binding is 
increased in malaria from approximately 75–80% in healthy sub-
jects to over 90% in severe malaria.586,587 Red cell concentrations 
vary between one-third and one-half of corresponding plasma 
concentrations,588 and concentrations in breast milk and cord 
blood are approximately one-third of those in plasma.582 The 
therapeutic range has not been well defi ned but total plasma 
concentrations of between 8 and 15 mg/L are certainly safe and 
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effective. Toxicity is increasingly likely with plasma concentrations 
over 20 mg/L (free quinine >2 mg/L). Approximately 80% of the 
administered drug is eliminated by hepatic biotransformation, 
principally via CYP 3A4, and also CYP 3A5, and the remaining 
20% is excreted unchanged by the kidney.579 Although systemic 
clearance is reduced in severe malaria, this 80 : 20 proportion is 
preserved. The principal metabolite 3-hydroxyquinine is biologi-
cally active, contributing approximately 10% to antimalarial activ-
ity, but more in renal failure where it accumulates.589,590 The other 
more polar metabolites are either much less active, or inactive as 
antimalarials (Table 73.9).

Toxicity

Minor adverse effects are common with quinine but serious toxic-
ity is remarkably rare in the treatment of malaria. Allergic reactions 
(thrombocytopenia, haemolysis, rash, haemolytic–uraemic syn-
drome) are all rare in malaria treatment. Quinine is extremely 
bitter and therefore unpleasant to take, and regularly produces a 
symptom complex known as ‘cinchonism’. This comprises tinnitus, 
reversible high-tone hearing impairment, nausea, dysphoria and 
often vomiting. As a consequence, compliance with the 7-day 
regimens required for cure is poor. Quinine predictably prolongs 
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depolarization in skeletal and cardiac muscle, and this is the main 
contributor to the prolongation of the QTc interval on the electro-
cardiograph by approximately 10% at therapeutic concentra-
tions.591 The effect is greater in children under 2 years of age.583 This 
can be used as a pharmacodynamic measure of toxicity. These 
antiarrhythmic effects are qualitatively different to the QT prolon-
gation with quinidine, which results mainly from delayed repolar-
ization (JT prolongation), and can, under some circumstances, be 
pro-arrhythmic.592 In quinine treatment of malaria signifi cant con-
duction or repolarization abnormalities are rare and iatrogenic 
dysrhythmias are extremely uncommon. Quinine, like the other 
quinolone antimalarials, exacerbates malaria-induced orthostatic 
hypotension,452 but iatrogenic supine hypotension is rare. 
Blindness, resulting from retinal ganglion cell toxicity, and deaf-
ness are common following self-poisoning,593,594 but rare in malaria 
treatment. Perhaps the most important toxic effect of quinine is its 
stimulatory action on the pancreatic β-cell.324,595 This causes hyper-
insulinaemic hypoglycaemia. It is particularly common in preg-
nant women but may occur in any severely ill patient, particularly 
if intravenous glucose solutions are not given.324,338–340 Contrary to 
popular opinion, quinine does not induce premature labour at 
therapeutic doses. Quinine is rarely associated with a variety of 
allergic reactions, notably immune thrombocytopenia and various 
skin reactions. Pruritus, skin fl ushing, and urticaria are the com-
monest manifestations of quinine hypersensitivity. Other rashes, 
reported rarely, have included photosensitivity, cutaneous vasculi-
tis, lichen planus, and lichenoid photosensitivity. Granulomatous 
hepatitis has been reported occasionally.

Blackwater fever is undoubtedly associated with quinine use, 
but the underlying pathophysiological mechanism is still not 
understood.596 Quinine dihydrochloride solutions are acidic 
(pH~2) and painful if injected intramuscularly. Sciatic palsy may 
follow injection into the buttock. Incorrect or non-sterile admin-
istration of intramuscular quinine is associated with tetanus, and 
this carries a very high mortality.597

Concerns over quinine cardiovascular toxicity in severe malaria 
are generally exaggerated in comparison with the dangers of 
undertreatment, and tend to arise from units in temperate coun-
tries managing occasional elderly travellers with imported malaria. 
Quinine is certainly potentially lethal if given by intravenous 
injection,592 but iatrogenic hypotension is very unusual when 
quinine is given by rate-controlled infusion. Severe malaria is a 
potentially lethal condition. Antimalarial treatment is the only 
intervention proven to reduce mortality. Under-treatment may 
cause death – but physicians usually blame the malaria infection 
in a fatal case, and seldom ascribe death to their use of inadequate 
doses of quinine. However, cardiovascular complications are 
readily ascribed to the treatment rather than the fulminant disease. 
Large studies in endemic countries have confi rmed the safety of 
quinine in severe malaria.598,599 It is essential that patients receiv-
ing this drug achieve therapeutic concentrations of quinine in 
their blood within hours of reaching a treatment facility.600

Use

Parenteral quinine should be given by rate-controlled intravenous 
infusion in either 0.9% saline, 5% or 10% dextrose, or by deep 
intramuscular injection to the anterior thigh. It should never 
be given by intravenous injection (as it causes potentially lethal 

hypotension). The initial doses (mg/kg) in children and pregnant 
women are the same as in non-pregnant adults, although in areas 
with resistant parasites it has been recommended that the dose be 
increased in children to 15 mg salt/kg from day 4 to day 8 to 
prevent recrudescent infection.601 In severe malaria, treatment 
should begin with a loading dose so that therapeutic levels are 
reached as quickly as possible.600 If adequate treatment has been 
given before referral to hospital (i.e. >15 mg/kg in the preceding 
24 h) the loading dose is unnecessary. But if there is any doubt at 
all, or lower doses have been given, then the full loading dose 
should be given. In severe malaria quinine doses should be reduced 
by one-third to one-half after 48 h if there is no clinical improve-
ment, or if there is acute renal failure. This prevents blood concen-
trations accumulating to toxic levels. Intramuscular quinine is 
painful and sclerosant if given undiluted (300 mg/mL). It should 
be diluted in sterile water 1 : 3 to 1 : 5 and given to the anterior 
thigh, never the buttock (to avoid the risk of sciatic nerve damage), 
using strict aseptic technique. Oral quinine is given in a dose of 
10 mg salt/kg three times daily for 7 days (shorter courses are less 
effective) combined with either doxycycline or clindamycin.

Quinidine

Quinidine is the dextrorotatory diastereoisomer of quinine. It is 
intrinsically more active as an antimalarial, but is also signifi cantly 
more cardiotoxic, and cardiovascular effects are common when it 
is used in treatment. There is no role for oral quinidine now in 
malaria, and its use for severe malaria is a last resort if quinine or 
an artemisinin derivative is not available.

Pharmacokinetics

Oral quinidine is well absorbed in malaria.602 The Vd and systemic 
clearance are signifi cantly greater than for quinine,500,603,604 and the 
free fraction in plasma is approximately twice that of quinine. As 
for quinine, quinidine is eliminated mainly by hepatic biotrans-
formation although it is a substrate for CYP 2D6 (which it inhib-
its) as well as CYP 3A4. Systemic clearance and Vd are also reduced 
in malaria in proportion to disease severity (Table 73.9).

Toxicity

Quinidine has a much greater effect on the cardiovascular system, 
approximately equal stimulatory effect on the pancreatic β cell, 
and causes less deafness than quinine. Systemic hypotension and 
myocardial conduction and repolarization abnormalities (widen-
ing of the QRS complex and greater than 25% prolongation of 
the electrocardiographic QTc interval) are much more common 
in patients receiving parenteral quinidine compared with those 
receiving quinine treatment.603–605 Electrocardiographic monitor-
ing is advisable (this is not necessary for quinine). The spectrum 
of adverse effects is otherwise similar to quinine.

Use

Quinidine should be given for the treatment of severe chloro-
quine-resistant falciparum malaria only if quinine or artemisinin 
derivatives are not available. It is more toxic than quinine and 
therefore more diffi cult to use. The usual salt is quinidine gluco-
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nate. It should be given by careful rate-controlled intravenous 
infusion with continuous electrocardiographic monitoring. The 
infusion should be stopped or the rate reduced if the ECG shows 
>25% prolongation of the QTc interval or >50% widening of the 
QRS complex.603 Hypotension usually responds promptly to saline 
loading. There are no data on intramuscular quinidine in malaria. 
Oral quinidine is given in the same doses of base equivalent as 
for quinine, but should only be used if nothing else is available. 
There has been some debate over the correct dose of intravenous 
quinidine in severe malaria,604–608 largely because of the paucity of 
data. The doses of quinidine recommended in Table 73.10 are 
higher than those recommended by some authorities.

Cinchonine and cinchonidine

These naturally methylated natural cinchona alkaloids have no 
advantages over quinine and quinidine, and are no longer indi-
vidually available.

Chloroquine

Chloroquine is a 4-aminoquinoline. It is formulated as sulphate, 
phosphate and hydrochloride salts, and is prescribed in weights of 
base content. Various liquid formulations are available for paediat-
ric use. Chloroquine can be given by intravenous infusion, intra-
muscular or subcutaneous injection, orally, or by suppository. 
Chloroquine acts mainly on the large ring-form and mature tropho-
zoite stages of the parasite. It produces more rapid parasite clearance 
than quinine but slower than artemisinin derivatives. Chloroquine 
is also used in the treatment of hepatic amoebiasis, and for some 
collagen-vascular and granulomatous diseases, notably rheuma-
toid arthritis (where hydroxychloroquine is preferred).

Pharmacokinetics

Chloroquine has complex pharmacokinetic properties with an 
enormous Vd (resulting from extensive tissue binding) and a very 
long elimination phase.609,610 The terminal elimination half-life is 
1–2 months. As a consequence, the blood concentration profi le 
during malaria is determined mainly by distribution rather than 
elimination processes.611,612 Chloroquine is well absorbed by 
mouth613 and is very rapidly absorbed following subcutaneous or 
intramuscular injection, such that absorption may outpace distri-
bution, and transiently toxic concentrations may occur.611,612 To 
circumvent this, intravenous chloroquine is administered by con-
stant-rate infusion, and subcutaneous or intramuscular chloro-
quine given in small (2.5–3.5 mg base/kg) frequent injections. A 
suppository formulation was developed which also had good bio-
availability.614 The pharmacokinetic properties are similar in chil-
dren, adults and pregnant women. Chloroquine is approximately 
55% bound to plasma proteins. The principal metabolite of chlo-
roquine, desethylchloroquine, has approximately equivalent 
antimalarial activity. This is of relevance to prophylactic, but not 
therapeutic effi cacy.

Toxicity

Chloroquine is generally well tolerated.615 Oral chloroquine may 
induce nausea or dysphoria and visual disturbances. Orthostatic 
hypotension may be accentuated. Pruritus is particularly trouble-
some in dark-skinned patients and may be dose limiting.616 Itching 
is described as a widespread prickling sensation mostly affecting 
the palms, soles and scalp which starts within 6–24 h and may 
last for several days. It can be very distressing. Antihistamine treat-
ment is not usually very effective. Very rarely chloroquine may 
cause an acute and self-limiting neuropsychiatric reaction. In pro-

Table 73.10 Antimalarial drug doses in severe malaria

Hospital Health clinic Rural health clinic
Intensive care unit (ICU) No intravenous infusions possible No injection facilities

Artesunatea 2.4 mg/kg stat. by i.v. injection 
followed by 2.4 mg/kg at 12, and 24 h by i.v. 
injection then daily if necessary

Give same doses by i.m injectiona Intrarectal artesunate: 10 mg/kg 
dailyb

Artemether 3.2 mg/kg stat. by i.m. injection 
followed by 1.6 mg/kg daily

As in hospital Artemisinin suppository 20 mg/kg 
at 0 and 4 h then daily.

Quinine dihydrochloride 7 mg salt/kg infused 
over 30 min followed immediately by 10 mg/kg 
over 4 h; or 20 mg salt/kg infused over 4 h. 
Maintenance dose: 10 mg salt/kg infused over 
2–8 h at 8-h intervalsc

Quinine dihydrochloride 20 mg salt/kg diluted 
1 : 2 with sterile water given by split injection 
into both anterior thighs NOT the buttocks. 
Maintenance dose: 10 mg/kg 8-hourly

Quinidine 10 mg base/kg infused over 1–2 h 
followed by 1.2 mg base/kg per hour. 
Electrocardiographic monitoring necessary

a Artesunate is the drug of choice.657 The doses should never be reduced. The data from large studies in South-east Asia showed a 35% reduction in mortality 
compared with quinine.720 Severe malaria in children in high transmission settings has different characteristics, and so trials are ongoing in Africa comparing 
artesunate with quinine to determine whether there is also a survival benefi t in African children. Infusion rates for quinine should be carefully controlled. Infusions can 
be given in 0.9% saline, 5% or 10% dextrose/water. Oral treatment should start as soon as the patient can swallow reliably enough to complete a full course of 
treatment. A full course of artemisinin combination treatment should be given.
b There are several rectal formulations of artemisinin and its derivatives. The most extensively evaluated are artesunate in a gel-fi lled capsule and conventional wax 
suppositories of artemisinin. If available intrarectal artesunate is the formulation of choice.
c If there is no signifi cant clinical improvement by 48 hours, or the patient is in acute renal failure, the dose of quinine should be reduced by one third to one half.
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phylaxis cumulative doses over 100 g (>5 years prophylaxis) are 
associated with an increased risk of retinopathy.617 Retinal signs 
include a pale optic disc, arteriolar narrowing, peripheral retinal 
depigmentation, macular oedema, retinal granularity and oedema, 
and retinal pigmentary changes consisting of a circle of pigmenta-
tion and central pallor; the so called ‘doughnut’ or ‘bull’s eye’ 
macula. Reversible corneal opacities can be seen in 30–70% of 
rheumatology patients within a few weeks of high dose treatment. 
Half are asymptomatic but others may complain of photophobia, 
visual halos around lights, and blurred vision. Residents on long-
term chloroquine prophylaxis should probably have regular oph-
thalmological checks after taking the drug for 5 years, or if they 
experience any visual loss.618 Myopathy is rare at the doses used 
in antimalarial prophylaxis. Less common cutaneous side-effects 
include lightening of skin colour, various rashes (photoallergic 
dermatitis, exacerbation of psoriasis, bullous pemphigoid, exfo-
liative dermatitis, pustular rash), skin depigmentation (with long-
term use), and hair loss.615 Parenteral chloroquine may cause 
hypotension if administered too rapidly or a large dose (>3.5 mg 
base/kg) is given by intramuscular or subcutaneous injection. In 
self-poisoning, chloroquine produces hypotension, arrhythmias, 
and coma, and is commonly lethal.619 It has been suggested that 
diazepam is a specifi c antidote, but recent studies do not support 
a specifi c role for this drug above good haemodynamic and ven-
tilatory support.620

Use

Chloroquine is still the drug of choice for sensitive malaria para-
sites. It is therefore used widely for P. vivax, P. malariae and 
P. ovale, and it is effective in P.knowlesi infections, but except in a 
very few areas, it has been replaced for P. falciparum treatment. 
The time-honoured oral chloroquine regimen of 25 mg base/kg 
spread over 3 days (10, 10, 5 or 10, 5, 5, 5 mg/kg at 24-h intervals) 
can be condensed into 36 h of drug administration.621 The role of 
parental chloroquine has diminished considerably because of 
widespread resistance. Intravenous chloroquine should only be 
used if the infusion rate can be monitored carefully, otherwise 
intramuscular or subcutaneous administration is safer. Chloro-
quine is considered safe in pregnancy and in young children.

Amodiaquine

Amodiaquine is a ‘Mannich base’ 4-aminoquinoline with a similar 
mode of action to chloroquine. It is more active against resistant 
isolates of P. falciparum, and is combined with artesunate as an 
ACT. Amodiaquine is still effective against falciparum malaria in 
parts of South America, Western and Central Africa, and a few 
parts of Asia, but resistance is increasing. Despite being used for 
nearly 60 years, there is still little information on the pharmacol-
ogy of amodiaquine. The newly developed fi xed dose co-formula-
tion is given as artesunate-amodiaquine 4/10 mg/kg daily for 3 
days.

Pharmacokinetics

Oral amodiaquine undergoes extensive fi rst-pass metabolism by 
intestinal and hepatic CYP 2C8 to the biologically active metabo-
lite desethylamodiaquine.622–624 This enzyme is polymorphic, and 

is inhibited by several antiretroviral drugs, which suggests that 
there might be signifi cant drug interactions.625,626 The metabolite 
exerts the principal antimalarial activity. The parent compound 
has an elimination half-life of approximately 10 h623 but, deseth-
ylamodiaquine, like chloroquine is extensively distributed, and 
eliminated slowly with an estimated terminal half-life of about 11 
days.627 There are no parenteral formulations commercially avail-
able, although a structurally similar compound, amopyraquine, is 
available for intramuscular administration in some countries.

Toxicity

Prophylactic use of amodiaquine is associated with an unaccept-
ably high incidence of serious toxicity. Approximately 1 in 2000 
people taking the drug regularly for prophylaxis develop agranu-
locytosis.628 Serious hepatotoxicity also occurred at an estimated 
rate of 1 : 15 000. Agranulocytosis results from bioactivation to a 
reactive quinoneimine metabolite.629 Simple modifi cations to the 
chemical structure prevent formation of this metabolite and, in 
theory, produce a much safer compound.630 The incidence of these 
serious reactions is lower when amodiaquine is used in treatment, 
although precise estimates of the risk are still lacking.630 Data on 
amodiaquine related side-effects are still few by comparison with 
other widely used antimalarials. Unusual fatigue has been prom-
inent in some series. Case reports in the literature have docu-
mented rare neurological problems such as protruding tongue, 
intention tremor, excess salivation, and dysarthria in four African 
patients following amodiaquine treatment.631 In two patients, 
these signs occurred on re-exposure to the drug. There is one case 
report of amodiaquine use over 1 year resulting in yellow pigmen-
tation of skin and mucosae, the development of corneal and 
conjunctival inclusion bodies, and retinopathy. Minor adverse 
effects are similar to those of chloroquine, although pruritus is 
less of a problem, and although it still has an unpleasant taste, 
children fi nd the drug more palatable. Upper gastrointestinal 
adverse effects are relatively commonly reported.

Mepacrine (quinacrine)

Mepacrine is structurally similar to chloroquine. It has the same 
side chain, but is an acridine instead of a quinoline. It is more 
toxic and less effective than chloroquine. It should not be used as 
an antimalarial.

Mefl oquine

Mefl oquine is a fl uorinated 4-quinoline methanol compound 
used for the treatment of multi-drug resistant falciparum malaria. 
It has two asymmetric carbon atoms and is used clinically as a 
50 : 50 racemic mixture of the erythroisomers. These have equal 
antimalarial activity but very different pharmacokinetic proper-
ties.632–635 The parasiticidal action is similar to that of quinine. 
Mefl oquine is very insoluble in water. It is available as tablets, 
which should be kept dry. There are no parenteral or paediatric 
liquid formulations. A fi xed dose co-formulation with artesunate 
in a 2 : 1 ratio has just been developed.632 Mefl oquine has been 
combined with pyrimethamine and sulphadoxine, but this com-
bination preparation offers no advantage over mefl oquine alone, 
and carries the potential for severe sulphonamide toxicity.
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effects.632,641 Blood concentrations are higher in malaria than in 
healthy subjects and are reduced in diarrhoea (probably by 
interruption of enterohepatic recycling). Mefl oquine clearance is 
increased in pregnancy.642 The pharmacokinetics in adults and 
children are similar.637 Co-administration with artesunate results 
in a more rapid recovery from malaria which enhances the oral 
bioavailability of the second (and third) doses. Although blood 
concentrations are higher with split dosing, early vomiting is 
reduced. The new fi xed dose co-formulation is given as artesunate-
mefl oquine 4/8 mg/kg daily for 3 days (Table 73.11).

Toxicity

Nausea, vomiting, dizziness, weakness, sleep disturbances and 
dysphoria are relatively common with mefl oquine.615,643 Although 
children are more likely to vomit immediately after receiving 
mefl oquine, and this was a signifi cant problem when the drug 
was used alone, they otherwise tolerate the drug better than 
adults.615,643–645 Women, in particular, commonly complain of diz-
ziness and dysphoria for up to 4 days after receiving mefl oquine 
treatment.646 Mefl oquine exacerbates malarial orthostatic hypoten-
sion. The main serious adverse effect of mefl oquine is the develop-
ment of acute but self-limiting neuropsychiatric reactions 
(convulsions, psychosis, encephalopathy).647 The incidence of 
these is approximately 1 : 10 000 when it is used as a prophylactic, 
but is higher with treatment (1 : 1000 in Asian patients, 1 : 200 in 
Caucasians or Africans) and 1 : 20 following severe malaria.648–652 
For these reasons, mefl oquine should not be given following severe 
malaria. In one large study from Thailand, mefl oquine treatment 
in pregnancy was associated with a four-fold increased risk of still-
birth, although this effect was not seen in women exposed before 
conception (who would have had residual drug levels during early 
fetal organogenesis).653 This effect was not seen in the other large 
study experience with mefl oquine in pregnancy in Malawi.654

Use

Mefl oquine is used for the oral treatment of uncomplicated multi-
drug resistant falciparum malaria. It is given in combination with 
artesunate 4 mg/kg per day for 3 days. The usual dose is 25 mg 
base/kg and should be split (15 mg/kg stat. followed by 10 mg/kg 
8–24 h later, or preferably given in a fi xed dose combination at 
8 mg/kg per day for 3 days).655 A single dose of 15 mg base/kg 
alone was widely used in semi-immune patients, but there is 
theoretical evidence that this leads more rapidly to resistance,656 
and it is no longer recommended.657 If the patient vomits, the dose 
should be repeated (full dose if vomiting within 30 min, half dose 
30–60 min, no further dose if after 1 h). Mefl oquine is used for 
antimalarial prophylaxis at a dose of approximately 4 mg base/kg 
once weekly for both adults and children.

Halofantrine

Halofantrine is a 9-phenanthrene methanol. It has one asymmet-
ric carbon atom and is used as a racemate. The enantiomers have 
equal antimalarial activity. Halofantrine is intrinsically more 
potent than quinine or mefl oquine but, unfortunately, it is associ-
ated with rare but potentially lethal ventricular tachycardias which 
have rightly curtailed its use. It is available as tablets and a suspen-

A
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C

Figure 73.27 Plasma concentration time profi les following 
treatment doses of (A) chloroquine, (B) mefl oquine, and 
(C) pyrimethamine.

Pharmacokinetics

Mefl oquine is moderately well absorbed, extensively distributed, 
and slowly eliminated.633–641 It is highly (>98%) bound to plasma 
proteins. Mefl oquine is cleared principally by hepatic biotransfor-
mation to inactive metabolites. The apparent volume of distribu-
tion and clearance of the (+)RS enantiomer is four to six times 
higher than for the (−)SR enantiomer.635,636 The overall terminal 
elimination half-life is approximately 3 weeks in healthy subjects 
and 2 weeks in malaria (Figure 73.27). The absorption of mefl o-
quine is reduced in the acute phase of illness and bioavailability 
of the higher 25 mg/kg dose is improved by dividing it (e.g. giving 
15 mg/kg initially and 10 mg/kg 8–24 h later, or 8 mg/kg per day 
for 3 days) or in combination with artesunate, by delaying mefl o-
quine administration until the second day of treatment.639,640 
Splitting the dose also reduces the incidence of acute adverse 
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sion for paediatric use. As there are several much safer alternatives, 
halofantrine should be withdrawn.

Pharmacokinetics

Halofantrine is poorly and erratically absorbed. Furthermore, 
absorption appears to be ‘saturable’, i.e. with individual doses over 
8 mg/kg no increment in blood concentrations occurs. Absorption 
is increased markedly by co-administration with fats.658 Halofan-
trine is extensively distributed and cleared largely by hepatic bio-
transformation. It is bound principally to lipoproteins in the 
plasma. The terminal elimination half-life is about 1–3 days in 
healthy subjects and approximately 4 days in patients with 
malaria.659 There is signifi cant fi rst-pass metabolism to a biologi-
cally active desbutyl metabolite. This is eliminated more slowly 
(T1/2 3–7 days) than the parent compound and undoubtedly con-
tributes signifi cantly to antimalarial activity (and cardiotoxicity) 
(Table 73.9).

Toxicity

Halofantrine is very well tolerated subjectively,660 but it carries a 
signifi cant risk of sudden death, presumably resulting from ven-
tricular tachyarrhythmias.661–664 Halofantrine slows atrioventricu-
lar conduction and produces the ‘quinidine effect’ on myocardial 
repolarization refl ected in a signifi cant dose-related prolongation 
of the electrocardiograph QT interval.661 This is increased by previ-
ous treatment with mefl oquine. This dangerous effect is a property 
of both halofantrine and its desbutyl metabolite.592,664 Diarrhoea 
may be provoked by high halofantrine doses. There are no data 
for pregnancy, so halofantrine should not be used.

Use

Although an intravenous preparation has been studied, halofan-
trine is only available for oral use. When used at standard doses 

(8 mg/kg given three times at 6–8 h intervals, and repeated 1 week 
later in non-immune patients), in patients with a normal resting 
electrocardiogram, halofantrine was considered safe and effective 
in areas with fully sensitive malaria parasites. In multi-drug resis-
tant areas, higher total doses are required for high cure rates,665 
but these are associated with an unacceptable risk of cardiotoxic-
ity. Halofantrine should not be used to treat recrudescent infec-
tions following mefl oquine treatment as the cardiac effects are 
potentiated.544

Pyrimethamine

Pyrimethamine is a dihydrofolate reductase (DHFR) inhibitor. It 
is now used only together with long-acting sulphonamides such 
as sulphadoxine (as SP) and sulfalene in fi xed dose combinations 
which considerably potentiate its activity. SP is not a combination, 
in the ‘resistance prevention’ sense. The mechanism of action of 
the two drugs is linked, so although they do provide some mutual 
protection, they do not protect each other from resistance to the 
extent unrelated drugs would. SP has been used to treat chloro-
quine resistant falciparum malaria, but in many areas, high level 
SP resistance has developed. Plasmodium vivax is also often resis-
tant. There is an intramuscular formulation of SP but this should 
not be used to treat severe malaria.666 The DHFR inhibitors inhibit 
development of the mature trophozoite stage of the asexual para-
site, in addition to having pre-erythrocytic and sporontocidal 
activities. Pyrimethamine is also used for the treatment of toxo-
plasmosis. SP is still used for intermittent presumptive treatment 
but for acute falciparum malaria, SP should be used only in com-
bination with artesunate.

Pharmacokinetics

Pyrimethamine is well absorbed following oral administration, 
and is eliminated over several days (T1/2 3 days; the companion 

Table 73.11 First line treatment for acute uncomplicated falciparum malaria in endernic areas; oral ACT dosing schedules

ARTEMETHER–LUMEFANTRINE (SHOULD BE TAKEN WITH FOOD OR MILK)

Age (years) Body weight (kg) Artemether-lumefantrine tablets per dose (twice daily for 3 days)
<3 5–14 1

3–8 15–24 2

9–14 25–34 3

>14 >34 4

ARTESUNATE–AMODIAQUINE, ARTESUNATE–SP, ARTESUNATE–MEFLOQUINE

Age (years) Artesunate 50 mg 
tablets per dose 
(daily for 3 days)

Amodiaquine 153 mg 
tablets per dose 
(daily for 3 days)

Sulphadoxine–
Pyrimethamine 500/25mg 
tablets (single dose)

Mefl oquine 
250 mg tablets 
(daily for 3 days)

½ to 1 ½ ½ ½ ¼

1–6 1 1 1–2a ½

7–13 2 2 2 1

>13 4 4 3 2

These are dosage guides, but adjusting tablets on the basis of weight is preferable, mg/kg doses are given in Table 73.13.
a A dose of 2 tablets should be given in children over 2.
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sulphadoxine T1/2 is 7 days), allowing single-dose treatment 
(Figure 73.27). Dose recommendations were devised originally 
in adults. A recent large study has shown that the pharmacoki-
netic properties of both pyrimethamine and sulphadoxine are 
altered signifi cantly in children (aged 2–5 years) who have larger 
Vd and oral clearance values and consequently blood concentra-
tions that are approximately half those in adults. This suggests 
that dose recommendations in this important age group may have 
been too low. Strangely, despite extensive use of SP in pregnancy 
both for intermittent presumptive treatment and treatment of 
symptomatic malaria there had been no pharmacokinetic studies 
in pregnant women until recently. The recent study suggests that 
sulphadoxine levels are signifi cantly reduced and that the dose 
may also be too low in this important patient group. Following 
intramuscular injection absorption is as rapid as after oral admin-
istration but blood concentrations are lower and more variable, 
which suggests incomplete intramuscular bioavailability (Table 
73.9).666

Toxicity

Pyrimethamine is very safe and well tolerated. Occasionally, meg-
aloblastic anaemia, neutropenia or thrombocytopenia may 
develop in patients with pre-existing folate defi ciency. The toxicity 
of the widely used combinations with long-acting sulphonamides 
(sulphadoxine, sulfalene) or sulphones (dapsone) is almost 
entirely related to the sulpha components.667,668 A long list of pos-
sible adverse effects have been reported with sulphonamides. 
These include (1) rare gastrointestinal toxicity: glossitis, stomati-
tis, pancreatitis, salivary gland enlargement, and pseudomembra-
nous colitis, (2) cutaneous toxicity: exfoliative dermatitis, toxic 
epidermal necrolysis, urticaria, photosensitivity, cutaneous vascu-
litis, erythema nodosum, lichen planus, pruritus, and hair loss, 
(3) CNS: dizziness, ataxia, benign intracranial hypertension, 
aseptic meningitis, hearing loss, tinnitus, reversible peripheral 
neuropathy, (4) renal effects: proteinuria, haematuria, acute inter-
stitial nephritis, crystalluria (older sulphas – not generally associ-
ated with sulphadoxine), (5) haematological; thrombocytopenia, 
antibody mediated haemolysis, neutropenia and (6) drug fever. 
The sulphones commonly cause methaemoglobinaemia, and also 
oxidant haemolysis in G6PD defi ciency. The sulphones therefore 
commonly cause anaemia, and also rarely cause blood dyscra-
sias.615,669 Severe reactions occurred in about 1 : 7000 subjects 
receiving sulphadoxine-pyrimethamine prophylaxis (mortality 
was 1 : 18 000). The risk with treatment use is almost certainly 
much lower, but there are no precise estimates.

Use

Combinations of pyrimethamine with long-acting sulphonamides 
(SP) should not be used for prophylaxis, whereas the sulphone 
combination, which appears to be safer (at a once weekly dose), 
is sometimes used for prophylaxis but not treatment. Pyrimeth-
amine alone is no longer used. SP is given in a single oral treat-
ment dose ensuring that this contains a minimum of 1.25 mg/kg 
of pyrimethamine. This should be combined with a three day 
course of artesunate (4 mg/kg per day).670,671 This ACT is well 
tolerated, inexpensive, and effective where effi cacy of SP remains 
high (cure rates >80%). SP is regarded as safe in pregnancy. 

Administration of SP twice during pregnancy (once in the second 
and once in the third trimester) has a benefi cial effect on maternal 
anaemia and pregnancy outcome (birth weight).672–674 HIV posi-
tive women need SP more frequently for the same effect. This 
intermittent preventive treatment (IPT) approach is now being 
evaluated in infancy (IPTi). If effective it could be incorporated in 
EPI programmes.675,676 Whether other drugs are as good as SP in 
IPT, whether the fi ndings in high transmission settings apply also 
to low transmission settings, whether artesunate should be added, 
and what to do as resistance worsens, all remain to be determined. 
The outstanding question for SP is whether the dose, which was 
devised in adults, should be increased in young children – as 
recent pharmacokinetic studies indicate. More pharmacokinetic 
data in pregnancy are also clearly needed to determine whether 
dose adjustment is needed.

Proguanil/chlorproguanil

Proguanil (chloroguanide) and the dichlorobiguanide chlorpro-
guanil are considered the safest of all antimalarials. Both com-
pounds are mainly prodrugs for the active triazine metabolites 
cycloguanil and chlorcycloguanil. The metabolites are DHFR 
inhibitors. The parent compounds do possess weak anti-
malarial activity, probably by affecting mitochondrial electron 
transport.677

Pharmacokinetics

Proguanil and chlorproguanil are well absorbed by mouth, reach-
ing peak concentrations in approximately 4 h, and are converted 
rapidly to the triazine metabolites. These in turn are metabolized 
to the inactive metabolites chloro- and dichlorophenylbiguanide, 
respectively.678–683 As the parent compounds are eliminated more 
slowly than the metabolites the profi les of antimalarial activity 
resulting from the cyclic metabolites are determined by the parent 
drug distribution and elimination. The T1/2 of proguanil has been 
reported as approximately 16 h in healthy subjects and 13 h in 
malaria.678 Recent population pharmacokinetic studies in malaria 
with a more sensitive assay report an estimated chlorproguanil 
terminal elimination half-life of 35 h.683 Interestingly, the phar-
macokinetic properties of chlorproguanil, chlorcycloguanil and 
dapsone were not affected by malaria. Approximately 3% of Cau-
casian and African populations, but up to 20% of Orientals, fail 
to convert the parent compounds to their active metabolites.680 In 
some parts of Micronesia, the prevalence is even higher.681 This is 
related to a genetic polymorphism in the 2C19 subfamily of the 
cytochrome P450 mixed-function oxidase system. The conversion 
of proguanil to the active metabolite is reduced signifi cantly in 
pregnancy (Table 73.9).682

Toxicity

The antimalarial biguanides and chlorproguanil-dapsone are very 
well tolerated. The biguanides occasionally cause mouth ulcers, 
and at high doses, abdominal discomfort. Hair loss has been 
reported.684 Two patients with renal failure, in whom the drugs 
may have accumulated, developed pancytopenia following pro-
phylactic administration of proguanil.685 The toxicity of chlorpro-
guanil-dapsone results from the dapsone component. The main 
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concern is haemolysis and methaemoglobinaemia, and thus 
anaemia. Rare idiosyncratic reactions of sulphones (like sulphon-
amides) include leucopenia and agranulocytosis, cutaneous erup-
tions, peripheral neuropathy, psychosis, toxic hepatitis, cholestatic 
jaundice, nephrotic syndrome, renal papillary necrosis, severe 
hypoalbuminemia without proteinuria, an infectious mononucle-
osis-like syndrome, and minor neurological and gastrointestinal 
complaints.

Use

Proguanil has been used as a prophylactic taken once daily 
(3 mg/kg), often in combination with chloroquine. Chlorpro-
guanil was available for many years for prophylactic use, but it is 
now available only in a fi xed combination with dapsone as a 
treatment of uncomplicated chloroquine-resistant falciparum 
malaria.686 The triple combination with artesunate was developed, 
but not deployed because of dapsone safety concerns (principally 
anaemia in G6PD defi cient patients). Proguanil-dapsone and 
chlorproguanil-dapsone are both more active than SP against 
resistant P. falciparum, particularly the triple DHFR mutants 
currently prevalent in East Africa.686–690 The treatment doses of 
proguanil used are 5–8 mg/kg per day (in combination with ato-
vaquone), and for chlorproguanil 2 mg/kg per day is used in 
combination with dapsone 2.5 mg/kg. As both chlorproguanil 
and dapsone are eliminated more rapidly than pyrimethamine 
and sulphadoxine, use of this combination also provides less 
selective pressure for the emergence of resistance.570,688

Atovaquone-proguanil

This is a highly active antimalarial drug, a hydroxynaphthaqui-
none unlike other antimalarial drugs. Atovaquone is active even 
against multi-drug resistant falciparum malaria. The speed of ther-
apeutic reponse is similar to that with mefl oquine, and slower 
than that with artemisinin derivatives. Originally atovaquone 
alone was developed, but high level resistance developed in 
approximately 30% of treated patients.691 This suggested that the 
point mutations in cyt b, which conferred resistance, emerged at 
an approximate frequency of 1 in 1012 parasites.565,568 The fi xed 
combination with proguanil proved much more effective, produc-
ing cure rates of nearly 100%, and emergence of resistance in less 
than 1 : 500 treated patients.692–694 It is this combined formulation 
(Malarone®), which is now registered both for prophylaxis and 
treatment use in many countries. Nevertheless, it must be consid-
ered vulnerable, and for treatment use in endemic areas should 
be combined with an artemisinin derivative. This creates a highly 
effective and well tolerated artemisinin-based combination treat-
ment.694 Interestingly it is the parent compound proguanil which 
is the important contributor to antimalarial effi cacy, as atova-
quone-proguanil is equally effective against highly antifol resistant 
parasites, and also in individuals unable to convert proguanil to 
cycloguanil. Unfortunately, the very high cost of atovaquone syn-
thesis makes this drug largely unaffordable in tropical countries.

Pharmacokinetics

Atovaquone is similar to halofantrine and lumefantrine in that 
oral absorption is augmented considerably by fats. Elimination is 

slower in patients of African origin (T1/2 70 h)695 than in Oriental 
patients (T1/230 h). There are no signifi cant interactions with pro-
guanil or artesunate. Concentrations of both components were 
reduced by almost one half in late pregnancy (Table 73.9).696

Toxicity

The combination is really very well tolerated. Atovaquone-
proguanil may cause vomiting in some patients. The adverse 
effects otherwise are similar to those of proguanil.

Use

Atovaquone-proguanil is becoming established as a safe, effective 
and expensive antimalarial prophylactic for travellers – as it is 
effective everywhere.697 The adult prophylactic dose is 1 tablet 
(atovaquone 250 mg proguanil 100 mg) daily with food. It can be 
discontinued shortly after leaving the malaria transmission area.
The treatment dose is 15–20/ 6–8 mg/kg per day for 3 days, which 
corresponds to an adult dose of 4 tablets/day. It is equally effi ca-
cious and well tolerated in young children.698 The triple combina-
tion with artesunate is well tolerated and highly effective against 
multi-drug resistant falciparum malaria, and should be given if this 
drug is used in endemic areas. Artesunate-atovaquone-proguanil 
has been evaluated in pregnant women failing other treatments. 
It was well tolerated and effective, although plasma levels of all 
components were reduced, suggesting that a higher dose would 
be needed.696,699,700 The high cost has been a major barrier to its 
use, and its use in treatment is confi ned almost exclusively to 
imported malaria in temperate countries.

Primaquine

Primaquine is an 8-aminoquinoline used mainly for its actions 
against the hypnozoites of P. vivax (to prevent relapse) and the 
gametocytes of P. falciparum (to prevent transmission).701 Prima-
quine has signifi cant liver stage activity against all the malarias 
(which accounts for its prophylactic effi cacy) and it also has 
signifi cant activity against asexual stage parasites of P. vivax, P. 
malariae, and P. ovale. Thus, the radical treatment of vivax and 
ovale in infections, where primaquine is combined usually with 
chloroquine, is a combination treatment which should provide 
mutual protection against resistance.

Pharmacokinetics

Primaquine is well absorbed after oral administration. It is cleared 
by hepatic biotransformation to the more polar metabolite car-
boxyprimaquine and several other metabolites with an elimina-
tion half-life of 8 h.702–704 It is not known whether primaquine 
itself or one of its metabolites is responsible for the action against 
P. vivax hypnozoites (Table 73.9).

Toxicity

Nausea, headache, vomiting and abdominal pain or cramps are 
relatively common, particularly if higher doses (>30 mg) are taken 
on an empty stomach. Taking primaquine with food considerably 
improves tolerability. At an adult dose of 15 mg mild abdominal 
pain was reported in 3% of US Servicemen, and 22.5 mg produced 
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abdominal symptoms in 12% which required treatment in 3%. 
Mild diarrhoea, chest pain, weakness, visual disturbances and 
pruritus occur occasionally. Signifi cant methaemoglobinaemia 
(>10%), such that the patient appears cyanosed, occurs in less 
than 10% of adult patients receiving <22.5 mg day. The principal 
toxicity of primaquine is oxidant haemolysis.705–707 This may 
result from oxidant species induced by the phenolic metabolite 
5-hydroxyprimaquine. This is the most serious side-effect in 
individuals with glucose 6 phosphate dehydrogenasey (G6PD) 
defi ciency, other enzyme defi ciencies (e.g. glutathione synthetase) 
that counter oxidant stress, and several haemoglobinopathies 
(e.g. Hb Zurich, Hb Torino). Although fi rst recognized in the 
1920s with pamaquine, it was not until the early 1950s and the 
introduction of primaquine that haemolysis was noted as a sig-
nifi cant problem among American soldiers of African descent. At 
that time, the cause of haemolysis was unknown and was labelled 
‘primaquine sensitivity’.708 This led to the discovery of the sex-
linked G6PD defi ciency. The severity of haemolysis is related to 
the degree of G6PD defi ciency and the primaquine dose. There 
are a large number of different G6PD genotypes. There is insuf-
fi cient information on the relationship between genotype, red cell 
G6PD concentrations, and haemolytic tendency with primaquine. 
In general haemolysis is less severe in the common African (A−) 
form. In such patients, haemolysis tends to be self-limiting but in 
some of the Asian variants (e.g. Canton variant) and Mediterra-
nean forms (B−) haemolysis may be severe. Haemolysis may be 
exacerbated by concurrent infections, liver disease (reduced pri-
maquine metabolism), renal impairment (delayed excretion), and 
co-administration of other drugs with haemolytic potential, e.g. 
sulphonamides. Primaquine is contraindicated in pregnancy.

Use

Radical curative activity depends on the total dose administered 
and this is determined by adverse effects. Primaquine is given once 
daily in a dose of 0.25–0.5 mg/kg (adult doses 15–30 mg) together 
with food. The usual course of treatment for the radical treatment 
of vivax and ovale malaria is 14 days, and there is no good evi-
dence to support shorter courses. In particular, there is no evi-
dence that the commonly used 5-day regimen is effective.709 There 
is no evidence for interactions with other antimalarial drugs. In 
patients with mild G6PD defi ciency, a once-weekly dose of 0.6–
0.8 mg/kg (adult dose 45 mg) is given for 6 weeks. For P. falci-
parum gametocytocidal activity a single dose of 0.5 mg/kg (30 mg) 
is given. For prophylaxis the adult dose evaluated has been 30 mg 
daily taken with food. This has been remarkably well toler-
ated.710,711 In most vivax endemic areas, G6PD defi ciency is preva-
lent but testing is not available, and there is no consensus on how 
primaquine should be used in these circumstances. If signifi cant 
haemolysis occurs, primaquine should be stopped and the patient 
observed. Transfusion is rarely necessary except when there is 
severe defi ciency.

Quinocide, Elubaquine and Tafenoquine

There are three other 8-aminoquinolines in use or development. 
Quinocide, a positional isomer of primaquine, was used predom-
inantly in the USSR. It has very similar properties to primaquine 
and indeed is the main contaminant of primaquine drug sub-

stance.712 Elubaquine (developed by CDRI, Lucknow) is an alter-
native to primaquine which is available in India. More data are 
needed on its pharmacokinetic properties in humans, and its 
relative safety and effi cacy profi les.713 Tafenoquine, formerly 
known as etaquine or WR 238605, is a slowly eliminated 8-
aminoquinoline that was developed by the US army. It is currently 
undergoing phase III trials in antimalarial prophylaxis, and for the 
radical treatment of vivax malaria.714,715 Tafenoquine has a terminal 
elimination half-life of approximately 2 weeks.716 Tafenoquine is 
more effi cacious and better tolerated than primaquine, although 
it still causes oxidant haemolysis in G6PD defi cient subjects.

Qinghaosu (artemisinin)

Qinghaosu or artemisinin (Figure 73.28) is a sesquiterpene (15 
carbon rings) lactone peroxide extracted from the leaves of the 
shrub Artemesia annua (variously termed huang hua hao or 
qinghao). Four derivatives are used widely: the oil-soluble methyl 
ethers artemether and artemotil (formerly known as arteether), the 
water-soluble hemisuccinate derivative artesunate, and dihydroar-
temisinin (DHA). A semisynthetic derivative artemisone, and a 
fully synthetic trioxalone compound (OZ 277) with similar modes 
of action are under development. Artesunate, artemether, and arte-
motil are all synthesized from DHA, and they are converted back 
to it within the body. Artemisinin itself is available in a few coun-
tries. It is 5–10 times less active than the derivatives, and is not 
metabolized to DHA. These drugs are the most rapidly acting of 
known antimalarials, and they have the broadest time window of 
antimalarial effect (from ring forms to early schizonts). They 

Figure 73.28 Qinghaosu: the parent compound artemisinin and the 
three derivatives. The oil-soluble ethers, artemether and arteether, and 
the water-soluble artesunate are all converted in vivo to a common 
biologically active metabolite dihydroartemisinin. The peroxide bridge 
in the sesquiterpene structure is essential for antimalarial activity. 
(From Hien and White,494 with permission.)
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produce more rapid parasite clearance than other anti malarial 
drugs and they have proved to be very safe in clinical 
practice.6,717–719 They are the best drugs for severe malaria.720 In 
falciparum malaria, the artemisinin derivatives also effectively 
prevent progression to severe disease. For example in Western 
Thailand, a parasitaemia over 4% without vital organ dysfunction 
carries a 3% mortality (i.e. 30 times higher than uncomplicated 
malaria but less than one-fi fth that of severe malaria). In this 
context, oral artesunate produces considerably superior therapeu-
tic responses compared with an intravenous quinine loading 
dose.721 This property of rapidly stopping parasite development 
and thereby arresting progression of the infection saves lives and 
also prevents development of severe malaria. Most deaths from 
severe malaria are in or near home and far from facilities capable 
of providing injections. Rectal formulations have been developed 
for community use as treatments for patients suspected of having 
severe malaria who are febrile and unable to take medications by 
mouth. Following the promising results with artemisinin sup-
positories in China and Vietnam,722–724 a rectal formulation of 
artesunate has been developed.725 This has been evaluated in a very 
large multicentre trial, conducted in Ghana, Tanzania and Bangla-
desh (Table 73.12). Pre-referral administration of rectal artesunate 
reduced the mortality of children under 5 years with malaria who 
could not tolerate oral treatment, by 25%.726 In severe malaria, 
trials were initially conducted mainly with artemether. In random-
ized controlled trials, which together enrolled nearly 2000 patients, 
intramuscular artemether was associated with a signifi cantly lower 
mortality in South-east Asian adults when compared with quinine, 
but there was no signifi cant difference in African children.719 Arte-
mether was not associated with more rapid clinical responses 
(fever clearance, coma recovery) but it did accelerate parasite clear-
ance. But artemether (or artemotil) were not the best drugs to have 
chosen. Although they are highly effective in vitro, in vivo these 
oil-based intramuscular injections are slowly and erratically 
absorbed – particularly in the most severely ill patients.727,728 This 
pharmacokinetic disadvantage countered the intrinsic pharmaco-
dynamic advantage of the drug class. The water soluble artesunate 
by contrast is given intravenously and is also reliably and rapidly 
absorbed following intramuscular injection. Recently, in a study of 
hospitalized severe malaria conducted in Bangladesh, Myanmar, 
Indonesia and India, which enrolled 1461 patients, parenteral 
artesunate reduced the mortality of severe malaria by 35% com-
pared with quinine. This trial included 220 children in whom the 
benefi cial effects were similar to adults.720 The results were defi ni-
tive and, combined with the results of smaller trials which gave 

similar results, led to an immediate change in treatment recom-
mendations for adults everywhere and for severe malaria in low 
transmission settings. But given the differences between African 
children and South-east Asian adults observed in the earlier arte-
mether studies, uncertainty remained whether artesunate would 
be superior to quinine in children living in higher transmission 
areas. A large comparative study is therefore under way in Africa. 
In clinical studies in uncomplicated falciparum malaria the artemis-
inin derivatives provide both more rapid parasite and fever clear-
ance than with other treatments, and also reduce gametocyte 
carriage, and thus transmission.729,730 Concerns over their neuro-
toxic potential, revealed in animal studies, have not been con-
fi rmed in large and detailed clinical, neurophysiological and 
pathological studies.731–733 Indeed their remarkable safety, effi cacy, 
and lack of adverse effects734 have led to widespread unregulated 
use and the manufacture of fake products.735,736

Artemisinin is available as capsules of powder or as supposito-
ries. Artemether is formulated in peanut oil, and arteether in 
sesame seed oil, for intramuscular injection, and in capsules or 
tablets for oral use. Artesunate is formulated either as tablets, 
in a gel enclosed in gelatin for rectal administration, or as dry 
powder of artesunic acid for injection, supplied with an ampoule 
of 5% sodium bicarbonate. The powder is dissolved in the sodium 
bicarbonate, to form sodium artesunate, and then diluted in 5% 
dextrose or normal saline for intravenous or intramuscular injec-
tion. The majority of clinical data pertain to the most widely used 
derivative, artesunate.

Apart from the Thai-Cambodian border, there is no signifi cant 
resistance to these drugs, which have become central to antima-
larial treatment. Combinations of artemisinin derivatives with 
other antimalarial drugs (ACTs) provide high and sustained effi -
cacy, and rapid therapeutic responses. This prevents the develop-
ment of severe malaria and allows earlier return to school or work, 
mutual protection against resistance, and reduced gametocyte car-
riage which may reduce the incidence of malaria in low transmis-
sion settings. Community use of these drugs as monotherapies is 
strongly discouraged by the World Health Organization.

Pharmacokinetics

The artemisinin derivatives are rapidly absorbed and eliminated.737 
Artemisinin is cleared by metabolic conversion to inactive metab-
olites. It induces its own metabolism. Artesunate, artemether and 
artemotil are hydrolysed to the active metabolite dihydroarte-
misinin, which has an elimination half-life of approximately 

Table 73.12 Dosage for rectal artesunate initial (pre-referral) treatment in children 
(aged 2–15 years and weighing at least 5 kg)

Weight (kg) Age Artesunate 
dose (mg)

Regimen (single dose)

 5–8.9  0–12 months 50 One 50-mg suppository

 9–19 13–42 months 100 One 100-mg suppository

20–29 43–71 months 200 Two 100-mg suppository

30–39  5–13 years 300 Three 100-mg suppositories

>40 ≥14 years 400 One 400-mg suppository

Age ranges are a guide only–the target dose is 10 mg/kg
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45 min.738,739 Although they are by far the most rapidly eliminated 
of the antimalarial drugs, because of their broad stage specifi city 
of action they are highly effective when given once daily. Unlike 
some antibiotics, it is not necessary to exceed the MIC throughout 
the dosing interval for antimalarial drugs. After oral or parenteral 
administration, artesunate is hydrolysed rapidly (by stomach acid, 
and esterases in plasma and erythrocytes) and most of the anti-
malarial activity results from the DHA metabolite. Oral absorp-
tion is rapid and bioavailability is approximately 60%.739,740 Rectal 
bioavailability is more variable;741 following administration of the 
intrarectal formulation bioavailability averages 50% (although 
rates of absorption vary widely).725 As for quinine, there is a con-
traction in the volume of distribution and reduced clearance in 
acute malaria, which increases blood concentrations. There may 
also be a malaria related inhibition of intestinal and hepatic fi rst 
pass metabolism (by glucuronidation), which improves oral bio-
availability. After oral administration, artemether is absorbed 
rapidly, but is converted more slowly (via CYP 3A4) to DHA, 
although the metabolite still accounts for the majority of antima-
larial activity.738 In contrast, after intramuscular administration 
absorption of artemether and artemotil (arteether) is slow and 
erratic.728,732,738,742 Peak concentrations are often not reached for 
many hours. Following intramuscular administration concentra-
tions of artemether exceed those of the active DHA metabolite. In 
some patients with severe malaria absorption may be inade-
quate.727 Oral formulations of DHA contain excipients which 
promote absorption and give bioavailability comparable to that 
of artesunate. Elimination of DHA is largely by conversion to inac-
tive glucuronides. No signifi cant drug interactions have been iden-
tifi ed with these compounds. Concentrations of artemisinin 
derivatives and DHA are similar in children and adults but are 
signifi cantly reduced in late pregnancy (Table 73.9).743

Toxicity

The artemisinin-related compounds have been remarkably well 
tolerated in clinical evaluations. There has been no documented 
signifi cant toxicity734 other than rare type 1 hypersensitivity reac-
tions (incidence approximately 1 : 3000 treatments).744 In volun-
teer studies, a depression of reticulocyte counts has been noted, 
and haemoglobin recovery in the fi rst week may be slightly slower 
than with other antimalarials but increased anaemia thereafter has 
not been observed in clinical studies. In animal studies, the arte-
misinin derivatives are much less toxic than the quinoline anti-
malarials. The principal toxicity in animals has been an unusual 
dose-related selective pattern of neuronal cell damage affecting 
certain brain stem nuclei.745–747 This is a function of the pharma-
cokinetic properties of the drug. Neurotoxicity is related to pro-
tracted central nervous system exposure related to sustained blood 
concentrations, as follows intramuscular administration of the oil 
based artemether and artemotil. Much less neurotoxicity is seen 
in animal models following oral administration or intravenous 
artesunate because the drugs levels are not sustained.748,749 Exten-
sive clinical neurophysiological and smaller pathology studies 
have failed to show any evidence of neurotoxicity or cardiotoxicity 
in clinical use.731,732,734 Initial animal studies also suggested effects 
on the electrocardiographic QT interval (ventricular repolariza-
tion) but this was probably secondary to neurotoxicity.746 These 
drugs do not affect the heart in clinical use. The main concern over 

their general use relates to early pregnancy.750 In experimental 
animals, exposure during a critical time window in early preg-
nancy causes fetal loss as a result of inhibition of erythropoiesis.751 
Whether this effect could produce fetal developmental abnor-
malities in primates, and therefore in clinical use in the treatment 
of malaria has not been resolved. Detailed observations from 
prospective clinical studies in over 1000 exposed pregnancies are 
reaasuring to date.752,753 These drugs are therefore not recom-
mended for the treatment of uncomplicated falciparum malaria in 
early pregnancy (fi rst trimester) unless there are no effective alter-
natives. There is increasing confi dence in their safety in the second 
and third trimesters. No adverse effects on the pregnancy or infant 
development have been seen in prospective studies.

Use

In severe malaria, artesunate is given by intravenous or intramuscu-
lar injection. The doses are 2.4 mg/kg given at 0, 12, 24 h then daily 
(earlier a lower maintenance dose of 1.2 mg/kg was recommended 
but this risked achieving inadequate blood concentrations).754 
Artemether and artemotil (arteether) are given by intramuscular 
injection to the anterior thigh. The dose of artemether is 3.2 mg/kg 
initially followed by 1.6 mg/kg daily (Table 73.10). Rectal artemis-
inin suppositories are very effective, but they are available only in 
Vietnam. The intrarectal artesunate formulation is used as a pre-
referral treatment in a dose of 10 mg/kg per day until parenteral or 
oral treatment can be given (Table 73.12). For oral treatment, if 
used alone, the artemisinin derivatives should be given in a 7- (not 
5) day course, but this should be combined with doxycycline or 
clindamycin where possible. The initial oral dose is 4 mg/kg fol-
lowed by 2 mg/kg per day. The artemisinin derivatives should be 
used in fi xed dose combinations with longer-acting drugs in order 
to accelerate the initial therapeutic response, to increase overall cure 
rates, and to protect them from resistance (Table 73.13).558,565,568 
Dose restrictions are not necessary in renal failure or with liver 
disease. The artemisinin derivatives are safe in children. They should 
not be used in the fi rst trimester of pregnancy, but should be used 
in the second and third trimesters.657 These drugs should be used 
for the treatment of severe malaria in pregnancy at any gestational 
age as they save lives and they are also safer than quinine.

Artemisinin combination treatments

The ACTs are rapidly effective and generally reliable treatments. 
They are now the treatment of choice for uncomplicated falciparum 
malaria in endemic areas. The artemisinin derivatives induce a 
rapid resolution of fever and illness. This may improve absorption 
of the combination partner (mefl oquine, lumefantrine). While 
present in the blood (usually 3 days) they also protect the partner 
drug from the emergence of resistance and reduce gametocyte car-
riage. The partner drug then removes the relatively few parasites 
remaining after the 3-day course of treatment (a hundred million 
times less than when treatment started), and also protects the 
artemisinin derivative from resistance. But once the artemisinin 
derivative has been eliminated, the partner compound is no longer 
‘protected’ and may then select for resistance. Thus, provided the 
partner is effective and full doses are absorbed, protection of the 
artemisinin component from resistance is complete, whereas pro-
tection of the partner drug is incomplete.
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Table 73.13 Treatment of uncomplicated malaria (see also Table 73.11)

FIRST-LINE DRUGS IN ENDEMIC AREAS

Malaria Drug treatment
Known chloroquine sensitive P. vivax, P. malariae, P. ovale, P. falciparuma Chloroquine 10 mg base/kg stat followed by 5 mg/kg at 12, 24 

and 36 h; or 10 mg/kg at 24 h, 5 mg/kg at 48 h

or

Amodiaquine 10–12 mg base/kg/day – for 3 days
or
Any of the ACTs belowa

Sensitive P. falciparum malariab Artesunate 4 mg/kg per day for 3 days

+ sulphadoxine 25 mg/kg

+ pyrimethamine 1.25 mg/kg (SP) single dose

or

Artesunate 4 mg/kg per day for 3 days

+ Amodiaquine 10 mg base/kg per day for 3 days

Multi-drug resistant P. falciparum malaria Artemether–lumefantrine 1.5/9 mg/kg twice daily for three days 
with food. Adult dose 4 tablets b.d. for 3 days

or

Artesunate 4 mg/kg per day for 3 days

+ mefl oquine 25 mg base/kg

(either 8 mg/kg per day for 3 days or 15 mg/kg on day 2 then 
10 mg/kg on day 3)

or

Dihydroartemisinin-piperaquine 3/16 mg/kg once daily for three 
days

SECOND-LINE TREATMENTS

Artesunate 2 mg/kg daily plus either (a) tetracycline 4 mg/kg 4 times daily or (b) doxycycline 3.5 mg/kg once daily or (c) clindamycin 
10 mg/kg twice daily for 7 days. Several authorities recommend giving an initial dose of 4 mg/kg.
Quinine 10 mg salt/kg 3 times daily plus either (a) tetracycline 4 mg/kg 4 times daily or (b) doxycycline 3 mg/kg once daily or (c) 
clindamycin 10 mg/kg twice daily for 7 days.
Atovaquone–proguanil 20/8 mg/kg once daily for 3 days with food.

RADICAL TREATMENT

Patients with P. vivax and P. ovale infections should also be given primaquine 0.25 mg base/kg daily (0.375–0.5 mg base/kg in Oceania) with 
food for 14 days to prevent relapse. In mild G6PD defi ciency 0.75 mg base/kg should be given once weekly for 6 weeks. Primaquine should 
not be given in severe G6PD defi ciency.

GENERAL POINTS

In nearly all circumstances fi xed dose combinations are preferable, and should replace use of separate tablets.
Pregnancy: Mefl oquine and artesunate should not be given in the fi rst trimester. Halofantrine, primaquine, and tetracycline should not be 
used at any time in pregnancy, and sulphadoxine should not be used very near to term (if effective alternatives are readily available).
Vomiting is less likely if the patient’s temperature is lowered before oral drug administration.
Short courses of artesunate or quinine (<7 days) alone are not recommended. In renal failure, the dose of quinine should be reduced by 
one-third to one-half after 48 h, and doxycycline (but not tetracycline) should be prescribed.
The doses of all drugs (in mg/kg) are unchanged in children and pregnant women.c

None of the tetracyclines or doxycycline should be given to pregnant women or children under 8 years of age.
Mefl oquine should not be given immediately following recovery from severe malaria, and treatment doses should not be used twice within 
one month.

a All ACTs are highly effective aginst P. vivax, P. malariae, and P. ovale, with the exception of combinations containing SP, as resistance to SP is 
widespread in P. vivax.
b If there is any doubt about the susceptibility of the infection, treat as if it was resistant.
c There is evidence that the mg/kg dose of sulfadoxin-pyrimethamine and dihydroartemisnin-piperaquine extrapolated from adults may be too 
low in children (5 years),667,779 but higher dose regimens have not been evaluated.
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Artemether-lumefantrine

Formerly called benfl umetol, lumefantrine was developed by 
Chinese scientists. It is now available only in a fi xed tablet com-
bination with artemether. Each tablet contains artemether 20 mg 
and lumefantrine 120 mg. The combination is registered in many 
tropical countries and in Europe. Artemether-lumefantrine is very 
effective against multi-drug resistant falciparum malaria, and it is 
remarkably well tolerated. The price has fallen such that treatment 
courses for adults cost approximately US$1. After initial evalua-
tions in Asia, it has become the most widely used of the ACTs.

Pharmacokinetics

Lumefantrine is lipophilic and hydrophobic. Its absorption is 
dose-limited and is considerably augmented by taking the drug 
together with food (a 16-fold increase with a fatty meal).755,756 
Only a small amount of fat is required. Dose fi nding studies with 
soya milk showed 36 mL (equivalent to 1.2 g fat) were required 
to produce 90% of maximum absorption.757 The absorption of 
lumefantrine is reduced in the acute phase of malaria, but then 
increases considerably as symptoms resolve and the patient starts 
to eat.755,756 Oral absorption is capacity limited, so increasing the 
current dose does not provide a corresponding increase in absorp-
tion.758 This means the drug cannot be given once daily. Lumefan-
trine is metabolised to a desbutyl metabolite (principally via CYP 
3 A4), which has antimalarial activity but contributes relatively 
little to overall antimalarial effect. The lumefantrine elimination 
half-life is 3–4 days.756 As a result it provides a shorter duration of 
post-treatment prophylaxis compared with more slowly elimi-
nated drugs such as mefl oquine and piperaquine. The pharmaco-
kinetic properties of lumefantrine are similar in adults and 
children. The principal pharmacokinetic variable which correlates 
with therapeutic response is the area under the plasma concentra-
tion curve (AUC).756 The plasma level on day 7 after starting treat-
ment is a good surrogate of the AUC.759 On the Western border of 
Thailand when this drug was introduced, day 7 plasma levels of 
lumefantrine above 500 ng/mL were associated with a >90% cure 
rate.760 Plasma concentrations of both drug components are 
reduced by approximately half in pregnancy761 so the current dose 
regimen is insuffi cient for optimum cure rates in this important 
patient group (Table 73.11).

Toxicity

This combination is remarkably free of adverse effects. Concerns 
about possible cardiotoxicity, have been refuted by careful 
studies.762 Lumefantrine is not cardiotoxic.

Use

There is now extensive experience with artemether-lumefantrine 
from all parts of the malaria affected world attesting to safety and 
effi cacy. The treatment course initially recommended was 1.5/ 
9 mg/kg (adult dose 4 tablets) given at 0, 8, 24, and 48 h. This 
was effective in patients with background immunity, but cure 
rates.in non-immune patients with multi-drug resistant infections 
were approximately 80%763 Increasing the regimen to six doses 
(i.e. twice daily for days) resulted in >95% cure rates764,765 and 
this is now the recommended regimen.766–769 Where it has 

been assessed, adherence to this regimen has been relatively 
good.770 The patient should be encouraged to take the drug with 
food or a small amount of milk. Recent studies suggest arte-
mether-lumefantrine is safe in the second and third trimesters of 
pregnancy, although more information is needed and dose opti-
mization is required. A paediatric formulation has been developed 
recently.

Pyronaridine

Structurally a relative of amodiaquine, pyronaridine was devel-
oped and used in China. It is active against multi-drug resistant 
Plasmodium falciparum malaria771,772 and, like many drugs in this 
class, it is extensively distributed and slowly eliminated. Originally 
pyronaridine was deployed as an enteric-coated formulation for 
monotherapy (which had poor oral bioavailability), and was 
given in a 3-day course of 1200 mg or 1800 mg (adult dose) over 
5 days. It is now being developed as a fi xed co-formulation with 
artesunate. Clinical trials are in progress and preliminary results 
are excellent.

Piperaquine

Also developed in China, this bisquinoline compound and its 
hydroxy-derivative are active against multi-drug resistant Plasmo-
dium falciparum.773 Piperaquine replaced chloroquine as fi rst-line 
treatment for falciparum malaria in China in 1978 and was used 
until 1994. Over 200 tonnes were dispensed. Resistance reportedly 
developed, but reversed after piperaquine was discontinued. In 
recent years, piperaquine has been available as a fi xed combination 
with dihydroartemisinin (and also sometimes trimethoprim and 
primaquine). The currently available formulation contains 40 mg 
of dihydroartemisinin and 320 mg of piperaquine per tablet and 
in Asia is given in an adult dose of 3 tablets per day (equivalent to 
approximately 2.3/16 mg/kg, once daily for 3 days. It is relatively 
inexpensive (adult doses currently just over US$1). These combi-
nations are registered and used in China, Vietnam and Cambodia. 
The combination is well tolerated, safe, and effective.

Pharmacokinetics

Oral dihydroartemisinin absorption is very dependent on the for-
mulation and excipients. In current formulations, it is reliably and 
rapidly absorbed. Piperaquine is more slowly absorbed. It is exten-
sively distributed and very slowly eliminated. The pharmacoki-
netic properties are generally similar to those of chloroquine.774,775 
Absorption may be increased by fats.776 Latest estimates for the 
terminal elimination half-life exceed 1 month.777,778 Children have 
an even slower terminal elimination half-life than adults but have 
lower plasma concentrations early in the terminal phase of elim-
ination.767,779,780 As with other slowly eliminated antimalarials, the 
day 7 plasma or blood concentration is a valuable predictor of 
effi cacy.759

Toxicity

Piperaquine is safer than chloroquine. It is generally very well 
tolerated. Dosing is limited by abdominal discomfort. Apart from 
rare urticarial reactions to DHA, occasional abdominal discomfort 
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and diarrhea have been reported in clinical trials which may have 
resulted from piperaquine. There is no evidence for cardiovascular 
toxicity with therapeutic doses. No serious adverse effects have 
been reported.

Use

Large trials in many countries attest to an excellent effi cacy and 
safety profi le. DHA-piperaquine has already established itself as 
an important antimalarial in the South-east Asian region.778,781–783 
It is effective against drug resistant falciparum and vivax malaria.784,785 
Dosing has been simplifi ed to a once daily regimen.786 When 
measured, adherence has been excellent.787 Recent studies also 
indicate good effi cacy and excellent tolerability in African chil-
dren.788 The long period of post-treatment prophylaxis conferred 
by the slowly eliminated piperaquine is both an advantage in 
preventing reinfections and suppressing P. vivax relapses, but also 
increases the selection pressure on resistance.

Antibacterials with antimalarial activity

The antibacterials which act on protein or nucleic acid synthesis 
often have signifi cant antimalarial activity. But they are not suffi -
ciently active to be used alone to treat malaria.789 The sulphon-
amides and sulphones inhibit plasmodial folate synthesis by 
competing for the enzyme dihydropteroate synthetase. The sulphas 
are usually used in combination with pyrimethamine or the anti-
malarial biguanides with which they are synergistic. Trimethoprim 
is also an antifol; it has good antimalarial activity and shares 
resistance profi les with pyrimethamine. The tetracyclines are con-
sistently active against all species of malaria. Doxycycline is the 
most widely used both for prophylaxis and treatment.790 Clinda-
mycin is as effective as the tetracyclines and has the advantage that 
it can be used in children and pregnant women.791,792 The macro-
lides are active in vitro but are generally disappointing in vivo. 
Azithromycin is more active and has been evaluated both in pro-
phylaxis and treatment. Rifampicin has a weak antimalarial effect 
in vivo. Chloramphenicol has antimalarial activity but this has 
not been well characterized. The fl uoroquinolones have some 
activity but, despite one promising sentinel report, subsequent 
clinical experience has proved uniformly disappointing. Fosmido-
mycin has good antimalarial activity and is under investigation. 
These drugs all act relatively slowly, and they are therefore used 
in combination with more rapidly acting agents.

Manufacturing quality of antimalarial drugs

Several of the artemisinin derivatives and ACTs manufactured in 
Asia do not yet reach Internationally Accepted Good Manufactur-
ing Practices or WHO pre-qualifi cation standards. This does not 
mean that quality of the products has been poor – but that the 
manufacturing and quality assurance processes and documenta-
tion have not been suffi cient to meet internationally accepted 
standards. This has been a major impediment to their acceptance 
and use outside the region, despite their evident effi cacy and excel-
lent safety profi les, as international donors will not purchase ‘non 
GMP’ products. (Hopefully by the next edition of this textbook, 
this section will no longer be necessary.)

Antimalarial drug interactions

Antimalarial drug interactions have not been well characterized. 
Mefl oquine, halofantrine, quinidine and quinine are structurally 
similar and may compete for blood and tissue binding sites. Car-
diotoxicity is assumed to be additive, and signifi cant only for 
halofantrine, where there is a potentially dangerous interaction 
with mefl oquine–probably because both act on potassium chan-
nels involved in cardiac repolarization.592 It has been recom-
mended that mefl oquine should not be given to people also 
receiving quinine to avoid adverse cardiovascular effects, but no 
interaction has been demonstrated.793 Inducers of CYP 3A4, such 
as rifampicin and anticonvulsant drugs, accelerate the clearance 
of quinine and mefl oquine resulting in lower drug levels (and a 
greater chance of treatment failure).794,795 When amodiaquine is 
coadministered with the antiretroviral efavirenz plasma concen-
trations of desethyamodiaquine are elevated and there is a sig-
nifi cant risk of hepatotoxicity.796 There is no evidence that the 
structurally dissimilar antimalarials interact with each other. Use 
of artesunate together with mefl oquine improves the tolerance 
and absorption of mefl oquine, presumably by curing malaria 
more rapidly. Similarly, the absorption of lumefantrine improves 
as the patient recovers.

There are many reports of synergy or antagonism between anti-
malarial drugs based on isobolograms drawn from in vitro obser-
vations. These are often used to justify a particular choice of 
antimalarial combination but, for the most part, the results are 
irrelevant to the clinical use of the drugs. Only when synergy or 
antagonism is extreme, such as the marked synergy between sulph-
adoxine and pyrimethamine, is this relevant clinically. There are 
no cases of marked antagonism between the available antimalarial 
drugs.

TREATING MALARIA

In severe malaria, rapidly acting rapidly bioavailable parenteral 
treatment should be given. Rectal formulations of artemisinin or 
its derivatives (particularly artesunate) offer the possibility of start-
ing treatment in the home or village before referring to the hos-
pital or health centre. Rectal artesunate should become much 
more widely available in the next few years parenteral artesunate 
has replaced quinine as the treatment of choice for severe malaria 
in low transmission settings. Quinine is still the mainstay of par-
enteral treatment in African children,797 although studies are in 
progress to determine whether artesunate is more effective. It is 
certainly safer. Artemether occupies an intermediate position, 
having been shown to be more effective than quinine in Asian 
adults but not in African children. For uncomplicated falciparum 
malaria artemisinin-based combination treatments (ACTs) are 
now recommended as fi rst-line treatment everywhere. WHO cur-
rently recommends one of four ACTs. The choice of partner drug 
depends on local patterns of sensitivity and cost. For the treatment 
of P. vivax, P. malariae, and P. ovale malaria chloroquine can still 
be relied upon in most areas although high-level resistance is now 
well established in Indonesia, Micronesia, and the island of New 
Guinea, and there are increasing reports of low-level resistance 
from many parts of Asia and South-America (Tables 73.9–
73.12).
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Assessment of the therapeutic response

Generally understood and standardized defi nitions of antimalar-
ial drug treatment responses are important for epidemiological 
purposes, and helpful in therapeutic decision-making. The defi ni-
tions of severe malaria and treatment failure and the methods of 
assessing the therapeutic response have all undergone changes in 
recent years.

In uncomplicated malaria, the immediate therapeutic response 
is usually assessed by the parasite and fever clearance times. Recent 
WHO defi nitions of treatment failure are shown in Table 73.14.798

Parasite clearance time (PCT)

This is the interval between beginning antimalarial treatment and 
the fi rst negative blood slide. The accuracy of the measurement 
depends on the frequency with which blood slides are taken and 
the quality of microscopy. The PCT is directly proportional to the 
admission parasitaemia. The time, taken for parasitaemia to fall 
to half of the admission value (PCT50) and to fall to 10% of the 
admission value (PCT90) are also useful comparative measures 
unless initial parasitaemias are low.

Fever clearance time (FCT)

This is the interval from beginning antimalarial treatment until 
the patient is apyrexial. Fever does not come down linearly – it 
often fl uctuates erratically. The method and site of measurements 
should be standardized and the use of antipyretics documented. 
One approach is to record when temperature fi rst falls below 
37.5°C (FCTa), and then when the temperature falls and remains 
below 37.5°C for 24 h (FCTb).

In vivo testing of antimalarial drug effi cacy

The World Health Organization now recommends that antima-
larial drug treatment policy should aim for cure rates of at least 
95% and that there should be consideration of policy change if 

Table 73.14 WHO defi nitions of antimalarial treatment failure in uncomplicated falciparum malaria

Treatment outcome Symptoms and signs
Early treatment failure Development of danger signs or severe malaria on days 1–3 in the presence of parasitaemia

Parasitaemia on day 2 higher than the day 0 count irrespective of axillary temperature

Parasitaemia on day 3 with axillary temperature of ≥37.5°C

Parasitaemia on day 3 of ≥25% of count on day 0.

Late treatment failure Development of danger signs or severe malaria after day 3 in the presence of parasitaemia, 
without previously meeting any of the criteria of early treatment failure.

Late clinical failure Presence of parasitaemia and axillary temperature of ≥37.5°C (or history of fever) on any 
day from day 4 to day 28, without previously meeting any of the criteria of early treatment 
failure.

Late parasitological failure Presence of parasitaemia on any day from day 7 to day 28 and axillary temperature of 
<37.5°C, without previously meeting any of the criteria of early treatment failure or late 
clinical failure.

Adequate clinical and parasitological response Absence of parasitaemia on day 28 irrespective of axillary temperature without previously 
meeting any of the criteria of early treatment failure, late clinical failure or late 
parasitological failure.

failure rates exceed 10%.657 Continuous assessment of antimalarial 
drug effi cacy is therefore needed to monitor antimalarial drug 
resistance and inform policy (Box 73.2). In comparative studies, 
the groups should refl ect the population affected by malaria. Too 
many trials have been conducted in older children or adults in 
highly endemic areas. These groups have signifi cant background 
immunity, few or no symptoms, and a high rate of self-cure.398 
Drug effi cacy in the less immune younger children is therefore 
overestimated. The analysis should be age stratifi ed if there is a 
wide age range included in the study. It is very important that 
patients, parents or guardians truly understand that participation 
in a drug trial is voluntary, and give informed consent. Ideally, 
pre-treatment with another antimalarial drug is an exclusion 
criterion, but in some areas this is very common. In which case, 
such patients should be included provided details are taken, and 
preferably a baseline blood level is taken.

In antimalarial drug trials, data should be entered on a case 
record form. Baseline clinical, and demographic details should be 
recorded and, at a minimum, the parasitaemia counted and hae-
matocrit measured. In well-equipped sites, parasite culture to cor-
relate the in vivo response with in vitro susceptibility can also be 
performed. A baseline whole blood sample (or blood spot on 
fi lter paper) should be stored for parasite genotyping. Molecular 
typing of Plasmodium falciparum (usually by assessment of size 
polymorphisms in fragments of the genes encoding MSP1, MSP2 
and GLURP) has considerably improved the accuracy of drug trials 
conducted in endemic areas.800–802 The genotype(s) of infections 
recurring within the follow-up period are compared to those in 
the initial isolate. If the same genotype is found the infection is 
considered a recrudescence (i.e. a treatment failure).803 A different 
genotype indicates a newly acquired infection. The method is not 
foolproof; genotypes may be diffi cult to ascribe in mixed infec-
tions (which are usual in high transmission settings) and resistant 
infections might be subpatent on admission and therefore be 
considered erroneously as a new infection when they subsequently 
recrudesce.804 But genotyping has been a considerable advance 
which allows large community-based drug assessments in falci-
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parum malaria to be conducted in endemic areas. For studies of 
slowly eliminated drugs taking a blood level measurement at Day 
7 in all patients helps to interpret treatment failures (i.e. whether 
they resulted from drug resistance or low blood concentrations).805 
For many drugs, simple fi lter paper whole antimalarial drug blood 
assays are now available.

Antimalarial treatment should be observed and adverse effects 
recorded. The patients should be followed daily until parasite 
clearance, then at weekly intervals. The rate of resolution of 
anaemia is a sensitive measure of the treatment response. The 
haemoglobin or haematocrit should be measured each time a 
parasite count is performed in therapeutic assessments. Four weeks 
is the minimum follow-up duration for rapidly eliminated drugs 

and 6 weeks is the minimum for drugs with intermediate or long 
terminal elimination half-lives.806 At least 90% follow-up at 4 
weeks should be aimed for, and sample sizes adjusted for likely 
‘drop-out’ rates. The appearance of P. vivax, P. malariae or P. ovale 
malaria requires chloroquine treatment. These patients’ data are 
usually censored after treatment of vivax malaria.

Interpretation of trials

In antimalarial drug trials two or more groups of patients are fol-
lowed for a pre-specifi ed length of time after different antimalarial 
treatments. The cure rates, which means the proportions of 
patients who reach the end of this follow-up period without recru-
descence of the infection, are compared. In the past, antimalarial 
treatment effi cacy was usually assessed on a particular day (often 
day 14 or day 28 after starting treatment) so only patients fol-
lowed to that day were included in the analysis. This is often 
referred as a ‘per-protocol’ (PP) analysis. But in most trials, there are 
patients who do not complete the follow-up period, yet these 
patients do contribute useful information before they leave the 
trial, and their contribution can and should be used. If such a 
patient did not fail (i.e. remained aparasitaemic) when last 
observed, that patient’s data are said to be ‘censored’ at the time 
they were last followed-up. The patient who has the appearance 
of vivax malaria following treatment of falciparum malaria is also 
usually censored at that time. The appropriate analysis for such 
data is survival analysis, which deals explicitly with censored 
values.799 Patients with different follow-up periods cannot be 
treated the same way – someone who is followed up for longer 
has a greater chance of being recorded as treatment failure than 
another patient followed-up for a shorter time. Failure rates should 
be estimated using the Kaplan–Meier method. This is now 
endorsed by the current WHO recommendations for antimalarial 
resistance monitoring which suggest use of life tables (i.e. survival 
analysis) in analysing in vivo studies.798 The ‘intention to treat’ 
(ITT) analysis, which includes all missing patients or indetermi-
nate values as treatment failures should be reported also, but it 
should not be the primary endpoint of an antimalarial drug study 
as it may overestimate the true failure rates.

Therapeutic assessments in vivax malaria

The design and conduct of studies in vivax malaria is similar to 
trials in falciparum malaria but the interpretation of results is more 
diffi cult. Unfortunately, genotyping does not distinguish reliably 
between recrudescence, relapse and new infection as approxi-
mately two-thirds of relapses are with a genotype different to that 
which caused the initial infection.806,807 But in the assessment of 
chloroquine, any infection that recurs within 28 days can be 
regarded as resistant provided the whole blood chloroquine con-
centration is ≥100ng/mL. Assessment of anti-relapse activity is 
easiest if rapidly eliminated drugs are used (quinine, artesunate) 
as these do not suppress the fi rst relapse.

Severe malaria trials

In addition to parasite and fever clearance, the rate of clinical 
recovery in survivors should be assessed. In unconscious children, 
the Blantyre Coma Scale (BCS) is most widely used and in adults 
the Glasgow Coma Score (GCS) should be measured. If possible, 

Box 73.2 Design and conduct of antimalarial 
drug trials

An adequate sample size is required to assess the clinical effi cacy 
of antimalarial drugs. For example, with a sample size of 60 
studied patients and six treatment failures, the 95% confi dence 
interval around the 90% cure rate is 82.4–97.6%. This study is 
too small for a defi nitive assessment as it leaves too much 
uncertainty as to the true cure rate in the population. In the 
past, antimalarial drug trials have been powered to detect 
differences between drugs – usually with 95% confi dence and 
80% power. This is a ‘superiority’ trial. But conducting such 
trials is increasingly diffi cult with cure rates over 90% because 
of the exponential increase in the sample size required.799 The 
higher the standard treatment’s cure rate, the more diffi cult it 
is to demonstrate conclusively a small difference in favour of a 
new treatment. An alternative approach is the non-inferiority 
trial, which aims to show that an experimental treatment is 
‘not worse’ than the active control (i.e. current treatment) by 
more than a specifi ed amount – the equivalence margin (often 
denoted δ). The null hypothesis being tested is that there is a 
difference between the two groups (i.e. it is the opposite to 
that in conventional superiority trials) and it is greater than the 
δ. The main limitation is that confounders introduced in a 
poorly conducted trial which affect both groups, and are 
unrelated to differences in the effi cacy (or toxicity) of the trial 
regimens, can obscure signifi cant differences. In a superiority 
trial this might lead to a failure to disprove the null hypothesis 
– i.e. failure to show difference – but in a non-inferiority trial 
the direction is opposite; a false rejection of the null hypothesis 
and conclusion of non-inferiority. This emphasizes the 
importance in antimalarial drug trials of avoiding errors in drug 
allocation and administration, poor adherence, errors in end-
point ascertainment (for antimalarial effi cacy this refers 
particularly to identifi cation of recrudescence), and loss to 
follow-up.

Blinding is often used to avoid bias in comparative trials although 
it is often diffi cult in antimalarial drug assessments because of 
differences in treatment regimens and the diffi culties in 
masking the taste of the drugs. Compared with superiority 
trials, blinding does not protect against bias as well in non-
inferiority trials because a biased investigator wishing to show 
non-inferiority can simply give all patients similar results. 
Analysis of non-inferiority trials requires a calculation of the 
difference between the failures rates in the treatment groups 
and a calculation of the confi dence interval around this 
difference using appropriate methods and ‘effective’ sample 
sizes.799
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these should be assessed 4–6-hourly and the times to reach BCS 
scores of 3, 4 and 5 and GCS scores of 8, 11 and 15 recorded. The 
time to drink, sit, walk and leave hospital should also be docu-
mented. The changes in venous lactate, venous bicarbonate and, 
in adults, serum creatinine can also be followed and used as mea-
sures of the therapeutic response.

In vitro sensitivity testing

Both in vivo and in vitro assessments of antimalarial effi cacy are 
needed to guide treatment recommendations and planning of 
policy. P. falciparum can be cultured relatively easily in vitro, whereas 
the other malaria parasites are more diffi cult to grow ex vivo. Short-
term culture of P. falciparum over one cycle requires only simple 
sterile culture media, a candle jar and an incubator.808,809 Short-
term culture of P. vivax is also relatively easy with modifi cations to 
the conditions.810,811 Antimalarial drug susceptibility can be tested 
by measuring the inhibition by different concentrations drugs of 
parasite maturation to the schizont stage, the degree of inhibition 
of radio-labelled (3H) hypoxanthine uptake, or the synthesis of 
parasite specifi c lactate dehydrogenase or histidine rich protein 
2.812–814 The PfLDH and PfHRP2 tests require only an ELISA reader 
and have the additional advantage of being possible at low parasite 
densities. These are useful epidemiological tools, but they do not 
predict the clinical response to treatment in an individual because 
they do not refl ect differences between people in antimalarial phar-
macokinetics, immunity or stage of disease.

MANAGEMENT

In many tropical countries, ‘malaria’ is synonymous with ‘fever’. 
Antimalarial drugs are self administered on a vast scale. Where pos-
sible, a defi nite species diagnosis should be obtained by micro-
scopic examination of the blood smear or use of a suitable rapid 
antigen based diagnostic test (RDT). If there is any doubt, Plasmo-
dium falciparum infection should be assumed. The management of 
malaria depends very much on the health facilities available and 
the endemicity of disease, i.e. the likely immune status of the 
patient. For example, in areas of intense transmission infants and 
young children are often parasitaemic. Distinguishing malaria from 
other infections as the cause of fever may be diffi cult or impossible, 
and so it is prudent to treat febrile children for malaria unless there 
is an evident alternative diagnosis. In these settings, asymptomatic 
parasitaemia is also common in older children and adults, but in 
these age groups, fever is more likely to be the result of some other 
infection. However, fever may precede detectable parasitaemia in 
non-immune adults or young children. The blood fi lm should be 
re-checked in suspected cases. ‘Blood smear-negative malaria’ is a 
common diagnosis in the tropics – but one to be avoided. Other 
infections are more likely. If the patient has a sub-patent parasitae-
mia and no signs of severity it is safe to wait, seek other causes for 
the symptoms, and repeat the blood smears at 12–24 h intervals. In 
severely ill patients, antimalarial treatment should be started imme-
diately in full doses, but other diagnoses sought. Patients may 
remain unconscious or develop renal failure after parasite clear-
ance, but there is usually a clear history of previous treatment, and 
malaria pigment may still be found in monocytes in peripheral 
blood or intradermal smears,473 and the PfHRP2 dipstick will be 
positive.518 If the temperature is high on admission (>38.5°C) then 

symptomatic treatment with oral antipyretics (paracetamol, not 
aspirin) and tepid sponging bring symptomatic relief, and may also 
reduce the likelihood that the patient vomits the oral antimalarials. 
This is particularly important for young children who are less likely 
to have a seizure, and more likely to tolerate oral antimalarials 
when their temperature has been lowered and they are quiet and 
calm. Unfortunately, there are no paediatric formulations of mefl o-
quine, or the artemisinin derivatives. For young children large pills 
should be crushed and given as a suspension in a small volume of 
sweet drink or milk when treating young children. A disposable 
syringe (without the needle!) may be used to draw up and give an 
accurate volume of the suspension into the child’s mouth.

Benign malarias

Although P. vivax, P. ovale or P. malariae rarely kill, the disease can 
be moderately severe, requiring initial parenteral treatment. Occa-
sional patients with vivax malaria do develop vital organ dysfunc-
tion, and these should be treated as for severe falciparum malaria. 
More usually, oral treatment with chloroquine (Table 73.13) leads 
to resolution of the fever within 2–3 days. The total dose is usually 
25 mg base/kg. The initial dose is 10 mg base/kg and this is fol-
lowed at 12-h intervals with subsequent doses of 5 mg/kg or the 
dose can be divided as 10, 10, 5 mg/kg on Days 0, 1 and 2, respec-
tively. Resistance to SP is widespread and high level resistance to 
chloroquine in P. vivax is now a signifi cant problem on the island 
of New Guinea and in parts of Indonesia. These infections respond 
to ACTs containing amodiaquine, piperaquine or mefl oquine. Plas-
modium vivax responds to antimalarial drugs similarly to Plasmo-
dium falciparum.815 The ACTs (with the exception of artesunate – SP) 
are highly effective against vivax malaria. Primaquine should be 
given to patients with P. vivax or P. ovale to prevent relapse. The 
incidence of relapse varies considerably by geographical region. 
The effi cacy in preventing relapse is determined by the total dose of 
primaquine taken. The 5-day regimens widely used on the Indian 
subcontinent are insuffi cient. The usual adult dose has been 15 mg 
base/day (0.25 mg/kg) for 14 days although higher doses are 
needed for the relatively resistant ‘Chesson-like’ strains (found in 
East Asia and Oceania).816 There is increasing use of 30 mg base/
day for 14 days for infections from East Asia and Oceania. This is 
well tolerated if taken with food. Primaquine is often considered 
unnecessary if the patient is going to return immediately to a 
highly endemic area, although the risk-benefi t assessment for use 
in children in Asia (where G6PD defi ciency is common) has not 
been made. Primaquine should not be given to pregnant or lactat-
ing women or patients with known severe variants of G6PD defi -
ciency. If mild variants of G6PD defi ciency are known or likely then 
primaquine should be given in a dose of 0.75 mg/kg (45 mg) once 
weekly for 6 weeks. Primaquine does have signifi cant activity 
against the asexual blood stages of P. vivax and this may mask chlo-
roquine resistance in combined treatment, but may also protect 
against chloroquine resistance in areas with sensitive parasites.817

P. falciparum malaria

In endemic areas, uncomplicated falciparum malaria is treated on 
an out-patient basis in the same way as the other malarias. In tem-
perate countries, imported cases should usually be hospitalized. 

Management
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The choice of drugs will depend on the local pattern of resistance 
where the infection was acquired. Because of the propensity for P. 
falciparum infections to kill, careful assessment of severity is most 
important. There is obviously a distribution of severity from 
asymptomatic parasitaemia to fulminant lethal malaria. In prac-
tice, any patient who is unable to take oral medication will require 
parenteral treatment and careful observation, and any impairment 
of consciousness should be treated seriously. The progression to 
cerebral malaria can be rapid, particularly in young children.

Management of severe P. falciparum malaria 
(Table 73.15)

Severe malaria is a medical emergency. The airway should be 
secured in unconscious patients, an intravenous infusion should 
be started, and other resuscitation measures taken. A rapid clinical 
assessment of the degree of dehydration and the intravascular 
volume should be made. Vital signs and capillary refi ll time should 
be recorded. Particular attention should be paid to the respiratory 
pattern and any signs of respiratory distress (laboured deep breath-
ing, fl aring of the alar nasae, intercostal or substernal retraction) 
should be noted. The patient should be weighed if possible so that 
the antimalarials can be given on a body weight basis (for adults, 

a simple method is for the stretcher-bearers to stand on bathroom 
scales with, and without, the patient). Immediate measurements 
of blood glucose (stick test), haematocrit, parasitaemia (parasite 
count, stage of development, and proportion of neutrophils con-
taining malaria pigment) and, in adults, renal function (blood 
urea or creatinine) should be taken. The degree of acidosis is an 
important determinant of outcome; the plasma bicarbonate or 
venous lactate should be measured if possible (lactate rapid stick 
tests are now available). Arterial or capillary blood pH and gases 
should be measured in patients who are unconscious, hyperven-
tilating, or shocked. Blood should be taken for cross-match, and 
later (if available) full blood count, platelet count, clotting studies, 
blood culture and full biochemistry. Parenteral antimalarial treat-
ment should be given as soon as possible. Where there are ade-
quate nursing facilities the antimalarial drugs should be given by 
intravenous infusion. There is no specifi c treatment for severe 
malaria other than antimalarial drugs. These are potentially life-
saving and so it is very important that the dosing is correct (the 
fi rst dose is by far the most important). Artesunate, which is the 
best treatment of severe malaria, should be given by intravenous 
or intramuscular injection, and artemether by intramuscular injec-
tion only. If quinine is used, a full loading dose (20 mg dihydro-
chloride salt/kg) should be given to all patients unless there is a 
clear history of adequate pre-treatment.336,495,818,819 The quinoline 

Table 73.15 Immediate clinical management of severe manifestations and complications of falciparum malaria

Manifestation/complication Immediate managementa

Coma (cerebral malaria) Maintain airway, place patient on his or her side, exclude other treatable 
causes of coma (e.g. hypoglycaemia, bacterial meningitis); avoid harmful 
ancillary treatment such as corticosteroids, heparin and adrenaline; intubate 
if necessary.

Hyperpyrexia Administer tepid sponging, fanning, cooling blanket and antipyretic drugs.

Convulsions Maintain airways; treat promptly with intravenous or rectal benzodiazepine 
(lorazepam, midazolam or diazepam) or intramuscular paraldehyde.

Hypoglycaemia (blood glucose concentration of <2.2 mmol/L; 
<40 mg/100 mL)

Check blood glucose, correct hypoglycaemia and maintain with glucose-
containing infusion.

Severe anaemia (haemoglobin <5 g/100 mL or packed cell 
volume <15%)

Transfuse with screened fresh whole blood.

Acute pulmonary oedemab Prop patient up at an angle of 45°, give oxygen, give a diuretic, stop 
intravenous fl uids, intubate and add positive end-expiratory pressure/
continuous positive airway pressure in life-threatening hypoxaemia.

Acute renal failure Exclude pre-renal causes, check fl uid balance and urinary sodium; if in 
established renal failure add haemofi ltration or haemodialysis, or if 
unavailable, peritoneal dialysis. The benefi ts of diuretics/dopamine in acute 
renal failure are not proven.

Spontaneous bleeding and coagulopathy Transfuse with screened fresh whole blood (cryoprecipitate, fresh frozen 
plasma and platelets if available); give vitamin K injection.

Metabolic acidosis Exclude or treat hypoglycaemia, hypovolaemia and septicaemia. If severe 
add haemofi ltration or haemodialysis.

Shock Suspect septicaemia, take blood for cultures; give parenteral antimicrobials, 
correct haemodynamic disturbances.

Hyperparasitaemia (e.g. >10% of circulating erythrocytes 
parasitized in non-immune patients with severe disease)

Treat with parenteral antimalarials initially

a It is assumed that appropriate antimalarial treatment will have been started in all cases.
b Prevent by avoiding excess hydration.
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antimalarials (chloroquine, quinine, quinidine) are compatible 
with saline or dextrose solutions. They should never be given by 
bolus intravenous injection. The assessment of fl uid balance is 
critical in severe malaria. In children there is not a consensus as 
to optimum fl uid management. Some children are clearly ‘dry’ on 
admission and need rehydration. Urgent blood transfusion is 
required for severely anaemic (haematocrit <15%) acidotic chil-
dren, but the role of colloids otherwise remains controversial. In 
adults, there is a thinner dividing line between overhydration, 
which may precipitate pulmonary oedema, and underhydration 
which may contribute to shock or precipitate or worsen acidosis 
and renal impairment. Careful and frequent evaluations of the 
jugular venous pressure, peripheral perfusion, capillary refi ll, 
venous fi lling, skin turgor and urine output should be made. 
Where there is uncertainty over the jugular venous pressure, and 
if nursing facilities permit, a central venous catheter should be 
inserted and the pressure (CVP) measured directly. The CVP 
should be maintained between 0 and 5 cm. If the venous pressure 
is elevated (usually because of over-enthusiastic fl uid administra-
tion), and the patient becomes breathless they should be nursed 
with the head at 45° and if necessary intravenous furosemide 
given. Acidotic breathing or respiratory distress, particularly in 
severely anaemic children, often indicates hypovolaemia and 
requires prompt rehydration and, if available, rapid blood transfu-
sion.318 Convulsions should be treated promptly with intravenous 
or rectal lorazepam (or midazolam or if unavailable, diazepam) 
or intramuscular paraldehyde. The role of prophylactic anticon-
vulsants is unresolved (see below).

When these immediate measures have been completed, a more 
detailed clinical examination should be conducted, with particu-
lar note of the level of consciousness and record of the coma score. 
Several coma scores have been advocated. The Glasgow coma scale 
(GCS)820 is suitable for adults, and the simple Blantyre modifi ca-
tion (BCS)401 is readily performed in children (Table 73.16). 
Unconscious patients must have a diagnostic lumbar puncture to 
exclude bacterial meningitis. The opening pressure should be 
recorded and the rise and fall with respiration noted. The CSF 
should be sent for microscopic analysis, culture, and measurement 
of glucose, lactate and protein. Subsequent clinical observations 
should be as frequent as possible and should include vital signs, 
with an accurate assessment of respiratory rate and pattern, assess-
ment of the coma score, and urine output. The blood glucose 
should be checked, using rapid stick tests every 4 h if possible, 
until recovery of consciousness. These stick tests may overestimate 
the frequency of hypoglycaemia so laboratory confi rmation may 
be necessary. Important milestones on the road to recovery are the 
time to recover consciousness (GCS 15 or BCS 5), time to drink, 
and times to sit unaided and walk.

Cerebral malaria

When managing a patient who is unconscious with severe malaria, 
the physician must exclude, as far as possible, continuous seizure 
activity and hypoglycaemia as the cause. Both are more common 
in children than in adults. Many adjuvant therapies have been 
suggested, based on the prevailing pathophysiology hypothesis of 

Table 73.16 Suitable coma scales to assess levels of consciousness in adults and children

The Blantyre coma scale for children Scorea The modifi ed Glasgow coma scale for adults Score

BEST MOTOR RESPONSE BEST MOTOR RESPONSE

 Localizes painful stimulusb 2 Obeys commands 6

 Withdraws limb from painc 1 Localizes pain 5

 Non-specifi c or absent response 0 Withdraws limb from pain 4

Flexion to pain 3

Extension to pain 2

None 1

VERBAL RESPONSE VERBAL RESPONSE

 Appropriate cry 2 Oriented 5

 Moan or inappropriate cry 1 Confused 4

 None 0 Inappropriate words 3

Incomprehensible sounds 2

None 1

EYE MOVEMENTS EYE OPEN

 Directed (e.g. follows mother’s face)d 1 Spontaneously 4

 Not directed 0 To speech 3

To pain 2

Never 1

a Total score can range from 0 to 5; 2 or less indicates ‘unrousable coma’.
b Painful stimulus: rub knuckles on patient’s sternum.
c Painful stimulus: fi rm pressure on thumbnail bed with horizontal pencil.
d Total score can range from 3 to 15; ‘Unrousable coma’ refl ects a score of <9.

Management
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the time. These include heparin, low molecular weight dextran, 
urea, high-dose corticosteroids, aspirin, prostacyclin, pentoxifyl-
line (oxpentifylline), desferrioxamine, anti-TNF antibody, ciclo-
sporin and hyperimmune serum. Unfortunately, none has proved 
to be benefi cial, and several have proved harmful.821–827 None of 
these adjuvants should be used. The cornerstone of management 
is good intensive care and adequate appropriate antimalarial treat-
ment.

Prophylactic phenobarbitone prevents seizures in cerebral 
malaria. But the role of prophylactic anticonvulsants is uncertain, 
since a large double-blind trial in Kenyan children with cerebral 
malaria showed a doubling of mortality in children receiving a 
single prophylactic intramuscular injection of phenobarbitone 
(20 mg/kg). Mortality was increased in children who received 
three or more doses of diazepam (i.e. had recurrent treated sei-
zures), which suggests a possible interaction between these two 
drugs, and points to respiratory depression as the lethal effect.827 
Thus, the standard loading dose of phenobarbitone is contraindi-
cated unless the patient can be ventilated. Some physicians give a 
smaller dose of phenobarbitone in unconscious patients, others 
do not give any seizure prophylaxis and rely on treatment. The 
safety and effectiveness of phenytoin, fosphenytoin and other 
anticonvulsants is not well characterized. The role of osmotic 
agents to treat raised intracranial pressure in cerebral malaria 
also remains uncertain. Although approximately 80% of 
children with cerebral malaria have moderately elevated pressures 
at lumbar puncture (whereas in adults 80% of pressures are in the 
normal range) and some children have very high pressures, there 
is no evidence that use of osmotic agents (such as mannitol) infl u-
ences outcome. Those factors known to exacerbate raised intracra-
nial pressure such as uncontrolled seizures and hypercapnoea 
should be treated promptly. Specifi c management includes care of 
the unconscious patient, careful fl uid balance, rapid treatment of 
convulsions, treatment of hyperpyrexia, and early detection and 
treatment of other manifestations or complications of severe 
malaria. If there is any respiratory abnormality, or there 
are repeated seizures the patient should be ventilated, but 
great care should be taken to avoid hypercapnoea as the patient 
is intubated.

Hypoglycaemia should be suspected in any patient who dete-
riorates suddenly, and this should be treated empirically if glucose 
stick tests are unavailable. Supervening bacterial infections are 
common, particularly chest infections and catheter-related urinary 
tract infections, and spontaneous septicaemia may occur. Bacter-
aemia is more common in African children than in adults studied 
in South-east Asia. There is undoubtedly diagnostic overlap 
between severe malaria and bacterial septicaemia with incidental 
parasitaemia, but there is also a genuine predisposition to septi-
caemia in severe malaria. Empirical broad-spectrum antibiotics 
should certainly be given to any patient who deteriorates suddenly 
and in whom hypoglycaemia has been excluded, but many con-
sider that all children with severe malaria in moderate and high 
transmission should receive antibiotics on admission. Aspiration 
pneumonia commonly follows generalized seizures. Patients 
should be nursed on their sides, and turned frequently. The role 
of prone positioning has not been studied. Most children will 
recover consciousness within 2 days, and most adults within 3 
days. Rarely adults may remain unconscious for as long as 10 days. 
Obviously, with longer periods of coma complications such as 

pressure sores and secondary infections become increasingly 
likely, and parenteral nutrition is required.

Fluid balance

Children with severe malaria may be dehydrated, but renal failure 
and pulmonary oedema are extremely unusual in young children. 
A common mistake is to be too cautious in giving blood to an 
anaemic acidotic child for fear of precipitating ‘congestive failure’. 
Recent studies indicate that anaemic congestive failure is uncom-
mon, and that respiratory distress in these children represents 
metabolic acidosis not pulmonary oedema.36,317,318 The acidosis is 
aggravated by anaemia and hypovolaemia.

In approximately 50% of adults admitted with severe malaria 
there is evidence of renal impairment. In the majority of these, 
there will be a transient period of oliguria, followed by uncom-
plicated recovery, but a minority will progress to established acute 
tubular necrosis. A polyuric phase is unusual. Adults with severe 
malaria are very vulnerable to fl uid overload and the physician 
treads a narrow path between underhydration, and thus worsen-
ing renal impairment, and overhydration, with the risk of pre-
cipitating pulmonary oedema. Following admission, patients 
should be rehydrated carefully to a CVP of between 0 and 5 cm 
with 0.9% (normal) saline or other isotonic electrolyte solutions. 
Thereafter, the daily fl uid requirements will depend on urine 
output (plus diarrhoea) and insensible losses, which can be con-
siderable in febrile patients nursed in hot environments. Water 
and glucose are provided by 5% or 10% dextrose solutions. It is 
not possible to generalize on initial fl uid requirements as these 
can vary from defi cits of several litres to patients who are admitted 
oliguric and unconscious but well hydrated with a slightly elevated 
jugular venous pressure. Each patient’s requirements should be 
assessed individually. It is well worth spending some time estab-
lishing clearly the level of the jugular venous pressure and if in 
doubt inserting a CVP line. If blood glucose is <4 mmol/L, then 
10% glucose should be started following saline replacement; if it 
is <2.2 mmol/L, then hypoglycaemia should be treated immedi-
ately (0.3–0.5 g/kg of glucose). The fl uid regimen must also be 
tailored around infusion of the antimalarial drugs. Artesunate and 
artemether are simple injections but quinine infusions must be 
rate controlled. Some physicians prefer to put the 24-h quinine 
maintenance dose in one 500 mL bottle of 0.9% saline or 5% 
dextrose water and infuse this at constant rate, whilst adjusting 
fl uid balance as necessary through a separate piggy-backed line. 
Giving potassium or other electrolyte supplements can be guided 
by plasma concentration measurements. It is not usually necessary 
in the initial phase of management. Many patients will require 
blood transfusion. The exact criteria for transfusion will depend 
on blood availability, but in general, if the haematocrit falls below 
20% then blood should be given, although in high transmission 
settings, this would necessitate too many transfusions. The lower 
threshold of 15% haematocrit is often used. In adults with severe 
malaria where there is a greater danger of precipitating pulmonary 
oedema, transmission of packed cells may be indicated. In prac-
tice, if blood is allowed to sediment in a bag or bottle, only the 
cells can be given. If the patient is volume overloaded the transfu-
sion should be stopped, or continued very slowly adding furose-
mide (0.3 mg/kg) to each unit.
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Acute renal failure

If the patient remains oliguric (<0.4 mL of urine/kg per hour), 
despite adequate rehydration, and the blood urea or creatinine are 
rising or already high, then fl uids should be restricted to replace 
insensible losses only. Haemofi ltration or dialysis should be 
started early particularly when there is evidence of multiple organ 
dysfunction. The role of dopamine and loop diuretics in prevent-
ing the progression of renal failure is controversial.241 There is no 
evidence they are benefi cial. Renal failure is hypercatabolic in the 
acute phase of the disease, and once conventional indications for 
dialysis have been reached (i.e. metabolic acidosis, uraemic com-
plications, volume overload, or less commonly hyperkalaemia) 
the patient may deteriorate quickly or die suddenly. An electrocar-
diogram should be performed if acute renal failure is suspected 
and an immediate blood potassium measurement is unavailable. 
If there are signs of hyperkalaemia (peaked T waves, widening of 
the QRS complex) then calcium and glucose plus insulin should 
be given immediately. The tempo of disease is faster in patients 
with acute disease and multiple organ dysfunction, and dialysis 
should be started earlier than in those whose renal failure devel-
ops after other acute manifestations have resolved. Haemofi ltra-
tion or haemodialysis are preferable to peritoneal dialysis. 
Haemofi ltration is associated with a considerably more rapid 
resolution of biochemical abnormalities and a lower mortality 
than peritoneal dialysis. Despite the coagulopathy associated with 
severe malaria, bleeding problems are unusual. After the initial 
outlay for the pumps and balance, haemofi ltration is also less 
expensive, although well-trained nursing care is essential. When 
there is no alternative to peritoneal dialysis the addition of hyper-
tonic dextrose to the peritoneal dialysate can be used to remove 
excess fl uid, and also to provide glucose in hypoglycaemic cases. 
The effi ciency of peritoneal dialysis often improves after the fi rst 
24 h. Reduced peritoneal clearance is thought to be related to 
sequestration in the peritoneal microvasculature during the acute 
phase. Peritonitis (cloudy dialysis effl uent) is relatively common 
if dialysis is continued for >72 h. The dose of quinine should be 
reduced by between one-third and one-half on the third day of 
treatment. Tetracycline is contraindicated, but doxycycline can still 
be given. The median time to recovery of urine fl ows (>20 mL/kg 
per 24 h) is 4 days. The overall prognosis and rate of recovery is 
better in oliguric than in anuric cases (Figure 73.29).

Patients with blackwater fever should be managed in the same 
way as other patients. Parenteral quinine should not be stopped 
unless an artemisinin derivative is available for substitution (both 
have been associated with blackwater). The preventative or thera-
peutic role of urinary alkalinization in blackwater fever has not 
been evaluated yet. Blood transfusion is often needed but the 
increase in haematocrit is often less than predicted because of the 
brisk haemolysis of the transfused cells. If the patient is volume 
overloaded, but needs blood, then dialysis or haemofi ltration 
must be given fi rst to create enough vascular ‘space’ for the blood. 
Packed cells should be given and the transfusion administered as 
slowly as possible.

Case history

A 46-year-old Brazilian forestry offi cial was admitted to a large 
provincial hospital with a 5-day history of fever and malaise. Four 

days previously, he had attended a health clinic and was told he 
had malaria. An intramuscular injection was given, and he was 
given three large white tablets to take immediately. A further 6 
tablets were prescribed: two to be taken every 4–6 h. On direct 
questioning, he said that the injection was not painful (and looked 
like water), that the tablets were not particularly bitter, and that 
he did not have subsequent ringing in the ears or deafness. His 
symptoms did not improve, and so he left for the city. When he 
arrived, he was still febrile and felt ill so he consulted his private 
practitioner who gave him more white tablets (two to be taken 
three times daily) and red/yellow capsules (one to be taken four 
times daily). He found this medicine extremely bitter. By the time 
of admission he had taken four white tablets and two capsules, 
but had vomited twice the previous evening.

On examination, he was lucid, but slightly agitated, jaundiced 
and anaemic. His oral temperature was 38.7°C. He was slightly 
dehydrated; the blood pressure was 100/70 and the pulse 
120/min. The cardiovascular and respiratory systems were normal, 
but the liver and spleen were both enlarged. The haematocrit was 
24%, and the thick blood fi lm showed a heavy P. falciparum para-
sitaemia with gametocytes. The thin fi lm count was 58/1000 red 
cells (no mature parasites with pigment were seen). An urgent 
serum creatinine was 4.1 mg/dL (360 μmol/L) and blood glucose 
72 mg/dL (4.0 mmol/L). The admitting physician put up an 
intravenous infusion and, after considering the history of 
previous treatment, gave a loading dose of quinine dihydrochlo-
ride (20 mg salt/kg) over 4 h. This was followed by further 
infusions of 10 mg/kg 8-hourly. The next day the serum creatinine 
had risen to 5.5 mg/dL (485 μmol/L), with a blood urea nitrogen 
of 120 mg/dL, but the serum potassium was 4.6 mmol/L and the 
urine output 1500 mL (positive balance 1200 mL). The parasite 
count was 22/1000 red cells. The following day, the serum creati-
nine was 6.3 mg/dL (554 μmol/L), the potassium 4.8 mmol/L and 
the urine output 1800 mL, but the fever had improved and the 
patient felt better. The quinine dose was reduced to 10 mg/kg 12-
hourly. Thereafter, the patient improved steadily, and the serum 
creatinine fell. The fever clearance time was 74 h and parasite 
clearance time 82 h. The patient was discharged after 10 days with 

Management

Figure 73.29 Recovery from malarial acute renal failure. This results 
from acute tubular necrosis. Many patients will not become oliguric, 
despite a rising serum creatinine in the fi rst few days of hospitalization, 
and can be managed conservatively.
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a serum creatinine of 260 μmol/L. He was given doxycycline 
100 mg daily for 7 days to take as an out-patient. One week later 
he was well, with a serum creatinine of 180 μmol/L.

Comment

This patient had severe malaria. The admitting physician was con-
fronted with the common question of whether to give a loading 
dose of quinine or not. She could have given an 
artemisinin derivative in full doses without worry but there was 
none available at the time. She decided that at the patient’s fi rst 
consultation the injection given was probably an antipyretic (and 
even if it had been quinine – which is painful if undiluted, and 
yellow in colour – it would not have altered her decision). ‘Four 
days ago’ would correspond to approximately fi ve half-lives 
(5 × 18 h) in severe malaria, i.e. if peak concentrations after the 
injection were 15 mg/L, then 4 days later they would be <1 mg/L). 
She thought on balance that the antimalarial treatment had prob-
ably been sulphadoxine-pyrimethamine (three tablets), and the 
other tablets antipyretics. On the previous day, however, he had 
probably been given quinine and tetracycline and, despite having 
vomited, he could have absorbed up to 1200 mg (4 tablets) of 
quinine. Her decision then was diffi cult: the patient might have a 
plasma quinine concentration as high as 6 mg/L, but it was prob-
ably lower, and it could be that she was wrong about the drugs 
he had been prescribed. On the other hand, he was clearly sick 
and in need of urgent treatment. In practice, quinine toxicity is 
unusual in the treatment of severe malaria. If plasma quinine 
levels are over 3 mg/L on admission a loading dose is unnecessary 
and should not be given, but precise information such as this is 
almost never available. The admitting physician had to make an 
educated guess. I hope by the next edition of this textbook, this 
case will be redundant – artesunate is clearly superior to quinine 
as a treatment of severe malaria in adults reducing mortality by 
35%, it is very simple to administer, and there is no need to reduce 
the dose under any circumstances. Hopefully all countries will 
have switched their treatment recommendations.

Although this patient’s malaria infection responded well to 
treatment, and his urine output remained good, his renal function 
deteriorated initially. When renal function deteriorates steadily 
but there is no other evidence of vital organ failure, and urine 
output is adequate, then a careful ‘watch and wait policy’ is rea-
sonable until an indication for dialysis/haemofi ltration arises. In 
the acute phase of severe malaria with multiple organ failure there 
should be a lower threshold for starting dialysis. In this case, the 
patient fortunately turned the corner and made a good recovery 
with conservative management.

Acute pulmonary oedema

This grave manifestation of severe malaria commonly co-exists 
with acute renal failure. The differential diagnosis includes pneu-
monia, if there are abnormal chest signs, and metabolic acidosis, 
if the chest is clear. Frothing at the mouth does not necessarily 
mean acute pulmonary oedema. In children, it is often hypersali-
vation resulting from continuous seizures. Tachypnoea is a serious 
sign in malaria; occasionally it results from high fever alone, in 
which case breathing is shallow, but more usually there is noisy 
hyperventilation with use of accessory muscles of respiration, 

intercostal recession and fl aring of the nostrils. Patients with acute 
pulmonary oedema should be nursed upright and given oxygen, 
and the right-sided fi lling pressures should be reduced with which-
ever treatments are available (loop diuretics, opiates, venodilators, 
haemofi ltration, dialysis). The right-sided pressure should be 
reduced to the lowest level compatible with an adequate cardiac 
output. Positive pressure ventilation should be started if the 
patient becomes hypoxic.

Hypoglycaemia

There should be a low threshold for suspecting hypoglycaemia in 
severe malaria. There may be no signs of hypoglycaemia in a 
patient already unconscious with cerebral malaria. Ideally, blood 
glucose should be checked at least 4-hourly while patients are 
unconscious. Hypoglycaemia should be treated by slow intrave-
nous injection of 0.5–1 mL/kg of 50% dextrose water, and pre-
vented by administering a 10% dextrose infusion at 1–2 mg/kg 
per h. Quinine-stimulated hyperinsulinaemia may be blocked by 
somatostatin or its synthetic analogue, if available (they seldom 
are!). If possible, serum potassium should be checked frequently 
in hypoglycaemic patients receiving quinine and hypertonic dex-
trose solutions as hypokalaemia may result.

Acidosis

Hypovolaemia should be corrected. The circulatory status is more 
diffi cult to assess in children than in adults. But in many cases, 
the acidosis persists despite adequate blood pressure, adequate 
capillary refi ll and warm peripheries, and normal jugular venous 
pressure. Although acidosis may result from acute renal failure, 
ketonaemia, and even salicylate poisoning, in most cases lactic 
acidosis is a signifi cant contributor to the wide anion gap. Venous, 
arterial and CSF concentrations of lactate rise in proportion to 
disease severity, and in contrast to sepsis, they are associated with 
an increased lactate-pyruvate ratio (often >30) indicating anaero-
bic glycolysis. Lactic acid accumulation is buffered initially, but 
decompensation often occurs in severe malaria. Haemofi ltration 
or haemodialysis may be used to control severe acidosis. The role 
of sodium bicarbonate in the treatment of metabolic acidosis has 
declined from established practice to the controversial. Nowadays, 
most authorities either do not give sodium bicarbonate at all, or 
give it once only in very severe acidosis (e.g. pH <7.15). The pyru-
vate dehydrogenase activator dichloroacetate proved promising in 
preliminary clinical trials, but its role in treatment remains to be 
defi ned.

Bleeding

Patients with cerebral malaria may have haematemesis or a bloody 
nasogastric aspirate because of acute gastric erosions. The inci-
dence of upper gastrointestinal bleeding has declined since the 
discontinuation of high-dose corticosteroids in cerebral malaria. 
The role of prophylactic antacids, H2 blockers, sulfacrate or 
proton pump inhibitors has not been studied. Less than 5% of 
patients with severe malaria develop clinically signifi cant DIC. 
These patients should be given fresh blood transfusions and 
vitamin K.
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Bacterial superinfection/continued fever

The treatment of suspected septicaemia will depend on local anti-
microbial susceptibility patterns, bearing in mind that Salmonellae 
may be implicated. Patients with secondary pneumonia should be 
given empirical treatment with a third-generation cephalosporin, 
unless admitted with clear evidence of aspiration, in which case 
penicillin or clindamycin is adequate. Children with persistent 
fever despite parasite clearance may also have a systematic 
Salmonella infection, although in the majority of cases of persistent 
fever after parasite clearance no other pathogen is identifi ed. 
Urinary tract infections are common in catheterized patients. 
Antibiotic treatments should depend on likely local antibiotic 
sensitivity patterns. Sustained high fever in the acute phase of 
severe malaria is a poor prognostic sign. Continued fever after 
parasite clearance is common; antibiotic treatment is only indi-
cated if the patient becomes severely ill or there is a defi nite focus 
of infection.

Case report

An 18-month-old boy was brought to a hospital in Cote d’Ivoire, 
prostrate with a temperature of 40°C. According to the mother, 
he had not been feeding well for 3 days and had some diarrhoea. 
He had received some traditional medicine and also some crushed 
unknown tablets over the past 24 h. On examination, he was pale, 
his weight was on the 50th centile for his age, and 40th centile 
for height. The pulse was 150/min, blood pressure 85/50, capillary 
refi ll time 3 s, and the respiratory rate was 50/min with intercostal 
indrawing and nasal fl aring. The neck was not stiff and there were 
no signs of meningism. The Blantyre coma scale was scored as 4 
by the admitting physician. The haematocrit was 25%, the white 
count was 13 000/μL, and the parasite count was reported initially 
as 2+ and later counted as 250/200WBC. No blood cultures were 
taken. The physician started treatment with a loading dose of 
quinine (Quinimax®) and also chloramphenicol 100 mg/kg per 
day. The child made a slow recovery and was discharged after 1 
week.

Comment

What was this illness? Was it severe malaria or was this a severe 
bacterial infection with incidental parasitaemia? The clinical fea-
tures, parasite and white counts are compatible with either. In the 
community from where the child came, the prevalence of parasi-
taemia in children in their second year of life is 20%. Was this 
relatively low parasite count the tip of a much larger sequestered 
iceberg, or was it just an incidental asymptomatic infection accom-
panying a serious bacterial infection? In the future, it may be 
possible to make rapid quantitative estimates of the sequestered 
biomass – measurement of plasma PfHRP2 is one approach. The 
pragmatic treatment given was entirely reasonable – chloram-
phenicol is effective against most Salmonellae and most pneumo-
cocci in sub-Saharan Africa.

Treatment of recrudescent infections

Treatment failure within 14 days of taking a full course of ACT is 
very unusual. Thus, the majority of treatment failures occur more 

than 2 weeks after treatment. In many cases, failures are not rec-
ognized because in routine practice patients presenting with 
malaria are not asked whether they have received antimalarial 
treatment within the preceding 1–2 months. Recurrence of malaria 
can be the result of a reinfection, a recrudescence (i.e. treatment 
failure) or, with malaria due to P. vivax and P. ovale, although 
again relapses do not appear within 14 days of the primary infec-
tion. In an individual patient, it is not possible initially to distin-
guish recrudescence from reinfection. Wherever possible, treatment 
failure must be confi rmed parasitologically – preferably by blood 
slide examination as the HRP2-based stick tests may remain pos-
itive for weeks after the initial infection even without recrudes-
cence. Treatment failures may result from drug resistance, poor 
adherence or unusual pharmacokinetic properties in that indi-
vidual. It is important to determine from the patient’s history 
whether he or she vomited previous treatment or did not com-
plete a full course. Recurrence of fever and parasitaemia more than 
2 weeks after treatment (either recrudescence or new infection) 
can be retreated with the fi rst-line ACT. If it is a recrudescence, 
then the fi rst-line treatment should still be effective in most cases. 
This simplifi es operational management and drug deployment. 
However, reuse of mefl oquine within 28 days of fi rst treatment is 
associated with an increased risk of neuropsychiatric sequelae and, 
in this particular case, second-line treatment should be given. If 
there is a further recurrence, then malaria should be confi rmed 
parasitologically and second-line treatment given (Box 73.3).

The alternative ACT has the advantages of simplicity, familiar-
ity and, where available, co-formulation to improve adherence. 
The 7-day quinine regimes are not well tolerated and adherence 
is likely to be poor if treatment is not observed.

MALARIA IN PREGNANCY

Severe malaria

Pregnant women in the second and third trimesters are more 
likely to develop severe malaria than other adults, often compli-
cated by pulmonary oedema and hypoglycaemia. Fetal death and 
premature labour are common.349 The role of early Caesarean 
section is unproven, but recommended by many authorities. 
Obstetric advice should be sought at an early stage, the paediatri-
cians alerted, and the blood glucose checked frequently. Hypogly-
caemia should be expected and is often recurrent if the patient is 
receiving quinine. Artesunate is safer and more effective. The anti-
malarial drugs should be given in full doses. Severe malaria may 
also present immediately following delivery. Postpartum bacterial 
infection is a common complication in these cases. Falciparum 
malaria has also been associated with severe mid-trimester hae-

Box 73.3 Second-line treatments recommended by 
WHO, in order of preference

1. Alternative ACT known to be effective in the region
2.  Artesunate plus tetracycline or doxycycline or clindamycin 

(7 days)829

3.  Quinine plus tetracycline or doxycycline or clindamycin 
(7 days).

Malaria in Pregnancy
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molytic anaemia in Nigeria.830 This often requires transfusion, in 
addition to antimalarial treatment and folate supplementation.

Uncomplicated malaria

Symptomatic malaria in pregnancy requires hospitalization 
where possible. Premature labour may occur and pregnant 
women receiving quinine are liable to develop hypoglycaemia. 
Chloroquine, pyrimethamine, proguanil, quinine and the sul-
phonamides are considered safe in pregnancy. Amodiaquine has 
been widely used but not well documented.831 There is increasing 
evidence that the artemisinin derivatives are safe in the second and 
third trimesters,752,753,830 but there is uncertainty in the fi rst trimes-
ter, where they are not recommended. Mefl oquine has been asso-
ciated with a four-fold increased risk of stillbirth in Thailand,654 
but not in Malawi,655 so there is some uncertainty over its safety. 
There is increasing confi dence in the safety of artemether-lumefan-
trine and some preliminary experience with atovaquone-progua-
nil. Halofantrine and dihydroartemisinin-piperaquine, and have 
not been evaluated and should not be used. The tetracyclines and 
primaquine are contraindicated. As a consequence, the four estab-
lished fi rst-line artemisinin combination treatments are recom-
mended for the treatment of falciparum malaria in the second and 
third trimesters. Quinine (10 mg salt/kg three times daily for 7 
days) is still the treatment of choice for resistant falciparum malaria 
in the fi rst trimester. The artemisinin derivatives and quinine 
should both be combined with clindamycin (10 mg/kg twice 
daily) to increase cure rates. Treatment failure rates are higher in 
pregnant women than in non-pregnant adults for any antimalarial 
regimen.832 Pharmacokinetic studies indicate that blood concen-
trations of the artemisinin derivatives, lumefantrine, atovaquone, 
sulfadoxine, and proguanil are all signifi cantly reduced in late 
pregnancy, so current dose recommendations may not be 
optimal.696,743,761 Close follow-up of pregnant women is essential. 
Women in malarious areas should be encouraged to attend weekly 
antenatal clinics where blood smears and haematocrit can be 
checked, in addition to routine obstetric assessment.

Prophylaxis

If effective in the area and safe, antimalarial prophylaxis should 
be given during pregnancy.833 Chloroquine (5 mg base/kg per 
week) is generally still very effective in preventing P. vivax. P. ovale 
and P. malariae. Unfortunately P. falciparum is usually present at 
the same time and usually resistant. In areas where P. falciparum 
is still sensitive to antifols daily proguanil (3.5 mg/kg per day) is 
safe and effective. There are some concerns over mefl oquine in 
treatment use, although there is no signifi cant evidence of an 
increased stillbirth risk when used as prophylaxis. Primaquine and 
doxycycline are contraindicated, and atovaquone-proguanil has 
not been evaluated yet.

Intermittent presumptive treatment (IPTp)

Studies conducted in high transmission areas of Africa have shown 
that administration of treatment doses of sulphadoxine-pyrimeth-
amine (SP) two or three times during pregnancy was associated 
with reduced placental parasitization, reduced anaemia, and 

increased birth weight.834 IPTp with SP has been increasingly 
adopted (although there have not yet been any pharmacokinetic 
studies of SP IPTp in pregnancy). More frequent administration is 
required in HIV-positive women. SP IPTp should not be given if 
co-trimoxazole is already being given. The benefi cial effects of SP 
IPTp are still evident when failure rates with SP treatment in young 
children are high, which indicates that maternal immunity adds 
signifi cantly to the pharmacological effect. SP IPTp is therefore 
still recommended by WHO. Since the original studies were con-
ducted, resistance has worsened considerably in Africa.835–840 It is 
not clear at what level of resistance SP IPTp is no longer cost-
effective. Alternative drugs are under evaluation. There has been 
no consensus on whether IPTp should be used in low transmis-
sion settings nor on how IPTp works, although the simplest expla-
nation is that it provides suppressive prophylaxis.

Breast-feeding

Nearly all the antimalarial drugs appear in breast milk, but where 
they have been measured the actual amounts excreted are small. 
Primaquine should be avoided, but otherwise there seems no 
reason to discourage breast-feeding in women receiving antima-
larial drugs.

Case history

A 30-year-old female aid worker who was 28 weeks’ pregnant 
returned to the UK from a project in rural western Cambodia. One 
week later, she developed headache, malaise and low-grade fever. 
She was found to have a P. falciparum infection; the peripheral 
blood parasite count was 48 000/μL, and she was referred to hos-
pital. She had no relevant past medical history. In Cambodia, she 
had used repellents (DEET) and slept under an insecticide treated 
bed net but had not taken antimalarial prophylaxis. On examina-
tion, she was listless and febrile (oral temperature 38.9°C) but 
there were no other abnormal clinical or obstetric fi ndings. As she 
was able to take fl uids and there were no signs of severe malaria, 
she was given oral artemether-lumefantrine (4 tablets 80/480 mg) 
in a single dose on arrival at hospital, but 15 min later, she 
vomited. The dose was therefore repeated and this time the drug 
was retained. The next morning, her fever was higher (up to 
40.4°C) but the parasite count had fallen risen to 5500/μL, and 
she remained lucid and able to sit and drink. Thereafter, the fever 
gradually subsided, the parasitaemia cleared (in 48 h), and she 
felt steadily better. She completed her 3-day six dose course of 
ACT, and was discharged after 5 days. But, 35 days after discharge, 
she was readmitted with fever and uterine contractions. There 
were no signs of fetal distress. A blood smear was again positive 
for P. falciparum; the count was 1800/μL. She was readmitted and 
treated with initially intravenous and then oral quinine (10 mg 
salt/kg three times daily). Her contractions stopped within 24 h 
but on the second day, she collapsed. She was found to be hypo-
glycaemic (plasma glucose 1.4 mmol/L) and this responded 
immediately to parenteral dextrose. The fever and parasitaemia 
resolved within 4 days and she was discharged with instructions 
to fi nish a 7-day course of treatment. Three weeks later (now 38 
weeks’ gestation), she returned to hospital in labour with a recur-
rence of symptoms. On examination, she was apyrexial but gave 



1273

a history of fever, and she was clinically anaemic. The spleen tip 
was palpable. The blood smear was again positive (count 560/μL). 
She admitted having taken quinine for only 5 days in total because 
she was continually nauseated, had several episodes which she 
took to be hypoglycaemia, and felt the drug gave her a constant 
buzzing in the ears and made her dizzy. She was readmitted to 
hospital and 8 h later delivered a healthy 2.6 kg baby girl. She was 
treated with a supervised 3-day course of atovaquone-proguanil. 
Her haematocrit was 27% and the blood fi lm was normochromic 
and normocytic. Iron and folic acid treatment was started. There-
after she made an uncomplicated recovery, and had no further 
recrudescences of malaria.

Comment

Treating symptomatic malaria in late pregnancy is not easy! If 
possible these patients need hospitalization and careful monitor-
ing. This case illustrates several points.
• Although infection risks are low in many parts of South-east 

Asia, there are still many forest fringe and forest areas where 
transmission occurs. The main vectors (A.dirus and A.minimus) 
in this area characteristically bite early in the evening before 
people go to sleep under their bed nets, and often before they 
apply insect repellents.

• Pregnant women are at increased risk from falciparum malaria 
and there is no suitable reliable prophylaxis; mefl oquine resis-
tance is prevalent, primaquine and doxycycline are contraindi-
cated, and atovaquone-proguanil has not been suffi ciently 
evaluated.657

• Vomiting after administration of oral antimalarials to patients 
with high fever is common. If vomiting occurs within 1 h the 
dose should be repeated, as was done in this case. If possible, 
the fever should have been brought down with antipyretics and 
tepid sponging and the patient made comfortable before being 
given the antimalarial treatment.

• Artemether-lumefantrine is generally a well tolerated and 
rapidly effective treatment for multi-drug resistant falciparum 
malaria. There are data now for artemisinin-derivatives in over 
1000 prospectively studied women which attest to their safety 
in the second and third trimesters of pregnancy.

• This patient’s infection was resistant. Both host and parasite 
factors may have contributed to treatment failure. Blood con-
centrations of artemether (and its active metabolite dihydroar-
temisinin) and lumefantrine in late pregnancy are approximately 
half those in non-pregnant adults.761 The conventional 3-day, 
6 dose, artemether-lumefantrine regimen may have been insuf-
fi cient. In addition, resistant strains of P. falciparum are now 
prevalent in western Cambodia and eastern Thailand, and 
treatment responses following artemether-lumefantrine and 
artesunate-mefl oquine are worse there than anywhere else in 
the world.841–842

• For parenteral treatment, artesunate is defi nitely preferable: it 
is simpler, safer and more effective (but for some reason not 
recommended for the treatment of severe malaria in the UK!). 
Quinine is poorly tolerated and is associated with a signifi cant 
risk of hypoglycaemia in late pregnancy, particularly in patients 
with severe malaria (risk; 50%). Treatment failure rates with 
quinine alone are over 50% in non-immune pregnant women 
with falciparum malaria acquired in Cambodia and Thailand. 

Poor adherence to the prescribed regimen is a major contribu-
tor to this poor therapeutic response, as in this case. If all doses 
had been taken then the addition of clindamycin to quinine 
would have increased the probability of cure to over 90%.

• By contrast atovaquone-proguanil is very well tolerated and has 
no adverse effects although published experience in pregnancy 
is confi ned to two pharmacokinetic studies which indicate that, 
as for artemether-lumefantrine, plasma levels are signifi cantly 
reduced in late pregnancy.696,700,761 This patient was fortunate 
then not to have had a further recrudescence.

• The suggested treatments for recrudescent infections are shown 
in Table 73.13.

• Anaemia is a common consequence of treatment failure in 
malaria, and a particular complication of malaria in later 
pregnancy.

• Malaria during pregnancy causes intrauterine growth retarda-
tion, and may have contributed to the relatively low birth 
weight. Symptomatic malaria near term often provokes labour, 
as in this case.

MALARIA IN CHILDREN

The greatest burden of malaria morbidity and mortality is in 
young children. Although maternal malaria is very common, con-
genital malaria is surprisingly rare given the high frequency with 
which placental smears are positive in endemic areas, and the not 
infrequent fi nding of parasites in cord blood smears.843 Neverthe-
less, it may occur with any of the four human malarias. Con-
genital falciparum malaria is seldom severe. Congenital P. vivax or 
P. ovale infections do not require radical treatment as there are no 
pre-erythrocytic stages in the baby. Primaquine should not be 
given to neonates.

Severe malaria is relatively uncommon in the fi rst 6 months of 
life, although when it does occur, the mortality is high. In young 
children, malaria presents as a febrile illness without focal signs. 
In P. falciparum infections, convulsions are an important compli-
cation in the fi rst 3 years. They are twice as common as in P. vivax 
malaria, despite similar fever profi les. The progression to cerebral 
malaria in young children can be very rapid. Recovery is also rapid 
compared with adults. In areas of intense transmission, severe 
anaemia in the 1–3 year age group is the principal manifestation 
of severe falciparum malaria. A comparison of the relative frequen-
cies of complications in adults and children is shown in Table 
73.17.

Table 73.17 Relative incidence of severe falciparum 
malaria complications

Non-pregnant 
adults

Pregnant 
women

Children

Anaemia + ++ +++

Convulsions + + +++

Hypoglycaemia + +++ +++

Jaundice +++ +++ +

Renal failure +++ +++ −

Pulmonary oedema ++ +++ +/−

Malaria in Children
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Most of the deaths from malaria are in children and most of 
those are in Africa. Malaria is also an important cause of morbidity, 
failure to thrive, and probably increased susceptibility to other 
infections. Repeated attacks of fever and chronic anaemia are 
extremely common where malaria is not controlled. School atten-
dance and performance are adversely affected. Whether cerebral 
malaria, malaria-associated convulsions, or the debilitating effects 
of repeated weakening febrile illnesses and anaemia cause 
developmental or intellectual retardation needs to be determined. 
There is now evidence for learning diffi culties in children 
who have had seizures in malaria and in cerebral malaria 
survivors.430–432 In general, children tolerate the antimalarial drugs 
better than adults. In severe malaria, fl uid balance is also easier as 
renal failure is very unusual. However, the diffi culties of providing 
adequate nursing in the tropics, of obtaining intravenous access, 
and the small volumes of intravenous fl uid required often mean 
that antimalarial drugs are given by the intramuscular, subcutane-
ous or suppository routes. Children may deteriorate very rapidly in 
severe malaria. Sudden death is common in cerebral malaria but, 
if the child survives, recovery is more rapid than in adults. Iron 
defi ciency is common in tropical countries and commonly co-
exists with malaria. In general the benefi ts of iron supplementation 
in confi rmed iron-defi ciency, both on short-term anaemia and 
long-term neurocognitive development, outweigh the risks.28 But a 
recent large carefully controlled study from Pemba, Tanzania shows 
clearly that the risks of death or severe illness of providing routine 
iron plus folic acid supplementation (in doses similar to those 
recommended by WHO) to young children exposed to high rates 
of malaria infection outweighed any immediate benefi ts.29

MALARIA WITH LIMITED RESOURCES

The majority of patients with malaria in the world are either 
untreated or treated inadequately by self-medication. In many 
countries, the private sector is the main source of antimalarial 
treatment. Fake or substandard drugs are common and incom-
plete treatment courses are often sold. Education of the public and 
the private commercial vendors is vitally important. Coherent and 
effi cient schemes for the purchase and distribution of quality 
assured drugs are needed. In order to slow the pace of anti malarial 
resistance it is essential that whoever gives antimalarial treatment 
(parent, relative, village health worker, shop assistant) ensures a 
full course of treatment is administered. Most treatment regimens 
now are 3-day courses.

Most patients with severe malaria are not admitted to hospital; 
they are treated at home or at rural health clinics. Most deaths 
from malaria occur in or near home. Where intravenous infusions 
cannot be given, intramuscular administration is acceptable for 
quinine or the artemisinin derivatives. It is essential that sterile 
technique is adhered to fully. Artesunate intrarectal formulations 
are simple and effective alternatives to parenteral administration, 
and as a pre-referral treatment they have been shown to reduce 
the mortality of children (under 5 years) with malaria who cannot 
take oral medication by 25%.Where injections or suppositories 
are not possible then oral, or, if a tube is available, nasogastric 
instillation should be attempted, pending transfer of the patient.

The problem facing most tropical countries is serious. Their 
governments cannot afford to buy suffi cient antimalarial drugs for 

their needs and most people cannot afford to purchase effective 
treatments.842 The annual per capita expenditure on antimalarial 
drugs in most of sub-Saharan Africa is still <US$10. An adult 
(60 kg) course of chloroquine costs US$0.08, but the new arte-
misinin combinations cost more than fi ve times this (Table 73.18). 
This is currently unaffordable to most patients. It is clear that if 
malaria is to be ‘rolled back’ then international fi nancial support 
must be given to offset the costs of providing adequate treatment 
throughout the world.

PREVENTION

Insecticide treated bed nets

Insecticide spraying and insecticide-treated bed nets are the main 
methods of attacking the vector and controlling malaria. The 
chances of being bitten by a malaria-infected female anopheline 
mosquito can also be reduced considerably by simple measures. 
Covering exposed skin surfaces and remaining indoors or under 
a net at peak biting times will obviously reduce exposure. For 
example, most mosquitoes feed at night; sleeping indoors under 
insecticide (permethrin, deltamethrin)-treated bed nets reduces 
morbidity and mortality in malarious areas. A single impregnation 
of a cotton or nylon mosquito net will provide protection for 1 
year.845,846 Nylon tends to retain permethrin and deltamethrin 
better than cotton. The impregnated bed nets (ITN) can be washed 
and can tolerate small tears or holes without markedly reducing 
the protective effects. Recently, ‘long lasting nets’ have been devel-
oped which retain insecticidal activity for years. These are more 
expensive but may be cost-effective. At the time of writing, two 
types of long-lasting nets have received recommendations from 
the WHO Pesticide Evaluation Scheme (Olyset®, Sumitomo 
Chemical Co, Japan; and PermaNet® 1.0, Vestergaard-Frandsen, 
Denmark), although more are under development. The benefi ts 
conferred by bed nets depend greatly on the biting habits of the 
mosquito, the size and constitution of the nets, whether they are 

Table 73.18 Cost of antimalarial treatment for 
a 60 kg adult

Drug US$a

Atovaquone-proguanil 30.0

Halofantrine  5.0

Artemether–lumefantrine  1.0b

Artesunate–mefl oquine  2.5

Artesunate–amodiaquine <1.0

Artesunate–sulphadoxine–pyrimethamine <1.0

Artesunate  1.2

Quinine  1.5

Amodiaquine  0.30

Sulphadoxine–pyrimethamine  0.13

Chloroquine  0.10

a 2007 prices.
b Only through WHO approved sources.
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impregnated with insecticide, the number of nets being used in 
the village, and a variety of sociological factors that determine 
actual use of the nets in practice. The much lower protective 
effi cacy of unimpregnated bed nets is variable and depends 
very much on the way in which they are used (Do they have 
holes? Are they tucked under the mattress?, etc.). These con-
siderations are relatively unimportant for ITNs. In some studies, 
unimpregnated nets have not demonstrated protective effi cacy. 
The use of ITNs has proved remarkably effective in some areas. In 
a pivotal study from The Gambia, use of ITNs reduced overall 
childhood mortality by 60%,846 whereas earlier studies had shown 
malaria to account for approximately one-quarter of deaths in this 
age group, i.e. the reduction in mortality was over twice that 
expected.847 This suggested either that malaria mortality had been 
seriously underestimated or that the debilitating effects of malaria 
may predispose to other infections, and consequent mortality. 
Many ITN studies have been conducted since and these give an 
overall estimated mortality reduction of 20%.848–853 As a conse-
quence, many countries have taken up ITN programmes as an 
important component of their antimalarial strategy. Unfortu-
nately, even in areas where striking benefi ts have been demon-
strated the proportion of people who have an ITN is still 
disappointingly low.850 Despite subsidies, cost remains a signifi -
cant barrier to their deployment. This emphasizes the importance 
of economic, educational, logistic and operational diffi culties in 
limiting the success of proven effective antimalarial interventions. 
ITN deployment is a public good. Ideally ITN should be fully 
subsidised and donated free. Impregnation of household curtains, 
hammocks, clothing, or even cattle has been shown to reduce 
malaria.854,855 It has been assumed that ITNs work mainly through 
personal protection, but their mass insecticidal effect may be more 
important in some contexts.669 Thus, the protection afforded by 
sleeping without a net in a village where ITNs are used extensively, 
may be greater than sleeping under an ITN in a village where no-
one else uses them!

Impregnated nets are effective throughout Africa but do not 
work in some other areas (notably parts of South-east Asia), because 
of different human and mosquito behaviour. If malaria is con-
tracted by vectors which bite in the early evening or early morning 
away from human habitation then ITNs are not very effective.

Repellents

Other simple preventive measures, including the application of 
permethrin or deltamethrin to clothing or the use of insect repel-
lents such as diethyltoluamide (DEET) on exposed skin surfaces, 
are also effective and need not be prohibitively expensive. DEET 
is generally very safe, including in pregnancy.856 Coconut oil and 
DEET ‘soap bar’ preparations are available, which are cheap, stable 
and readily applied. Houses can be mosquito proofed by using 
wire-mesh grilles over windows, and designed in such a way as to 
discourage mosquito ingress. All these measures reduce the 
chances of an infection, but they do not eliminate it.

Chemoprophylaxis

Although the early colonists devised many ingenious methods of 
taking quinine regularly (including ‘Indian tonic water’), they were 

generally neither pleasant nor fully effective. Quinine (a poor 
prophylactic) was relied upon by armies and colonists until after 
the Great War. The subsequent discovery of mepacrine (quinacrine, 
atebrine) in 1934 gave the Allied Powers an effi cacious, albeit 
rather toxic, prophylactic, which prevented malaria effectively 
during World War II. However, it was the introduction of chloro-
quine, the antimalarial biguanides, and subsequently pyrimeth-
amine after the war, that fi nally brought safe and effective 
antimalarial prophylaxis.857 The DHFR inhibitors (pyrimethamine, 
proguanil, chlorproguanil) and atovaquone inhibit parasite devel-
opment in the liver (pre-erythrocytic activity) and in the erythro-
cyte. They are sometimes called causal prophylactics. These drugs 
also inhibit development in the mosquito (sporontocidal activity). 
Chloroquine and mefl oquine inhibit asexual blood-stage develop-
ment but do not prevent development of the liver stages. Thus, the 
parasites emerge from the liver but cannot multiply in the red cells. 
Drugs with this action are called suppressive prophylactics. These 
drugs also have gametocytocidal activity against P. vivax, P. malar-
iae and P. ovale, but not P. falciparum. Atovaquone-proguanil, dox-
ycycline and primaquine have been added to the list of 
antimalarial prophylactics.858 Each is active against resistant P. 
falciparum but each must be taken daily. Antimalarial prophylaxis 
must be taken regularly to ensure therapeutic (i.e. suppressive) 
antimalarial concentrations are maintained. Recommendations 
vary considerably, depending on risk, prevalence and drug resis-
tance. Up-to-date recommendations are easily obtained on the 
internet (e.g. http://www.who.int) (Figure 73.30, for current World 
Health Organization recommendations for antimalarial prophy-
laxis by region). Increasing drug resistance in recent years has 
meant that many prophylactic drugs can no longer be relied upon, 
particularly in areas of multiple drug resistance such as South-east 
Asia and South America.849–851

The recommended prophylactic drug regimens are shown in 
Table 73.19. When prescribing antimalarial prophylaxis to travel-
lers, it is important to emphasize that no antimalarial is completely 
effective, and that a febrile illness could still be malaria. It is essen-
tial that prophylaxis is taken regularly, and for most drugs contin-
ued for 4 weeks after leaving the transmission area. The need to take 
the drugs for a month after leaving the transmission area is to ‘catch’ 
any parasites acquired shortly before departure when they leave the 
liver. But drugs acting on the liver stages (atovaquone-proguanil, 
primaquine) can be stopped immediately (many advocate continu-
ing for 1 week after exposure to ensure prevention). This is a par-
ticular advantage for travellers visiting a malarious area for a short 
time. It is prudent to begin prophylaxis 1 week before departing for 
a malarious area so that tolerance to the drug regimen can be 
assessed, and therapeutic concentrations are present on arrival. In 
some situations where the risks of acquiring vivax malaria are high 
(such as in military personnel), a full 2-week course of primaquine 
is given on leaving the endemic area. This is called ‘terminal pro-
phylaxis’ and aims to eradicate hypnozoites. In anglophone coun-
tries, chloroquine is prescribed weekly, but in francophone countries 
it is given once daily (this is theoretically preferable). Mefl oquine 
and pyrimethamine-dapsone are taken once a week and proguanil, 
atovaquone-proguanil, primaquine and doxycycline daily. Amo-
diaquine, quinine, sulphadoxine-pyrimethamine and the artemis-
inin drugs should not be used for prophylaxis.

In situations where the risk of infection is low, or there are no 
effective antimalarials available, or there is brief repeated exposure 
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Figure 73.30 WHO recommendations for antimalarial prophylaxis.

Table 73.19 Antimalarial chemoprophylaxis

Weight adjusted dose for children Adult dose

CHLOROQUINE-SENSITIVE MALARIA

 Chloroquinea 5 mg base/kg weekly, or 300 mg base

1.6 mg base/kg daily 100 mg base

  and/or

 Proguanil 3.5 mg/kg daily 200 mg base

CHLOROQUINE-RESISTANT MALARIA

 Mefl oquineb 5 base/kg weekly 250 mg base

  or

 Doxycyclinec 1.5 mg/kg daily 100 mg

  or

 Primaquine 0.5 mg base/kg daily with food  30 mg base

  or

 Atovaquone–proguanil 4/1.6 mg/kg daily 250/100 mg

Detailed local knowledge of P. falciparum antimalaria susceptibility and malaria risk should always be obtained.
a Chloroquine should not be taken by people with a history of seizures, generalized psoriasis or pruritus previously on chloroquine.
b Mefl oquine is not recommended for babies <3 months of age. Mefl oquine should not be taken by people with psychiatric disorders, epilepsy, or those driving heavy 
vehicles, trains, aeroplanes etc. or deep sea diving.
c Doxycycline may cause photosensitivity. Use of sunscreens is recommended.
For current World Health Organization recommendations see (http://www.who.int).
The WHO divides the world into three risk categories and makes the following recommendations:
A. Malaria risk low and seasonal, and P. falciparum is either absent or still sensitive to chloroquine.
This comprises Central America, north of the Panama Canal and northern Columbia, plus the southern and eastern ends of the malarious areas of Brazil, Turkey, Iraq, 
western Iran, and much of China (except for Yunnan, Hainan, and the areas adjoining Laos and Vietnam).
Prophylaxis: Chloroquine alone or no prophylaxis if very low risk.
B. Low malaria risk in most areas: chloroquine and proguanil still have signifi cant effi cacy.
This comprises Saudi Arabia, Yemen, the remainder of Iran, Afghanistan, Pakistan, India (except for the North East), Malaysia, Philippines, most of Indonesia, 
Micronesia.
Prophylaxis: Chloroquine + proguanil. 2nd choice: mefl oquine.
C. Low malaria risk in Asia and most of South America, but high in most of Africa, lowland New Guinea, parts of Micronesia, and the Amazon basin. Drug resistance 
is more common.
Prophylaxis: 1st choice: mefl oquine; 2nd choice: doxycycline. NB doxycycline is fi rst choice for border areas of Cambodia, Myanmar and Thailand; 3rd choice: 
Chloroquine and proguanil.
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to intermediate or high transmission (e.g. aircrews), travellers can 
be advised to carry a treatment course of antimalarial drugs with 
them. If they become ill, and there are no medical facilities 
for malaria diagnosis and treatment, the treatment course is 
self-administered.

The use of antimalarial prophylaxis by the inhabitants of malar-
ious areas remains controversial.833 It is generally agreed that preg-
nant women should take antimalarial prophylaxis if there is a 
signifi cant risk of malaria, but that other adults should not. Chlo-
roquine, pyrimethamine and proguanil are all considered safe in 
pregnancy, but are now largely ineffective against P. falciparum. 
Mefl oquine is considered safe, although there are uncertainties as 
treatment use has been associated with stillbirth in one large series. 
Tetracyclines and primaquine are contraindicated in pregnancy 
(although some argue that they are safe in fi rst trimester before the 
formation of fetal bones and dentition, and before the risk of acute 
fatty liver), and atovaquone-proguanil has not been evaluated. The 
use of antimalarial prophylaxis by children living in an endemic 
area has been shown to reduce mortality; in The Gambia admin-
istration of pyrimethamine and dapsone (Maloprim) in the 1–4 
year age group reduced mortality by 25%.847 Despite the reduction 
in mortality, a reduction in the incidence of clinical attacks of 
malaria and anaemia, improved nutrition and, in older children, 
a decrease in absenteeism from school, this practice has not been 
generally adopted, largely because of concerns that widespread 
deployment of chemoprophylaxis would encourage the spread of 
drug-resistant parasites and/or inhibit the development of natu-
rally acquired immunity to malaria.

Intermittent preventive treatment in infancy 
(IPTi), childhood (IPTc) and in adults (IPTa)

Following the success of IPT in pregnancy (IPTp), the strategy of 
providing a treatment dose of antimalarials to all infants in high 
transmission settings at the time of EPI immunizations (usually 
given at 2, 3 and 9 months of age) has been developed. The two 
drugs evaluated mainly have been SP and, to a much lesser extent, 
amodiaquine. Although as for IPTp, there is no consensus how 
IPTi ‘works’ the most likely explanation is simply that of intermit-
tent prophylaxis. The main benefi t demonstrated has been a 
reduction in the incidence of clinical attacks of malaria and 
anaemia.859–868 There has been no effect on mortality in the trials 
published to date. The initial description of IPTi claimed persis-
tence of protection well into the second year of life, well after 
complete elimination of SP. Subsequent studies do not support 
this and indicate that protection following SP is for approximately 
1 month only. This is important, as the majority of deaths occur 
after the fi rst year of life. The benefi ts have been greatest in areas 
of high stable transmission. The World Health Organization rec-
ognizes the potential value of IPTi, but, because of uncertainty in 
the risk/benefi t assessment and generally declining SP effi cacy, 
does not recommend it currently. Predictably, the benefi ts of IPTi 
have been lower in areas of lower seasonal transmission where the 
major impact of malaria is after the fi rst year of life, but studies 
in such areas (Senegal and Mali) showed that IPT given to older 
children during the malaria transmission season (IPTc) was very 
effective in preventing malaria.861,862 IPT in older children can be 
delivered at school. Use of IPT in older children is likely to be 

most effective in areas where a high level of malaria transmission 
is concentrated in a short period of the year. IPT has also been 
evaluated in parts of Asia where young men in inaccessible for-
ested areas acquire malaria during the rainy season (IPTa). Wid-
escale use of prophylaxis will encourage the selection of reasistance, 
although modelling studies to date are moderately reassuring. 
Another concern is that highly effective interventions such as pro-
phylaxis together with ITN deployment might so reduce exposure 
to malaria that the acquisition of effective immunity was delayed, 
thereby increasing vulnerability to severe malaria at an older age. 
Again, the available evidence is reassuring, but more information 
is needed on these important issues. IPTi is still being evaluated. 
Several questions need to be addressed if IPTi is to be incorporated 
generally in malaria control programmes. Does IPTi add to the 
protection afforded by vector control measures, (ITN and residual 
spraying which, if applied intensively reduce transmission inten-
sity and shift the distribution of the malaria burden to older 
children.)? Can an effective and sustainable delivery system be 
found (EPI is perfect but the ages targeted may be too young)? 
What drugs should be used (Should ACTs be used?)? What is the 
optimum timing of drug administration and the requisite interval 
between treatments? How should IPT be used in lower transmis-
sion settings? How much would this contribute to resistance?

Adverse effects of chemoprophylaxis

Adverse effects are a very important determinant of adherence to 
antimalarial prophylaxis regimens. As those taking the drugs pro-
phylactically are healthy subjects, their tolerance of adverse effects 
is much lower than in treatment of malaria (where the patient 
often ascribes side-effects to the disease, and takes the drugs only 
for a brief period). About 20% of patients taking prophylactic 
antimalarial drugs report some adverse effects. These are usually 
minor and do not require a change in prophylaxis. Nausea is the 
most common side-effect. Chloroquine causes pruritus in subjects 
of African origin. Dizziness, dysphoria and sleep disturbances are 
particularly associated with mefl oquine, visual disturbances with 
chloroquine, and photosensitivity and monilia with doxycycline. 
The risks of neuropsychiatric reactions or seizures are approxi-
mately 1 : 10 000, and appear similar for mefl oquine and chloro-
quine.651–653 There has been much televised publicity over the CNS 
adverse effects of mefl oquine. Minor, but debilitating, CNS effects 
are reported more commonly in travellers taking mefl oquine than 
in other groups of subjects.653 Mefl oquine prophylaxis should not 
be offered to subjects with epilepsy, psychiatric disorders, or to 
subjects in whom any CNS disturbances could have disastrous 
consequences such as pilots, coach drivers etc.

Primaquine (0.5 mg/kg per day) is well tolerated if taken with 
food. It should not be given to subjects who are G6PD defi cient. 
Taken on an empty stomach, it causes abdominal discomfort. 
Atovaquone-proguanil is remarkably well tolerated (similar 
adverse effects to proguanil alone).

Mass treatment

Treatment of the entire at-risk population has been used in malaria 
elimination. Responses have been mixed, and this strategy is not 
generally recommended.869
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However, when the incidence of malaria is very low, this 
approach is sometimes considered as a method of fi nal elimina-
tion – particularly when the infl ux of malaria from elsewhere can 
be well controlled (e.g. islands, edges of transmission areas). 
Where Plasmodium vivax and P. ovale are present, primaquine 
15 mg base adult dose given for 2 weeks has been used in several 
settings, including areas where G6PD defi ciency is prevalent. The 
risks and benefi ts of this approach still need further evaluation.

Progress towards a malaria vaccine

There are no vaccines for parasitic diseases of humans. Despite 
considerable effort and expense (worldwide funding is currently 
running at US$70 million/year), a generally available and highly 
effective malaria vaccine is still unlikely in the near future. The 
original goals of a vaccine to produce sterile immunity (as with 
the polio or yellow fever vaccines) without natural boosting are 
now considered unrealistic (and in some cases unwanted). The 
path of vaccine development has proved long and strewn with 
pitfalls, but there has been progress. Research has focussed on all 
stages of the parasite life cycle: the sporozoite, the liver stage, the 
asexual blood stage, and the gametocyte. Vaccines directed against 
the sporozoites and pre-erythrocytic liver stage are most advanced. 
The most effective vaccine produced to date was produced forty 
years ago and consisted of irradiated sporozoites.861 This approach 
has been reactivated and an irradiated sporozoite vaccine is under 
development. Indeed, there are now nearly 100 vaccines in various 
stages of development. The leading synthetic candidate, the result 
of 20 years development, is called RTS.864,865,870,871 It contains a 
polypeptide chain corresponding to part of the circumsporozoite 
protein fused to the hepatitis B surface antigen, creating a hybrid 
molecule called RTS. The vaccine also contains a separate poly-
peptide (S) corresponding to the hepatitis B surface antigen, as 
well as proprietary adjuvants developed by the manufacturer 
(GlaxoSmithKline) to stimulate an immune response. In a large 
double-blind effi cacy trial conducted in Mozambique, about 
2000 children 1–4 years of age were assigned to receive 3 doses 
of either RTS or a control vaccine. The primary endpoint was the 
time to the fi rst episode of symptomatic P. falciparum malaria 
during a 6-month surveillance period; the vaccine’s effi cacy in 
preventing clinical malaria was 29.9%. Of the 745 children in 
the RTS group 11 had at least one severe episode of malaria, 
compared with 26 of 745 children in the control group – a rela-
tive risk (95%CI) of 0.42 (0.21 to 0,85) for severe disease.864 More 
data should be available soon from ongoing trials. For the devel-
opment of a blood-stage vaccine, work has concentrated on two 
merozoite surface antigens (MSP1, MSP2), the ring-infected eryth-
rocyte surface antigen (RESA) and, to a lesser extent, proteins 
associated with the rhoptries, and the parasitophorous vacuole. 
A vaccine developed in Columbia (SPf66) consisting of a com-
bination of synthetic peptides containing a number of antigenic 
epitopes from the sporozoite and blood stage parasite has already 
been tested extensively in South America, Tanzania, The Gambia 
and Thailand. It proved ineffective. Transmission blocking vac-
cines directed against the gametocytes and P. vivax sporozoite 
vaccines are also under development.

Future vaccines will probably be multicomponent, multistage 
vaccines. In endemic areas, they will be part of the overall malaria 

control strategy. Indeed, rather than preventing infection in areas 
of intense transmission (and thus interrupting the natural acquisi-
tion of immunity), their principal benefi t may be to attenuate 
infection and prevent death rather than disease.

CHRONIC COMPLICATIONS OF MALARIA

Malaria is a major cause of chronic ill health in the tropics, par-
ticularly in childhood. Repeated attacks of malaria cause chronic 
anaemia, failure to thrive, and probably also contribute to vulner-
ability to other infections and retard educational development. 
Chronic malaria is associated with certain specifi c syndromes.

Quartan nephropathy

The nephrotic syndrome, with albuminuria, hypoalbuminaemia, 
oedema and variable renal impairment, is common in the 
tropics.870 Repeated or continuous P. malariae infection is associ-
ated with childhood nephrotic syndrome in West Africa and Papua 
New Guinea. In the past, quartan nephropathy was also described 
in eastern Asia. It has disappeared from countries where P. malar-
iae has been eradicated, such as Guyana, where Giglioli fi rst 
described the relationship between malaria and nephrosis. This 
strong epidemiological association has been supported by patho-
logical studies,872–874 although it is not known why certain indi-
viduals develop quartan nephropathy whereas the majority of 
those infected with P. malariae do not. The other species of malaria 
are also suspected of causing occasional glomerulonephritis, but 
the evidence is less convincing than for P. malariae (see also 
Chapter 15).

Pathology

Quartan nephropathy is a chronic soluble immune complex 
nephropathy. Renal biopsy reveals a variety of abnormalities. 
There is commonly thickening of the subendothelial aspect of the 
basement membrane, giving rise to a double contour of argyro-
philic fi brils. The changes are segmental initially. The capillary 
lumens narrow and become obliterated. On electron microscopy, 
the basement membrane is irregularly thickened with lacunae of 
electron-dense material. Immunofl uorescent study872 shows IgG 
and IgM along the capillary walls. In two-thirds of cases, this is 
accompanied by C3 and other complement components. Coarse 
granular deposits with IgG3 are more common than fi ne granular 
or linear staining, which is more associated with IgG2, and a poor 
response to cytotoxic therapy. In acute disease P. malariae antigens 
are demonstrable in approximately one-third of cases, but these 
are not evident in long-standing nephrosis. The severity of the 
glomerulonephritis is usually graded: <30% glomeruli involved, 
grade I; 30–75% glomeruli involved + tubular atrophy, grade II; 
and >75% of glomeruli involved, with extensive tubular pathol-
ogy, grade III. Very occasionally, adults develop a proliferative 
glomerulonephritis. This is not seen in children.

Clinical features

The pattern of renal involvement varies from asymptomatic pro-
teinuria to full-blown nephrotic syndrome. Oedema, ascites or 
pleural effusions are usual presenting features. Anaemia and 
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hepatosplenomegaly are common, and many patients have fever 
on admission. The blood pressure is usually normal; the urinary 
sediment may show granular or hyaline casts in addition to pro-
teinuria, but haematuria or red cell casts are rare. The disease 
usually progresses inexorably to renal failure over 3–5 years. Spon-
taneous remission is rare. Antimalarial treatment does not prevent 
progression, and corticosteroids are usually ineffective. Some 
cases respond to cytotoxic therapy.

Hyper-reactive malarial splenomegaly

This is also known as the tropical splenomegaly syndrome. It 
occurs where transmission of malaria is intense and has been 
reported throughout the tropics.875 The highest incidence of hyper-
reactive malarial splenomegaly (HMS) yet reported was in the 
Upper Watut Valley of Papua New Guinea, where 80% of adults 
and older children had large spleens. Genetic factors undoubtedly 
also play a role because within a malarious area the geographical 
distribution of HMS does not follow closely that of malaria trans-
mission. In Ghana fi rst degree relatives have a four times higher 
incidence of HMS than age and location matched controls (see 
also Chapters 9 and 12).876

Pathology

There is gross splenomegaly with normal architecture, and lym-
phocytic infi ltration of the hepatic sinusoids with Kupffer cell 
hyperplasia. The massively enlarged spleen leads to hypersplen-
ism with anaemia, leucopenia and thrombocytopenia. There is a 
polyclonal hypergammaglobulinaemia with high serum concen-
trations of IgM. High titres of malaria antibodies and a variety 
of autoantibodies (antinuclear factor, rheumatoid factor) are 
usually present. The hypergammaglobulinaemia is believed to 
result from polyclonal B-cell activation in the absence of adequate 
numbers of CD8+ suppressor T-cells,877,878 which have been 
removed by an antibody-dependent cytotoxic mechanism. Cell-
mediated immune responses are otherwise normal. Immuno-
globulin gene rearrangements have been demonstrated in a 
sub-group of patients with HMS.879 This indicates clonal lympho-
proliferation and the potential for progression to malignant lym-
phoma or leukaemia.

Clinical features

Most patients present with abdominal swelling and a dragging 
sensation in the abdomen. The malaria blood slide is usually 
negative. HMS commonly presents in pregnancy. The large, hard 
spleen is vulnerable to trauma. Acute left-sided abdominal pain 
suggests splenic infarction. The liver is also enlarged. Anaemia is 
often symptomatic and associated with pancytopenia (hyper-
splenism), and there is an increased susceptibility to bacterial 
infections. The long-term prognosis of HMS is not good, with an 
increased mortality from infection. HMS appears to be a pre-
malignant condition developing into lymphoma in some 
patients.

Treatment

The enlarged spleen usually regresses over a period of months with 
effective antimalarial prophylaxis. Most experience has been 

gained with chloroquine and mefl oquine. The liver also returns 
to normal, and the IgM levels fall. Treatment is required for the 
duration of malaria exposure. Splenectomy is only recommended 
if there is an unequivocal failure of prophylaxis given for at least 
6 months and there is severe hypersplenism.

Lymphoma

In some countries, Burkitt’s lymphoma is the most common 
malignancy of childhood. It is an uncontrolled proliferation of 
B lymphocytes, and is associated with Epstein–Barr (EB) virus 
infections and malaria. The epidemiological association between 
malaria and Burkitt’s tumour is very strong. EB virus infections are 
widespread in the tropics, and in most countries over 80% of 
children have serological evidence of infection by the age of 3 
years. Normally, progression of EB virus in B lymphocytes is con-
trolled by virus-specifi c cytotoxic T cells (the atypical mononuclear 
cells of infectious mononucleosis). This EB virus cytotoxic T cell 
response is decreased signifi cantly during acute malaria, and there 
is increased proliferation of EB virus-infected lymphocytes.880 This 
may predispose to malignant transformation. In areas of high 
stable transmission, there is attenuated immune responsivity to 
EB virus in children between 5 and 9 years of age – the range of 
peak Burkitt’s lymphoma incidence.

In Ghana, prospective studies of HMS and splenic lymphoma 
with villous lymphocytes suggest that a proportion of patients 
with HMS develop lymphoma.880

MALARIA CONTROL

In his classic work on the prevention of malaria, Ronald Ross 
(1910) noted that in approximately 550BC Empedocles rid the 
Sicilian town of Selinus from a pestilence by draining the nearby 
marshes. Hippocrates (400BC) knew that stagnant water and 
marshlands were unhealthy, and observed that people living 
nearby would have enlarged spleens. The principles of drainage 
and land-fi ll to control disease have continued since Roman times. 
The early attempts at joining the Atlantic and Pacifi c oceans were 
thwarted by disease, of which malaria was a major contributor, 
but during the fi nal building of the Panama Canal, malaria was 
almost eradicated from the Canal Zone by a vigorous combination 
of felling, drainage, house screening, pesticide use and antima-
larial drugs.881 In recent years, the practices of vector control have 
evolved, and environmental management and modifi cation have 
come to the fore, both for disease control and for agricultural and 
other economic purposes.882 This is a complex and multidisci-
plinary fi eld.883 Only a brief outline of the various approaches to 
malaria control will be described here. There are three main arms 
to malaria control; vector control through use of insecticides, 
deployment of insecticide treated bed nets (or other household 
materials), and use of effective drugs.

Water level management

The oldest method of vector control – drainage – remains the most 
cost-effective, particularly in relatively dry areas where there is a 
high ratio of population to standing water. The practical aspects 
of drainage are beyond the scope of this book. Water level 
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management to fl ush out mosquito breeding areas, and to provide 
a hostile aquatic environment for mosquito egg and larval devel-
opment, is an alternative to drainage. Changing water salinity or 
allowing organic matter pollution may also reduce vector popula-
tions. As always, major alterations to the environment should not 
be undertaken lightly: short-term benefi ts may be offset by long-
term problems.

Human behaviour

Mosquitoes cannot fl y far; most anophelines cannot fl y more than 
4 km, and in general, they remain within 2 km of their breeding 
sites. Of course they can be blown further, and occasionally they 
take plane journeys and deliver malaria around airports in other 
countries. If humans do not live near breeding sites, the chances 
of infection are reduced. Many vectors bite inside houses, and the 
design and protection offered by the dwelling are important deter-
minants of malaria risk. Wire-mesh screens and other mosquito 
proofi ng measures are effective but expensive, and may also reduce 
ventilation. Where domestic species of anophelines exist (e.g. A. 
stephensi in India), water jars, tanks or containers should be closed 
to prevent mosquito access.882

Simple measures such as introducing polystyrene balls to fl oat 
on top of well water may be remarkably effective. The use of mos-
quito-proof bed nets prevents human–vector contact, but they are 
considerably more effective in preventing malaria when impreg-
nated with insect repellents or insecticides.849 Pyrethroid insecti-
cide (permethrin, deltamethrin)-impregnated nylon nets are best, 
and now long-lasting nets have been developed which retain activ-
ity for many years.851

Imagocides

Although chemical agents, such as the larvicide Paris green, and 
pyrethrum insecticides, had been widely used for vector control 
before World War II, the discovery of 2,2-bis-(p-chlorophenyl)-
1,1,1-trichloroethane (DDT), with excellent activity against the 
adult mosquito (imagocidal activity), was a major advance in 
malaria control. DDT had residual imagocidal activity, which 
pyrethrum did not. It could be sprayed on the interior of houses, 
and would kill or deter mosquitoes for many months afterwards. 
DDT, along with two other chlorinated hydrocarbon residual 
insecticides, gamma benzene hexachloride (gamma HCH) and 
dieldrin were the principal weapons in the campaign to eradicate 
malaria and they had a tremendous benefi cial impact on health 
and development in the tropics. Imagocides can be classifi ed into 
three general categories.

Pyrethrins and pyrethroids

The naturally occurring compounds (derived from chrysanthe-
mums) are light sensitive and unstable, but the synthetic pyre-
throids (permethrin, deltamethrin) are both highly toxic to 
mosquitoes and stable, giving good residual activity. A single 
point mutation (resulting in phenyalanine or serine for leucine at 
position 1014) in the gene encoding a voltage-gated sodium 
channel protein is associated with pyrethroid and DDT resistance. 
Known as the pyrethroid knock down resistance (kdr) mutation, 
it has been found at several different locations, but predominantly 

in A. gambiae in West and South Africa.884 Insecticide resistance is 
spreading and may represent a serious threat to the effi cacy of 
impregnated bed nets and vector control.885–889

Chlorinated hydrocarbons

(DDT, gamma HCH, dieldrin) are widely used as water-
dispersible powders which form an aqueous suspension suitable 
for spraying. Resistance, human toxicity and ecological concerns 
have restricted the use of DDT in recent years. This valuable 
insecticide was vastly overused in the agricultural sector. Use in 
disease control was relatively modest in comparison. But a global 
ban on DDT threw the baby out with the bathwater and threat-
ened disease control in some areas where DDT was the only 
affordable and effective insecticide.890 Fortunately, the ban has 
been relaxed for vector-borned disease control. Used appropri-
ately DDT is still a very valuable malaria control tool (e.g. in 
Kwazulu Natal where A. funestus was pyrethroid resistant but DDT 
sensitive. Combined insecticide spraying and artemether-lume-
fantrine deployment terminated an epidemic of malaria in the late 
1990s).514 Dieldrin is now considered too toxic to humans and it 
is no longer used.

Anticholinesterases

These comprise the organophosphorous compounds (malathion, 
fenitrothion) and the carbamates (propoxur, trimethacarb, ben-
diocarb). Although resistance to the organophosphates has limited 
use in some areas, these compounds are still distributed widely. 
Malathion is the cheapest and most widely used. The anticholin-
esterases pose a potential health hazard to spraying teams, despite 
their wide therapeutic ratios.

General principles

Imagocides are also classifi ed either by their portal of entry to the 
body of the mosquito, or to the method of application. Residual 
insecticides are applied as a deposit on to surfaces where the 
mosquitoes will rest (e.g. walls, ceilings). Space sprays fi ll the air 
with a mist or fog of insecticide. The choice of insecticide and 
application method will be determined by the sensitivity and 
behaviour of the local vectors and the nature of the environment. 
The anopheline mosquito vectors have countered these chemical 
assaults by changing their behaviour (resting and feeding prefer-
ences) and evolving resistance to the insecticides. This has had 
drastic consequences: reduced effectiveness; the necessity for more 
expensive replacements (to which resistance has also developed 
in some species); a disinclination of the chemical industry to 
invest further in a diffi cult and often unprofi table fi eld; and as a 
consequence an inability of cash-strapped governments to pay for 
the new insecticides. Over 50 vector species are resistant to one or 
more of the organochlorine insecticides, over ten are resistant to 
the organophosphates, and pyrethroid resistance is spreading. 
Most important, A. gambiae s.l., the dominant vector in Africa, has 
developed resistance to organochlorine insecticides in many areas. 
In Central America A. albimanus has developed multiple insecti-
cide resistance. In India, the major vectors, A. culicifacies and A. 
stephensi, have become resistant to the organochlorines and mala-
thion.
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subject of considerable debate, but most are agreed that if every-
one who needed an ITN and effective drugs actually received 
them, then malaria would indeed be rolled back, and that in 
economic terms this would be of tremendous humanitarian 
benefi t and excellent value for the global economy. After decades 
of pessimism, there is increasing realization that we now have 
the necessary tools to control malaria.
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Section 10 Protozoan Infections

Chapter 74 Peter L. Chiodini

Babesiosis

Babesia spp. are protozoan parasites of domestic and wild animals. 
They are members of the phylum Apicomplexa, order Piro-
plasmida, family Babesiidae.

Most human cases of babesiosis are due to Babesia divergens or 
B. microti species complex. B. caucasica has also been reported to 
infect humans, but Hoare1 considered it to be synonymous with 
B. bovis. There is one case reportedly due to B. canis.2 A new 
Babesia, WA1, now named Babesia duncani n.sp., was isolated from 
a patient in Washington State, USA.3,4 Parasites isolated from cases 
of human babesiosis in California, USA, known as CA1-CA4, have 
been shown to be closely related to WA1 by molecular criteria.3 A 
Babesia divergens-like parasite, MO1, has been isolated from a fatal 
case of babesiosis from Missouri, USA,5 and another B. divergens-
like parasite, unrelated to WA1, recorded from Washington state.6 
A previously uncharacterized Babesia distinct from Babesia diver-
gens and closely related to B. odocoilei, a parasite of white-tailed 
deer has been described from Italy and Austria and named as 
EU1.7 A Babesia microti-like organism has caused human infection 
in Taiwan.8 Of considerable interest is the fact that B. microti can 
no longer be regarded as a single species, but exists as a worldwide 
species complex consisting of three clades, one containing zoo-
notic isolates.9,10 As phylogenetic analysis based on molecular cri-
teria develops further, there are likely to be more reports of new 
Babesia species and revision of the taxonomy of this genus.

LIFE CYCLE

Human babesiosis is a zoonosis acquired by tick bite when indi-
viduals accidentally interact with the natural life cycle of the par-
asite. Humans represent dead-end hosts for Babesia spp.

Bovine Babesias

Sporozoites are injected into the bloodstream by tick bite and 
penetrate erythrocytes. In contrast to the malaria life cycle, no 
tissue stage has ever been demonstrated for B. bovis or B. divergens. 
Within the erythrocyte the parasites vary in appearance, being 
oval, round or pear shaped.

Ring forms, especially, may be confused with malaria parasites, 
especially Plasmodium falciparum. However, Babesia does not form 
pigment and does not cause alterations in red cell morphology or 
staining, such as the Maurer clefts of P. falciparum, the Schüffner 

dots of P. vivax or the James dots of P. ovale. Babesia multiplies in 
the red cell by budding (Plasmodium by schizogony). Release of 
daughter parasites is followed by reinvasion of fresh erythrocytes 
and further asexual multiplication.

Some of the sporozoites injected by the tick vector follow a 
different path of intraerythrocytic development, growing slowly 
and ‘folding’ to form accordion-like structures, thought to be 
gametocytes11 that are destined to undergo further development 
in the tick vector.

Within the gut of the tick the accordion-like stage is able to 
resist digestion and eventually fuses with another, to form a 
zygote. Further development outside the intestine occurs in a 
variety of tissues, the salivary glands and ovaries being especially 
important for transmission.

Sporozoites in tick salivary glands are injected into the mam-
malian host at the next blood meal. Transovarial transmission of 
B. bovis also takes place so that newly hatched larvae are already 
infected. Trans-stadial transmission to nymph and then to adult 
stages can then take place.

Babesia microti

In the small mammal host of B. microti, sporozoites from the tick 
vector fi rst enter lymphocytes and undergo merogony, the daugh-
ter parasites of which then enter erythrocytes.11 There is no pub-
lished report of this intralymphocytic stage in human B. microti 
infections. The presence of schizogony in lymphocytes of its ver-
tebrate host is one of the factors which has led Uilenberg to 
conclude that B. microti is not a Babesia and could logically be 
called Theileria microti.12 Until the taxonomic issue is further clar-
ifi ed, this chapter will continue to refer to Babesia microti.

B. microti does not undergo transovarial transmission,11 but 
once a larva has become infected from a mammalian host it is 
able to pass on the infection trans-stadially to the nymph.

EPIDEMIOLOGY

Human infection follows tick bite or, rarely, blood transfusion or 
transplacental/perinatal infection. Each Babesia–vector–mamma-
lian host system has its own characteristics, and the ecology and 
bionomics of the vector tick defi ne the pattern of risk for the 
human population.
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European cases

Approximately 31 cases of human infection with bovine Babesias, 
usually B. divergens, have been reported in Europe since 1957.9,13 
European cases reportedly due to B. microti and to B. canis have 
also been recorded.2 The vector of B. divergens is Ixodes ricinus and 
that of B. microti in England is I. trianguliceps, in contrast to the 
situation in the USA where B. microti is transmitted by I. dammini. 
Previous splenectomy had been undertaken in 84% of European 
cases of B. divergens infection.14 One patient with B. microti infec-
tion had an intact spleen.2

There is an association of human B. bovis infection with expo-
sure to land grazed by infected cattle for occupational or recre-
ational purposes.

North American cases

Almost all the cases have been due to B. microti. Most reports have 
come from the north-eastern coastal region of the USA,15 with 
some from Wisconsin16 and sporadic reports from California, 
Georgia and Missouri.5,17

B. microti infects the mouse Peromyscus leucopus, the preferred 
host for the larva of I. dammini. Nymphs of this tick feed either 
on Peromyscus or on the deer Odocoileus virginianus, which does 
not appear to be susceptible to B. microti. Adult I. dammini prefer 
to feed on Odocoileus. Humans appear to become infected via 
nymphs and the peak month for transmission is June, which 
coincides with their active feeding period. There have been at least 
50 cases of transfusion-transmitted babesiosis in the USA.18,19

The vector for B. microti in North America is I. dammini, which 
is also the vector for Borrelia burgdorferi, the causative agent of 
Lyme disease. Co-infection of the same patient can occur and, in 
such cases, there are more symptoms and greater duration of 
illness than in patients with either infection alone.20 Co-infection 
with Babesia should be considered in any Lyme disease patient 
who complains of marked fl u-like symptoms or has unexplained 
splenomegaly, anaemia or thrombocytopenia or who fails to 
respond to appropriate antimicrobial treatment for Lyme 
disease.21

B. microti in North America can infect previously healthy indi-
viduals with intact spleens. The infection is more severe in sple-
nectomized individuals. Benach and Habicht22 studied common 
risk factors for babesiosis in 17 patients. They found no associa-
tion with a particular blood group. Age was an important risk 
factor. The presence of a signifi cant medical history (including 
splenectomy, cancer, cancer therapy, autoimmune disease, endo-
crinopathy and previous parasitic disease) was noted in 10 of the 
17 cases. The mean age of patients with a signifi cant medical 
history (47.7 years) was signifi cantly less than of those who were 
previously healthy (63.4 years).

B. microti infection has been reported from human immuno-
defi ciency virus (HIV)-positive patients, in whom persistent para-
sitaemia and severe disease have occurred.23,24

PATHOLOGY

Haemolytic anaemia, jaundice due to unconjugated hyperbiliru-
binaemia, frank haemoglobinuria and acute renal failure due to 

acute tubular necrosis are all features of B. bovis infection in 
splenectomized individuals.25 Thrombocytopenia has been 
recorded.26

B. microti infection also results in haemolytic anaemia, which 
may last for several days to a few months.27 Its presence in sple-
nectomized as well as intact patients indicates that hypersplenism 
alone cannot explain the occurrence of haemolytic anaemia. Scan-
ning electron microscopy of human blood infected with B. microti 
has revealed substantial damage to the erythrocyte membrane, 
with protrusions, inclusions and perforations evident, suggesting 
that red cell destruction is parasite mediated.28 C3 and C4 levels 
were suppressed in acute B. microti infections.29 Thrombocytope-
nia and raised levels of liver enzymes occur in severe cases.30 There 
is no evidence that parasite sequestration contributes to the patho-
genesis of severe multiorgan failure in human babesiosis.31 Immu-
nity to babesiosis depends upon humoral and cellular factors, 
although current opinion regards the humoral component of 
limited importance, the role of antibodies being restricted to a 
period when the parasites have entered the bloodstream but not 
yet become intracellular.27 T cells are regarded as vital in develop-
ing resistance to Babesia and CD4+ T helper cells appear to be the 
subpopulation mainly responsible.27 Non-specifi c responses via 
natural killer cells and macrophages are also important in resis-
tance to babesial infection.27

CLINICAL FEATURES

Babesia bovis/divergens

The incubation period varies from 1 to 4 weeks. The patient may 
feel vaguely unwell at fi rst, but by the time the diagnosis has been 
made is usually very ill, with fever, prostration, myalgia, jaundice, 
anaemia and haemoglobinuria. Nausea, vomiting and diarrhoea 
are also recorded.25 Hepatomegaly, signs of pulmonary oedema 
and oliguric renal failure may occur. Finding an operation scar 
gives a clue to previous splenectomy. Infection is sometimes 
unsuspected and, given the fulminant nature of this condition, 
may not be confi rmed until after the patient has died or the diag-
nosis is considered to be P. falciparum malaria when intraerythro-
cytic parasites are seen in the blood fi lm. Other misdiagnoses 
include leptospirosis and viral hepatitis. Thus, for the diagnosis to 
be made early, babesiosis should be considered in the differential 
diagnosis of any splenectomized patient in whom exposure to tick 
bites is a possibility.

Babesia microti

Most human infections are subclinical.32 Where clinical illness 
develops, the incubation period is 1–3 weeks, occasionally up to 
6 weeks, for tick-transmitted infections and 6–9 weeks for post-
transfusion cases. The illness usually begins gradually, with 
anorexia and fatigue, plus fever (without periodicity), sweating, 
rigors and generalized myalgia. Physical examination may reveal 
only fever, but may also show mild splenomegaly and sometimes 
mild hepatomegaly.17 In a series of 34 patients with severe babe-
siosis requiring hospitalization, 41% developed complications 
which included the adult respiratory distress syndrome, dissemi-
nated intravascular coagulation, congestive heart failure and renal 
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failure. Complicated babesiosis was more often associated with 
the presence of severe anaemia (haemoglobin concentration 
<10 g/dL).30

Given the non-specifi c nature of the clinical fi ndings, human 
infection with B. microti cannot be diagnosed with certainty 
on clinical grounds alone. In a series of severe babesiosis, the 
average time from onset of symptoms to diagnosis was 15 days.30 
A history of tick bite is helpful but is not elicited in most cases.22 
However, public knowledge of Lyme disease, which shares the 
same vector with B. microti in the USA, can raise awareness of 
tick-transmitted disease. The relatively localized geographical dis-
tribution of human B. microti infections in the USA means that 
local physicians may become very aware of the infection but it 
may be missed by those practising in non-endemic areas in other 
countries.

LABORATORY DIAGNOSIS

Defi nitive diagnosis depends upon fi nding parasites on blood fi lm 
examination. The use of the polymerase chain reactin (PCR) is 
increasing and serodiagnosis is also helpful. Hamster inoculation 
is very seldom indicated.

Blood fi lm examination

Babesia bovis/divergens (Figure 74.1)

B. divergens was separated from B. bovis as a result of the pre-
dominance of paired forms, diverging at a wide angle of up to 
180°, situated on the periphery of the red cell.1 In addition, B. 
divergens is smaller (0.4 × 1.5 μm) than B. bovis (2.4 × 1.5 μm). 
However, the parasites are pleomorphic and their size can vary 
depending upon the host they infect.1

B. bovis/divergens are pear shaped, oval or round and may exist 
in pyriform pairs. In fulminant human cases, B. divergens takes the 
form of rings, loops, clubs, rods, pyriform and amoeboid shapes. 

Occasional divergent forms are seen. There may be one to eight 
parasites per red cell. Parasitaemia as high as 70% has been 
reported from a fatal case.25 The ‘Maltese cross’ form is unique to 
Babesia among members of the Apicomplexa, but in its absence it 
may be very diffi cult to distinguish young ring forms of Plasmo-
dium spp., especially P. falciparum. The absence of pigment cannot 
be relied upon as young rings of Plasmodium spp. do not exhibit 
pigment. If cultured in vitro, P. falciparum will develop pigment, 
but Babesia will not. Babesia is smaller than malaria parasites, and 
in some of the larger rings there is a white vacuole, instead of the 
pink vacuole containing erythrocyte stroma seen in malaria. 
Babesia does not form schizonts.

Babesia microti

In Babesia microti (Figure 74.2), ring, rod-shaped, pyriform, amoe-
boid and ‘Maltese cross’ forms are seen.1 In heavy infections dif-
ferent stages may be noted in the same red cell. Intraerythrocytic 
stages measure approximately 2 × 1.5 μm. In very high parasitae-
mias extracellular merozoites with plentiful cytoplasm may be 
found singly or as a syncytial structure.28

Peak parasitaemia varies between less than 1% to approxi-
mately 10%,17 but a splenectomized patient who was also taking 
systemic steroids developed a B. microti parasitaemia of 85%.28

Other laboratory fi ndings

Babesia bovis/divergens

Anaemia, leukocytosis, haemolysis, unconjugated hyperbilirubi-
naemia and raised blood urea levels are found. Reticulocytosis 
occurs in response to the haemolytic anaemia. Frank haemoglo-
binuria is evident.25

Babesia microti

Anaemia may be mild to moderately severe, ranging from 5.8 to 
11.6 g/dL in one series.17 Serum haptoglobin levels may be reduced 
and the reticulocyte count increased, supporting the view that 

Figure 74.1 Human infection with Babesia divergens. Figure 74.2 Human infection with Babesia microti.

Laboratory Diagnosis
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most of the anaemia is due to haemolysis. Total white blood cell 
counts are low or normal and there may be thrombocytope-
nia.17

Mean and differential lymphocyte counts and percentages of B 
lymphocytes and levels of T lymphocytes with the immunoglobu-
lin (Ig) G Fc receptor were raised in acute infection. Polyclonal 
hypergammaglobulinaemia was found. Levels of serum IgG, IgM 
and C1q binding were signifi cantly increased; C3 and C4 levels 
and haemolytic activity were reduced in acute-phase sera.29

There may be a mild increase in serum glutamic oxaloacetic 
transaminase (aspartate aminotransferase), alkaline phosphatase 
and bilirubin concentrations.1

Electron microscopy

This technique is not helpful for routine diagnosis of human 
babesiosis but may provide useful confi rmation of the nature of 
the infection. Transmission electron microscopy of B. microti from 
a splenectomized patient also receiving systemic steroids showed 
considerable pleomorphism. All developmental stages were seen 
in both reticulocytes and mature erythrocytes. The same study 
identifi ed convoluted cells with many free ribosomes, thought to 
represent an early gametocyte stage.28

Serodiagnosis

The indirect fl uorescent antibody test (IFAT) is available for bovine 
Babesia and for B. microti. However, serology should not be seen 
as an alternative to blood fi lm examination, especially in view of 
the fulminant nature of bovine Babesia infection in splenecto-
mized patients. Demonstration of parasites in a blood fi lm pro-
vides unequivocal proof of current infection. Some B. microti 
infections may have low level or transient parasitaemia,32 and 
serology, with PCR testing of seropositive individuals,27 has a 
useful part to play in establishing the diagnosis. Ruebush et al.32 
defi ned individuals with IFAT titres to B. microti of 64 or greater 
as seropositive. In patients with acute B. microti infection, IFAT 
titres were greater than or equal to 1 in 1024, and fell to 1 in 256 
or 1 in 64 over 8–12 months. The possibility of cross-reaction with 
antimalarial antibody must be borne in mind when serological 
results are interpreted. The B. microti IFAT has a reported 88–96% 
sensitivity and 90–100% specifi city.33 A brief report describing an 
IgG ELISA for the detection of antibody to B.microti has been 
published. This assay has a reported sensitivity of 95.5% and 
specifi city of 94.1% compared with the B. microti IFAT.34

Polymerase chain reaction

This technique has been applied to the diagnosis of B. microti, 
with a reported limit of detection of approximately three merozo-
ites.35 It is deployed increasingly to confi rm infection in antibody-
reactive individuals and to monitor the response to treatment.27

Animal inoculation

This is not used for routine diagnosis of individual cases, but B. 
microti from human cases can be isolated in hamsters,17 and B. 

divergens from a fatal human case was successfully passaged to 
gerbils and to a splenectomized calf.25

CLINICAL COURSE AND MANAGEMENT

Babesia bovis/divergens

If untreated, infection of splenectomized humans with bovine 
Babesias leads to fulminant illness and death. Specifi c treatment 
is based upon anecdotal case reports. Diminazene (Berenil) is 
active against Babesia in animals and was used in a case of human 
B. divergens infection, but the patient died.36 Successful treatment 
of B. divergens (5% parasitaemia) in a splenectomized patient with 
pentamidine plus co-trimoxazole has been recorded.36 The veteri-
nary compound imidocarb was used successfully in the treatment 
of two cases of human infection with B. divergens37 Quinine and 
chloroquine plus pyrimethamine have proven ineffective.25

Brasseur and Gorenfl ot38 reported successful treatment of three 
cases with massive exchange blood transfusion (2–3 blood 
volumes) followed by intravenous clindamycin and oral 
quinine.

Atovaquone is effective against B. divergens in vitro.39 In the 
absence of data from randomized controlled trials, current therapy 
should consist of exchange blood transfusion plus intravenous 
clindamycin and intravenous or oral quinine, depending upon the 
patient’s condition.

Babesia microti

In most instances, patients suffer a mild illness from which they 
recover spontaneously. Recovery may be prolonged, with several 
months of fatigue and malaise.17 Where treatment is required, 
oral quinine 650 mg every 8 h plus clindamycin 300–600 mg 
intravenously or intramuscularly every 6 h (adult doses) for 7–10 
days has been regarded as the treatment of choice,2,40 although 
it is not universally effective.41 Paediatric dosage is oral quinine 
25 mg/kg per day and intravenous or intramuscular clindamycin 
20 mg/kg per day. Krause et al.42 compared atovaquone 750 mg 
every 12 h plus azithromycin 500 mg on day 1 and 250 mg daily 
thereafter for 7 days with clindamycin 600 mg every 8 h and 
quinine 650 mg every 8 h for 7 days, all drugs being given 
orally. Atovaquone plus azithromycin proved to be as effective as 
clindamycin plus quinine and had fewer adverse reactions. The 
authors recommended that atovaquone plus azithromycin be 
considered for the treatment of non-life-threatening babesiosis 
in immunocompetent adult patients and in others who cannot 
tolerate clindamycin and quinine.42 Weiss et al.43 reported the 
successful use of azithromycin 12 mg/kg per day and atovaquone 
40 mg/kg per day in neonates, without toxic effects, and had 
used a higher dose of azithromycin (600 mg per day) in combina-
tion with atovaquone (750 mg twice daily) in adults. They 
reported that the 600-mg daily dose of azithromycin led to earlier 
resolution of fever and rapid clearance of parasites from the 
blood.43 The Infectious Diseases Society of America states that 
higher doses of azithromycin (600–1000 mg/day) may be used 
for immunocompromised patients with babesiosis.44 Ranque45 
has suggested that a trial of atovaquone plus clindamycin should 
be performed.
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Chloroquine is unhelpful. Diminazene was used in one case 
and the patient recovered but developed neurological complica-
tions resembling the Guillain-Barré syndrome.46

Whole blood or red cell exchange transfusion has produced a 
rapid and substantial fall in parasitaemia and its use as an adjunct 
to chemotherapy should be considered in severely ill patients with 
high parasitaemia.47

PREVENTION

There is no vaccine licensed for human use. Prevention of human 
babesiosis depends upon avoidance of tick bite: avoidance of tick 
habitats; wearing appropriate clothing to cover the lower part of 
the body; use of insect repellent (e.g. diethyltoluamide and per-
methrin-impregnated clothing); and prompt removal of ticks 
found on the person. In endemic areas, awareness of the possibil-
ity of transfusion-transmitted Babesia infection should be main-
tained so that those thought to be potentially infected with Babesia 
can be excluded from donation, although routine screening of 
donor blood is not yet established.18
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Section 10 Protozoan Infections

Chapter 75 Christian Burri and Reto Brun

Human African Trypanosomiasis

HISTORICAL BACKGROUND

David Livingstone (1813–1873) had been convinced in the mid-
nineteenth century that the tsetse fl y was responsible for the trans-
mission of ‘nagana’, a disease that affected cattle in central Africa. 
This is clearly recorded in his classic Missionary Travels, fi rst pub-
lished in 1857. It seems probable that Livingstone had in fact 
associated the bite of Glossina palpalis with ‘nagana’ as early as 
1847. It was not until 1894, however, that the causative role of 
Trypanosoma (later designated T. brucei) was delineated in nagana, 
and this resulted from the brilliant work of David Bruce (Figure 
75.1) in Zululand, where he had been posted from military duty 
in Natal. Shortly before this, animal trypanosomes had been visu-
alized, and in 1878 Timothy Lewis had fi rst indicated that try-
panosomes could cause infection in mammals.

A febrile illness associated with cervical lymphadenopathy 
and lethargy had been clearly recorded in Sierra Leone by T. M. 
Winterbottom (1765–1859) in 1803. In 1902, Joseph Dutton 
(1874–1905) and John Todd (1876–1949) demonstrated that 
Trypanosoma spp. were responsible for this condition, then named 
‘trypanosome fever’ in West Africa; their observations were made 
on an Englishman who had been infected in The Gambia.

Early in the twentieth century an outbreak that was described 
at the time as ‘negro lethargy’ swept central Africa; this involved 
the northern shores of Lake Victoria in Nyanza. No one, it seems, 
equated the disease with ‘trypanosome fever’. In 1902, the Royal 
Society sent a Sleeping Sickness Expedition, consisting of Low, 
Castellani (1877–1971) and Christy (1864–1932), in an attempt 
to determine the aetiological agent responsible for this disease. 
Manson was of the opinion that Filaria perstans was responsible; 
he had visualized this parasite in three cases of sleeping sickness 
investigated in London. After a great deal of painstaking work, 
Castellani concluded that the disease was caused by a streptococ-
cus. He also visualized Trypanosoma spp. in the cerebrospinal 
fl uid (CSF) of a single patient with ‘negro lethargy’; however, 
he disregarded this organism, and favoured the streptococcal 
theory. The Royal Society proceeded to send a second team to 
Uganda in 1903, consisting of Bruce (Figure 75.1) and David 
Nabarro (1874–1958). They demonstrated Trypanosoma spp. in 
numerous cases of sleeping sickness (in both CSF and blood) 
and, furthermore, were able to transmit T. gambiense to monkeys 
via the bite of infected Glossina palpalis (the local species of tsetse 

fl y); this work clinched the aetiological agent responsible for this 
disease.

Several years were to pass before the animal reservoirs of 
African trypanosomiasis were delineated. Was the causative 
organism of nagana identical with that which caused African 
trypanosomiasis? It was not until 1910 that J. W. W. Stephens 
(1865–1946) and H. B. Fantham (1875–1937) discovered T. 
rhodesiense in Nyasaland (now Malawi) and northern Rhodesia 
(now Zimbabwe). In 1911, Allan Kinghorn (?–1955) and 
Warrington Yorke (1883–1943) demonstrated the transmission of 
T. rhodesiense to humans by Glossina morsitans.

It is now known that human African trypanosomiasis (‘sleep-
ing sickness’) is caused by the protozoan parasites Trypanosoma 
brucei gambiense in west and central Africa, and by Trypanosoma 
brucei rhodesiense in eastern Africa. By the end of the 1960s, the 
disease had been almost eliminated by means of large-scale 
control and intervention programmes. However, the situation has 
deteriorated since and by the year 2000, the number of cases was 
estimated at 300 000 to 500 000 with about 60 million people at 
risk, but fewer than 4 million under appropriate surveillance. 
Major outbreaks have been reported from the Democratic Repub-
lic of Congo, Angola, Sudan and Uganda. Today, the number of 
cases is again decreasing due to improved surveillance and vector 
control.

GEOGRAPHICAL DISTRIBUTION 
AND EPIDEMIOLOGY

Sleeping sickness is endemic only in areas where Glossina species 
are found. The ecological limit of Glossina distribution is approx-
imately a line from 14°N from Senegal in the west to 10°N in 
southern Somalia in the east, and 20°S corresponding to the 
northern fringes of the Kalahari and Namibian Deserts. The 
distribution of Glossina is determined by climatic factors (tem-
perature and humidity) through its effects on vegetation. It is 
anticipated that satellite technology will be of increasing use in 
defi ning fl y distribution in relation to habitats.1 Comparison of 
such images over time will, in association with geographical infor-
mation system (GIS) techniques, be of value in predicting tsetse 
distribution in relation to changes in environment. Rogers and 
Williams2 examined how GIS can contribute to studies of human 
and animal trypanosomiasis and how data from meteorological 
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satellites help to understand the spatial distribution of vectors and 
disease.

There are over 20 species of Glossina and a number of subspe-
cies, most of which are capable of acting as vectors of trypano-
somes that cause human sleeping sickness (as well as animal 
disease). The tsetse fl ies are separated into three groups, of which 
two groups are mainly responsible for the transmission of sleeping 
sickness: the palpalis group transmits T.b. gambiense, which is 
responsible for the chronic form of the disease; and the morsitans 
group transmits T.b. rhodesiense, which causes a more acute 
disease. In Uganda, epidemic T.b. rhodesiense is transmitted by 
the riverine tsetse fl y G. fuscipes. The major vectors and their 
geographical distribution are listed in Table 75.1. The current 
distribution of sleeping sickness in Africa is shown in Figure 75.2. 
Jordan3 provides an up-to-date summary of Glossina biology and 
control.

Sleeping sickness is endemic in over 200 known foci in 36 
countries and Glossina spp. infest approximately 10 million km2 
or about one-third of the African continent.

Figure 75.1 David Bruce (1855–1931) established the causes of 
nagana in Zululand and of ‘negro lethargy’ in Uganda. (From Gillespie 
SH et al., eds. Principles and Practice of Clinical Parasitology. Chichester: 
Wiley; 2001.)

Table 75.1 Major vectors of T.b. gambiense and T.b. 
rhodesiense and geographical distribution

T.b. gambiense

 G. palpalis palpalis, G. palpalis gambiensis

   Angola, Benin, Burkina Faso, Cameroon, Central African 
Republic, Congo, Democratic Republic of Congo, Gabon, 
Gambia, Ghana, Guinea, Guinea-Bissau, Ivory Coast, Liberia, 
Mali, Nigeria, Senegal, Sierra Leone, Togo

 G. tachinodes

   Benin, Burkina Faso, Cameroon, Central African Republic, 
Chad, Ethiopia, Ghana, Guinea, Ivory Coast, Mali, Niger, 
Nigeria, Sudan, Togo

 G. fuscipes quanzensis, G. fuscipes martinii

  Angola, Congo, Democratic Republic of Congo

 G. fuscipes fuscipes

   Cameroon, Central African Republic, Chad, Congo, 
Democratic Republic of Congo, Sudan, Uganda

T.b. rhodesiense

 G. morsitans morsitans, G. morsitans centralis

   Angola, Botswana, Burundi, Malawi, Mozambique, Rwanda, 
Tanzania, Zambia, Zimbabwe

 G. pallidipes

   Burundi, Ethiopia, Kenya, Malawi, Mozambique, Rwanda, 
Sudan, Tanzania, Uganda, Zambia, Zimbabwe

 G. swynnertoni

  Kenya, Tanzania

 G. fuscipes fuscipes

  Ethiopia, Kenya, Tanzania, Uganda

In the late 1990s, WHO had not only emphasized the recru-
descence of the disease, with major fl are-ups in many endemic 
countries, but also the dramatic lack of awareness about the 
disease situation. The resulting under-surveillance had led to 
reporting of approximately 25 000 new cases per year and esti-
mates of the infection level reaching over 300 000 new cases.4 In 
the meantime, major events have impacted control of the disease, 
such as the interruption of war and civil confl icts in several affected 
countries; the commitment of several non-governmental organi-
zations to combat the disease under extremely diffi cult circum-
stances; and the investments of several governments in large scale 
bilateral projects. The WHO played a crucial role through reinforc-
ing networks and advocacy, and particularly through a partnership 
with two major pharmaceutical companies, which not only 
secured the continued production of the trypanocidal drugs, but 
also allowed the provision of the treatments for free and created 
additional fi nancial means to promote capacity building of 
national programmes and to implement active case-fi nding using 
appropriate tools. As a consequence, during the past 5 years, sur-
veillance activities have increased, raising the total number of 
people screened through surveys of active case-fi nding, leading to 
a substantial and regular decline in the number of new cases.5–10 
The reported number of cases per year is now 17 500 and the new 
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Figure 75.2 Distribution of human African trypanosomiasis. 
(Reproduced with permission from the World Health Organization.4)

Figure 75.3 Morphology of Trypanosoma 
brucei. (Reproduced with permission from Allen 
and Unwin.)

estimated cumulative rate 50 000–70 000 cases. In view of this 
signifi cant progress, the International Scientifi c Council for 
Trypanosomiasis Research and Control at its 28th conference in 
Addis Ababa in September 2005 recommended that WHO should 
launch an elimination programme for sleeping sickness.11 To 
reach this goal, the continued efforts in the development of safer 
drugs and simpler and more reliable diagnostic tests will also be 
key, as this will allow the treatment to be implemented also in 
primary healthcare facilities. The main challenge will be to main-
tain awareness, strengthen surveillance and sustain efforts to 
achieve the goal of elimination. It must not be forgotten that 

neglecting the disease will inevitably lead to a new resurgence. In 
this light the situation in Uganda merits special attention: the area 
affected by T.b. rhodesiense has increased 2.5-fold since 1985, and 
the active disease focus is now only 150 km from areas currently 
affected by T.b. gambiense.

BIOLOGY

T. brucei subspecies trypanosomes of the subgenus Trypanozoon 
are morphologically indistinguishable. However, since the 1970s, 
much research has been undertaken to fi nd biochemical and 
molecular markers that might defi ne clinical disease and epidemi-
ology. The problems that these extensive studies have addressed 
are the identity and potential infectivity to humans of trypano-
somes circulating in domestic and game animals, and those iso-
lated from Glossina.

The morphology of T. brucei is described by Hoare12 (Figure 
75.3). Parasites are pleomorphic, extracellular in the blood and 
tissues, and vary in length from 12 to 42 μm; they have a small 
subterminal kinetoplast and a free fl agellum. Parasite multiplica-
tion is impaired by specifi c antibodies produced by the host, 
resulting in a decrease in the parasitaemia. However, some para-
sites escape the immune response by the mechanism of antigenic 
variation, a mechanism that enables the trypanosomes to produce 
a surface coat composed of a different glycoprotein.13 The result 
is a fl uctuating parasitaemia with multiple progressive pathologi-
cal changes, which vary in pattern and intensity with the different 
parasite strains and host.

T. brucei organisms are infective to laboratory animals: inocula-
tion of infective material from human, animal reservoir and 
Glossina produces infection in a range of laboratory animals. T.b. 
rhodesiense can be propagated in mice, rats, rabbits and guinea 
pigs. However, T.b. gambiense infections are much less virulent and 
can be propagated only in the multimammate rat (Mastomys natal-
ensis), Grammomys spp.14 or in mice with severe combined immune 
defi ciency (SCID).15 The development of a kit for in vitro isolation 
of trypanosomes, known as KIVI,16 enables the isolation of procy-
clic (insect gut) forms and the characterization of such isolates 
using polymerase chain reaction (PCR). However, to study drug 

Biology
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resistance, bloodstream forms are required. Those can be obtained 
from procyclic forms after a full passage through the tsetse vector.17 
Alternatively, infected patients’ blood can be cryopreserved in the 
fi eld using, e.g. the cryomedium Triladyl® and liquid nitrogen.18 
In the laboratory, the frozen blood sample can be thawed and 
injected into a susceptible rodent for propagation.19

It is generally recognized that T.b. brucei is the animal infective 
form of the subgenus Trypanozoon, which is not infective to 
humans because of its sensitivity to human serum. T.b. brucei is 
lysed by human serum; this is associated with high-density lipo-
protein molecules, which are trypanocidal.20,21 The lytic effect of 
human serum was the basis for the development of the blood 
incubation infectivity test (BIIT).22 This test involved incubation 
of trypanosomes in human serum before inoculation into rats. 
Jenni and Brun23 developed an in vitro test in which the viability 
of the test organisms is compared in parallel cultures containing 
20% human serum or 20% heat-inactivated horse serum as 
control. The method can detect single serum-resistant forms in a 
population of sensitive forms. Today PCR methods are available 
which make use of the T.b. rhodesiense specifi c SRA (serum resis-
tance associated) gene24 or the T.b. gambiense specifi c TgsGP 
gene.25

The analysis of parasite populations using modern technolo-
gies revealed the diversity and complexity of the trypanosomes 
infective to humans. The problem of understanding the relation-
ships between different populations has been compounded by the 
demonstration that T. brucei can hybridize in Glossina in the labo-
ratory.26 It could also be shown that human serum resistance 
can be passed on from a parent to the offspring of a cross T.b. 
rhodesiense × T.b. brucei.27 Neither the frequency of hybridization 
in the wild nor its signifi cance in terms of epidemiology and pat-
terns of drug resistance is yet known. PCR analysis of mobile 
genetic elements28 and the use of microsatellite markers29 are new 
technologies which will help to distinguish different strains 
of T. brucei across all three subspecies and notably among T.b. 
gambiense which is the least genetically variable T.b. brucei subspe-
cies.

These studies have provoked extensive discussion on the genet-
ics of wild populations of parasites and the relative importance 
of clonality30 and sexuality in such populations. The application 
and use of modern techniques in the epidemiology of trypano-
somiasis are described by Gibson and Miles.31 Extensive studies 
of nearly 1000 parasite stocks have been undertaken. Reviews 
summarize the results32 and the attempt to reduce the number of 
enzymes used to identify subspecies and strain groups.33 Although 
there is a tendency to remain with T.b. rhodesiense and T.b. gam-
biense as nomenclature, it may be appropriate to consider recog-
nizing strain groups if an association between geographical 
distribution, clinical features and particular zymodemes becomes 
apparent. Strain groups are made up of zymodemes characteristic 
of specifi c localities which, when subjected to numerical taxo-
nomic analysis, cluster in dendrograms which provide an indica-
tion of the degree of genetic identity. The groupings of the 
subgenus Trypanozoon, after two decades of molecular and 
biomedical studies, suggest that T.b. gambiense and T. evansi (the 
equine and camel pathogenic trypanosome species) can be 
regarded as distinct subspecies and species respectively. T.b. brucei 
is subdivided into the strain groups ‘bouafl é’, ‘sindo’, ‘kiboko’ and 
‘kakumbi’. Bouafl é is the most diverse of these groups and is also 

found in West African animals. Some of the stocks of bouafl é are 
infective to humans; some isolates of bouafl é are also found 
in East Africa. The relationship between T.b. rhodesiense and T.b. 
brucei is complex. T.b. rhodesiense in the classical sense is divided 
into Zambezi and Busoga strain groups with characteristic isoen-
zyme profi les and DNA banding.33 The Zambezi group of isolates 
from humans in Zambia is of relatively low virulence; Busoga 
stocks are from people in northern and central areas of the T.b. 
rhodesiense distribution.

EPIDEMIOLOGY

T.b. gambiense

T.b. gambiense is endemic throughout West and Central Africa, and 
is frequently associated with foci of infection, which historically 
were recognized as areas where prevalence was often 10-fold 
higher. Transmission of T.b. gambiense is associated with particular 
sites, usually near riverine vegetation, river crossings, water collec-
tion points, washing sites and villages adjacent to rivers or lakes 
(Figures 75.4, 75.5). T.b. gambiense transmission is ‘site associ-
ated’, and intense transmission was considered to occur particu-
larly at the end of the dry season when contact between humans 
and G. palpalis was most frequent. Flies require regular blood 
meals and humans are always available at these particular sites. 
In more humid forest regions, however, G. palpalis distribution is 
more widespread and human–fl y contact is less intense. Once 
infected, a fl y can transmit trypanosomes each time it bites; hence 
a single infected Glossina could infect many individuals at a par-
ticular site.

The most recent categorization of T.b. gambiense places this 
organism in a particular strain group comprised of six zymodemes 
(stocks with characteristic isoenzyme profi les). There are, however, 
chronic infections of humans from the Ivory Coast, the most 
sampled area, which are now placed in the bouafl é strain group 

Figure 75.4 Typical site of transmission of T.b. gambiense where 
human–fl y contact is high; habitat of G. palpalis. (From C. Burri (Swiss 
Tropical Institute), Kikongotanga, Democratic Republic of Congo.)
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and which belong to the same zymodeme as stocks isolated from 
a range of wild and domestic animals.34 Classical T.b. gambiense 
strains (termed type 1) cannot be propagated in laboratory rodents 
nor be transmitted by morsitans group tsetse fl ies. There is also a 
second type of T.b. gambiense circulating in Central and West 
Africa (termed type 2) which shares characteristics with T.b. 
rhodesiense, such as developing high parasitaemias in laboratory 
rodents and being transmitted by morsitans group tsetse fl ies. Infor-
mation on the animal reservoir of T.b. gambiense is scarce and 
consists of the examination of a few animals; epidemiological 
studies are missing. Pigs, dogs and cattle but also the game animal 
species kob (Kobus kob) and hartebeest (Alcelaphus buselaphus) 
have been found infected with T.b. gambiense. A study in Camer-
oon examined 164 wild animals by PCR and found 8% (rodents, 
antelopes, monkeys and carnivores) infected with T.b. gambiense.35 
Early experimental studies demonstrated that a range of domestic 
and wild animals was capable of being infected with isolates of 
T.b. gambiense from humans.

Recent decades have seen a considerable increase in our under-
standing of the complex interrelationships of the subgenus Try-
panozoon. Earlier studies were handicapped by a lack of methods 
for parasite isolation and identifi cation. Isoenzyme analysis and 
molecular methods have provided a strong base for future detailed 
epidemiological studies, particularly using PCR, to identify pre-
cisely the strain group from small amounts of parasite material 
from humans, mammals or Glossina.

T.b. rhodesiense

The endemic situation

T.b. rhodesiense is the causative agent of the acute form of sleeping 
sickness. It is distributed from Uganda in the northern part of East 
Africa to Botswana in the south. Recent biochemical and molecu-
lar studies have identifi ed two main strain groups associated with 

acute sleeping sickness, Zambezi and Busoga, the strain groups 
representing the southern and northern limits of distribution, 
respectively. Zambezi strains from Zambia and Malawi are often 
less virulent than the Busoga strain group.36,37

Sleeping sickness is endemic throughout eastern and south-
eastern Africa, and humans are infected by the bite of Glossina spp. 
associated with woodland savannah habitats (Figure 75.6). The 
morsitans group, particularly G. pallidipes and G. swynnertoni, as 
well as G. morsitans itself, are the vectors; these species are prefer-
entially bovid feeders and are not attracted to humans. Savannah 
Glossina spp. therefore feed on humans only when other hosts are 
not available. In Uganda also the palpalis group species G. fuscipes 
is a main vector for T.b. rhodesiense. The classical view of the epi-
demiology of T.b. rhodesiense trypanosomiasis is that specifi c 
groups of people are more at risk of becoming infected – usually 
those whose activities or occupations bring them into more fre-
quent contact with Glossina. Examples of such groups are honey 
gatherers, fi shermen, game wardens, poachers and fi rewood col-
lectors. T.b. rhodesiense is a zoonosis; the known reservoir hosts 
are domestic animals such as cattle, sheep and goat, and a variety 
of game animals including carnivores.38 The difference between 
T.b. brucei and T.b. rhodesiense is the sensitivity or resistance to 
human serum. Responsibility lies with the serum resistance asso-
ciated gene, which is coexpressed with the variant surface antigen 
in T.b. rhodesiense stocks.24,39,40

Analysis of the zymodemes of T. brucei from the Lambwe 
Valley, Kenya, by Cibulskis,41 using a contingency table approach, 
has suggested that particular zymodemes are associated with par-
ticular mammalian hosts and that such relationships are stable, 
at least over a 32-month period. Earlier studies in this locality 
showed that the T. brucei population changed during the sleeping 
sickness outbreak in 1980,42,43 showing that outbreaks arose from 
within the locality rather than through the introduction of strains 
from outside. In the context of the experimental fi nding of sexual 
recombination in T. brucei, Cibulskis41 suggested that genetic 

Figure 75.5 Typical site of transmission of T.b. gambiense where 
human–fl y contact is high; habitat of G. palpalis. (From C. Burri (Swiss 
Tropical Institute), Kikongotanga, Democratic Republic of Congo.)

Figure 75.6 Typical site of transmission of T.b. rhodesiense; habitat 
of G. morsitans. (From I. Küpfer (Swiss Tropical Institute), Urambo 
District, Tanzania.)

Epidemiology
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exchange has an important role in the macroevolution of T. brucei 
populations. This view differs from that of Tibayrenc et al.,30 who 
consider sexual reproduction predominant in establishing clones 
stable in space and time.

Epidemic T.b. rhodesiense

Epidemics of acute disease have been observed over many decades, 
but most recently in Busoga, Uganda. This epidemic involved 
around 8000 cases per year in the mid-1980s but could be brought 
under control through a combination of interventions: intense 
surveillance, diagnosis and treatment, and vector control. The 
epidemic in Busoga was believed to be caused by a change in the 
agriculture of the area when cotton and coffee production ceased 
and the land was not cultivated, allowing the weed Lantana camara 
to become abundant. This shrub provided a suitable habitat for 
G. f. fuscipes to invade Busoga from the lakeside. A similar invasion 
of G. f. fuscipes occurred in Alego, Kenya,43 and was associated with 
an earlier epidemic. In both of these epidemics, cattle have been 
implicated as reservoir hosts.42–44 Detailed analysis of zymodemes 
has allowed the characterization of these parasites into the strain 
group Busoga, with a smaller number of isolates belonging to the 
Zambezi strain group which is more characteristic of Zambia. 
G. f. fuscipes fl ies can be found in peridomestic situations in East 
Africa, associated with cattle and pigs as a reservoir. This situation 
parallels peridomestic populations of West African riverine fl ies 
where, in humid areas, peridomestic G. palpalis group fl ies are 
associated with domestic pig populations living close to or within 
villages.45

Figure 75.7 Cycle of T. brucei spp. showing 
the different morphological forms in the human 
and in the tsetse fl y. In the blood and lymphatic 
system of humans (a) slender, (b) intermediate 
and (c) short stumpy forms are present. Stumpy 
forms differentiate in the fl y midgut to (d) 
procyclic forms, then to (e) epimastigote forms 
and fi nally in the salivary glands to (f) infective 
metacyclic forms. Bloodstream forms (a–c) and 
metacyclic forms are covered by the variable 
surface glycoprotein (VSG) coat. ‘D’ indicates 
the capability to undergo cell division. (From 
Brun R. Sleeping sickness in Africa; on the rise 
again. Karger Gazette 1999; 63:5–7, with 
permission from Karger, Basel.)

TRANSMISSION

T. brucei subspecies are transmitted to mammalian hosts by the 
bite of tsetse fl ies (Glossina spp.). A tsetse fl y gets infected when 
taking a bloodmeal on an infected mammalian host. A complex 
developmental cycle in the fl y ends with the infective metacyclic 
stage in the lumen of the salivary glands (Figure 75.7). This process 
may take 3–4 weeks. Metacyclic trypanosomes are injected into 
the skin of the mammalian host during the probing and feeding 
process. Development in the tsetse fl y involves a complex series 
of changes in the morphology and biochemistry of the parasite. 
Several factors play key roles in these changes: lectins present in 
Glossina midgut and haemolymph, the presence of Rickettsia-like 
organisms, and molecular signals that infl uence parasite transfor-
mation, establishment and maturation.46 Lectins in the tsetse 
midgut kill incoming trypanosomes. Feeding lectin-inhibitory 
sugars or procyclin to fl ies signifi cantly increased the midgut infec-
tion rates. While lectins are detrimental for the establishment of 
a midgut infection, the same lectins are required for maturation 
to the infective metacyclic stage. Knowledge of the parasite–vector 
interactions could eventually lead to novel control strategies to 
interrupt transmission.

The possibility of mechanical (non-cyclical) transmission by 
biting insects or Glossina has been suggested, although there is 
only circumstantial evidence to support the idea. Mechanical 
transmission has been suggested as the reason for the clustering 
of cases in a household or where cases are found outside the 
normal range of Glossina.
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DIAGNOSIS

The diagnosis of T.b. gambiense human African trypanosomiasis
(HAT usually follows a three-step pathway: screening, diagnostic 
confi rmation, and staging. Suspected cases detected by serologi-
cal methods (usually the card agglutination test for trypanoso-
miasis; CATT) undergo parasitological diagnosis by investigation 
of the blood and/or lymph (Figure 75.8) and in case of a positive 
result, examination of the CSF follows for stage determination.47 
T.b. rhodesiense is usually directly detected in the blood.

Immunodiagnostic methods

Field diagnosis of infections with Trypanosoma brucei gambiense 
relies on the initial screening with the card agglutination trypano-
somiasis test (CATT/T.b. gambiense) in most endemical areas. The 
test is a cheap, quick, and practical serological test that has been 
widely used since it was developed in 1978.48 The basis is a reagent 
composed of stained freeze-dried trypanosomes of selected vari-
able antigen types (VATs), which can be obtained from the 
Institute of Tropical Medicine, Antwerp, Belgium. The CATT is an 
agglutination test of high sensitivity and specifi city, and is easy to 
perform in the fi eld. A drop of heparinized whole blood is mixed 
with a drop of the reagent on a card and, in the presence of specifi c 
antibodies, the trypanosomes in the reagent will agglutinate. It is 
inexpensive and results are obtained within 5 min.4 Use of the 
CATT has considerably increased the detection rate in active 
surveys compared with the sole use of parasitological assays. No 
such test exists presently for T.b. rhodesiense, but parasite detection 
in the blood is much easier in this form of the disease. The 
specifi city of the CATT can be further improved when performed 
on diluted plasma (CATT-P) or serum or when the biological fl uid 
is titrated. However, until today there has been no consensus 
about the cut-off. Still, confi rmatory diagnosis by parasitological 
methods is the gold standard. If the treatment decision is based 
on the CATT dilution the epidemiological situation has to be 
considered and a stage determination must be performed to 
prevent patients being unnecessarily exposed to drugs with a high 
risk for severe adverse drug reactions.49–51

Alternative tests, such as the card indirect antigen test for try-
panosomiasis (CIATT), in which specifi c antibodies are coupled 
to latex beads and used to trap antigens in serum or whole blood,37 
or The LATEX/T.b. gambiense which has been developed as a fi eld 
alternative to the CATT.52 The test is based on the combination of 
three purifi ed variable surface antigens, LiTat 1.3, 1.5, and 1.6, 
coupled with suspended latex particles. The test procedure is 
similar to the CATT, including the use of a similar rotator. Com-
pared to the CATT, the LATEX/T.b. gambiense showed a higher 
specifi city (96–99%) but a lower or similar sensitivity (71–100%) 
in recent fi eld studies conducted in several Western and Central 
African countries. Further evaluations are needed before it can be 
recommended for routine fi eld use.47

Different PCR assays have been developed; but none of them 
has been validated for diagnostic purposes. The methods are sum-
marized in Chappuis et al.47 For laboratory use, other methods, 
such as immunofl uorescence (IF), indirect haemagglutination 
(IHA), enzyme-linked immunosorbent assay (ELISA) and differ-
ent PCR methods, have been described.

Simple and inexpensive methods will be required to allow the 
future diagnosis of sleeping sickness in primary healthcare facili-
ties. Several methods are currently under investigation, and one 
of them, a simple molecular dipstick for visualization of PCR 
products underwent Phase I evaluation.53

Parasitological methods

Serological indication of a trypanosome infection alone does not 
justify treatment because of the relative toxicity of all drugs 
in use. Therefore, the detection of the parasite is of great 
importance.

The body fl uids that are most commonly examined for the 
presence of trypanosomes are blood, lymph node aspirates and 
CSF. Trypanosomes may also be detected in bone marrow aspi-
rates and ascites fl uid.

Different techniques are used for diagnosis in blood:
• Blood fi lms (thin, thick or wet) can be used for direct detection 

of trypanosomes. Wet blood fi lms are used for the detection of 
motile trypanosomes, whereas thin and thick blood fi lms are 
fi xed in methanol and Giemsa stained

• Concentration methods increase the chances for detection of 
the parasite because the parasitaemia, especially in T.b. gam-
biense infections, is usually very low

• The microhaematocrit centrifugation technique (m-HCT)54 is 
based on microscopic examination of the buffy coat zone of 
blood cells using a long working distance objective following 
centrifugation in microhaematocrit capillaries. This method is 
used widely in the fi eld

• The miniature anion-exchange centrifugation technique (m-
AECT)55 is based on the detection of trypanosomes in the 
eluate after the passage of infected blood through an anion-
exchange (diethylaminoethyl cellulose) column followed by 
centrifugation in microhaematocrit capillaries. This method 
has proven to be more sensitive under fi eld conditions than 
other methods

• For analysis of the lymph, a wet preparation4 of the aspirate 
from enlarged lymph nodes is examined at a magnifi cation of 
400×

Figure 75.8 Lymph node aspiration for diagnosis. (From J. Blum 
(Swiss Tropical Institute), Vanga, Democratic Republic of Congo.)

Diagnosis
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• In vivo inoculation of biological material from humans, animal 
hosts or vectors into susceptible animals has been used to 
detect trypanosomes. Mice and rats are used for detecting T.b. 
rhodesiense, whereas immunosuppressed Mastomys natalensis, 
suckling rats or SCID (severe combined immunodefi cient) 
mice should preferably be used for T.b. gambiense.

DETERMINATION OF THE STAGE OF 
THE DISEASE

Chemotherapy, especially the use of melarsoprol for second-stage 
disease, bears a signifi cant risk. Today the treatment decision 
follows the staging and therefore a correct determination of the 
stage is crucial before commencing treatment.

Examination of the CSF is used to determine the stage of the 
disease. Parasites can sometimes be seen during white cell count-
ing, but detection after concentration by single or, better, double 
centrifugation is substantially more sensitive.

The criteria for second-stage infection are: either trypanosomes 
detected in the CSF and/or a raised leukocyte count of more than 
5 cells/mm3. This cut-off is similar to that currently used in neurol-
ogy.4 A small-scale investigation had indicated that infections of 
up to 20 cells/mm3 may be treated with the fi rst-stage drug pent-
amidine with only a minor increase in the relapse rate.56 Based on 
these results, Angola has changed the national criteria for second-
stage treatment accordingly. Unfortunately, results of this large-
scale application are still outstanding. However, in the meantime, 
other investigations have indicated that the cut-off should rather 
be maintained at 5 cells/mm3. In one study, the risk of treatment 
failure in patients with a CSF leukocyte count of 6–10 cells/mm³ 
was more than three times higher than in those with a count of 
0–5 cells/mm³.10 In another investigation, patients with cell counts 
of 11–20 cells/mm3 had 7.1 times higher odds to relapse than 
patients with a lower cell count (95% confi dence interval 1.4–
36).57

An increased protein content of the CSF was formerly used as 
an additional criterion for staging, but due to the frequent lack of 
materials, variability of the results and the lesser predictive value 
compared with white blood cell counting, this method is only 
rarely used today.58

The CSF of second-stage HAT patients contains high levels of 
immunoglobulins, especially IgM, and an increased CSF IgM con-
centration has thus been considered by some as a strong potential 
marker of second-stage HAT for a long time. A latex agglutination 
test for IgM in CSF (LATEX/IgM) designed for fi eld use has recently 
been developed. Following initial promising results,59 the LATEX/ 
IgM was evaluated with CSF samples from patients from several 
countries where infection is endemic.60 CSF end titres obtained by 
the LATEX/IgM paralleled the IgM concentrations determined by 
nephelometry and ELISA. At a cut-off value of = 1 : 8, the sensitiv-
ity and specifi city of LATEX/IgM for intrathecal IgM synthesis were 
89% and 93%, respectively. Future prospective studies with large 
numbers of patients are needed for LATEX/IgM validation.

Sleep–wake recordings may become another useful tool to 
detect the CNS involvement and second-stage disease. In a small 
scale investigation, the 24-h distribution of sleep–wake, the altered 
sleep structure, sleep onset REM sleep periods (SOREMP) and the 
EEG morphological alterations were recorded in fi rst and second-

stage patients. The sleep–wake cycle and sleep structure were 
totally disrupted in second-stage patients, these alterations being 
alleviated by treatment with melarsoprol. However, similar alter-
ations were also observed in some Stage I or ‘intermediate’ patients 
(5–20 cells/mm3) and more work will be necessary.61

DIFFERENTIAL DIAGNOSIS

Owing to the many clinical variations of sleeping sickness, it is 
diffi cult to describe a ‘typical’ case of the disease; differential 
diagnosis might therefore be of unusual importance. In fi rst-stage 
human African trypanosomiasis, other causes of protracted febrile 
illness such as drug-resistant malaria, typhoid fever and viral hep-
atitis should be considered. The prominent lymphadenopathy can 
be suggestive of mononucleosis or tuberculous lymphadenitis. In 
second-stage disease, syphilitic meningomyelitis, cerebral tumour, 
cerebral tuberculosis, HIV-associated cryptococcal meningitis and 
chronic viral encephalitis must be considered.

CLINICAL SYMPTOMS AND SIGNS

T.b. gambiense and T.b. rhodesiense differ in many respects, such as 
biology, transmission and epidemiology, as well as the clinical 
picture and treatment of their respective infections (Table 75.2).

T.b. gambiense

T.b. gambiense infections run a chronic course of years from infec-
tion to extensive nervous system involvement and the classical 
picture of sleeping sickness. The symptoms and signs described in 
the literature, especially for second-stage disease, vary consider-
ably. This is in part explained by the largely varying status of the 
patient at hospital admission, which depends on the social status 
of the local population, nutrition and transport facilities, and the 
virulence of the trypanosome strain. A typical list of second-stage 
signs and symptoms observed is given in Table 75.3.62

First-stage illness

The incubation period is usually 2–3 weeks. The onset of the 
disease is very unspecifi c; the only sign may be irregular fever, 
varying in cycles of one to several days and not responding to 
antimalarials. This scheme refl ects the stimulation of the immune 
system by changing variant surface glycoproteins (VSGs; see 
Immunopathology below). Lymphadenopathy, headache, 
myalgia, fatigue and general malaise may accompany this phase. 
The initial phase may be followed by a relatively asymptomatic 
phase lasting for several months to, sometimes, a few years.

The posterior cervical lymph nodes are enlarged in as many as 
85% of hospitalized patients (classic Winterbottom’s sign) (Figure 
75.9). Pruritus and transient oedema (mostly of the face, Figure 
75.10) are also frequently observed. Cutaneous eruptions of the 
papuloerythematous type may be found, but are very diffi cult to 
spot on the trunk of dark-skinned individuals, and generally 
resolve spontaneously.

With progress of the disease, the symptoms associated with the 
waves of parasitaemia become less frequent, and parasites become 
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Table 75.2 Differences between T.b. gambiense and T.b. rhodesiense sleeping sickness

West African (Gambian) East African (Rhodesian)
Parasite T.b. gambiense T.b. rhodesiense

Main vectors Palpalis group Morsitans group

Main habitat Near water Savannah, cleared bush

Highest incidence Congo (DRC), Angola, South Sudan, North Uganda South-east Uganda, Tanzania

Main reservoir Humans Antelope and cattle

Pig, dog

Disease type Chronic (years) Acute (months)

Parasitaemia Low Moderate

Diagnosis Lymph node aspiration Blood

CSF (lumbar puncture) CSF (lumbar puncture)

Serology CATT None

TREATMENT

First-stage Pentamidine Suramin

Second-stage Melarsoprol Melarsoprol

Alternative treatment Efl ornithine and Nifurtimox (Melarsoprol and Nifurtimox)

Disease control Active case search and tsetse trapping Tsetse trapping

Adapted from Pepin (2000).64

Clinical Symptoms and Signs

Table 75.3 Typical symptoms and signs of second-stage 
T.b. gambiense sleeping sickness

Symptoms and signs (%)
Headache 78.7

Sleeping disorder 74.4

Adenopathy 56.1

Pruritus 51.1

Splenomegalya 42.5

Motor weakness 34.8

Hepatomegalya 25.5

Malnutrition 25.2

Unusual behaviour 24.7

Disturbed appetite 22.9

Walking diffi culties 21.7

Tremor 21.0

Fever 16.1

Speech disorder 13.4

Abnormal movements 10.5

Compiled data from 2541 second-stage sleeping sickness patients from different 
countries and settings who were treated in a multinational drug utilization study 
on an abridged treatment with melarsoprol (Impamel II).
a Information only available on 504 patients. Adapted from Blum et al. (2006).62 Figure 75.9 Winterbottom’s sign; enlarged cervical lymph nodes in 

a patient with T.b. gambiense infection. (From J. Blum (Swiss Tropical 
Institute), Vanga, Democratic Republic of Congo.)
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Figure 75.11 Patient with advanced second stage T.b. gambiense 
infection. (From C. Burri (Swiss Tropical Institute), Viana, Angola.)

diffi cult to fi nd in the blood. Endocrine dysfunctions occur at a 
more advanced phase and may manifest as amenorrhoea, reduced 
libido, impotence and a high abortion rate. Profound anaemia is 
another feature that may be observed at this stage of infection.

Second-stage illness

Invasion of the trypanosomes into the CNS marks the onset of the 
second stage of the infection. It occurs fi rst in the least protected 
areas such as the choroid plexus, thalamus, area postrema, median 
eminence, and pineal and hypophyseal regions.63 This localization 
may explain in part the principal clinical and neurological signs 
observed.

The second stage is the result of a chronic meningoencephalitis, 
with characteristic symptoms such as progressive mental deterio-
ration proceeding to coma.

The interval between the start of the infection and the second, 
encephalitic, stage is in the order of several months to 2 years, but 
much longer periods have been observed. The average duration of 
this stage is from 4 months to 1 year.

Headaches become constant and may be unresponsive to 
analgesics. Motor functions become seriously impaired, and the 
patient may only be able to walk aided. Speech becomes slurred 
and abnormal movements and tremor occur; the picture may 
resemble Parkinsonism. At this stage mental changes of consider-
able variation may become obvious. The pattern ranges from basic 
lethargy with bouts of mania, to delirium, paranoia, aggressive 
behaviour and schizoid attacks. Involvement of sleep-regulating 
regions such as the thalamus, area postrema, median eminence 

Figure 75.10 Facial oedema in a patient with fi rst-stage T.b. 
gambiense infection. (From C. Burri (Swiss Tropical Institute), Dondo, 
Angola.

and the pineal region cause sleep derangements characteristic for 
T.b. gambiense infection. Patients are often indifferent to activities 
going on around them (Figure 75.11). Two major disturbances of 
the sleep pattern were identifi ed in second-stage patients: First, the 
nychthemeral (night and day) alternation of sleep and wakeful-
ness is altered proportionally to the severity of the disease. Short 
sleep episodes occur equally by day and night. Second, the struc-
ture of sleep episodes is altered, with frequent sleep onset REM 
sleep periods (SOREMP), REM sleep episodes occurring soon after 
long wakefulness transitions with a latency shorter than 15 min 
(International Classifi cation of Sleep Disorders, 1990). The sleep–
wake cycle alteration as well as the SOREMPs recede or disappear 
after melarsoprol treatment.61

General pruritus and bedsores are a frequent feature at this 
stage, as well as weight loss and substantial wasting. It is generally 
accepted that sleeping sickness is ultimately fatal in all patients, if 
left untreated. The patient fi nally becomes comatose and will die, 
often from bacterial superinfections such as aspiration pneumo-
nia. Most of the neurological signs described above remain revers-
ible with treatment for a long time, confi rming the predominance 
of potentially reversible infl ammatory processes over destructive 
lesions.

T.b. rhodesiense

The East African form of the disease is a much more acute infec-
tion: the incubation period, the fi rst stage, and the second stage 
with CNS involvement develop over a few weeks.

First-stage illness

An inoculation chancre, which often remains invisible in Africans, 
develops 5–15 days after the bite. It is a painful, circumscribed, 
indurated dusky-red papule 2–5 cm in diameter, which disappears 
after 2–3 weeks. Regional lymphadenopathy or adjacent cellulitis 
occurs. Fever and parasitaemia appear hours to days later or, in 
the absence of a chancre, within 1–3 weeks of the infective bite.64 
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Generally, the parasites are more numerous in the blood than in 
the gambiense form of the disease. Cervical lymphadenopathy 
(Winterbottom’s sign) is less common than in Gambian human 
African trypanosomiasis, but submandibular, axillary or inguinal 
lymph nodes may be enlarged. Keratitis and conjunctivitis have 
been observed.

Second-stage illness

The disease progresses much more rapidly than for T.b. gambiense, 
causing the death of the patient within 6–9 months. Symptoms 
and signs of CNS involvement may be absent, except for drowsi-
ness and tremors. Pericardial effusion and congestive heart failure 
have been described in T.b. rhodesiense infection, and in one-third 
of patients, abnormal electrocardiograms were found.65

PATHOLOGY AND PATHOGENESIS

Sleeping sickness produces multiple pathological changes that 
involve most organs and systems. The changes are progressive and 
their anatomy, histology, physiology, biochemistry and immunol-
ogy have been described extensively. The damage results from a 
complex interplay of factors between the different systems.

Pathology

A local infl ammatory response with oedema and mononuclear 
infi ltration occurs at the site of infection. The trypanosomes then 
spread to the lymphatic system and glands, and to the blood-
stream. The lymph glands become enlarged and trypanosomes 
can be found in lymph gland aspirates. Microscopically the fol-
licles are enlarged with prominent reactive centres and many 
plasma cells in the sinuses. The main feature of the pathological 
change is a vasculitis.

The spleen is slightly enlarged. The malpighian follicles are few 
and inconspicuous. There is a general proliferation of the reticu-
loendothelium, congestion at the periphery of the splenic sinuses, 
often focal necrosis with endothelial macrophages and ingested 
red corpuscles.

The liver may be slightly enlarged in some cases; there is infi l-
tration with mononuclear cells in the periportal tracts and micro-
scopical mononuclear cell granulomas.

In T.b. rhodesiense infections there is a pancarditis involving all 
layers of the heart including mural and valvular endocardium. In 
experimental infections in monkeys, myocarditis with trypano-
somes in the interstitial tissues, especially the endocardium, was 
observed. Histologically there is a marked interstitial infi ltration 
with plasma and morular cells, with disappearance of muscle 
fi bres and fi brosis.
• Proliferative glomerulonephritis leading to fi brosis has been 

observed
• The bone marrow is hypercellular with areas of gelatinous 

degeneration
• The lesions in the lungs are characterized by intravascular pro-

liferation of the reticuloendothelium, which may block the 
capillaries with fi brosis, and collapse of the alveoli

• Localized oedema due to collections of lymphocytes may be 
observed in the eyelids, perineum and the skin of the back.

Typical pathological lesions of the CNS are seen only after inva-
sion of the trypanosomes. No gross lesions of the nerve centres 
are present, but there is progressive chronic leptomeningitis, espe-
cially in the Virchow-Robin spaces (where the pia sheathes the 
blood vessels and the fl uid acts as lymph) and also on the vertex 
(Dürck’s nodes).

The dura may be adherent to the skull and to the arachnoid. 
The brain itself is congested and oedematous, the surface smooth, 
with convolutions fl attened by increased pressure. The consistency 
of the brain tissues is unaltered except for softening around any 
haemorrhages that may occur. The ventricles are distended with 
fl uid. In all cases there is perivascular round-cell infi ltration (peri-
vascular cuffi ng) throughout the brain tissue and meninges, 
varying in amount and in different anatomical regions. The invad-
ing cells are glia cells, lymphocytes, the morular (Mott) and 
Marhalko cells. The two latter types are degenerative plasmocytes. 
Trypanosomes have been found in the brain, mainly in frontal 
lobe, pons and medulla. Demyelination and neuronal damage 
have been described. The organisms also invade the CSF, which 
they enter by the canal from the choroidal plexus.65

Patients have markedly altered plasma albumin : globulin 
ratios; the macroglobulinaemia is characteristic of both the 
Gambian and Rhodesian forms. The increases are highest for IgM 
with the fi rst parasitaemia, whereas IgG responses are not so 
marked. This is followed by a progressive suppression, which is 
selective for the IgG production, with IgM levels remaining high. 
Another obvious change in plasma is the increase in total lipid 
content, which in rabbits may be up to four times that of unin-
fected animals. Large amounts of cholesterol and β-lipoprotein(s) 
are present, together with increased amounts of free fatty acids 
(e.g. linoleic, oleic, palmitic and stearic). Disturbances of other 
plasma constituents (e.g. decrease of calcium and bicarbonate, 
increase of phosphate, urea and creatinine levels) indicate renal 
damage. Gross pathological changes to the kidney are not a usual 
feature of patients with sleeping sickness, but glomerulonephritis 
has been observed in experimental animals.

The aetiology of the anaemia in sleeping sickness is multifacto-
rial, with haemolysis, haemodilution and disordered and/or 
non-compensatory erythropoiesis having continued with variable 
contributions during the infection. Haemolysis is largely respon-
sible, with phagocytosis of red cells that have become coated with 
immune complexes in the spleen sinusoids and by the Kupffer 
cells of the liver. The haemolysis may also result in part from 
haemolytic factors liberated by trypanosomes. As infection pro-
gresses the blood and plasma volumes become progressively 
enlarged, thus causing a haemodilution effect. Red cell production 
by the bone marrow is signifi cantly reduced. The defect here is 
associated with a failure of iron incorporation into the red cell 
precursors, with a large excess of storage iron not employed for 
haemoglobin synthesis.

Patients may also have a moderate leukocytosis; differential 
counts regularly show monocytosis, lymphocytosis and plasma-
cytosis, and large Mott morular cells may also be found.

Blood homeostasis becomes seriously disturbed. The disease is 
commonly associated with minor haemorrhages and multiple 
petechiae, although these are rarely suffi ciently severe to be life 
threatening. The pathogenesis is associated with vascular injury, 
coagulopathy with increased fi brinolysis, and thrombocytopenia. 
The coagulopathy is most common in acute T.b. rhodesiense disease 

Pathology and Pathogenesis
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and consists of thrombosis, haemorrhage, tissue necrosis and 
microangiopathic anaemia, which have been attributed to the 
condition termed disseminated intravascular coagulation. Fibrin-
ogen and fi brin degradation products are present at increased 
levels and may be detected in the urine if there is renal damage. 
In both types of the disease there are decreased platelet numbers, 
platelet clumping and altered aggregatory responses. In addition 
the blood becomes hyperviscous. The mechanisms underlying 
those complex changes are not well investigated.66

A detailed summary of the pathology of sleeping sickness can 
be found in Kristensson and Bentivoglio.67

Immunopathology

The variant surface glycoprotein (VSG) coat covering the mem-
brane of African trypanosomes consists of a densely packed array 
of 108 identical molecules attached to the trypanosome cell mem-
brane via a glycosylphosphatidyl-inositol (GPI) anchor. The VSG 
coat determines the antigenic phenotype of the parasite and 
protects invariant constituents of the outer membrane from the 
immune system. Each parasite genotype contains a repertoire of 
more than 100 (T.b. gambiense) to 1000 (T.b. rhodesiense) different 
VSG genes, distributed throughout the genome as basic copy 
genes. At any time, only a single VSG gene is actively transcribed 
at a telomeric expression site. Antigenic variation may happen by 
three main processes: (1) duplicative transposition (gene conver-
sion), (2) reciprocal recombination (non-duplicative transposi-
tion) and (3) in situ telomeric activation by rearrangement of 
upstream promoters. Variant antigen switching occurs in a spon-
taneous non-programmed manner at a rate of 10−4 to 10−5 per cell 
division.

Immunological studies in humans are scanty and fragmentary 
and most information available has been obtained from mouse 
studies. The current view on the immune response is that trypano-
somes activate both T helper (Th) cell-independent and Th cell-
dependent B cell responses to the VSG molecule. Antibodies to 
exposed VSG epitopes effi ciently clear parasites expressing the 
corresponding VSGs. Trypanosomes may escape immune elimina-
tion by antigenic variation, until specifi c antibodies against the 
newly expressed VSGs appear. Coincidentally, Th lymphocytes 
are activated by exposure to VSG peptide-MHC II complexes on 
antigen-presenting cells to produce a highly polarized type 1 cyto-
kine response, especially in the early stage of mouse infection. 
This response includes the release of IFN-γ, which activates tissue 
macrophages to produce a number of trypanocidal factors such as 
reactive nitrogen intermediates, reactive oxygen intermediates, 
TNF-α and perhaps other molecules that are capable of destroying 
trypanosomes in the extravascular tissues.68 It has been long 
known that IFN-γ is produced in murine trypanosomiasis, and 
this has been confi rmed in plasma samples from T.b. rhodesiense 
cases.69 IFN-γ was also identifi ed to be a growth promoting signal 
for trypanosomes. Activated macrophages produce IL-1 and pros-
taglandins that can stimulate host immune responses but also 
contribute with IFN-γ to the progressive acquirement of a suppres-
sive phenotype on T cells. Other major macrophage products are 
tumour necrosis factor-alpha (TNF-α) and nitric oxide (NO), both 
having direct trypanostatic and trypanocidal properties. The pro-
duction of IFN-γ and TNF in the early phase of infection seems to 

be followed by the secretion of type II cytokines such as IL-4 and 
IL-10 in the chronic disease stage mouse models, favouring B cell 
maturation.70

The onset of CNS involvement in HAT coincides with a pre-
dominant intrathecal IgM response, which occurs in up to 95% 
of the patients with an intrathecal infl ammatory process.71 Studies 
of cytokine production in sleeping sickness patients have enabled 
predictions from the mouse model to be tested. In T.b. gambiense 
patients, increased plasma IL-10, IL-6 and IL-8 concentrations 
have been detected. While the role of IFN-γ remains unclear, 
elevated TNF-α levels were found to be signifi cantly correlated to 
the severity of disease. Although the cytokine response profi le in 
sleeping sickness requires further clarifi cation, it may be inter-
preted as representing a balance between infl ammatory 
mediators (TNF-α, IFN-γ) and a counterbalancing IL-10 counter-
infl ammatory response, especially in rhodesiense sleeping sick-
ness (summarized in Lejon et al.71).

Detailed summaries on the immunology, immunopathology, 
involvement of cytokines and hormonal changes during the 
course of sleeping sickness have been published.68,72–74

Faster progress can be expected in the future thanks to the 
completion of the genome sequences of T. brucei.75,76 Besides 
greatly facilitating identifi cation of molecular markers and primer 
construction, the genome sequence holds promise for in silico 
identifi cation of target proteins as serodiagnostic markers.77 A new 
approach to HAT diagnosis is proteomic signature analysis78 
which recognizes the typical fi ngerprint of HAT infections in the 
protein content of patient samples. The method is extremely sen-
sitive and specifi c and, although restricted to the lab today, may 
help identify specifi c proteins exploitable for serodiagnostics in 
the fi eld.

MANAGEMENT OF SLEEPING SICKNESS

For a summary on the treatment options refer to Table 75.4.

Treatment of fi rst stage

The use of trypanocidal drugs that do not cross the blood–brain 
barrier suffi ciently to reach adequate drug levels in CSF to elimi-
nate trypanosomes in this compartment is limited to the fi rst stage 
of the disease. Drugs restricted to this phase are pentamidine and 
suramin.

Pentamidine

Pentamidine, introduced in 1940, became the drug of fi rst choice 
for fi rst-stage gambiense sleeping sickness. Cure rates are 93–98% 
and have not decreased over the decades.4 Failures in Rhodesiense 
sleeping sickness were reported to be quite frequent,79 but no 
recent results are available.

Today, all national sleeping sickness programmes follow a 
schedule of daily injections of 4 mg/kg of pentamidine isethionate 
for 7 days. The drug is usually given as deep intramuscular injec-
tion in the treatment of sleeping sickness, because of the frequent 
occurrence of hypotension after intravenous application. Applica-
tion as a bolus injection must be avoided and infusions should 
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last 60–120 min. An abridged schedule of three injections is cur-
rently being studied, but no information is yet available.

Generally, pentamidine is well tolerated, although minor 
adverse reactions are common.80 Immediate adverse drug reac-
tions include hypotension in about 10% of the patients, with 
dizziness, sometimes collapse and shock; after intravenous injec-
tion the frequency of a hypotensive reaction can be as high as 
75%. Other adverse drug reactions occasionally observed are 
nausea and/or vomiting and pain. Sterile abscesses or necroses 
may occur at the site of intramuscular injection. Systemic reactions 
reported include acotaemia due to a nephrotoxic effect, leucope-
nia, abnormal fi ndings in liver function tests, and hypoglycaemia 
and hyperglycaemia. Persistent manifestation of diabetes is a rare, 
but feared, event.81 In Africa, about 1% of the patients die in tem-
poral relation with pentamidine treatment; the precise cause of 
death is usually diffi cult to determine.64

The maximum plasma levels in patients treated for T.b. gam-
biense with 10 intramuscular injections of pentamidine methane-
sulfonate were generally reached within 1 h after injection and 
varied extensively (214–6858 ng/mL). The median plasma con-
centration after the last dose was about fi ve times higher than after 
the fi rst. The median half-life associated with the fi rst, second and 
third phase of elimination was 4 min, 6.5 h and 512 h, respec-
tively.82 Pentamidine is converted to at least seven primary metab-
olites by the cytochrome P-450-dependent oxygenases in rat liver 
homogenates and rat liver microsomes.83

The mode of action is unknown. Binding to nucleic acids, 
disruption of kinetoplast DNA, inhibition of RNA editing in try-
panosomes, and inhibition of messenger RNA trans-splicing have 
been suggested to be involved.84

Suramin

Suramin was introduced in 1920 in Germany for the treatment of 
trypanosomiasis. It is effective against the fi rst stage of both forms 
of the disease, but pentamidine is generally preferred today for 
treatment of T.b. gambiense.

The most commonly used dosage regimen consists of a test 
dose of suramin 4–5 mg/kg body weight on day 1, followed by 
fi ve injections of 20 mg/kg body weight of suramin every 7 days 
(e.g. days 3, 10, 17, 24, 31).4 The maximum dose per injection is 
1 g. Suramin is injected intravenously after dilution in distilled 
water. Intramuscular injection is very irritating.

Some degree of kidney damage is common, but nephrotoxicity 
is usually mild and reversible.79 The fi rst symptoms of renal 
impairment are albuminuria, later cylinduria and haematuria. 
Regular urine checks during the course of treatment are therefore 
recommended. Other adverse drug reactions reported are 
early hypersensitivity reactions such as nausea, circulatory 
collapse and urticaria, and late hypersensitivity reactions such as 
exfoliative dermatitis and haemolytic anaemia, peripheral 
neuropathy, and bone marrow toxicity with agranulocytosis, 

Table 75.4 Treatment of T.b. gambiense and T.b. rhodesiense sleeping sickness

West African (T.b. gambiense) East African (T.b. rhodesiense)
First-stage

 Endemic countries

  According to National legislation or guidelines

 Other countries

   Pentamidine (pentamidine isethionate) 4 mg/kg body weight at 
24-hourly intervals for 7 days i.m. (i.v. infusion)

Suramin
Test dose of 4–5 mg/kg body weight at day 1, followed by fi ve 

injections of 20 mg/kg body weight every 7 days (e.g. day 3, 10, 
17, 24, 31).

The maximum dose per injection is 1 g

Second-stage

 Endemic countries

  According to National legislation or guidelines

 Other countries

   If available: Efl ornithine 100 mg/kg body weight at 6-hourly 
  intervals for 14 days (150 mg/kg body weight in children) by 

short infusions over a period of at least 30 min
   Alternative: Melarsoprol 2.2 mg/kg body weight i.v. at 24-hourly 

 intervals for 10 days

Efl ornithine not recommended (Low effi cacy89)
Melarsoprol
3 series of 1.8, 2.16, 2.52 mg/kg body weight i.v. at 24-hourly 

intervals; 3 series of 2.52, 2.88, 3.25 mg/kg body weight i.v. at 
24-hourly intervals; 3 series of 3.6, 3.6, 3.6 mg/kg body weight i.v. 
at 24-hourly intervals; the series spaced by intervals of 7 days (the 
maximum dose is 5 mL)

Treatment failures

 The treatment schedules are under investigation99,105

   Efl ornithine 100 mg/kg body weight at 6-hourly intervals for 7 days combined with: Nifurtimox 15 (adults) or 20 (children <15 years) 
mg/kg body weight at 8-hourly intervals for 10 days

Management of Sleeping Sickness
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thrombocytopenia. Pruritus is more frequent with concomitant 
fi lariasis.

About 99.7% of the drug is bound to plasma proteins (e.g. 
albumin, globulins, fi brinogen), which places suramin in the class 
of the most extensively bound drugs. Suramin has one of the 
longest half-lives of all drugs given to humans. In patients with 
HIV/AIDS who were given suramin once weekly for 5 weeks, the 
drug accumulated during the time of administration and then 
diminished, with a half-life of 44–54 days;85 in patients with 
onchocerciasis the terminal half-life was 92 days.86 Total plasma 
levels remained above 100 mg/mL for several weeks. The volume 
of distribution was 38–46 L, and total clearance was less than 
0.5 mL/min.85 The renal clearance contributed essentially to the 
removal of the drug from the body.

Suramin inhibits, rather non-specifi cally, numerous enzymes 
including L-α-glycerophosphate oxidase, glycerol-3-phosphate 
dehydrogenase, RNA polymerase and kinases, thymidine kinase, 
dihydrofolate reductase, hyaluronidase, urease, hexokinase, fuma-
rase, trypsin, reverse transcriptase and the receptor-mediated 
uptake of low-density lipoprotein by trypanosomes. Suramin is 
taken up by trypanosomes by pinocytosis, as a plasma protein-
bound complex.87 The accumulation of suramin in the trypano-
somes was hypothesized to be one of the reasons for the 
differential toxicity between the host and the parasite.

Treatment of second stage

Melarsoprol

The organo-arsenical drug melarsoprol (Arsobal®, Aventis), was 
developed in 1949 by the addition of the heavy metal chelator 
dimercaptopropanol (British Anti-Lewisite; BAL) to the trivalent 
arsenic of melarsen oxide.88 Despite the high frequency of 
severe adverse drug reactions and a signifi cant increase of 
the number of the patients refractory to treatment in certain 
areas,89 the drug is still the most frequently used for treatment of 
second-stage sleeping sickness owing to a lack of good 
alternatives.

An abridged schedule for treatment of second-stage T.b. gam-
biense sleeping sickness with melarsoprol has been extensively 
evaluated and was recently recommended as the standard sched-
ule.90–92 The new schedule supersedes a wide range of different 
empirically derived treatment regimens used in the past. These 
schedules with various dosages shared the application of the drug 
in repeated series of three to four injections every 24 h, spaced by 
7–10 days.

Owing to irritating properties of the solvent propylene glycol, 
melarsoprol has to be given strictly as an intravenous injection; a 
paravasal deposition of the drug has to be avoided.

Adverse drug reactions of melarsoprol may be severe and life-
threatening. The most important is an encephalopathic syndrome, 
which occurs in 5–10% of all treated cases, and which is fatal for 
about 10–70% of those patients. Clinically, the syndrome has 
been defi ned either as convulsions, the rapid deterioration of 
neurological symptoms and progressive coma, or psychotic 
reactions/abnormal behaviour.4,93

The cause of the reaction to melarsoprol and the infl uence of 
the treatment schedule on its frequency have been discussed exten-

sively during the past decade. An immune reaction is generally 
thought to underlie the syndrome, but the detailed mechanisms 
remain unknown.93 Trypanosome antigens can be excluded as a 
unique trigger, because identical encephalopathic syndromes were 
also observed in patients treated experimentally with melarsoprol 
for advanced leukaemia.94 The temporal distribution of the occur-
rence of the syndrome was virtually identical under standard treat-
ment interrupted with breaks compared with the continuous daily 
application for 10 days in a large-scale controlled clinical trial.90 
As the drug pressure in the CSF during the continuous new treat-
ment schedule is uninterrupted and constantly increasing until the 
end of treatment, another postulated reason, namely non-curative 
treatment leading to a reaction against recurrent trypanosomes in 
the CSF, can also be excluded. Another possible target for stimulat-
ing a delayed immune reaction not yet investigated is the hapten 
consisting of one of the melarsoprol metabolites and plasma pro-
teins.95 The immunological nature of the encephalopathic syn-
dromes was corroborated by the preliminary fi nding that patients 
with two human leukocyte antigen haplotypes (C*14/B*15 and 
A*23/C*14) were at a signifi cantly higher risk to develop an 
encephalopathic syndrome (J. Seixas, pers comm).

In a large-scale clinical trial the concomitant application of 
prednisolone at 1 mg/kg body weight has been shown to reduce 
the incidence of encephalopathic syndromes by two-thirds (i.e. 
11.4–4.1%; difference in percentage −7.3% (CI95 −11.7% to 
−2.7%) and the mortality rate by one-third (i.e. 7.5–5.2%; differ-
ence in percentage −2.3% (CI95 −6.3% to +1.7%)).96 It is possible 
that two different reactions lead to the syndrome: the prognosis 
of patients with a single convulsion is reasonably good, whereas 
50–70% of those rapidly developing coma die within 3 days.93

Management of encephalopathic syndromes is attempted by 
the application of anticonvulsants (diazepam, phenobarbital, 
phenytoin) and high-dose parenteral steroids (dexamethasone, 
hydrocortisone) to reduce cerebral oedema. Adrenaline (epineph-
rine) is often given, but its benefi cial use has not been proven, 
and dimercaprol is contraindicated.

Other frequent adverse drug reactions to melarsoprol are 
pyrexia, headache, general malaise and thrombophlebitis at the 
sites of injection. Skin reactions, such as pruritus and maculo-
papular eruptions are quite common, but severe complications 
such as bullous eruptions occur only in less than 1% of cases.4 
Other occasional adverse reactions are peripheral motoric or 
sensorial (paraesthesia) neuropathy, cardiac failure, renal dys-
function (proteinuria and hypertension) as well as hepatotoxicity 
(raised levels of liver enzymes, bilirubinaemia).97

Serum concentrations of melarsoprol determined by biological 
assay and atomic absorption spectrometry were, respectively, in 
the range of 2.5–6 μg/mL at 5 min and 220 (±80) ng/mL at 120 h 
after the fourth injection of the therapy courses. Melarsoprol is 
rapidly metabolized to melarsen oxide with a half-life of 0.5 h; 
melarsen oxide decays with a half-life of 3.9 h, not solely due to 
a rapid elimination but also because of irreversible binding to 
plasma proteins of more than 20 kDa in size.95 The mean terminal 
elimination half-life of melarsoprol determined as total trypano-
cidal activity by bioassay is approximately 35 h, the volume of 
distribution is about 2 L/kg and total clearance is 1 mL/min per 
kg.98 CSF samples are obtained by spinal tap, and therefore only 
marginal information about this compartment is available from 
humans. The CSF drug levels are generally very low, in the range 
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of 2% of those in the serum in humans and monkeys, and the 
half-life of activity in this compartment was about 5 days in a 
monkey model.

The mechanisms of action of melarsoprol are not completely 
understood. Trypanothione (N1,N8-bis(glutathionyl)-spermidine ), 
which plays a major role in the dithioldisulfi de redox balance in 
trypanosomes and forms an adduct with melarsen oxide (MelT), 
was proposed as the primary target of melarsoprol. However, this 
idea was contested based on the high Ki value required for this 
target, and a modest decrease in intracellular levels of reduced 
trypanothione and glutathione.84 Additionally, melarsen oxide 
was found inside treated trypanosomes and inhibited pyruvate 
kinase, phosphofructokinase and fructose-2, 6-biphosphatase. In 
summary, melarsoprol appears to be a highly non-discriminating 
inhibitor of a large number of mammalian and trypanosomal 
enzymes that contain dithiols.

Efl ornithine

In 1990, the US Food and Drug Administration (FDA) approved 
efl ornithine (α-difl uoromethylornithine; DFMO, Ornidyl® Aventis) 
for the treatment of gambiense sleeping sickness. The most com-
monly used dosage regimen consists of 100 mg of efl ornithine/kg 
body weight at 6-h intervals for 14 days (150 mg/kg body weight 
in children) by short infusions over a period of at least 30 min.

A recent retrospective analysis of a large patient number 
corroborated the impression that 14 days of therapy with intra-
venous efl ornithine resulted in signifi cantly fewer deaths 
and severe adverse events than did 10 days of therapy with intra-
venous melarsoprol. No evidence of increased death or relapse 
rates within 12 months after the end of efl ornithine treatment 
was found. However, the lack of trained medical staff in many 
remote healthcare centres and the insuffi cient fi nancial and 
technical logistic capacities in most endemic countries still 
hamper the universal use of efl ornithine. Local phlebitis, bacterial 
abscesses and septicaemia, which were earlier reported to be 
a major obstacle, can effi ciently be avoided with adequate 
nursing care.99

Adverse drug reactions are frequent and the characteristics are 
similar to those of other cytotoxic drugs. Their occurrence and 
intensity increases with the duration of treatment and the severity 
of the general condition of the patient. The most frequent adverse 
effects are bone marrow toxicity (anaemia, leucopenia, thrombo-
cytopenia) in 25–50% of treated patients. Gastrointestinal symp-
toms such as nausea, vomiting and diarrhoea can be observed in 
about 10%, alopecia, usually towards the end of the treatment, is 
seen in about 5–10%, and neurological symptoms such as convul-
sions in 7% of treated patients. Generally, adverse drug reactions 
of efl ornithine are reversible after the end of the treatment course. 
The drug arrests embryonic development in mice, rats and rabbits; 
the excretion into breast milk is unknown.100

After low oral doses (5–10 mg/kg), peak plasma concentrations 
were reached 1.5–6 h later. The mean half-life was 3.3 h and the 
volume of distribution in the range of 0.35 L/kg. Renal clearance 
was about 2 mL/min per kg (after intravenous application) and 
accounted for more than 80% of drug elimination. Bioavailability 
of an orally administered 10 mg/kg dose was estimated at 54%. 
Efl ornithine produces CSF:plasma ratios of between 0.13 and 
0.51.101

Efl ornithine acts by inhibiting the trypanosomal enzyme orni-
thine decarboxylase (ODC), which catalyses the conversion of 
ornithine to putrescine, the fi rst and rate-limiting step in the 
synthesis of putrescine and of the polyamines spermidine and 
spermine.102 Polyamines are involved in nucleic acid synthesis, 
contribute to the regulation of protein synthesis and are essential 
for the growth and multiplication of all eukaryotic cells.103 Try-
panosomes are more susceptible to the drug than human cells, 
possibly because of the slow turnover of this enzyme in T.b. 
gambiense.102 The rapid turnover is also responsible for the innate 
resistance of T.b. rhodesiense to efl ornithine.89

Nifurtimox

Nifurtimox (Lampit®; Bayer) is a drug that was introduced in the 
late 1960s for use in patients with Chagas’ disease.104 The drug is 
not registered for use in sleeping sickness, and its use is currently 
restricted to compassionate treatment in combination with other 
trypanocidal drugs of patients not responding to melarsoprol. 
Nifurtimox was tested empirically in HAT case series during the 
1970s and 1980s with confl icting results.105 These evaluations dif-
fered in treatment regimens and evaluation criteria, making them 
diffi cult to compare. For treatment schedules, refer to the section 
‘combination treatment’ and Table 75.4.

Nifurtimox is generally not well tolerated, and only about one-
third of the patients remain free from adverse drug reactions106 
but generally adverse effects are not severe, very rarely fatal, and 
dose related.96 Gastrointestinal disturbances with nausea, abdom-
inal pains and vomiting are very frequent, and neurological 
adverse reactions with general convulsions, tremor or agitation 
may occur. The development of peripheral polyneuropathy and 
generalized skin reactions were seen as occasional events. All 
adverse reactions were rapidly reversible after discontinuation of 
the drug.

In healthy human volunteers given a single oral dose of 
15 mg/kg nifurtimox average peak plasma levels of 751 (range 
356–1093) ng/mL were reached within 2–3 h. The drug has an 
apparent volume of distribution of about 755 L (approximately 
15 L/kg) and a high apparent clearance of 193 L/h (about 64 mL/
min per kg). Nifurtimox is quickly eliminated, with an average 
plasma elimination half-life of 3 (range 2–6) h.107

The mechanism of action of nifurtimox is not completely elu-
cidated. Its trypanocidal action may be related to its ability to 
undergo partial reduction to form chemically reactive radicals 
causing the production of superoxide anions, hydrogen peroxide 
and hydroxyl radicals. These free radicals may react with cellular 
macromolecules and cause membrane injury, enzyme inactiva-
tion, damage to DNA and mutagenesis.108

Therapy for treatment failures and relapses and 
combination treatment

Background

The relapse rate after melarsoprol treatment was generally in the 
range of 3–10% for both forms of human African trypanosomia-
sis. Only during the last decade has this proportion increased in 
some areas with epidemic T.b. gambiense, to 30% in north-west 
Uganda,109 21% in south Sudan and 25% in north Angola.110 
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Reasons for these treatment failures might be: (1) the parasite 
(drug-resistant trypanosomes, pronounced tissue tropism that 
allows the trypanosomes to escape to niches inaccessible to the 
drug) or (2) the host (altered drug metabolism resulting in 
changed pharmacokinetics). The use of incremental doses of 
melarsoprol was discussed to support the increase of relapse 
rates.111 A Ugandan T.b. rhodesiense isolate from 1960–1961 was 
recently re-analysed and found to have a 10-fold decreased melar-
soprol sensitivity in vitro and to be resistant in the mouse model 
at 20 mg/kg for four consecutive days.89 However, no drug-resis-
tant T.b. gambiense isolates have yet been described, although try-
panosome populations from relapse patients were examined.89 
Studies in north Angola112 and north-west Uganda113 indicated that 
melarsoprol levels were identical in relapsing patients and those 
who could be cured.

Molecular investigations have shown that the genes TbAT1 
cooling for the purine transporter P2 which also mediates the 
uptake of melarsoprol and diamidines, and TbMRPA which 
encodes a putative trypanothione-conjugate effl ux pump, are 
potentially involved in a reduced drug susceptibility. Overexpres-
sion of TbMRPA can cause melarsoprol resistance and disruption 
of TbAT1 in Trypanosoma brucei reduced sensitivity to these try-
panocides. A major challenge is to determine the contribution of 
TbAT1 and TbMRPA to drug resistance in the fi eld, in particular to 
melarsoprol treatment failures in T.b. gambiense patients. TbAT1r 
alleles were shown to be signifi cantly more prevalent in melarso-
prol relapses than in newly infected T.b. gambiense patients.113,114 
However, polymorphisms were also detected among TbAT1 genes 
from different drug-sensitive trypanosomes (Mäser and Kaminsky, 
unpublished data).

Combination treatment

To overcome the precarious situation, combination of the existing 
drugs was envisaged. A preliminary clinical trial combining melar-
soprol and nifurtimox indicated the potential usefulness of the 
approach.115 A further trial conducted in Omugo, Uganda was 
designed to compare three different combination treatment regi-
mens: melarsoprol-nifurtimox (M + N), melarsoprol-
efl ornithine (M + E), and nifurtimox-efl ornithine (N + E). The 
dosages of the drugs were equal in each arm: melarsoprol 1.8 mg/
kg per day i.v., once daily for 10 days; efl ornithine 100 mg/kg in 
slow i.v. infusion, every 6 h for 7 days; and nifurtimox 5 mg/kg 
(adults) or 6.5 mg/kg (children, <15 years) orally, every 8 h for 10 
days. The sample size had originally had been set at 145 patients 
per arm (435 in total) to test equivalence in cure rates after 24 
months of follow-up. However, the enrolment was suspended 
after only 54 patients for ethical reasons due to the high fatality 
observed in the M + N arm and the strong contrast of overall 
toxicity per arm. An intention-to-treat analysis was performed and 
yielded cure rates of 44.4% for M + N, 78.9% for M + E, and 
94.1% for N + E. There was also a strong difference in the case 
fatality of M + N (n = 4) and M + E (n = 1) and N + E (n = 0) and 
the major adverse events (grades 3 and 4) between M + N (n = 18) 
and M + E (n = 9) and N + E (n = 5), although the small number 
of observations did not allow a demonstration of signifi cance.105 
Despite the clear sample size limitations of this study it was 
recommended to follow-up this approach, and to this end a mul-
ticentre study of a shorter course of intravenous efl ornithine 

administered twice per day with a course of oral nifurtimox is now 
underway.99

New developments

The development of orally applicable drug pafuramidine maleate 
(DB289) for treatment of fi rst stage human African trypanoso-
miasis caused by Trypanosoma brucei gambiense was pursued up to 
phase III clinical trials which were conducted in DRC, Angola and 
Sudan. Pafuramidine would have become the fi rst oral therapy for 
this disease, however, the development programme had to be 
cancelled by the Consortium for Parasitic Drug Devlopment due 
to unexpected liver and renal toxicity observed during a last safety 
run in parallel with the Phase III trail.115,116 Research on novel oral 
diamidines is continuing by a consortium under the leadership of 
the University of North Carolina, USA, to fi nd a clinical candidate 
for the second stage of the disease (personal communication 
R. Brun).

Treatment follow-up

Because of the increasing frequency of treatment-refractory infec-
tions, the policy of performing a confi rmatory lumbar puncture 1 
day after the last drug application of each second-stage case should 
be recommended. The CSF should be analysed with a sensitive 
method for parasite detection (any concentration technique). The 
white cell count is not a helpful criterion at this point, because it 
may remain raised for several weeks. All patients should be mon-
itored for 2 years, with lumbar punctures performed every 6 
months. First-stage patients should be considered to have relapsed 
if they present at any examination with a white cell count >20 
cells/mm3 and should be retreated with melarsoprol. In case of 
equivocal results the patient should be seen again after 1–2 
months. A relapse is confi rmed if trypanosomes can be found in 
the CSF at any follow-up examination. There is no analytical 
method for distinguishing between relapse and reinfection. A 
relapse is suspected if the CSF white cell count is 50 cells/mm3 or 
more, and has doubled since the previous examination, or 20–49 
cells/mm3 with recurrence of symptoms. Retreatment with melar-
soprol may be attempted once in regions with a low relapse rate, 
but drug combinations are recommended in regions where treat-
ment failure is common.

DISEASE CONTROL

Infected persons may remain almost asymptomatic for long 
periods before they develop signs of sleeping sickness but they 
always represent a reservoir. Therefore, the most important control 
measure for gambiense trypanosomiasis is active case-fi nding fol-
lowed by treatment of the identifi ed infected subjects. Populations 
of endemic areas (foci) with a prevalence of over 1% should be 
examined once a year by mobile teams. In areas with a prevalence 
below 1%, active case detection may be maintained with a reduced 
periodicity.4 The use of the CATT has become a routine tool, and 
its increased sensitivity over lymph node aspiration has partially 
made up for the lower participation of the population today com-
pared with that in colonial times. CATT-positive patients should 
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be subjected to the diagnostic path described in the section on 
diagnosis. However, the parasitological methods have a limited 
sensitivity and therefore do not allow all HAT patients with a 
positive screening result to be confi rmed parasitologically and 
receive treatment. One option is to examine these serologically 
suspect individuals at regular intervals (e.g. every 3 months) for 1 
to 2 years, but compliance with this procedure is usually low. A 
more promising option is to determine a subgroup of serologi-
cally suspected individuals at high risk of being infected with T.b. 
gambiense and to treat them. It was suggested to treat all serologi-
cally suspect individuals with a CATT end titre of = 1 : 16, when 
the prevalence of HAT in the investigated population is 
suffi ciently high. It remains an open question which prevalence 
threshold should be chosen for this approach, but it should prob-
ably be no less than 1%.47 However, the risk of unnecessary treat-
ment has also to be considered, and thus other factors like poor 
access to care and the absence of concentration methods for the 
parasitological diagnosis may positively infl uence the decision to 
perform titration of serum and treat individuals with a CATT end 
titre of = 1 : 16.

In highly endemic areas, the additional use of tsetse fl y traps 
placed in spots of high risk of transmission supports the control 
of the disease.

For T.b. rhodesiense generally, a fi xed post-surveillance approach 
is chosen because the symptoms are severe and patients tend to 
volunteer for treatment.4

Chemoprophylaxis is no longer in use because of the poor 
risk–benefi t ratio owing to the adverse effects of the drugs in 
use.

Indicators for monitoring the effi cacy of national control pro-
grammes have been suggested and may assist in improvement of 
the activities.118
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Section 10 Protozoan Infections

Chapter 76 Michael A. Miles

American Trypanosomiasis 
(Chagas’ Disease)

HISTORY

American trypanosomiasis, which results from infection with 
the protozoan parasite Trypanosoma cruzi, is justly referred to as 
Chagas’ disease in homage to the great discoveries of the Brazilian 
scientist, Carlos Chagas. In 1907, Carlos Chagas left the beautiful 
city of Rio de Janeiro to work at Lassance in the state of Minas 
Gerais as a malaria control offi cer. The local inhabitants who 
lived in poor-quality housing complained that they were attacked 
at night by a large blood-sucking insect, the triatomine bug 
(Hemiptera, Reduviidae). Carlos Chagas immediately suspected 
that such blood-sucking insects might transmit a human infec-
tious disease. He collected examples of the bug (Panstrongylus 
megistus; Figure 76.1) and found abundant protozoan fl agellates 
in the bug faeces. He sent specimens of the insect back to Rio de 
Janeiro, to his mentor, Oswaldo Cruz. Marmosets exposed to 
infected bugs developed a circulating trypanosome which Chagas 
named Trypanosoma cruzi. Back in Lassance, he began to look for 
human infections and found the same organisms circulating in 
the blood of children with an acute febrile illness (Figure 76.2). 
As far as I am aware, this discovery is unique as the disease agent 
was fi rst found in the insect vector and only subsequently in 
patients.

Carlos Chagas went on to describe all the major features of the 
T. cruzi life cycle in experimental animals and to discover natural 
reservoir hosts, such as the armadillo. The mechanism of transmis-
sion from the vector was hotly debated but was fi nally proven in 
1912, by Emile Brumpt, to be by contamination with infected bug 
faeces, rather than directly through the bite of the triatomine 
bug.

The clinical and public health signifi cance of Chagas’ disease 
remained controversial for several years, until its widespread dis-
tribution in Latin America became recognized. There are several 
historical and political accounts of the extraordinary discovery of 
Chagas’ disease.1

Serological surveys throughout Latin America eventually 
revealed that up to 18 million people might carry T. cruzi. At its 
peak, it was estimated that up to 90 million people might be 
exposed to infection. Of those infected, 5–10%, especially chil-
dren, might be expected to die in the initial acute phase of infec-
tion. In some regions, up to 30% of those surviving the acute 
phase might suffer the chronic consequences: chagasic heart 

disease and, more rarely, enlargement and dysfunction of the 
oesophagus and colon.2

Vector-borne Chagas’ disease is essentially a disease of poverty 
and poor housing. As we shall see, in the last decade, enormous 
progress has been made through national and international control 
programmes, in reducing the incidence of infection. T. cruzi can 
also be transmitted by blood transfusion, and screening of donor 
blood is thus an essential part of prevention. Congenital transmis-
sion and oral transmission, usually via food contaminated with 
infected bug faeces, are also known. An infected individual usually 
retains low-level infection for life. An immunocompromised state, 
as in human immunodefi ciency virus (HIV) infection or in organ 
recipients, can reactivate the acute infection.

Like other trypanosomatids (trypanosomes and leishmanias), 
T. cruzi has generated intense research interest because of its 
molecular biology and the uncertain pathogenesis of Chagas’ 
disease. Epidemiologically, the disease is enigmatic because the 
prognosis is unpredictable and many of those infected remain 
healthy for life. Fundamental to the understanding of Chagas’ 
disease has been the demonstration that T. cruzi has remarkable 
heterogeneity, with at least two major subspecifi c divisions, 
which have distinct geographical distributions, ecologies and 
epidemiologies.3,4

A second human trypanosomiasis can be found in the New 
World, resulting from Trypanosoma rangeli infection. T. rangeli is, 
however, considered to be non-pathogenic, although it may com-
plicate the diagnosis of Chagas’ disease (see below).

A recent volume gives a detailed review of many aspects of the 
South American and African trypanosomiases.5

GEOGRAPHICAL DISTRIBUTION

Human T. cruzi infection is confi ned to the Americas. It extends 
from approximately 40°45′ South in Argentina into the southern 
states of the USA. Human infection is rare in the USA and still 
relatively uncommon in the vast Amazon basin of South America, 
for reasons that will be explained (see Epidemiology). Natural 
cycles of T. cruzi infection, involving many different triatomine bug 
species and mammal hosts, are much more widespread than the 
human infection, from southern Argentina and Chile (46° South) 
to northern California (42° North). Rarely, sporadic cases of trans-
mission are detected outside the normal geographical distribution 
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if infected donor blood is transfused into a naive recipient, or due 
to congenital transfer of infection across the placenta.6 Further 
details of the geographical distribution are given in conjunction 
with the description of the epidemiology (see below).

AETIOLOGY

T. cruzi is a eukaryotic, single-celled, protozoan parasite of the 
order Kinetoplastida and the family Trypanosomatidae. Like other 
kinetoplastid organisms, T. cruzi has mitochondrial DNA in the 
form of a discrete organelle, the kinetoplast. The kinetoplast can 
be seen by light microscopy in stained blood fi lms or tissue sec-
tions and is an important diagnostic feature, together with the 
infected cell type as T. cruzi can be found in non-phagocytic cells 
(Figure 76.3).

The morphological stages in the life cycle of T. cruzi are defi ned 
by the position of the kinetoplast relative to the nucleus and by 
the presence and extent of the free fl agellum (Figure 76.4).7 Unlike 
the African trypanosome, Trypanosoma brucei, T. cruzi does not 

divide in the blood of the mammalian host, but divides intracel-
lularly in non-phagocytic and phagocytic cells. Thus T. cruzi is 
predominantly an intracellular parasite in mammals, and this 
infl uences the pathogenesis of the disease and the nature of the 
immune response to infection. In the triatomine bug vector, T. 
cruzi divides solely within the intestinal tract and does not escape 
into the haemocoel. Division is by binary fi ssion in the lumen of 
the gut, largely as epimastigotes, which have the kinetoplast adja-
cent to the nucleus. In the rectum of the triatomine bug, epimas-
tigotes attach by the fl agellum to the epithelium of the rectum 
wall and transform to infective (metacyclic) trypomastigotes. 
When the bug takes a blood meal, metacyclic trypomastigotes are 
released with the faeces and urine, and can establish infection in 
the mammalian host either by crossing mucous membranes, such 
as the conjunctiva, nasal or oral mucosae, or through abraded skin 
such as the wound made by the bite of the bug. Trypomastigotes 
cannot cross the barrier of intact skin, however, and once the bug 
faeces is dry it is no longer infective. Bugs acquire infection by 
feeding on the blood of an infected mammal or, rarely, by piercing 
the intestinal tract of another recently fed, infected bug, or by 
probing freshly deposited faeces of an infected bug (coprophagy). 
There is no transmission of T. cruzi infection from the bug through 
its egg stage to its offspring (transovarial transmission).

The infective metacyclic trypomastigotes in bug faeces are 
slender and highly motile. Inside the mammal they can penetrate 
non-phagocytic cells, particularly muscle cells, but also phagocytic 
cells and a wide variety of cell types. Inside the cell, T. cruzi escapes 
from the cell vacuole (phagolysosome) to lie free in the cyto-
plasm. There it loses its fl agellum and transforms to a small oval 
amastigote stage which multiplies by binary fi ssion, forming a 
false cyst or pseudocyst. After about 5 days, the amastigotes in the 
mature pseudocyst transform to small C-shaped trypomastigotes 
which are released when the pseudocyst ruptures. Multiplication 
may occur locally at the initial site of infection, causing a cutane-
ous or ocular lesion, before systemic spread of the organism (see 
Clinical features, below). Trypomastigotes released from pseudo-
cysts are of two types: a slender, highly active trypomastigote, 
which can be found in the blood only in severe acute infections, 
and a smaller, broader, less motile trypomastigote, which is the 

Figure 76.1 The triatomine bug Panstrongylus megistus, female with 
egg. (Courtesy of T. V. Barrett.)

Figure 76.2 Carlos Chagas in Lassance, Minas Gerais State, Brazil, 
with one of the fi rst infants with diagnosed Chagas’ disease.

Figure 76.3 Typical trypomastigote of Trypanosoma cruzi in blood, 
showing C shape and large posterior kinetoplast.
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most common form found circulating in the blood. It is thought 
that these two forms have distinct functions. The slender form may 
be designed to re-establish the next intracellular cycle, whereas the 
short broad forms are more usually taken up by the insect vector. 
Pseudocysts may be very widely distributed among tissues of an 
infected mammal but they are frequently abundant in heart 
muscle, skeletal muscle or smooth muscle of the alimentary tract, 
in accord with the pathology of chronic Chagas’ disease. Micro-
scopically patent blood parasitaemia, if present, is usually tran-
sient in the acute phase of infection. Nevertheless, low numbers 
of circulating trypomastigotes usually remain for life and the host 
is a lifelong potential source of infection to triatomine bugs. If the 
host is attacked by bugs, trypomastigotes transform in the bug 
foregut to amastigotes and sphaeromastigotes (with a free fl agel-
lum) and begin to multiply by binary fi ssion, which continues in 
the midgut as the epimastigote stage, thus completing the cycle. 
Bugs become infective 10–15 days after taking the infected blood 
meal.

All stages of the life cycle can be readily reproduced in tissue 
culture. Thus epimastigotes can be grown in liquid media or in 
liquid overlay above blood agar base. Transformation to metacy-
clic trypomastigotes may occur in older cultures but is not guar-
anteed with all strains; 2% sterile human urine has been shown 
to supplement growth. Intracellular amastigotes can be grown in 
many different mammalian cell lines: small, motile trypomasti-
gotes can be seen in vitro in infected mammalian cells (‘boiling 
cells’) just before rupture, which releases trypomastigotes into the 
liquid overlay.

As already noted, there are important secondary methods of 
transmission in addition to vector-borne transmission. Of these, 
blood transfusion transmission has been particularly important 
epidemiologically (see below). Congenital transmission is also 
well documented (Figure 76.5). Reported congenital transmission 
rates vary but around 1% of infants born to seropositive mothers 
may acquire infection in utero. Strain specifi c congenital transmis-

sion of T. cruzi has not been demonstrated; it has been suggested 
that exposure of the mother to multiple re-infection predisposes 
to congenital transmission.8 Oral outbreaks may occur from food, 
particularly sugar cane and palm juices, contaminated by triato-
mine faeces, or through consumption of raw infected meat of a 
reservoir host. Sexual transmission is not known but may rarely 
occur. Milk transmission from mother to child occurs rarely. Oral 
transmission may be important in sustaining zoonotic T. cruzi 
infection among reservoir hosts, many of which eat insects. Anal 
gland infections occur in the opossum (Didelphis) with the glands 
containing life cycle stages typical of those found in the insect 
vector. It is not known whether this represents a primitive or a 
secondary stage of the life cycle, but anal gland secretions are 
presumably highly infective.
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Figure 76.4 Summary of the life cycle 
of Trypanosoma cruzi, in the vector (1–4) 
and mammalian host (5–7). (Courtesy of 
Meddia.)

Figure 76.5 Mature pseudocyst of Trypanosoma cruzi in umbilical 
cord, from a congenital case of Chagas’ disease. (Courtesy of Hipolito 
de Almeida.)

Aetiology
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CLINICAL FEATURES

The acute phase

The initial acute phase of T. cruzi infection may be asymptomatic 
or undetected because of the lack of specifi c signs and symptoms. 
There may be a lesion at the portal of entry of the organism. If 
this is the skin, an oedematous cutaneous lesion (chagoma) rem-
iniscent of the chancre seen in African trypanosomiasis may be 
present. If the portal of entry is the eye, unilateral periophthalmic 
oedema with conjunctivitis – the so-called Romana’s sign – may 
be present (Figure 76.6). There may be regional lymphadenopathy 
adjacent to cutaneous or ocular lesions. Other clinical signs in the 
acute phase may include generalized lymphadenopathy, fever, 
myalgia, headache, hepatosplenomegaly, facial or generalized 
oedema, rash, vomiting, diarrhoea and anorexia. In infants there 
may be multiple cutaneous chagomas during the acute phase of 
infection. The incubation period may be only 2 weeks, or up to 

several months if contaminated transfusion blood is the source of 
the infection. There may be early electrocardiographic (ECG) 
changes such as sinus tachycardia, increased P-R interval, T-wave 
changes and low QRS voltage. Acute myocarditis may be fatal. 
Meningoencephalitis is a rare complication in adults. In congeni-
tal infections, however, or in immunocompromised adults, menin-
goencephalitis is more common and carries a very poor prognosis. 
The T helper cell type 1 (Th1) arm of the cell-mediated immune 
response is important in controlling T. cruzi infection. Impairment 
of the Th1 response in patients with acquired immune defi ciency 
syndrome (AIDS) explains the reactivation of acute Chagas’ disease 
in T. cruzi-HIV co-infections.

Hepatosplenomegaly is frequent in congenital Chagas’ disease. 
There may also be fever, oedema, neurological signs such as con-
vulsions, tremors and weak refl exes, metastatic chagomas and 
apnoea. The ECG is not often changed but there may be low-
voltage complexes, decreased T-wave height and increased atrio-
ventricular (AV) conduction time. Congenital Chagas’ disease 
associated with premature birth carries a poor prognosis.9

Chronic phase

Asymptomatic or symptomatic acute-phase T. cruzi infection may 
be followed by an indeterminate phase with no clinical indications 
of infection. The indeterminate phase may last for the life of the 
patient, even though the parasite can be isolated repeatedly by 
sensitive diagnostic methods. In a proportion of patients, however, 
chronic-phase symptoms arise. In particular, up to 30% of patients 
who survive the acute phase may develop ECG abnormalities 
attributable to Chagas’ disease. Typical ECG abnormalities include 
right bundle branch block (RBBB) and left anterior hemiblock 
(LAH). There may also be AV conduction abnormalities such as AV 
block. Arrhythmias such as sinus bradycardia, sinoatrial block, 
ventricular tachycardia, primary T-wave changes and abnormal Q 
waves may be present. Other cardiac symptoms may include pal-
pitations, chest pain, oedema, dizziness, syncope and dyspnoea. 
The severity of heart involvement is usually graded by the degree 
of ECG disturbance. Megacardia may be seen on radiography of 
the thorax. Embolism may occur and death may be sudden.9

A small proportion of patients with chagasic heart disease may 
have associated abnormalities of the alimentary tract. The oesoph-
agus and colon are most commonly affected with regurgitation 
and dysphagia, loss of peristalsis or severe constipation, and 
faecaloma. The severity of involvement may be graded clinically 
according to the degree of dilatation detected by radiography. 
Dysfunction may also affect other hollow organs. The severity of 
chronic involvement varies regionally (see Epidemiology).

PATHOLOGY AND PATHOGENESIS

At the level of gross pathology, cardiac changes may include 
notable enlargement of the heart (megacardia), detectable by radi-
ography, or obvious at autopsy in situ. Further signs are focal 
thinning of the myocardium in the form of aneurysms, which may 
occur anywhere in the heart but are typically described at the apex 
of the left ventricle in the form of an apical aneurysm (Figure 
76.7). Such an apical aneurysm is considered to be a pathogno-
monic indication of chronic chagasic myocardiopathy. Trans-

Figure 76.6 Romana’s sign, unilateral oedema and conjunctivitis at 
the portal of entry in acute Chagas’ disease.
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illumination is a convenient method of detecting inapparent 
cardiac aneurysms.

Intestinal complications of chronic Chagas’ disease include 
megaoesphagus (Figure 76.8) and, less commonly, megacolon 
(Figure 76.9).2 In both cases there is dilatation of the hollow organ 
and thinning of the wall, classifi ed according to degree of severity, 
and associated with a failure of peristalsis. Each of these signs is 
frequently associated with chagasic cardiopathy and both may 
occur in the same individual. Rarely megaoesophagus or mega-
colon may occur in infants following congenital infection. Mega-
oesophagus may be a prelude to carcinoma. Both megasyndromes 
may be detected by radiography; megacolon may be apparent 
externally. In extreme cases a wide variety of other organs may be 
affected, and enlarged.

Histopathological examination of Romana’s sign or cutaneous 
chagoma shows infi ltration of lymphocytes and monocytes. In the 
heart, unruptured pseudocysts appear to generate no infl amma-
tory response (Figure 76.10A). Pseudocyst rupture gives rise to 
infi ltration of lymphocytes, monocytes and/or polymorphonu-
clear cells (Figure 76.10B).

Pseudocysts may be very widespread, particularly in congenital 
cases, although they are still found most commonly in cardiac and 
skeletal muscle or reticuloendothelial cells. In meningoencepha-
litis, parasites may be found in perivascular spaces or in glial and 
neuronal cells. The histopathological picture is typical of acute 
meningoencephalitis.

The pathogenesis of chronic Chagas’ disease is still far from 
fully understood, and is much debated.10 In particular, the role 
that continued infection, albeit at very low levels, plays in the 
progression and prognosis of chronic Chagas’ disease has been 
controversial. Several aspects of the pathogenesis of chronic 
Chagas’ disease are, however, beyond doubt. Thus detailed follow-
up of patients with ECG abnormalities and subsequent autopsy 
demonstrates a close correlation between the nature of the ECG 
changes and the location of focal lesions in the conducting system 
of the heart. Experimental studies in dogs, with precise postmor-
tem reconstruction of three-dimensional histopathology, show 

Figure 76.7 Apical aneurysm in chronic Chagas’ disease. (Courtesy 
of J. S. de Oliveira.)

Figure 76.8 Radiograph showing megaoesophagus in chronic 
Chagas’ disease. (Courtesy of J. S. de Oliveira.)

Figure 76.9 Megacolon in chronic Chagas’ disease. (Courtesy of 
J. S. de Oliveira.)

Pathology and Pathogenesis
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similar correlations between ECG abnormalities and the distribu-
tion of lesions. Furthermore, it is quite clear that there is a marked 
loss of ganglion cells in megacardia, megaoesophagus and mega-
colon. This appears primarily to affect the parasympathetic inner-
vation, leading to a sympathetic overload. The frequency of right 
bundle branch block (RBBB) in chronic Chagas’ disease is thought 
to be due to the fact that the right conducting system of the heart 
is less diffuse and more vulnerable to focal lesions than the bi-
fascicular left conducting system. The pathogenesis of ‘neurogenic’ 
Chagas’ disease is thus partially explained in terms of: (1) pseu-
docyst rupture which deposits antigens on uninfected cells around 
the site of the pseudocyst; (2) focal immunological destruction of 
uninfected cells carrying adsorbed T. cruzi antigens, including gan-
glion cells; (3) further loss of ganglion cells with age; and (4) 
dysfunction and enlargement of the affected organs when the loss 
of ganglion of cells crosses a critical threshold. The latter may 
occur at any time after the acute phase, or not at all during the life 
of the infected individual. The majority of neurological damage is 

thought to occur in the acute phase of the infection and to be 
related to the level of parasitaemia. The sympathetic overload can 
be mimicked in experimental rats by the inoculation of catechol-
amines, and this alone may induce apical aneurysm.11

The infl ammatory response in the tissues normally subsides 
after the acute phase of the infection. In some patients this infl am-
matory response appears to be renewed, leading to a progressive 
myocarditis and a slow decline in cardiac function. This ‘myo-
genic’ picture is thought to have an autoimmune component. 
Cross-reactive antibodies between T. cruzi and normal host tissues 
can be generated experimentally, and tissue cross-reactive antibod-
ies have been reported in patients with chronic Chagas’ disease. 
Some reports show that heart transplants from normal mice into 
syngeneic chagasic mice suffer autoimmune rejection. In contrast, 
confl icting reports show the survival of such syngeneic transplants 
without autoimmune rejection unless the heart is parasitized.12 
Hence, the infl uence of residual small numbers of parasites on the 
prognosis of chronic Chagas’ disease is unpredictable, and it is not 
straightforward to eliminate them by chemotherapy (see below).

Much of the pathogenesis of Chagas’ disease has been worked 
out by studies in Brazil.5 It is notable that megasyndromes are said 
to be less common in the north of South America and in Central 
America, although fewer studies have been undertaken. It has 
been suggested that regional differences in the pathology of 
Chagas’ disease may be related to radically distinct subspecifi c 
strains of T. cruzi (see Epidemiology).

DIAGNOSIS

In a known endemic area of Chagas’ disease, Romana’s sign is 
suggestive of acute infection, although there are other potential 
causes of unilateral conjunctivitis such as insect bite or injury. 
Many of the systemic signs of early Chagas’ disease are not specifi c 
and could be confused with other febrile illnesses. In chronic 
disease, particular ECG abnormalities (e.g. RBBB) are highly indic-
ative if associated with positive serological fi ndings. Hirschsprung’s 
megacolon can be distinguished from chagasic megacolon because 
the former is rare in adults; if necessary, radiography or electro-
manometry can be used for differential diagnosis.2 For immigrants 
or travellers returning from Latin America who have symptoms 
that might be attributable to Chagas’ disease, it is essential to 
investigate thoroughly for the presence of a supporting history, 
such as exposure to triatomine bugs or blood transfusion. Rarely, 
infection in endemic areas might be acquired by food contami-
nated with infected material from triatomine bugs or reservoir 
hosts. In all such cases serology, correctly performed, should be 
positive if Chagas’ disease is present. Exhaustive investigation for 
Chagas’ disease is pointless if serology is consistently negative.

Parasitological examination may reveal the presence of try-
panosomes in peripheral blood during the acute phase of infec-
tion. In some acute cases direct microscopy of unstained wet 
blood fi lms may be positive. Methods for detecting scanty trypo-
mastigotes include:13 (a) microscopy of thick blood fi lms; (b) 
microscopy of the buffy coat layer after haematocrit centrifugation 
(be careful to avoid exposure to infection if tubes are inadequately 
sealed); (c) searching for trypomastigotes in centrifuged serum 
after blood coagulation (Strout’s method); and (d) centrifugation 
of blood after lysis of red cells with 0.87% ammonium chloride. 

A

B

Figure 76.10 (A) Early acute-phase Trypanosoma cruzi infection: 
myocardium showing unruptured pseudocysts with no infl ammatory 
reaction. (B) Later infection showing destruction of myocardium and 
infl ammatory response.
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Note that T. cruzi is a relatively fragile organism and if thin fi lms 
are prepared a high angle between the lower slide and smearing 
slide is required or the organisms disintegrate.

All of these concentration methods may fail to detect trypomas-
tigotes in some acute cases. After the acute-phase infection, the 
parasitaemia subsides to very low levels that are usually subpatent 
to all these direct techniques. However, patent parasitaemia may 
re-occur in immunocompromised patients.

The only parasitological techniques that may be effective in the 
chronic phase are xenodiagnosis or blood culture.14 In xenodiag-
nosis, triatomine bugs from laboratory colonies reared by feeding 
on birds (which are insusceptible to T. cruzi infection) are fed on 
the patient. Some 20–25 days later the intestinal tract of each 
triatomine bug is removed, mixed with sterile physiological saline 
(using a blunt spatula) and observed microscopically for the pres-
ence of epimastigotes. Care must be taken to avoid exposure to 
infective metacyclic trypomastigotes in bug faeces. Bugs are usually 
fed on the underside of the patient’s forearm, enclosed in plastic 
pots within black bags. Xenodiagnosis is quite sensitive, with up 
to 50% of seropositive patients yielding a positive xenodiagnosis 
when 10 or 20 bugs are used. It is essential to use sterile saline for 
the dissection or contaminanting free living protozoa may confuse 
diagnosis; if Triatoma infestans is used for xenodiagnosis, examina-
tion for colonies must be carried out beforehand to detect the 
presence of Blastocrithidia triatomae, which is a natural invertebrate 
parasite of this species. Local triatomine bug species should be 
used for xenodiagnosis because susceptibility to different strains 
of T. cruzi may vary. Delayed hypersensitivity reactions following 
xenodiagnosis may require treatment. Anaphylactic reactions are 
extremely rare, but two cases are known. Multiple cultures using 
a sensitive blood agar base with physiological saline overlay may, 
under ideal conditions, be as sensitive as xenodiagnosis. However, 
contamination of cultures, particularly in the fi eld, may interfere. 
Through-the-cap inoculation of cultures reduces contamination. 
Xenodiagnosis is generally the preferred method rather than blood 
culture because it is so robust. Adult bugs are not recommended 
because they are less resistant to starvation. Normally, starved 
fourth or fi fth instars are used as they can be kept unfed for weeks 
and transported easily, as long as they are protected from high 
temperatures.

Theoretically, detection of parasite DNA by the polymerase 
chain reaction (PCR) is a reliable alternative to detect intact try-
pomastigotes. PCR methods are available but are not yet suffi -
ciently practical, routine or low cost to replace parasitological 
diagnosis.

In the absence of effective treatment, T. cruzi infection and 
antibodies are almost always retained for life. Many serological 
tests have been described since the development of the comple-
ment fi xation test in 1913. The most reliable and frequently 
applied are the indirect immunofl uorescent antibody test (IFAT) 
and the enzyme-linked immunosorbent assay (ELISA). The IFAT 
requires a fl uorescent microscope; results must be interpreted with 
care, positive and negative controls should be run on each slide, 
and serum dilutions of less than 1 : 80 may give false-positive 
results. The ELISA requires careful standardization and the inclu-
sion of positive and negative controls on every plate but, once 
established, has the advantages that very large numbers of samples 
may be screened simultaneously and positives and negatives may 
be distinguished by eye, as well as by measurement of light absorp-

tion in a spectrophometer. Commercial kits are available but are 
expensive and may be somewhat less sensitive than IFAT or ELISA. 
Blood spots, stored dry, can be used in place of serum, but serum 
samples give accurate measurement of antibody titre. Note that 
IgM in bloodspots deteriorates quickly unless they are maintained 
at −20°C. Cross-reactions may occur, for example with visceral or 
cutaneous leishmaniasis. Ideally a proportion of serum samples 
should be referred to reference centres for checking. Children born 
of seropositive mothers may be antibody positive for up to 9 
months because IgG crosses the placenta. The presence of IgM 
antibodies to T. cruzi in a newborn child is usually indicative of 
congenital infection. Such antibodies may be detected with an 
IgM-specifi c conjugate.

MANAGEMENT

Only two effective drugs have been developed for the treatment 
of T. cruzi infection. Nifurtimox (Lampit®) is an orally adminis-
tered synthetic nitrofuran, which has not always been readily 
available. However, the manufacturer, Bayer, has recently safe-
guarded supply by restarting production in El Salvador. Nifurti-
mox is given in three divided daily doses at 8–10 mg/kg for 90 
days. Double doses are recommended for infected children. There 
are signifi cant potential side-effects, which may lead to inter-
ruption of treatment. These include anorexia, loss of weight, 
psychological disturbances, excitability, drowsiness, nausea and 
vomiting.15 Hospitalization is usually recommended to monitor 
the side-effects and to ensure compliance. The second, more fre-
quently used drug is benznidazole (Rochagan®) which is a nitro-
imidazole, also orally administered. The dosage is 5–7 mg/kg in 
two divided daily doses for 60 days, or 10 mg/kg for children. As 
with nifurtimox there are many potential side-effects that may 
cause interruption of treatment; prominent among these are cuta-
neous changes such as hypersensitivity and dermatitis but there 
may also be oedema, lymphadenopathy, myalgia and depression 
of bone marrow.15 The mode of action of these drugs is not clear 
but the two proposed mechanisms are increase of oxidative stress 
on T. cruzi and damage to DNA.

Acute cases should always be treated with benznidazole, as this 
may be life saving and may drastically reduce the parasite load or 
eliminate the infection. As there are fewer side-effects in children, 
recent recommendations are that children in the chronic phase 
should also be treated.16 The value of treatment for the chronic 
phase in adults is debated because of side-effects and treatment 
failure, and also because the role of continued low-level infection 
in the pathogenesis of the disease is still somewhat controversial. 
Case-by-case decision to treat adults may depend, for example, on 
the presence of symptoms, the possible impact of side-effects and 
whether a female patient is of child-bearing age, with a slight risk 
of congenital transmission of infection. High doses are used to 
treat congenital cases: up to 25 mg/kg nifurtimox daily for 30 days 
or up to 10 mg/kg benznidazole daily for 30–60 days. Immuno-
compromised patients must be treated. Double or even higher 
doses are recommended for treatment if meningoencephalitis is 
present. An indicator of cure for acute cases is serological reversion 
within 1 year but for chronic cases reversion may take several 
years. Persistently negative xenodiagnosis may be an encouraging 
sign but is not an unequivocal indicator.

Management
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Supportive chemotherapy is vital for treatment of acute symp-
toms and for heart failure in patients with chronic Chagas’ disease. 
Chagasic heart disease may be treated by restricted sodium intake, 
diuretics, vasodilatation (angiotensin-converting enzyme inhibi-
tors) and maintenance of serum potassium concentration. Digi-
talis may be recommended in acute Chagas’ disease with heart 
involvement, but is a last resort in those with chronic heart disease 
because it can make arrhythmias worse by causing premature ven-
tricular beats or impeding AV conduction. Acute meningoenceph-
alitis may be managed with anticonvulsants, sedatives and 
intravenous mannitol. Pacemakers may be fi tted if bradycardia 
does not respond to atropine, or for complete AV block or for atrial 
fi brillation with a slow ventricular response that does not improve 
with vagolytic drugs. Lidocaine (lignocaine), mexiletine, propafe-
none, fl ecainide, β-adrenoreceptor antagonists and amiodarone 
are effective for the treatment of ventricular extrasystoles; the most 
effective drug in the management of arrhythmias is amiodarone. 
Treatment of arrhythmias may prolong the life expectancy of 
patients but may also aggravate symptoms. In emergencies, lido-
caine may be used intravenously. Experienced physicians and 
expert reports, for example from the World Health Organization,9 
should be consulted to ensure optimal case management.

Surgery is a vital part of the treatment of chronic Chagas’ 
disease, particularly for megaoesophagus and megacolon. Mild 
megaoesophagus can be treated by control of diet or balloon 
dilatation of the cardiac sphincter. In more severe megaoesopha-

gus, a section of muscle is removed surgically from the junction 
of the oesophagus and stomach, which alleviates the condition 
and retains muscle control of the stomach (the Heller–Vasconce-
los procedure).17 As a last resort, partial surgical removal of the 
distal oesophagus may be required, followed by replacement with 
a section from elsewhere in the alimentary tract, such as the 
jejunun. Less severe megacolon can be treated with laxatives, 
colonic lavage or manual evacuation, if necessary with laparot-
omy. Decompressing intubation before surgery can release sigmoid 
volvulus. Surgery may be simplifi ed by initial sigmoidostomy as 
subsequently more of the colon may be retained. Severe megaco-
lon may be corrected effectively by the modifi ed Duhamel–Haddad 
operation which consists of resection of the sigmoid loop, closing 
the rectal stump, and bringing the descending colon into the rear 
wall of the rectum (Figure 76.11).17 The operation is performed in 
two stages, the fi rst of which leaves a perineal colostomy, and the 
second in which a wide join is made between the colon and the 
rectal stump, with peridural anaesthesia. Surgical resection may 
also be part of treatment of chagasic heart disease to remove 
aneurysms or arrhythmic regions.

EPIDEMIOLOGY

The natural habitats of triatomine bugs are the nests and resting 
sites of mammals and birds, particularly palm trees, hollow trees, 
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Figure 76.11 Modifi ed Duhamel–Haddad procedure for surgical correction of megacolon in chronic Chagas’ disease.



1335

tree cavities, burrows and rock crevices. The vast majority of 
approximately 137 species are confi ned to the New World.18,19 
Seven of 13 Old World species are closely related to Triatoma 
rubrofasciata, which has been disseminated around the world by 
shipping, in association with the rat (Rattus rattus). T. rubrofasciata 
transmits Trypanosoma conorhini to rats by the contaminative route. 
The strange Old World genus Linshcosteus has six species. An 
unidentifi ed trypanosome species similar to T. conorhini has 
recently been isolated from Linshcosteus in India.

Five species of triatomine bug have become notorious vectors 
of Chagas’ disease because they have adapted so well to colonize 
human dwellings. T. infestans is the main vector in the southern 
cone countries of South America (Argentina, Bolivia, Brazil, Chile, 
Paraguay and Uruguay). Rhodnius prolixus and T. dimidiata are the 
principal vectors in northern South America and Central America. 
Panstrongylus megistus is an important vector in central and eastern 
Brazil, and Triatoma brasiliensis in north-east Brazil. There are 
several other domestic vector species of secondary importance in 
different geographical areas, such as Rhodnius ecuadoriensis in Peru. 
Some silvatic species also rarely form domestic colonies or invade 
houses as fl ying adults, causing sporadic cases of Chagas’ disease. 
Male and female bugs are obligatory blood-feeders and they 
require at least one blood meal before moulting to the next of 
their fi ve instars. Fifth-stage nymphs have rudimentary wing 
lappets; only adults are fully winged. One species, Triatoma spino-
lai, has wingless females and winged or wingless males. While 
virtually all species feed on mammal, bird or reptilian blood, a 
few species, such as Eratyrus mucronatus, have also been reported 
to take invertebrate blood, particularly during early stages.

All mammal species are considered to be susceptible to T. cruzi, 
and more than 150 species of 24 families have been reported as 
infected. Birds and reptiles are not susceptible to T. cruzi infection, 
but chickens are nevertheless particularly important epidemio-
logically as they may sustain large triatomine colonies in chicken 
houses. Guinea pigs that are bred within or adjacent to houses, 
dogs, cats, rats and mice may carry T. cruzi and be attacked by 
triatomine bugs. Cats probably acquire infection by the oral route 
through eating mice and infected bugs. T. cruzi prevalence rates in 
pigs, goats, cattle and horses are usually very low. The mammal 
reservoir host fi rst described by Carlos Chagas was the armadillo, 
Dasypus novemcinctus; the most commonly infected silvatic 
mammal is the common opossum, Didelphis species.

Serological surveys have been used to establish the prevalence 
of Chagas’ disease in South America. The prevalence of human 
infection in endemic areas rises with age, as is to be expected 
because the contamination route of transmission is precarious. 
Locally acquired Chagas’ disease is very rare in North America as 
the local bug species rarely colonize houses, although adult bugs 
occasionally fl y into campsites, attracted to light. Similarly in the 
vast Amazon basin no triatomine bug species has yet adapted well 
to colonize houses. Most of the 300 or so cases of Chagas’ disease 
known from the Amazon basin are due to adult bugs fl ying into 
houses, to oral outbreaks through contaminated food or to Rhod-
nius brethesi, a silvatic species that attacks gatherers of piassaba 
palm fronds. Panstrongylus geniculatus has been found in perido-
mestic pigs in the Amazon basin.20 Silvatic T. cruzi infection where 
human Chagas’ disease is rare, such as in the Amazon basin or the 
USA, is referred to as enzootic transmission. The regional distribu-
tion of chronic Chagas’ disease does not correspond with the 

prevalence of T. cruzi infection. Thus mega-syndromes are reported 
as common in the southern cone countries but much less so in 
northern South America and Central America, although studies 
there have been less intense.

The disparate distribution of chronic Chagas’ disease and many 
other factors relating to the biology of T. cruzi led to the suggestion 
that T. cruzi was not a single entity but a diverse species. Thus 
response to chemotherapy, infectivity to triatomine bug species, 
behaviour in experimental animals, morphology, antigenic pro-
fi les and biochemical characteristics suggested heterogeneity 
within the species. This was proven in the 1970s by phenotyping 
T. cruzi strains using multi locus enzyme electrophoresis (MLEE). 
In particular, the fi rst of these studies noted that strains of T. cruzi 
from domestic and silvatic transmission cycles in eastern Brazil 
were radically distinct (more so than recognized species of Leish-
mania) and involved different triatomine vector species, Panstron-
gylus megistus inside houses, and Triatoma tibiamaculata outside 
houses in opossum refuges. This approach strengthened the 
concept that in some localities domestic and silvatic transmission 
cycles are separate, or overlapping (Figure 76.12), as is now known 
to be the case in certain regions of Venezuela where the domestic 
vector is R. prolixus and where R. prolixus also infests palm trees. 
The distinction between transmission cycle types is vital for plan-
ning control programmes.4 In the Amazon basin (and the USA), 
transmission cycles are ‘enzootic’,4 without domiciliated triato-
mines in houses but with sporadic cases due to adult infected 
vectors fl ying into houses or contaminating food, such as palm or 
sugar cane presses, giving rise to oral outbreaks of acute Chagas’ 
disease (Figure 76.12).

The heterogeneity of T. cruzi has been reaffi rmed many times 
by many methods, including profi les of randomly amplifi ed poly-
morphic DNA (RAPD), microsatellites and diversity of 24S alpha, 
miniexon, 18S RNA genes, and many other target genes, including 
those encoding enzyme genes used in MLEE. Isoenzyme electro-
phoresis originally classifi ed T. cruzi into principal zymodemes Z1, 
Z2 and Z3.21 Many different studies over several decades have 
shown that there are at least two major subspecifi c divisions 
within the species. These are named by international consensus 
simply as T. cruzi I and T. cruzi II (T. cruzi I corresponding with Z1 
and T. cruzi II encompassing Z2). By DNA sequence analysis, TCI 
consists of a single less heterogeneous clade, whereas TCII emerges 
as three phylogenetic clades (IIa, b, c), with two relatively recent 
aneuploid hybrid lineages (IId, IIe), which have haplotypes split 
across the IIb and IIc clades.22,23 In contrast, TCIIb and TCI appear 
to be less complex lineages. This present concept of T. cruzi divi-
sions may change as more T. cruzi isolates are examined with a 
wider range of methods. Phylogenetic analyses and production of 
hybrids in the laboratory have shown that T. cruzi has both an 
ancient and active capacity for genetic exchange.23 This capacity 
may have profound epidemiological implications for the origin 
and spread of virulent or drug resistant strains, and for adaptation 
to new hosts and niches.

We have proposed that TCI has an evolutionary history associ-
ated with Didelphis, and possibly the triatomine tribe Rhodniini 
and the palm tree ecotope. Forms similar to infective stages in the 
triatomine vector are isolated from anal gland secretions of Didel-
phis, suggesting a supplementary non-vectorial route of transmis-
sion in this particular host. In contrast, the natural hosts of TCII 
have not been clearly resolved. However, we recently isolated 

Epidemiology



76. American Trypanosomiasis (Chagas’ Disease)

1336

Figure 76.12 Transmission cycles of Trypanosoma cruzi. (A) An example of separate silvatic and domestic transmission cycles, in Bahia State, 
Brazil: T. cruzi I in the silvatic cycle (principal silvatic host the opossum, Didelphis albiventris, vector Triatoma tibiamaculata, and T. cruzi II in the 
domestic transmission cycle (vector Panstrongylus megistus). (B) An example of overlapping silvatic and domestic transmission cycles, in parts of 
Venezuela: T. cruzi I in both the domestic and silvatic transmission cycles (vector Rhodnius prolixus in houses and in palm trees). (C) Enzootic 
transmission in the Amazon basin: sporadic cases of Chagas’ disease occur due to adult bugs fl ying to palm presses (orally transmitted outbreaks) 
or houses but not forming domestic colonies; also forest workers harvesting the piassaba palm may be attacked by Rhodnius brethesi. (Courtesy of 
J. S. Patterson.)
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several T. cruzi II subgroups from armadillos.24 The ancient South 
American ancestry of opossums and armadillos, and their respec-
tive arboreal and terrestrial niches, suggests that they may have 
long-standing evolutionary associations with different T. cruzi 
lineages.

Trypanosoma cruzi I was originally described from the silvatic 
cycle in Brazil. This has led to the misconception that TCI is always 
associated with silvatic transmission cycles, which is certainly not 
the case. TCI predominates from the Amazon basin northwards, 
where it is also the main cause of Chagas’ disease in endemic areas 
such as Venezuela. In contrast, TCII predominates in domestic 
transmission cycles in southern cone countries of South America 
(Argentina, Brazil, Bolivia, Chile, Paraguay and Uruguay). Differ-
ences in pathology associated with TCI and TCII infections remain 
enigmatic. In the southern cone region (TCII) chagasic mega syn-
dromes are common, whereas they are considered virtually absent 
north of the Amazon (TCI). The implication is that TCII, although 
not the exclusive agent of Chagas’ disease, is more pathogenic than 
TCI.25 Virtually nothing is known of the comparative pathogenesis 
of TCIIa–e. Strikingly, the hybrid genotypes predominate among 
human infections in Paraguay, Chile, Argentina, Bolivia and 
Southern Brazil, despite the abundance of other genotypes in 
silvatic cycles in these regions, suggesting that the hybrids may 
indeed have an enhanced propensity to thrive in the human 
host.24

PREVENTION AND CONTROL

Transmission by blood transfusion contributes signifi cantly to the 
public health problem of Chagas’ disease.26 Congenital transmis-
sion and oral transmission are important for the unfortunate few 
infected by these routes. Nevertheless the overwhelming majority 
of cases of Chagas’ disease are disseminated by triatomine bugs. 
When I fi rst set foot in South America in 1971, I was dismayed to 
see the way in which triatomine bugs multiplied unimpeded in 
poor-quality housing. Chagas’ disease is thus largely a disease of 
poverty. There is no chemoprophylaxis. There is no vaccine. It is 
unlikely that there will ever be a vaccine as induction of autoim-
munity27 must be reliably excluded from any candidate vaccine 
preparation, and vaccine trials are diffi cult to envisage when 
chronic side-effects might be revealed decades later. Fortunately 
there are proven, highly effective, methods for controlling both 
triatomine bugs and blood transfusion transmission of Chagas’ 
disease.

Many attempts have been made to devise strategies for control-
ling triatomine bugs. Most, such as juvenile hormone mimics to 
prevent development, household traps and release of parasitic 
wasps that grow in triatomine eggs, have been abandoned. Effec-
tive control depends on insecticide spraying (Figure 76.13), sup-
ported by health education, community participation and house 
improvement (Figure 76.14).28 The insecticides of choice are syn-
thetic pyrethroids. Effective control campaigns have three phases: 
preparatory, attack and vigilance. In the preparatory phase, the 
distribution of all dwellings is mapped, the abundance of triato-
mine infestation assessed, and the attack and vigilance phases are 
planned and costed. In the attack phase, all houses and perido-
mestic buildings are sprayed irrespective of whether bugs have 
been found. Chicken houses or other peridomestic infestations 

that are missed may lead to rapid reinvasion. In the vigilance 
phase, appropriate sections of the community report residual 
infestations, which brings in a rapid response team to spray such 
dwellings and surrounding sites.28

Serological testing is an essential part of monitoring the success 
of vector control. All children born after the beginning of a vector 
control campaign should be seronegative except for those <9 
months of age and born of seropositive mothers, who will have 
acquired IgG transplacentally, and except for occasional congeni-
tal cases. Thus, tracing seropositive children will reveal residual 
triatomine infestations. Low-cost assays, such as the ELISA, allow 
entire endemic regions to be screened. In addition, serological 
testing provides a means of screening blood donors, organ donors 
and organ recipients. In highly endemic areas contaminated blood 
can be treated with crystal violet (250 mg/L) and stored at 4°C for 
at least 24 h to kill T. cruzi. Prophylactic benznidazole should be 
given to immunosuppressed organ recipients.

The enormous economic burden of chronic Chagas’ disease is 
much greater than the cost of prevention and control. This has 
stimulated national and international campaigns. In the southern 
cone countries of South America, virtually the only important 
domestic triatomine vector is T. infestans. This species is thought 
to have spread from silvatic habitats in Bolivia and/or the Chaco 
region as elsewhere it has been found only in domestic and peri-
domestic sites.29 The realization that reinvasion should not be a 
signifi cant problem in southern cone countries led to the launch 
of the southern cone programme, to eliminate T. infestans from 
Argentina, Bolivia, Brazil, Chile, Paraguay, Uruguay and southern 
Peru.30 Although not yet complete or uniformly adopted, the pro-
gramme has been a resounding success. It is reported that 85% of 
domestic transmission has been eliminated from Brazil. Chile and 
Uruguay are essentially free of domestic transmission, which is 

Figure 76.13 Spraying a triatomine-infested house.
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also much reduced in the remaining countries. The southern cone 
programme provides a model for international collaboration in 
disease control.

New international control initiatives are now in progress for 
the Andean Pact countries and for Central America.31 Here control 
may be less straightforward because the geographical distribution 
of R. prolixus in palm trees is not fully known, and it is clear that 
in some regions reinvasion of houses from the silvatic habitat 
occurs (Figures 76.12, 76.15). Palm trees around dwellings may 
now be surveyed by a new triatomine bug trap, the Noireau trap, 
in which bugs are trapped on adhesive tape around a plastic vessel 
containing a sentinel mouse.29 Effective methods for insecticide 
treatment of infested palms need to be devised. Secondary domes-
tic species may also emerge as complications for vector control. 
In the Amazon basin a surveillance programme has been pro-
posed to respond rapidly to any domestic bug species brought in 
from outside endemic areas.31 Furthermore some Amazonian 
species, such as P. geniculatus, reported from peridomestic pigsties, 
may adapt to live in human dwellings. In addition, food prepara-

tion plants such as palm or sugar-cane presses should be protected 
from contamination by triatomine bugs attracted to artifi cial light. 
Although eradication of T. cruzi as a zoonotic infection is neither 
required nor feasible, there is reason for optimism that Chagas’ 
disease in future may be largely eliminated as a public health 
problem.31

The molecular biology of T. cruzi and other trypanosomatids is 
of immense research interest. The availability of the full genome 
sequence of T. cruzi may help to identify new drug targets.32 A 
low-cost, non-toxic, oral drug is needed to eliminate the reservoir 
of human infection. Further research is also required to elucidate 
the epidemiological signifi cance of subspecifi c diversity.4

TRYPANOSOMA RANGELI

The primary importance of T. rangeli is that it may confuse the 
diagnosis of Chagas’ disease. Thus, if R. prolixus is used for xeno-
diagnosis of a suspect case, positive xenodiagnosis bugs may be 

Figure 76.14 A new roof and plastered walls to combat Rhodnius 
prolixus infestation in Venezuela.

Figure 76.15 Palms adjacent to a house in Venezuela: Rhodnius 
prolixus may replenish the domestic cycle from the sylvatic habitat.
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due to the acquisition of T. rangeli infection and not T. cruzi, or to 
both organisms. With appropriate training, T. rangeli in triatomine 
bugs can be distinguished from T. cruzi by the presence of epimas-
tigotes of up to 80 μm in length, by the smaller kinetoplast, or by 
the fact that T. rangeli escapes from the lumen of the intestinal 
tract to reach the haemocoel and infect the salivary glands in some 
infected bugs. A drop of haemolymph may be removed for micro-
scopic examination by severing one of the bug legs and extruding 
the haemolymph under a coverslip placed on a microscope slide. 
T. rangeli may be pathogenic to Rhodnius, causing malformation 
and defects in moulting.

T. rangeli is not considered to be pathogenic in humans; it is 
very rarely seen in human blood (Figure 76.16). Trypomastigotes 
of T. rangeli in blood are much larger than those of T. cruzi, and 
they also have a smaller subterminal kinetoplast. The main natural 
host of this appears to be the common opossum (Didelphis). The 
species T. rangeli is heterogeneous, with at least two genetic lin-
eages that appear to be associated with different vector species and 
geographical distributions.33 T. rangeli is thought to divide in 
peripheral blood, but the full life cycle in the mammalian host is 
uncertain. Transmission is by triatomine bite, with heavy metacy-
clic trypomastigote infections occurring in the salivary glands of 
Rhodnius. Antibodies to T. rangeli may be fairly prevalent where R. 
prolixus is the domestic triatomine vector. Theoretically, such anti-
bodies may cross-react with T. cruzi, although the extent of such 
cross-reactions in T. rangeli infections is not clear. It is certain that 
antibodies to T. cruzi in chronic Chagas’ disease, which may have 
titres in excess of 1 in 106, do cross-react with T. rangeli.
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Section 10 Protozoan Infections

Chapter 77 Jean-Pierre Dedet and Francine Pratlong

Leishmaniasis

Leishmaniases are parasitic diseases caused by protozoan fl agel-
lates of the genus Leishmania, parasites infecting numerous 
mammal species, including humans, and transmitted through the 
infective bite of an insect vector, the phlebotomine sandfl y.

The Leishmaniases threaten 350 million people in 88 countries 
of four continents. The annual incidence of new cases is estimated 
between 1.5 and 2 million.1 In numerous under developed coun-
tries, they remain a major public health problem.

The genus Leishmania includes around 30 different taxa, the 
majority of which commonly infect humans, in whom they are 
responsible for various types of disease: visceral, cutaneous (of 
localized or diffuse type) and mucocutaneous leishmaniases. This 
variability of the clinical features results from both the diversity 
of the Leishmania species and the immune response of the hosts.

PARASITE

Leishmania are protozoa belonging to the order Kinetoplastida and 
the family Trypanosomatidae, which includes other parasites of 
mammals, including humans (genus Trypanosoma), of plants (Phy-
tomonas) and of insects (Leptomonas, Crithidia, etc.).

Description

Leishmania are dimorphic parasites, which present as two principal 
morphological stages: the intracellular amastigote, within the 
mononuclear phagocytic system of the mammalian host, and the 
fl agellated promastigote within the intestinal tract of the insect 
vector and in culture medium.

The amastigote stage is a round or oval body about 2–6 μm in 
diameter, containing a nucleus, a kinetoplast and an internal 
fl agellum seen clearly in electron micrographs. The amastigotes 
multiply within the parasitophorous vacuoles of macrophages.

The promastigote stage has a long and slender body (about 
15–30 μm by 2–3 μm), with a central nucleus, a kinetoplast and 
a long free anterior fl agellum.

Identifi cation

Since the origin of the genus Leishmania by Ross,2 the number of 
species described has signifi cantly increased. As the different 

species are indistinguishable by their morphology, other criteria 
have been used for their identifi cation. Lumsden distinguished 
between extrinsic characters (such as clinical features, geographi-
cal distribution, behaviour in culture, laboratory animals or 
vectors) and intrinsic ones (such as immunological, biochemical 
or molecular criteria).3 Among them, isoenzyme electrophoresis 
remains the current gold standard technique. DNA-based tech-
niques are being used increasingly for identifi cation. They are used 
to generate phylogenetic trees, so far limited to taxonomic groups 
of epidemiological importance, such as for the complexes L. don-
ovani,4 L. tropica,5 and L. braziliensis.6

Applied to Leishmania initially by Gardener et al.,7 isoenzyme 
analysis has been widely developed for the study of these para-
sites. Its success principally results from the existence of a high 
degree of polymorphism, expressed as stable and relatively specifi c 
electromorphs. These have permitted characterization of the 
strains by their enzymatic profi les and their grouping in homoge-
neous electrophoretic taxonomic units termed zymodemes. 
Recently, a sequencing approach of isoenzyme genes was devel-
oped for studying their genetic diversity and for further use for 
typing by an MLST (multilocus sequence typing) approach.8,9

Isoenzyme characterization is currently the reference technique 
for Leishmania identifi cation at specifi c and infra-specifi c levels, 
and for classifi cation of the genus.10

Classifi cation

Various types of classifi cation have been successively applied 
to the genus. Those proposed between 1916 and 1987 were 
monothetic Linnean classifi cations based on few hierarchical 
characters. Lainson and Shaw are the authors who worked 
the most on these types of classifi cation and who made them 
evolutive. Their last classifi cation11 divided the genus Leishmania 
into two subgenera: Leishmania sensu stricto, present in both Old 
and New Worlds, and Viannia, restricted to the New World. 
Within these two subgenera various species complexes were 
individualized.

Since the 1980s, Adansonian phenetic classifi cations have been 
employed. They are based on a number of similarly weighted 
characters (absence of hierarchy) used simultaneously (polythetic 
classifi cation) without a prior hypothesis. They were at fi rst phe-
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netic. Isoenzymes are considered as different allelic forms of a 
gene, and enzymatic variation at a given locus can be interpreted 
as a mutation occurring during evolution. Subsequently, phyloge-
netic classifi cation revealed a parental relationship between the 
different species of Leishmania (Table 77.1).10,12

The phenetic, and especially the cladistic classifi cations con-
fi rmed the majority of the taxonomic groups previously estab-
lished by the Linnean classifi cations, and particularly that of 
Lainson and Shaw.11 The concordance between them mutually 
validated the extrinsic and intrinsic identifi cation criteria. However, 
cladistic analysis allowed a more detailed study of some groups 
and led to the establishment of new complexes (L. infantum, 
L. turanica and L. guyanensis), and also to the grouping in the same 
complex of taxa previously separated (L. guyanensis, L. panamensis 
and L. shawi).

EPIDEMIOLOGY

The Leishmania species circulate in natural infection foci where a 
haematophagous insect acting as a vector, the phlebotomine 
sandfl y, and a mammal reservoir co-exist.

Vector

Sandfl ies are Diptera of the family Psychodidae, subfamily Phle-
botominae. Their life cycle includes two different biological stages: 
the fl ying adult and the development phase, which includes egg, 
four larval stages and pupa, and which occurs in wet soil rich in 
organic material.13

The adults are small fl ying insects of about 2–4 mm in length, 
with a yellowish hairy body. During the day, they rest in dark and 
sheltered places (resting sites). They are active at dusk and during 
the night. Both sexes feed on plants, but females also need a blood 
meal before they are able to lay eggs. Reptiles, amphibia, birds and 
mammals are potential hosts. Feeding habits depend on the 
sandfl y species, and the nature of the host on which it takes its 
blood meal is a key point for Leishmania transmission.

When engorged, a female lays 50–100 eggs, from which hatches 
the fi rst larval stage. The larvae are cylindrical, dirty white in 
colour, with a distinct dark head, and long caudal setae. Larval 
development may take 30–60 days, depending on species, prevail-
ing temperature and food supplies. They breed in soil, on decaying 
organic matter. The precise localization of sandfl y breeding sites 
remains unknown for the majority of the species, which is a lim-
iting factor for sandfl y control. The fourth larval stage attaches 
itself to the substrate and transforms into the pupa, from which 
the adult emerges after 7–8 days.

About 800 species of sandfl ies have been described, and they 
are divided into fi ve widely accepted genera: Phlebotomus and Ser-
gentomyia in the Old World, and Lutzomyia, Brumptomyia and Wari-
leya in the New World.14 Among these species, about 70, belonging 
to the genera Phlebotomus and Lutzomyia, are proven or suspected 
vectors of Leishmania, and a certain level of specifi city between 
Leishmania and sandfl y species exists.15 Some Leishmania species 
are restricted to a single sandfl y species (L. amazonensis to Lutzo-
myia fl aviscutellata, L. tropica to Phlebotomus sergenti) or to close 
species of a same subgenus (L. major transmitted by P. papatasi or 

Table 77.1 Classifi cation of the genus Leishmania

I. SUB-GENUS LEISHMANIA ROSS, 1903

 L. donovani complex

  L. donovani (Laveran & Mesnil, 1903)

  L. archibaldi Castellani & Chalmers, 1919

 L. infantum complex

   L. infantum Nicolle, 1908 (syn. L. chagasi Cunha & Chagas, 
1937)

 L. tropica complex

  L. tropica (Wright, 1903)

 L. killicki complex

  L. killicki Rioux, Lanotte & Pratlong, 1986

 L. aethiopica complex

  L. aethiopica Bray, Ashford & Bray, 1973

 L. major complex

  L. major Yakimoff & Schokhor, 1914

 L. turanica complex

  L. turanica Strelkova, Peters & Evans, 1990

 L. gerbilli complex

  L. gerbilli Wang, Qu & Guan, 1964

 L. arabica complex

  L. arabica Peters, Elbihari & Evans, 1986

 L. mexicana complex

  L. mexicana Biagi, 1953 (syn. L. pifanoi Medina & Romero, 
   1959)

 L. amazonensis complex

  L. amazonensis Lainson & Shaw, 1972 (syn. L. garnhami, 
   Scorza et al., 1979)

  L. aristidesi Lainson & Shaw, 1979

 L. enriettii complex

  L. enriettii Muniz & Medina, 1948

 L. hertigi complex

  L. hertigi Herrer, 1971

  L. deanei Lainson & Shaw, 1977

II. SUB-GENUS VIANNIA LAINSON AND SHAW, 1987

 L. braziliensis complex

  L. braziliensis Vianna, 1911

  L. peruviana Velez, 1913

 L. guyanensis complex

  L. guyanensis Floch, 1954

  L. panamensis Lainson & Shaw, 1972

  L. shawi Lainson et al., 1989

 L. naiffi  complex

  L. naiffi  Lainson & Shaw, 1989

 L. lainsoni complex

  L. lainsoni Silveira et al., 1987

Simplifi ed classifi cation derived from the phylogenetic analysis of Rioux et al.10 
based on isoenzymes.
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by P. duboscqi, two species of the Phlebotomus subgenus). For other 
species, the host specifi city seems less strong; for example, the 
vectors of L. donovani are included in various subgenera of the 
Phlebotomus genus (Euphlebotomus for P. argentipes in India, Larrous-
sius for P. orientalis in Sudan, or Synphlebotomus for P. martini in 
Kenya). Similarly the main vectors of L. infantum include species 
of the Larroussius (P. perniciosus and P. ariasi in the Mediterranean 
basin) or of the Adlerius (P. chinensis in China) subgenus of Phle-
botomus, but also of the Lutzomyia subgenus and genus in the New 
World (Lu. longipalpis).

Reservoir

Most leishmaniases are zoonoses and the reservoir hosts are 
various species of mammals which are responsible for the long-
term maintenance of Leishmania in nature.16 Depending on the 
focus, the reservoir can be either a wild or a domestic mammal, 
or even in particular cases human beings. In the case of visceral 
leishmaniasis, these different types of reservoir represent different 
evolutive steps on the path towards anthropization of a wild zoo-
nosis.17 Most reservoir hosts are well adapted to Leishmania and 
develop only mild infections which may persist for many years, 
an important exception being the dog, which commonly develops 
a generalized and fatal disease.

The reservoirs are included in seven different orders of 
mammals: marsupials, primates, edentates, rodents, carnivores, 
hyraxes and perissodactyls.

In the Old World, rodents and hyraxes are reservoirs of wild 
zoonotic cutaneous leishmaniases due respectively to L. major and 
L. aethiopica. Various rodent species are the main reservoirs of L. 
major, such as the great gerbil Rhombomys opimus in the arid regions 
of Central Asia or the fat sand jird Psammomys obesus in the Near 
East and North Africa. Hyraxes are the main reservoir hosts of 
L. aethiopica in Ethiopia and Kenya.

In the New World, various sylvatic mammals are reservoirs of 
American cutaneous leishmaniases. They include mammals of the 
forest canopy, such as the sloths Choleopus didactylus for L. guya-
nensis and C. hoffmanni for L. panamensis, and ground-level rodents, 
such as the spiny rat Proechimys guyannensis and P. cuvieri for L. 
amazonensis, the climbing rat Ototylomys phyllotis for L. mexicana, 
the paca Cuniculus paca for L. lainsoni and the armadillo Dasipus 
novemcinctus for L. naiffi .

Dogs have been found infected with L. infantum, L. tropica, 
L. peruviana and L. braziliensis, but are currently considered as true 
reservoirs of L. infantum and L. peruviana, two species which have 
peri-domestic or even domestic transmission. Some wild carni-
vores, such as foxes Vulpes species and Cerdocyon thous, jackals 
Canis aureus, wolves C. lupus and racoon dogs Nyctereutes procy-
onoides, were found harbouring L. infantum, and could be consid-
ered as ancestral hosts of a wild zoonotic leishmaniasis according 
to the Garnham hypothesis.17

Humans are the commonly recognized reservoir host of 
L. donovani visceral leishmaniasis and L. tropica cutaneous leish-
maniasis. The life cycles of these two species correspond to the 
tertiary epidemiological type. The elective localization of L. don-
ovani to skin (post-kala-azar dermal leishmaniasis) makes man a 
genuine reservoir for this species in India and East Africa. L. tropica 
is basically anthroponotic, but has been isolated from dogs in 

some countries, where the role of dogs as a reservoir has been 
discussed.

Life cycle

In nature, Leishmania are alternatively hosted by the insect (fl agel-
lated promastigote) and by mammals (intracellular amastigote 
stage) (Figure 77.1). When a female sandfl y takes a blood meal 
from a Leishmania-infected mammal, intracellular (and maybe 

Figure 77.1 Life cycle of the Leishmania parasites. P, phlebotomine 
sandfl y; pm, peritrophic membrane; am, abdominal midgut; 
tm, thoracic midgut; oe, oesophagus; sv, stomodeal valve; ie, intestinal 
epithelium; Ms, mammal skin; m, macrophage. a, amastigotes; 
b, nectomonad promastigotes; c, paramastigotes; d, attached 
haptomonads; e, metacyclic promastigotes. (Original drawing by 
D. M. Jarry.)

Epidemiology
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also extracellular) amastigotes are ingested by the insect. Inside 
the blood meal, amastigotes transform into motile promastigotes, 
which escape through the peritrophic membrane enveloping the 
blood meal. The promastigotes multiply intensively inside the 
intestinal tract of the sandfl y, successively as free elongated pro-
mastigotes (nectomonads) or as attached pro- and paramastigotes 
(haptomonads).18 This intraluminal development occurs in the 
midgut (Leishmania subgenus, previously section Suprapylaria 
according to Lainson and Shaw19), or in the hindgut and the 
midgut (Viannia subgenus, previously section Peripylaria). What-
ever the multiplication site, the parasites subsequently migrate to 
the anterior part of the sandfl y midgut, where they change into 
free-swimming metacyclic promastigotes, the stage infective for 
the vertebrate host.

The bite of an infected sandfl y deposits infective metacyclic 
promastigotes in the mammal’s skin, which are rapidly phagocy-
tosed by cells of the mononuclear phagocyte system. The intracel-
lular parasites change into amastigotes, which multiply by simple 
mitosis. The molecular aspects of the parasite–cell interaction in 
the mammalian host are briefl y summarized below (see Pathol-
ogy, below).

Transmission

The inoculation of metacyclic promastigotes through the sandfl y 
bite is the usual method of Leishmaniasis transmission. Other 
routes remain exceptional.

In visceral leishmaniasis (VL), a few cases of congenital and of 
blood transfusion transmission have been reported. A case of 
direct transmission by sexual contact has been reported.20 Exchange 
of syringes has been incriminated to explain the high prevalence 
of L. infantum/HIV co-infection in intravenous drug-users in 
southern Europe.21

In cutaneous leishmaniasis (CL), contact with the active lesion 
is innocuous; infection should require inoculation of material 
from active sores, as was carried out in ancient times by various 
populations of endemic areas as a crude form of vaccination.

Geographical distribution

Leishmaniases are widely distributed around the world. They 
range over the intertropical zones of America and Africa, and 
extend into temperate regions of South America, southern Europe 
and Asia. Their extension limits are latitude 45° north and 32° 
south. Geographical distribution of the diseases is related to that 
of the sandfl y species acting as vectors, their ecology and the con-
ditions of internal development of the parasite.

Leishmaniases are present in 88 countries in four continents, 
of which 16 are industrialized and 72 developing countries, 13 of 
them among the poorest in the world. There are an estimated 12 
million cases in a worldwide population of exposed at risk esti-
mated at 350 million people. One-and-a-half to 2 million new 
cases occur each year.1

VL is found in 47 countries and its mean annual incidence is 
estimated at around 500 000 new cases. The main historical foci 
of endemic VL are located, east to west, in China, India, Central 

Asia, East Africa, the Mediterranean basin and Brazil (Figure 77.2). 
The anthroponotic species L. donovani is restricted to China, India 
and East Africa, while the zoonotic species L. infantum extends 
from China to Brazil. India is certainly the biggest focus of VL in 
the world. Between 1875 and 1950, the disease there took on an 
epidemic feature, with three severe outbreaks in Assam and a 
subsequent extension to other Indian states.22

At the present time, 90% of the VL cases in the world are in 
Bangladesh, India and Nepal, Sudan and Brazil. Bihar State in 
India experienced a dramatic epidemic, with more than 300 000 
cases reported between 1977 and 1990 and a mortality rate over 
2%.23 In southern Sudan, an outbreak was responsible for 100 000 
deaths from 1989 to 1994, in a population of Upper Nile Province 
of less than 1 million.24 Population movements, such as rural to 
suburban migration in north-eastern Brazil,25 are factors for VL 
extension, by exposing thousands of non-immune individuals to 
the risk of infection.

The large majority of Old World CL (Figure 77.3) is due to the 
two species L. major and L. tropica and proceeds from countries of 
the Near and Middle East: Afghanistan, Iran, Saudi Arabia and 
Syria. L. major, the species responsible for zoonotic CL, has a large 
distribution area, including West, North and East Africa, the Near 
and Middle East and Central Asia. Economic developments have 
been accompanied by movements of populations which have 
caused dramatic epidemic outbreaks of this species in several coun-
tries of the Middle East, but also in Algeria and Tunisia. The anthro-
ponotic species L. tropica is present in various cities of the Near and 
Middle East, but extends also to Tunisia and Morocco, where an 
animal reservoir is suspected in some foci. Other species have 
restricted distribution areas: L. aethiopica to Ethiopia and Kenya, L. 
arabica to Saudi Arabia and L. killicki to Tunisia and Algeria. L. turanica 
and L. gerbilli are Central Asian species restricted to rodents.

In the New World (Figure 77.4), L. braziliensis is the species with 
the widest distribution area. It extends from south of Mexico to 
north of Argentina. L. amazonensis has a large distribution in South 
America, but human cases of this rodent enzootic species are 
unusual. Other species have more restricted areas: L. guyanensis 
(north of the Amazonian basin), L. panamensis (Colombia and 
Central America), L. mexicana (Mexico and Central America), and 
lastly L. peruviana, which is restricted to the Andean valleys of 
Peru. With the exception of this latter species, all other American 
dermotropic species are responsible for wild zoonoses of the 
rainforest.

PATHOLOGY

The bite of an infected sandfl y results in the intradermal inocula-
tion of metacyclic promastigotes. Their establishment in the 
mammalian host is facilitated in a remarkable way by the 
sandfl y saliva delivered at the same time, which enhances Leish-
mania infectivity.26 Sandfl y saliva contains various pharmacolog-
ically active substances, which globally prevent haemostatic 
mechanisms of the host, and cause vasodilatation and local 
immunosuppression.27

Within the dermis of mammalian skin, the metacyclic promas-
tigotes escape complement activation, thanks to their surface com-
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ponents, mainly lipophosphoglycan and glycoprotein (63 kDa). 
They are then phagocytosed by macrophages within which they 
transform into amastigotes, and have the capacity to resist intra-
cellular digestion. Their survival in these cells is the result of 
several factors related to the cell itself (decrease in the production 
of oxidative and nitrogenic derivatives triggered by the presence 
of the parasite) and to the amastigote’s ability to resist lysosomal 
hydrolases, a property probably related to surface glyco-inositol-
phospholipids.28

When the intracellular development of the amastigotes remains 
localized at the inoculation site, various cytokines are released and 
cell reactions are generated, resulting in the development of a 
localized lesion of CL.29 In other instances, the parasites spread to 
the organs of the mononuclear phagocytic system, giving rise to 
VL. Amastigotes may also spread to other cutaneous sites, as in 
diffuse cutaneous leishmaniasis (DCL), or to mucosae in the case 
of mucocutaneous leishmaniasis (MCL).

The localization of the parasite to the various organs of the 
patient results in the clinical expression of the disease. It is directly 
related to the tropism of the parasite species (Table 77.2). In that 
sense, the genus Leishmania can be divided broadly into viscero-
tropic (L. donovani, L. infantum) and dermotropic species (roughly 
all other species). L. braziliensis, and more rarely L. panamensis, are 
known for their secondary mucosal spread.

In spite of this general tropism of the species, some exceptions 
occur, which are independent of the clinical status of the patient 
harbouring the parasite. Thus, well-established viscerotropic 
species can occasionally be responsible for limited cutaneous 
lesions without signs or symptoms of any visceral involvement. 
One of the best examples is the dermotropic enzymatic variant of 
the normally visceralizing species L. infantum in the Mediterra-
nean basin.30 This unusual tropism of certain populations of a 
species may be explained by intraspecifi c variation of the parasite 
genome, the markers of which remain unknown.

Figure 77.2 Geographical distribution of visceral leishmaniasis. 1, Low-endemicity areas; 2, High-endemicity areas.

Pathology
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The clinical expression of the leishmaniases depends not only 
on the genotypic potential of the different parasites but also 
on the immunological status of the patient. For many years, L. 
aethiopica and L. amazonensis were known to be responsible for 
localized cutaneous leishmaniasis (LCL) in immunocompetent 
patients, but for DCL in anergic individuals. Since infection with 
the human immunodefi ciency virus (HIV) has spread to areas 
where leishmaniasis is endemic, DCL has been found with species 
which were never previously known to cause this form of disease 
(e.g. L. major and L. braziliensis). In immunodefi cient patients, 
particularly those with HIV infection, the dermotropic variants 
of the viscerotropic species are responsible for VL (Table 
77.2).31

In CL, diverse interactions of the patient’s cell-mediated 
immune response with the parasites result in a spectrum of clini-
cal and pathological changes. The histological patterns range from 
a diffuse granuloma containing large numbers of macrophages 
full of amastigotes, while lymphocytes are scarce or absent (DCL), 
to hypersensitive tuberculoid granuloma, with many Langhans 
giant cells but small numbers of lymphocytes and plasma cells 
(leishmaniasis recidivans). Between these two special, non-
healing, forms of CL, the common localized self-healing lesions 

are characterized by an epidermal and dermal infi ltrate consisting 
of histiocytes containing amastigotes, lymphocytes and plasma 
cells (Figure 77.5A–C).32

VL is a disease of the mononuclear phagocytic system, com-
monly affecting the spleen, liver, lymph nodes and bone marrow. 
But other organs (intestine, lung) and tissues (skin) may also 
become involved, as they contain elements of the mononuclear 
phagocytic system. In immunosuppressed patients and in advanced 
cases, all body organs are involved. The presence of amastigotes 
within macrophages remains the hallmark of Leishmania infec-
tion. The histological aspects depend on the organs, their specifi c 
structure and cellular make-up (Figure 77.5D–F).

CLINICAL FEATURES

Visceral Leishmaniasis

VL was described at the end of nineteenth century in India, under 
the name of kala-azar (black fever). Its parasite was discovered in 
1903,33,34 described by Laveran and Mesnil,35 and named Leishma-
nia donovani the same year.2

Figure 77.3 Geographical distribution of Old World CL. 1, L. infantum CL; 2, Zoonotic CL caused by L. major; 3, L. tropica CL; 4, L. aethiopica 
CL.
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The two Leishmania species usually considered as responsible 
for VL are L. donovani and L. infantum. L. archibaldi, related to L. 
donovani by some authors, occurs in East Africa. L. chagasi, agent 
of New World VL, is currently considered as a synonym of L. 
infantum. Unusual cases of VL have been attributed to L. tropica,36 
L. mexicana37 and L. amazonensis.38

Symptoms

The incubation period is diffi cult to evaluate precisely. It is gener-
ally 2–6 months, but can range from 10 days to many years. Long 
incubation periods, up to 10 years, have been occasionally 
reported, related to clinical outcome of asymptomatic infection 
following immune system alteration.

The onset of the disease may be sudden or gradual. In sudden 
onset, there is a rapid rise in temperature, with continuous or high 

remittent fever persisting for several days. The overall condition of 
the patient is usually good in the early stages. The gradual insidi-
ous onset includes irregular fever, slowly increasing, with some-
times a transitory fall to subfebrile levels, which can delay the 
diagnosis.

In well-established VL, the patient presents a protuberant 
abdomen and muscle wasting of limbs. A general syndrome 
including fever, asthenia, weight loss, anaemia, splenomegaly, 
hepatomegaly and sometimes adenopathia dominates the classi-
cal presentation (Figures 77.6, 77.7).

Fever is the major symptom in acute presentations as well as 
in the chronic insidious forms. It is intermittent and irregular, with 
a double or triple rise per day, usually to 38–39°C, but possibly 
reaching 40–41°C. It lasts for some weeks, followed by an 
apyrexial period. But all types of fever have been described: con-
tinuous, undulant and remittent.

Splenomegaly appears early and is almost invariably present. 
It is fi rm, smooth, mobile and painless. Spleen size increases 
regularly, in relation to the duration of the disease. Eventually the 
spleen may extend down into the left hypochondrium.

Hepatomegaly is less frequent and occurs later than spleno-
megaly. The liver is generally slightly enlarged and painless. Rarely 
jaundice appears in late stages and is considered of poor progno-
sis. Discrete superfi cial lymph node enlargement can appear 

Figure 77.4 Global geographical distribution of New World 
cutaneous and mucocutaneous leishmaniasis.

Table 77.2 Usual tropism and clinical expression of the 
anthropophilic species of Leishmania

CLINICAL EXPRESSION

Usual 
tropism

Species Usual Exceptional

Viscerotropic 
species

L. donovani VL LCL

L. infantum VL LCL, DCLa

Dermotropic 
species

L. aethiopica LCL DCL

L. killicki LCL

L. major LCL DCLa

L. tropica LCL VL

L.amazonensis LCL DCL, VL

L. colombiensis LCL –

L. guyanensis LCL MCL

L. lainsoni LCL –

L. mexicana LCL DCL, VLa

L. naiffi LCL –

L. peruviana LCL –

L. shawi LCL –

L. venezuelensis LCL –

Dermo-
mucotropic 
species

L.braziliensis LCL, MCL DCLa, VLa

L.panamensis LCL MCL, DCLa

VL, visceral leishmaniasis; LCL, localized cutaneous leishmaniasis; DCL, diffuse 
cutaneous leishmaniasis; MCL, mucocutaneous leishmaniasis.
aDuring immunosuppression.

Clinical Features
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Figure 77.5 Cutaneous and visceral leishmaniasis: histopathology. (A) Skin: CL due to L. major. Mature granuloma and giant cells; no parasite 
detected (H&E staining, ×250). (B) Skin: CL. Infi ltrate by histiocytes, lymphocytes and plasma cells; numerous amastigotes in histiocytes (H&E 
staining, ×400). (C) Skin: CL. Amastigotes of L. major detected by immunohistochemistry using a mouse anti-L. amazonensis immune serum 
(streptavidin peroxidase method and amino-ethyl carbazole (AEC) as chromogen, ×250). (D) Bone marrow. VL due to L. infantum (H&E staining, 
×400). (E) Liver. VL due to L. infantum. Numerous parasitized histiocytes (H&E staining, ×400). (F) Colon. HIV/Leishmania co-infection. 
Amastigotes in the submucosae (immunohistochemistry: streptavidin peroxidase and AEC, ×400). Arrowheads indicate the presence of parasites. 
(From M. Huerre and J. C. Antoine, Institut Pasteur, Paris, France, reproduced with permission.)
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during evolution. The nodes are small, fi rm painless and 
mobile.

Anaemia is responsible for an extreme paleness of skin and 
mucosa. In India, patient skin has a greyish pigmentation, which 
gives rise to the local name of the disease (kala-azar). Other symp-

toms can be found, such as digestive, pulmonary and bleeding 
manifestations.

Diarrhoea is frequently reported and is related to ulcerations 
of the digestive mucosa. Pulmonary involvement can occur, with 
a dry, non-productive cough. Episodes of bleeding are principally 
epistaxis, and more rarely bleeding from the gums, purpura, pete-
chiae and menorrhagia.

During evolution, the clinical presentation progressively 
worsens, with amplifi cation of the above-described symptoms. 
Ascites is considered as a late sign of bad prognosis, sometimes 
associated with oedema and pleural effusion. These unusual signs 
are more common in Indian kala-azar. As a result of albuminuria 
and immune complex deposition, renal involvement may occur 
as a late complication.

Biological parameters

VL is characterized by haematological as well as plasmatic protein 
alterations.

Anaemia is the major and most frequent haematological sign. 
Generally of normochromic and normocytic type, it progressively 

Figure 77.6 General presentation of visceral leishmaniasis: weight 
loss and splenomegaly in an East African patient (J. P. Dedet).

Figure 77.7 Visceral leishmaniasis: protuberant abdomen caused 
by massive enlargement of spleen and liver. (From IRD, INSERM and P. 
Desjeux, reproduced with permission from LePont et al. Leishmaniases 
et phlebotomes en Bolivie. Editions ORSTOM et INSERM, ©1992.)

Clinical Features
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and regularly increases until becoming intense (haemoglobin 
levels are around 7–10 g/dL, and can decrease down to 4 g/dL). 
Leucopenia (1–3000/mm3) with neutropenia is frequently 
reported, and can, when severe, be responsible for numerous asso-
ciated infections. Platelet numbers are occasionally decreased. 
Severe thrombopenia (below 40000/mm3), when associated with 
alterations of hepatic coagulation factors, is responsible for haem-
orrhages, which can be quite dramatic. The decrease of the three 
blood cell lines corresponds to the classical picture of pancytope-
nia, commonly associated with VL.

The infl ammation syndrome includes a raised erythrocyte sed-
imentation rate and increase of C reactive protein. The plasma 
protein profi les are disturbed, with low albumin levels and hyper-
gammaglobulinaemia (up to 20 g/L), corresponding to overpro-
duction of polyclonal immunoglobulins, mainly IgG.

Evolution

VL is a chronic disease, evolving slowly over many months or even 
a few years. The clinical and biological signs are progressively 
aggravated: body wasting reaching cachexia, anaemia, leucopenia 
and splenomegaly. Spontaneous evolution is fatal in 90% of cases, 
mainly caused by intercurrent infection or haemorrhages. When 
administered in time, specifi c treatment generally leads to patient 
cure. However, relapses are more and more frequently reported 
and attributed to the emergence of resistant parasite strains and/or 
to host characters such as immunosuppression.

Clinical forms

Asymptomatic and subclinical infections

Leishmanial infection does not lead to clinical disease in all cases: 
asymptomatic and subclinical forms are frequent, as shown during 
fi eld epidemiological surveys in various foci, for example in Italy,39 
Brazil,25 Kenya40 and France.41

These infections may lead to subsequent patent clinical disease, 
when the immune status of the patient changes (see below). They 
can therefore present a therapeutic dilemma for the clinician.

Infantile visceral leishmaniasis due to L. infantum

This form is predominant in the Mediterranean basin, where 
it was described in 1908.42 In North Africa, the prevalence in 
young children remains high (85–94% of cases43), while over the 
last 20 years in southern European countries the number of 
infected adults has equalled, or even exceeded, that of children.44 
Affecting principally young children (3–5 years), it is character-
ized by the classical symptomatic triad: fever, anaemia and 
splenomegaly. When diagnosed in time it responds favourably 
to antileishmanial drugs.

L. donovani visceral leishmaniasis

This form occurs in India, where it was fi rst described in 1903,33,34 
and also in East Africa. The clinical picture is that of the classical 
presentation given above. A particularity in India is the skin pig-
mentation starting in the early stage and enhancing during evolu-
tion. Skin lesions have been recorded in East Africa.

In both areas, a special form frequently occurs: post-kala-azar 
dermal Leishmaniasis, currently known as PKDL. It was reported 
as occurring in 20% of cases in India23 and 56% in Sudan.45 In 
India, PKDL appears after a latent period of approximately 1 year 
after kala-azar cure, while in Sudan it can start before symptoms 
of kala-azar have completely subsided. Beginning as depigmented 
macules, the PKDL skin lesions turn into papular, then nodular 
eruptions. Located initially on the face (Figure 77.8) and the tips 
of upper limbs, they can extend to the whole body surface. The 
lesions may self-cure within 6 months (India) or last for many 
months or years. They contain numerous parasites whatever their 
stage, and can play an important role in sandfl y transmission and 
parasite dissemination.

Cutaneous Leishmaniases

CL is a dermatological disease known since earliest antiquity, and 
reported at the end of the nineteenth century to be caused by a 
parasitic protozoon.46,47 Wright named the parasite in 1903.48

CL presents as skin lesions, which are generally localized, 
without the involvement of mucosae, and not generalized infec-
tions. They occur on exposed parts of the body surface accessible 
to sandfl ies, principally on the face, hands, forearms and lower 
limbs. Rarely, dermotropic parasites may give rise to DCL, with 
multiple nodules on large areas of the skin.

Localized cutaneous Leishmaniasis

All anthropophilic species of Leishmania (Table 77.2), including 
the usually viscerotropic species L. donovani and L. infantum, can 
be responsible for LCL, a mild self-healing infection.

The incubation period depends on the infecting species and the 
size of the inoculum, and varies between a week and several 
months, the mean duration being around 1 month.

Figure 77.8 Post-kala-azar dermal leishmaniasis: multiple nodular 
eruption in a Sudanese patient. (Ellipses and E. E. Zijlstra, reproduced 
with permission.)
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The cutaneous lesion starts as an erythematous papule, similar 
to an insect bite. It regularly enlarges, reaching its defi nitive size 
in a few weeks.

The mature lesion is well defi ned, with a regular outline, and 
generally round or oval in shape (Figure 77.9); it is rarely of 
geographical shape. Its dimensions are variable, usually in the 
range 0.5–10 cm in diameter. Depending on the number of infect-
ing bites, the lesions can be single or multiple, 2–10 usually, but 
occasionally more. The lesions are painless unless secondarily 
infected.

The clinical types of cutaneous lesions are variable, depending 
on the species of parasite and on the genetic, immunological and 
cultural background of the patient. A single Leishmania species can 
be responsible for lesions of different morphology; the same 
morphological type of lesion can also be produced by different 
Leishmania species. The common ulcerative clinical type will be 
described fi rst, followed by the other possible clinical forms.

Ulcerative lesion

This is the most common clinical feature of LCL. It resembles a 
volcano with sloping sides and a central ulcer, which has a vari-
able depth and a sanious bottom. A scab resulting from the coag-
ulation of exudates can cover the ulceration (Figure 77.10). The 
outline of the lesion is more or less elevated, infl ammatory, of 
reddish or purplish colour on pale skin but hyperpigmented on 
darker skin. It can sometimes be slightly squamous and sur-
rounded by smaller daughter papules (Figure 77.11). This type of 
lesion, classically known as ‘wet form’, corresponds to the major-
ity of the lesions of zoonotic CL, principally due to L. major 
(oriental sore, Biskra, Gafsa or Aleppo boil), L. mexicana (chicle-
ro’s ulcer), L. guyanensis (pian bois), L. peruviana (uta) and 
L. braziliensis (cutaneous lesion).

Dry type

This presents as a papulo-nodular lesion, covered by superfi cial 
scales. It can enlarge to form a large plaque. It is the current 
clinical type of anthroponotic CL due to L. tropica.

Figure 77.9 Localized cutaneous leishmaniasis. The lesion is typically 
ulcerated with a raised infl ammatory outline (J. P. Dedet).

Figure 77.10 Localized cutaneous leishmaniasis. Typical volcano-like 
lesion with sloping sides and a central ulcer covered with a scab 
(J. P. Dedet).

Figure 77.11 Localized cutaneous leishmaniasis. The lesion is 
sometimes surrounded by smaller daughter papules containing 
parasites (J. P. Dedet).

Clinical Features
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Other types of lesions

More rarely, other clinical types of lesions are encountered: closed 
nodular type, infi ltrative plaques, eczematoid, warty and pseudo-
tumoural. This clinical polymorphism of the lesions is unrelated 
to species.

Lymphangitic dissemination

Solitary or multiple subcutaneous nodules in the draining terri-
tory are sometimes associated with a cutaneous lesion (Figure 
77.12). Palpation easily detects a lymphangitic cord, regularly 
enlarged in small round and painless nodules, containing 
parasites. They can occasionally become open to the skin and 
transform into secondary lesions. This type of dissemination 
(‘sporotrichoid spread’) is mainly reported with L. major, L. bra-
ziliensis, L. guyanensis and L. panamensis.

Evolution

Whatever the clinical type of lesion, the evolution is chronic and 
leads most often to spontaneous cure, after a time varying accord-

ing to the Leishmania species from a few months (about 6 months 
for L. major, L. mexicana or L. peruviana) to a few years (more than 
1 year for L. aethiopica, L. infantum, L. tropica or L. guyanensis). The 
cure, either spontaneous or following treatment, results in an 
indelible scar, pinkish or whitish on pale skin and hyperpigmented 
on dark skin. Depending on the clinical feature of the lesion, the 
scar is generally depressed (ulcerative lesion). The evolution of CL 
does not generally lead to mutilations, with the exception of 
chiclero’s ulcer, which is occasionally responsible for partial 
amputation of the ear auricle.

Clinical cure does not always lead to a complete disappearance 
of the parasites. In about 10% of cases it is followed by the resur-
gence of an active lesion on the scar. This reactivation can occur 
between a few months to a few years following the initial cure. 
This secondary lesion will also spontaneously cure.

Diffuse cutaneous Leishmaniasis

This particularly severe form of CL was described from Venezu-
ela.49 It is a peculiar and scarce clinical form, resulting from the 
parasitism of particular Leishmania species, L. amazonensis and 
occasionally L. mexicana50 in the New World, and L. aethiopica in 
the Old World, in patients with an antileishmanial specifi c defect 
in cell-mediated immunity.51 Since HIV infection has spread to 
Leishmaniasis endemic areas, DCL cases have been occasionally 
reported due to unusual species, such as L. braziliensis in the New 
World52 and L. infantum53 and L. major54 in the Old World.

A non-ulcerated nodule rich in parasites represents the basic 
cutaneous lesion of this form of disease. The nodules are numer-
ous, at fi rst isolated, then joining to form large patches, dissemi-
nated to the whole of the body, to the face, as well as to the trunk 
and limbs. The general appearance of the patient mimics the pre-
sentation of lepromatous leprosy, with ‘leonine’ facies. The pathol-
ogy of the lesion is characteristic, with a homogeneous epidermal 
and dermal infi ltrate of vacuolized macrophages full of Leishmania 
amastigotes. The leishmanin skin test is consistently negative.

During the development of this condition, there is no ulcer-
ation, nor mucosal or visceral involvement, but a slow constant 
aggravation by successive relapses, interrupted with phases of 
remission. This form is resistant to therapy by classical antileish-
manial drugs, and especially to pentavalent antimonials, and 
never cures spontaneously.

Leishmaniasis recidivans

This is a chronic form of Leishmaniasis, due essentially to L. tropica 
in the Old World and occasionally to L. braziliensis in the New 
World.55 The lesion is located on the face and follows an acute 
lesion, after numerous months of evolution. The lesion shows a 
peripheral active zone, constantly enlarging, around a central 
healing part (Figure 77.13). The presentation mimics that of lupus 
vulgaris. The lesion contains a small number of parasites and cor-
responds to an exaggerated cell-mediated immune response on 
the part of the host.

Mucocutaneous Leishmaniasis

MCL, also named ‘espundia’ since its early description,56 is a par-
ticular nosological entity mainly due to the species L. braziliensis, 

Figure 77.12 Lymphangitic extension along the forearm and the 
arm, from a fi nger-localized cutaneous lesion (arrow). (From Société 
de Pathologie Exotique, reproduced with permission.)
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and occasionally to L. panamensis. It is a wild zoonosis, of which 
the natural reservoirs remain unknown. It occurs from southern 
Mexico to the north of Argentina.

This form of leishmaniasis evolves in two stages: a primary 
cutaneous lesion, eventually followed, after a variable time of 
latency, by secondary mucosal involvement.

The initial cutaneous lesion does not fundamentally differ 
from the localized lesions occurring during infection by other 
Leishmania dermotropic species (see above), and its evolution gen-
erally leads to spontaneous cure. Once the primary cutaneous 
lesion(s) cure, the Leishmanial infection remains for a variable 
period of time, which can be very long, sometimes indefi nite. The 
frequency of occurrence of secondary mucosal involvement 
appears variable, according to foci considered and authors. The 
period of time between cutaneous lesion and subsequent appear-
ance of the mucosal involvement extends from several weeks to 
many years. Very long time intervals have been occasionally 
observed by several authors.57

If it occurs, the mucosal involvement starts on the nasal mucosa. 
The patient suffers with nasal congestion (Figure 77.14), which 
causes nocturnal discomfort. Epistaxis can also be the initial 
symptom.57 The initial nasal lesion is generally localized to the 
anterior, cartilaginous part of the nasal septum. It appears as a 
small-sized hyperaemic infl ammatory granuloma, rapidly evolv-
ing to an ulcer.58 The septum is rapidly invaded and destroyed, 
which leads to the perforation of the nasal septum in its anterior 
part, which is generally considered a symptom pathognomonic of 
MCL (Figure 77.15).57 The involvement of nasal mucosa can be 
apparent from the exterior, even as early as the initial infl amma-
tory stage, and manifests as congestion and oedema of the nasal 

pyramid (Figure 77.14). At the stage of septum destruction, the 
nose shape is fl attened and weighed down, and is classically 
described as ‘tapir nose’ (Figure 77.16).

The buccal mucosa is commonly affected at a later stage of the 
disease, with or without contiguous spread from the nasal lesions. 
The mucosae of the palate and of the interior lips are the most 
frequently involved, while the tongue generally remains unin-
jured. The palatal lesions are granulomatous and extensive, and 
reach the velum (Figure 77.17). They produce the classical ‘Escomel 
cross’. The lip lesions are infl amed and ulcerated, sometimes 
extending to the external part, with frequent tissue destruction. A 
palatal perforation can occur in the later stages and results in the 
nasal fossae and mouth cavity becoming interconnected.

Laryngeal extension follows the rhino-buccal-pharyngeal local-
ization of the parasite. The lesion is fi rstly infi ltrative and mani-
fests as dysphonia and metallic cough. When granulomatous, the 
laryngeal lesion can cause obstruction of the respiratory tract, with 
possible fatal consequences due to acute respiratory distress. Dys-
phagia and the resulting undernutrition have serious consequences 
for the physical condition of the patient.

Tissue necrosis and disfi gurement appear in the advanced stage 
of the condition and can be extremely severe. They result in dis-
fi guring mutilations: the nose and lips can totally disappear, at 
which time the mouth and nasal cavity become connected by a 
single hole. Socio-psychological consequences are considerable 
for the patient, often leading to suicide.

Figure 77.13 Leishmaniasis recidivans. (From P. Desjeux, reproduced 
with permission.)

Figure 77.14 Mucocutaneous leishmaniasis. Classical presentation of 
the patient harbouring the scar of the initial cutaneous lesion (arrow), 
and consulting for congestion and oedema of the nasal pyramid. 
(From L. Valda Rodriguez, reproduced with permission.)
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Death can occur following pulmonary super-infections con-
secutive to false alimentary passage or for acute respiratory obstruc-
tion. When treated and cured, patients exhibit disfi guring, 
sometimes retractile, scars (Figure 77.18).

LEISHMANIASIS AND IMMUNOSUPPRESSION

The number of leishmaniasis cases, particularly of the visceral 
form, associated with immunosuppression has increased regularly 
over the past 20 years. Immunosuppression related to HIV infec-
tion or to an immunosuppressive treatment for organ transplanta-
tion or neoplastic disease is especially important.

Cases of VL during HIV infection have regularly been recorded 
in various foci in the world, particularly in southern Europe.59 By 
early 2001, a total of 1911 cases had been reported by WHO, from: 
Spain 57.5%, Italy 17.5%, southern France 16.6% and Portugal 
8.3%. In the southern European countries, the prevalence of VL 
during HIV infection was around 2%.44,60 The spread of AIDS to 
rural areas where visceral leishmaniasis is endemic, and the spread 

of VL to suburban areas, has resulted in a progressively increasing 
overlap between the two diseases, not only in Mediterranean 
Europe but also in the other historical foci of VL, such as North 
and East Africa, India and Brazil.

In southern Europe, co-infected patients are mainly adults: 
77.3% are 31–50-year-olds, of male gender (85%), while 70% 
of the cases belong to the risk group of intravenous drug 
users.59 The predominance of the co-infected cases in the intrave-
nous drug user group has led to the postulate that direct inter-
human transmission may occur via syringe sharing, an element 
with important epidemiological implications.21 This hypothesis is 
supported by two additional epidemiological arguments. Co-
infected patients harbour parasites in blood and normal skin: 
parasites can be isolated from peripheral blood in 88% of the 
patients at initial diagnosis.61 Moreover, during co-infection, 
particular species or zymodemes were found outside their 
usual endemic areas; for example, L. donovani MON-18 has been 
found in an HIV patient in Portugal, where only L. infantum is 
present.62

In cases of HIV/Leishmania co-infection, long duration times, 
up to 5 years, have been reported between the stay in the endemic 
area and development of the disease. The diagnosis of VL during 
HIV infection coincides with a serious state of immunosuppres-
sion, as 92% of patients have less than 200 CD4/mL.59 The clini-
cal features are typical of VL in 87.6% of cases, but atypical 
symptoms are found in 12.4% of cases; these unusual symptoms 
are commonly of a cutaneous, pulmonary or digestive nature with 
the presence of parasites in lung, pleura, oesophagus, stomach, 
duodenum, jejunum, colon, rectum and healthy skin.59 The clas-
sical haematological abnormalities associated with VL in the 
immunocompetent host are frequently absent. These signs inter-
fere with the alterations specifi c to AIDS and to other opportunis-

Figure 77.15 Mucocutaneous leishmaniasis. Localization and 
development of the mucosal involvement to the nasal septum, 
eventually leading to its destruction. (From L. Valda Rodriguez, 
reproduced with permission.)

Figure 77.16 Mucocutaneous leishmaniasis: ‘tapir nose’. (From L. 
Valda Rodriguez, reproduced with permission.)
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tic infections, often associated with, or induced by, antiretroviral 
treatment.

Diagnosis is essentially parasitological, as the circulating anti-
bodies are only detectable in about half of the HIV-infected 
patients. The most effi cient method of immunological diagnosis 
in an immunocompromised patient is undoubtedly the Western 
blot.63

Dermal leishmaniases are less frequently found during 
immunosuppression. Few cases have been reported. Within these 
cases, DCL has been described during infections by L. infantum, L. 
major and L. braziliensis. During HIV/Leishmania co-infection, the 
immunocompromised patients infected with dermotropic Leish-
mania tend usually to develop directly a VL without cutaneous 
stage.31

Other immunosuppressive states, resulting from the patho-
logical process itself or from the use of immunosuppressive treat-
ment, in the case of systemic diseases or organ transplantation,64 
favour the development of VL. The main aetiologies are: haemo-
pathia, acute lymphoblastic leukaemia, chronic myeloid leukae-
mia, Hodgkin’s disease, systemic lupus erythematosus, Crohn’s 
disease, sarcoidosis and typhoid fever.

DIAGNOSIS

Primarily based on clinical presentation, epidemiological ele-
ments and non-specifi c biological parameters, the diagnosis of 
Leishmaniasis is confi rmed by direct detection of parasites and/or 
presence of specifi c antibodies.

Parasitological and molecular diagnosis

Defi nitive diagnosis is based on the detection of the parasite or its 
DNA in samples, the nature of which depends on the type of 
leishmaniasis: visceral or tegumentary.

Sample collection

Visceral leishmaniasis

Bone marrow and spleen aspirations, in spite of their inconve-
nience, are the most commonly used. Splenic puncture is consid-
ered the most sensitive method but must only be performed when 
haematological examinations are normal. Bone marrow material 
is obtained by sternal (adults) or iliac crest aspiration (children). 
Lymph node aspiration is a safer and simpler method, and less 
traumatic for the patient; however, it can be used only in foci 
where lymphadenopathy is frequent (e.g. Sudan). Liver aspiration 
is not frequently used. Parasite detection in peripheral blood has 
been updated since the development of HIV/Leishmania co-

Figure 77.17 Mucocutaneous leishmaniasis. Granulomatous and 
extensive lesion of the palate. (From L. Valda Rodriguez, reproduced 
with permission.)

Figure 77.18 Mucocutaneous leishmaniasis. Disfi guring retractile 
cured lesions. (From P. Desjeux, reproduced with permission.)

Diagnosis
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infection; it is a relatively non-invasive method and, as such, much 
appreciated by HIV co-infected as well as immunocompetent 
patients, and its sensitivity seems comparable in both groups.

Parasites have been found in a variety of unusual sites, such as 
cerebrospinal fl uid, normal skin, digestive mucosa, bronchiolo-
alveolar fl uid and pleural liquid. These sites of parasite research 
are not included in the current diagnosis route, but have been 
fortuitously used in immunocompromised HIV patients.

Cutaneous and mucocutaneous leishmaniasis

The circumstances in which parasites are found in the skin are: CL 
of Old and New Worlds, PKDL in India and East Africa, and even 
in healthy skin during Leishmania/ HIV co-infection. Skin material 
is obtained by superfi cial scraping with a scarifi er or a Brock 
curette, by needle aspiration, or by tissue collection made with a 
dental broach or biopsy punch. The site from which diagnostic 
material is collected is the determining factor in the discovery of 
the parasite and depends on the clinical type of the lesion. For 
example, the infl ammatory edge of an ulcerative cutaneous lesion 
is the elected place for parasite detection. In the particular case of 
mucosal lesions, material is collected with biopsy forceps.

Detection methods

Collected material can be smeared on to a microscope slide, 
cultured, fi xed for pathological examination or more recently, 
submitted to the polymerase chain reaction (PCR) technique. 
Inoculation into laboratory animals is rarely performed.

The staining method most appropriate for Leishmania detection 
is one employing panoptic May Grünwald-Giemsa stain. Amasti-
gotes are typically intramonocytic, but frequently extracellular in 
smears, the nucleus and kinetoplast staining characteristically 
purple (Figure 77.19). Direct examination of smears may give a 
rapid diagnosis if carefully practised, but has a limited sensitivity, 
inferior to that of culture and particularly that of new PCR tech-
niques. Specifi c staining of biopsy material using mouse anti-
Leishmania immune serum and peroxidase conjugate can be used 
for an easy detection of the parasites, the immune serum cross-
reacting with various taxa of Leishmania (Figure 77.5C, F).

Culture has a higher sensitivity than direct detection of para-
sites on smears, and is a useful complement to parasitological 

diagnosis. In addition, isolation of the parasite strain allows para-
site drug sensitivity testing and parasite identifi cation, by isoen-
zyme electrophoresis, monoclonal antibodies or specifi c probes 
hybridization. The classical blood agar NNN medium is the most 
currently used, but numerous diphasic and liquid media are pres-
ently available. The ease with which parasites may be established 
in culture varies according to species, and even to strains, some 
being diffi cult to cultivate in vitro (L. venezuelensis, L. braziliensis). 
Guidelines for Leishmania culture and isolation can be found in 
Evans et al.65 Leishmania cultures are incubated at 24–26°C. The 
parasite develops as a mobile promastigote stage, and grows slowly 
with a doubling time of about 48–72 h.

Animal inoculation into the golden hamster, one of the most 
susceptible laboratory animals, is an alternative to in vitro cultiva-
tion, but is not really practical in current diagnosis.

Molecular diagnosis has been increasingly used in the last 
decade, and can be applied to any type of tissue sample, hence to 
any form of leishmaniasis.66 The detection of the parasite DNA is 
essentially achieved through PCR amplifi cation. The advantages 
of this method are its high sensitivity coupled to a theoretically 
quasi absolute specifi city. Other advantages include the possibility 
of detecting the parasite on contaminated samples or cultures, and 
the relative promptness of the result as compared with in vitro 
cultivation, as well as the possibility to carry out species identifi ca-
tion simultaneously or at least using the same DNA extract. In real 
life, PCR assays are not standardized and a huge number of in-
house methods are in use, leading to wide variations in perfor-
mances among laboratories.

Molecular diagnosis has been successfully applied to the diag-
nosis of VL67–70 and of CL.71–73 In both conditions, it has been 
found to be more sensitive than classical diagnostic procedures, 
including cultivation. In VL, a PCR assay has proved almost 100% 
sensitive using peripheral blood, avoiding bone marrow sampling 
and making it particularly applicable in immunosuppressed 
patients as a relatively non-invasive diagnostic method.67 This also 
allows the therapeutic follow-up of patients over relatively long 
periods of time. Molecular diagnosis has been applied to canine 
leishmaniasis with variable success, but the use of an ‘ultrasensi-
tive’ PCR assay allowed the detection of a very high rate of asymp-
tomatic carriage.74 Recent developments rely upon the use of 
quantitative real-time PCR. In VL, the use of an ‘ultrasensitive’ 
method again allowed the detection of asymptomatic carriage also 
in man, including during immunosuppression, and allowed the 
defi nition of a parasitaemia threshold above which symptoms are 
likely to appear.75

Immunological diagnosis

During VL and DCL, the immune response of the patient is of 
humoral type, with the development of high levels of specifi c 
circulating antibodies in serum which, however, can be absent in 
immunocompromised patients. During CL and MCL, the prepon-
derant immune response is of cell-mediated type, which can be 
explored by a delayed hypersensitivity test.

Various serological tests have been developed to detect circulat-
ing specifi c antibodies for the diagnosis of VL. The techniques 
proposed are numerous and differ in their sensitivity and specifi c-
ity, and their use depends on their cost and reagent availability: 

Figure 77.19 Leishmania amastigotes stained by May Grünwald-
Giemsa technique on smears prepared from a cutaneous lesion.
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indirect fl uorescent antibody technique (IFAT, the most com-
monly used), immuno-enzymatic techniques, counter-current 
immuno-electrophoresis, indirect haemagglutination test and 
immunoblot. There are a few which are relatively easy to practise 
in fi eld conditions: direct agglutination test (DAT), rK39 immu-
nochromatography dipstick, latex particle agglutination, dot-
ELISA and fast-ELISA. According to the antigen used, cross-reactions 
may occur with other infectious diseases, such as malaria, trypano-
somiasis, mycobacteriosis and schistosomiasis. Immunological 
diagnosis is a relatively non-invasive approach, and useful to 
combine with direct demonstration of the parasite, which, of 
course, remains the reference technique. The presence of specifi c 
antibodies is not necessarily correlated to an active disease and 
can reveal a subclinical infection. The immunological diagnosis 
has some limits, particularly for post-treatment follow-up (specifi c 
antibodies remain present for a long time after treatment) and in 
immunocompromised patients, in whom the immune response 
can be weak or even negative.

The immunoblot analysis is a more sensitive technique than IFAT 
or ELISA, which detect antibodies against specifi c antigens accord-
ing to Leishmania species. It is a method useful not only for diagno-
sis confi rmation, but also for patient follow-up during treatment.76 
Moreover, it is of epidemiological interest, being able to detect 
asymptomatic infections in patients living in endemic areas.63

A latex agglutination test for the detection of Leishmania anti-
gens in urine has been developed77 and evaluated in various coun-
tries, including India and Nepal, Sudan, Brazil and Spain. It 
appears effi cient for initial diagnosis of VL before treatment.

The leishmanin skin test78 measures delayed-type hypersensi-
tivity. It consists of an intradermal injection of a suspension of 
promastigotes killed by heat and phenol; the test is read 48–72 h 
later; only an induration of at least 5 mm is considered positive. 
It is usually positive during LCL and MCL. It is always negative 
during DCL. It is negative during acute VL, in which it usually 
turns positive several months after clinical cure. The leishmanin 
skin test is useful for epidemiological studies, during which it 
reveals asymptomatic infections.

TREATMENT

Treatment of leishmaniases remains diffi cult, due to the multiplic-
ity of the existing Leishmania species, and their often variable 
susceptibility to available drugs, which are old, toxic and expen-
sive products. Resistance to the existing products is developing in 
some foci, such as India.

There have been no signifi cant changes in the treatment of 
leishmaniases for many years. Since the 1920s, treatment has been 
based on pentavalent antimonial compounds. Following the 
increasing incidence of VL cases in immunocompromised patients 
and the rise of acquired resistance to antimonials, amphotericin 
B, mainly in its liposomal form, has joined the antimonials as a 
fi rst-line drug for Leishmaniasis. Miltefosine, a new oral com-
pound, has shown promising results and appears to be an effi cient 
alternative for the treatment of Indian kala-azar. Other products, 
such as aminosidine or imidazoles, could fi nd new applications, 
but there is no really new product in development at present time. 
Alternative drugs are investigated for many years without passing 
the step of clinical trials.

We fi rst consider the available products, and will then 
discuss their indications according to the different clinical forms 
of Leishmaniasis.

Products

Antimonials

Two closely related pentavalent antimonials are currently used: 
meglumine antimoniate (Glucantime®, Aventis), available in 
France, Latin America and Francophone countries, and sodium 
stibogluconate (Pentostam®, Glaxo-SmithKline), available in 
English-speaking countries. For a few years, a generic formulation 
of sodium stibogluconate has been manufactured in India (Albert 
David Ltd). These two chemically close antimonial salts have 
distinct antimony content of respectively 85 and 100 mg Sb/mL. 
When properly manufactured and stored, they have comparable 
effi cacy and toxicity.

Antimonials have proven to be effi cient in Leishmaniasis treat-
ment through a century of use and about 15 randomized trials. 
However, the mechanism of action as antileishmanial agents 
remains unclear.

It may involve inhibition of ATP synthesis. It might be possible 
that antimonial salts have to be concentrated within the macro-
phage or parasite and transformed into active trivalent metabolites 
to be effi cient. Antimonials have poor oral absorption and there-
fore are administered by the parenteral route. They are rapidly 
excreted by the kidneys.

In spite of numerous side-effects attributed to antimonials, the 
scarcity of documented accidents allows their continued use. Their 
side-effects on the fetus remaining unknown, their use during preg-
nancy is not recommended. Some of the side-effects of pentavalent 
antimonials are related to intolerance action and are of anaphylac-
tic type, including shivers, fever, arthralgias, myalgias, skin rashes, 
abdominal symptoms and headache. Other side-effects seem to be 
linked to accumulation of product. They include reversible eleva-
tion of hepatocellular enzymes, subclinical pancreatitis, and 
decrease in haemoglobin level and platelet count. Cardiac side-
effects are the most worrisome. Several electrocardiogram (ECG) 
changes occur, of which fl attening and/or inversion of T waves is 
the most common. Patients can develop prolongation of the cor-
rected QT interval, concave ST abnormality and prolongation of the 
PR interval. These ECG changes are transient; they gradually 
approach normal in a 1–3-week period after patients complete 
therapy. Exceptional sudden deaths have been reported for a few 
patients who received more than the recommended dose of SbV.

Sodium stibogluconate is supplied in multi-dose 100 mL bottles 
(100 mg SbV/mL), while meglumine antimoniate is supplied as 
5 mL ampoules (85 mg SbV/mL). They are administered on the 
basis of their SbV content. The recommended dosage of SbV is 
20 mg/kg per day, for 20 days in CL and 28 days in VL and 
MCL.79,80 They are currently injected by the intravenous (i.v.) or 
intramuscular (i.m.) route. The i.v. route is preferred when the 
volume of drug is high, as it is for most adults. The appropriate 
volume of drug is mixed with 50 mL of 5% dextrose in sterile water 
and infused over at least a 10-min interval. In the case of a few 
localized cutaneous lesions, intralesional injections are used.

Where resources permit, an ECG, serum chemistries and a com-
plete blood count should be obtained for all patients before 
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therapy is begun and weekly during therapy. The drug should be 
given on consecutive days throughout the course of therapy. The 
course is often started with progressive doses of antimonials, full 
dosage being reached by day 3. It is not absolutely clear if the 
administration of antimonials every 8 or 12 h should be clinically 
more effi cient. However, tradition and practicality have preserved 
the once-daily regimen.

Amphotericin B

Amphotericin B is a polyene antibiotic isolated in 1955 from a 
soil Streptomyces. It is currently used in the treatment of systemic 
fungal infections. The use of amphotericin B for treatment of 
leishmaniases is biochemically rational because its target is 
ergosterol-like sterols, which are the major membrane sterols of 
Leishmania as well as fungi. It is therefore a powerful antileish-
manial used in the treatment of severe Leishmaniases (VL, MCL) 
or of forms resistant to antimonials. During the last 15 years it 
has become an alternative fi rst-line drug.

Amphotericin B binds to sterols in the plasma membrane, 
forming pores that leak ions. It can also stimulate cytokine pro-
duction of macrophages, and enhance their phagocytic capacities. 
Effi cient plasma concentrations are rapidly reached, and even 
exceeded, from the beginning of the infusion, and persist beyond 
24 h. The product has slow renal elimination.

Amphotericin B side-effects are of two types. Intolerance signs 
occur during infusion and include chills, headache, cramps, hypo-
tension, vertigo, paraesthesias, vomiting and, exceptionally, ana-
phylactic shock or cardiogenic shock. These manifestations are 
usually controlled by addition of corticoids within the liquid of 
suspension, or by slowing down the infusion duration. Ampho-
tericin B toxicity is mainly directed against renal function and 
haematological cell lines.

Amphotericin B deoxycholate is formulated as a colloidal sus-
pension (Fungizone®, Bristol Myers Squibb), which is adminis-
tered as a slow (6–8 h) i.v. infusion (0.5–1 mg/kg dissolved in 
500 mL dextrose 5%) on alternate days. The common regimens 
range from 14 to 20 infusions, for a total dose of 1.5–2 g. New 
lipid formulations of amphotericin B are the major advances of 
the last two decades.

Lipid-associated amphotericin B

When associated with lipids, amphotericin B is delivered at the 
site of intracellular infection, which leads to more drug accumula-
tion in infected cells, thereby increasing the therapeutic index.

The three existing formulations are similar in some respects, 
and globally less toxic than amphotericin B, but have different 
tolerability and kinetics. Liposomal amphotericin B (AmBisome®, 
Gilead Sciences) is a unilamellar formed from a variety of phos-
pholipids in a membrane bilayer containing amphotericin B. This 
compound has a licence for VL treatment in Europe and the USA. 
The two other formulations, amphotericin B phospholipid 
complex (Abelcet®, Enzon Pharmaceuticals) and amphotericin B 
cholesterol dispersion (Amphocil®, Zeneca Pharmaceuticals) are 
not yet licensed for VL.

Liposomal amphotericin B has been used in several countries 
for VL treatment and shown to be less toxic than conventional 
amphotericin B, and more effi cient in immunocompetent and 

immunocompromised patients.81 Short-course treatment is now 
currently used, including fi ve daily injections of 3–4 mg/kg, plus 
a further injection of the same dose on the 10th day (total dose 
18–20 mg/kg).82 For immunocompromised patients the number 
of injections is increased to 10.

Pentamidine

Pentamidine is an aromatic diamine and was fi rst synthesized in 
the late 1930s. It has been used as an alternative drug to treat 
antimonial-resistant VL in India and Kenya, and infantile VL in 
alternative course with antimonials in several countries of the 
Mediterranean basin. At present, the isethionate salt (Pentacari-
nat®, Aventis) is the only form available for human use and is 
restricted to treatment of CL.

Pentamidine inhibits the synthesis of parasitic DNA, by block-
ing thymidine synthase and fi xation of transfer RNA. In the 
absence of oral absorption the drug is administered by the paren-
teral route, which provides a transient blood concentration, with 
rapid subsequent distribution and high tissue fi xation. It is excreted 
slowly by the kidney.

Pentamidine can be responsible for immediate side-effects, 
mainly in the case of rapid i.v. injection (hypotension, tachycar-
dia, nausea, vomiting, facial erythema, pruritus, syncope). Local 
reactions can also occur (urticaria, abscess formation, phlebitis). 
Toxic side-effects depend upon the dose and can affect pancreas, 
kidney and blood cell lines. Alterations of glucose metabolism are 
directly linked to the product toxicity to pancreatic cells, and can 
result in diabetes mellitus induction.

Pentamidine is given in doses of 4 mg/kg per injection. 
The i.m. or slow i.v. injections are made on alternate days, on 
patients confi ned to bed and having eaten nothing. Short 
courses (four doses) are currently used for treatment of CL. Long 
courses over a period of weeks, suggested for treatment of resistant 
VL, are no more in use as they have signifi cant potential side-
effects.

Alternative products

Various molecules already known and used against other infec-
tious agents or in other pathological processes have been tested 
during recent decades for leishmaniasis treatment. The most 
promising seems to be miltefosine.

Miltefosine

This alkyl phospholipid is an oral antineoplastic agent, which is 
a phosphocholine analogue affecting cell signalling pathways and 
membrane synthesis. It proved to be effi cient in the treatment of 
experimental murine Leishmaniasis. Several comparative and 
dose-fi nding clinical trials have been carried out in India, with a 
total of 665 patients.83 Cure rates were of high levels, 94% in 
adults (100 mg/day for 28 days for individuals weighing >25 kg), 
83–94% in children (2.5 mg/kg per day for 28 days). Single treat-
ment (5–7 mg/kg) was effi cient in 91% of the cases.84 Digestive 
side-effects are frequent (about 50%) with mild vomiting or diar-
rhea in most patients; they can be severe enough to require treat-
ment. This product should not be used in pregnancy, due to 
teratogenic effects. Miltefosine is developed jointly by Zentaris 
(Germany) and the public sector (WHO/TDR and Indian Council 
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for Medical Research, in India). It received marketing authoriza-
tion in both countries.

Aminosidine

Aminosidine (paromomycin) is a wide-spectrum antibiotic of the 
aminoglycoside family; the same family as monomycin, used for 
several years by Soviet clinicians to treat Central Asian CL. It 
showed powerful antileishmanial activity in vitro and in animal 
models. Like other aminoglycosides, paromomycin has renal and 
eighth cranial nerve toxicity. An injectable formulation of paro-
momycin was registered in India in 2006, and is being produced 
in that country (Gland Pharma). The recommended dose for 
administration by i.m. injection or i.v. infusion is 15 mg/kg per 
day, given for 10 days. Paromomycin has been effi ciently used for 
VL treatment as monotherapy and in combination with pentava-
lent antimonials.83

Several topical formulations have been tested for treatment of 
CL. An ointment formulation comprising 15% paromomycin 
sulfate and 12% methylbenzethonium chloride is licensed in 
Israel (Leshcutan, Teva Pharmaceutical Industries). It is effective 
in L. major CL, but with a local toxicity, which led to investigations 
on other topical formulations.

Interferon γ

Interferon γ (IFNγ) is a macrophage-activating cytokine, endowed 
with various host defence-enhancing properties, with antimicrobial 
and antitumour activities. Within the clinical applications of IFNγ 
Leishmaniasis is of interest since the defect of macrophage activa-
tion is the key point in the development of Leishmanial infection.

IFNγ was successfully used in combination with pentavalent 
antimonials in the treatment of VL and MCL. But in spite of a 
relevant rationale and effi cient clinical trials, the use of IFNγ 
remains limited to date.

Imidazoles

The antifungal azoles inhibit the sterol synthesis pathway of Leish-
mania. Some of them (ketoconazole, itraconazole, fl uconazole) 
have been tested in the treatment of CL, with contradictory results. 
Their low toxicity and the comfort of oral administration lead 
these products to be occasionally used for the treatment of CL, at 
doses of 200–400 mg/j during 1–3 months, for an adult.

Allopurinol

This purine structural analogue has the capacity to be incorpo-
rated into Leishmania RNA, with a lethal effect on the parasite. It 
is orally administered and rapidly metabolized and eliminated by 
renal route. Its side-effects are limited to digestive troubles and 
cutaneous intolerance. Allopurinol is no more in use for treatment 
of human leishmaniasis, but is currently used in association with 
pentavalent antimonials for treatment of canine leishmaniasis.

Treatment regimens according to 
clinical features

The large variability of clinical forms of leishmaniasis, with their 
distinct evolution processes and different levels of gravity, lead to 

a decision on the drug regimen being made from case to case. This 
strategy is all the more relevant since the available classical anti-
leishmanial drugs are not devoid of toxicity.

Visceral leishmaniasis

VL may be treated as soon as diagnosis is completed. The effi ciency 
of treatment is dependent on the evolution duration, advanced 
stages responding less to antileishmanial drugs. Treatment 
requires confi rmed fi rst-line products, principally antimonials and 
amphotericin B.

The conventional treatment is based on a 28-day course of 
pentavalent antimonial at a dose of 20 mg SbV/kg per day. A single 
course is not always suffi cient to obtain a complete cure, and 
should be repeated after a pause. Due to its excellent results, lipo-
somal amphotericin B tends to be used in fi rst intention, with fi ve 
daily injections (3 mg/kg per injection), and a fi nal injection on 
the 10th day (total dose 18 mg/kg). Its use is limited by cost in 
poor countries.

Management of VL cases includes correcting nutritional defi -
ciencies in patients severely wasted, blood transfusion in case of 
dramatic anaemia, and treating with appropriate antibiotics any 
secondary bacterial infection.

Clinical response is slow, the patient becoming afebrile in 
4–5 days, other clinical symptoms and biological parameters 
slowly regressing and evolving to normal. Circulating antibodies 
progressively decrease and disappear in the end, 6–8 months after 
patient cure. Relapses are uncommon in immunocompetent 
patients.

Antimony resistance has reached impressive levels in some 
Indian foci, where antimony has become inadequate.85 Alternative 
treatments include liposomal amphotericin B, miltefosine and 
aminosidine. Antileishmanial drug combinations could have 
multiple benefi ts preventing drug resistance development, reduc-
ing the overall dose and duration of treatment. Paromomycin 
plus antimony trial has proven the effi cacy and safety of the 
association. Other combinations are presently being tested, 
including miltefosine, paromomycin and single dose liposomal 
amphotericin B.

VL occurring in HIV-infected patients appears globally as non-
responsive to the classical antileishmanial drugs, with incomplete 
cure and frequent relapses. Liposomal amphotericin B is usually 
used fi rst in these cases. In immunocompromised patients, the 
side-effects of antileishmanial drugs are more frequent and serious 
than in immunocompetent patients.

VL following organ transplantation poses apparent therapeutic 
problems resulting from the toxicity of the main antileishmanial 
drugs for transplanted organs. In reality these cases need to be 
treated, as they are fatal in the absence of specifi c treatment. The 
best results were obtained by treating patients successively with 
both antimonials and amphotericin B.64

Once the antileishmanial treatment has been concluded, the 
problem with immunocompromised patients is that of secondary 
prophylaxis for prevention of relapses. Numerous schemes have 
been proposed, of which available data are insuffi cient for evalu-
ating the respective effi ciency: monthly injections of antimonial, 
twice-monthly injections of liposomal amphotericin B or of pent-
amidine, daily allopurinol or itraconazole.86 All these protocols, 
however, need to be validated.

Treatment
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Localized cutaneous leishmaniasis

Management of patients with LCL depends on the type and 
characters of the lesion(s), the Leishmania species involved, the 
risk of extension and the opinion of the patient. Briefl y, three 
options are possible: therapeutic abstention, or local or general 
treatment.

Mild, rapidly self-healing forms of CL, such as those due to 
L. major or L. peruviana, can ultimately remain untreated, if the 
patient wishes. Belazzoug and Neal87 showed that, out of two 
groups of patients with L. major CL, the group receiving distilled 
water as placebo was more rapidly cured than that receiving pen-
tavalent antomonial.

Various local treatments have been proposed, including diverse 
physical means (diathermy, cryotherapy, radiotherapy, laser), sur-
gical excision or local applications of ointments. They were all 
limited trials, made without control groups, the results of which 
were inconclusive. These procedures cannot be generalized.

Local infi ltrations of pentavalent antomonials are recom-
mended for the treatment of small numbers of lesions. Various 
protocols have been proposed consisting of a course of 5–10 
infi ltrations of 1–5 mL of antimonial, often accompanied by a 
local anaesthetic in order to avoid pain, associated or not with 
cryotherapy. Infi ltrations are done two or three times a week.

Systemic treatment is recommended for CL with large and/or 
multiple lesions, with lymphangitic dissemination, those of recid-
ivans type or with a risk of mucosal involvement. CL of immuno-
compromised patients should also be treated by systemic 
treatment. The currently used systemic treatment is that of a course 
of 20 days of pentavalent antimonial, at a dose of 20 mg SbV/kg 
per day. Oral imidazoles can occasionally be used as alternatives 
to antimonials in the case of L. major CL (fl uconazole) or of L. 
mexicana CL (ketoconazole). A course of four to fi ve i.m. injections 
of pentamidine (4 mg/kg per injection) on alternate days is the 
fi rst-line treatment for CL due to L. guyanensis and L. panamensis. 
Miltefosine has been proposed as an alternative treatment for 
L. panamensis CL.88

Diffuse cutaneous Leishmaniasis

Once established, DCL is resistant to treatment. Systematic pen-
tavalent antimonials can improve the clinical evolution temporar-
ily. Pentamidine showed some effi cacy, but with high doses close 
to toxicity. A combination of paromomycin and antimonial gave 
good results in two Ethiopian patients.89 There is an urgent need 
for testing various new molecules or formulations (liposomal 
amphotericin B, IFNγ). But the scarcity of cases does not allow 
randomized clinical trials with control groups.

Mucocutaneous Leishmaniasis

Systemic treatment of the primary cutaneous lesion is recom-
mended, with the hope of avoiding parasite extension to facial 
mucosae. The treatment currently used in endemic areas is pen-
tavalent antimonial, a 20-day course of i.m. injections, 20 mg 
SbV/kg per day. A recent publication reports the cure of a single 
patient by liposomal amphotericin B,90 an observation which 
needs to be repeated. However, it has been shown that a correct 
treatment does not consistently prevent the development of sec-
ondary mucosal lesions.

The treatment of mucosal lesions should be as early as 
possible, in order to avoid the extension of lesions and subsequent 
mutilations. The antimonials, at standard doses, are injected 
daily over 28 days. The level of cure is variable according to 
country and the evolution grade of the lesions. Amphotericin B 
has been currently used for cases with long evolution or poorly 
responding to antimonials. Cure was sometimes obtained from 
1 g, but superior doses (2–3 g) were often necessary. Amphotericin 
B was used as fi rst-line drug during a mass campaign in Bolivia.91 
Cases of resistance seem to exist, but few documented observa-
tions are available. Liposomal amphotericin B and association 
of IFNγ or paromomycin to antimonials can be an alternative 
solution.

PROPHYLAXIS

Intervention strategies for prevention or control are hampered by 
the variety of the structure of Leishmaniasis foci, with many dif-
ferent animals able to act as reservoir hosts of zoonotic forms and 
a multiplicity of sandfl y vectors, each with a different pattern of 
behaviour. In 1990, a WHO Expert Committee described no less 
than 11 distinct eco-epidemiological entities and defi ned control 
strategies for each of them.92

The aim of prevention is avoiding host infection (human or 
canine) and its subsequent disease. It includes means to prevent 
intrusion of people into natural zoonotic foci and ways to protect 
against infective bites of sandfl ies. Prevention can be at an indi-
vidual or collective level.

Control programmes are intended to interrupt the life cycle 
of the parasite, to limit or, ideally, to eradicate, the disease. The 
two main targets in control programmes are the vector and 
the reservoir, which are not mutually exclusive. As the majority of 
the Leishmaniases are zoonoses, control programmes are gener-
ally limited and rarely pass beyond the experimental stage. In the 
New World, almost all the Leishmaniases are sylvatic, and control 
is not usually feasible. Even removal of the forest itself may not 
reach the objective, as various Leishmania species have proved 
to be remarkably adaptable to environment degradation. For 
example, L. braziliensis survived the great deforestation of eastern 
Brazil.

Whatever type of intervention strategy is selected, an active 
participation of the population is essential to success. Public infor-
mation on the natural history of the parasite, transmission and 
the disease is a prerequisite for any prevention measure or devel-
opment of a control programme.

Prevention

Prevention includes all individual or collective measures aimed at 
preventing infection of the human or canine population.

Individual prevention

Numerous individual protective means are available but are not 
equally feasible. The simplest measure is avoiding exposure to risk. 
Other means include mechanical, chemical or therapeutic 
measures.
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Avoiding risk exposure

The risk of infection is geographically and temporally localized. A 
simple preventive measure is, therefore, to avoid the vicinity of 
sandfl y development or resting sites in endemic areas during crit-
ical periods (seasons and activity cycles of the vector). This is less 
feasible in tropical than temperate regions where transmission 
seasons are limited, but occasionally it can be applicable else-
where. However, this way of avoiding risk is not applicable to the 
general situation of many developing countries where regular 
migration leads to human settlements inside the heart of natural 
foci. This results in a high exposure to risk by non-immune, unin-
formed populations.

Mechanical means

Mechanical means have the objective of protection from sandfl y 
bites. They include wearing clothes that cover as much skin as 
possible and using bed nets.

Sandfl ies bite uncovered skin and do not have the ability to 
bite through clothes, even thin material like cotton. Wearing full 
clothes during the hours of sandfl y activity is a good preventive 
measure which can decrease the number of cutaneous lesions, 
even if it does not avoid all contamination.

Sandfl ies can generally pass through the mesh of mosquito bed 
nets, and therefore it is generally recommended to use fi ne bed 
nets of terylene. A disadvantage of these nets is that they impede 
air circulation, and are thus uncomfortable in hot weather. The 
present trend is to use conventional mosquito bed nets impreg-
nated with various insecticides, including the pyrethroids perme-
thrin (300 mg/m2), deltamethrin (15–25 mg/m2) and lambda 
cyhalothrin (10 mg/m2). They have been found to be effi cient 
because of both their repellent and residual killing effects. But the 
intrinsic limitation of bed nets is related to the behaviour of the 
people who tend to be at greatest risk between sunset and bedtime. 
This method therefore provides more protection for women and 
children than for male adults.93 Pilot control programmes with 
impregnated bed nets are ongoing in Bolivia, Afghanistan, Iran, 
Sudan and Syria.

Chemical means

Sandfl ies are sensitive to various repellents used against mosqui-
toes. They are sprayed or spread on uncovered skin before the 
hours of sandfl y activity (dusk and night). The duration of effi cacy 
depends not only on the product but also on the climatic condi-
tions, mainly heat and humidity. It is generally considered that 
protection is limited to 2–6 h.

For dogs, two products are available for specifi c protection 
against sandfl ies:deltamethrin-impregnated collar, Scalibor® 
(Intervet) and a permethrin-based ectoparasiticide, Adventix® 
Spot-on (Bayer Health Care).

Self-protection insecticides can reduce man–vector contact. 
Mosquito coils containing pyrethroid insecticides provide 
good protection during the time of combustion (6–8 h). 
Electrically heated fumigation mats are also effi cient, but 
need electricity, which is often unavailable in rural areas of devel-
oping countries. Insecticide spraying has a good but temporary 
effi cacy.

Chemoprophylaxis and vaccine

Neither chemoprophylaxis nor vaccines are available against 
Leishmaniasis.

Various vaccines have been made and experimentally tested 
in different animal models, but none has prevented human or 
canine Leishmaniasis. Putative vaccines include live, irradiated or 
killed parasites, parasitic crude fractions and recombinant para-
sitic antigens.94

The fi rst vaccines contained live L. major promastigotes and 
were empirically used in the past in Central Asian republics of the 
former USSR, Israel and later intensively in Iran during the war 
against Iraq. Similar vaccines were developed in Brazil for Ameri-
can CL. Vaccines containing killed promastigotes, with or without 
BCG as an adjuvant, were then used in fi eld trials in several coun-
tries including Brazil, Venezuela and Iran.

A variety of second-generation vaccines are at different devel-
opmental stages and include recombinant Leishmania, bacteria or 
viruses expressing Leishmania antigens, and defi ned recombinant 
subunits and synthetic peptides. But none of them is presently 
available for human or canine use.

Collective measures

Independently of an established control programme, the human 
population can be collectively protected through a few measures 
to keep sandfl ies away from people. To reduce peridomestic trans-
mission, environmental changes have been proposed in particular 
situations, such as forest clearings around human settlements. 
Insecticide application inside houses is also occasionally 
recommended.

Forest clearance

The establishment of human settlements in South American 
primary forest results in outbreaks of CL. In such situations, a high 
level of human infection is related to domestic or peridomestic 
transmission by sandfl ies fl ying from the neighbouring forest. 
Establishment of a forest-free zone of about 400 m around a 
human settlement in French Guiana resulted in a dramatic decrease 
in human cases during the following years.95 Such changes in the 
environment must, however, be maintained, as secondary forest 
appeared to favour an increase in Lutzomyia fl aviscutellata and 
rodent populations, leading to an increase in enzootic rodent 
Leishmaniasis.96

Indoor residual spraying

This is a simple, cost-effective method for controlling endophilic 
vectors which can have a long-lasting effect, depending on the 
insecticide. Sandfl ies are sensitive to all classes of insecticides: 
organochlorines, organophosphates, carbamates or pyrethroids. 
Vectors of VL remain sensitive to DDT even in places where P. 
papatasi shows some level of resistance.97 It is therefore the fi rst-
line insecticide for indoor spraying owing to its low cost and long 
residual action.

Control

The structure and dynamics of natural foci of Leishmaniasis are 
so diverse that a standard control programme cannot be defi ned 

Prophylaxis
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and control measures must be adapted to local situations. The 
strategy depends on the ecology and behaviour of the main targets: 
the reservoir hosts and the vector(s). Control measures will be 
totally different depending on whether the disease is anthro-
ponotic or zoonotic. Case detection and treatment are recom-
mended when the reservoir is man or dog, while massive 
destruction may be the chosen intervention if the reservoir is a 
wild animal. As far as vectors are concerned, control of breeding 
sites is limited to the few instances where they are known (rodent 
burrows for P. papatasi and P. duboscqi). Anti-adult measures consist 
of insecticide spraying. In practice, control programmes include 
several integrated measures targeted not only to the reservoir and/
or vector, but also associated environmental changes. Health edu-
cation campaigns can considerably improve the effi cacy of control 
programmes.

National Leishmaniasis control programmes have been devel-
oped in various countries to face endemics or epidemics (India, 
China and Brazil for VL, Central Asian republics of the former 
USSR and Tunisia for CL).

Case detection and treatment

Case detection and treatment is the basic intervention measure 
when the reservoir is man. It requires diagnostic facilities and the 
permanent availability of drugs in health centres based in endemic 
areas, both of which should be easily accessible and free of charge. 
Passive case detection can be considerably improved by active 
surveillance. In 1976–1978, this proved to be more effi cient in a 
village in Bihar State, India, than insecticide spraying in other 
areas.98 It has, however, the disadvantage of the high cost, limited 
number and toxicity of antileishmanial drugs.

When dogs are reservoir hosts, an active case detection is based 
on a house-to-house sampling of dogs, the sera of which are tested 
by antileishmanial antibodies. Due to the limited effi ciency of 
antileishmanial drugs in canine Leishmaniasis, the positive 
animals are culled, not treated. Such measures showed only a 
limited effi cacy in China99 and in Brazil.100 With a mathematical 
model, Dye predicted that neither killing nor treating seropositive 
dogs were effi cient measures for controlling the incidence of 
human VL with a canine reservoir.101

Wild reservoir control

Generally, no control measures are applicable to wild mammals. 
An exception, however, concerns the rodents living in burrows 
which can be destroyed by chemical means or by environmental 
changes, or a combination of both. For example, the great gerbil 
destruction, by poisoning their burrows with zinc phosphide or 
by ploughing to a depth of 50 cm, was the basis of the control 
programme in the Central Asian republics of the former USSR, to 
eradicate zoonotic CL caused by L. major.102

Sandfl y control

Destruction of breeding sites

Only a few breeding sites of sandfl y species are known: P. papatasi 
and P. duboscqi in rodent burrows are the best example. The 
destruction of these burrows, combined with both reservoir and 
vector elimination, has been shown to be an effi cient control 

method in Central Asia.102 DDT dust injected into rodent burrows 
had only a transitory effect.

Insecticide spraying

Malaria control programmes based on indoor residual insecticide 
spraying have had a side benefi t for Leishmaniasis incidence in 
several countries where a resurgence of Leishmaniasis was observed 
in numerous areas after cessation of these campaigns: India,103 
Italy, Greece and the Middle East102 and Peru.104

In 1977, following the reappearance of VL, DDT was sprayed 
twice annually with the specifi c purpose of controlling the disease. 
But it is diffi cult to assess the contribution of sandfl y reduction to 
the decrease in the number of cases, as this measure was currently 
associated with case detection and treatment and, because DDT 
was in short supply, only half the target areas were covered. In 
contrast, in Ceara State in Brazil, a 58% decrease in the incidence 
of human VL was obtained over 4 years by spraying DDT in houses 
and animal pens.105 In areas of Uta in Peru, peridomestic applica-
tions of DDT controlled the vectors Lutzomyia verrucarum and 
Lu. peruensis and was followed subsequently by a marked decline 
in human cases.106

For peridomestic vectors, house spraying should include exter-
nal as well as internal walls, and adjacent animal dwellings 
(chicken houses, cattle sheds, etc.). In peri-urban rainforest, Ready 
et al. sprayed the lower part of trees with DDT and reported the 
subsequent disappearance of sandfl ies for 11 months.107

The resistance of sandfl ies to insecticides is not the limiting 
factor for use during control programmes, but more their accep-
tance by the population. Resistance by sandfl ies to insecticides was 
fi rst reported with P. papatasi in Bihar State in India,108 but it has 
not been demonstrated with other species. In particular, the vector 
of VL in India, P. argentipes, seems until now to be susceptible to 
all insecticides, including DDT.108

In conclusion, leishmaniases are diseases widely distributed 
around the world, and include visceral and tegumentary forms. 
Over the past century, advances in treatment and prophylaxis were 
limited, which consequently has led to their persistence as an 
important public health problem in various countries.
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Section 10 Protozoan Infections

Chapter 78 Richard E. Holliman

Toxoplasmosis

INTRODUCTION

Toxoplasma gondii is an obligate intracellular parasite that causes 
infection in most mammals worldwide. Human infection is 
usually mild or asymptomatic but toxoplasmosis represents a 
life-threatening disease in the immunocompromised patient.

The organism was fi rst described when Nicolle and Manceaux1 
found the parasite in the liver and spleen of a North African 
rodent, the gundi (Ctenodactylus gundi) in 1908. An association 
was made with human disease when Jankû2 observed parasitic 
cysts in the retina of a child with hydrocephalus and microphthal-
mia. Wolf and Cowen3 demonstrated the signifi cance of congeni-
tal toxoplasmosis, while the discovery by Pinkerton and Weinman4 
of postnatal infection followed in 1940. Sabin and Feldman5 
developed the fi rst reliable serological assay, the dye test, in 1948. 
This assay allowed studies to establish the prevalence and clinical 
spectrum of the infection.

EPIDEMIOLOGY

The prevalence of antibodies specifi c to T. gondii is directly 
proportional to the age of the population, indicating that infec-
tion is acquired throughout life. The incidence of infection shows 
marked geographical variation: up to three-quarters of individuals 
in El Salvador have been infected compared to less than one-
quarter in the USA.6 These differences are associated with diet, 
climate and cat contact, so that toxoplasmosis is most common 
in warm, wet areas with a large cat population where meat is eaten 
lightly cooked or raw. Recent studies indicate that the relative 
importance of these routes of transmission may vary by region. 
Ingestion of raw, undercooked or cured meats is the primary risk 
factor in Europe.7 Many developed countries have noted a decline 
in the prevalence of the disease in recent years which may 
be associated with the practice of freezing meat and the introduc-
tion of intensive farming techniques which separate cats from 
livestock.

Mode of transmission

T. gondii is a coccidian parasite which undergoes a sexual cycle in 
the intestinal epithelium of the defi nitive host, members of the 

cat family and an asexual cycle in secondary hosts, such as birds, 
rodents and other mammals (including man).

Human infection is acquired by ingestion of tissue cysts in raw, 
poorly cooked or cured meat, notably lamb and pork, or ingestion 
of sporocysts derived from cat faeces contaminating soil or inad-
equately washed vegetables. Infection can also be acquired via 
unfi ltered water or an organ transplant (Figure 78.1).6

PARASITOLOGY

The characteristic form of toxoplasma is the crescent-shaped 
trophozoite, 6 μm in length and 3 μm wide, containing a single 
nucleus (Figure 78.2). Toxon, the Greek word for an arc or bow, 
the incidence of parasitaemia and the original animal source 
provide the derivation of the proper name Toxoplasma gondii. 
Sexual recombination between clonal lines of the parasite has 
driven the evolution of virulence.8

Sexual and asexual multiplication of toxoplasma occurs in the 
enterocytes of felids and leads to the excretion of oocysts in their 
faeces. The oocysts sporulate within 3–4 days to form the infec-
tious sporocyst. The sporocyst can retain viability for over 1 year in 
moist soil. Ingestion of the sporocyst by a secondary host is fol-
lowed by release of tachyzoites which disseminate via the blood 
and lymphatic system and by active cell invasion. Asexual multipli-
cation of tachyzoites occurs in all nucleated cells, leading to disrup-
tion and invasion of adjoining cells. Eventually, a tissue cyst forms, 
consisting of a cyst wall (partly parasite, partly host in origin), and 
up to several thousand bradyzoites. The bradyzoite is morpho-
logically similar to the tachyzoite but shows greatly reduced meta-
bolic activity. Predation of the secondary host completes the life 
cycle. Tissue cysts release their contents in the gut lumen of the cat 
and the active tachyzoites invade the intestinal epithelium.6

PATHOGENESIS

The tachyzoite actively invades the cell and generates the forma-
tion of a parasitophorous vacuole which does not fuse with intra-
cellular organelles, thereby avoiding destruction.9 The tachyzoites 
divide by binary fi ssion, forming an intracellular pseudocyst which 
distorts the host cell and ultimately leads to cellular disruption. 
The tachyzoites released in this process invade adjacent cells. 
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Eventually tissue cysts form, containing quiescent bradyzoites. 
Periodic excystation occurs, controlled by mechanisms which are 
not established. Release of toxoplasma results in cellular destruc-
tion due to invasion and disruption by tachyzoites as well as 
damage associated with the host immune response.

Immunity is predominantly cell mediated. Activated macro-
phages and T cells play a central role, while interferon-γ and other 
cytokines induce an effective immune response.10 Specifi c anti-
body in the presence of complement eliminates extracellular 
parasites.

PATHOLOGY

Lesions observed at histopathological examination result from the 
dissemination of the parasite in the circulation, cytolytic action of 
the organism and the immune response of the host. Tissue necro-
sis is associated with thrombosis of small vessels.

Lymphadenopathy in the immunocompetent individual shows 
follicular hyperplasia and collections of mononuclear cells, usually 
at the periphery of the node. The normal tissue architecture is 
preserved and the parasites are rarely identifi ed unless immuno-
histochemical stains are used.11 The immunosuppressed patient, 
by contrast, may have abundant toxoplasma in the tissues. In cases 
of toxoplasmic encephalitis with the acquired immune defi ciency 
syndrome (AIDS), cerebral tissues show central necrosis with 
surrounding astrocytosis. Pseudocysts are seen at the necrotic 
margins.12 Necrosis, thrombosis and pseudocysts are present in 
the heart, liver, lung and brain of immunosuppressed patients 
with disseminated toxoplasmosis.

Congenital toxoplasmosis can be generalized or predominantly 
localized in the CNS. Brain tissue shows encephalitis with mul-
tiple infarcts and necrosis, particularly in the cortex, basal ganglia 
and periventricular areas. Characteristic glial nodules are formed. 
Focal calcifi cation with zones of necrosis is present in severe 
disease of prolonged duration. Hydrocephalus results from 
obstruction of the aqueduct of Sylvius or cerebral tissue destruc-
tion.13 The infected placenta has chronic infl ammation in the 
decidua and focal reaction within the villi.14 Infected ocular tissue 
shows destruction of areas of the retina, with proliferation of 

Figure 78.1 Transmission of toxoplasmosis.

Figure 78.2 Trophozoites of T. gondii (scanning electron 
micrograph).
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pigment at the borders of lesions during healing. Occasionally 
parasites may be seen at the margins.15

CLINICAL MANIFESTATIONS

The immunocompetent patient

In most cases of toxoplasmosis, the source of infection cannot be 
identifi ed but the usual incubation period is between 1 and 3 
weeks. The majority of individuals suffer no discernible illness and 
the acute infection passes unnoticed. The most common presenta-
tion of symptomatic toxoplasmosis is painless cervical lymphade-
nopathy, which may be accompanied by fever. Fewer persons 
experience generalized lymphadenopathy with malaise and 
myalgia which follows a course of relapse and remission over 
several weeks or months. The differential diagnosis includes lym-
phoma and infectious mononucleosis. Rarely, cutaneous rash, 
arthralgia, pericarditis or acute chorioretinitis may be associated 
with postnatal toxoplasma infection.16 Some studies have sug-
gested a link between hepatitis and toxoplasmosis but this remains 
contentious.17

Congenital infection

The incidence and presentation of acute toxoplasmosis in the 
pregnant woman does not differ from that in the population as a 
whole. Consequently, most infections pass unrecognized unless 
systematic screening is undertaken. The primary risk of congenital 
toxoplasmosis is associated with maternal parasitaemia and sub-
sequent placentitis. As parasitaemia is normally limited to <20 
days’ duration, the greatest risk of fetal infection is associated with 
maternal infection acquired during pregnancy. A number of cases 
of congenital toxoplasmosis have been reported where the mother 
acquired the infection well before conception, but this is likely to 
be a rare event.18 The rate of maternal–fetal transmission of infec-
tion rises as the gestational age at the time of maternal infection 
progresses. If left untreated, the risk of fetal infection is <15% 
when the mother acquires her infection during the fi rst trimester, 
but over 60% if maternal infection is acquired in the third trimes-
ter. Conversely, the risk of severe fetal damage is highest if the 
infection crosses the placenta in early pregnancy.19

The features of congenital toxoplasmosis range from a severely 
damaged infant, with death in the perinatal period, to an infected 
but clinically unaffected child. Severe congenital toxoplasmosis 
presents with hydrocephalus, mental retardation, cerebral calcifi -
cation and retinochoroiditis. Skin rash, hepatitis, pneumonia, 
myocarditis and myositis may be present.20 Only 10% of all con-
genitally infected infants suffer such severe disease. Studies suggest 
some children born with congenital infection will develop ocular 
disease in later life, regardless of the clinical status at birth.21

Ocular toxoplasmosis

Most cases of ocular toxoplasmosis are thought to result from 
periodic reactivation of infection established in the prenatal 
period. However, some studies have proposed that most cases of 
ocular toxoplasmosis are associated with postnatal rather than 

congenital infection.22 Excystation of the parasite is associated 
with acute infl ammatory episodes and progressive retinal damage 
occurs. Retinal lesions may be apparent at birth but most often 
present as late sequelae in the second and third decades of life. 
Severe congenital disease is associated with microphthalmia, cata-
ract, strabismus and nystagmus. The characteristic lesion is that of 
necrotizing retinitis, which appears as yellow-white ‘cotton-wool’ 
patches in the fundus during acute episodes. The lesions appear 
‘punched out’ and pigmented when quiescent. The degree of 
visual disturbance depends on the location of the lesions within 
the retina. In the adult, acute ocular toxoplasmosis presents with 
sudden onset blurring of vision. An indistinct retinal lesion may 
be seen through a vitreous haze, the ‘headlight in the fog’ sign. 
The differential diagnosis of ocular toxoplasmosis includes: colo-
bomatous defect, intraocular haemorrhage, defects of retinal 
blood vessels, retinoblastoma and glioma.23

Toxoplasmosis and AIDS

In the absence of effective antiviral therapy, toxoplasmosis is the 
most common cause of focal brain lesions and one of the most 
frequent opportunistic infections in patients with AIDS. Most cases 
result from secondary reactivation of a chronic, previously quies-
cent infection associated with impairment of the individual’s 
immune function. Features of cerebral infection predominate and 
the characteristic presentation is that of fever, persistent headache, 
deterioration of mental status and focal neurological signs. Retino-
choroiditis, following extension of CNS infection, and pulmonary 
disease (presenting with cough and dyspnoea) are also described. 
Disseminated infection involving the heart, liver, CNS and lungs 
may be found at postmortem.24,25 The differential diagnosis of 
cerebral toxoplasmosis with AIDS includes lymphoma, cryptococ-
cal infection and bacterial brain abscess. Human immunodefi -
ciency virus (HIV)-infected patients with residual cell-mediated 
immune function (pre-AIDS) may present with an indolent illness 
comprising malaise, chronic headache and lymphadenopathy, 
usually associated with primary toxoplasma infection.

Toxoplasmosis and organ transplantation

Toxoplasmosis represents a life-threatening complication to organ 
graft recipients. Severe toxoplasma infection in association with 
solid organ transplantation (heart, heart–lung, liver and kidney) 
is restricted to the recipient without pre-existing immunity to 
toxoplasma (seronegative) who is given an organ containing 
viable cysts of the parasite (seropositive donor). The frequency of 
infection in such ‘mismatches’ refl ects the likelihood of the organ 
transplant containing cysts. Consequently, infection is most fre-
quent after cardiac transplant and least common in association 
with renal transplantation. The infected recipient develops fever, 
deterioration of consciousness and signs of respiratory failure, 
refl ecting disseminated disease, usually 3–6 weeks after the opera-
tion.26 Such complications are effectively prevented by routine 
co-trimoxazole prophylaxis for solid organ graft recipients.

As the duration of parasitaemia following acute infection is 
limited, blood transfusion will rarely transmit toxoplasmosis. The 
risk is greater after granulocyte transfusion. Toxoplasmosis associ-
ated with bone marrow transplant is a rare event and is usually 

Clinical Manifestations
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due to reactivation of the recipient’s previously quiescent, chronic 
infection. Fever, CNS signs and pulmonary dysfunction are 
characteristic fi ndings 15–150 days after transplantation. Overall 
mortality is 80%.27

Other associations

A number of studies have shown an association between human 
behaviour,28 schizophrenia29 and toxoplasma infection. It is not 
established if these represent a causal effect or if parasite specifi c 
therapy is of benefi t.

DIAGNOSIS

In most instances, the non-specifi c nature of the signs and symp-
toms of toxoplasmosis does not permit reliable diagnosis based 
solely on the clinical fi ndings. Due to the diversity of toxoplasma 
infection, investigations must be selected which are appropriate 
to that patient group.30 Suitable test selections are given in Table 
78.1.

Isolation

T. gondii can be isolated from infected tissues by animal inocula-
tion or tissue culture. Intraperitoneal injection into mice is a 
highly sensitive diagnostic method but results are only available 
3–6 weeks after inoculation. Tissue culture is less sensitive but 
produces a result within 10 days.

Parasite detection

Histological examination can be helpful, particularly following 
excision of enlarged lymph nodes or biopsy of a cerebral lesion 
in AIDS. The sensitivity of these investigations is improved if 
immunohistochemical studies are employed. A number of antigen 
detection methods have been developed utilizing enzyme-linked 
immunosorbent assay (ELISA) and agglutination systems. Antigen 
detection is most valuable when investigating the immunocom-
promised where the serological response is altered. The limitation 
of antigen detection has been the relative lack of sensitivity of the 
assay. Methods based on the detection of toxoplasma DNA by 
hybridization with specifi c probes or amplifi cation using the 
polymerase chain reaction represent a considerable advance,31 
particularly when applied to testing amniotic fl uid in suspected 
toxoplasmosis during pregnancy.32

Serology

A wide range of antibody detection methods are available and 
serology is often the investigation of choice. T. gondii contains a 
large number of membranous and cytoplasmic antigens which are 
incorporated into the different serological assays in variable pro-
portions. It is not possible to compare antibody levels recorded 
by different tests. Whole organisms are used as the antigen source 
in the dye test, direct agglutination test and fl uorescent antibody 
assay. Disrupted organisms are fi xed to carrier particles in the 
indirect haemagglutination test and latex agglutination test and 
provide the antigen source for ELISA-based systems.30

Table 78.1 Investigation of toxoplasmosis

Parasite isolation Histology Parasite 
detection

Serology Other

IMMUNOCOMPETENT PATIENT

Lymphadenopathy – Excision biopsy – IgG, IgM –

Pregnancy – – Amniotic fl uid IgG, IgM, IgA, 
avidity tests

–

Ocular disease – – Ocular fl uid IgG, local 
antibody 
production

–

IMMUNOSUPPRESSED PATIENT

Fetus Amniotic fl uid, blood cells – Amniotic fl uid, 
blood cells

IgM, IgA Total IgM, liver 
function tests

Neonate Placenta, blood cells – Blood cells Sequential IgG 
assessment,
Western blot, 
IgM, IgA

Radiology of brain, 
ocular examination

AIDS Brain biopsy Brain biopsy Brain biopsy IgG Radiology of brain, 
therapeutic trial

ORGAN TRANSPLANT

Heart, lung, liver, kidney Tissue biopsy, bone 
marrow

Tissue biopsy – IgG, IgM –

Bone marrow Bone marrow, blood cells – Bone marrow – Therapeutic trial
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The presence of specifi c IgG indicates prior exposure to the 
parasite and the potential for reactivation in the immunocompro-
mised. Specifi c IgM, IgA or low-avidity IgG is associated with more 
recent infection of the immunocompetent individual. The dye test 
remains the ‘gold standard’ test and the availability of this bioas-
say has been increased by the production of tachyzoites in tissue 
culture.

Other methods

Cell-mediated immunity can be measured by a skin test or in vitro 
assays but has limited clinical applications. Computed tomogra-
phy of the brain is useful in the investigation of patients with 
congenital toxoplasmosis and AIDS (Figure 78.3). Therapeutic 
trials of antiparasite drugs may be required to confi rm the diag-
nosis of toxoplasmosis in the profoundly immunosuppressed.24

MANAGEMENT

None of the agents currently available for clinical use shows activ-
ity against the encysted form of the parasite. Consequently, treat-
ment is directed against the active tachyzoite form and complete 
eradication of the parasite is not attempted.6,33

Immunocompetent patients

Specifi c therapy has not been shown to be effective in otherwise 
healthy individuals and is rarely indicated in view of the potential 
toxicity of antitoxoplasma agents. Therapy may be considered 
when the illness is protracted or unusually severe. Sulfadiazine 

(2 g/day) with pyrimethamine (25 mg/day) is given by the oral 
route. Sulfadimidine may be substituted for sulfadiazine. Vitamin 
supplementation consisting of folinic acid (15 mg twice weekly) 
or yeast tablets BPC (8 tablets twice weekly) is given to prevent 
bone marrow toxicity.34 Increasingly, azithromycin (3 g/day for 10 
days) is used to avoid sulfonamide toxicity.

The pregnant woman

The macrolide antibiotic spiramycin should be given at a dose of 
3 g/day throughout the confi nement in an attempt to reduce the 
risk of transplacental passage of the parasite. If fetal infection is 
confi rmed by amniocentesis or ultrasound investigation, antipar-
asite therapy is given to reduce the severity of congenital disease. 
Sulfadiazine (50–100 mg/kg per day)–pyrimethamine (0.5–
1.0 mg/kg per day) with vitamin supplement is given for 3 weeks, 
followed by a further 3 weeks’ therapy consisting of spiramycin 
(3 g/day). Alternating 3 weeks’ drug courses are given until 
delivery.6 However, the clinical benefi ts of this approach are 
uncertain.35

Congenital infection

All infected infants are given specifi c therapy until the age of 
1 year, irrespective of the severity of the disease. Rotating 3-week 
courses of sulfadiazine with pyrimethamine and folinic acid 
(doses as for the pregnant woman) followed by spiramycin 
(100 mg/kg per day) are given.6,36 The role of corticosteroids is 
not fully established but these are often given when ventricular 
dilatation is noted.

Ocular disease

Quiescent lesions recognized beyond the age of 1 year require 
observation only. When active infl ammation is noted sulfadiazine 
(2 g/day) or clindamycin (1.2 g/day) given with pyrimethamine 
(25 mg/day) and vitamin supplementation is advised. Treatment 
is continued for 10 days after infl ammation subsides. Systemic 
corticosteroids are usually administered during the antiparasite 
therapy. However, clinical practice varies widely and there is no 
consensus of optimal management.37 Laser or cryotherapy was 
previously used in an attempt to limit the spread of a lesion across 
the retina but this approach has been shown to be ineffective.38

Toxoplasmosis with AIDS

Acute therapy comprises sulfadiazine (4–8 g/day)–pyrimethamine 
50–75 g/day) with vitamin supplements continued for 6 weeks. 
Clindamycin (2.4–4.8 g/day) can be substituted if severe sulfon-
amide toxicity is experienced. Reduced dose maintenance therapy 
may be given after an acute episode to prevent relapse while the 
CD4 count remains low.25

Organ transplant recipients

Seronegative recipients of a seropositive heart, heart–lung or liver 
donor should be given pyrimethamine (25 mg/day) prophylaxis 
for 6 weeks after the operation to prevent primary infection.39 

Figure 78.3 Computed tomography of the brain in cerebral 
toxoplasmosis associated with AIDS.

Management
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When signifi cant disease is established in any organ graft recipient 
high-dose therapy, similar to that given in AIDS, is indicated. 
Maintenance therapy is not required unless the period of immu-
nosuppression is likely to be prolonged.

PREVENTION AND CONTROL

Health education

Women contemplating pregnancy or shown to be seronegative 
after conception should be offered guidance to reduce the risk of 
acquiring toxoplasmosis during pregnancy. Foods eaten without 
further preparation, such as vegetables and fruit, should be washed 
to remove contaminating soil and sporocysts. Gloves should be 
worn when gardening or emptying cat litter trays. Meats that might 
contain tissue cysts should be cooked until ‘well done’ and hand-
washing after preparing raw meat should be emphasized.40 Similar 
advice can be given to HIV-infected individuals.

Previously, deliberate exposure to the parasite prior to puberty 
was encouraged in some areas by the habit of eating raw meat. 
This practice is no longer considered ethical due to the risk 
of reactivated infection should the individual later become 
immunosuppressed.

Vaccination

Short-lived immunity can be induced when using non-viable 
toxoplasma, while viable organisms of reduced pathogenicity are 
associated with chronic infection and potential reactivation.41 A 
non-cyst-forming strain of T. gondii is available for sheep42 but 
there is presently no vaccine suitable for humans.

Antenatal screening

Any screening programme should be evaluated in four main areas: 
frequency and severity of the disease; sensitivity, specifi city, per-
formance and cost of diagnosis; effectiveness of management; 
administrative structure.43 In France, a programme based on IgG 
seroconversion is in operation and similar schemes have been 
promoted in other countries.44 Further research is required to 
establish the harm : benefi t ratio of screening for toxoplasmosis in 
pregnancy before the diversion of scarce funds from other health 
projects can be justifi ed.
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Section 10 Protozoan Infections

Chapter 79 Michael J. G. Farthing, Ana-Maria Cevallos 
and Paul Kelly

Intestinal Protozoa

Human intestinal protozoan infections are found worldwide in 
both developing countries and the industrialized world. Patho-
genic intestinal protozoa produce disease by infecting the small 
or large intestine, or both. Intestinal protozoa are found in highest 
prevalence in developing countries, where they are responsible for 
a substantial burden of disease. The small intestinal protozoa 
Giardia lamblia and Cryptosporidium parvum have their major impact 
in children, while the large bowel pathogen Entamoeba histolytica 
infects all age groups but has its most profound effects in adults. 
The epidemiology of intestinal protozoan infection has developed 
rapidly with the increase in acquired immunodefi ciency states, 
particularly that relating to cytotoxic chemotherapy for cancer and 
human immunodefi ciency virus (HIV) infection and the acquired 
immune defi ciency syndrome (AIDS). Interestingly, some of the 
protozoa, particularly Cryptosporidium spp and Isospora belli, have 
a profoundly increased morbidity in immunodefi ciency states, 
whereas the severity of disease due to giardiasis and amoebiasis is 
little affected.

Our understanding of human intestinal pathogenic protozoa 
continues to expand. Human infection with Cryptosporidium 
parvum was fi rst recognized in 1976, since when several new 
pathogenic protozoa have been discovered in humans, namely the 
microsporidia (Enterocytozoon bieneusi, Encephalitozoon intestinalis) 
and Cyclospora cayetanensis. As methods of detection improve, 
it seems likely that other human protozoan pathogens will 
emerge.

Despite the prevalence of human protozoan enteropathogens, 
their history evolved gradually during the nineteenth and twenti-
eth centuries, with major advances occurring since the 1970s, since 
when it has been possible to culture some in the laboratory. The 
coccidia, however, have largely resisted attempts at in vitro culture, 
presumably because of their more complex life cycle. The patho-
genic potential of these protozoa has been debated vigorously; 
during the fi rst half of the twentieth century, for example, the 
clinical importance of Giardia lamblia was still seriously ques-
tioned, even by eminent parasitologists such as Dobell. The fact 
that these infections are responsible for signifi cant intestinal 
disease in humans, with profound morbidity, and in some cases 
mortality, is now well established, although parasite biology and 
mechanisms of pathogenesis are still not clearly established. For 
many of the protozoa the host immune response remains poorly 
defi ned, as are the mechanisms involved in eradication and the 
development of protective immunity. As yet, there is no candidate 

vaccine for any of the intestinal protozoa. It is likely that the next 
decade will produce great advances in our understanding of many 
of these questions, with commensurate progress in treatment and 
prevention.

THE SARCODINA (AMOEBAE)

The subphylum Sarcodina is characterized by organisms that 
move by pseudopodia or by locomotive protoplasmic fl ow without 
discrete pseudopodia; fl agella, when present, are usually restricted 
to developmental or other temporary stages. Most species are free 
living, such as Acanthamoeba and Naegleria. However, many 
species such as Entamoeba histolytica, E. coli, E. hartmanni, E. gingi-
valis, Dientamoeba fragilis, Endolimax nana and Iodamoeba bütschlii 
have been defi nitely established as parasites of humans. All live 
in the large intestine, except E. gingivalis, which is found in the 
mouth.

Entamoeba histolytica

Amoebiasis, the infection caused by the parasitic protozoan, 
E. histolytica, is responsible for 70 000 deaths per annum.1 It was 
Fedor Löch in St Petersburg in 18752 who fi rst described the 
clinical and autopsy fi ndings of a case of fatal dysentery and iden-
tifi ed the amoeba. Although he was able to infect a dog with this 
organism, he was not able to mimic the disease produced in his 
patient and failed to recognize the relationship. In 1890, William 
Osler3 reported the case of a young man who contracted dysentery 
and developed an hepatic abscess that led to his death. One year 
later, Councilman and Lafl eur4 conducted a detailed study of 
patients with amoebic dysentery and hepatic abscess. They con-
fi rmed the pathogenic role of amoebae and created the terms 
‘amoebic dysentery’ and ‘amoebic liver abscess’. Schaudinn5 dif-
ferentiated E. histolytica from E. coli in 1903. In 1913, Walker and 
Sellards6 defi nitively established the pathogenicity of E. histolytica 
by feeding cysts to volunteers. Brumpt7 in 1925 was the fi rst to 
suggest that the differences in symptomatology and in the global 
distribution of invasive amoebiasis were due to the presence of 
two species of amoeba, morphologically indistinguishable one 
from another, but with different pathogenic potential. He distin-
guished the two species based on their pathogenicity in humans 
and in experimentally infected kittens. He suggested the term 
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E. dysenteriae for the pathogenic amoeba and E. dispar for the non-
pathogenic amoeba. Because Brumpt was unable to distinguish 
morphologically between the two proposed species and because 
there was growing evidence that cysts obtained from asymptom-
atic carriers could produce experimental infection, his explanation 
gained little support. It regained favour only after Sargeaunt and 
associates8,9 were able to distinguish pathogenic strains of E. his-
tolytica from non-pathogenic strains on the basis of isoenzyme 
typing. Since then, many other markers that allow the discrimina-
tion between both groups have been identifi ed. In 1993, Diamond 
and Clark,10 using all the biochemical, immunological and genetic 
evidence for distinguishing pathogenic from non-pathogenic 
strains of E. histolytica, redescribed E. histolytica Schaudinn, 1903, 
formally separating it from E. dispar Brumpt, 1925. In 1997, a 
World Health Organization (WHO) expert committee met in 
Mexico City and endorsed the separation of pathogenic and 
non-pathogenic strains into two separate species.11,12

The organism

Taxonomy

The systematics of amoeboid eukaryotes is in a state of fl ux. E. 
histolytica was considered by some authors to be an early branch-
ing of the eukaryotic lineage, as it appeared to lack mitochondria, 
peroxisomes, rough endoplasmic reticulum and Golgi system, and 
has an unusual glycolytic metabolism. Many of these features are 
shared with other amitochondriate protists known as Archezoa.13 
However, small-subunit ribosomal RNA-based phylogenetic trees 
placed E. histolytica in a branch that arises more recently than 
several lineages with typical eukaryotic organelles and metabo-
lism.13,14 The demonstration that E. histolytica has a cryptic organ-
elle that corresponds to a rudimentary mitochondrion15,16 and the 
identifi cation of genes involved in vesicular transport17 have seri-
ously undermined the hypothesis that Entamoeba represent early 
branching eukaryotes. In 1998, Cavalier-Smith revised the 
position of E. histolytica and placed it in the kingdom Protozoa, 
sub-kingdom Neozoa, infra-kingdom Sarcomastigota, phylum 
Amoebozoa, sub-phylum Conosa.18 The species formerly termed 
Entamoeba histolytica should now be broken down into E. histo-
lytica and E. dispar, the latter being non-pathogenic.

Structure

The trophozoite is distinguished from other intestinal amoebae 
by morphological characteristics of diagnostic importance. It 
ranges in size from 20 to 40 mm. Two zones can be recognized 
within the cytoplasm: an outer zone, or ectoplasm, and an inner 
zone, or endoplasm. The ectoplasm is clear, refractive and sharply 
separated from the endoplasm. The endoplasm contains abun-
dant vesicles embedded in a cytoplasmic matrix, which gives them 
the appearance of ground glass. The cytoplasmic vesicles some-
times contain ingested red blood cells in various stage of disinte-
gration. Using DNA-specifi c stains it is possible to identify a small 
spherical DNA-containing body 1–2 μm in size that corresponds 
to rudimentary mitochondria.19 Ribosomes appear to be ordered 
in helical arrays. The cytoskeleton is characterized by microfi la-
ments, generally found immediately below the plasma membrane 
at the sites of attachment of the amoeba to the substrate and 
where phagocytic channels are formed. The nucleus is not usually 

visible, although it may be faintly discerned as a fi nely granular 
ring in the unstained amoeba. When stained with haematoxylin, 
trichrome or Lawless stain, details of nuclear structure may be 
observed. The nucleus is spherical and 4–7 mm in diameter. The 
nuclear membrane is clearly defi ned; its inner surface is lined with 
uniform and closely packed fi ne granules of chromatin. In the 
centre of the nucleus is a small mass of chromatin, the karyosome. 
A clear halo surrounding the karyosome and a ‘linin’ network 
giving a ‘cartwheel’ appearance has been described, but these 
probably represent fi xation artefacts. The presence of a rough 
endoplasmic reticulum or Golgi system has not been demon-
strated. However, the presence of genes encoding proteins involved 
in vesicular transport and translational machinery suggest that 
functional equivalents may exist.17

In fresh isolates, E. histolytica can move as fast as 5 mm/s. 
Trophozoites move by means of pseudopodia, cytoplasmic pro-
trusions that may be formed at any point on the surface of the 
organism. Actively moving trophozoites have a well-defi ned mor-
phological polarity. The clear glass-like ectoplasm fl ows out to 
form the pseudopodium, slowly followed by the more granular 
endoplasm as the amoeba moves in the direction in which it was 
extruded. The pseudopodial extension is accompanied by recy-
cling of the cytoplasm and the formation of a posterior appendix, 
commonly referred to as the uroid. The uroid accumulates capped 
ligands as bacteria, lectins or antibodies and, by an unknown 
mechanism, is detached from the amoeba without damaging 
the parasite.

The precyst amoebae are colourless, round or oval cells that are 
smaller than the trophozoite but larger than the cyst. They may 
be distinguished by a rounded single nucleus, absence of ingested 
material and lack of a cyst wall. The cytoplasm usually contains 
deposits of diffuse glycogen and, occasionally, chromatoid bodies 
are seen. The nuclear morphology is often confusing at this stage 
and it is best to rely upon either trophozoites or cysts for specifi c 
identifi cation.

The cysts are round or oval, slightly asymmetrical hyaline 
bodies, 10–16 mm in diameter, with a smooth, refractive, non-
staining wall about 0.5 mm thick. The immature cyst has a single 
nucleus, about one-third of its diameter, whereas the mature infec-
tive cyst contains four smaller nuclei, rarely more. The nuclei may 
at times appear as small refractive spheres within the cytoplasm 
of the unstained cyst, but more often they are not visible. The 
cytoplasm of the young cysts contains vacuoles with glycogen and 
chromatoid bodies. These chromatoid bodies, so named because 
they stain with haematoxylin like the chromatin of the nucleus, 
are reported to contain ribonucleic and deoxyribonucleic acids 
and phosphates, and tend to disappear as the cyst matures, so that 
they may be absent in about half of the cysts. When stained with 
iodine, the cytoplasm of the cyst will be yellow-green to yellow-
brown in colour; the nuclear membrane and karyosome are 
distinct and light brown. Chromatoidal bars do not stain and 
appear as clear spaces in the cytoplasm. If glycogen is present in 
the cytoplasm, it will stain a dark yellow-brown.

Microbiology

The main reservoir of E. histolytica is the human, although mor-
phologically similar amoebae may be found in primates, dogs and 
cats. The complete life cycle of E. histolytica consists of four 
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consecutive stages: the trophozoite, precyst, cyst and metacyst. The 
cyst is resistant to gastric acid, and on ingestion it passes into 
the small intestine. The amoeba within the cyst becomes active in 
the neutral or alkaline environment of the small intestine. The cyst 
wall is digested, probably by the digestive enzymes within the 
lumen of the gut. The encysted amoeba becomes very active and 
each of the four nuclei in the emerging E. histolytica undergoes one 
round of division, thus forming eight amoebae, smaller than the 
trophozoites seen in the colon, from a single cyst. They are carried 
into the caecum where they complete their maturation. They mul-
tiply by binary fi ssion, the nucleus dividing by modifi ed mitosis. 
As the amoebae pass down the colon they become dehydrated and 
assume a spherical shape known as a precyst. A thin cyst wall is 
secreted, forming an unripe cyst. Two mitotic divisions occur, 
resulting in a cyst that contains four nuclei. They are evacuated in 
the stool and discharged into the environment. Cysts remain 
viable and infective for several days in faeces and water, but are 
easily killed by desiccation.

Diamond’s20 medium allows the cultivation of E. histolytica 
without bacteria or other living organisms (i.e. axenically). 
Optimal growth occurs at 35–37°C, at pH 7.0, and under reduced 
oxygen tension.

Metabolism

Carbohydrates are the main source of energy for the parasite. The 
uptake of glucose involves a specifi c transport system that provides 
approximately 100 times the amount incorporated by endocytosis. 
Glucose is degraded to pyruvate via the Embden–Meyerhof 
pathway. The principal end-products of the anaerobic carbohy-
drate metabolism are ethanol and carbon dioxide; lactate is not 
produced and lactate dehydrogenase has not been reported. In 
many of the glycolytic reactions inorganic pyrophosphate, rather 

than adenosine triphosphate (ATP), is used as an energy source. 
Amoeba are obligate fermenters that lack pyruvate dehydrogenase 
and the enzymes for oxidative phosphorylation and Krebs cycle.21 
The fermentation enzymes include the pyruvate: ferredoxin oxi-
doreductase, ferredoxin and alcohol dehydrogenase, which are 
most similar to the equivalent enzymes in anaerobic bacteria.22 
Alcohol dehydrogenase and ferredoxin are found throughout the 
cytosol.15 In contrast, pyruvate:ferredoxin oxidoreductase is located 
in the plasma membrane and in a cytoplasmic structure that most 
likely corresponds to the rudimentary mitochondria.23

Synthesis of nucleic acids depends on the salvage of preformed 
purines as E. histolytica lacks a de novo purine pathway. It is also 
able to salvage pyrimidine bases, although it is able to synthesize 
them de novo.

Genetics

E. histolytica has been sequenced to completion (http://pathema.
tigr.org). The genome is 20.6 Mb in size, 51% coding, and it 
includes 8197 genes. The total genome G + C content is low 
(about 24%), with a G + C content of coding regions approxi-
mately 33% higher. Several copies of ribosomal DNA (rDNA) are 
present as extrachromosomal circular elements, but their func-
tional signifi cance is unknown.

The fi rst widely used system to characterize E. histolytica strains 
was based on the migration of six isoenzymes (hexokinase, 
phosphoglucomutase, aldolase, acetylglucosaminidase, peptidase 
and nicotinamide-adenine dinucleotide (NAD) diaphorase). It 
allowed workers to divide E. histolytica into two distinct groups: 
pathogenic and non-pathogenic (Figure 79.1).8 Since then other 
typing systems have been introduced, including a polymerase 
chain reaction (PCR)-based system based on repeats in the tRNA 
genes.24

Figure 79.1 Zymodemes of E. histolytica identifi ed by using GPI (EC 5.3.1.9), L-malate:NADP+ oxidoreductase (ME; oxaloacetate 
decarboxylating) (EC 1.1.1.4.0), PGM (EC 2.7.5.1) and HK (EC 2.7.1.1). Pathogenic zymodemes include II, IIa, VI,VII, XI, XII, XIII, XIV, XIX and 
XX. Non-pathogenic zymodemes include I, III, IIIa, IV, V, VIII, IX, X, XV, XVI, XVII, XVIII and (not shown) XXI. (From Bruckner D. A. Amebiasis. 
Clin Microbiol Rev 1992; 5:356–369.)
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Epidemiology

E. histolytica has a worldwide distribution and is endemic in most 
countries with low socioeconomic conditions. Before the separa-
tion of the ‘non-pathogenic strains’ into a different species, it was 
estimated that approximately 480 million people, or 12% of the 
world’s population, were infected and 40 000–110 000 persons 
died anually.25 In endemic areas, it is now clear that E. dispar is 
the more prevalent species, by a ratio of up to 10 : 1. The risk of 
asymptomatic carriers of E. histolytica developing invasive disease 
is estimated at about 10%.26 In Europe and North America, where 
invasive amoebiasis is rare, almost all infections previously 
ascribed to E. histolytica were in fact due to E. dispar. When these 
data are taken into account, it is more likely that only 10% of the 
480 million infections (approximately 48 million people) are 
infected with E. histolytica, whereas the rest have infections with 
E. dispar.

Infection occurs via the faecal–oral route, food and drink 
becoming contaminated through exposure to human faeces. Food-
borne outbreaks of disease are due to insanitary handling of food 
and its preparation by infected individuals. Therefore, it is not 
surprising that prevalence is high in places where human faeces 
are used for fertilizer. Cyst carriers are the main reservoir of infec-
tion. Epidemics occur when raw sewage contaminates water sup-
plies. Sexual transmission also occurs. Recognized high-risk groups 
include travellers, immigrants, migrant workers, immunocompro-
mised individuals, individuals in mental institutions, prisons and, 
possibly, children in day-care centres. Severe infections occur in 
very young children, pregnant women, the malnourished and 
individuals taking corticosteroids. Patients with AIDS do not have 
an increased risk of severe infection. Recent attempts to re-write 
the epidemiology of amoebiasis, using molecular tools to distin-
guish E. histolytica from E. dispar, suggest that generalizations will 
be diffi cult and the relative frequency of these two amoebic infec-
tions will differ in different populations. In Australia the ratio of 
histolytica to dispar was 1 : 1327 but in Mexico it was 1.5 : 1.28

Pathogenesis

E. histolytica has the capacity to destroy almost all tissues of the 
human body. The intestinal mucosa, the liver and, to a lesser 
extent, the brain and skin are affected most commonly. Even car-
tilage and bone can be eroded by E. histolytica trophozoites. Several 
virulence factors have been identifi ed, such as adhesion molecules, 
contact-dependent cytolysis, proteases, haemolysins and phago-
cytic activity.

To produce damage, trophozoites must fi rst colonize the colon. 
The presence of bacteria is essential for colonization as they 
provide an environment with low oxygen tension and probably 
supply other metabolic needs. Trophozoites must then penetrate 
through the mucus layer and adhere to the host cells. E. histolytica 
enhances mucus secretion, alters its composition and depletes 
goblet cells of mucin, thereby making epithelial surfaces more 
vulnerable to invasion.

Once the mucus barrier has been broken down, E. histolytica 
reaches the luminal surface of enterocytes and initially produces 
a contact-dependent focal and superfi cial epithelial erosion. Tro-
phozoites adhere to colonic mucins and host cells through the 
N-acetyl-D-galactosamine-inhibitable lectin, a 260-kDa protein 
also known as the Gal/GalNAc adherence lectin, composed of a 

170-kDa and a 35/31-kDa subunit. The 170-kDa subunit is immu-
nologically similar to the integrins.29 Other molecules are involved 
in adhesion including a 220-kDa lectin, a 112-kDa adhesin and a 
surface lipophosphoglycan.

Although there is evidence to suggest that E. histolytica can 
induce apoptosis of host cells,30 cell damage is primarily contact 
dependent. The Gal/GalNAc adherence lectin is not directly cyto-
toxic but it is required for cytolysis as target cell lysis is reduced 
in the presence of galactose. Furthermore, a monoclonal antibody 
against the heavy subunit is capable of partially inhibiting cytoly-
sis without blocking adherence. It has been suggested that cell lysis 
is produced through the channel-forming peptides of E. histolytica 
(amoebapores). Three isoforms have been identifi ed, amoebapores 
A, B and C, which are present in a ratio of 35 : 10 : 1, with the genes 
showing 35–57% deduced amino acid sequence identity. Their 
structure is now known.31 Like other pore-forming peptides, amoe-
bapores are readily soluble but are capable of changing rapidly 
into a membrane-inserted stage. Oligomerization occurs by for-
mation of a channel through the plasma membrane, allowing the 
passage of water, ions and other small molecules, and thus lysing 
the target cell. Amoebapore C seems to be the most effective, while 
amoebapore A is not effi cient in lysing erythrocytes. Amoebapores 
are found in cytoplasmic vesicles and show maximum activity in 
acidic pH, which is consistent with previous observations that lysis 
of target cells by E. histolytica required a pH of 5.0 within amoebic 
vesicles. In spite of all the advances in the characterization of 
amoebapores, their participation in the cytolytic event produced 
by E. histolytica has not yet been demonstrated. Amoebapores are 
not spontaneously secreted from viable trophozoites. The pres-
ence of pore-forming activity in the non-pathogenic E. dispar, 
although 60% less potent, suggests that the primary function of 
amoebapores is to destroy phagocytosed bacteria.

During the invasion to deeper layers of the mucosa, trophozo-
ites must lyse surrounding cells and degrade the extracellular 
matrix. Contact of trophozoites with the extracellular matrix 
induces the formation of adhesion plaques, containing actin fi la-
ments, vinculin, α-actinin, tropomyosin and myosin I. Binding to 
the extracellular matrix occurs through a 37-kDa fi bronectin-
binding protein and a 140-kDa integrin-like receptor, inducing a 
sustained rise of intracellular calcium concentration needed to 
reorganize the trophozoite cytoskeleton to form the adhesion 
plaque. In the absence of calcium, adhesion is poor. Contact of 
trophozoites with the extracellular matrix also induces the release 
of cysteine proteinases and the content of electron-dense granules, 
which includes collagenase, two proteases and at least 25 other 
polypeptides.32 There are at least seven genes encoding for cysteine 
proteinases in E. histolytica.33 The majority of the proteinase activ-
ity can be attributed to the expression of four of these genes, 
EhCP1–3 and EhCP5. The cytopathic effect correlates with the 
amount of cysteine proteinase activity released into the medium 
by clinical isolates of E. histolytica and can be inhibited by specifi c 
peptide inhibitors. A number of haemolysins, which are encoded 
by plasmid rDNA and are cytotoxic to an intestinal mucosal cell 
line (Caco 2), have been identifi ed.

Invasion of the colonic and caecal mucosa by E. histolytica 
begins in the interglandular epithelium. This is a site of low resis-
tance where intestinal cells are normally shed as the fi nal stage in 
the renewal of the epithelium. Cell infi ltration around invading 
amoebae leads to rapid lysis of infl ammatory cells and tissue 
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necrosis; thus, acute infl ammatory cells are seldom found in 
biopsy samples or in scrapings of rectal mucosal lesions. Ulcer-
ation may deepen and progress under the mucosa. Further pro-
gression of the lesion may produce loss of the mucosa and 
submucosa, and eventually perforation of the colon.

Amoebae probably spread from the intestine to the liver 
through the portal circulation. The presence and extent of liver 
involvement bears no relationship to the degree of intestinal 
amoebiasis, and these conditions do not necessarily coincide. The 
early stages of hepatic amoebic invasion have not been studied in 
humans. In experimental animals, inoculation of E. histolytica 
trophozoites into the portal vein produces multiple foci of neu-
trophil accumulation around parasites, followed by focal necrosis 
and granulomatous infi ltration. As the lesions extend in size, the 
granulomas are gradually substituted by necrosis, until the lesions 
coalesce and necrotic tissue occupies progressively greater por-
tions of the liver. Hepatocytes close to the early lesions show 
degenerative changes that lead to necrosis, but direct contact of 
liver cells with amoebae is rarely observed. It is thought that liver 
damage is not caused directly by the amoebae but rather by the 
lysosomal enzymes of lysed polymorphonuclear neutrophils 
(PMNs) and monocytes that accumulate around the parasite. 
During experimental infection, hypocomplementaemic and leu-
copenic animals demonstrate reduced amoebic-induced liver 
damage when compared with normal animals.

In severe cases, especially in patients treated with corticoste-
roids, amoebic trophozoites can be found in virtually every organ 
of the body, including the brain, lungs and eyes.

Immunity

The fi rst contact of the trophozoite with the immune system is 
through the epithelial intestinal cells. E. histolytica stimulates 
human intestinal epithelial cells to secrete interleukin (IL) 8 and 
tumour necrosis factor (TNF)α.34,35 Neutrophils are rapidly 
recruited and activated in response to the proinfl ammatory cyto-
kine IL-8. Cell infi ltration around invading amoebae leads to 
rapid lysis of infl ammatory cells followed by tissue necrosis.

E. histolytica in axenic culture is susceptible to complement 
lysis, whereas when grown in the presence of human serum or 
after passage through animals they become resistant. Comple-
ment resistance is mediated in part by the Gal/GalNAc adherence 
lectin. The adhesin binds to C8 and C9, inhibiting their assembly 
and therefore C5b-9-mediated lysis. The immune complex disap-
pears from the amoebic surface, probably by capping, as the bio-
chemical analysis of the uroid reveals the presence of complement 
components. The resistance to complement-mediated lysis 
decreases after incubation of the trophozoite with either cytocha-
lasin B or trypsin, and after glutaraldehyde fi xation. This suggests 
that intact membrane mobility and a trypsin-sensitive surface 
component are necessary to inhibit the activation of the alterna-
tive complement pathway. Inactivation of the anaphylotoxins C3a 
and C5a by secreted cysteine proteases of E. histolytica may also 
play a role in mediating resistance to complement lysis.36

Invasive infection with E. histolytica produces a marked immune 
response which results in the development of protective immu-
nity, though immunity to intestinal infection is incomplete.37 
Recurrence of amoebic colitis or abscess is unusual. De Leon38 
monitored more than 1000 patients with amoebic liver abscess for 

5 years and found a recurrence rate of 0.29%. Patients with AIDS, 
surprisingly, do not appear to be more susceptible to amoebic 
disease than those without AIDS, even though asymptomatic 
carriage is common.39 Intestinal invasion by E. histolytica results 
in a prompt local secretory antibody response followed by a 
systemic antibody response. Circulating antibodies can be dem-
onstrated as early as 1 week after the onset of invasive amoebiasis 
in humans and experimental animals. All immunoglobulin 
classes are involved, but there seems to be a predominance of IgG2 
antibodies. However, it has been demonstrated that the cysteine 
proteinases of E. histolytica can degrade both IgA40 and IgG41 anti-
body, which may limit the effectiveness of the host humoral 
response.

Clinical features

The clinical spectrum (see also Chapter 10) of intestinal E. histo-
lytica infection ranges from asymptomatic carrier state or acute 
colitis, to fulminant colitis with perforation.

Asymptomatic infection

Asymptomatic cyst carriage of E. histolytica is well documented. 
The majority will clear the infection spontaneously. An epidemio-
logical study in a semirural area in South Africa showed that 90% 
of asymptomatic carriers of E. histolytica cleared the infection 
within a year; the remaining 10% developed amoebic colitis.26

Intestinal amoebiasis (Table 79.1)

The onset is insidious, except in fulminating cases, with abdomi-
nal discomfort, loose motions or frank diarrhoea, not necessarily 
with blood or excessive mucus. In more severe cases the stools 
rapidly become bloodstained with mucus. Tenesmus occurs in 
half of the patients and is always associated with rectosigmoid 
involvement. Constitutional symptoms are not prominent. On 
physical examination tenderness may be localized anywhere in the 
lower abdomen but is usually over the caecum, transverse colon 

Table 79.1 Symptoms and fi ndings in acute colitis

(%)
Symptoms

  Duration of symptoms (weeks)

    0–1 48

    2–4 37

    >4 15

  Diarrhoea 100

  Dysentery 99

  Abdominal pain 85

  Low back pain 66

Physical fi ndings

  Fever 38

  Abdominal tenderness 83

Source: Adams EB, MacLeod IN. Invasive amebiasis. I. Amebic dysentery and its 
complications. Medicine 1977; 56:315–323.
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or sigmoid. The liver may be slightly enlarged and tender. Recto-
sigmoidoscopy and colonoscopy of mild or moderate cases usually 
reveals the presence of small ulcers (3–5 mm in diameter) which 
most frequently involve the caecum and rectum but may be scat-
tered throughout the colon and are especially numerous in the 
region of the fl exures. Rarely, the disease may involve the terminal 
ileum. The ulcers are initially superfi cial with hyperaemic borders 
and a necrotic base covered with a yellowish exudate. There is 
normal mucosa between sites of invasion. However, diffuse infl am-
mation has also been described, making fi rm diagnosis on gross 
appearance diffi cult. On rare occasions involvement of the blood 
vessels at the base of the ulcer may produce brisk bleeding. More 
rarely, an ulcer may perforate and the patient may die from peri-
tonitis. Extensive infl ammatory polyposis has been demonstrated 
as a complication of amoebic colitis and this may be a source of 
confusion with idiopathic infl ammatory bowel disease. Acute 
amoebic dysentery must be differentiated from bacterial colitis 
caused by Shigella spp., Salmonella spp., Campylobacter jejuni, 
enteroinvasive and enterohaemorrhagic Escherichia coli, and 
Yersinia enterocolitica.

In surgical specimens ulcers look fl at and oval in shape, without 
induration of the underlying bowel wall. Histologically, there is 
non-specifi c diffuse infl ammation around the superfi cial ulcer-
ations. As the disease advances, the classically described fl ask-
shaped ulcers with undermined edges are formed. The lamina 
propria is infi ltrated by plasma cells, lymphocytes, neutrophils 
and eosinophils. There is oedema and focal haemorrhage. The 
infi ltrate also involves the surface epithelium, and frequently there 
is an overlying exudate within which trophozoites may be found 
(Figure 79.2).

Fulminant colitis is the result of confl uent ulceration and 
necrosis of the colon. The clinical picture is virtually indistinguish-
able from that of fulminant ulcerative colitis. The bowel is dilated, 
particularly in its transverse portion. The patient is extremely 
febrile and toxic, and shows signs of hypovolaemia and electrolyte 
imbalance. Despite the severity of the illness, amoebae may not 
be readily recovered from the stools of these patients. Surgical 

specimens reveal extensive areas of necrosis within which some 
patches of intact hyperaemic mucosa are found.

An amoeboma, or amoebic granuloma, may result from 
repeated invasion of the colon by E. histolytica, complicated by 
pyogenic infection. Amoebomas may be found anywhere in the 
colon but are more frequent at the caecum (40%) and rectosig-
moid junction (20%). Lesions are usually single and involve a 
short segment of the colon. These mass lesions are often mistaken 
for malignancy and may occasionally be palpable. Histologically 
the amoeboma is non-fi brotic and contains granulation tissue 
with lymphocytes, plasma cells, eosinophils and giant cells. There 
is remarkably little infl ammation and most of the swelling is due 
to oedema. Amoebae are scanty and diffi cult to demonstrate. 
Fibrous tissue is formed later.

Amoebic liver abscess

This is the most common extraintestinal form of invasive amoe-
biasis. Amoebic abscesses (Table 79.2) may be found in all age 
groups, but are 10 times more frequent in adults than in children, 

Figure 79.2 Colonic mucosa showing superfi cial ulceration with 
amoebic invasion. (H&E stain; magnifi cation ×400.) (Courtesy of Paola 
Domizio, Department of Morbid Anatomy, St Bartholomew’s Hospital, 
London.)

Table 79.2 Symptoms and fi ndings in amoebic 
liver abscess

(%)
Symptoms

  Duration of symptoms (weeks)

    <2 37–66

    2–4 20–40

    4–12 16–42

    >12  5–11

  Pain 90

  Diarrhoea and/or dysentery 14–66

  Weight loss 33–53

  Cough 10–32

  Dyspnoea  4

Physical fi ndings

  Localized tenderness 80–95

  Enlarged liver 43–93

  Fever 75–98

  Rales, rhonchi  8–47

  Localized intercostal tenderness 40

  Epigastric tenderness 22

  Swelling over the liver 10

  Jaundice 10–25

Laboratory fi ndings

  Increased bilirubin 10–25

  White blood cell count >10 × 109/L 63–94

  Raised transaminases 26–50

  Raised alkaline phosphatase 38–84

  Increased erythrocyte sedimentation rate 81

Source: Martinez-Palomo A. The Biology of Entamoeba histolytica. Chichester: 
University Research Press/Wiley; 1982.
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and are more frequent in males than in females. They are more 
common in the poorest sectors or urban populations. Approxi-
mately 20% of patients have a past history of dysentery. About 
10% of patients have diarrhoea or dysentery at the time of diag-
nosis of amoebic liver abscess. The parasite can be detected in 
faeces in less than 50% of cases if standard microscopy is used; 
the prevalence rises to 75% if culture is used. The onset of symp-
toms is usually abrupt, with pain in the upper abdomen and high 
fever. The pain is intense and constant, radiating to the scapular 
region and right shoulder; it increases with deep breathing or 
coughing, or when the patient rests on the right side. When the 
abscess is localized on the left lobe, pain occurs on the left side 
of the abdomen and may radiate to the left shoulder. Localized 
tenderness in the region of the abscess, most commonly at the 
lower right intercostal spaces, is frequent even in the absence of 
diffuse liver pain. Fever is present in most cases; it varies between 
38° and 40°C, frequently in spikes but sometimes constant over 
several days, with rigors and profuse sweating. Anorexia, weight 
loss, nausea, vomiting and fatigue may all be present. On physical 
examination the cardinal sign of amoebic liver abscess is painful 
hepatomegaly. Digital pressure and fi st percussion will often 
produce intense pain in the liver region. On palpation the liver is 
soft and smooth. Hepatomegaly may not be detected in patients 
with amoebic abscess of the dome of the liver because the enlarge-
ment is upward. Mild jaundice is quite common, but severe 
obstructive jaundice is rare. Amoebic abscess and cirrhosis may 
coexist, so a hard liver does not exclude the diagnosis. Movement 
of the right side of the chest and diaphragm is restricted and there 
is hypoventilation of the right lower lobe of the lung. This is fre-
quently associated with atelectasis or effusion in the right chest. 
The presentation may be so abrupt that it can be confused with 
an acute surgical abdomen. The usual clinical diagnosis in such a 
case is acute cholecystitis or appendicitis. Differential diagnosis 
with pyogenic liver abscess should be established, particularly in 
non-endemic areas.

Lesions are usually single and most are found in the right lobe 
of the liver in the posterior, external and superior portions. The 
incidence of amoebic abscess of the left lobe ranges from 5% to 
21%. The liver abscess has a thin capsular wall with a necrotic 
centre composed of a thick fl uid, an intermediate zone of coarse 
stroma and an outer zone of nearly normal tissue. Typically, abscess 
fl uid is odourless, resembling ‘chocolate syrup’ or ‘anchovy paste’, 
and bacteriologically sterile, although secondary bacterial invasion 
may occur. Microscopic examination of the abscess fl uid reveals 
granular eosinophilic debris with no or few cells; amoebae tend to 
be located at the periphery of the abscess. Liver abscesses may heal, 
rupture or disseminate. The mortality rate has been estimated to 
be around 0.2–2.0% in adults and up to 26% in children.42

Invasive amoebic lesions in humans, whether localized in the 
large intestine, liver or skin, almost invariably heal without the 
formation of scar tissue, if treated properly. The absence of fi brotic 
tissue following necrosis is particularly striking in the liver.

Peritoneal amoebiasis

This is caused by the rupture of a hepatic liver abscess or, less 
frequently, by perforation of the caecum. It is characterized by a 
sudden increase in abdominal pain, frequently generalized, which 
resembles that of septic peritonitis. A plain abdominal radiograph 

will reveal the presence of free air in the peritoneal cavity. In some 
instances the perforation may be smaller and the abdominal signs 
are more localized.

Pericardial amoebiasis

Pericardial involvement is the most serious complication of an 
amoebic liver abscess. It occurs in less than 1% of all amoebic liver 
abscesses, especially of the left lobe. Although there may be a 
presuppurative stage that is associated with a sterile effusion, per-
foration of the abscess into the pericardium is usually followed by 
progressive tamponade or the sudden development of shock. 
Although the mortality rate from pericardial involvement has 
decreased from >90% to <40%, it is still frequently necessary to 
perform open drainage because of the development of loculations 
and thickened pericardium.

Pleuropulmonary amoebiasis

Invasion of the pleural cavity or the lung parenchyma is most 
commonly due to extension from a liver abscess and occurs in 
<1% of those with amoebic dysentery, in 3% of all autopsies on 
people dying from amoebiasis and in 15% of patients with liver 
abscess. Haematogenous spread is rare. The fi rst clinical symptoms 
are those of the liver abscess, followed by severe pain in the lower 
chest, often radiating to the right shoulder. There may be dys-
pnoea and non-productive cough. Bronchohepatic fi stulas are 
characterized by expectoration of large amounts of dark brown 
material. Superimposed bacterial infections are common.

Cerebral amoebiasis

Cerebral involvement has been documented in 1.2–2.5% of 
patients who have amoebiasis at autopsy, but in <0.1% of patients 
whose cases are reported in studies of large clinical series. Although 
the symptoms of cerebral amoebiasis depend on the site and size 
of the lesion, as many as 50% of patients may have abrupt onset 
of symptoms and die from cerebellar involvement or rupture 
within 12–72 h. The availability of metronidazole, which pene-
trates the blood–brain barrier, should greatly improve the prog-
nosis of this unusual complication.

Genitourinary amoebiasis

Renal amoebiasis, a rare complication of amoebic liver abscess, is 
thought to occur by rupture of a hepatic abscess, haematogenous 
spread from lesions in the liver or lungs, or extension through the 
lymphatics. Patients who have renal amoebiasis usually respond 
well to aspiration and medical therapy. Genital lesions also occur 
infrequently and are usually caused by fi stulas from a liver abscess 
or rectocolitis. Typically, lesions are painful punched-out ulcers 
with profuse discharge. Medical treatment is usually suffi cient for 
resolution of the lesions.

Cutaneous amoebiasis

This results from perforation of an abscess or intestine into the 
skin. It may also develop from surgical wounds infected second-
arily with an internal amoebic lesion or in the perineal-genital 
area. Histologically, there is ulceration with extensive necrosis in 
the base, pseudoepitheliomatous hyperplasia at the margins, and 
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a non-specifi c infl ammatory infi ltrate extending into the deep 
dermis and subcutaneous tissues beneath the ulcer base. Some-
times there is extensive pseudoepitheliomatous hyperplasia 
involving much of the lesion with only small punctate areas of 
ulceration. This may resemble verrucous carcinoma. E. histolytica 
may be found in the overlying exudate.

Diagnosis and differential diagnosis

Detection of the parasite

Amoebiasis, although often suspected clinically, requires confi r-
mation in the laboratory by fi nding cysts and trophozoites in the 
stools (which need to be differentiated by special tests from those 
of E. dispar) or trophozoites in the various tissues (see also Appen-
dix II). The detection of the organism depends on appropriate 
specimen collection, processing and examination by trained per-
sonnel (Table 79.3). Molecular diagnosis of amoebiasis can now 
include the polymerase chain reaction.24

Stools

The diagnosis of invasive intestinal amoebiasis is based on the 
identifi cation of E. histolytica trophozoites in rectal smears or 
recently evacuated stools and on the results of rectosigmoidos-
copy. Fresh samples should be examined for detection of tropho-
zoites containing erythrocytes. However, the test is useful only if 
the sample is examined within 30 min of the passage of the spec-
imen. Three types of wet mount preparation should be made from 
each specimen: mounts in saline solution (to observe amoebic 
motility in a warm specimen); mounts in saline plus iodine (to 
differentiate E. histolytica cysts from other amoebic species and 
helminth ova); and mounts in saline plus methylene blue (to 
distinguish cysts from leukocytes, which stain blue). It is advisable 
always to confi rm the diagnosis by using a permanent-stained 
slide (iron haematoxylin or trichrome). The presence of tropho-
zoites containing ingested red blood cells is strongly suggestive of 
E. histolytica and invasive disease.

Examination of material scraped or aspirated from mucosal 
surfaces during sigmoidoscopy may reveal the presence of tropho-
zoites. Microscopic examination of wet preparations may be dif-
fi cult because of the need for low light intensity and diffi culties in 

differentiating the unstained E. histolytica from other amoebae and 
from infl ammatory cells (Table 79.4). The mucosal material may 
also be smeared, fi xed and stained with trichrome stain. Fixation 
of stool smears can be achieved by immersion of the slide in 
Schaudinn’s solution or by adding two or three drops of polyvinyl 
alcohol to the mucosal material directly on the slide, mixing it, 
and allowing the slide to air dry.

Examination for ova and parasites in a minimum of three stool 
specimens, using concentration and permanent stain techniques, 
is the standard method of detection and identifi cation of cysts of 
the organism. If possible, the stools should be examined before 
the administration of antimicrobial, antidiarrhoeal and antacid 
preparations or barium because all these agents may interfere with 
the recovery of amoebae. However, the cysts of E. dispar are indis-
tinguishable from those of E. histolytica and, therefore, positive 
stools should be reported as containing E. histolytica/E. dispar.11 
Many research techniques have been used to differentiate between 
these species but only one of them has achieved commercializa-
tion. The Entamoeba histolytica II kit (TechLab, Blacksburg, Virginia, 
USA) is based on the detection of epitopes of the 170-kDa adhesin, 
present only in E. histolytica. The specifi city and sensitivity of the 
assay for detection of E. histolytica in stool was estimated at 93% 
and 95%, respectively.43 However, its high cost limits its use, par-
ticularly in the developing world where E. histolytica is endemic. 
A differential diagnosis should also be made with E. hartmanni, 
which is morphologically identical to E. histolytica and can be 
positively identifi ed only by measuring its size.

Sigmoidoscopy

This is of value in symptomatic cases. The mucosal lesions should 
be aspirated and the material examined for trophozoites. Biopsies 
may be taken from the edge of the ulcers and stained with periodic 
acid-Schiff solution.

Liver aspirate

This should be collected in a number of different containers as it 
is obtained from the abscess. The amoebae are sparse in necrotic 
material from the centre of the abscess, but they are more abun-
dant on the marginal walls and are therefore more commonly 

Table 79.3 Microscopic diagnosis of E. histolytica

Sample Fixative Examination Stain
Stool PVA, 10% formalin, Schaudinn’s 

fi xative, sodium acetate-acetic 
acid formalin

Concentrate, permanently stained 
slide

Gomori trichrome, iron haematoxylin

Sigmoid colon PVA, Schaudinn’s fi xative Permanently stained slide Gomori trichrome, iron haematoxylin

Aspirate

  Direct None Wet mount with or without enzyme 
digest

  Fixed PVA, Schaudinn’s fi xative Permanently stained slide Gomori trichrome, iron haematoxylin, periodic 
acid

Biopsy Formalin Routine histology Schiff, haematoxylin and eosin

PVA, polyvinyl alcohol with either HgCl2 or CuSO4; with periodic acid-Schiff organism stains intensely pink and has a distinct outline, but cytoplasmic and nuclear 
details are obscured. H&E stain cytoplasm pink and nucleus blue; in sections the nucleolus may not always be present.
Source: Bruckner DA. Amebiasis. Clin Microbiol Rev 1992; 5:356–369.
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Table 79.4 Differential characteristics of host cells, E. coli and E. hartmanni, commonly mistaken for E. histolytica, 
in wet preparations

Cell Diameter or 
length (μm)

Motility NUCLEUS Cytoplasm

No. Visibility nucleus:
cytoplasm ratio

Appearance 
(stained)

Inclusions

E. HISTOLYTICA/E. DISPAR

Trophozoites 20–40 Progressive 
with hyaline 
fi nger-like 
pseudopodia; 
may be rapid

1 Hard to see in unstained 
preparations (1 : 10–
1 : 12)

Ground glass 
appearance. Clear 
differentiation of 
ectoplasm and 
endoplasm; 
vacuoles usually 
small

Presence of 
erythrocytes 
diagnostic

Cysts 10–20 None 1–4 1 : 2–1 : 3 Clear Chromidial bodies 
(stained) may be 
present; usually 
elongate with blunt, 
smooth rounded 
edges; round or oval

E. COLI

Trophozoites 15–50 Sluggish. non- 
directional; 
blunt, granular 
pseudopodia

1 Often visible in unstained 
preparation

Granular, little 
differentiation into 
ectoplasm and 
endoplasm; 
usually vacuolated

Bacteria, yeast cells 
other debris

Cysts 10–35 None 1–8 ≥16 nuclei seen 
occasionally

Clear Chromidial bodies 
(stained) may be 
present, less 
frequently than in E. 
histolytica/E. dispar; 
splinter shape with 
rough pointed ends

E. HARTMANNI

Trophozoites 6–10 Progressive, 
with hyaline 
fi nger-like 
pseudopodia; 
may be rapid

1 Hard to see in unstained 
preparations 1 : 10–1 : 12

Ground glass 
appearance. Clear 
differentiation of 
ectoplasm and 
endoplasm; 
vacuoles usually 
small

Can only be 
differentiated from E. 
histolytica by direct 
measurement of 
either trophozoite or 
cyst

Cysts 5–8 None 1–4 1 : 2–1 : 3 Clear –

HOST CELLS

PMNs Average 16 None 1 2–4 segments; if lobed, 
nucleus fragments may 
mimic the four nuclei 
found in E. histolytica 
cyst (1 : 1).

Granular None

Macrophages 20–60; may be 5–10 Sluggish 1 Large, may be irregular 
in shape (like monocyte); 
may mimic E. histolytica 
trophozoite; can also 
ingest erythrocytes

Coarse; may be 
highly vacuolated

Usually contain 
ingested debris, 
PMNs and 
erythrocytes

Source: Bruckner DA. Amebiasis. Clin Microbiol Rev 1992; 5:356–369.

The Sarcodina (Amoebae)
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found in the last portions of aspirated material. Demonstration 
of the organism is often extremely diffi cult because trophozoites 
may be trapped in viscous pus or debris and will not exhibit 
typical motility.

Laboratory investigations

In mild cases of colitis laboratory tests are normal (see also Appen-
dix I). With severe disease, leukocytosis is present. About 75% of 
patients with amoebic liver abscesses have a white blood cell 
count >10 000/mm3. The occasional patient with leucopenia will 
usually have long-standing disease and may have underlying alco-
holism or folate defi ciency. Eosinophilia is not associated with 
extraintestinal amoebiasis. Anaemia is common, particularly in 
patients who have chronic amoebic liver abscesses. The level of 
alkaline phosphatase is raised in >75% of patients, particularly in 
those with long-standing disease. Levels of transaminases may be 
increased in 50% of cases, especially in patients with acute disease 
or complications. The levels of transaminases usually return to 
normal soon after therapy is initiated, although alkaline phospha-
tase concentration may remain raised for several months. In 
extraintestinal amoebiasis, organisms may or may not be found 
in the stool; therefore, the presence of antibodies against E. histo-
lytica may be useful. Serology can be useful in the diagnosis of 
amoebiasis, particularly in non-endemic areas. Antibody response 
is present in 85–95% of patients with invasive disease. Virtually 
all known serological tests have been employed to detect anti-
amoebic antibody, including immunofl uorescent antibody tests, 
indirect haemagglutination assays (IHAs), radio-immunoassay, 
countercurrent immunoelectrophoresis and enzyme-linked immu-
nosorbent assays (ELISAs). ELISAs are the most sensitive and do 
not give false-negative results in patients with amoebic liver 
abscesses. ELISA is also specifi c, giving only 3.6% false-positive 
results in controls living in endemic areas. The results of sero-
logical tests may be negative in patients who present acutely and 
should be repeated in 5–7 days. Serological responses measured 
by agar gel diffusion, countercurrent immunoelectrophoresis and 
ELISA usually become negative within 6–12 months, although 
they may persist for more than 3 years. However, results of IHAs 
may remain positive for more than 10 years after clinical and 
parasitological cure, even in the absence of reinfection. Therefore 
these tests should be interpreted with caution as antibody may be 
present for prolonged periods, and in areas of high endemicity a 
high prevalence of seropositivity already exists. Clinical laborato-
ries should check with their local health authorities for guidelines 
for use and interpretation of serological tests.

Radiology

Radiological changes in the colon consist of mucosal oedema, 
haustral blunting and ulceration, usually localized to one part of 
the colon. Ulcers are initially shallow but may deepen and assume 
a ‘collar-button’ or fl asked-shaped appearance. There may be toxic 
dilatation of the colon. Amoebomas manifest as an intraluminal 
mass, an annular lesion or irregularity of the bowel wall with lack 
of normal distensibility. Differential diagnosis with carcinoma 
may be diffi cult; rapid disappearance of the lesion after treatment 
favours the diagnosis.

In patients with hepatic involvement, plain radiography of the 
thorax may reveal elevation of the right hemidiaphragm, pleural 

reaction obscuring the right costophrenic angle. Radiologically, 
unruptured abscesses do not show a fl uid level, and calcifi cation 
of the liver parenchyma is rare. Non-invasive radiographic studies 
have dramatically increased early diagnosis of amoebic liver 
abscesses and their potential complications. The isotope liver scan 
is very useful as it becomes positive within the fi rst days of illness, 
often before other imaging techniques. Presumably these early 
changes refl ect either a focal decrease in blood supply or injury to 
the Kupffer cells rather than liquefaction necrosis. Ultrasonogra-
phy of an amoebic liver abscess typically reveals a round or oval 
hypoechoic area that is contiguous to the liver capsule and without 
signifi cant wall echoes (Figure 79.3). Computed tomography and 
magnetic resonance imaging are also sensitive studies for demon-
strating amoebic liver abscesses (Figure 79.4). More than 80% of 
patients who have symptoms of an abscess for more than 10 days 
have a single lesion of the right lobe of the liver, while 50% of 
patients who present acutely may have multiple lesions. Abscesses 
resolve slowly and may increase in size during the fi rst few weeks 
after therapy, even with successful treatment. The ultrasonographic 
abnormalities resolve within 6 months in two-thirds of the patients 
with amoebic liver abscess; however, 10% remain abnormal for 
more than 1 year after treatment. The differential diagnosis 
includes pyogenic liver abscess, gallbladder disease and sepsis.

MANAGEMENT

Two classes of drugs are used in the treatment of amoebic infec-
tions. Luminal amoebicides, such as diloxanide furoate and iodo-
quinol, act on organisms in the intestinal lumen and are not 
effective against organisms in tissue. Tissue amoebicides, such as 
metronidazole, dehydroemetine and chloroquine, are effective in 
the treatment of invasive amoebiasis but less effective in the treat-
ment of organisms in the bowel lumen (Table 79.5).

Figure 79.3 Liver ultrasonogram demonstrating an amoebic hepatic 
abscess. (Courtesy of Alison McLean.)
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Asymptomatic patients

The WHO has suggested that, in asymptomatic individuals, treat-
ment is not appropriate when E. histolytica/E. dispar has been 
detected but E. histolytica has not been identifi ed with specifi c 
tests, unless there are reasons to suspect infection with E. 

histolytica, including high specifi c antibody titres, a history of 
close contact with a case of invasive amoebiasis, or an outbreak 
of amoebiasis.11 Patients with demonstrated E. histolytica 
infection can be treated with diloxanide furoate, paromomycin 
or iodoquinol. Iodoquinol and its analogue iodochlorhydroxy-
quin are effective against intraluminal amoebae but have 
been reported to cause myelo-optic neuropathy after long-term 
use.

Intestinal infection

Metronidazole or tinidazole are the drugs of choice for amoebic 
colitis as they are very effective against the trophozoite; however, 
they have little effect on the cyst and therefore treatment should 
be followed by a luminal agent such as diloxanide furoate. Other 
imidazole compounds such as ornidazole may be used.

Liver abscess

Metronidazole or tinidazole followed by diloxanide furoate is the 
treatment of choice. The potential cardiovascular and gastrointes-
tinal adverse effects of dehydroemetine and emetine limit their 
use, and they are used only as second-line treatment. Higher 
relapse rates are associated with chloroquine than with other 
therapeutic agents.

Aspiration of the abscess may be necessary in some cases (Table 
79.6).44 However, the need for open surgical drainage has decreased 

Figure 79.4 Computed tomogram of the liver demonstrating a left 
lobe amoebic abscess. (Courtesy of Alison McLean.)

Table 79.5 Treatment of amoebiasis

Adult dosage Paediatric dosage (mg/kg daily)

ASYMPTOMATIC INTESTINAL CARRIER

1st choice Diloxanide furoate 500 mg t.i.d. × 10 days 20 (divided in 3 doses for 10 days)

2nd choice Paromomycin 25–30 mg/kg daily in 3 doses for 
7–10 days

25–30 (divided in 3 doses for 7–10 days)

or Iodoquinol 650 mg t.i.d. for 20 days 20–40 (divided in 3 doses for 20 days)

INTESTINAL INFECTION

1st choice Metronidazole followed by 
diloxanide furoatea

750–800 mg t.i.d. for 10 days
500 mg t.i.d. for 10 days

35–50 (divided in 3 doses for 10 days)
20 (divided in 3 doses for 10 days)

or Tinidazole followed by 
diloxanide furoatea

2 g/day for 2–3 days
500 mg t.i.d. for 10 days

50–60 (for 3 days)
20 (divided in 3 doses for 10 days)

2nd choice Paromomycin 25–30 mg/kg daily in 3 doses for 
7–10 days

25–30 (divided in 3 doses for 7–10 days)

or Nitazoxanide 500 mg b.d. for 3 days 100–200 mg b.d. for 3 days depending on body 
size

AMOEBIC LIVER ABSCESS

1st choice Metronidazole followed by 
diloxanide furoatea

750–800 mg t.i.d. for 10 days
500 mg t.i.d. for 10 days

35–50 (divided in 3 doses for 7–10 days
20 (divided in 3 doses for 10 days)

or Tinidazole followed by 
diloxanide furoatea

2 g/day for 3–5 days
500 mg t.i.d. for 10 days

20 (divided in 3 doses for 10 days)
50–60 (for 5 days)

2nd choice Dehydroemetine followed by 
diloxanide furoatea

1–1.5 mg/kg daily (max. 90 mg/day) 
i.v. for 5 days
500 mg t.i.d. for 10 days

1 (for 10 days maximum)
20 (divided in 3 doses for 10 days)

a Paromomycin or iodoquinol may be used as an alternative to diloxanide furoate.

Management
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since the success of percutaneous drainage. Surgery should be 
reserved for patients with rupture of the abscess, with bacterial 
superinfection, or when an abscess that needs drainage cannot be 
approached.

Prevention

The control of invasive amoebiasis could be achieved through 
improvement of living standards and the establishment of ade-
quate sanitary conditions in countries where the disease is preva-
lent. Methods of attack should aim at: (1) the community, through 
the improvement of environmental sanitation including water 
supply, adequate disposal of faeces, food safety and health educa-
tion to prevent faecal–oral transmission; and (2) the individual, 
through early detection and treatment in cases of infection and 
disease.

Cysts remain viable and infective for several days in faeces and 
may survive in soil for at least 8 days at 34–38°C, and for 1 month 
at 10°C. They also remain infective in fresh water, sea water, sewage 
and wet soil. Cysts survive for up to 45 min in faecal material 
lodged under the fi ngernails but are killed within 1 min by desic-
cation on the surface of the hands. Amoebic cysts are destroyed 
by exposure to 200 parts/106 of iodine, 5–10% acetic acid, and 
heating at a temperature above 68°C. They can be removed from 
water by sand fi ltration but are not killed by the quantity of chlo-
rine ordinarily used to purify water; therefore chlorination alone 
cannot prevent epidemics originating from faecal contamination 
of water. In places where purifi cation of water supplies is inade-
quate, boiling for 10 min will kill all cysts.

There is no vaccine available against amoebiasis. Several anti-
gens of E. histolytica have been developed as possible immuno-
gens. These have different degrees of purity and are used in 
conjunction with a variety of adjuvants. As yet these have been 
tried only in animal models. Individual chemoprophylaxis for 
travellers is not indicated because the possibility of acquiring the 
infection has been shown to be very low (0.3%).45

Entamoeba dispar (formerly known as 
non-pathogenic E. histolytica)

E. dispar is the most frequently found Entamoeba both in humans 
and primates. It is morphologically identical to E. histolytica and 
is its closest genetic relative in the genus Entamoeba. Unlike E. 

histolytica, E. dispar does not cause disease in humans. However, 
there is some evidence to suggest that E. dispar is capable of induc-
ing focal surface erosion of the colonic mucosa without invading 
the submucosa or causing ulcers.46 Although up to 20% of E. dispar 
infections may lead to seropositivity for standard immunodiagno-
sis of E. histolytica, the antibody levels during E. dispar infection 
never approach those seen with E. histolytica. Infection is asymp-
tomatic and does not require treatment.11

Several biological differences have been described between 
E. dispar and E. histolytica, but none of them fully explains why 
E. dispar is unable to produce invasive disease. E. dispar produces 
less protease,47 does not bind to target cells as strongly and is less 
cytotoxic, has a thinner glycocalyx, higher surface charge and has 
less phagocytic activity than E. histolytica.48 In vitro, E. dispar is less 
likely to be lysed by complement.49

Entamoeba moshkovskii 
(‘E. histolytica-like’ amoebae)

E. moshkovskii was originally isolated from sewage in Moscow and 
subsequently reported in many parts of the world. E. moshkovskii 
is described as morphologically indistinguishable from E. histo-
lytica but is isolated from free-living sources, usually in the sedi-
ment of sewage-polluted waters. Similar amoebae have been 
isolated from humans and were grouped under the name of ‘E. 
histolytica-like amoebae’. The best known of these is the ‘Laredo’ 
strain. Initially, they were thought to represent atypical E. histo-
lytica. Numerous studies revealed differences between these strains 
and true E. histolytica, including a lack of serological cross-reactiv-
ity, dissimilar DNA base composition and distinctive isoenzyme 
profi les. Recently, analysis of the small subunit rRNA gene has 
suggested that these amoebae are strains of E. moshkovskii and are 
not closely related to E. histolytica. This amoeba has a wide tem-
perature tolerance, multiplying at 10–37°C. It produces contractile 
vacuoles in hypotonic media and is highly resistant to amoebi-
cidal drugs.

Entamoeba chattoni

This amoeba frequently infects apes and monkeys, in which it 
causes no clinical symptoms. Asymptomatic infection in individu-
als who are in close contact with monkeys has been reported.50

Endolimax nana

Endolimax nana is a cosmopolitan and common intestinal amoeba 
of humans, primates and pigs which can be confused with E. 
histolytica. Endolimax nana is non-pathogenic. The trophozoites are 
small (6–15 mm in diameter). Movement is by pseudopodia but 
this fails to produce directional locomotion. The cysts are 8–
10 mm in diameter and have a refractile cyst wall. The details of 
nuclear structure and the appearance of the cytoplasm closely 
resemble those of Iodamoeba bütschlii. Usually there is only one 
nucleus in trophozoites, but there are four nuclei in immature 
cysts. Endolimax nana has no chromidial body in stained samples, 
and the nuclear membrane appears to be devoid of peripheral 
chromatin.

Table 79.6 Indications for aspiration of amoebic 
liver abscess

FORMAL INDICATIONS

To rule out a pyogenic abscess, particularly with multiple lesions

As adjunct to medical therapy (no response after 72 h)

If rupture is believed to be imminent

Abscess in the left lobe where the risk of rupture is increased

POSSIBLE INDICATIONS

To reduce the period of disability47 (further trials are necessary to 
confi rm this indication)
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Iodamoeba bütschlii

Iodamoeba bütschlii is the most common amoeba of swine, and the 
pig was probably its original host. It is also frequently found in 
humans and monkeys. Trophozoites vary greatly in size, ranging 
from 6 to 20 mm in diameter. The cytoplasm contains one or 
more glycogen mass(es) that may be seen after iodine staining, as 
well as bacteria, yeasts and debris; red blood cells are never 
ingested. The nucleus is usually not visible but permanent stains 
will reveal a characteristic appearance with a large central karyo-
some surrounded by a ring of small chromatin granules. Cysts of 
I. bütschlii are 8–15 mm in diameter, commonly ovoidal or irreg-
ularly pyriform in shape. The cysts are distinctive in preparations 
stained with iodine because of the constant presence of the large, 
sharply outlined and dense glycogen-containing vacuole. Only 
one nucleus is found in most cysts.

I. bütschlii is non-pathogenic; only exceptionally has the pres-
ence of this parasite been linked to symptomatic infection in 
humans. As is the case with other amoebae commonly found in 
the human colon, I. bütschlii has a distinct isoenzyme profi le.

Dientamoeba fragilis

According to morphological and molecular evidence, Dientamoeba 
fragilis is now considered to be an aberrant trichomonad fl agellate, 
not an amoeba. Infection with this organism may be associated 
with gastrointestinal symptoms, such as diarrhoea and abdominal 
pain, but most cases are asymptomatic.51 D. fragilis is a small (6–
12 mm) cosmopolitan parasite. Only trophozoites are known; they 
can be differentiated from other intestinal amoebae by the presence 
of two nuclei in the majority of them. However, around 30–40% 
of organisms are mononucleate and may be confused with Blasto-
cystis hominis, which is more common. Trichrome stains should 
always be performed. Culture is possible and the parasite can be 
differentiated by its distinct isoenzyme profi le. Polymerase chain 
reaction (PCR)-restriction fragment length polymorphism analysis 
of its ribosomal genes suggests the presence of two genetically 
distinct forms.52 Further studies are needed to determine whether 
there is a correlation between these genetic groups and virulence.

THE MASTIGOPHORA (FLAGELLATES)

Giardia intestinalis

Giardia intestinalis (syn. lamblia, duodenalis) is the most common 
human protozoan enteropathogen and there is now compelling 
evidence to indicate that infection with this parasite can cause both 
acute and chronic diarrhoea.53 Intestinal malabsorption 
may be severe, such that chronic infection in children may be 
associated with retardation of growth and development. Molecular 
and genetic analysis of the parasite has shown that Giardia has a 
unique place in evolution as it is probably the fi rst organism to 
emerge from the prokaryotic to the eukaryotic state.54 Our knowl-
edge of this parasite has expanded rapidly since it was fi rst cultured 
in the 1970s, but many aspects of its biology and interactions with 
its mammalian hosts remain unanswered. There is no unifying 
explanation for the diverse clinical spectrum seen in giardiasis, 
which ranges from asymptomatic carriage to persistent diarrhoea 

with malabsorption. As yet, no classical virulence factors have been 
identifi ed and thus a clear explanation of pathogenesis is lacking. 
In addition, despite extensive investigation in animal models and 
to some extent during human infection, the key immunological 
determinants for clearance of acute infection and the development 
of protective immunity remain only partially defi ned. There is now 
good evidence that this infection is a zoonosis that can be transmit-
ted through domestic water supplies; control within the environ-
ment is therefore an important public health issue.

The organism

Taxonomy

Giardia is in the kingdom Protozoa, sub-kingdom Archezoa, 
phylum Metamonada, subphylum Mastigophora.55 Members of 
the genus Giardia have an adhesive disc on the ventral surface, 
unlike other members of the family Hexamitidae. There are three 
major morphological subtypes of Giardia: G. agilis from amphib-
ians, G. muris from mice and G. intestinalis from humans and some 
other vertebrates (Figure 79.5). These different types can be dis-
tinguished by the overall shape and dimensions of the trophozo-
ite body and also by the distinctive shapes of the median bodies. 
Two other Giardia isolates have been described: G. psittaci isolated 
from a budgerigar and G. ardeae from the great blue heron. Again, 
these can be distinguished from the other subtypes by an absence 
of the ventrolateral fl ange in the former and a single (rather than 
a double) caudal fl agellum in the latter.

The chemotaxonomy of Giardia has been explored using 
a variety of techniques, including antigen, isoenzyme and DNA 
analysis. These approaches have clearly shown that Giardia isolates 
differ from one to another, although the sensitivity of the 
techniques varies. Molecular genetic approaches have shown 
that human Giardia isolates may be subdivided into two major 
genotypes, which are now often referred to as assemblages A and 

Figure 79.5 G. agilis, G. muris and G. intestinalis. N, nucleus; 
MB, median body; F, fl agellum.

The Mastigophora (Flagellates)
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B, though there are many subtypes within these assemblages. There 
is evidence that giardiasis is a zoonosis, but evidence of anthro-
ponotic transmission (i.e. from human to human) also exists.

Structure

Giardia exists as a trophozoite, which colonizes the proximal small 
intestine and is responsible for the production of diarrhoea and 
malabsorption, and as a cyst, which is able to exist outside the 
host in a suitable environment and is the form of the parasite by 
which giardiasis is usually transmitted.

The trophozoite, when fi xed for light microscopy, is 12–15 mm 
long and 5–9 mm wide (Figure 79.6). It has two nuclei and four 
symmetrically placed fl agella originating from basal bodies at the 
anterior pole of the nuclei. The median body is found posteriorly 
and varies in shape according to subtype (see Figure 79.5). A 
median body contains cytoskeletal proteins, including the giar-
dins, actin and α-actinin. The trophozoite has a convex dorsal 
surface and a concave ventral surface containing the ventral disc. 
This organelle is unique to Giardia and is a rigid structure consist-
ing of microtubules, cross-bridges attached to microtubules and 
microribbons which run perpendicularly to both the microtubules 
and the cross-bridges. The disc contains a variety of cytoskeletal 

proteins, including the family of giardins, actin, α-actinin, myosin 
and tropomyosin. α1-Giardin has been identifi ed structurally and 
functionally to be an annexin with a typical calcium-binding 
domain.56 These proteins give the disc fl exibility and allow it to 
change shape, a process that is thought to be important for attach-
ment. The fl agella have the usual eukaryotic structure consisting of 
nine pairs of microtubules with two central single microtubules.

Giardia trophozoites are largely devoid of cytoplasmic organ-
elles, the major structure being multiple ovoid vacuoles which 
appear to resemble lysosomes, containing a variety of hydrolases, 
including acid phosphatase, proteinases and DNases and RNases. 
Other structures include what may be a primitive Golgi apparatus 
that is involved in protein sorting, bacterial endosymbionts and a 
35-nm double-stranded RNA virus. The role of these organisms in 
the life cycle of Giardia has not been established.

Cysts are ovoid or elliptical, approximately 7–10 mm in length. 
The cyst wall is composed of a layer of fi brils arranged as a felt-like 
web. There is controversy as to whether N-acetylglucosamine or 
galactosamine is the major cyst wall sugar. The cyst contains two 
or four nuclei; a median body and cytoskeletal components can 
usually be identifi ed. The cyst is able to survive in a cool, moist 
environment for weeks or even months.

Microbiology

The life cycle of Giardia is simple, involving the ingestion of cysts 
in contaminated water or food or through direct person-to-person 
contact, infection being initiated with as few as 10–100 cysts. 
Excystation occurs in the proximal small intestine where the tro-
phozoite multiplies. The cycle is completed when encystation 
occurs in the distal small intestine and colon, and cysts are excreted 
again into the environment in faeces at a concentration of approx-
imately 150 000–200 000 cysts per gram of faeces.

Colonization involves three processes: excystation, attachment 
to the intestinal epithelium and multiplication. Excystation is 
thought to be triggered by low pH and duodenal and pancreatic 
secretions. The intracellular vacuoles have been observed to dis-
charge their contents during excystation, suggesting that hydro-
lases are required to complete the process.57

Giardia attaches to the intestinal epithelium, probably by a 
variety of mechanisms, although it seems likely that the ventral 
disc plays a major part, either by fl agella-generated hydrodynamic 
forces beneath the disc or by direct disc movement mediated by 
its contractile proteins, particularly those in the peripheral regions 
of the disc. Pharmacological disruption of microfi lament function 
inhibits attachment, supporting a central role for the ventral disc. 
In addition, like many microorganisms, Giardia possesses a 
mannose-binding surface lectin that appears to exist as a prolectin 
in the cytoplasm and is activated by trypsin. This lectin has been 
purifi ed and shown to have a molecular weight of 28–30 kDa. 
Experiments in attachment models using mammalian intestinal 
epithelial cells or culture cell lines suggest that both disc and 
lectin-mediated mechanisms are important, at least in vitro.

Giardia trophozoites divide by binary fi ssion but the mecha-
nisms by which growth is controlled and the factors that are 
essential for growth remain poorly defi ned. Bile has been shown 
to promote growth of Giardia both in vivo and in vitro.58 This 
probably relates to Giardia’s absolute requirement for preformed 
phospholipid, uptake being facilitated by the presence of conju-

Figure 79.6 Scanning electron micrograph showing two 
G. intestinalis trophozoites.
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gated bile salts. Bile salt uptake has been shown to occur by an 
active transport process, suggesting that a specifi c carrier may be 
present in the surface membrane. Other factors that are known to 
be essential for growth include a carbohydrate source, usually 
glucose, and a low partial pressure of oxygen.

The fi nal stage of the life cycle, encystation, can also be com-
pleted in vitro following exposure of trophozoites to high concen-
trations of conjugated bile salts and myristic acid at neutral pH. 
Thus, bile and bile salts may have a dual role in the parasite life 
cycle, on one hand promoting growth and multipli cation, while at 
the same time ensuring that the parasite completes its life cycle by 
encystation. An encystation-specifi c promoter for glucosamine-6-
phosphate isomerase directs synthesis of the fi rst enzyme required 
for N-acetylgalactosamine synthesis during encystation.59

Metabolism

Following the development of methods for axenic cultivation of 
Giardia, knowledge of the parasite’s biochemistry and metabolism 
expanded rapidly. Giardia lacks mitochondria and mitochondrial 
enzymes, and respires in the presence of oxygen by a fl avin, iron-
sulphur protein-mediated electron transport system. Glucose is 
the major energy source, and is converted to pyruvate by Embden–
Meyerhof and hexose monophosphate shunt pathways. Glucose 
is metabolized incompletely to carbon dioxide, ethanol and 
acetate. In strictly anaerobic environments, alanine is produced 
from pyruvate and ketoglutarate, whereas in the presence of low 
oxygen concentrations ethanol production increases and alanine 
production is reduced.

Giardia predominantly acquires membrane and other lipids 
from the culture medium and has little or no capacity for in vivo 
synthesis. Phosphatidylglycerol has been identifi ed as a major 
phospholipid of Giardia and is probably esterifi ed by parasite 
phospholipases. Trophozoites can use exogenous arachidonic acid 
for phosphatidylinositol synthesis.

Giardia is unable to synthesize purines and pyrimidines, which 
distinguishes it from most other eukaryotes. Giardia relies there-
fore on salvage pathways for both of the nucleic acids which must 
be synthesized exogenously. Pyrimidines are taken up by active 
transport processes, one for uridine and cytosine and another for 
thymidine.

The calcium-binding protein calmodulin has been detected in 
Giardia trophozoites and probably has a similar function in main-
taining intracellular calcium homeostasis as it does in other 
eukaryotes.

Genetics

Sequencing of the Giardia genome is approaching completion 
(http://gmod.mbl.edu/perl/site/giardia/). The genome is 12 Mb 
on 5 chromosomes, with 4746 putative genes.

Giardia has fi ve chromosomes with four or as many as eight 
copies in each nucleus.60 Chromosome size varies between 1 and 
4 × 106 base pairs (bp), giving a total of 1.2 × 107 bp for the fi ve 
chromosomes. Densitometric scanning of restriction endonucle-
ase digests of Giardia DNA produces a similar genome size. Giardia 
nuclei appear to be haploid, and thus genetic diversity is explained 
on the basis of clonal divergence.

The G + C content of the G. intestinalis genome has been esti-
mated to be 42–48%, that of the protein-coding gene sequences 

to be from 49% to >60%, and that of the rDNA gene to be 75%.60 
The non-coding regions are relatively A + T rich. Giardia rRNAs are 
smaller than other eukaryotes and eubacteria. The rDNA gene is 
only 5566 bp in G. intestinalis and slightly larger in G. muris and 
G. ardeae. Sequence analysis of the 16S-like RNA has demon-
strated Giardia’s intermediate position between prokaryotes and 
eukaryotes.

Epidemiology

Giardiasis is found worldwide but in high prevalence in the devel-
oping world, where prevalence rates can reach 20–30%. Preva-
lence rates can often underestimate the overall impact of a 
pathogen. In rural Guatemala, 45 children were followed from 
birth through the fi rst 3 years of life; all were found to have giar-
diasis during this period and many had recurrent and prolonged 
infections with the parasite. Prevalence in Peruvian children 
reached 40% by the age of 6 months, and stool examination 
confi rmed prevalence rates of about 20% in children in Zimbabwe 
and Bangladesh. Age-specifi c prevalence rises throughout infancy 
and childhood, declining only in adolescence. In the industrial-
ized world, prevalence varies between 2% and 5%, although 
within these low prevalence areas there may be localized regions 
of higher prevalence.

Age appears to be a risk factor for susceptibility to giardiasis, 
infection being more common in infants and young children, 
although giardiasis is rare during the fi rst 6 months of life, par-
ticularly where breast-feeding is practised. Undernutrition may 
increase the susceptibility to infection, as indicated by a study in 
Gambian children with chronic diarrhoea and malnutrition of 
whom 45% had giardiasis compared with only 12% of healthy 
age- and sex-matched controls.61

Giardiasis is well recognized to occur in travellers, although 
overall it accounts for no more than 5% of cases of traveller’s diar-
rhoea. However, 30% of travellers to the former Soviet Union were 
positive for Giardia in one study and >40% of Scandinavian visitors 
to St Petersburg acquired the infection.62 Travelling within the USA 
may be hazardous, particularly for skiers in Colorado and visitors 
to National Parks, if they drink the apparently clean surface water.

Individuals with hypogammaglobulinaemia or agammaglobu-
linaemia are at risk of chronic giardiasis, but individuals with HIV 
and AIDS do not seem to be at particularly increased risk of devel-
oping symptomatic disease, although carriage rates are generally 
higher than in the general population. These observations are 
consistent with the view that secretory immunity in the intestinal 
lumen is more important for clearance than cell-mediated 
responses within the intestinal mucosa.

A key factor in transmission of giardiasis is the ability of the 
cyst to survive for long periods in a suitable environment outside 
the host. Surface water in many parts of the world, including 
North America and Europe, is contaminated with Giardia cysts, 
which are not inactivated by chlorination alone. Interruption of 
the ancillary water purifi cation procedures can lead to contamina-
tion of municipal water supplies and has been shown to account 
for many of the reported epidemics of water-borne giardiasis.63 A 
survey in the USA suggested that there may be as many as 2.5 
million cases of giardiasis each year.64 Water-borne transmission 
has also been shown to occur in swimming pools. Despite these 
epidemics, water-borne transmission probably represents a rela-
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tively small proportion of the total infections worldwide. Food has 
also been shown to be a vehicle for transmission of giardiasis, 
although again this is probably a relatively uncommon route of 
transmission.

Direct person-to-person spread by faecal–oral transmission cer-
tainly accounts for the high prevalence of giardiasis in day-care 
centres, schools and residential institutions, where prevalence may 
be as high as 35%. Person-to-person spread is also known to occur 
as a result of sexual contact.

The major reservoirs of Giardia cysts are the human host and 
contaminated surface water. There is increasing evidence that a 
variety of domestic and wild animals carry Giardia spp. that are 
genotypically indistinguishable from human isolates. Although 
there is as yet no direct evidence that transmission has occurred 
from animals to humans, the higher prevalence of Giardia in 
companion animals that are in close contact with humans, par-
ticularly children in the home, makes this a strong possibility.

Pathogenesis

As yet, no specifi c virulence factors have been identifi ed in Giardia 
and thus no unifying hypothesis for pathogenesis has yet emerged. 
Current evidence suggests that Giardia is able to perturb mucosal 
structure and function; at the same time there may be additional 
factors operating in the intestinal lumen, which may also contrib-
ute to diarrhoea and malabsorption (Table 79.7).65,66

Mucosal factors

Disruption of intestinal structure

In human giardiasis, the full spectrum of abnormalities of villous 
architecture has been described, ranging from normal to subtotal 
villous atrophy (Figure 79.7). A majority of infected individuals 
have relatively mild abnormalities of villous architecture, with 
associated crypt hyperplasia. Infections in experimental models 
produce similar changes but, as in human infection, the abnor-

malities are generally mild. The gerbil provides a good model for 
studying small intestinal structure and function as weanling gerbils 
develop diarrhoea and by the 6th day of infection have villous 
shortening in the duodenum and crypt hyperplasia throughout 
the small intestine. However, as with murine giardiasis there is no 
associated mucosal infl ammation.

Even in the absence of gross changes in villous architecture, 
ultrastructural abnormalities, such as shortening and disruption 
of microvilli have been described in both humans and the gerbil 
model. Recent work in a neonatal rat model of giardiasis con-
fi rmed the reduction in villous height and an increase in crypt 
depth.

These morphological abnormalities are associated with reduc-
tion in disaccharidase activity. In animal models, diarrhoea is 
at its peak when disaccharide activities are most profoundly 
reduced.

Intestinal dysfunction

Intestinal solute and electrolyte absorption is impaired in gerbil 
and neonatal rat models of infection. Perfusion of a lactose-
containing solution in neonatal rats exaggerated the abnormalities 
of water and electrolyte absorption and also showed impaired 
glucose absorption compared with non-infected controls. In vitro 
studies in Ussing chambers and brush-border membrane vesicles 
from infected mice provide further support for an impairment of 
glucose and amino acid transport.

Mechanisms of mucosal injury

A variety of mechanisms has been proposed to explain these 
structural and functional abnormalities of the intestinal mucosa. 
Attachment of Giardia trophozoites to the epithelium can disrupt 
and distort microvilli, particularly in murine giardiasis. It seems 
unlikely that this degree of disruption can account for the wide-
spread changes of microvillous membrane surface area and other 
abnormalities of villous architecture observed in the small intes-
tine. However, work in tissue culture cell lines has shown that 
Giardia trophozoites induce localized condensation of F-actin and 

Table 79.7 Pathogenesis of giardiasis: possible mechanisms

MUCOSAL FACTORS

Direct damage by trophozoites

  Microvilli

  Disaccharidases

  Transport proteins

Parasite products

  Proteases

  Lectin

Immune mediated

T cell activation

LUMINAL FACTORS

Bacterial overgrowth

Inhibition of digestive enzymes

Bile salt deconjugation

Bile salt uptake by trophozoites

Figure 79.7 Percentage of patients with giardiasis with normal (I), 
mild (II), moderate (III) and severe (IV) partial villous atrophy, and 
subtotal villous atrophy (V).
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loss of perijunctional α-actinin, and tight junction changes have 
been associated with alterations in claudin.66,67 These cytoskeletal 
rearrangements could account for early changes in epithelial cell 
function.68

There is some evidence to suggest that Giardia trophozoites 
produce cytopathic substances that might be responsible for this 
disruption of epithelial structure and function. Giardia is known 
to produce a variety of proteinases that could fi nd cleavage sites 
in proteins of the microvillous membrane. Giardia also has a 
mannose-binding surface lectin, which could interact with 
mannose residues on relatively immature enterocytes and again 
contribute to epithelial damage. Other dietary plant lectins are 
known to be able to produce substantial abnormalities of villous 
architecture.

There is increasing evidence to suggest that T cell activation 
within the intestinal mucosa can produce villous atrophy.69 This 
mechanism is thought to operate in graft-versus-host disease and 
in coeliac disease. T cell activation in normal human fetal small 
intestinal explants with pokeweed mitogen or with an anti-CD3 
antibody results in villous atrophy, crypt hyperplasia and increased 
IL-2 production, confi rming T cell activation. Further support for 
this hypothesis has been obtained from studies of experimental 
G. muris infection in athymic nu/nu mice. Recent evidence impli-
cates neuronal nitric oxide (NO) as an important contributor to 
clearance of infection (Li), though excess NO also causes epithelial 
damage.

Luminal factors

Bacterial overgrowth

Giardiasis has been associated with increased numbers of aerobic 
and/or anaerobic bacteria in the upper small intestine of the 
indigenous Indian population or in travellers to the Indian sub-
continent. Bacterial overgrowth can produce architectural abnor-
malities in the small intestine similar to those seen in giardiasis 
and thus may have a role in the pathogenesis of mucosal 
damage.

Bile salt deconjugation

Conjugated bile salts have an important role in dietary fat absorp-
tion, but if deconjugated by luminal bacteria, they lose their deter-
gent properties and may damage cell membranes. One study in 
Indian patients with giardiasis showed evidence of bile salt decon-
jugation, although this was not confi rmed by a further study of 
patients in the UK. Giardia itself does not have the ability to 
deconjugate bile salts.

Bile salt uptake

As discussed above, bile salts have an important role in the life 
cycle of Giardia. There is evidence to suggest that the organism 
takes up bile salts during growth by an energy-requiring active 
transport process, possibly involving a membrane carrier.70 
Although the precise metabolic advantages to the parasite have 
not been defi ned, a secondary effect of this process could be the 
depletion of intraluminal bile salt, thus impairing micellar solu-
bilization of dietary fats and at the same time inhibition of pan-
creatic lipase, which is dependent on bile salts for full expression 
of hydrolytic activity.

Pancreatic enzyme inhibition

Several studies have suggested that concentrations of pancreatic 
enzymes in the duodenum are reduced in patients with giardiasis. 
Although there is no evidence of primary pancreatic failure in 
giardiasis, Giardia trophozoites are able to inhibit trypsin and 
lipase activity in vitro.71 The precise mechanisms by which the 
organism achieves this have not been established, although it 
seems likely that this may relate to a direct effect of Giardia pro-
teinases on the secreted pancreatic proteins.

Until specifi c virulence factors have been identifi ed, it is unlikely 
that the relative importance of these mucosal and luminal mech-
anisms in pathogenesis will be established. At present it seems 
reasonable to assume that the process is multifactorial, involving 
a combination of varying degrees of mucosal injury combined 
with disruption of the luminal phases of digestion and absorp-
tion.

Immunity

Studies in experimental models and limited studies in human 
giardiasis have made it possible to attribute essential roles to the 
immune system in the eradication of acute infection and to deter-
mine, at least in part, the determinants of persistent infection in 
an otherwise immunocompetent host.72 There is increasing evi-
dence to suggest that immunological factors are important in 
protecting mammalian hosts from reinfection, and thus the devel-
opment of protective immunity. It seems unlikely that a single 
infection provides long-lasting protective immunity because age-
specifi c prevalence increases throughout childhood and into early 
adolescence, suggesting that multiple exposures to the parasite are 
required before protection is achieved.

Giardia antibodies

Serum antibody

Anti-Giardia IgG can be detected in >80% of patients with symp-
tomatic infection; antibody titres may remain raised for months 
or even years after primary infection. In endemic areas anti-Giardia 
IgG titres are increased in individuals without infection, suggest-
ing widespread previous exposure to the parasite. Anti-Giardia IgM 
titres increase early in infection and then decline rapidly. Studies 
in India and The Gambia indicate that only 30% of patients with 
infection have detectable anti-Giardia IgA. Giardiasis has also been 
associated with raised total serum IgE, although in one case where 
this was investigated in depth this was not directed towards Giardia 
but possibly to food antigens as a result of increased intestinal 
permeability following acute giardiasis.73 Similar patterns in anti-
body responses have been demonstrated in murine and neonatal 
rat models of giardiasis.

Secretory antibody

The secretory(s) IgA response in giardiasis is likely to be the most 
important aspect of immune response for parasite clearance. This 
is probably the reason why individuals with immunoglobulin 
defi ciency have persistent giardiasis, which is often refractory to 
treatment. Specifi c sIgA has been detected on the surface of G. 
lamblia trophozoites in human jejunal biopsies and in human 
jejunal fl uid. Anti-Giardia sIgA has also been detected in human 
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milk and saliva, and epidemiological evidence suggests that the 
presence of these antibodies may contribute to protection from 
giardiasis in breast-fed infants.

Experimental infections in mice and neonatal rats support a 
role for sIgA and IgG antibodies in parasite clearance. Administra-
tion of anti-IgM to mice produces a profound reduction in sIgA 
and results in chronic giardiasis. Protective effects of immune milk 
have also been demonstrated experimentally in mice. However, 
anti-Giardia sIgA is clearly not the only determinant of chronic 
infection, as C3H/He mice develop persistent infection despite 
normal concentrations of anti-Giardia sIgA. The human secretory 
response is directed to a range of Giardia membrane antigens.

Giardia antigens

The surface antigen profi le varies between Giardia isolates and this 
may be one contributory factor to the delay in achieving protective 
immunity to this parasite. Thus, ideally all studies seeking to 
identify immunodominant antigens should relate to the serum or 
secretory antibody responses to the particular isolate in each given 
infection. This is extremely diffi cult and probably impossible to 
achieve on a wide scale. A variety of antigens (24–225 kDa) has 
been detected by immunoprecipitation and immunoblotting 
techniques using polyclonal antisera, monospecifi c antisera and 
monoclonal antibodies. Some antigens have been studied in more 
depth, particularly a 170-kDa surface antigen which has been 
partly cloned and sequenced. This is one of a series of cysteine-rich 
proteins that appear to be immunogenic, although their role 
in the parasite clearance of protective immunity has not been 
established.

An 82–88-kDa surface antigen has also been studied by several 
groups and is known to be a target for the immune response in 
human giardiasis. Recently a Giardia heat shock antigen has also 
been shown to be important in human giardiasis, and failure to 
produce an antibody response to this antigen may be an impor-
tant factor leading to persistent infection. Expression of this 
antigen is now known to occur not only following a temperature 
shift but also on exposure to the physical and chemical environ-
ment found in duodenal fl uid. This antigen has homology with 
hsp70, a highly conserved family of heat shock proteins found 
throughout the animal kingdom and shown to be important 
determinants of the host immune response in other bacterial and 
parasitic infections.

Giardia has also been shown to be able to vary expression of 
certain of its surface antigens in both experimental and human 
infection, and this may be a way in which the parasite evades 
immune clearance. These variant-specifi c surface proteins (VSPs) 
constitute a family of related proteins, the expression of which is 
regulated by the organism.

Cell-mediated immunity

Cellular immune responses are thought to be important in the 
immune response to this parasite, although evidence stems largely 
from work in animal models. Increased numbers of lamina propria 
and intraepithelial lymphocytes have been reported in both exper-
imental giardiasis and in human infection, although an increase 
in absolute lymphocyte numbers does not appear to be a prereq-
uisite for parasite clearance. There have, however, been no detailed 
studies on lymphocyte phenotype in human giardiasis.

T lymphocytes

The most compelling evidence of a role for T lymphocytes in 
parasite clearance has been obtained from the natural history of 
murine giardiasis in the athymic nu/nu T cell-defi cient mouse. 
Infection is prolonged in this strain but can be eradicated by 
reconstitution with lymphocytes from syngeneic mice with normal 
immune function. These experiments have suggested that CD4 
cells are critically important for the ability of mice to clear G. muris 
infection and may be involved in switching B cell IgM to IgA 
production during infection. Recent work in B cell-defi cient mice 
has clearly shown the importance of T cells in controlling acute 
Giardia infection.74 Genetic factors are also important because 
immunocompetent mice with different genetic backgrounds vary 
in their susceptibility to infection with G. muris and in their 
ability to eradicate infection.

B lymphocytes

Total B cell numbers increase in human small intestinal mucosa 
infected with G. intestinalis, IgM-bearing cells being the predomi-
nant subtype. IgM cells are prominent early in infection and 
in nodular lymphoid hyperplasia of the small intestine, which 
occurs in some patients with giardiasis. A further study found 
only IgA and IgG cells, although this may refl ect differences in 
sampling time because it would be expected that, during the 
later stages of infection, IgM-producing cells would switch to IgA 
production.

Mast cells, macrophages and polymorphonuclear leukocytes

Mast cell defi ciency prolongs experimental infection in mice but 
the role of mast cells in human infection has not been established. 
Macrophages may also act as effector cells, their phagocytic activ-
ity for Giardia trophozoites being increased in the presence of 
specifi c antibodies. Neutrophils from patients with giardiasis also 
exhibit antibody-dependent cell-mediated cytotoxicity (ADCC) 
against Giardia trophozoites in vitro.

Integrated immune response in giardiasis

The immune system, particularly T cells, has a major role in para-
site clearance during acute infection, the control of mucosal inva-
sion and ultimately the development of protective immunity. 
Current evidence suggests that anti-Giardia sIgA also has a role in 
clearing Giardia from the gut lumen, possibly by trophozoite 
agglutination and/or inhibition of fl agella motility.75 Monoclonal 
antibodies have been shown to be directly cytotoxic to Giardia 
trophozoites and it is likely that ADCC may occur within the 
intestinal lumen.

Invasion of the intestinal epithelium by Giardia trophozoites is 
a rare event but a variety of mechanisms is available within the 
mucosa to inhibit this process; these include cytotoxic intraepi-
thelial lymphocytes, ADCC and the complement system.

The immunological determinants of long-term protective 
immunity remain to be discovered. Clinical and experimental 
evidence suggests that secretory antibody in the intestinal lumen 
is likely to be important, although the antigenic determinants are 
as yet not defi ned. Preliminary evidence suggests that Giardia heat 
shock antigen, one of the family of hsp70 proteins, may be 
involved.
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Clinical features

The most common form of giardiasis is asymptomatic carriage. 
This is common in highly endemic areas in the developing world, 
although it also occurs in Europe and North America. Such indi-
viduals appear to suffer no ill effects from the parasite, although 
there have been no systematic studies of the subclinical impact of 
such an infection. It is unclear whether asymptomatic infections 
relate to carriage of ‘non-pathogenic’ strains or whether the host 
is able to maintain parasite numbers at a level below expression 
of clinical disease without complete clearance of the infection 
(see also Chapter 10).

Acute giardiasis has been well characterized in individuals trav-
elling from areas of low to high endemicity. Symptoms usually 
begin within 3–20 (mean 7) days of arrival within a high-risk area 
and in the vast majority recovery occurs within 2–4 weeks. In up 
to 25% of travellers with giardiasis, symptoms may persist for 7 
weeks or more. Diarrhoea is the major symptom and is usually 

watery initially but subsequently develops the features of steator-
rhoea, often associated with nausea, abdominal discomfort, bloat-
ing and weight loss (Table 79.8).

Although giardiasis is self-limiting in the majority of healthy 
immunocompetent individuals, a proportion, possibly 30–50%, 
goes on to have persistent diarrhoea, usually with features of ste-
atorrhoea. Weight loss can be profound, with losses of 10–20% of 
the usual or ideal body weight. In symptomatic patients with 
persistent diarrhoea, 50% will have biochemical evidence of fat 
malabsorption and possibly of other nutrients, including vitamin 
A and vitamin B12 (Table 79.9). Secondary lactase defi ciency is well 
recognized to occur in human giardiasis and in experimental 
models, and patients may take many weeks to recover even after 
clearance of the parasite.

Clinical complications of giardiasis

Retardation of growth and development

A series of hospital-based studies has clearly shown the potential 
of giardiasis to impair growth and development in infants and 
young children. This is a highly selected population, biased 
towards more severely affected children, and thus gives no indica-
tion as to the impact of giardiasis in the community. Several 
studies from Central America and West Africa suggest that giar-
diasis does have an independent inhibitory effect on child growth, 
but it is diffi cult to arrive at fi rm conclusions because within these 
populations many other factors contribute to undernutrition and 
impaired development.

Allergic and infl ammatory conditions

Lymphoid nodular hyperplasia has been associated with chronic 
giardiasis and immune defi ciency. There is no clear indication as 
to the precise pathogenetic relationship between these phenom-

Table 79.8 Symptoms of acute giardiasis in travellers

Clinical features Patients (%)
Diarrhoea 95

Weakness 76

Weight loss 68

Abdominal pain 69

Nausea 60

Steatorrhoea 56

Flatulence 35

Vomiting 29

Fever 17

Table 79.9 Intestinal malabsorption in giardiasis

SUBJECTS WITH NORMAL RESULTS (%)

Study Location No. of subjects D-xylose Lactose Fat Vitamin B12 Vitamin A
Veghelyi 1939 Hungary 14 – – 71 – –

Katsampes 1944 USA 15 – – – – 100

Cantor 1967 Argentina 20 – – 25 – –

Hoskins 1967 USA 6 50 100 40 100 –

Alp 1969 Australia 5 20 20 100 – –

Barbieri 1970 Brazil 11a 27 – 82 – –

Ament 1972 USA 77 – – 66 100 –

Cowen 1973 USA 3 100 – 60 100 –

Tewari 1974 India 30 23 – 50 6 –

Rabassa 1975 Cuba 50 62 27 34 – –

Wright 1977 UK 40 45 – 35 – –

Tandon 1977 India 63 4 – 27  0 –

Hartong 1979 USA 12 55 – 64 60 –

Mahalanabis 1979 India 4 79 – 50 – 100

Mean (%) 47 49 55 61 100

a Asymptomatic children.
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ena, although there is some evidence to suggest that a common 
feature may be a predominance of IgM-producing B cells, possibly 
as a result of the failure to switch from IgM to IgA production 
within the intestine. IgE-mediated allergic phenomena are uncom-
mon in giardiasis, unlike many helminth infections, although 
occasional cases have been described.

Protein-losing enteropathy

This is a rare occurrence in giardiasis but has been described in 
children in West Africa and may contribute to undernutrition.76

Diagnosis

Clinically, giardiasis is often suggested by a typical history which 
often includes a period of recent foreign travel. The main differ-
ential diagnoses include other causes of intestinal malabsorption 
such as tropical sprue and coeliac disease. Other infective causes 
of persistent diarrhoea include strongyloidiasis, cryptosporidiosis, 
microsporidiosis and cyclosporiasis. Many clinicians treat giardia-
sis empirically with a nitroimidazole derivative, even without 
achieving a fi rm microscopic diagnosis.

Microscopy

Giardia cysts and occasionally Giardia trophozoites are detected in 
faecal specimens by light microscopy, which continues to be the 
gold standard for the diagnosis of giardiasis. Faecal specimens are 
examined, either fresh or fi xed with polyvinyl alcohol formalin, 
and then stained with trichrome or iron haematoxylin. Cyst detec-
tion can be improved by concentration techniques using formalin-
ethyl acetate or zinc sulphate. Immunofl uorescent anticyst 
antibodies have been used to assist the detection of cysts in faecal 
specimens. Examination of multiple faecal specimens increases 
the chances of making a positive diagnosis, with up to 70% of 
positive stools detected following examination of a single faecal 
specimen, rising to 85% when at least three separate stool speci-
mens are examined. Trophozoites are usually found only in freshly 
passed watery diarrhoea. Trophozoites can also be detected micro-
scopically in duodenal fl uid and, although overall this technique 
has a lower sensitivity than faecal microscopy, it does complement 
the latter, in that some patients with negative stool microscopy 
will have a positive duodenal aspirate.77 Trophozoites may also be 
detected by endoscopic brush cytology or in mucosal impression 
smears of small intestinal biopsies.

Faecal antigen ELISA

Antigen tests come in two main formats: ELISAs and rapid strip 
tests. Generally, these tests offer simplicity and they save time in 
the lab, but their sensitivity is not much higher than microscopy, 
anywhere between 44% and 82%.78,79 Specifi city is generally high, 
over 95%. False positives, however, are almost always reported in 
these assays and the interpretation of these fi ndings is diffi cult. 
Enthusiasts for the test will regard this as ‘microscopy-negative’ 
giardiasis, but the pessimist will merely regard this as a true false 
positive, possibly due to the presence of cross-reacting faecal anti-
gens. It seems likely, however, that microscopy-negative cases of 
giardiasis do exist and the more sensitive methods of detection 
such as ELISA or DNA-based diagnostic techniques will eventually 
prove the case.

Serology

Anti-Giardia IgG titres are not helpful in diagnosis because they 
are commonly found to be increased in non-infected individuals 
in endemic areas. Anti-Giardia IgM titres are usually increased only 
in infected individuals and have been shown to be useful in a 
research setting for detecting individuals with acute giardiasis in 
endemic areas such as India and The Gambia. Sensitivity and 
specifi city decrease, however, in children with persistent diarrhoea, 
in some of whom anti-Giardia IgM titres persist for several 
months.

DNA-based techniques

Specifi c DNA probes for Giardia are now available, although pre-
liminary studies suggest that there may be diffi culties in liberating 
DNA from Giardia cysts. Much more importantly, PCR-based 
assays have come into use both for detection and for genotyping 
that amplifi es the intergenic spacer region of multicopy rRNA gene 
followed by nested PCR appears to be a rapid and reliable tech-
nique for detecting Giardia in stool.80

Management

In many healthy immunocompetent individuals, giardiasis is a 
self-limiting illness, with the parasite being eradicated by host 
defence mechanisms without specifi c treatment. Administration 
of an antigiardial drug will generally reduce the severity of symp-
toms and the duration of the illness. Although symptomatic 
patients with giardiasis are generally offered antimicrobial chemo-
therapy, the question as to whether asymptomatic patients, par-
ticularly those in an endemic area, should be treated continues to 
be discussed. Since the development of in vitro culture techniques 
for Giardia isolates, methods have been developed to assess drug 
sensitivity in vitro. However, the precise relationship between 
indices of drug susceptibility in vitro and the subsequent behav-
iour of the drug in vivo has not been clearly established. Treatment 
failures do occur and it is thought that at least some of these 
episodes are related to drug resistance.

Three classes of drugs are commonly used to treat giardiasis: 
the nitroimidazole derivatives, the acridine dyes, such as mepa-
crine, and the nitrofurans such as furazolidone. Some commonly 
used treatment regimens for adults and children are shown in 
Table 79.10. Nitroimidazole derivatives are probably the drugs of 
choice, particularly when used as short-course regimens. Mepa-
crine has a similar effi cacy but is generally less well tolerated. 
Furazolidone has a lower effi cacy but is popular for the treatment 
of giardiasis in childhood as it has relatively few adverse effects 
and is available as a suspension. The adverse effects of these agents 
are summarized in Table 79.11.

A variety of other chemotherapeutic agents has been assessed 
in vitro and some have also been used in the clinical setting. 
The benzimidazole drugs appear to have some antigiardial 
activity, which almost certainly relates to their ability to inhibit 
cytoskeletal function. Albendazole has been shown to have anti-
giardial activity in vitro81 and recent clinical trial data support 
its value in human infection. Other drugs such as sodium fusidate, 
D- and DL-propranolol, mefl oquine, doxycycline and rifampicin 
have all been shown to have antigiardial activity,82 although 
the majority have not been subjected to rigorous evaluation in 
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clinical practice. Nitazoxanide is a promising drug for treatment 
of giardiasis.83

Prevention

It seems highly unlikely that Giardia spp. will ever be eliminated 
from the environment, as they can survive for weeks or months 
outside the host in water or a moist environment and it is now 
well established that surface water in many parts of the world is 
contaminated with Giardia cysts. This reservoir could potentially 
maintain the animal reservoir of Giardia, which is increasingly 
thought to be another potential source of human infection. 
Despite vigilance about water quality, it is vital to ensure that 
contaminated surface water collecting grounds are appropriately 
treated before water enters the public water supply. Attention to 
personal hygiene in order to break the faecal–oral cycle is also 
important, particularly in residential institutions and day-care 
centres.

There is compelling evidence that breast-feeding protects 
against giardiasis; this can be partly attributed to passive immu-
nization. Whether active immunization in the form of a vaccine 
is feasible, or even appropriate, continues to be evaluated. Paren-
teral immunization with adjuvants can protect experimental 
animals from challenge with G. intestinalis, and the epidemio-
logical evidence in humans that protective immunity does eventu-
ally develop, probably over a number of years, suggests that 

immunological approaches to prevention are feasible. However, it 
is unclear as to why the development of protective immunity fol-
lowing natural infection appears to require repeated exposure to 
the organism. It is possible that this is related, at least in part, to 
the variable antigenic profi les of different Giardia isolates. In addi-
tion, it is known that the expression of certain Giardia antigens 
can vary during both experimental and human infection, thus 
providing a way in which the organism may evade the host 
immune response. Failure to mount an antibody response to 
Giardia heat shock antigen in children with chronic diarrhoea in 
The Gambia suggests that impaired response may also be a factor. 
Clearly all of these issues need to be taken into account in plan-
ning a vaccine development strategy.

Non-pathogenic fl agellates

There are a number of other fl agellates found in humans that do 
not appear to cause disease. Trichomonas hominis is commonly 
found in faeces of individuals living in the developing world. Only 
the trophozoite form is recognized; it varies from 5 to 14 mm in 
length. There is a single nucleus, anterior to which are basal bodies 
from which arise three to four fl agella.

Chilomastix mesnili occurs as both cysts and trophozoite and is 
larger than Trichomonas hominis, being usually 10–15 mm in 
length, although it may occasionally be as large as 20 mm. The 
trophozoite has a large spiral longitudinal cleft anteriorly and an 

Table 79.10 Drug treatment of giardiasis

Drug Adults Children Effi cacy (%)
Metronidazole 2 g (single dose) daily for 3 days

or
400 mg three times daily for 5 days

15 mg/kg per day (max. 750 mg) for 10 days >90

Tinidazole 2 g single dose 50–75 mg/kg single dose >90

Mepacrine (quinacrine) 100 mg three times daily for 5–7 days 2 mg/kg three times daily for 5–7 days >90

Furazolidone 100 mg four times daily for 7–10 days 2 mg/kg three times daily for 7–10 days >80

Nitazoxanide 500 mg b.d. for 3 days 100–200 mg b.d. for 3 days depending on body size

Table 79.11 Adverse effects of antigiardial drugs

Drugs Adverse effects
Metronidazole and tinidazole Nausea, vomiting, metallic taste, gastrointestinal disturbances, rashes, urticaria and angio-oedema

Rarely drowsiness, headache, dizziness, ataxia
Prolonged use, peripheral neuropathy
Disulfi ram-like reaction with alcohol
Avoid in pregnancy and breast-feeding

Mepacrine (quinacrine) Gastrointestinal disturbances, dizziness, headache, nausea and vomiting
Occasionally toxic psychosis
Prolonged use, yellow discolouration of skin, sclerae and urine, chronic dermatoses, hepatitis and 

aplastic anaemia
Avoid in pregnancy, hepatic impairment, psoriasis, the elderly and history of psychosis

Furazolidone Nausea, vomiting
Haemolysis in glucose-6-phosphate dehydrogenase defi ciency

Nitazoxanide Lemon-yellow discolouring of sclerae during treatment of over 5 days; this can mislead practitioners into 
thinking jaundice is developing but serum bilirubin remains normal

The Mastigophora (Flagellates)
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anterior single nucleus. Basal bodies at the anterior pole of the 
nucleus give rise to three anterior fl agella, two fi brils that support 
the margins of the longitudinal cleft (the mouth), and a fourth 
fl agellum, which moves within the longitudinal cleft. There are no 
cytoskeletal elements, the parasite maintaining its shape by a pel-
licle. The cyst is pear-shaped and approximately 18 mm in length. 
Internal structures are apparent in the stained cyst in which one 
or two nuclei may be observed.

Rare non-pathogenic fl agellates include Embadomonas intestina-
lis and Enteromonas hominis.

THE CILIOPHORA

Members of this class are all relatively large in size and covered 
by short hair-like organelles called cilia, which give the organism 
its motility. They have two nuclei, one somatic and one germinal. 
Reproduction is by binary fi ssion, although conjugation does 
occur when nuclear material is exchanged between parasites. The 
only ciliate that is pathogenic to humans is Balantidium coli.

Balantidium coli

Balantidium coli is the largest and probably least common proto-
zoan pathogen of humans.84 It can cause a severe life-threatening 
colitis, which is potentially avoidable by appropriate anti-
biotic therapy. Fatalities are almost invariably due to diagnostic 
imprecision.

The organism

B. coli exists as a trophozoite (usually found in stools of acute 
infection) and cysts, which become more apparent in chronic 
infection or asymptomatic carriers. The trophozoite is oval in 
shape, about 17 μm long and 15 μm wide. In its favoured host, 
the pig, trophozoites may reach 200 μm in length, when they can 
be seen with the aid of a hand lens or in some cases with the 
naked eye. The trophozoite is covered with cilia which propel the 
organism through the fl uid contents of the intestinal lumen. At 
the anterior end of the trophozoite there is a cytostome (a mouth) 
leading into the cytopharynx, which extends approximately one-
third of the body length. Posteriorly there is a cytopyge (anus).

There are two nuclei, a larger macronucleus and a smaller 
micronucleus which lies in the concavity of the macronucleus. 
There are two contractile vacuoles connected by a canal. Intracel-
lular organelles are limited, the major features being food vacuoles 
which circulate through the endoplasm. The trophozoite multi-
plies by lateral transverse fi ssion, which may be preceded by con-
jugation, in which nuclear material is exchanged between 
trophozoites.

B. coli forms a large spherical cyst which may reach 60 mm in 
diameter. Cysts can survive outside the mammalian host for 
several weeks in moist conditions but are rapidly destroyed in hot, 
dry conditions. Infection is usually transmitted by the cyst.

Epidemiology

The parasite is found in northern and southern hemispheres, 
although it is most commonly reported in tropical and subtropical 
regions, particularly Central and South America, Iran, Papua New 

Guinea and the Philippines. Prevalence is usually <1%, although 
higher rates are reported in hyperendemic areas and some residen-
tial institutions. B. coli is found in many mammals other than 
humans, particularly pigs and monkeys. Swine appear to be the 
most important animal reservoir for human disease, although 
enteric disease does not seem to occur in this host. The largest 
reported endemic of balantidiasis, involving 110 persons, resulted 
from gross contamination of ground and surface water supplies by 
pig faeces after a severe typhoon.85 Communities that live in close 
association with swine tend to have increased prevalence of the 
disease because carriage by pigs has been estimated to be 40–90%.

Pathogenesis

The trophozoite is able to invade the distal ileal and colonic 
mucosa to produce intense mucosal infl ammation and ulceration. 
The mechanisms involved are not clearly understood, although it 
is considered that the motile trophozoite is able to penetrate the 
mucosa and submucosa, and even in some instances, the muscle 
layers of the colon. Invasion is thought to be facilitated by the 
enzyme hyaluronidase, produced by the parasite. The resulting 
infl ammation may be mediated partly by other products liberated 
by the parasite and possibly by recruitment of mucosal infl amma-
tory cells, particularly neutrophils.

Clinical features

In many respects, the illness produced by infection with B. coli 
closely resembles amoebic colitis. Clinical presentation occurs in 
three forms: (1) the asymptomatic carrier state, most commonly 
seen in persons in institutional care and possibly accounting for 
up to 80% of all infections; (2) acute and acute fulminant colitis; 
and (3) chronic infection. In the acute form, diarrhoea with blood 
and mucus begins abruptly and may be associated with nausea, 
abdominal discomfort and marked weight loss. Proctosigmoidos-
copy reveals infl ammatory changes, including discrete ulceration, 
although the rectum is not invariably involved. The illness can 
progress rapidly, accompanied by fever and prostration, and lead 
to death, usually due to peritonitis from colonic perforation. A 
protracted course with intermittent diarrhoea but only occasional 
blood in the stools is typical of the chronic form of the disease. 
A few cases of balantidial appendicitis have been reported.

Diagnosis and differential diagnosis

The large motile trophozoites are the predominant form of the 
parasite excreted in faeces and these can often be seen with the 
aid of a hand lens. Trophozoites may also be obtained from mate-
rial from the margins of ulcers seen in the rectum at proctosig-
moidoscopy. The macroscopic appearances at sigmoidoscopy do 
not, however, distinguish balantidiasis from other forms of infec-
tive or non-specifi c infl ammatory bowel disease. Specifi c antibody 
responses to the parasite can be detected in serum but the value 
of serological tests in clinical diagnosis has not been clearly 
determined.

Management

The most commonly used treatment is tetracycline 500 mg four 
times daily for 10 days. The parasite is also sensitive to bacitracin, 



1397

ampicillin, metronidazole and paromomycin. Surgery may be 
required in fulminant disease, as in amoebiasis, although a con-
servative approach should be taken wherever possible.

THE COCCIDIA

Cryptosporidium parvum

Tyzzer,86 in 1907, was the fi rst to describe an organism of this 
genus with a short account of Cryptosporidium muris in the gastric 
mucosa of laboratory mice. He identifi ed the mode of transmis-
sion as faecal–oral, and provisionally classifi ed the organism with 
the coccidia. A further report in 1912 by the same author demon-
strated a similar parasite in the small intestine; as he was unable 
to cross-infect from one site to the other with the two organisms, 
he recognized that they were different species. This latter organism 
is probably C. parvum. For many years only these two species were 
recognized, but recently, there has been an explosion of under-
standing of the genus Cryptosporidium, and now 13 species are 
recognized, with the possibility that many more will be named. 
Current valid species are: C. muris, C. parvum, C. hominis, C. ander-
soni, C. wrairi, C. felis, C. canis, C. meleagridis, C. baileyi, C. galli, 
C. serpentis, C. saurophilum, and C. molnari.87 Of these, only 
C. parvum and C. hominis infect humans. Cryptosporidiosis (the 
infection due to Cryptosporidium spp.) is now recognized to repre-
sent a substantial threat to HIV-infected individuals, with a life-
time risk of infection of around 10%, but it is also responsible for 
substantial outbreaks of water-borne diarrhoea in the immuno-
competent, and for diarrhoea in travellers and in children.

The organism

Taxonomy

C. parvum is a protozoan, of the phylum Apicomplexa, class 
Sporozoasida, subclass Coccidiasina, order Eucoccidiorida.

Structure and ultrastructure

It is characteristic of these coccidia that the life cycle (Figure 79.8) 
includes merogony, gametogony and sporogony, and takes place 
within a vertebrate host. The ingested form is the oocyst, which 
has probably already sporulated before shedding. Excystation 
takes place in the small intestine, with four sporozoites being 
released from each oocyst. These are actively motile and penetrate 
the enterocyte. Electron micrographs show that the trophozoite 
takes up an intracellular but extracytoplasmic position (Figure 
79.9). Merogony or schizogony leads to the liberation of eight 
merozoites from the cell in the fi rst cycle and four in the second, 
and direct invasion of neighbouring enterocytes takes place, mag-
nifying the infection. Sexual multiplication takes place, leading to 
the formation of the zygote, and subsequently to the development 
of thin-walled oocysts (20%) and thick-walled oocysts (80%). 
Thick-walled oocysts are excreted in the faeces, but it is thought 
that thin-walled oocysts may lead to autoinfection.

Genetics

In the past 5 years, enormous progress has been made in establish-
ing the genome sequences of three Cryptosporidium species: 

C. parvum, C. muris and C. hominis. Preliminary assemblies are 
available at: http://cryptodb.org/. There are eight chromosomes. 
As yet, there are no data on genes responsible for pathogenicity 
or virulence.

Epidemiology

Immunocompetent individuals

Substantial evidence has accumulated implicating C. parvum in 
outbreaks of water-borne diarrhoea88 and in stable endemic child-
hood diarrhoea among the poor of the developing world. Travel-
lers’ diarrhoea may result from infection with this parasite. The 
evidence for the water-borne nature of the infection comes from 
epidemics that have occurred along water distribution patterns 
and the fi nding that oocysts can be detected in the water supply 
by fi ltration of large volumes through 1-mm pores. As cryptospo-
ridiosis is a common pathogen in calf and lamb diarrhoea, it is 
probably a zoonosis, transmitted in surface run-off water con-
taminated by calf faeces. Chlorination of water at usual levels fails 
to inactivate oocysts. It is probably this resistance to chlorination 
that allowed transmission of 70 cases following contamination of 
a swimming pool in the UK, and in a similar outbreak reported 
from California.

Data from the Public Health Laboratory Service in north 
Wales,89 based on diagnostic laboratory returns, show an age dis-
tribution of infection, with a peak between 1 and 5 years, and 
a marked reduction over the age of 35 years. The incidence is 
seasonal and varies with rainfall. Cryptosporidial infection is a 
common cause of diarrhoea outbreaks in children, and these may 
cluster in nurseries. The spring peak in incidence in the UK closely 
parallels that observed for lambs, according to reports from the 
Central Veterinary Laboratories. Cases have been identifi ed in 
which the only apparent transmission opportunity has been expo-
sure to horse manure used as garden fertilizer. Veterinary students 
have an increased risk of infection, as do dairy farmers compared 
with other farming groups. Indirect transmission has occurred to 
young urban children from the clothing of mechanical digger 
operators returning home with boots and clothes soiled by farm 
manure.

Cryptosporidiosis is an important contributor to childhood 
diarrhoea, with a prevalence among children with diarrhoea of 
1–3% in the industrialized world and 4–17% in developing coun-
tries. Values of 1–13% have been reported in several studies from 
China.90 In the developed world, cryptosporidiosis is found in 
outbreaks clustered around day-care nurseries. In a careful pro-
spective study in Guinea-Bissau, cryptosporidia were found in 
6.1% of patients with acute (<2 weeks) diarrhoea and in 15% of 
those with chronic diarrhoea, with a relative mortality in children 
with cryptosporidial diarrhoea in the fi rst year of life of 2.9.91

Insight into the transmission and pathobiology of the infection 
arises from the report of an outbreak of cryptosporidiosis in 
Denmark in 1990.92 The setting was an infectious disease ward 
with a mixed population of HIV-seropositive and -seronegative 
patients; the index case was a demented seropositive man with 
cryptosporidial diarrhoea who contaminated an ice machine with 
faeces. None of the 73 HIV-seronegative inpatients became 
infected, but 18 (32%) of 57 HIV-positive patients developed 
infection, 17 of whom had AIDS. The mean incubation time was 
at least 13 days.

The Coccidia
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Figure 79.8 Life cycle of C. parvum.

Figure 79.9 Transmission electron micrograph of C. parvum 
trophozoites in distal duodenal mucosa. The trophozoites occupy an 
intracellular but extracytoplasmic position. (Magnifi cation ×20 000.) 
(Courtesy of Graham McPhail.)

Immunodefi cient individuals

Infection is acquired by the faecal–oral route. The course of the 
illness is variable and depends largely, but not entirely, on the 
degree of immune defi ciency, as measured by the CD4 cell count 
in the peripheral blood.93

Cryptosporidiosis fi rst came to prominence as a problem in the 
context of AIDS, to the extent that chronic cryptosporidial diar-

rhoea is a case-defi ning diagnosis for AIDS. Table 79.12 gives a 
summary of the studies that have examined relative contributions 
of protozoal infection to AIDS-related diarrhoea. Infections other 
than protozoa have been described, particularly salmonellae, shi-
gellae and, in Africa, Strongyloides stercoralis. The contribution of 
viruses to the diarrhoea is uncertain at present. Differences in the 
proportions of specifi c infections found in patients in Africa and 
in patients in developed countries may refl ect the more advanced 
stage of immune defi ciency in the latter group before death, as well 
as the overall prevalence of the infection in the environment.

Pathogenesis

Human studies on the distribution of infection are limited. Blan-
shard et al.93 showed that C. parvum is detected less frequently in 
duodenal and rectal biopsies than in faeces. In children with 
normal immune function, Phillips et al.94 found trophozoites in 
jejunal biopsies by light or scanning electron microscopy in seven 
of nine patients with chronic diarrhoea (defi ned as diarrhoea for 
more than 14 days) and malnutrition due to cryptosporidiosis. 
When the distribution of infection along the gastrointestinal tract 
was studied in adults with AIDS-related cryptosporidiosis, the 
dominant site of infection was the distal small intestine and right 
side of the colon.95

Electron microscopy of the infection shows that the presence 
of the trophozoites leads to destruction of the microvilli (Figure 
79.9), which is associated with a reduction in disaccharidase activ-
ity.94 Detailed ultrastructural work in a guinea pig model of infec-
tion shows the initial event to be attachment of the sporozoite to 
the microvillus, followed by invagination of the protozoan into 
an envelope of host cell origin. Subsequently the parasite induces 
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conformational changes in the host membrane, which eventually 
breaks down with the formation of a ‘feeder organelle’ by which 
the parasite communicates directly with host cytoplasm.

Cryptosporidial infection has been associated with increased 
numbers of mitotic fi gures in the crypts and with villous atrophy. 
In the normal human intestine, cell maturation takes place 
during migration up the crypt and along the length of the villus. 
This process is accompanied by the change from a crypt cell gen-
erating net water and salt secretion to a villous cell with net salt 
and water absorption. Maturation is also accompanied by the 
synthesis of a normal complement of brush-border enzymes, 
including disaccharidases, lipases and alkaline phosphatase. 
According to this ‘enterocyte immaturity hypothesis’, the repopu-
lation of the villus with immature enterocytes leads to the failure 
of digestion and absorption seen in many protozoal small bowel 
parasitoses.

It has been assumed that, because some conspicuous individu-
als have high sodium and water losses in stool, often quoted at 
up to 20 L/day, the principal mechanism of diarrhoea must be a 
cholera-like jejunal secretory state: ‘diarrhoea in the human 
appears to be mostly due to hypersecretion of fl uid and electro-
lytes from the proximal small intestine into the gut lumen’. Animal 
perfusion studies in a neonatal piglet model of cryptosporidiosis 
do not support this hypothesis; nor do studies in humans using 
a jejunal perfusion technique.96 It has been suggested that ileal 
malabsorption of bile salts may have a role in the pathogenesis of 
the diarrhoea. A series of elegant studies recently, using cholan-
giocytes as a model of infection, have shown that apoptosis is an 
important part of the pathogenesis of the infection.97

Immunity

T cell mediated immunity is clearly critically important, as exem-
plifi ed by the greatly increased susceptibility to chronic cryptospo-
ridiosis in HIV-infected people with advanced immunosuppression. 
Animal studies indicate that CD4 cells and interferon-γ are required 
for clearance of the parasite.98 In immunocompetent individuals, 
infections in childhood usually lead to good specifi c immunity 
and serious cryptosporidiosis is uncommon in adults. How-
ever, the molecular target of the immune response is unknown. 
Studies on the gastrointestinal specifi c immune responses to 

cryptosporidial infection in humans are limited. Immunoblotting 
using postinfection serum, hyperimmune bovine colostrum and 
monoclonal antibodies has identifi ed a range of antigens on the 
surface of the oocyst and the sporozoite, but it is not yet clear 
which antigens are immunodominant.

The majority of cases of chronic cryptosporidiosis occur in 
patients with HIV-induced immunosuppression. Chronic diar-
rhoea has also been reported in congenital hypogammaglobu-
linaemia and in IgG2 defi ciency,99 and in severe combined immune 
defi ciency. Chronic diarrhoea may also follow the administration 
of immunosuppressive drugs, and usually resolves on withdrawal. 
There is evidence that innate immunity plays a role in controlling 
infection, and individuals defi cient in mannose-binding lectin 
appear to be more susceptible to persistent infection.100

Clinical features

Early reports considered the infection in the context of AIDS as 
‘unremitting, profuse diarrhoea lasting for months’, but this is an 
oversimplifi cation. The clinical picture of infection is variable, and 
there is variation in disease severity even after accounting for the 
degree of immune defi ciency by blood CD4 cell count. It is now 
established that patients with AIDS may carry heavy parasite 
burdens asymptomatically, and transient infection is not uncom-
mon. However, a substantial proportion of patients present with 
diarrhoea, abdominal cramps and vomiting. About 8% of patients 
in London had fulminant diarrhoea, with collapse and severe 
dehydration due to the passage of high volumes of diarrhoea. The 
majority of patients in this study had stool volumes of 500–
1500 mL/24 h, with stool frequency of 2–10/day.101 There is no 
way of clinically distinguishing patients with cryptosporidiosis 
from those with any other chronic diarrhoeal illness. The natural 
history of the infection in the West is that of a remitting and 
relapsing diarrhoea. In one study, 11 of 38 patients with HIV-
related cryptosporidiosis underwent spontaneous remission 
lasting for more than 2 months. These patients had higher periph-
eral blood CD4 cell counts than those who did not.102 In a series 
of patients in Lusaka, Zambia, the median duration of diarrhoea 
at presentation with cryptosporidiosis was 5 months, with 60% 
admitting to intermittent diarrhoea (P. Kelly, personal observa-
tions). Among the patients studied by Colebunders et al.,103 in a 

Table 79.12 Summary of studies of prevalence of protozoa in HIV-related 
diarrhoea in different geographical areas

PERCENTAGE OF CASES IN WHICH 
PROTOZOA ARE IDENTIFIED

Africa + Caribbeana Industrial countriesb

C. parvum 27 12

I. belli 13 0.5

Microsporidia 5c 27d

G. intestinalis 2 5

E. histolytica 2 5

a Means of 11 studies from Haiti, Zaire, Uganda, Burundi, Zambia and Mali.
b Means of 15 studies from UK, USA, France, Germany, Holland and Australia.
c Only two studies included a search for microsporidia.
d Some of these studies were of selected patients and the prevalence is raised artefactually.

The Coccidia
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series of Zairean patients, 89% had intermittent diarrhoea and the 
mean duration was 9 months; no difference was demonstrated 
between patients with cryptosporidiosis and those with other 
forms of HIV-related diarrhoea.

Patients in all areas of the globe show considerable wasting as 
AIDS progresses, but it is diffi cult to discern how much can be 
attributed to any particular infection. There is certainly anorexia 
in AIDS, and oral and oesophageal candidiasis exacerbate the 
problem. There is no evidence that cryptosporidiosis is associated 
with a greater degree of nutritional impairment than any other 
enteric manifestation of AIDS. Phillips et al.,94 however, showed 
an association between cryptosporidial infection and nutritional 
impairment in immunocompetent children. Children in Guinea-
Bissau who were undernourished were not more likely to develop 
the infection, but did suffer adverse nutritional consequences 
afterwards.91

Some patients develop small bowel disease alone, while others 
may also have involvement of the biliary tract. The fi rst large study 
of biliary disease in AIDS104 described a syndrome of sclerosing 
cholangitis, sometimes associated with cholecystitis. This may be 
associated with cryptosporidial infection of the biliary tract, with 
microsporidiosis (see below) or with cytomegalovirus, or it may 
be impossible to identify a cause. The disorder usually occurs in 
patients with chronic diarrhoea and is associated with progressive 
right upper quadrant abdominal pain. The patients tend to have 
had other opportunistic infections by this stage of the HIV infec-
tion. Biochemical tests of hepatic damage usually show raised 
serum levels of alkaline phosphatase and γ-glutamyltransferase in 
the absence of jaundice. Transaminase concentrations may or may 
not be increased. Ultrasonographic examination of the liver may 
show irregularly dilated intrahepatic bile ducts. The defi nitive test 
is endoscopic retrograde cholangiopancreatography, which shows 
this distortion of the biliary anatomy, with or without papillary 
stenosis. Forbes et al.105 found cryptosporidia in 13 of 20 cases, 
and estimated that up to one in six of all cases of AIDS-related 
cryptosporidiosis may also have sclerosing cholangitis. In the last 
decade, the introduction of antiretroviral therapy has had a dra-
matic and positive impact on HIV-infected individuals, but 
although the number of patients with severe, chronic cryptospo-
ridiosis has fallen where these drugs are available, cases still do 
occur, especially in Africa.

Cryptosporidiosis is associated with malnutrition and increased 
mortality in children in developing countries.106 Longitudinal 
studies in Guinea-Bissau have demonstrated that cryptosporidio-
sis precedes the development of growth failure. In malnourished 
children with persistent diarrhoea in Zambia, cryptosporidiosis 
was associated with higher mortality independently of HIV 
infection.107

Diagnosis

Current diagnostic methods rely heavily on the identifi cation of 
the oocysts in faeces. Three staining methods are in common use: 
auramine staining, modifi ed Ziehl–Neelsen staining and immu-
nofl uorescence using monoclonal antibodies to oocysts. These 
techniques are relatively insensitive. The threshold of reliable 
(100%) detection was found to be 10 000 cysts/g in watery stool, 
but in formed stool thresholds were 50 000/g by immunofl uores-
cence and 500 000/g by acid-fast staining.108

ELISAs that incorporate anti-oocyst antibodies to detect cryp-
tosporidial antigen in faeces have been developed, and rapid strip 
tests are also available. Several different assays using PCR have 
been published for detection of DNA in stool or biopsies.80 Sero-
logical tests have been described, but have not reached the stage 
of routine use.

Management

There is no effective treatment that will eradicate cryptosporidial 
infection in all cases; over 100 drugs have been tested. Several 
controlled trials have now confi rmed that nitazoxanide is effective 
against C. parvum in well-nourished and malnourished HIV-unin-
fected children.109 A 3-day course is effective: children under 4 
years receive 100 mg twice daily and those over 4 years 200 mg 
twice daily, orally. A Cochrane review suggests that none of the 
treatments evaluated was consistently effective in immunocom-
promised adults or children, but the number of trials available for 
inclusion in the meta-analysis was small.110 The most important 
aspect of treatment is fl uid and electrolyte replacement with oral 
rehydration solutions, although intravenous therapy may be nec-
essary. Symptomatic treatment with codeine phosphate or power-
ful opiates should be given readily, according to resources, and 
nutritional support is probably benefi cial.

Prevention

When dealing with a disease affecting mainly the immunocom-
promised, it is diffi cult to evaluate measures directed at reduction 
of incidence. On the basis of what little we know about transmis-
sion, it would seem prudent to advise those at risk, including 
HIV-infected individuals, to boil all drinking water and to avoid 
swimming in public water. There is no immediate prospect of 
effective immunization against the infection.

Prevention of nosocomial or laboratory-acquired infection 
requires strict attention to containment and generous washing of 
any contaminated areas. Disposables should be used where pos-
sible. The oocysts are resistant to many disinfectants, but are reli-
ably inactivated by boiling, freezing, drying and 3% hydrogen 
peroxide.111

Isospora belli

This coccidian was fi rst described in 1915 but has received much 
less attention in the world literature than cryptosporidia, probably 
because of its comparative rarity in the developed world. It has 
recently attracted interest because of its identifi cation in patients 
with AIDS. The infective form of the parasite is the oocyst, which 
releases sporozoites, leading to a small bowel infection. The para-
site there takes up an intracellular location and undergoes merog-
ony and sporogony.

Epidemiology

The route of transmission of the parasite is not established but 
faecal-oral spread seems likely. Infection is uncommon in the 
developed world, as refl ected by the prevalence in European and 
North American patients with AIDS (compared with Africans) 
shown in Table 79.12. In Paris, in a series of 3500 patients from 
the tropics studied before the HIV pandemic, only fi ve (0.1%) 
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cases of isosporiasis were found. A survey of 55 421 stool speci-
mens in Chile over a 10-year period revealed only 452 (0.8%) 
positives.112

Pathogenesis

Isosporiasis is associated with mild to a subtotal villous atrophy. 
This is seen in patients with AIDS, but was also reported before 
the HIV pandemic.113 Infl ammatory cells and eosinophils are seen 
in the lamina propria.

Clinical features

As with cryptosporidiosis, isosporiasis leads to a self-limiting diar-
rhoea in the immunocompetent, and to chronic diarrhoea in the 
immunocompromised. The illness in the apparently immuno-
competent may be prolonged, extending to 20 years in one 
report.114 There is little evidence regarding the frequency with 
which isosporiasis spontaneously remits in patients with AIDS. In 
AIDS, isosporiasis is associated with wasting and dehydration. The 
most thorough analysis remains that of De Hovitz et al.,115 in 
which 15 patients with Isospora belli were identifi ed among 131 
Haitian patients with AIDS; their main complaints were watery 
diarrhoea, cramping abdominal pain and nausea.

Diagnosis

Diagnosis rests on stool examination using wet preparations and 
modifi ed Ziehl–Neelsen acid-fast stained smears. The oocysts 
appear oval, larger than cryptosporidial oocysts (20–30 × 11–
19 mm); some oocysts are sporulated before leaving the host and 
have two easily identifi ed sporoblasts. The oocysts fl uoresce with 
the phenol auramine stain under ultraviolet light. The parasites 
may also be recognized in small bowel biopsies, visible within 
enterocyte cytoplasmic vacuoles under electron microscopy and 
light microscopy.113

Management

Treatment with oral co-trimoxazole (sulfamethoxazole 800 mg 
and trimethoprim 160 mg) four times daily for 10 days eliminated 
the parasite from stool in most cases, with an interruption in diar-
rhoea.116 Unfortunately, this was followed by relapse in 50%, 
usually within 12 weeks. Retreatment was usually effective. Pro-
phylactic co-trimoxazole may be necessary. Pyrimethamine-
sulphonamide combinations are also effective.116 There is little 
information on the regimen of choice for those who are intolerant 
of sulphonamides.

Sarcocystis species

Infection with this coccidian, formerly known as Isospora hominis, 
is uncommonly recognized. The parasite is similar to I. belli in its 
biology,112 but the life cycle requires alternating infection of inter-
mediate hosts, such as cattle and pigs, and defi nitive hosts, such 
as humans. In Strasbourg, the infection was present in 286 patients 
over a 5-year period, representing 0.4–1.5% of all stool specimens. 
The infection has not so far been recognized in AIDS. In the Stras-
bourg series, 30% of patients had peripheral eosinophilia. Biopsy 
specimens may show an eosinophilic infi ltrate. Sporocysts are 

recognized in stool with the same stains as are used for isosporia-
sis, but the cysts are smaller (15 × 10 mm).

Cyclospora cayetanensis

During the mid-1980s, a new intestinal pathogen was identifi ed 
in the stools of individuals with persistent diarrhoea; these were 
initially known as cyanobacterium-like bodies. It has subsequently 
become evident that this organism is a member of the coccidia, 
of the genus Cyclospora. The organism was tentatively named 
Cyclospora cayetanensis,117 which now appears to have been 
formally adopted.

The organism

Until the recent reports in humans, organisms of the genus 
Cyclospora have been identifi ed only in reptiles, myriapods, insec-
tivores and rodents. Oocysts of the human parasite differ morpho-
logically from oocysts in these animal species, and it thus appears 
that the human isolate is a new species. Each oocyst has two spo-
rocysts. Sporulation has been effected in vitro after 7–13 days in 
culture. Excystation results in the liberation of two sporozoites 
which are crescent shaped, approximately 9 mm in length and 
1.2 mm in width.117 The ultrastructural characteristics of the 
oocysts are entirely consistent with those of other members of the 
coccidia. The parasite life cycle would appear to have both sexual 
and asexual components. The asexual stages of sporozoite, tropho-
zoite, schizont and merozoite have been identifi ed by electron 
microscopy in human duodenal biopsies.118 However, it was 
assumed that the sexual cycle had also taken place because oocysts 
were also detected in the patient’s stool. It was concluded, there-
fore, that Cyclospora requires only a single host to complete its 
entire life cycle in humans. Recent molecular phylogenetic analy-
sis indicates that Cyclospora is closely related to Eimeria 
species.119

Epidemiology

Cyclospora spp. were fi rst identifi ed in individuals with a history 
of foreign travel and those infected with HIV. Seasonal outbreaks 
were described in Nepal among foreign residents and travellers, 
and a small outbreak has been reported in medical staff in a 
Chicago hospital. Since these initial observations a more detailed 
study in Nepal has revealed new information about the infection. 
As yet the global prevalence of the infection is unknown, although 
a prevalence of 4–7% has been reported in foreign residents in 
Nepal, with peak prevalence rates occurring during the warmer 
months with higher rainfall.120 Cyclospora diarrhoea has now been 
described in the Americas, the Caribbean, Africa, Bangladesh, 
South-east Asia, Australia, England and Eastern Europe. The incu-
bation period is quite short, ranging from 1 to 7 days. Transmis-
sion appears to be by the faecal–oral route, with water being the 
most important vehicle. The fi rst water-borne outbreak in the USA 
was reported in 1995.121 However, in 1996, a major outbreak of 
cyclosporiasis was investigated in the USA, which was found to be 
due to the ingestion of Guatemalan raspberries.122 Several further 
outbreaks have been documented in the USA and Canada, which 
again were thought to be associated with the consumption of 
berries.

The Coccidia
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Pathogenesis

The mechanism by which this organism produces diarrhoea has 
not been clearly established. However, the organism takes up an 
intracellular location within enterocytes, and histological exami-
nation of small intestinal biopsies has demonstrated mild reduc-
tion in villous height, with associated mucosal infl ammation and 
increased numbers of intraepithelial lymphocytes.123 No specifi c 
virulence factors have yet been identifi ed. Cyclospora diarrhoea has 
been associated with the development of the Guillain–Barré syn-
drome.

Clinical features

There is increasing epidemiological evidence that C. cayetanensis 
is responsible for persistent diarrhoea in both immunocompetent 
and immunocompromised individuals. Diarrhoea can last for 
1–8 weeks and may be associated with abdominal pain, nausea, 
vomiting and anorexia. Abdominal gas and bloating are also 
commonly associated features. In prolonged infection, weight loss 
can be profound. Other than the persistence of symptoms, there 
are no specifi c features that can distinguish Cyclospora diarrhoea 
from other causes of persistent diarrhoea.

Diagnosis

Oocysts can be detected in stool by light microscopy and can be 
induced to sporulate in the presence of 5% potassium dichromate 
solution. Cyst concentration techniques can be used to increase 
the chances of cyst identifi cation and typical features of the 
Cyclospora spp. can be detected by transmission electron micros-
copy. Parasites can also be detected in small intestinal biopsies by 
transmission electron microscopy.

Differential diagnosis includes other parasitic infections 
such as giardiasis, cryptosporidiosis, microsporidiosis and 
tropical sprue. A careful search for these parasites in faeces and in 
small intestinal biopsies is required to identify these infective 
agents.

Management

The treatment of choice for C. cayetanensis infection is trime-
thoprim-sulfamethoxazole (TMP-SMX) 160–800 mg twice daily 
for 7 days).124 This results in the eradication of infection in >90% 
of individuals; continuation of treatment for a further 3 days 
will cure the majority of remaining patients. Ciprofl oxacin is 
less effective but is suitable for patients who cannot tolerate 
TMP-SMX.125

Prevention

Epidemiological studies suggest that the major vehicle for the 
transmission of Cyclospora spp. oocysts is water. Travellers should 
be advised to heed the usual advice regarding the drinking of tap 
water in tropical and subtropical climates. As yet, there are no data 
on the susceptibility of sporocysts to chlorination, although it is 
likely that, like other members of the protozoa, this is an unreli-
able way of inactivating cysts. However, boiling water for 10 min 
should lead to their destruction.

TMP-SMX is effective for chemoprophylaxis but is usually indi-
cated only in immunocompromised patients who experience fre-

quent reinfections or in those who fail to clear the infection 
following the standard treatment regimen.

THE MICROSPORA

Microsporidia fall into the phylum Microspora.126 Known to be 
parasites of vertebrates and invertebrates for many years, it is only 
since the outbreak of the HIV epidemic that they have been found 
to infect humans. Two species cause intestinal disease in humans: 
Enterocytozoon bieneusi and Encephalitozoon intestinalis. These organ-
isms have been re-classifi ed as Fungi55, but are often still consid-
ered together with the protozoa for the moment.

Enterocytozoon bieneusi

Infection with this organism was fi rst reported in 1985 by Modi-
gliani et al.,127 who found the parasite in electron micrographs of 
small intestinal biopsies. Infection in humans had not been 
reported before the syndrome of AIDS-related diarrhoea was rec-
ognized, but various microsporidia infect other species of verte-
brates and invertebrates. Since the fi rst report, many cases have 
been identifi ed, and microsporidial infection is prominent 
among those infections to which the HIV-infected individual is 
susceptible.

The organism

Microsporidia used to constitute their own phylum within the 
protozoa, but are now grouped together with the Fungi. They are 
obligate intracellular spore-forming organisms with a wide range 
of hosts.

Infection is acquired via the spore. Following ingestion, the 
spore extrudes a polar tube (possibly through increased intracel-
lular pressure), through which sporoplasm is passed, infecting any 
enterocytes penetrated by the tube. This infection of the enterocyte 
is followed by proliferation by binary fi ssion (merogony), with 
the meront in an intracytoplasmic position, surrounded by a 
simple membrane. Microsporidia have a few elements of endo-
plasmic reticulum but no mitochondria.128 Ribosomal molecular 
analysis indicates that the ribosomes are of prokaryotic size (70S), 
and RNA sequence analysis demonstrates considerable divergence 
from the ribosomal structure of most eukaryotes, suggesting that, 
like G. intestinalis, microsporidia evolved early along a divergent 
path from other protozoa. Merogony overlaps with sporogony, 
which leads to the development of spores. These are about 
1.5 × 0.9 mm in size, and are shed in the faeces.

Epidemiology

The prevalence of infection with microsporidia in studies of 
patients with AIDS diarrhoea is shown in Table 79.12. It is impor-
tant to note that different diagnostic tools were used and that 
some of the patient series were subject to selection. There are a 
few reports of the infection in patients without HIV infection, but 
overall there is little information on the epidemiology of micro-
sporidiosis. Infection has been diagnosed in immunocom-
promised organ transplant recipients, and in one child with a 
congenital thymic immunodefi ciency. Early data from longitudi-
nal studies of intestinal infection in Lusaka, Zambia, indicate that 
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microsporidiosis can affect both HIV-seropositive and HIV-
seronegative adults, although persistent diarrhoea is more likely 
in patients with advanced immunodefi ciency.

Pathogenesis

Morphological studies of biopsies of infected small bowel reveal 
multiple meronts and sporonts in the host cell, often around the 
nucleus. Cells thus infected are apparently healthy at fi rst, but the 
development of the later stages of sporogony is associated with 
enterocyte degeneration, vacuolation and loss of the brush border. 
These cells are subsequently sloughed off into the lumen, where 
the spores are liberated after cytolysis. Adjacent uninfected cells 
are not apparently damaged. Infection of enterocytes with micro-
sporidia is seen only on the villi, not in the crypts. Villous atrophy 
occurs, possibly through increased enterocyte loss.128 It is not 
known whether adjacent spread of infection occurs from cell to 
cell. There is no synchrony of life cycles amongst different organ-
isms parasitizing the same cell.

Infection is confi ned to the small bowel, principally from the 
distal duodenum to the ileum.129 Studies in patients have demon-
strated diminished D-xylose absorption compared with patients 
with AIDS-related diarrhoea without microsporidiosis, but serum 
vitamin B12 concentrations were not reduced.

Immunity

There are few data regarding immune responses to microsporidia, 
and serological studies are very limited.

Clinical features

E. bieneusi infection is most frequently diagnosed in patients with 
AIDS and persistent diarrhoea. Among 38 HIV-seropositive 
patients with the infection, only one did not have diarrhoea,130 
and most series do not report any asymptomatic infections. 
Patients in this Australian study had a mean duration of diarrhoea 
of 7 months and a mean peripheral blood CD4 cell count of 
40 × 106/L. The volume of the diarrhoea is variable, and is associ-
ated with anorexia, nausea and crampy abdominal pain. This is 
probably true of all forms of AIDS-related diarrhoea.

There are several reports in the literature of a sclerosing chol-
angitis-like syndrome,131 indistinguishable from that associated 
with cryptosporidiosis.

Diagnosis

The original and ‘gold standard’ technique for diagnosis is elec-
tron microscopy of small bowel biopsies. Early meronts are rec-
ognized by the paler appearance of the cytoplasm relative to that 
of the host cell (Figure 79.10). The hallmark of the late meront or 
sporont is the development of the characteristic electron-dense 
polar tube, which has about 5–7.5 coils. Other characteristics 
include the presence of electron-lucent inclusions (ELIs) and elec-
tron-dense discs (EDDs). Spores are identifi able by their intensely 
osmophilic walls.

Light microscopic diagnosis of histological sections of small 
bowel biopsy material is possible using careful scanning of sec-
tions stained with Giemsa, Brown-Brenn or Unna blue. Biopsies 
obtained from the distal duodenum are perfectly adequate, and 

either light or electron microscopy provides a more sensitive diag-
nostic tool than stool examination.

Detection of spores in stool has become possible by the use of 
a chromotrope.132

Management

Albendazole is the treatment of choice,133 but fumagillin has also 
been found to be effective134 Albendazole inhibits microtubule 
formation, and thus reduces cell division and possibly polar tube 
action. The usual dose is 400 mg twice daily for 4 weeks, but there 
is evidence that E. bieneusi responds much less satisfactorily than 
E. intestinalis.

Encephalitozoon spp

Unlike Enterocytozoon bieneusi, Encephalitozoon spp. are wide-
spread among other vertebrates. Encephalitozoon cuniculi is the best 
known, and differs from Enterocytozoon bieneusi in that all stages 
lie within a parasitophorous vacuole, and it does not cause enter-
opathy. Five human cases have been recorded, three with neuro-
logical disorders, one with hepatitis and one with peritonitis in a 
patient with AIDS. However, serological testing for Encephalitozoon 
cuniculi indicates that exposure to this microsporidian may in fact 
be quite common.

Recently, infection with Enterocytozoon hellem has been described 
in patients with AIDS, with corneal infection and disseminated 
disease involving lungs and kidneys, but not the gastrointestinal 
tract.

Another microsporidian, Encephalitozoon intestinalis, has been 
reported in patients with AIDS in developed countries and in 
Africa. The fi rst case was of chronic diarrhoea due to an organism 
resembling, but distinct from, Encephalitozoon cuniculi. Subse-
quently, it has become apparent that this microsporidian is capable 
of dissemination, leading to an interstitial nephritis. The micro-
sporidia may be found in lamina propria macrophages, and free 
spores can be found in the renal vasculature and portal vein. The 
spores are then shed in the urine. One of the characteristics of this 
organism is its development within a parasitophorous vacuole 

Figure 79.10 Meront of Enterocytozoon bieneusi, showing EDDs. 
(Magnifi cation ×20 000.) (Courtesy of Graham McPhail.)

The Microspora
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which is septated. For this reason, it was originally given the name 
Septata intestinalis. Most series report that it is less common in 
patients with AIDS and persistent diarrhoea than E. bieneusi, but 
it is more sensitive to albendazole.135
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Section 10 Protozoan Infections

Chapter 80 David C. Warhurst

Potentially Pathogenic 
Free-living Amoebae

Facultatively parasitic free-living amoebae, normally found in soil 
and water, cause three important diseases in man: primary amoebic 
meningoencephalitis (PAM), granulomatous amoebic encephali-
tis (GAE) with invasion of other tissues, and chronic amoebic 
keratitis (CAK). Both PAM and CAK occur in healthy individuals, 
while GAE and related diseases are generally associated with 
immunodefi cient states.1

The free-living amoebae concerned belong to two main groups 
of small free-living amoebae: the amoebofl agellates and the 
Acanthamoebidae. One case of a brain abscess caused by the larger 
free-living amoeba Sappinia diploidea has been reported in an 
immunocompetent farmer.2,3

Amoebofl agellates

Naegleria fowleri, which causes PAM, is found worldwide in warm 
fresh water, normally feeding on bacteria. Its life cycle has three 
stages: the feeding, growing, multiplying form or trophozoite 
found on surfaces of vegetation and mud, the rapidly motile 
bifl agellate form (Figure 80.1) often found in the surface layers of 
water and the dormant cyst form found in the same locations as 
the trophozoite. Experimental and epidemiological evidence sup-
ports the infectivity to man of the trophozoite and fl agellate. 
Infection takes place through the olfactory epithelium of the nose 
when the organisms are inhaled in contaminated water, usually 
during swimming, penetrate the epithelium and pass along the 
olfactory nerve branches in the cribriform plate to enter the 
meninges, where they multiply in the CSF of the perivascular 
Virchow–Robin spaces. Trophozoites penetrate the dura mater 
and enter the substance of the brain, ingesting cerebral tissue 
(Figure 80.2). The symptoms and features of the CSF are charac-
teristic of a purulent bacterial meningitis, but there is no response 
to antibacterials. Coma culminates in death. The application of 
specifi c therapy after early diagnosis of the condition has led to 
recovery in only three authentic instances among about 300 
recorded cases (Table 80.1). Although relatively few cases of PAM 
are recorded, the disease is signifi cant among those associated 
with recreational water use because of its almost invariably fatal 
outcome. In the 10 years from 1989, 22 cases of PAM caused by 
N. fowleri were reported in the USA, all fatal.4 In the latest report 
from MMWR (2006), the only death in 2003–2004 from infection 
associated with recreational water was caused by N. fowleri.5

Acanthamoebidae

Acanthamoeba species

Acanthamoeba spp. which cause GAE and CAK, are found world-
wide and also feed on bacteria (In some earlier studies the organ-
ism was referred to as Hartmannella but the genera are now 
recognized to be distinct). Acanthamoeba spp., unlike Naegleria, 
can multiply in fresh or brackish water. The life cycle consists only 
of the trophozoite and cyst forms, and either of these can be a 
source of infection for man. Several species have been isolated 
from human tissue, and the ubiquitous distribution of these 
organisms means that human exposure is widespread. For example, 
it is estimated that humans inhale one of the resistant cysts every 
day.6 As a corollary of this wide exposure, the organism fi nds it 
diffi cult to colonize man, and infections are generally restricted to 
the immunodefi cient, or to immunoprivileged sites, the most 
common of which is the cornea (Figures 80.3, 80.4). Infections 
are generally of a chronic type and there is a marked granuloma-
tous reaction. Treatment by medical or surgical means is usually 
successful in ocular infection, but a few successes have been 
reported in systemic infection.

Acanthamoeba and upper respiratory infection

Association of Acanthamoeba with upper respiratory infections was 
suspected in the 1960s,7 and the organism has been regularly 
isolated from oronasal swabs. Several strains isolated from room 
and outside air using a slit sampler were found to be cytopathic 
to mammalian cell cultures.6 Although there is a suggestive link 
between the isolation of Acanthamoeba from the upper respiratory 
tract and nose bleeding, rhinitis and upper respiratory infections, 
the connection has not yet been convincingly drawn. It may be 
argued that, in some cases at least, isolations from the nose 
represent trapped air-borne cysts, and not active infections.

Balamuthia mandrillaris

Among case reports of GAE, mainly due to infection with Acan-
thamoeba spp., an increasing number of systemic infections with 
the acanthamoebid free-living amoeba Balamuthia mandrillaris are 
being reported.1,8,9 This organism has not yet been shown to cause 
CAK. The life cycle resembles that of Acanthamoeba, but the 



80. Potentially Pathogenic Free-living Amoebae

1408

organism infects apparently immunocompetent as well as immu-
nosuppressed adults and children. There are reports of successful 
treatment of early diagnosed cases.10,11 Isolation and diagnosis by 
culture is diffi cult, serum IFAT titres can be helpful12,13 and PCR is 
now a preferred diagnostic approach.1 Study of DNA homologies 
has confi rmed a close relationship with Acanthamoeba spp., but 
ruled out inclusion in the genus.14

Environmental isolation15,16 is possible using cell cultures or 
other free-living amoebae as food.

Association of free-living amoebae with Legionella 
and other bacteria

Acanthamoeba and Naegleria spp. can harbour pathogenic micro-
organisms, such as Legionella17,18 and the cholera vibrio19 and have 

Figure 80.1 Flagellate stage of Naegleria fowleri. (Environmental 
isolate; organism fi xed with osmic acid vapour and examined under 
phase contrast.)

Figure 80.2 Naegleria fowleri in human brain section. (Stained by 
specifi c fl uorescent antibody test.) This shows a cerebral vessel, and 
Naegleria trophozoites invading the brain tissue from the perivascular 
CSF.

Figure 80.3 Acanthamoeba species keratitis. Corneal ulceration, 
hypopyon, conjunctival hyperaemia and radial neuritis are visible in 
this photograph of an infected eye.

Figure 80.4 Encysting trophozoite of Acanthamoeba species in 
corneal laminae. (Stained with immunoperoxidase using rabbit anti-
Acanthamoeba serum. Note cellular infi ltration and the heavily stained 
amoebic trophozoite.)
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the potential to act as chlorine-resistant infection reservoirs for 
these organisms in water supply networks.

PRIMARY AMOEBIC MENINGOENCEPHALITIS

Clinical features20

Naegleria fowleri is normally restricted to the central nervous 
system but in one severely malnourished case, the organism was 
found disseminated in many tissues.21,22 The illness attacks healthy 
persons, 3–7 days after exposure to contaminated water. It starts 
with headache and slight pyrexia, in some cases associated with 
sore throat and rhinitis. Over the next 3 days the disease pro-
gresses, with rising fever and increasing headache, vomiting and 
stiff neck. The severely disoriented or comatose patient is admitted 
to hospital with a diagnosis of acute pyogenic meningitis. Lumbar 
puncture reveals a purulent cerebrospinal fl uid (CSF) but no bac-
teria are demonstrated. The CSF pressure is generally raised. No 
response is noted to antibacterials. Deep coma is followed by 
cardiorespiratory failure and death ensues.23 Haemorrhagic pul-
monary oedema may develop during the course of the disease and 
this is thought to be neurogenic.24 In addition, myocarditis may 
be detected at postmortem.25 Although involvement with water 

sports antecedes most cases, some fatal infections reported from 
Australia were acquired from the mains water supply.24 In one US 
case,26 the patient, a narcotic addict, who had recently had teeth 
extracted, had no history of water contact other than with public 
water supplies; and a Nigerian farmer is thought to have become 
infected after ritual nose rinsing with water from a local pond.27

Diagnosis

The major problem in diagnosis of PAM is to distinguish between 
it and other encephalitides of rapid onset such as meningococcal, 
acute tubercular and viral meningitis. Distinction from all but 
non-tubercular bacterial meningitis is relatively straightforward 
because on CSF examination there is a markedly raised cell count, 
mainly polymorphonuclear cells. In tubercular or viral meningitis 
the cellular increase, when present, is composed mainly of mono-
nuclear cells. The presence of erythrocytes in CSF has been sug-
gested as characteristic of PAM, but evidence so far does not 
confi rm its specifi city and erythrocytes may contaminate CSF 
during the lumbar puncture procedure. CSF protein is generally 
raised around 1 g/L and may reach 10 g/L, and this contrasts with 
viral meningitis where low values are usually found. Glucose may 
be lower than normal, as in bacterial meningitis, but this is not a 
useful diagnostic feature.

Table 80.1 Successful treatments of culture- or PCR-proved Naegleria fowleri meningoencephalitis

Location Culture or PCR 
proof of N. fowleri

Delay in diagnosis (cerebral 
oedema, coma etc.)

Antiamoebic drug treatment

CASE 1

S. Australia 1972a Yes.
Culture

>3 days (coma, but responding 
to painful stimuli)

AmB:1.0 mg/kg per day i.v. ×5, then 0.5 mg intrathecally 
and a ventricular reservoir fi tted to allow 10 doses of 
0.1 mg on alternate days, with stemetil premedication. 
The intraventricular amphotericin dose was mixed with 
CSF prior to administration

CASE 2

California 198242 Yes.
Culture and, later, PCR

3 days (mild coma, responding 
to painful stimuli)

AmB: 1.5 mg/kg per day i.v. in 2 divided doses for 
3 days with 1.5 mg AmB/day intrathecally. Then 1 mg 
AmB every other day for 8 days: miconazole i.v. at 
350 mg/m2 per day in 3 divided doses for 9 days: 
miconazole intrathecally, 10 mg/day and then 10 mg 
every other day for 8 days, and rifampicin orally at 
10 mg/kg per day in 3 divided doses for 9 days. 
Dexamethasone and phenytoin were given respectively 
for increased intracranial pressure and for seizures

CASE 3

Mexico 200541 Yes.
Culture, later PCR and 

antigen 
confi rmation

On admission, severe headache, 
vomiting and fever. After 9 h 
ataxic gait, mild confusion, 
seizures and coma 

Dexamethasone 0.6 mg/kg 6-hourly i.v., ceftriaxone 
100 mg/kg per day i.v. initially; after 9 h, AmB 
0.25 mg/kg daily i.v. rising to 1 mg/kg, for 14 days, 
fl uconazole 10 mg/kg daily i.v. fi rst, followed by oral for 
1 month, and oral rifampicin 10 mg/kg oral daily for 
1 month. Recovery began within a few hours and on 
the 3rd day afebrile and awake

AmB, amphotericin B deoxycholate.
a K. Anderson, pers comm; Anderson K, Jamieson A. Primary amoebic meningoencephalitis. Lancet 1972; ii:379.

Primary Amoebic Meningoencephalitis
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It is recommended that in investigation of CSF from menin-
gitis cases a fraction of the CSF should be put on one side while 
the fi lm is being stained for bacteria, so that if bacteria are not 
seen the CSF can be examined in wet fi lm in more detail. Obser-
vation of fresh CSF under a coverslip is a procedure which may 
give much information. First, in the case of bacterial meningitis, 
the presence of bacteria may be observed directly, before cul-
tures have grown. If no bacteria are seen, amoebic trophozoites 
may be discovered. Here there is scope for error. Highly active 
mononuclear or other white cells may be found in the CSF, and 
unless careful observation is made to detect the large granular 
nucleus (amoebae have a small to invisible nucleus) and the 
non-progressive movement of the mammalian cells, the cells 
may be mistaken for amoebae. In CSF at 37°C, Naegleria moves 
actively at a rate of one to three body lengths per minute. The 
movement is progressive and the body is elongated like a slug 
during movement, with characteristic explosive protrusion of a 
clear pseudopodium on alternate sides of the anterior. Warming 
the wet preparation may be a useful method of stimulating 
movement.

As well as wet microscopy, examination of cytospin fi lms 
stained by a Romanovsky stain should be carried out. An acridine 
orange stain with examination under the fl uorescent microscope 
may also be useful to differentiate the amoebae from leukocytes, 
the small nucleus and large area of reddish foamy cytoplasm of 
the amoebae being particularly noteworthy.28

To confi rm the diagnosis after treatment has been instituted, 
cultures of the CSF sample upon 1.5% non-nutrient agar coated 
with washed E. coli bacteria and maintained in a moist box at 37°C 
overnight should be examined. The agar may be made up in 
distilled water or ideally in the dilute amoeba saline solution 
of Page29:
NaCl 0.12 g
MgSO4⋅7H2O 0.004 g
CaCl2⋅2H2O 0.004 g
Na2HPO4 0.14 g
KH2PO4 0.136 g
in 1 L distilled water, autoclaved in 100 mL aliquots and stored at 
room temperature.

N. fowleri will grow in cell cultures used in the usual virus 
isolation techniques, and these may be used as an isolation 
method. It is important to ensure that antifungals such as ampho-
tericin (Fungizone) are not included in the cultures.

N. fowleri-specifi c monoclonal antibodies have been developed 
which are likely to prove valuable in diagnosis,30 and isoenzyme,31 
restriction digestion and polymerase chain reaction (PCR) tech-
niques for identifi cation of N. fowleri and other pathogenic free 
living amoebae from environmental and pathological material 
have been described.32 Nevertheless, the urgency of diagnosis 
makes direct examination of the CSF the primary basis for going 
ahead with treatment. Confi rmation by other means should be 
available within 24 h, but delay is undesirable.

Management

There is a shortage of successful treatments on which to base 
recommendations. Schuster and Visvesvara give fi ve case reports 
of successful treatment33 in Table 3 of their recent review, but I 

have excluded four from this Table 80.1, since available evidence 
indicates N. fowleri was not involved.34,35,36,37,38,39,40

There remain in the literature then, only three convincing 
successfully-treated cases. In all three, success followed early 
diagnosis of the infection and the institution (gradual in case 
341) of a high-dose regimen of amphotericin B deoxycholate 
(AmB), with, in the two most recent, a concomitant azole drug 
i.v. and/or intrathecally and oral rifampicin (Table 80.1). The 
choice of intravenous azole drug appears to lie between micon-
azole and fl uconazole, with miconazole more active in vitro. It 
is informative to contrast successful and unsuccessful treatments 
in female children of 9 (case 2, Table 80.1)42 and 11 years of 
age.43 A mild headache was the fi rst indication of the disease, 
with no upper respiratory symptoms noted. Treatment in the 
former case was successful. The patient had been swimming in a 
hot spring where a fatal case of PAM had been acquired in 
1971.44 Before admission the patient had a 3-day history of 
symptoms, initially headache, followed by nausea, vomiting and 
increasing lethargy. On the morning of admission she was coma-
tose but responsive to painful stimuli. A diagnosis of bacterial 
meningitis was made on the cell count and chemical features of 
the CSF. Because of the previous case from the same hot spring, 
a wet preparation of CSF was examined. Cells with amoeboid 
movement were observed in the CSF and in stained prepara-
tions45 in the County Hospital to which she was transferred, and 
a diagnosis of PAM was made. The treatment was begun while 
the patient was responsive to pain and to tactile stimulation. 
Although nuchal rigidity and diffuse papilloedema were present, 
muscle tone and deep tendon refl exes were normal. Serum elec-
trolytes, blood urea nitrogen and glucose were within normal 
limits and, signifi cantly, computed tomography showed cerebral 
oedema was mild. Combination drug treatment was successful 
in achieving removal of detectable amoebae from the CSF and 
stabilization of the patient’s condition after 3 days. During the 
remainder of her stay in hospital the patient’s condition contin-
ued to improve, although after discharge some decrease in pain 
sensation in the left leg was noted, which resolved within 2 
months, while the CSF remained abnormal for several months. 
Subsequent cases in the USA treated with a similar though not 
identical regimen have not survived.46

The contrasting patient, at Bath Spa, UK, was also admitted to 
hospital with a 3-day history of headache and a 1-day history of 
pyrexia, vomiting and blurred vision. She had swum in a warm 
mineral water pool 6 days previously. The patient was drowsy, with 
slight neck stiffness. Eye movements and fundi were normal. Thus 
the clinical condition on admission to hospital was apparently no 
worse than in the fi rst case. On the basis of purulent CSF and other 
characteristic features a diagnosis of pyogenic meningitis was 
made, and treatment with antibacterial antibiotics was instituted. 
The condition of the patient deteriorated during the next few 
hours, and convulsions began to occur, which were controlled 
with phenytoin, diazepam and intramuscular paraldehyde. The 
optic fundi remained normal, but cerebral oedema was assumed 
to be present, and mannitol was given intravenously. Respiratory 
arrest occurred 20 h after admission, and at 36 h identifi cation of 
amoebae was made in the CSF, organisms were successfully cul-
tured, and antiamoebic therapy (amphotericin B 0.5 mg/kg per 
day by single 6-hourly intravenous infusion, concurrently with 
sulfadimidine and rectal metronidazole) was begun. Amphoteri-
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cin B (0.15 mg) was administered through a ventricular catheter. 
Although it had been planned to increase the intravenous ampho-
tericin dose to 1 mg/kg per day, poor urinary output and rising 
blood urea led to only 0.6 mg/kg being achieved. On day 3, 
0.05 mg amphotericin was given, and on day 4, 0.1 mg intraven-
tricularly. Although amoebae were then visually and culturally 
absent from the CSF, the patient did not wake from her coma and 
died on day 5 after cardiac arrest.

A signifi cant difference between the two cases is that the clini-
cians and laboratory staff in the fi rst were aware of the possibility 
of PAM, having seen an earlier fatal case acquired from the same 
stream, and identifi cation of amoebae in the CSF was made soon 
after the patient was admitted to hospital. Differences in the treat-
ment may also have been signifi cant, in particular the initial lower 
intravenous dose of amphotericin in the fatal case, but early diag-
nosis is clearly to be aimed at. It is, however, important to note 
that studies on DNA from the isolate from the Californian case 
indicate that the N. fowleri involved was an unusual variety which 
had a restriction pattern that diverges most from all other strains 
tested.47

Recommendations for treatment were made by Duma.48 The 
administration of high dose amphotericin B should not be unduly 
delayed once diagnosis of the condition has been made. The 
approach that is normally made to intravenous amphotericin 
treatment for other conditions, that is, to start at a lower dose 
(0.25–0.5 mg/kg per day) and increase it cautiously to detect idio-
syncrasy and delay kidney damage, is inappropriate (although this 
presupposes the diagnosis is reliable). After a low trial dose, the 
maximum dose possible should be given immediately, by slow 
intravenous infusion. Judging by the intrathecal dose of ampho-
tericin B used in case 1, it appears that there is some scope for 
increase. It is recognized that children can tolerate higher doses 
of amphotericin B than adults.49,50 An argument advanced by 
Ferrante51 is that too high a dose of the drug leads to lysis of 
amoebae and an adverse immunological reaction to the released 
foreign protein. Ferrante’s point is probably best addressed by the 
judicious use of corticosteroids to moderate the infl ammatory 
reaction, as in cases 2 and 3 (Table 80.1).

It is important to monitor the blood urea nitrogen value daily 
during amphotericin treatment, and the manufacturers recom-
mend that if this rises above 17.8 mmol/L (50 mg/dL), or the 
creatinine above 310 μmol/L (3.5 mg/dL), 1 day of therapy should 
be omitted and the next dose lowered. Amphotericin B methyl 
ester, a less toxic modifi cation of the drug, though active in vitro, 
has not been found effective in protecting experimental mice.52 
Findings have been reported for liposomal amphotericin B.53

The use of drug combinations

In in vitro and animal studies a potentiative synergism of ampho-
tericin with tetracycline,54,55 miconazole56 and rifampicin57 has 
been reported. The rationale for using combination drug treat-
ment with miconazole is supported by in vitro studies carried out 
on the strain of N. fowleri isolated from the CSF in the Californian 
case, since synergism was seen with amphotericin. Synergism was 
not demonstrated between rifampicin and amphotericin, but 
there was clearly an additive effect, while the effects of rifampicin 
and miconazole were apparently mildly antagonistic. Although 
there is not enough evidence from human studies to support 

combination drug treatments, there seems no reason not to try 
them. It is worth noting that for Candida albicans miconazole is 
antagonistic to amphotericin B,58 but this was not seen for N. 
fowleri. Ketoconazole appears to be an alternative to miconazole 
and potentially less toxic. However, it is less effective than micon-
azole in vitro. Recent work in vitro and in the mouse model 
indicates that the azole voriconazole may be worth trying59 and 
that azithromycin may be useful in synergy with AmB.60

Pathology and pathogenesis

N. fowleri injures nerve cells by two alternate mechanisms: trogo-
cytosis (ingestion of the cytoplasm through a feeding cup), and 
contact-dependent lysis due to alteration of the permeability of 
the target cell by lytic proteins. Cell death is due to the release of 
ions, followed later by the loss of large macromolecules.61

The pathogenic process in the brain is probably similar to that 
in bacterial meningitis. An infl ammatory reaction develops in the 
meninges and the cellular infl ux leads to damage of the cellular 
functions of the blood–brain barrier. In addition there is damage 
to the integrity of the barrier due to direct invasion of amoebae into 
the brain tissue, which occurs without obvious cellular reaction.

Although it probably has no relevance to the pathogenesis of 
PAM, it is interesting to note that even non-pathogenic species of 
Naegleria harbour an agent capable of causing cytopathic changes 
in cultured vertebrate cells. The agent is termed NACM (Naegleria 
amoeba cytopathic agent) and is a protein of 35 kDa. NACM 
shows the features of an infectious agent, with some similarity to 
a prion.62

Immunology

Reciprocal titres in the indirect fl uorescent antibody test of 5–20 
were found in a survey of normal human sera in New Zealand.63 
It will probably be concluded that for such low titres to be found 
in such a sensitive test indicates little exposure and probable cross-
reactivity with antigens from related or unrelated species. The 
disease course is too rapid in the majority of clinical cases for 
humoral antibody to be stimulated, but it has been demonstrated 
in a recovered case. Although a low total serum IgA level has been 
postulated to be a predisposing factor in infection,64 this has not 
been confi rmed.65 Evidence has been obtained experimentally in 
BALB/c mice that immunity can be transferred by immune spleen 
cells but not by immune serum.66 However, an earlier study did 
show transfer by immune serum.67 There is experimental evidence 
that immunity is manifested at the nasal mucosa by polymorpho-
nuclear leukocytes, which kill the amoebae, and also by the 
shedding of necrotic epithelium.68

Although the amoebae are unaffected by recombinant human 
interleukin 1 or tumour necrosis factor,69 the latter stimulates the 
adherence of neutrophils to N. fowleri, with destruction of the 
amoeba. This is independent of complement or specifi c immuno-
globulin. Ingestion of neutrophils by trophozoites was observed 
following more prolonged incubation, particularly in the absence 
of tumour necrosis factor. Ability of trophozoites to ingest host 
neutrophils may represent a virulence factor.70 The trophozoites 
are killed by complement71 in the bloodstream, and this probably 
explains the usual restriction to the CNS.

Primary Amoebic Meningoencephalitis
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In recent immunization studies in mice, intranasal adjuvants 
which increase amoeba-specifi c mucosal IgA levels in nasal fl uids 
have been shown to enhance protection.72

Epidemiology

N. fowleri has been isolated from thermally elevated aquatic envi-
ronments worldwide, but temperature factors associated with 
occurrence of the amoeba remain relatively undefi ned. It is inter-
esting that, although N. fowleri will grow well at temperatures up 
to 45°C, cysts are not readily produced at high temperatures, in 
contrast to the non-pathogenic species N. lovaniensis,73 which also 
grows at 45°C. This may perhaps explain the persistence of N. 
fowleri in areas of fl uctuating temperature or exposure to a tem-
perature gradient. At Bath Spa74 N. fowleri was isolated from water 
in an area where warm water mixed with cool, and only N. lovani-
ensis in a site where the water was uniformly at a high temperature. 
In a study of a newly created cooling reservoir (Clinton Lake, 
Illinois) before and after thermal additions from a nuclear power 
plant, N. fowleri was isolated from the thermally elevated arm but 
not from the ambient-temperature arm of the reservoir. The prob-
ability of isolating thermophilic Naegleria and pathogenic N. 
fowleri increased signifi cantly with temperature. Repetitive DNA 
restriction fragment profi les of the N. fowleri Clinton Lake isolates 
and a known N. fowleri strain of human origin were homolo-
gous.75 This suggests that even in temperate areas we can expect 
N. fowleri colonization of any newly introduced heated freshwater 
habitats, such as warm pools. Isolation of the amoebae from 
environmental sources is diffi cult since overgrowth of non-
pathogenic species, such as N. lovaniensis, readily takes place. To 
avoid this, it is recommended that multiple small water samples 
of 10 mL should be collected, concentrated by gentle centrifuga-
tion, and each sediment cultured on a different culture plate.76 The 
use of swab samples from surfaces has also been reported to 
increase success in isolating pathogenic free-living amoebae.77

Prevention

In the North Island of New Zealand, the bathing places fed by hot 
springs are generally lined with earth, and the only preventive 
measures which are applicable are warnings not to immerse the 
head. These are presented to the public in graphic notices around 
the pools. In the UK, the contaminated pools associated with the 
Bath Spa mineral spring have been closed for bathing, for several 
years. A borehole has been drilled into the aquifer, allowing hot 
water to reach the surface uncontaminated, further measures have 
been taken on the other pools and the complex has reopened.

Water treatment

Filtration

Treatment of raw water to be used for drinking purposes by coag-
ulation and fi ltration is generally effective for removal of organ-
isms which do not multiply in the environment, such as bacterial 
pathogens, Entamoeba histolytica and Giardia. In the case of the 
potentially pathogenic free-living amoebae, even one organism 
which passes through the fi lter is signifi cant, since unlimited mul-
tiplication is possible in the ‘purifi ed’ water provided a suitable 

bacterial food source is present. Chemical or physical disinfection 
is therefore always indicated in addition to other measures.

Physical treatment

N. fowleri is not usually isolated from waters at temperatures 
below 25°C. The cysts and trophozoites are killed by temperatures 
above 60°C. Attractive recreational waters generally exceed 25°C 
and are at well below amoebicidal temperatures. The amoebae 
will grow at a wide range of pH in culture, although growth halts 
below pH 4.6 and above pH 9.5. Ultraviolet radiation appears 
ineffective in preventing Naegleria or bacterial contamination of 
swimming pools.78 It has been shown that post-UV treatment 
repair processes in the related species N. gruberi are highly effec-
tive.79 However, a combination of intensive UV treatment and 
chlorination, together with regular bacteriological and amoebic 
monitoring, has been applied at the newly opened Bath Spa 
Complex.

Chemical treatment

N. fowleri will not grow in brackish water. Concentrations of 
sodium chloride of more than 0.75% will inhibit growth. It has 
also been shown experimentally that high concentrations of 
calcium (40–60 mmol/L) are inhibitory.80 The cysts of N. fowleri, 
like those of E. histolytica and Giardia, need a free chlorine residual 
concentration (mg/L) × time (min) factor (CT factor) in the region 
of 40 for 99.9% inactivation,81 i.e. 4 mg/L for 10 min or 2 mg/L 
for 20 min. Depending on the amount of organic material 
capable of reacting with chlorine present in the water, an initial 
quantity of chlorine added will produce different residual concen-
trations of chlorine available for microbial inactivation. In any 
experimental study it is therefore important to determine the 
concentration of chlorine (or residual) which remains after the 
experiment. Only this level is relevant in determination of micro-
bial sensitivity. The pH of the water affects activity, since the active 
chemical species HOCl, hypochlorous acid, decreases in concen-
tration as pH is raised. However, in contrast to the cysts, the tro-
phozoites are killed by lower chlorine residuals in the antibacterial 
region of 0.5–1 mg/L. Since disinfection effi ciency of chlorine is 
inversely related to pH, these values are valid up to pH 7.5, but 
not higher. It is also important to note that chlorination is less 
effi cient at lower temperatures. If bacterial growth is prevented, 
and this can be confi rmed in water masses by a low or nil total 
plate count, growth of the amoebae should not be possible in the 
mass of water. However it is still possible that bacteria and 
amoebae may be growing on and in surfaces not adequately in 
contact with the disinfectant or in surface fi lms. For example, in 
the Czechoslovakian series of infections associated with a chlori-
nated swimming pool at Usti nad Labem, the amoebae were being 
harboured in unchlorinated water behind a false wall at one end 
of the pool.82 In the Bath Spa episode (1978), there was a channel 
of communication between contaminated unchlorinated warm 
spring water fl owing under the swimming pool and the chlori-
nated contents. The South Australian series of PAM cases were 
apparently infected from the public water supply, which was piped 
over desert after chlorination and thus lost its chlorine content 
and allowed amoebae to grow. The problem was solved by intro-
ducing supplementary chlorination points along the desert 
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pipeline.83 In addition, the disinfectant monochloramine has 
been used because it is more persistent than chlorine itself.84 
Ozonation has been tested with some success.85

Although the problem of eliminating Naegleria from swimming 
pools seems immense, this is a much more serious problem for 
natural waters than for artifi cial pools, where careful design 
and proper maintenance should be able to achieve effective 
control.86

GRANULOMATOUS AMOEBIC ENCEPHALITIS

The fi rst evidence for involvement of Acanthamoeba in human 
cerebral granulomatous disease was reported in the early 1970s. 
For Acanthamoeba, Kenney87 examined 1000 sera collected on a 
routine basis from patients in a New York hospital and found two 
which reacted at a high titre with A. culbertsoni antigen in a com-
plement fi xation test. One of the patients had suffered from gas-
trointestinal problems, and there was little other evidence to 
incriminate amoebae. (It is interesting to note that we have seen 
A. culbertsoni infection in the small intestinal wall of a Malaysian 
patient.) The other died of a cerebrovascular accident, and amoebae 
similar to Acanthamoeba were demonstrated at postmortem histo-
logical examination of the brain in the case described by Jager and 
Stamm.88 Several species of the genus have now been identifi ed in 
human pathological material. The organism produces infections 
in various tissues in the immunocompromised or debilitated, 
including those with the acquired immune defi ciency syndrome 
(AIDS).

Clinical features

The incubation period is generally prolonged. The signs and 
symptoms are typical of a variety of conditions resulting from 
space-occupying lesions in the brain and include hemiparesis, 
seizures and, in about 70%, altered mental ability (stupor or leth-
argy, and later disorientation, irritability and combativeness). The 
predisposing factors include use of corticosteroids (42%), antibi-
otics, chemotherapy, alcoholism, AIDS, diabetes and pregnancy. 
Although the disease is generally found in immunocompromised 
states and is prolonged and chronic, acute Acanthamoeba menin-
goencephalitis has been seen associated with Acanthamoeba kera-
titis and uveitis in a child.89 The relationship of amoebic proteases 
from an isolate from GAE to cytopathology has been examined 
recently, and degradation of extracellular matrix by a serine pro-
tease has been pinpointed as of importance for blood–brain 
barrier penetration.90

Martinez91 reviewed 15 cases of GAE known or assumed to be 
due to Acanthamoeba. The patients, six female and nine male, were 
aged from 5 to 58 years, 11 were white and four black, and their 
illnesses lasted from 7 to 120 days. In six cases, there was a history 
of chronic skin ulceration or other visceral or superfi cial lesion. 
The symptoms were those of a focal or diffuse encephalopathy, 
with meningeal irritation. Fever, mental abnormalities, seizures, 
headache and hemiparesis were predominant. On admission to 
hospital none of these patients was in coma, in contrast to the 
situation often found with PAM. Cirrhosis or other liver disease 
was also present in three of the 15 patients; pneumonitis, diabetes, 
Hodgkin’s disease and glucose-6-phosphate dehydrogenase defi -

ciency were also seen. Apart from antibiotic treatment, eight 
(53%) had been given corticosteroids. Six had been given cancer 
chemotherapy, three radiation therapy, three were alcoholic and 
two of the four females of child-bearing age were pregnant. More 
than 65 cases have now been reported as due either to Acantham-
oeba or some other free-living amoeba causing GAE and there have 
been cases following bone marrow transplantation.92

No patient in this series had any recent history of swimming 
or water sports.

Acanthamoebidae: Balamuthia mandrillaris

The involvement of this soil amoeba in disease was not discovered 
until 1989, when Visvesvara was able to detect and culture an 
unusual amoeba93 in the brain of a baboon showing symptoms 
similar to those of meningoencephalitis and GAE, and it soon 
became clear that several human GAE cases which had been 
thought to be caused by Acanthamoeba, but where the amoebae in 
sections did not stain with Acanthamoeba- or Naegleria-specifi c 
serum, were caused by a similar organism. Subsequently, an infec-
tion was seen in an AIDS case.94

Clinical features and diagnosis of GAE

The disease can mimic a deep mycosis with systemic dissemina-
tion. In fi ve cases reviewed by Jager and Stamm88 there was frontal 
headache, fl uctuating coma, with or without signifi cant history of 
a predisposing disease. The route of infection of the brain in the 
Hodgkin’s lymphoma case they reviewed is thought to have been 
intranasal, since there were basal cortical changes in the brain, 
with the olfactory lobes affected. Presence of amoebae in the 
vessel walls gives rise to a vasculitis of an allergic type. Dead and 
dying organisms and cysts are found, and there is evidence of a 
foreign body giant cell reaction. It is noteworthy that amoebic 
cysts are seen in the tissues in GAE and CAK, unlike the situation 
in Naegleria PAM.

The CSF cell count was raised in all patients, lymphocytes being 
markedly elevated, composing 19–100% of the cells present. 
Glucose concentrations, where measured, were not appreciably 
lowered, as would be found in bacterial meningitis or PAM.

Although amoebic trophozoites have been reported in CSF in 
a few cases of GAE, there is no doubt that this is an extremely 
unusual fi nding, which may, however, be more frequent in 
AIDS.95

Further clarifi cation on the clinical features of B. mandrillaris 
infection is developing. An initial lesion of the skin is often 
seen, sometimes in the nasal pyramid, which may be compact, 
fi rm and well delineated. This may or may not ulcerate, and can 
persist for several months before cerebral symptoms develop.96 
The cerebral lesions are characterized by angiitis/vasculitis, which 
leads to thrombosis and infarct, when the brain tissue is then 
locally infi ltrated by amoebae to give granulomatous lesions 
(Figure 80.5).97 In Peru, the disease has been diagnosed in cases 
of stroke in immunocompetent children. Headaches, lethargy 
and coma may supervene. In one patient with neutropenia, CSF 
glucose was extremely low or unmeasurable.98 Survival after 
development of cerebral symptoms is generally a matter of days 
or weeks.

Granulomatous Amoebic Encephalitis
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Importance of serology in diagnosis of chronic 
systemic and/or cerebral infections by 
Acanthamoeba and Balamuthia

In view of the chronic nature of the infection with Acanthamoeba 
and Balamuthia and the invasive character of attempts to obtain 
biopsy specimens, the ideal initial investigation would seem to be 
serological. The case reported by Kenney87 illustrates this.

Cerebral biopsy is not an uncommon procedure, and specifi c 
polyclonal antibody has been used on wax-embedded sections in 
immunofl uorescence99 or immunoperoxidase techniques.

Plate cultures (as above for Naegleria) may be made from fresh 
biopsy material and incubated at 37°C for up to a week under 
humid conditions. Balamuthia does not grow well under these 
conditions, but as with Naegleria and Acanthamoeba, can be iso-
lated in cell cultures. Attempts at culture from CSF can also be 
made.

PCR techniques for the identifi cation of axenic Acanthamoeba 
isolates at the generic and specifi c level have been described100 but 
these are not currently suitable for detection of low numbers of 
the organism in clinical material. However, rhodamine- and fl uo-
rescein-labelled probes have been developed, the former reacting 
with RNA and DNA of the genus Acanthamoeba and the latter with 
type T4 (most often associated with amoebic keratitis) of 12 ssu-
rRNA subgeneric sequences.101,102 Because samples containing only 
cysts may be diffi cult to grow, and amoebae may be very scanty 

and need culture amplifi cation before detection, the best system 
for diagnosis would be to divide the sample, to probe one portion, 
and to culture the other, repeating the probing on the culture. The 
multiplex real time PCR32 appears now the PCR method of choice 
for both genera and for confi rmation of Naegleria infection.

Management

There are reports of the successful use of rifampicin, paromomycin 
in treatment of Acanthamoeba infections in mice.103 Experience is 
being gained in the treatment of Acanthamoeba GAE in humans.104 
Successful treatment of a solitary Acanthamoeba brain lesion in 
AIDS by excision and fl uconazole/sulfadiazine has been 
reported.105

Pathology and pathogenesis

Acanthamoeba probably injures cells by two mechanisms: trogocy-
tosis (ingestion of the cytoplasm through a feeding cup), and 
contact-mediated lysis of cellular components due to secreted 
enzymes. Much of the pathology is probably related to attraction 
of a granulomatous cellular response. It has been shown that col-
lagenase, for example, is effective in attracting cells into the cornea 
(see Chronic Acanthamoeba keratitis, below).

Immunology

More than 90% of adult sera have reciprocal titres of up to 80 in 
the indirect fl uorescent antibody test.

CHRONIC ACANTHAMOEBA KERATITIS

Acanthamoeba is present in all types of environments throughout 
the world. Since its cysts are resistant to drying, the chance of cyst 
inoculation into a mucous surface is high. The cornea is an immu-
noprivileged site, because there is no direct contact with the blood, 
and it is possible for cysts or trophozoites of this organism to 
infect corneal stroma.

Acanthamoeba keratitis or keratouveitis presents a serious diag-
nostic and treatment problem to ophthalmologists. Since the fi rst 
reports from the UK and the USA in the early 1970s, many further 
cases have been seen in Europe, the USA and other countries. The 
major part of the increase in developed countries is probably 
related to contact lens use and is related to direct inoculation of 
amoebic trophozoites or cysts into the cornea during insertion of 
the contaminated lens.

Clinical features

The fi rst ocular infections106,107 were thought to be associated with 
trauma to the cornea, leading to invasion of the amoebae, and 
were not linked to contact lens use. However, 85% of Acantham-
oeba eye infections in a US survey were in hard or soft contact lens 
wearers.108

Symptoms characteristically mimic those of herpes keratitis, 
although the condition is generally more painful than the viral 
disease.

Figure 80.5 Section of brain from AIDS patient showing necrotic 
granuloma containing trophozoites of Balamuthia mandrillaris, showing 
typical nuclear features of free-living amoebae (H&E).
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Retrospective studies of keratitis material in London prior to 
1973 failed to reveal any earlier cases.109

Lang and von Heimburg-Elliger110 in 1991 reviewed 108 litera-
ture case reports: eight (7%) patients were wearing hard contact 
lenses; 19 (17%) remembered trauma; four (4%) had visited a hot 
tub; 61 (56%) needed penetrating keratoplasty, 11 (10%) rekera-
toplasty; fi ve (5%) eyes were enucleated; in 21 (19%) of the 
patients the diagnosis was made on histological grounds.

Acanthamoeba keratitis has occurred in both male and female 
patients from the early 20s to the elderly. Infl ammation of the 
cornea (keratitis) is seen, generally with a larger or smaller epithe-
lial defect. Accumulation of pus in the anterior chamber (hypo-
pyon) is a common feature, together with a ring infi ltrate. 
Following erosion of the cornea the posterior membrane 
(Descemet’s membrane) may bulge forwards (descemetocele) and 
may perforate, releasing the aqueous humour. There may also be 
secondary infection with bacteria, graft rejection, swelling of the 
conjunctiva (chemosis) or accumulation of blood in the anterior 
chamber (hyphema). Secondary glaucoma (increased intraocular 
tension related to infl ammation of the ciliary body) may compli-
cate the disease.111 Radial neuritis is reported to be a pathogno-
monic sign.112 The disease runs a slow relapsing course; often a 
ring abscess is persistent, epithelial breakdown is recurrent, and 
the hypopyon waxes and wanes.

Diagnosis

Clinical signs113 have been confused not only with those of other 
infective entities but also with those due to topical anaesthetic 
abuse.114

Diagnosis may be made by observation of characteristic cysts 
in wet mounts (10% KOH wet mount is reported to be satisfac-
tory115) of corneal ulcer scrapings, and subsequent culture. Cul-
tures made from superfi cial scrapings of the cornea, or from punch 
biopsies116 are valuable. Suggestive but not conclusive evidence for 
the infection is obtained when the amoeba is isolated from the 
contact lenses themselves, the cases or washing fl uid. The fl uores-
cent dye Calcofl uor has been used to stain the cysts in smears, but 
it does not detect the trophozoites well.

The temperature of the eye is lower than that of the rest of 
the human body; therefore Acanthamoeba strains that grow at 
lower temperatures may also contribute to infection. This should 
be taken into account in cultivation, and a sample should always 
be cultured at 30°C and at 37°C if there is suffi cient material. 
Further comments on the value of nucleic acid-based diagnosis 
and cultures will be seen above in the section on diagnosis of 
GAE.

Epidemiology

Acanthamoeba is ubiquitous in air, soil and water. In a study of the 
moist areas in physiotherapy departments of 10 hospitals, 61% of 
the swabs taken in those areas were positive for one or several 
species of amoebae cultivated on non-nutrient agar according to 
Page. A total of 47 strains of Acanthamoeba and only two non-
pathogenic strains of Naegleria were isolated. Six of the 47 strains 
of Acanthamoeba isolated revealed pathogenic characters in 
mice.117

Management

The most effective therapeutic drugs so far examined have been 
the diamidines: propamidine and dibromopropamidine.118 It is 
important to remember that Acanthamoeba, unlike Naegleria, 
encysts in infected tissues. Clinical cure often utilizes medication 
in combination with surgical procedures, such as keratoplasty or, 
sometimes, debridement.119 Antiinfl ammatory corticosteroids are 
thought to increase the susceptibility of the eye to Acanthamoeba 
infection, but their judicious use in conjunction with drug treat-
ment has been valuable in many cases. This problem is discussed 
with respect to several eye infections by Stern and Buttross.120

The fi rst patient treated successfully at Moorfi elds Eye Hospital 
had a 4-month history of suppurative keratitis, associated with an 
epithelial defect, hypopyon and secondary glaucoma. Acantham-
oeba was isolated from the eye on three occasions. Intensive 
therapy with propamidine isethionate (0.1%) drops hourly by day 
and night, with dibromopropamidine ointment (0.15%) 4-hourly, 
was instituted. After 9 days, although corneal improvement was 
noted, signs of toxicity, including reddening of the eye and swell-
ing of the lids, were seen. The intensive propamidine treatment 
was discontinued, neomycin drops were instilled 4-hourly day and 
night, and the 4-hourly dibromopropamidine treatment was con-
tinued. After 1 month the epithelium had healed and 4-hourly 
prednisolone drops were added, with steady improvement in the 
corneal infl ammation. The treatment was tapered off over a further 
month, leaving only the neomycin drops, which were continued 
for 1 year, when some toxic signs developed (limbal follicles, with 
some increased palpebral conjunctival hyperaemia and cellularity, 
but no signs of skin irritation). Following cessation of all topical 
therapy, 4 months elapsed, with disappearance of limbal and 
conjunctival signs and no recurrence of the disease. Some 22 
months after initial presentation, a penetrating keratoplasty 
(corneal graft) was carried out. The excised corneal disc showed 
no special changes and no morphologically identifi able Acantham-
oeba on light and electron microscopical examination. Using 
the indirect fl uorescent antibody technique and rabbit anti-
Acanthamoeba serum it was possible to see small curved arcs, which 
probably represented fragments of cyst wall.

Propamidine isethionate drops were instilled four times a day 
for 2 months, in addition to the usual postoperative topical ste-
roids and antibiotics. There was no evidence of adverse effect(s) 
on the graft or the remainder of the eye. The graft remained clear 
for a further 9 months, when a rejection episode developed which 
was readily controlled with topical corticosteroids. Because of 
persisting secondary glaucoma, the intraocular pressure needed to 
be controlled using timolol maleate (0.25%) drops twice daily.

The initial intensive treatment probably need not be continued 
for more than 1 week because intensive therapy with propamidine 
may give rise to corneal toxicity.121 More recent observations 
confi rm the effectiveness of propamidine (or dibromopropami-
dine) and neomycin.122 However, one case was successfully treated 
with propamidine isethionate and ‘Neosporin’ (neomycin/
polymyxin/gramicidin) at 30-min intervals for 11 and 9 days,123 
whereas in seven other cases 1% miconazole topically was used 
successfully in triple therapy with a less intensive course of the 
other two agents.124 Earlier studies at Moorfi elds and in the author’s 
laboratory showed that the gramicidin component of ‘Neosporin’ 
was irritating and relatively non-toxic to amoebae. A successful 
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regimen used neomycin, polymyxin and dibromopropamidine 
together with gentamicin.125

An early report of the effi cacy of oral ketoconazole (200 mg 
twice a day) and topical miconazole111 encouraged the use of these 
antifungals, which have shown some success. Miconazole or keto-
conazole drops have been used, with or without ‘Neosporin’ 
drops.126 In a more recent study, the new antifungal itraconazole 
was used orally with topical 0.1% miconazole hourly during the 
day. The therapy was successful after 5, 8 and 9 weeks in three 
patients.127

Resistance to topical dibromopropamidine was observed in a 
case of bilateral keratitis. Eradication of amoebae was fi nally 
achieved following prolonged topical therapy and two corneal 
grafts in each eye. Paromomycin, benzethonium chloride, clotrim-
azole and R 11/29 (a phenanthridinium compound) were contin-
ued topically for 3 months postoperatively. There were no further 
recurrences during a 14-month follow-up. Drug sensitivities were 
performed for three isolates of Acanthamoeba species, which dem-
onstrated the development of resistance to dibromopropamidine. 
In addition, the resistant isolates were temperature-sensitive 
mutants which would not grow at temperatures above 30°C.128

A novel treatment with a polyhexamethylene biguanide 
(PHMB) biocide, fi rst shown to be active on free-living amoebae 
in the early 1970s,129 ‘Baquacil’ or ‘ReNu’, has shown promise in 
the elimination of Acanthamoeba from the human eye. It is active 
at low concentrations against the cysts,130 unlike most other agents, 
and this means that it attacks one of the main sources of treatment 
failure because drug treatment may stimulate encystment.131,132 
Chlorhexidine, another biguanide, is now regularly used with 
success, alone or in combination with other agents.133

Animal models of Acanthamoeba keratitis have been developed 
and are important in understanding the pathogenic mechanisms 
involved in the disease and in testing new drug treatments. It may 
be that improvements will be possible when the host response is 
better understood.134,135

Pathology and pathogenesis

In acanthamoebic keratitis, the organisms apparently depend on 
the cellular components of the cornea as substrates for growth.136 
Parasite-conditioned medium contains both collagenase and 
lower concentrations of other proteolytic enzymes. However, most 
of the collagenolytic and pathogenic activity is directly attribut-
able to specifi c collagenase. Intrastromal injection of sterile, 
Acanthamoeba-conditioned culture medium into naive Lewis rats 
produces corneal lesions clinically similar to and closely resem-
bling those found in biopsy specimens of human patients diag-
nosed with acanthamoebic keratitis. There is moderate to severe 
neutrophil infi ltration, disruption of stromal lamellae and 
oedema. Identical pathological sequelae have been produced by 
intrastromal injection of purifi ed collagenase (25 units/mL).137

Commensal bacteria on the eyelids, conjunctiva and tear fi lm 
may have a role in pathogenesis.138 This may also be the case for 
viruses. Many cases of human keratitis due to Acanthamoeba species 
have a pseudoherpetic appearance and the infection is known to 
have followed diagnosed herpes infection in some cases. After 
herpetic and amoebic co-infection rabbits show severe corneal 
lesions, and when the viral infection is treated the amoebic 

co-infection progresses unchecked with severe lesions until day 37 
post-infection, with numerous trophozoites and cysts.139 This may 
have signifi cant implications in human disease. However, experi-
mental infections have also been established in the rabbit without 
co-infection with herpes,140 and several rat models have now been 
described.141 In the Wistar rat model, the infl ammatory cell profi le 
was observed to change at intervals. In tissue sections the cellular 
response consisted of neutrophils on the fi rst day but predomi-
nantly macrophages on the following days. Some T lymphocytes 
but no B lymphocytes were observed.142

Immunology

Immunity against these amoebae involves a combination of com-
plement, antibody and cell-mediated immunity. Evidence suggests 
that the major mechanism is activation of phagocytic cells, espe-
cially neutrophils, by lymphokines and opsonization of the 
amoebae by antibody, which promotes an antibody-dependent 
cellular destruction of the organism.143 Oral immunization of 
hamsters with amoebic mannose binding protein gave partial 
protection against experimental keratitis.144

Prevention of contact lens-related Acanthamoeba 
eye infection

There can be little doubt that the reason for the increase in case 
numbers of Acanthamoeba keratitis in the developed world since 
the 1970s has been the introduction of contact lenses, and of soft 
contact lenses in particular.145 The type of lens and the way the 
lenses are handled by the patient may be crucial in raising the risk 
of infection. Adequate means for lens cleaning, disinfection, 
rinsing and storage need to be available. In addition, for patients 
who are careless or persist in using non-sterile rinsing solutions, 
user-friendly and foolproof adequate methods of disinfection will 
be of great help in prevention.146

When storage cases for contact lenses of 102 asymptomatic lens 
wearers were tested for contamination by bacteria and free-living 
amoebae, 43 had signifi cant counts of viable bacteria. Seven had 
contamination by Acanthamoebae.147 In a recent study, infection of 
the eye by Acanthamoeba has been conclusively linked to the 
contact lens storage container, the home-made saline solution and 
the kitchen cold water tap. The authors recommend that the use 
of home-made saline solutions and the rinsing of contact lenses 
in tap water be strongly discouraged.148

Unfortunately, many contact lens users receive poor lens care 
instructions or cannot be relied on to follow appropriate routines. 
Finding a foolproof means of lens disinfection for them is critical. 
Recently, several disinfection systems were tested against A. castel-
lanii and A. polyphaga cysts and trophozoites to see which might 
prove most effective. Effective systems included heat disinfection 
at 70–80°C for 10 min, 3% hydrogen peroxide for 2–3 h, 0.001% 
thimerosal with edetate for 4 h, 0.005% benzalkonium chloride 
with edetate for 4 h, and either 0.001% chlorhexidine for 4 h or 
0.004% chlorhexidine for 1 h.

Problems associated with chemical disinfection (with, e.g. 3% 
hydrogen peroxide) of plastic contact lenses include lens fi t alter-
ations, which may lead to epithelial trauma. In addition, antimi-
crobial chemicals need to be rinsed, neutralized or degraded after 
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use, as they can injure the corneal and conjunctival epithelium.149 
In a study of contamination of lenses in 101 users,150 81% of cases 
were found to be microbiologically contaminated. While 75% 
used hydrogen peroxide solution for decontamination, all con-
taminating organisms were catalase positive. Where the lens mate-
rial will resist it, heat disinfection at 70–80°C for 10 min, or 3% 
hydrogen peroxide for 2–3 h, is recommended. A neutralization 
step should follow exposure to the peroxide.

Adherence of cysts and trophozoites to the contact lens is prob-
ably important in mediation of infection. Trophozoites of A. 
polyphaga adhered in vitro to low and high water content non-
ionic soft contact lenses. Adherence was greater to high water 
content soft lenses. Cyst attachment occurred only to the soft 
lenses, and was higher for the high water content lenses. Attach-
ment of cysts to each lens tested was signifi cantly lower than that 
of trophozoites. Recommended cleaning procedures using two 
commercial solutions (10% sodium tridecyl ether sulphate for 
rigid gas-permeable lenses; EDTA and sorbic acid for soft contact 
lenses) removed all adherent trophozoites and cysts from lenses. 
Correctly applied lens cleaning agents which remove adherent 
trophozoites, cysts and epithelial cells from the lenses and cases 
may reduce the risk of infection.151

The use of disposable hydrogel contact lenses, which are worn 
continuously and then discarded, is thought to protect against 
lens-related infection. But if lenses are removed during the period 
of use, or rinsed or stored in tap water or well water, this protective 
effect may be lost.152
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Section 10 Protozoan Infections

Chapter 81 Gordon C. Cook

Trichomonal Infection

Trichomonas vaginalis is a pathogenic protozoan with a high degree 
of site specifi city – affecting predominantly the lower female gen-
itourinary tract.1 Infection may or may not be symptomatic; it can 
be sexually transmitted. In women, <104, and in men, 4 × 106, 
organisms produce an infection. Related organisms are: T. tenax 
and Pentatrichonomas hominis; while these colonize the gums and 
colon, respectively, neither is of proven pathogenicity.

First visualized by Donné in 1836, T. vaginalis was fi rst shown 
in the early twentieth century, as a result of inoculation studies, 
to be pathogenic. It is an ovoid organism, 10–20 μm wide; ‘twitch-
ing’ motility is brought about by four anterior fl agella and a recur-
rent fl agellum (embedded in an undulating membrane, which 
runs along two-thirds of the cell). It is actively phagocytic, optimal 
growth occurring under moderately anaerobic conditions. Repro-
duction is by binary fi ssion; unlike many pathogenic protozoa, 
cysts are not formed. When subjected to either in vitro or in vivo 
study, a strain variation in virulence is apparent.

DISTRIBUTION AND EPIDEMIOLOGY

Infection occurs worldwide – in both urban and rural settings.1 In 
the 1970s, the World Health Organization (WHO) estimated an 
annual world incidence of 180 million cases; however, T. vagina-
lis infection is not notifi able, and data on prevalence tend there-
fore to be highly unreliable. In sexually transmitted disease (STD) 
clinics, overall fi gures varying from 7% to 32% have been recorded. 
Highest prevalence rates are in groups with a high level of sexual 
activity. In female prostitutes, fi gures of up to 80% have been 
noted. In tropical populations, recorded prevalence has varied 
from 3% in Manila university students, to 15–20% in clinic pop-
ulations studied in Asia and Africa. Three studies from Nigeria give 
an insight into the prevalence of infection in West Africa.2–4 Infec-
tion was detected in 505 (24.7%) out of 2048 urine specimens 
submitted by students at a ‘higher institution’; 374 (74%) occurred 
in women, and 131 (26%) in men.2 At Jos, infection rates of 
37.6% and 24.8% were recorded in groups (250 were examined 
in each group) of urban and rural women, respectively.3 Speci-
mens from 2224 adult women examined at the cytology clinic at 
University College Hospital, Ibadan, revealed an infection rate of 
9.8%.4 In Turkish women with a vaginal discharge, a 13% inci-
dence has been recorded.5 Other studies have shown signifi cant 
prevalence rates in Tanzania,6 Iran,7 Korea,8 and Ghana.9 Infection 

tends to be high in HIV-infected individuals.10–16 At Dar-es-Salaam, 
Tanzania, an investigation of 359 gynaecological in-patients 
revealed that those infected with T. vaginalis had an almost three-
fold higher risk of being infected with HIV.17 A high rate of infec-
tion has also been demonstrated in pregnant women in a rural 
community in north-eastern Nigeria.18 In men (in whom the 
disease is usually asymptomatic and self-limiting [see below]), 
meaningful prevalence fi gures are virtually non-existent. The 
organism is frequently co-existent with another infection, e.g. 
candidiasis, gonorrhoea, syphilis or HIV infection; it is therefore 
important to screen an infected woman for another STD(s), which 
often has a greater medical signifi cance. Although non-venereal 
transmission of T. vaginalis is rare, the organism can survive for 
several hours in a moist environment. Perinatal infection in about 
5% of female babies born (vaginally) to infected mothers has 
been recorded.

PATHOGENESIS AND PATHOLOGY

The organism involves squamous (rather than columnar) epithe-
lium; only rarely can it be isolated from the endocervix, but the 
urethra is involved in 90% of infected cases. Rarely, it has been 
demonstrated in the epididymis and prostate, and occasionally 
causes non-gonococcal (tetracycline-resistant) urethritis (NGU). 
T. vaginalis infection is accompanied by large numbers of poly-
morphonuclear neutrophils (PMNs) (which, together with mac-
rophages, kill the organism) and a consequent vaginal discharge. 
The organism is not invasive, existing either free in the vaginal 
cavity or adherent to epithelium; in about 50% of cases, micro-
scopic haemorrhage is apparent using an appropriate technique. 
Local IgA is usually detectable (see below); however, serum anti-
body concentration remains low, and is of no use diagnostically 
(see below).

CLINICAL ASPECTS

Classical presentation consists of vulvo-vaginitis.19–22 In an exper-
imentally induced infection, the incubation period ranges from 3 
to 28 days. Although 50–90% of infected women are symptom-
atic, it is frequently diffi cult to attribute symptoms directly to T. 
vaginalis, because another organism(s) is co-existent. In 50–75% 
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of those infected, a vaginal discharge (often frothy and greenish-
yellow,3,5 and sometimes odorous) is present; 25–50% of women 
infected suffer from vulval irritation,2,3 while 50% experience dys-
pareunia; mild dysuria is sometimes present. Lower abdominal 
discomfort is described by 10% of infected women; it may be 
accompanied by salpingitis, although this may have a different 
aetiology – possibly another STD. A yellowish vaginal discharge 
is present in 50–75% of those infected, while vulval erythema is 
present in less than one-third. It is probably a cause of female 
infertility.23

In men, NGU may be present,24–29 but the majority of cases are 
asymptomatic. When symptomatic, infection may resemble NGU 
of another aetiology;26,27 it is usually recognized following failure 
of response to standard chemotherapeutic regimens.28,29 T. vagina-
lis can be detected in 70% of men who have experienced sexual 
intercourse with an infected woman within the previous 48 hours. 
It is one of several STDs to affect male homosexuals.30 Involve-
ment of the epididymis and prostate are rare events.

A small percentage of female infants born to infected mothers 
may be infected (see above), but a T. vaginalis infection in older 
children may indicate sexual abuse.

In the long term, T. vaginalis infection is benign. There is no 
evidence that it directly predisposes to cervical carcinoma; an 
associated organism(s), e.g. a papillomavirus,21 may, however, be 
implicated in this pathology.

DIAGNOSIS

Defi nitive diagnosis depends on demonstration of the parasite in 
a specimen from a symptomatic woman (see above) – who in 
many cases has recently had sexual intercourse with a ‘new’ 
partner. Recent use of an antibiotic(s) suggests the possibility of a 
Candida spp. infection. Presence of another STD should be sought 
by careful examination of the vulva using a speculum; further 
examination after trichomoniasis has been treated may also reveal 
an associated (co-existent) infection. Vaginal infl ammation is 
present with both T. vaginalis and Candida spp. infection, but 
not usually in bacterial vaginosis.19,21,31,32 The cervix should be 
examined for evidence of cervicitis and a purulent or mucopuru-
lent discharge.

T. vaginalis can be demonstrated using a vaginal swab. The 
specimen can either be transferred directly to a microscope slide, 
or the swab agitated in a tube containing about 1 mL saline.33 The 
organism can be cultured using a variety of media.

Normal vaginal pH is <4.5; this is maintained in most women 
suffering from vulvovaginal candidiasis. However, more than 75% 
of women with a T. vaginalis infection, accompanied by bacterial 
vaginosis,1 have a pH > 4.5. Cervical discharge has an elevated pH; 
therefore, that in vaginal material may be artifi cially elevated; 
recent coitus also signifi cantly elevates pH (semen is signifi cantly 
more alkaline than vaginal secretion). Following determination 
of pH, several drops of 10–20% potassium hydroxide can be 
added to the discharge obtained during speculum examination; a 
pungent, fi shy, amine-like odour is present in 75% of women with 
a T. vaginalis infection,5 and most of those with bacterial vagino-
sis;31 this test is negative in vulvovaginal candidiasis.

For a defi nitive diagnosis, microscopic examination of vaginal 
discharge is mandatory; a drop of wet-mount preparation should 

be examined under a coverslip.33,34 In a T. vaginalis infection, the 
fl ora consists of rods or coccobacilli, while epithelial cells are 
unaltered and PMNs plentiful; motile T. vaginalis (decreasing in 
older, cooled preparations) can be visualized in 40–80% of those 
infected. Gram staining is virtually useless for recognition of T. 
vaginalis; Giemsa staining is 50% sensitive, and an acridine-orange 
technique about 60% sensitive. Use of a routine Papanicolaou 
technique34 on a cervical specimen detects T. vaginalis in 60–70% 
of cases. Newer fl uorescent antibody techniques33 possess a sen-
sitivity of 80–90% when compared with culture. In bacterial vagi-
nosis, the normal fl ora consisting of rods is replaced by coccobacilli 
(which encrust the epithelial cells); few PMNs are present.

In men, diagnosis is usually more diffi cult;35 occasionally, a 
wet-mount preparation of urethral discharge will reveal motile 
organisms. The most effective means of diagnosis is by culture (see 
below) of a urethral specimen or sample of urine sediment 
following prostatic massage.25

Culture techniques (with a sensitivity of >95%) are not widely 
used, but these increase the detection rate.36,37 T. vaginalis grows 
best on a suitable medium in an anaerobic environment at 37°C; 
selective growth can be achieved by addition of an appropriate 
antibiotic(s). Recently, an enzyme-linked immunosorbent assay 
has been compared with wet-mount and culture techniques for 
detecting T. vaginalis;37–40 culture proved to be more sensitive. 
Other recently developed techniques include: employment of 
monoclonal antibodies;33 a molecular probe for identifi cation of 
T. vaginalis DNA;38 a PCR;32 and detection of anti-T. vaginalis anti-
bodies in cervical secretions and serum samples.40–46

Local IgA is detectable in most infected women (see above);37,40,41 
however, there is not a signifi cant elevation of the serum 
concentration.

TREATMENT

T. vaginalis is usually highly sensitive (minimal inhibitory concen-
tration <1 μg/mL) to the 5-nitroimidazole compounds,47 but 
not to most other antimicrobial agents. A study carried out in 
Basra, Iraq, for example, failed to demonstrate any therapeutic 
effect from doxycycline or praziquantel.48 Recently, however, 
relative resistance to metronidazole in some strains has been 
demonstrated.22,33,49,50

In women, metronidazole is thus most widely used19,22,30,31,51–53 
with a recommended dose regimen of 2.0 g as a single dose; this 
cures 85% of cases, and, when the sexual partner is treated simul-
taneously, the success rate rises to 95%. Another regimen utilizes 
a single-day divided dose of 1.6 g. A regimen using 250 mg three 
times a day for 7 days probably gives a comparable result. In men, 
a 7-day course is of proven effi cacy, while the single-dose regimen 
has not been adequately assessed. Metronidazole possesses sig-
nifi cant side-effects (Chapter 79), including the development 
of a Candida spp. infection. Although there is no evidence of 
teratogenicity in Homo sapiens, metronidazole should, if possible, 
be avoided during the fi rst trimester of pregnancy.33 Experience 
with tinidazole is limited,33,47,54,55 but results using a single-
dose regimen are encouraging; it has the advantage of being 
signifi cantly less expensive, and possesses minimal side-effects. A 
100% cure rate has been recorded using nimorazole (4 g in two 
equally divided doses 24 hours apart).47 Clotrimazole 100 mg 
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intravaginally at night usually relieves symptoms, but a 7-day 
course cures only about 20%. Clindamycin is also an alternative.31 
Mebendazole, furazolidone and anisomycin may all be effective 
in 5-nitroimidazole-resistant T. vaginalis;55 however, ‘prospective, 
randomized, double-blind, active-control comparative studies’ 
are required.56 More recently, paromomycin has proved effective 
in metronidazole-resistant infection.57 A study recently carried out 
in Botswana concluded that ‘management guidelines’ for infection 
with T. vaginalis in antenatal care should be revised.58

Use of condoms is effective in prevention of infection.2 A sperm-
atocide, nonoxinol 9 – which is present in many vaginal prepara-
tions – possesses signifi cant trichomonacidal properties.55
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Section 11 Helminthic Infections

Chapter 82 Andrew Davis

Schistosomiasis

The term human schistosomiasis includes a complex group of 
acute and chronic parasitic infections caused by mammalian 
blood fl ukes (Schistosoma). These infections are transmitted by 
specifi c aquatic or amphibious snails in a wide variety of freshwa-
ter habitats.

The various species of the genus Schistosoma are members of 
the family Schistosomatidae-dioecious digenean parasites whose 
habitat is the blood–vascular system of vertebrates. The family is 
divided into three, the Schistosomatinae, Bilharziellinae and 
Gigantobilharziinae, and contains 12 genera, of which several are 
confi ned to birds and fi ve to mammals; only Schistosoma is associ-
ated with humans.

A general feature of the family is that the female is longer and 
more slender than the male and is normally carried in a ventral 
groove, the gynaecophoric canal, formed by ventrally fl exed lateral 
outgrowths of the male body. Of all the mammalian blood fl ukes, 
the genus Schistosoma has achieved the greatest geographical dis-
tribution and diversifi cation.1

Of the 16 species of schistosome known to infect humans or 
animals, only fi ve are responsible for the overwhelming propor-
tion of human infections: Schistosoma haematobium, S. intercala-
tum, S. mansoni, S. japonicum and S. mekongi. Rarely, other zoophilic 
species or hybrids may be found in humans.2 The fi ve principal 
species infecting humans are subdivided into three groups char-
acterized by the size and appearance of the eggs produced by the 
female schistosome:
• Eggs with a terminal spine: S. haematobium, S. intercalatum
• Eggs with a lateral spine: S. mansoni
• Rounded or ovoid minutely spined eggs: S. japonicum and S. 

mekongi.

HISTORY

S. haematobium

Chronic haematuria and various bladder disorders occurred in 
Egypt and Mesopotamia from the earliest times in association 
with the agricultural civilizations of the great river valleys. Hae-
maturia was described in the Gynaecological Papyrus of Kahun, 
written in the mid-XIIth dynasty period, about 1900BC. Many 
remedies for haematuria were recorded from the time of the Ebers 
Papyrus and it can be assumed that the condition was wide-

spread.3 Calcifi ed ova of the parasite were demonstrated in the 
kidneys of two Egyptian mummies of the XXth dynasty (1250–
1000BC).4

During the Napoleonic invasion of Egypt (1799–1801), symp-
toms of the disease in troops were rife,5 yet it was not until 1851 
that the causal agent (Distoma haematobium, now Schistosoma hae-
matobium), a blood fl uke, was found by Theodor Bilharz in a 
mesenteric vein during a postmortem examination at the Kasr el 
Aini Hospital in Cairo.6

S. mansoni

In 1902, Manson found lateral spined eggs in the faeces of a West 
Indian patient in London and postulated the existence of a second 
species of blood fl uke.7 Subsequent controversy between A. Looss 
and L. W. Sambon, eminent scientists of the day, was resolved by 
the work of Leiper at El Marg, a village in the present Qualyubia 
Governorate, just north of Cairo, in 1915; Leiper established 
beyond doubt the existence of two distinct species of schistosome 
and the presence of snail intermediate hosts belonging not only to 
two different genera but also to two different subfamilies.8 In the 
New World, eggs with a lateral spine were found in Bahia (Brazil) 
in 1904 and described in 19089 and in Venezuela in 1906.10

S. japonicum

In 1847, the clinical entities ‘Kabure itch’ and ‘Katayama syn-
drome’ were described in a village in the Hiroshima Prefecture in 
Japan,11 while in 1904 Katsurada12 recovered worms from the 
portal system of a cat and named the species Schistosomum japon-
icum. From 1909 to 1915, the biology of this parasite, its life cycle 
and the pathology it caused were elucidated and described by 
Japanese and other investigators.13–16

The investigation was recognized clinically in both China17 and 
the Philippines in the early years of the twentieth century18 and 
in Sulawesi, Celebes, in the 1930s.19

In China, the Oncomelania intermediate hosts were discovered 
in 192420 and in the Philippines in 1932.21

S. intercalatum

Suspicion arose in 1923 that, because some cases of human 
‘intestinal’ schistosomiasis in the Yakusu area near Kisangani in 



82. Schistosomiasis

1426

present-day Zaire showed an atypical clinical picture and pos-
sessed an unusual egg morphology, a species distinct from S. 
haematobium was involved.22 Follow-up of this work led to a 
description in 1934 of a new species, S. intercalatum, of which the 
snail intermediate host was a member of the Bulinus africanus 
group.23 The recent description of a new species of human schisto-
some, Schistosoma guineensis led to a call for more phylogenetic 
studies of the genus Schistosoma; this is ongoing but seems to treat 
S. intercalatum and S. guineenisis as separate taxa closely related to 
S. haematobium.24,25

S. mekongi

Described initially in 1978,26 the parasite causes human 
schistosomiasis in an, as yet, restricted area in Laos and 
Kampuchea (Cambodia). The intermediate host, Tricula aperta, is 
aquatic and is not susceptible to strains of S. japonicum.27 A mono-
graph provides the most authoritative account of the species to 
date.28

GEOGRAPHICAL ASPECTS

Schistosomiasis is now endemic in 76 countries and territories;29 
S. mansoni is found in 55 countries, ranging from the Arabian 
Peninsula, numerous countries in the African continent and, of 
the Indian Ocean islands, solely in Madagascar. High-prevalence 
endemicity exists in the Nile valley, particularly the neighbours 

Sudan and Egypt. In the New World, the infection exists in Brazil, 
Surinam, Venezuela and several islands in the Caribbean. Brazil 
stands out, with 25 million people resident in endemic areas and 
3 million infected (Figures 82.1, 82.2).

S. haematobium is now endemic in 53 countries in the Middle 
East, most of the African continent and some islands in the Indian 
Ocean: Mauritius (although now near to extinction), Madagascar, 
Zanzibar and Pemba. In India, a focus of urinary schistosomiasis 
was described at Gimvi, in the Ratnagiri district, Maharashtra 
State.30 Re-examination in 1981 was confi rmatory,31 but a com-
bined Indian government/World Health Organization (WHO)/
World Bank mission in 1985 found only two persons infected of 
352 examined by Nuclepore fi ltration of urine. The presumed 
intermediate host, a freshwater limpet, Ferrissia tenuis, was found 
in all water bodies of major human water contact.32 This ill-
defi ned focus still excites scientifi c interest but should soon 
be controlled absolutely. In 40 countries, double infections with 
S. mansoni and S. haematobium are endemic.33

S. japonicum infection in humans is found only in mainland 
China, Indonesia (Lindu Lake valley and the Napu valley in 
central Sulawesi) and the Philippines. There is no evidence of 
recent transmission in Thailand, and schistosomiasis was eradi-
cated in Japan some three decades ago.

A parasite resembling S. japonicum (S. malayensis), transmitted 
by Robertsiella kaporensis, has been found in humans in Pahang 
State, Malaysia.34 Wild rats are the only known natural hosts and 
it is thought that the human is not an important host for this 
parasite.

Figure 82.1 Global distribution of schistosomiasis due to Schistosoma mansoni and S. intercalatum, 1985.



1427

S. intercalatum is endemic in 10 countries in central and west 
Africa.35

S. mekongi is endemic on Khong Island, Lao People’s Demo-
cratic Republic, and in some areas of Democratic Kampuchea.36

AETIOLOGY

Of the fi ve species of the genus, Schistosoma is responsible for most 
human infections; S. mansoni, S. japonicum and S. mekongi inhabit 
the pericolonic venules within the distribution of the portal 
venous system. The eggs of S. mansoni are characterized by a later-
ally placed spine; those of S. japonicum and S. mekongi are smaller 
and are round or ovoid with a rudimentary spine. All of these 
species produce ‘intestinal’ or ‘rectal’ schistosomiasis.

S. haematobium inhabits the terminal venules in the wall of the 
bladder, the genitourinary system and the pelvic plexus within the 
distribution of the inferior vena cava; its eggs have a terminal 
spine and it causes ‘urinary’ or ‘vesical’ schistosomiasis.

Neither S. haematobium nor S. mansoni is restricted exclusively 
in their anatomical vascular habitats within the respective distri-
butions of the inferior vena caval or the portal venous systems. S. 
haematobium can exist in the perirectal venules and its eggs may 
be found in the stools, although almost invariably they are dead. 
S. mansoni may live in the pelvic plexus and its eggs can be 
detected in urine (‘mansonuria’), although this is an uncommon 
fi nding during epidemiological surveys.

Much less is known on human infection with S. intercalatum 
than is the case with the other species. Two geographical strains 

(‘Cameroon’ and ‘Zaire’) have been described,37,38 each with dis-
tinct and different intermediate snail hosts and patterns of egg 
distribution within the host. S. intercalatum appears to be a species 
distinct from S. haematobium; it produces terminal-spined eggs of 
characteristic morphology and the clinical syndrome of infection 
is that of a lower bowel colitis, i.e. lower abdominal discomfort 
or pain with either dysentery or diarrhoea. This should be quali-
fi ed with the reminder that many cases are asymptomatic. Its 
geographical distribution is restricted to central and west Africa. 
Natural hybridization has been described.39–41 Experimentally, 
hybridization between S. mansoni and S. intercalatum in a monkey 
(Erythrocebus patas) from Nigeria has been reported.42 S. mekongi 
is, as yet, confi ned to Laos and Kampuchea (Cambodia), is trans-
mitted by an aquatic intermediate host, Tricula aperta, and is also 
found in dogs.

Infrequently, humans are infected by schistosomes that nor-
mally live in other mammalian hosts, for example S. bovis, a 
member of the S. haematobium complex and a common parasite in 
cattle and sheep; S. mattheei, which has multiple hosts in both 
domestic and wild animals in southern Africa, and S. margrebowiei, 
a parasite frequent in antelopes in central Africa. Such infections 
in humans are seldom of pathological signifi cance but suggestions 
have been advanced that they may confer a relative type of immu-
nity (heterologous immunity) against S. mansoni and S. haemato-
bium infections in areas where all species co-exist.43,44 The cercariae 
of certain avian blood fl ukes, Trichobilharzia, Gigantobilharzia and 
Ornithobilharzia, may penetrate human skin producing cercarial 
dermatitis or ‘swimmer’s itch’. Outbreaks may occur in either 
tropical or temperate climates but development of cercariae into 

Figure 82.2 Global distribution of schistosomiasis due to Schistosomiasis haematobium, S. japonicum and S. mekongi 1985.

Aetiology
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adult schistosomes does not occur in humans. Even less frequently, 
cercariae of adult schistosomes normally parasitic in mammals 
(e.g. S. douthitti from rodents and S. spindale from water buffaloes) 
may produce a similar syndrome.

PARASITOLOGY AND BIOLOGY OF THE 
STAGES OF THE PARASITE (TABLE 82.1)

Adult worms

In nature, a population of schistosomes in the fi nal defi nitive host 
usually comprises both male and female worms (Figure 82.3). 
Since the genus Schistosoma differs from most digenetic trematodes 
in being dioecious, a consequence of heteromorphic chromo-
somes in the ovum,45 a population could conceivably be unisexual 
(male or female worms only). Under laboratory conditions, single 
miracidial snail infections carried through to cercarial infections 
of the fi nal host result in either populations of unisexual males or 
unisexual females.46

Adult worms, of separate sex, are small, with a species variation 
in length of 6–28 mm and in breadth of 0.25–1 mm. In all species, 

the outer tegument of the female is smooth, whereas that of the 
male S. haematobium and S. mansoni is covered with minute spines 
or tubercles. The outer surface of the male S. japonicum is non-
tuberculated.47 The tegument of the adult parasite, derived from 
that of the skin-penetrating cercarial stage, has unusual structural 
features, of great signifi cance in the ability of the fl uke to with-
stand immunological attacks by the host.

Adult worms possess an oral sucker opening into the alimen-
tary tract, and a more posteriorly situated sucker used for the 
attachment to the endothelium of blood vessels. In the male, a 
distinctive large ventral groove, the gynaecophoric canal, encloses 
the female during pairing.

The digestive system consists of a short oesophagus opening 
into an intestine that divides anteriorly to the ventral sucker and 
reunites behind the gonads as a blind posterior gut caecum. The 
black gut contents contain haematin derived from ingested 
blood.

The excretory system consists of fl ame cells, collecting tubules 
and an excretory bladder with a terminal pore.

The male reproductive system comprises four or fi ve pairs of 
dorsally situated testes opening to the exterior through a vas def-
erens and seminal vesicle through an infolded cirrus.

Table 82.1 Comparison of principal features of Schistosoma spp. infecting humans

S. japonicum S. mekongia S. mansoni S. haematobium S. intercalatum

ADULT WORMS

 Location of adult in host Mesenteric veins Mesenteric veins Mesenteric veins Vesical plexus Mesenteric veins

 Length of posterior gut 
 caecum

Medium Medium Very long Short Short

MALE

 Length (mm) 10–20 115 6–13 10–15 11–14

 Width (mm) 0.55 0.41 1.10 0.90 0.3–0.4

 No. of testes 6–7 6–7 4–13 (6–9)b 4–5 2–7 (4–5)b

 Tubercles Absent Absent? Coarse Fine Fine

FEMALE

 Length (mm) 20–30 112 10–20 16–26 10–14

 Width (mm) 0.30 0.23 0.16 0.25 0.15–0.18

 Ovary: position in body Middle Rear half Front third Rear third Rear half

 Uterus: position in body Front half Front half Front half Front two-thirds Front two-thirds

 Length Short Short Very short Long Long

 No. of eggs 50–200 10+ 1–2 10–50 5–60

MATURE EGG

 Shape Round Round Ovoid Ovoid Ovoid

 Size (μm) 6 × 100 57 × 66 61 × 140 62 × 150 61 × 176

 Spine Lateral (reduced) Lateral (reduced) Lateral (prominent) Terminal (prominent) Terminal (prominent)

 Normally passed in Faeces Faeces Faeces Urine Faeces (and urine)

 Eggs/female per day 3500 ? 100–300 20–300 150–400

 Reaction of egg shell to 
 Ziehl–Neelsen stainc

+ve ? +ve −ve +ve

INTERMEDIATE HOST SNAIL Oncomelania Tricula Biomphalaria Bulinus Bulinus
aFrom experimental animal infections. bUsual range. cIn histological sections. (Courtesy of R. F. Sturrock, Department of Medical Parasitology, London School of 
Hygiene and Tropical Medicine. Reproduced with permission from Jordan P. Webbe G., Sturrock, eds. Human Schistosomaniasis. Wallingford: CAB International; 1993.)
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In females, the reproductive system consists of a pear-shaped 
ovary in the mid-body line from which the oviduct runs anteriorly 
to join the common reproductive duct formed after fusion with a 
vitelline duct. The common duct enters the ootype, which in turn 
opens into the uterus which eventually opens to the exterior just 
below the ventral sucker.

The lifespan of the adult worm in humans is not known accu-
rately. In the past, stress was laid on evidence of longevity with 
periods quoted ranging from 18 to 28 years,48 to >30 years.49 Since 
the 1970s, epidemiological studies of the excretal egg outputs of 
groups of infected people, in the absence of treatment or in the 
absence of reinfection after successful treatment, have suggested 
that a proportion of children, in particular, cease to pass eggs in 
the excreta within a relatively short time. This has been interpreted 
as indicative of the mortality of established worm burdens and 
has led to the popular (but not necessarily correct) current concept 
of the mean length of life of the female schistosome being of the 
order of 3–8 years.50

Detailed reviews of the somewhat fragmentary knowledge 
of the physiology, biochemistry and genetic constitution are 
given in specialist publications.51,52 A later – most useful – review 
of advances in cell biology and mechanisms of protective immu-
nity together with prospects for the advancement of vaccine 
studies is available.53

Eggs

A general description of egg morphology is given in the section 
on Aetiology, above; the microscopic appearance is diagnostic of 
the parent schistosome species (Figure 82.4) and the eggs are laid 

by fertilized female schistosomes intravascularly towards the 
periphery of the capillary venules. Eggs are non-operculate, possess 
a spine and contain an embryo, the miracidium, which develops 
inside the egg within a period of some 16 days. As a rough gen-
eralization it is supposed that approximately 50% of eggs pass 
through the walls of the bladder, the genitourinary apparatus or 
the colon, to be excreted in urine or faeces and the remainder are 
retained within the tissues.52–54 The latter die about 21 days after 
oviposition. Excreted eggs usually contain embryos seen to be 
viable by observation of fl ame cell, ciliary or whole-body move-
ment on microscopy. In a suitable environment of fresh water and 
warmth (10–30ºC), the embryos (miracidia) hatch and leave the 
egg through slits induced partly by their own activity and partly 
by osmotic effects.

An adult S. haematobium female produces 20–200 terminal-
spined eggs/day, S. mansoni produces 100–300 or more lateral-
spined eggs/female per day and S. japonicum produces 500–3500 
ovoid eggs with a rudimentary lateral ‘knob’/female per day. The 
fecundity of S. intercalatum (another terminal-spined species 
and S. mekongi (ovoid eggs with a rudimentary lateral spine) is 
unknown.

Miracidia

Although miracidia of different species differ in size, they have 
similar morphological features and behavioural patterns. Details 
are given in specialist texts.54

On hatching from an egg in appropriate conditions, miracidia 
swim actively (at 2 mm/s), have behavioural patterns similar to 
those of the molluscan intermediate hosts and are infective to 
snails for 8–12 h.

Figure 82.3 Male and female schistosomes. (Courtesy of Tropical 
Resources Unit.)

Figure 82.4 Eggs of Schistosoma spp. (A) S. mansoni, (B) S. 
japonicum, (C) S. haematobium, (D) S. intercalatum, (E) S. mattheei, 
(F) S. bovis.

Parasitology and Biology of the Stages of the Parasite
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Intramolluscan development

There appear to be two main mechanisms by which miracidia 
locate the intermediate snail host: miracidial responses to the 
main physical variables present in the environment and also their 
responses to the chemical stimuli originating from snail hosts. The 
considerable amount of published experimental work on these 
topics is reviewed in specialist texts.55,56

After contact, miracidia penetrate the body surface of the snail 
through a secretion from the apical gland cells; penetration is 
initiated by the papilla, the miracidial boring movement probably 
being assisted by lytic enzymes secreted from the gut.57 Penetra-
tion occurs via the foot of the snail in 70%, other points of entry 
being the tentacle or the edge of the mantle.58 In S. japonicum 
infections, penetration points are found over the whole of the 
cephalopedal area.59

After penetration, the ciliated surface of the miracidium disap-
pears and, in an appropriate species of snail, a mother sporocyst 
develops near the entry site. If the snail is not a potential host, 
miracidia are destroyed by phagocytic action. Only a small 
proportion of entering miracidia develop to mature mother 
sporocysts.

At 96 h, the mother sporocyst is an elongated sac fi lled with 
germinal cells and small, centrally located, vacuoles; at 8 days it 
has undergone further considerable growth. Germ cells are budded 
off from the epithelial lining; these develop into daughter sporo-
cysts which migrate to other parts of the body of the snail, mainly 
through the loose connective tissue, to the digestive gland. Further 
germ ball production ensues, resulting in the fi nal form of the 
larvae, the cercariae.

As a result of this asexual multiplication process within mother 
and daughter sporocysts, thousands of cercariae are formed, all of 
the same sex, and all originating from a single miracidium.

A proportion of infected snails have a shortened lifespan or 
become sterile. Some exhibit self-cure and their egg-laying returns 
to normal; some die.

From the time of miracidial penetration, production of mature 
cercariae occurs after 4–5 weeks in S. mansoni infection, 5–6 weeks 
in S. haematobium and 7 weeks or longer in S. japonicum. Numer-
ous physical, environmental and biological factors account for 
these variations in time.

Cercariae

All cercariae originating from one miracidium are of the same sex; 
when mature, they emerge from the snail as a free-swimming stage 
adaptable to invasion of the defi nitive host (Figure 82.5).

Cercariae are furcocercous (brevifurcate), have no eye spots or 
pharynx, are <1 cm in length, have an oral muscular sucker occu-
pying about one-third of the body, and a small ventral sucker or 
acetabulum. Their trilaminar tegument is covered with minute 
spines and hairs; the digestive system has a mouth in the centre 
of the oral sucker, an oesophagus and a pair of dorsally placed 
caeca; behind the oral sucker is a mass of nerve fi bres from which 
three pairs of nerves emerge; the excretory system consists of fl ame 
cells, collecting tubules, an excretory bladder and one pair of 
protonephridia in the tail. Six pairs of cephalic glands subserve 
the emergence from the snail and penetration of the host skin, 

aided by enzymatic secretions which have an adhesive function 
as the cercariae move over the skin in host location.

Cercarial production

In S. haematobium and S. mansoni the main stimulus for the release 
of cercariae is light, usually at temperatures between 10 and 30ºC. 
Cercariae can, however, be shed in small numbers in the dark. In 
the laboratory, marked differences in shedding patterns are seen 
between the two species. Patterns of shedding in the fi eld are, as 
might be anticipated, variable and reference should be made to 
biology texts.60,61

In S. japonicum infections in the fi eld, cercarial numbers are 
maximal during the early night; minimal concentrations were 
recorded at 15:00 h and maxima at 23:00 h. Prolonged exposure 
to light seems to be essential in this species.

Cercarial production varies daily. Correlated with the suscepti-
bility of a snail to infection, a small number excreted initially rises 
to a peak and then falls to a relatively constant level throughout 
the life of the snail or until spontaneous cure occurs. The size of 
the intermediate snail host is probably the most important vari-
able determining cercarial output; other things being equal, large 
snails shed more than small snails; high cercarial outputs from 
Biomphalaria glabrata are common: 1000–3000 cercariae/day; 
African Biomphalaria spp. shed some 500 cercariae daily and rarely 
exceed 1500; among the larger Bulinids, similar numerical shed-
ding occurs but rarely is 2000 cercariae per day exceeded. In 
S. japonicum infections, the snail hosts are much smaller and esti-
mates of natural shedding in Ocomelania hupensis quadrasi were 

Figure 82.5 Schistosome cercaria. (Courtesy of O. D. Standen.)
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as low as 15/day, although, under particular conditions, 160/day 
were obtained. In Japan,61 O. h. nosophora is thought to produce 
many more cercariae than O. h. Quadrasi. Cercarial lifespan is 
short: 36–48 h. As they are non-feeding organisms dependent on 
their large glycogen reserves, adverse environmental variables that 
stimulate glycogen usage reduce cercarial viability. Water velocity 
studies relating cercarial penetration and infection rates have pro-
duced anomalous results; patently, most cercariae are infective to 
vertebrate hosts under fi eld conditions.

Schistosomula

After cercariae have penetrated human skin (or pharyngeal 
mucosa), a rapid process aided by lytic substances from the pen-
etration glands, they lose their tails and become schistosomula. A 
remarkable additional transition is from a ‘freshwater environ-
ment’ to a ‘saltwater environment’ within the body.

Schistosomula are thus tail-less and worm-like in appearance, 
shed the glycocalyx, and the skin becomes the seven-layered 
of the adult worm, consisting of two closely opposed lipid bilay-
ers. They then traverse the subcutaneous tissues within 48 h, pen-
etrate the peripheral or venous channels, and are transported to 
the right side of the heart and lungs, where the peak concentration 
is attained in 5–7 days. Further developments in length and 
surface area occur. While controversy on the route of migration of 
schistosomula from the lungs to the hepatic portal system has 
existed for 60 years,62 more recent evidence suggests that lung 
development adapts schistosomula for intravascular migration 
and the parasites exit the lungs in the direction of blood fl ow, pass 
to the left side of the heart, and are then distributed to system 

organs in proportion to cardiac output – a totally intravascular 
route.

Those parasites entering splanchnic organs penetrate capillary 
networks rapidly, enter the hepatic portal venous system and most 
are trapped in the liver. The parasites distributed to organs sup-
plied by the systemic circulation eventually return to the lungs in 
venous blood.62 This implies that individual organisms may make 
repeated circuits of the pulmonary-systemic circulation before 
entering a blood vessel leading to the hepatic portal system. On 
arrival in the hepatic portal system, the majority of schistosomula 
begin to feed on blood, increase in mass and, from a primary 
location in the smallest hepatic portal distributaries, grow and 
move upstream into larger vessels.62 The parasites shorten in 
dimension, experience a marked loss in motility and undergo 
various metabolic changes, and, once schistosomula have trans-
formed to adult worms in the liver, lose their ability to undertake 
intravascular migration.

In experiments with S. mansoni pairing occurred 28–35 days 
after infection. This was succeeded by migration of paired adults 
to egg-laying sites in the distribution of the mesenteric superior 
and inferior veins, or the veins of the vesical and pelvic plexus.

LIFE CYCLE

The life cycle of all species of schistosome that infect humans has 
a common pathway from a sexual generation of adult schisto-
somes within the vascular system of the defi nitive host, an asexual 
phase in the freshwater intermediate snail host and a return to the 
human via cercarial invasion of the skin or mucosa on a host’s 
exposure to cercaria-infested water (Figure 82.6).

Eggs leave host
in faecesEggs

Free-swimming cercariae

Cycle in a
freshwater snail

Miracidia hatch and
penetrate snail

In the digestive gland of the snail,
miracidia shed their cilia and

become sporocysts from which
more sporocysts develop

Second-generation
sporocyst

Person infested by cercariae which shed their 
tails and pierce unbroken skin to become 

schistosomula in the tissues.
They migrate within the vascular system and are 

transported to the right side of the heart and 
lungs where further development occurs.

They exit the heart and lungs in the direction of 
blood flow and from the left side of the heart 
pursue an intravascular route to arrive in the 

intrahepatic vasculature.
They mature in the hepatic portal venous system 
before pairing of male and female worms takes 

place. The final migration is to the preferred 
egg-laying sites in the peripheral veins.

Figure 82.6 Life cycle of S. mansoni. (Courtesy 
of Tropical Resources Unit.)

Life Cycle
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Adult schistosomes, living as pairs within capillary blood 
vessels, the slender females held in the gynaecophoric canal of the 
male, copulate and the females produce eggs daily throughout 
their life, the numbers varying with the species (see section on 
Eggs, above).

Eggs, the microscopic appearance of which is diagnostic of the 
parent schistosome species, are laid intravascularly toward the 
peripheral branches of the capillary venules. Partly mature at ovi-
position, some eggs pass through the vessel wall, aided by their 
spine and cytolytic secretions, into the lumen of the genitourinary 
tract (S. haematobium) or the bowel (S. mansoni, S. japonicum, 
S. mekongi, S. intercalatum) and reach the external world in the 
excreta (urine and/or faeces). Other eggs, which are the immune-
stimulating and pathogenic agents in the tissues, embolize from 
their intravascular origin to liver, lung and many other sites.

When viable schistosome eggs are excreted and reach fresh 
water, either by direct deposition or by being washed in from a 
neighbouring site, in a suitable environment of warmth and light, 
the larvum within each egg becomes active and, aided by osmosis, 
the egg ruptures or ‘hatches’; the larvum, now termed a miracid-
ium, emerges. Miracidia are mobile organisms swimming actively 
by means of ciliary movements. Miracidial behaviour is related in 
a general way to the ecology of the snail intermediate host, and 
adaptive behavioural patterns have been described. During a short 
lifespan, miracidia are infective to snail intermediate hosts for 
some 8–12 h, and must fi nd a suitable freshwater snail for con-
tinuance of their life cycle; such snails (intermediate hosts) are 
specifi c for each species of schistosome.

Miracidia then penetrate the soft tissues of the snail, infl uenced 
by numerous variables, including chemotaxis, the relative number 
of larvae and snails within a water body, length of contact time 
and physical characteristics of the surrounding medium, i.e. water 
temperature, velocity of fl ow, turbulence and the presence of ultra-
violet light.

Usually, only one or two miracidia undergo further intramol-
luscan development, producing a sacculate mother sporocyst that 
in turn produces daughter sporocysts. This is followed by migra-
tion to the digestive gland of the snail and subsequent cercarial 
development.

After an incubation period within the snail, the time of 
which varies with the species and the surrounding physical envi-
ronment, cercariae escape from the daughter sporocysts and 
emerge from the snail under suitable conditions of temperature, 
light and pH.

Free-swimming fork-tailed cercariae, <1 cm in length, penetrate 
human skin or mucosa (Figure 82.7) when a person is exposed to 
infested water and, after passage as schistosomula through the 
tissues, lymphatics and venules, will develop into a male or female 
schistosome.

Throughout their long life, snails continue to produce a reason-
ably constant output of cercariae; many thousands can originate 
from a single miracidium.

After migration of schistosomula to the portal vascular system, 
further growth occurs in the intrahepatic vessels. Pairing of male 
and female schistosomes takes place on sexual maturity, with 
subsequent migration to the preferred sites of egg deposition: S. 
mansoni and S. intercalatum in the distribution of the inferior 
mesenteric veins; S. japonicum and S. mekongi in the distribution 
of the superior and inferior mesenteric veins; and S. haematobium 

in the distribution of the vesical veins and the pelvic plexus. Egg 
deposition and excretal egg excretion begins.

INTERMEDIATE HOSTS

The biology of the intermediate snail hosts (Figures 82.8–82.10) 
of the schistosomes is a complex subject covered in numerous 
specialist texts to which reference should be made for specifi c 
details. The snail host range of schistosomes is comparatively 
limited. Successful parasitism of the approximately 18 recognized 
species of schistosome depends on the ability of the parasite to 
develop in a small number of species of intermediate hosts within 
only 10 genera.64

Although the schistosomes and their intermediate hosts can be 
divided roughly into groups refl ecting their zoogeographical dis-
tribution and host specifi city, the situation is complicated because 
the distribution of schistosomes does not exactly match that of 
the potential intermediate hosts.66

Intermediate hosts of S. haematobium

S. haematobium is transmitted by some 30 nominal species of the 
genus Bulinus, classifi ed into four species-groups: Bulinus africanus, 
an important group medically as species within the group are 
intermediate hosts of S. haematobium in Africa south of the Sahara 
and, additionally, some cattle schistosomes; the B. forskalli group 
is distributed in a pan-African fashion with representatives found 
in Arabia and in some Indian Ocean islands; the B. truncatus/
tropicus complex, again of pan-African distribution, extends from 
Malawi to east, west and north Africa and the Middle East as far 

Figure 82.7 Cercarial penetration in schistosomiasis. (Courtesy of 
O. D. Standen.)
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as Iran; a small group, B. reticulatus is found patchily in Africa (e.g. 
in Ethiopia) and in isolated habitats in the Arabian peninsula.

Intermediate hosts of S. intercalatum

Of the two biologically distinct strains of S. intercalatum known 
to exist, one is transmitted by snails of the Bulinus africanus group 
and occurs in a restricted area of north-east Zaire; the other is 
transmitted by B. forskalli and occurs in Cameroon and Gabon. 
Each strain is unable to develop in a snail with which the other 
is compatible and, additionally, there are differences in prepatent 
periods and in certain enzyme patterns of the parasite.

Intermediate hosts of S. mansoni

S. mansoni is transmitted by species of the genus Biomphalaria, 
widely distributed in the Old World throughout Africa, the Nile 

valley and the Arabian peninsula but not in Iraq or Iran. In 
the New World the genus is found in the southern USA, several 
Caribbean islands (notably Puerto Rico, St Lucia, Guadeloupe and 
the Dominican Republic) and on the South American continent 
in Brazil, Surinam and Venezuela.

The framework for the taxonomic status was described in 
1978;62 and four species-groups are still recognized. In the Old 
World the Biomphalaria pfeifferi group has several forms and is 
found in all parts of Africa south of the Sahara, the Malagasy 
Republic, in Aden, Yemen and Saudi Arabia; the choanomphala 
group has only a few forms restricted to certain of the great natural 
African lakes; the alexandrina group has a scattered distribution in 
Africa and is common in the Sudan and Egypt. B. sudanica has 
both east and west African species components.

In the New World, the genus Biomphalaria is represented by 
some 20 species but, of these, only B. glabrata (Say), B. straminea 
(Dunker) and B. tenagophila (Orbigny) have been found to be 
naturally infected with S. mansoni.

Parasite-intermediate host relationships

There are many complex and complicated variations in the rela-
tionships between schistosomes and their intermediate hosts; 
parasite infectivity is as important as intermediate host suscepti-
bility and differences in relationships occur even within limited 
geographical areas. Both environmental and genetic factors play a 
part in infl uencing the transmission of a schistosome through a 
particular species of snail.

The genera Bulinus and Biomphalaria are aquatic snails and are 
identifi ed on a basis of various conchological, anatomical and 
biological characteristics. This is a highly specialized fi eld and 
requires biological expertise. The snails are found in many differ-
ent habitats including permanent or semipermanent small ponds, 
marshes, swamps, rivers and streams, and large permanent water 
bodies such as lakes, dams, irrigation channels and rice fi elds. 
Their biology varies with their environment and lengthy studies 
are required to elucidate the details.

Cross-fertilization is usual in aquatic snail intermediate 
hosts but they are in fact hermaphrodites and capable of self-
fertilization. Ova are laid in water as egg masses some 5–10 mm 
in diameter. Hatching of free-living snails occurs in 1–2 weeks; a 
steady growth ensues, and maximal size and maturity is seen in 
3–6 months. Snail intermediate hosts have an enormous repro-
ductive potential because egg-laying continues throughout life 
and lifespans have wide variations in the different species; e.g. 
Bulinus globosus infected with S. haematobium lived for 400 days 
and Biomphalaria pfeifferi infected with S. mansoni survived for 213 
days.63,64

Intermediate hosts of S. japonicum

S. japonicum is transmitted by amphibious snails, populations of 
polytypic Oncomelania hupensis, of which there are six subspecies: 
O. h. hupensis in mainland China; O. h. quadrasi in the Philippines; 
O. h. nosophora in Japan; O. h. lindoensis in Sulawesi, Indonesia; 
and O. h. formosana and O. h. chiui in Taiwan, where schistoso-
miasis is confi ned to animals and does not exist in humans. A 

Figure 82.8 Snails of the Bulinus genus hosts of S. haematobium. (A) 
Bulinus truncatus group. (B) B. africanus group.

Figure 82.9 Snails of the Biomphalaria genus hosts of S. mansoni. 
(A) Biomphalaria alexandrina. (B) B. glabrata.

Figure 82.10 Snails of the Oncomelania genus host of S. japonicum. 
(A) Oncomelania hupensis nosophora. (B) O. h. hupensis.

Intermediate Hosts
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genus Tricula aperta from the subfamily Triculinae transmits 
S. mekongi.

The oncomelanid shell differs markedly in size and shape from 
those of the aquatic snails (Figure 82.10) and oncomelanid snails 
have very different biological characteristics. They are dioecious 
and lay their eggs mainly at night and above the water on a solid-
phase location. The separate sexes copulate repeatedly and the 
female is able to lay eggs >3 months after isolation from the male. 
In the Philippines, the average longevity is 66 days but in other 
endemic areas they may survive for 12 months or longer. Egg-
laying and hatching are continuous throughout the year.55

Aestivation

Both aquatic and amphibious snails have the capacity to survive 
out of water for weeks, or in some cases, for months; this phe-
nomenon – ‘aestivation’ – has important consequences on the 
epidemiology of the infection and its control; immature infections 
of both S. mansoni and S. haematobium can be carried through 
from one wet season to another season, thus perpetuating the 
transmission cycle.

EPIDEMIOLOGY OF HUMAN SCHISTOSOMIASIS

The epidemiology and epidemiological dynamics of schistoso-
miasis are heterogeneous and complicated, involving a defi nitive 
host in the human, an intermediate host in various species of 
aquatic or amphibious snail, a freshwater environment that 
humans contaminate with excreta through unsanitary habits, 
and from which infection is also acquired through repeated 
water contact by means of many occupational and recreational 
activities.66,67

The parasites need the internal environment of the two hosts, 
defi nitive and intermediate, to complete the sexual and asexual 
phases of the life cycle, respectively, and the free-living larval 
stages present in the common aquatic environment are the linking 
infective factors.67

Transmission is infl uenced by numerous variables, the major 
ones being:
• the distribution, biology and population dynamics of the inter-

mediate snail host(s)
• the patterns and extent of environmental contamination with 

human excreta, which in turn depend on the prevalence and 
intensity of human infection and the socioeconomic and 
hygienic backgrounds

• human water contact activities, patterns and duration
• the host–parasite relationship in both snail and human, and 

the role of protective mechanisms in the human host.
Of all the parasitic infections of humans, schistosomiasis is one 
of the most widespread, as illustrated by data given by the WHO. 
The disease ranks second only to malaria in terms of socioeco-
nomic and public health importance in many tropical and sub-
tropical areas. It is second to none in prevalence among the 
water-borne diseases, and is most common in rural areas of devel-
oping countries. The latest WHO estimates, extrapolated from the 
world atlas of schistosomiasis33 and applied to 1995 population 
estimates, gave fi gures of 652 million at risk of infection from the 
fi ve schistosome species commonly infecting humans and a global 

prevalence of 193 million. Of more crucial importance, 85% of 
infected people are on the African continent.35 The background is 
one of low socioeconomic status on a base of poverty and igno-
rance, with resultant poor housing, lack of potable water, inade-
quate hygienic conditions, few if any sanitary facilities, and a 
multitude of activities bringing a population into contact with 
water into which eggs are passed and in which are found interme-
diate snail hosts. Obligatory human water contact may be of 
domestic, hygienic, occupational, recreational or religious origin. 
Thus transmission begins. Children are particularly important as 
reservoirs of infection because of their indiscriminate excretory 
habits, especially urination when swimming, and their unrivalled 
opportunities for water contact in hot climates.

Schistosomiasis is not invariably a rural disease; expanding 
populations in periurban fringes of cities overwhelm the available 
sanitation and are thus at risk of transmission; examples are not 
infrequent within the boundaries of the modern cities of Africa. 
The infection also arises as a result of the movement of infected 
people into refugee camps, where endemic foci may be initiated.

Major factors associated with the spread and intensifi cation of 
schistosomiasis are its links with water development projects, par-
ticularly human-made lakes and irrigation schemes because these 
are often sites of population immigrations for farming and fi shing, 
so much a feature of the present tropical scene.

In many countries, schistosomiasis is not a notifi able disease 
and prevalence estimates (i.e. the proportion of subjects infected 
at a given point in time) are frequently gross underestimates. The 
advanced clinical symptoms, signs and complications known to 
occur do not represent the full picture of infection in a commu-
nity. Moreover, the intensity of infection (i.e. measures of worm 
burdens in a group or in a community, usually inferred by the 
surrogate technique of quantitative egg counting in stools or 
urine) is extremely variable. While in general there is a good cor-
relation between intensity of infection and the pathology pro-
duced, expressed as morbidity, exceptions occur and many cases 
of schistosomiasis are uncovered only during a purposive survey 
or incidentally in the investigation of another complaint.

This generalized correlation between prevalence and intensity 
of infection means that, for all practical purposes, the higher the 
prevalence, the greater the mean intensity of infection in a 
sample.

The epidemiology of schistosomiasis shows wide variations 
within any endemic country. Focality is a major feature of the 
epidemiology and surprising differences in prevalence and inten-
sity of infection occur between neighbouring geographical envi-
ronments. This makes broad generalized descriptions of the status 
of the infection within a country different and renders many 
comparisons between countries invalid. The epidemiology can 
change rapidly in any endemic area, or in any previously unin-
fected area, as a result of water resource development projects of 
any type.

Community-based studies of schistosomiasis usually demon-
strate that age-specifi c prevalences and intensities are highly 
positively skewed, this phenomenon being more marked in S. 
haematobium infections than for S. mansoni, and even less so for 
S. japonicum, while data for S. intercalatum and S. mekongi are as 
yet too fragmentary to allow defi nitive statements.

In urinary schistosomiasis (S. haematobium), the prevalence 
rises rapidly from the age when youngsters begin to wander 
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afi eld.65 The peak prevalence and intensity of infection occur in 
children aged 10–14 years, and thereafter successive decades see 
a progressive lowering of prevalence to much reduced levels. Some 
60–70% of all infected persons lie within the age range of 5–14 
years and the heaviest infections occur similarly in this same age 
range.

In areas endemic for S. mansoni, prevalences and intensities of 
infection are maximal in the 10–24 years age group. Although 
reductions occur with increasing age, prevalence levels remain at 
higher levels than those seen in S. haematobium infections. Some 
5–25% of the infected population excretes at least 50% of the total 
number of eggs contaminating the environment, and the majority 
of heavily infected children are in the 10–14 years age group. In 
a high proportion of those with over 800 eggs/g of faeces, an 
enlarged liver and spleen are present.2

The explanation for the reduction of prevalence and intensity 
of infection in older age groups in areas endemic for S. haemato-
bium and S. mansoni depends on multiple factors: immune mech-
anisms certainly contribute; tissue fi brosis prevents eggs from 
reaching the exterior; and a proportion of the body population of 
infecting worms will have died. Apart from occupational water 
contact, exposure to cercaria-infested waters is likely to be less 
with increasing age.66,67 The exact roles played by immune, patho-
logical, parasitological and environmental, ecological and human 
behavioural mechanisms and their possible interactions are uncer-
tain and remain a topic for constant debate among various ‘lobby 
protagonists’.

In S. japonicum infection, ‘typical’ age distribution and intensity 
patterns do not seem to occur. This doubtless refl ects epidemio-
logical variations between areas within a country and also between 
countries, and perhaps the many animals that can act as reservoir 
hosts.

Bimodal prevalence peaks in the 10–14 years age group but 
those aged 36–44 years have been documented.2

Animal reservoirs

A total of 31 wild mammals and 13 domestic animals have been 
shown to be infected with S. japonicum in China,68 but only rarely 
has their role in transmission been evaluated. However, animals 
cannot be considered negligible for, based on the total animal 
populations, prevalence, mean daily egg output and hatchability, 
the dog, cow, pig, rat, carabao (water buffalo) and goat were, in 
decreasing order of magnitude, estimated to be responsible 
for some 25% of the total potential environmental contami-
nation, while humans were thought to provide 75%, in the 
Philippines.55

In striking contrast, the human is the only defi nitive host of 
S. haematobium. The few infections with this parasite reported in 
primates, Arteriodactyla or Rodentia, can be considered as inciden-
tal and of no epidemiological importance.

Many reports exist of infection with S. mansoni in a wide range 
of mammals (primates, insectivora, arteriodactyla, marsupilia, 
rodentia, carnivora, edentata). Evidence implicating their role in 
maintenance of transmission of the parasite is, with two excep-
tions, lacking. In Tanzania, it was considered that baboons were 
maintaining the parasite among themselves69 and there is good 
reason to believe that S. mansoni is maintained by both rats (Rattus 

rattus – a known reservoir host) and humans in a natural habitat 
in Guadeloupe70,71 and in some areas of Brazil.

In S. mekongi infections, dogs are known to be a reservoir 
host.28

IMMUNITY

Neither sex nor age confers immunity and all races are susceptible 
to infection. The female adult schistosomes lay eggs after pairing 
and deposit them in the capillary habitat for many years. Thus 
schistosomiasis is a chronic disease with morbidity produced by 
granulomatous reactions to eggs deposited in the tissues. Primary 
infections occur early in life. Although the host is presented with 
new and heavy antigenic burdens when cercariae invade and schis-
tosomula are maturing, few infected persons are diagnosed as 
having the clinical picture of the acute febrile illness known as 
‘acute toxaemic’ schistosomiasis or ‘Katayama syndrome’.

The development of acquired immunity in Schistosomal infec-
tions is slow and ineffi cient, and differs from the immediate and 
complete immunity of the type occurring after common child-
hood viral or bacterial infections.72 The reasons for this are unclear 
but IgG and IgM antibodies antagonize the protective effects of 
the immune system in young children and may be related to the 
slow development of immunity faced with a number of poten-
tially protective responses.73–77

After the primary infection in childhood, numerous reinfec-
tions occur in subsequent years and are largely unopposed. 
As schistosomes do not replicate within the human host, this 
results in a rapid acquisition of high worm loads, high egg outputs, 
and resultant pathology and morbidity. Yet it is well known 
from community-based surveys that the prevalence and intensity 
of infection progressively decrease in the teenage years, and that 
successive decades see a decline in prevalence to much lower 
levels. One theory advanced to explain the age distributions 
of prevalences and intensities in whole populations was that 
the decreases in older age groups might be due to changing 
social habits resulting in decreased human water contact.78 Other 
factors involved may be tissue fi brosis, preventing eggs from 
reaching the exterior, and the death of various proportions of the 
body population of infecting worms, which, additionally, would 
account for the phenomenon of ‘loss of infection’ encountered 
during epidemiological surveys, i.e. the failure to detect eggs in 
excreta on successive surveys in persons who were previously egg 
positive.

Despite enormous amounts of experimental, immunological 
and clinico-epidemiological research inputs into the explanation 
of acquired resistance or antischistosome resistance in schistoso-
miasis, a wide variety of basic questions remain.79 A high propor-
tion of adults in endemic areas who acquired the primary infection 
in childhood possess immunity to superinfection and usually 
show few clinical signs. Although this immunity is protective 
against schistosomula and adult worms, it causes characteristic 
lesions of the infection when directed against eggs.

Protective immunity directed against cercariae and schisto-
somula reduces the numbers surviving to adulthood. Two 
mechanisms are involved: an antibody-dependent cell-mediated 
cytotoxicity process, itself dependent on eosinophils and IgG; and 
a process involving IgE and macrophages.

Immunity
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Concomitant immunity, in experimental terms, describes the 
resistance, partial or total, of an actively infected host to a subse-
quent challenge infection by the same type of organism. Adult 
worms evade the immune responses by adding a layer of host-
specifi c antigens to their tegmental membranes. Adult worms of 
a primary infection are unharmed by cercarial challenge but the 
invading forms of the challenge infection tend to be destroyed. 
Concomitant immunity occurs in schistosome infections and 
challenges in many experimental hosts and in humans.80

Further exploratory progress was made through longitudinal 
fi eld studies involving detailed quantitation of egg outputs and 
water contact in children, allied to the technique of reinfection 
studies. Chemotherapy is given to remove existing infections; the 
levels of newly acquired infections (reinfections) are observed, 
quantitated and related to water contact and degree of exposure. 
These techniques produced strong evidence that age-dependent 
resistance to reinfection is distinct from age-dependent exposural 
change, in two areas, The Gambia and Kenya, for both S. haema-
tobium and S. mansoni infection. For example, in The Gambia, 
changes in intensity of infection with time were compared in two 
communities, in one of which transmission had been interrupted 
by mollusciciding. In this area, the mean lifespan of the worms 
was 3–4 years, allowing comparison with the untreated area 
(control) of the numbers of eggs deposited by worms over the 
same 3-year period. The acquisition of new infections by adults 
over 25 years of age was 1000-fold less than that of 5–8-year-old 
children. This difference could not be attributed to a 1000-fold 
reduction of water contact in the adults, thus suggesting age-
dependent acquisition of immunity to superinfection.81–83 Thus 
the role of immunity in limited schistosome infections in com-
munities in two areas endemic for S. haematobium and S. mansoni 
was placed on a fi rmer footing. However, the immunity is prob-
ably not absolute, is evident only after years of exposure to infec-
tion, and some data suggest that it occurs earlier in areas of high 
prevalence and intensity.

The balance of the immune response in the early years of expo-
sure to infection is directed towards production of blocking anti-
bodies, which may be of IgM, IgG or IgG4. Protective antibodies, 
IgE or other immunoglobulin isotypes, are detected in both older 
children and adults who appear to be resistant to infection.84 Later 
data led to a surmise that ‘resistance’ to acquired infection, or 
reinfection after successful chemotherapy, is multifactorial and 
compartmentalized. It may involve both humoral and cellular 
responses at different stages of parasitic invasion. Known infl uenc-
ing variables are an IgE response, high levels of interferon γ (IFNγ) 
and tumour necrosis factor α (TNFα) and peripheral blood mono-
nuclear cell (PBMC) responses involving different groups of cells 
and various cytokines, allied to a possible genetic factor on chro-
mosome 5q31–q33. Further molecular exploration is ongoing.85

PATHOGENESIS

The lesions that occur during this long-lived infection are caused 
largely by schistosome eggs. Adult worms are impervious to the 
immune system of the host and by themselves cause little or 
no pathology, although they excrete antigens, such as the gut-
associated soluble antigens found in the sera of patients with 
schistosomiasis and which are now used both as a marker for 

infection and as an indicator of therapeutic success through esti-
mation of the cathode- and anode-associated antigens.86

Schistosome eggs cannot traverse capillary beds unaided 
because they measure up to 70 μm in width. Slightly less than half 
of the eggs are laid into the lumen of the gut or urinary tract. The 
remainder are laid in the walls of the organ or embolize into the 
portal radicles or lung arterioles. Collateral vascular bypasses 
enable eggs to reach many other organs in the body.

At oviposition, eggs are immature but miracidial maturation 
takes place within a few days. Soluble egg antigens (SEAs) origi-
nating from the secretory glands of miracidia enclosed within eggs 
diffuse out through submicroscopic pores in the eggshell and 
induce a host hypersensitivity response. The immunopathology 
of schistosomiasis is considered to be due to granuloma forma-
tion around tissue-deposited eggs and is a manifestation of delayed 
hypersensitivity through a T cell-mediated immune response.

During an active infection, a range of early, mature and involut-
ing granulomas is present.87 Granulomas vary with the immune 
status of the host: in primary infections with marked reactions to 
soluble egg antigens, large fl orid granulomas occur with some 
central necrosis. The fl orid granuloma is composed of the schisto-
some egg surrounded by cellular aggregates of eosinophils, 
mononuclear phagocytes, lymphocytes, neutrophils, plasma and 
fi broblasts. Activated macrophages cluster close to the eggshell, 
while lymphocytes and plasma cells are peripherally placed. 
Fibroblasts appear early and throughout the lengthy involution 
process replace other cell types. Many granulomas are of sizes 
much greater than those of schistosome eggs.

After the acute phase of some 3 months, modulation of host 
immune responses to SEAs results in relatively small granulomas 
which have fewer surrounding cells.

There are consistent and strong correlations of high organ 
and tissue egg loads and severe pathology in quantitative 
autopsy studies in S. haematobium and S. mansoni;88,89 clinico-
epidemiological fi ndings are in agreement. Other factors may 
operate, such as direct and indirect fi broblastic proliferation and 
induced abnormalities of types I and III collagen.

Thus the pathology of schistosomiasis results from collections 
of granulomas, from fi broblastic lesions obstructing vessels and 
fi broinfl ammatory swellings containing millions of eggs. Unlike 
early granulomas, these late and obstructive and fi brous lesions 
respond poorly to antischistosomal chemotherapy.

There is a plethora of systemic host responses to schistosome 
infection, as cercariae, schistosomula, adult worms and eggs all 
generate multiple antigens to which the host immune system 
responds through immunocompetent cells. Antibodies specifi c to 
each stage are long lived and persist after successful chemother-
apy. Several defi ned schistosome antigens have been detected; the 
most useful in clinical work is the cathode-associated antigen. 
Other antigens are complexed to immunoglobulins and can be 
found at various sites, e.g. Schistosomal nephropathy.90

Von Lichtenber87 has strikingly contrasted the pathogenetic 
variables and prognosis in the hepatosplenomegaly of the early 
infection resulting from cell proliferation with fl orid granulomas, 
reticuloendothelial hyperplasia and diffuse infl ammatory infi l-
trates, all reversible by specifi c chemotherapy, with the hepato-
splenomegaly of the advanced disease induced by fi brovascular 
pathology with periportal fi brosis, portal hypertension and its 
associated effects on the spleen in which the prognosis is far less 
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dependent on chemotherapy but more on surgical alleviation of 
a mechanical obstructive condition.

The infl uence of genetic factors on immunopathology and on 
protective immunity remains unclear. While two studies in Egypt92 
and the Philippines92 suggested a relationship between severe 
disease and specifi c human leukocyte antigen (HLA) haplotypes, 
the association was not found in Brazi1.93 However, a more recent 
Brazilian study demonstrated that host genetic factors were impli-
cated in human resistance to S. mansoni in one specifi c focus. No 
fi rm generalizations can yet be made.94

PATHOLOGY

It is useful to consider the pathology and pathophysiology of the 
various schistosome infections within the stages of the life cycle 
and their timeframes:
• cercarial invasion and schistosomular migration
• maturation of schistosomes, pairing and commencement of 

egg-laying
• established infection with continuous egg-laying
• late stages and complications.
Attempts to link discrete clinical entities with these stages should 
be made only with the realization that the apparently endless 
series of epidemiological, immunological and physiological inter-
actions encountered, particularly in endemic areas, make resultant 
associations and correlations less than clearcut.

Frequently, much clearer relationships between clinical expres-
sions and pathophysiological derangements are seen in non-
immune visitors, transients or immigrants who become infected 
in endemic areas. In parallel, infected travellers or holidaymakers 
returning to temperate locations may present clear pictures of 
infections acquired in endemic zones.

Cercarial invasion of the skin or mucosal penetration on expo-
sure to infested water, particularly when the quantum of infection 
is high, can occur in <15 min; the clinical complement of cer-
carial dermal invasion is a schistosome (cercarial or allergic) der-
matitis lasting for some 24–48 h.

The pathophysiological response is the initiation of the fi rst 
mechanisms of the immune response with marked eosinophilia 
and an antibody-dependent cell-mediated cytotoxic response 
involving IgG.

At widely different times, ranging from 2 to 16 weeks after 
cercarial invasion, during the migration of schistosomula, their 
maturation, pairing and initiation of egg-laying, the clinical man-
ifestations of acute toxaemic schistosomiasis or Katayama syn-
drome may arise. Worm and/or egg antigens produce a marked 
antigenic stimulus with rapidly rising antibody levels and an 
increase in serum IgG, IgA and IgM levels. Circulating antigen-
antibody complexes are found and may be deposited in glomeruli, 
producing immune complex glomerulopathy. The whole clinical 
picture is one resembling the acute serum sickness syndrome.

At variable times after infection, from some 2 months onwards, 
the stage of established infection occurs, with continuous egg-
laying associated with the ‘classical’ symptoms and signs of estab-
lished schistosomiasis. SEAs from miracidia in the eggs provoke a 
T lymphocyte-mediated host response which, in time, results in 
the characteristic granuloma with eosinophils prominent in the 
destruction of the eggs.

After some years, changes in clinical symptoms and physical 
signs appear, and there is superimposition of late-stage complica-
tions such as obstructive uropathy, hydronephrosis and pyelone-
phritic renal failure in S. haematobium infection, or portal 
hypertension which may be ‘compensated’ or ‘decompensated’ 
with ascites, and hepatosplenomegaly with or without gastroin-
testinal bleeding in S. mansoni, S. japonicum and S. mekongi infec-
tions. Modulation by T suppressor lymphocytes and antibody 
blockade diminish the host immune response over time; fi bro-
blasts stimulate collagen production and fi brotic complications 
involving a variety of anatomical sites (e.g. periportal hepatic 
fi brosis and obstructive uropathy) ensue.

Pathology of established infection

S. haematobium

Urinary bladder

The urinary bladder is the most frequently affected organ. Cystos-
copy, surgery or autopsy reveal the gross lesions, which are often 
multiple. A hyperaemic mucosa on cystoscopy is universal. ‘Sandy 
patches’ occur in one-third; these are raised greyish-yellow mucosal 
irregularities associated with heavy egg deposition and surrounded 
by dense fi brous tissue. Calcifi cation may occur. They are sited 
most commonly at the trigone and near the ureteric orifi ces.

Other raised lesions are granulomas, nodules and polyps, 
which may be sessile or pedunculated and are related to local 
heavy tissue egg loads. Focal granulomas are of pin-head size with 
the customary histological appearances.

Vesical ulcers are less common and can vary in size from a 
small irregular defect to an irregular deep transverse fi ssure. They 
occur mainly on the posterior wall of the bladder.

Many degrees of bladder muscle hypertrophy are found at 
autopsy but specifi c associations with tissue egg loads or local 
lesions are lacking; muscle hypertrophy appears to be more fre-
quent in cases with obstructive uropathy. Obstructive lesions from 
fi brosis of the neck of the bladder in periurethral granulomatous 
reactions are a common complication, as are bladder calculi.

Bladder calcifi cation is common and is often encountered both 
in clinical practice and in radiological surveys. Calcifi cation is 
linear, occurring along lines of deposited eggs. Calcifi ed bladders 
usually retain normal elasticity.

Ureters

Although the ureters are less frequently affected than the bladder, 
their involvement is important for it leads to morbidity and is the 
forerunner of obstructive uropathy. Tissue egg loads in the ureters 
are greater in cases with obstructive uropathy than in those 
without.95 Arguments on whether unilateral disease predominates 
more on the left than on the right side have continued for at least 
a decade. In a quantitative analysis, tissue egg burdens were much 
higher in the right lower ureter than in the left, but unilateral 
obstructive uropathy occurred equally on both sides.96 Bilateral 
ureteric involvement is the rule.

The histopathological appearance of the ureteric lesions resem-
bles that of bladder lesions. Granulomatous lesions resolve and 
lead to ureteral fi brotic stenosis. Rising back pressure leads to 
hydroureter, with or without hydronephrosis, the collective title 
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of which is obstructive uropathy. This condition predisposes to 
Escherichia coli or Salmonella urinary tract infection, which can lead 
to chronic pyelonephritis and Gram-negative septicaemia.97–99

Genital organs

Because S. haematobium parasitizes the vesical plexus, eggs are not 
uncommonly found in both male and female genital organs, but 
the long-running debate of their functional signifi cance has not 
yet been concluded.

In males, the mean S. haematobium egg count/g of seminal 
vesicle tissue was 20 000 in one investigation.100 The resultant 
enlargement, muscular hypertrophy and fi brosis produced an 
increase in weight of the seminal vesicles that correlated with the 
presence of obstructive uropathy. Much less commonly affected 
were the prostate, testes, epididymis and penis. A causal role for 
these lesions in the production of male infertility has not been 
substantiated.

In females, the fi nding of eggs in the female genital organs is 
similarly frequent; eggs may be found in the vulva, vagina and 
cervix, where ulcerating polypoid or nodular lesions may be seen. 
Nodules in the perianal skin are not rare. The internal female 
genital organs – ovaries, Fallopian tubes and uterus – are much 
less commonly affected. In Malawi, gynaecological complications 
of schistosomiasis were considered a signifi cant cause of female 
morbidity, particularly when the lower genital tract was involved; 
ovarian, uterine and tubal pathologies were not major causes of 
morbidity, but diagnosis was diffi cult.99a There is a dearth of recent 
reports associating ectopic pregnancy or infertility and S. haema-
tobium infection.100

Schistosomiasis has little impact on female infertility and rarely 
renders a woman anovulatory, despite the proximity of eggs to the 
gonads, tubes and uterus. A recent well-conducted study in rural 
Zimbabwe confi rmed that sandy patches, neovascularization and 
vessel pathology were strongly associated with schistosome ova. 
There was however, no association of S. haematobium ova with 
ulcers, leukoplakia, papillomatous tumours and polypoid. Disap-
pointingly, praziquantel treatment was not associated with a sig-
nifi cant reduction in genital lesions or contact bleeding over a 
12-month period and the fi ndings were independent of HIV 
status.101

Gastrointestinal tract

S. haematobium eggs are found frequently in the gastrointestinal 
tract, their density being highest in the appendix with a gradual 
decrease in density down to the distal tract. Polyps have been 
recorded in the rectosigmoid colon in an autopsy study of S. 
haematobium cases; the polyps were infl ammatory and were often 
ulcerated.100

S. haematobium eggs are often seen in rectal biopsy material but 
are usually dead.

Kidney

Although Schistosomal granulomas are rare in the parenchyma, 
renal lesions occur as a sequel of obstructive uropathy and are 
manifest as pyelonephritis.

Schistosomal antigens in mesangial areas of the glomeruli in 
uncomplicated cases of S. haematobium infection have been 

observed by immunofl uorescent microscopy as well as granular 
deposits of IgG, IgM and C3, yet there was a lack of basement 
membrane changes, an absence of clinical renal disease and 
normal renal function.102 There remains doubt about whether S. 
haematobium causes a specifi c nephropathy in the face of other 
mechanisms of renal failure.103 A reversible nephrotic syndrome 
in S. haematobium complicated by Salmonella infection has been 
described.104

Lung

Pulmonary arteritis and cor pulmonale are rare in pure S. haema-
tobium infection, yet egg granulomas are frequently encountered 
at autopsy.

Ectopic lesions

Migration of S. haematobium within the vascular system and sub-
sequent egg-laying may produce a variety of ectopic lesions.

It was formerly considered that S. haematobium in Egypt was 
not a cause of Symmer’s periportal hepatic fi brosis (despite the 
common fi nding of S. haematobium granulomas in the liver).105,106 
More recent studies, and in particular those using ultrasonogra-
phy, have shown that S. haematobium in Egypt does indeed cause 
schistosomal hepatic fi brosis, hepatic granulomas, cellular infi ltra-
tion of the portal tracts, and obstruction and substitution of portal 
radicles by granulomas.

Cutaneous deposition of S. haematobium eggs is not uncom-
mon and has been recognized for decades.107 Papular or nodular 
lesions occur in many sites, most frequently in the genital and 
perigenital areas but also in the neck, chest and abdominal 
wall.108–112

Other sites of ectopic lesions are in the central nervous system 
(CNS), an occurrence less frequent than in infections due to S. 
japonicum or S. mansoni.

The fi nding of eggs of S. haematobium in the CNS without 
clinical sequelae is not rare; eggs appear to produce minimal or 
no histological reaction, in contrast to the production of infl am-
matory responses when laid elsewhere.113 The spinal cord is 
affected more often than the brain.113

Rare and curious lesions have been described, such as multiple 
S. haematobium egg deposition in the pericardium, causing a 
fi brous pericarditis,114 and the demonstration of an adult S. hae-
matobium worm in the choroid plexus.115

Bladder cancer and S. haematobium infection

Despite at least 14 reviews of the relationship between bladder 
cancer and S. haematobium infection published since the early 
1980s, the aetiological signifi cance of the parasite in the causation 
of this cancer remains a topic for argument.116

In Egypt, where S. haematobium has been hyperendemic for 
centuries and despite the fact that the prevalence and intensity of 
infection has decreased rapidly and substantially since the 1960s, 
cancer in a bladder infected with schistosomiasis occupies the 
primary rank among all recorded cancers.117

In certain other countries, for instance Iraq, coastal Kenya, 
Ghana, Malawi, Mozambique, Zambia and Zimbabwe, a consis-
tent association between the presence of S. haematobium and 
bladder carcinoma seems to exist. However, in Nigeria, South 
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Africa and Saudi Arabia, all countries with a moderate or high 
prevalence of S. haematobium, the association is not present: 
bladder cancer is no more frequent than in non-endemic 
countries.

When cancer is associated with urinary schistosomiasis, the 
tumour may occur at any site in the bladder, yet it rarely originates 
in the trigone, a frequent site of origin in non-Schistosomal 
cancers and the commonest site of ‘sandy patches’ and heavy egg 
deposition.

Schistosomal bladder cancer occurs in an age group signifi -
cantly younger than that in which cancer occurs in non-
Schistosomal areas. In the Nile delta, where men do most of the 
agricultural work, which involves repeated exposure to cercaria-
infested waters, the ratio of male : female bladder cancer with 
histological evidence of past Schistosomal infection is as high as 
12 : 1, whereas the sex ratio among those with no such evidence 
approximates the 4 : 1 ratio seen in the UK.118

The histopathology of cancer in association with schistosomia-
sis is dominated by squamous cell tumours, in contrast to the 
commoner transitional cell carcinoma encountered in non-
Schistosomal areas.118,119

Most squamous cell cancers in Schistosomal bladders are 
fairly well differentiated, largely indolent and localized, spreading 
directly through the bladder wall with late and infrequent lym-
phatic spread. Bloodstream metastasis is rare. This picture con-
trasts sharply with that of transitional cell carcinoma.

Bladder cancer has been produced experimentally in monkeys 
and baboons infected with S. haematobium,120,121 species not 
known for the common occurrence of bladder tumours. However, 
two large consecutive autopsy studies conducted in Cairo showed 
no differences of signifi cance in the frequency or type of urothelial 
malignancies in patients with or without urinary schistosomia-
sis.95,96 Several mechanisms have been suggested to explain the 
suspected role of S. haematobium in bladder cancer, none of which 
is proven; for example, fi brosis induced by schistosome eggs may 
induce proliferation, abnormal hyperplasia and metaplasia, all 
possible precancerous changes, in epithelial cells; chronic urinary 
bacterial infection and the production of nitrosamines (well-
known bladder carcinogens) from their precursors in urine; 
urinary stasis allowing concentration of endogenous carcinogens 
leading to their absorption from urine and exposure of the bladder 
epithelium; raised urinary β-glucuronidase levels originating from 
miracidia and adult schistosomes liberating carcinogenic amines 
in urine.122

In summary, carcinogenic change associated with S. haemato-
bium occurs only after many years of infection. The Schistosomal 
infection is considered to be a tumour promoter, potentiating 
carcinogenesis, rather than a direct inducer. The various co-
factors necessary for malignant neoplasia are not known with 
certainty.123

However, arguments against an association between urinary 
schistosomiasis and bladder cancer still remain.124 Possibly, the 
next few decades will provide clarifi cation of the relationship. 
Large-scale population-based chemotherapy directed at the control 
of morbidity would be expected to lower cancer incidence rates 
in the most badly affected endemic countries, and studies to this 
end are in place in Egypt. The critical problem will be the acquisi-
tion of accurate and acceptable population-based incidence esti-
mates of bladder cancer.

Should this prove to be the case, it will validate the most pen-
etrating report to date on the relationship between S. haematobium 
and bladder cancer from the International Agency for Research 
on Cancer125 (IARC), which concluded that there is suffi cient 
evidence in humans for the carcinogenicity of infection with 
Schistosoma haematobium and arrived at the overall evaluation 
that infection with Schistosoma haematobium is carcinogenic to 
humans.

S. mansoni

A range of chronic lesions is found, from scattered granulomas of 
the intestinal tract to gross hepatic periportal fi brosis (Symmer’s 
pipe-stem fi brosis; bilharzial clay-pipe stem fi brosis).

Focal granulomas and fi brosis may occur in any part of the 
intestinal tract, most frequently in the rectosigmoid colon because 
the preferred habitat of adult S. mansoni is in the tributaries of the 
inferior mesenteric vein. These lesions rarely lead to gross clinical 
symptoms. Pathology in the small bowel is not as severe as that 
in the large gut, even though in late-stage infections, particularly 
in Egypt and Brazil, there was a shift in egg deposition from the 
colon to the small intestine at autopsy.126

Colonic polyposis, a syndrome peculiar but not exclusive to 
Egypt, occurs in young patients and is related directly to the inten-
sity of infection. The colon and rectum are the sites of multiple 
pedunculated polyps with associated mucosal swelling, hyperae-
mia and oedema. The concentration of eggs within the polyps is 
much higher than at other sites in the intestine. The clinical 
accompaniments are signifi cant blood and protein losses produc-
ing anaemia, chronic diarrhoea, tenesmus and a protein-losing 
enteropathy.

Occasionally pseudotumours of Schistosomal eggs surrounded 
by extensive fi brous tissue occur in S. mansoni infection and are 
termed ‘bilharziomas’. Sites of predilection are the omentum, 
mesenteric lymph nodes, paracaecal region and infrequently the 
wall of the gut. Occasional and rare reports appear in the literature 
relating intestinal obstruction caused by chronic Schistosomal 
infection.126

Schistosomal granulomas in bowel and liver are illustrated in 
Figures 82.11 and 82.12.

Hepatosplenic schistosomiasis

The major, and undoubtedly the most important, complication 
of chronic S. mansoni infection is periportal hepatic fi brosis; 
because the basic pathology is sited in and around the portal tracts 
and the hepatic parenchyma is normal in uncomplicated cases, 
the term cirrhosis is inappropriate. A cut section of the liver, which 
may or may not be enlarged, shows macroscopic wide bands of 
fi brosis around portal tracts, resembling the stems of a number 
of clay pipes (see Figure 82.19). The surface of the liver may 
be smooth, granular or nodular. Between portal fi elds, the 
hepatic parenchyma does not exhibit the nodularity of Laënnec’s 
cirrhosis.

Deposited eggs produce granulomas with surrounding infl am-
matory infi ltrates in the connective tissue that surrounds the 
hepatic veins, proximal to presinusoidal vessels. Affected portal 
tracts become blocked with granulomas and disorganized by 
infl ammation, fi brosis and pyelophlebitis.127 Eggs, an eosinophilic 
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infi ltrate, schistosomal pigment and/or organizing thrombi are 
found. The accumulation of egg granulomas around sites of block-
age leads to further portal enlargement, and simultaneously the 
hepatic arteries enlarge and push out new branching capillaries. 
Thus the presinusoidal portal hypertension produces a compensa-
tory arterial fl ow. Total intrahepatic blood fl ow remains within 
normal limits, with maintenance of hepatocellular integrity.

The diminished portal blood fl ow from portal hypertension is 
compensated for by the increase in hepatic arterial supply and the 
rich capillary arterial network around the portal branches which 
communicates with the portal vein127 there remain unexplained 

discrepancies between clinical and pathological interpretations of 
the arterial origin of the hepatic capillary network.128 Hepatic 
fi brosis results from the accumulation of collagen129,130 and may 
originate in the proliferation of collagen-synthesizing cells, 
increased synthesis by existing cells or defi ciency in collagen deg-
radation. In experimental animals, the amount of collagen in the 
liver increases in parallel with egg granuloma formation. In human 
hepatic schistosomiasis, there is increased collagen content and 
marked collagen synthesis in wedge liver biopsy material when 
compared with control tissue. The natural course of pure peripor-
tal fi brosis is slow and is termed ‘compensated’ because liver cell 
function tests show only slight abnormalities, if any. Over time, 
the consequences of portal hypertension with splenomegaly and/
or variceal haemorrhage, with or without ascites, appear, although 
hepatic decompensation does not develop until an advanced stage 
of the process. In countries where there is a high prevalence of 
viral hepatitis (hepatitis B, C, D or E), these may co-exist with 
hepatosplenic schistosomiasis, and the clinical progression of 
decompensated hepatic fi brosis presents a much more rapid prog-
ress because hepatocellular pathology is much more severe than 
in the ‘pure’ state of Schistosomal hepatic fi brosis.

Spleen

Splenomegaly is the usual accompaniment of hepatic schistoso-
miasis and is due to portal venous hypertension, chronic passive 
congestion and reticuloendothelial hyperplasia. Focal infarcts and 
trabecular haemorrhages may occur and the spleen is tough and 
fi brotic. Hypersplenism may produce pancytopenia or leucoeryth-
roblastic anaemia. The spleen may become enormously enlarged 
(Egyptian splenomegaly or Banti’s syndrome in the older 
literature), as in kala-azar (visceral leishmaniasis) or the myelo-
proliferative syndromes. Lymphomas have been reported 
occasionally.131

Lungs and heart

Pulmonary hypertension caused by granulomatous pulmonary 
arteritis originating from large-scale embolization of eggs is com-
monly the result of hepatic pipe-stem fi brosis with extensive por-
tocaval shunts occurring in S. mansoni or S. japonicum infections. 
This may produce Schistosomal cor pulmonale. Strangely, and 
despite a direct access to the lungs via the inferior vena cava, cor 
pulmonale occurs less frequently in pure or mixed S. haematobium 
infection than would be anticipated. There are fewer reports of cor 
pulmonale in S. japonicum than in S. mansoni infection despite the 
similar pathogenetic mechanisms.132

Granulomatous infl ammation occludes distal pulmonary arte-
rial branches and eventually produces a rise in pulmonary arterial 
pressure with right ventricular hypertrophy and strain; the smaller 
arterioles show fi brointimal sclerosis; fi brinoid necrosis and angi-
omatoid formation is widespread in alveolar tissue. This com-
plication arises in long-standing cases of heavy infection and 
presents clinically as congestive heart failure arising in chronic cor 
pulmonale.

Kidney

Renal lesions (Schistosomal nephropathy; glomerulonephritis), 
consisting of deposition of immune complexes of host immuno-

Figure 82.11 Schistosomal granuloma (S. mansoni) of bowel. The 
structureless mass at the centre is an egg.

Figure 82.12 Schistosomal granuloma (S. mansoni) in liver. The 
structureless mass at the centre is an egg. (Courtesy of B. H. Kean.)
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globulins with adult worm or egg antigens in the glomerular 
mesangium and basement membrane, occur in S. mansoni infec-
tion. A variety of glomerular lesions has been found at autopsy 
in hepatosplenic patients.132 Mild proteinuria is common in S. 
mansoni infection, and in hepatosplenic cases progressive nephrop-
athy leading to renal failure occurs in a small proportion, although 
the clinical course is slow and the greater risks are from the hepatic 
complications.132

Amyloidosis has been demonstrated in renal biopsy material 
from patients with the nephrotic syndrome and schistosomiasis 
in Egypt.133

Egg deposition in the kidney is rare and is not thought to be 
responsible for serious renal pathology.

Central nervous system

Various forms of ‘neurological schistosomiasis’ occur in in-
fections due to S. mansoni, S. japonicum and S. haematobium. Yet, 
in view of the global total of infected people, CNS localization is 
rare. Eggs of all three species have been found in the brain and 
spinal cord, and adult worms have been demonstrated at various 
sites.

‘Cerebral’ schistosomiasis has traditionally been associated 
with S. japonicum infection, but eggs of S. mansoni and S. haema-
tobium have also been found in the brain, rather more frequently 
with S. mansoni. The route of infection is thought to be via Bat-
son’s valveless intervertebral plexus or by arterial egg embolism.134 
Eggs may be present in the CNS with little or no histological reac-
tion and, in a randomly selected series of hepatosplenic cases of 
schistosomiasis coming to autopsy, one-quarter had S. mansoni 
eggs in the brain;134 these cases may be symptom free.

Myelopathy with various motor and/or sensory presentations 
occurs, more commonly in S. mansoni than in S. haematobium 
infection, and cord transection with paraparesis is well known. 
Not infrequently, spinal cord schistosomiasis is recognized in the 
acute toxaemic stages that occur in tourists and transient visitors 
to endemic areas on their return to temperate climates after a short 
tropical stay.

Other ectopic lesions

Cutaneous lesions due to S. mansoni are rare, although papular or 
nodular lesions at different sites are known.

In Egypt, genital lesions are commonly found at autopsy. Pla-
cental schistosomiasis has been reported from Brazil.135

S. japonicum

The intestinal and hepatic lesions of S. japonicum are in general 
similar to those occurring in S. mansoni infection but with several 
specifi c differences. The primary lesion is a T cell-mediated granu-
loma formation around the eggs, but modulation of the granu-
loma size is largely antibody mediated, whereas in S. mansoni 
infection cell mediation is the dominant mechanism.

The adult worms are located in the branches of the inferior 
mesenteric vein and in the superior haemorrhoidal vein136 and an 
adult female deposits 1000–3500 eggs/day in highest density in 
the large intestine and, in descending order, in the rectum, sigmoid 
and descending colon. The small intestine is relatively lightly 
infected.

Knowledge of the pathological anatomy (gross and micro-
scopic) of S. japonicum lags behind that of S. mansoni infection 
because autopsy studies are fewer; are currently seldom performed 
in the countries endemic for S. japonicum; and, in the broad public 
health sense, schistosomiasis has been declining progressively as 
a cause of death for some decades.132,137,138

Gastrointestinal lesions in experimental animals are focal and 
isolated, and are interspersed with normal bowel. Segmental 
lesions occur in humans and multiple lesions are common, 
including mucosal hyperplasia, pseudopolyposis, ulceration and 
thickening of the intestinal wall.

Gastric schistosomiasis is seen frequently in surgical or biopsy 
specimens. Subclinical cases are probably common but unrecog-
nized, owing to non-diagnostic symptoms and insensitive diag-
nostic techniques.

Macroscopic hepatic changes in the chronic phase parallel 
those in S. mansoni infection. The liver is frequently enlarged with 
an irregular surface. On cross-section, the characteristic wide 
bands of fi brous tissue surrounding the larger portal tracts are seen 
and Symmer’s periportal (clay-pipe stem) fi brosis is found at 
autopsy. Microscopically, the picture is one of chronic pseudotu-
bercles with chronic infl ammation, cellular infi ltrates around eggs, 
extensive fi brosis and neovascularization in the portal tracts. The 
accompanying manifestations of portal hypertension (i.e. spleno-
megaly with or without gastrointestinal varices, with or without 
bleeding) are to be anticipated.

Although S. japonicum eggs are often found in the lung and 
obliterative pulmonary arteritis is similar to that seen in S. mansoni, 
clinical cor pulmonale has not been reported as in S. mansoni 
infection.

In contrast to S. mansoni and S. haematobium, the brain is more 
commonly affected in S. japonicum infection, although spinal cord 
involvement appears to be less frequent. The cerebral lesions are 
held to be caused by intracranial egg deposition or embolism via 
a vascular route.

In the fi rst half of the twentieth century, Schistosomal dwarfi sm 
with retardation of growth and sexual development was recog-
nized as a not uncommon occurrence in China. This syndrome is 
rare in modern times.

Cancer and S. japonicum infection

Epidemiological studies have not demonstrated any direct rela-
tionships between gastric cancer and S. japonicum infection.132

The situation regarding a relationship between colonic or rectal 
cancer and S. japonicum is much more complex. Case-control 
studies in China and the Philippines, and an epidemiological 
cross-sectional survey in China, have suggested both positive and 
negative associations. One case-control study in China showed a 
strong association between S. japonicum infection and rectal cancer 
but no association between colonic cancer and a history of S. 
japonicum infection.132 No defi nitive conclusions can be reached 
from the studies to date. Improved designs of further studies are 
essential for clarifi cation.

A similar position exists regarding the presence or absence of 
a relationship between primary liver cell cancer and schistoso-
miasis. The ubiquity of hepatitis B infection, a known precancer-
ous condition, in areas endemic for S. japonicum, has complicated 
study designs. Again, the correlation is speculative. The authorita-
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tive IARC monograph125 concluded that there is limited evidence 
in humans and experimental animals for the carcinogenicity of 
infection with S. japonicum, although the overall evaluation was 
that infection with S. japonicum is possibly carcinogenic to humans. 
Simultaneously the evaluation concluded that infection with S. 
mansoni is not classifi able with regard to its carcinogenicity to 
humans.

S. mekongi

Although the clinical manifestations of S. mekongi infection are 
similar to those of S. japonicum, the morbidity and pathology 
resulting from the former is compounded by the presence of 
Opisthorcis viverrini in areas endemic for S. mekongi. Objective 
descriptions of detailed pathology in humans are lacking.

S. intercalatum

The distribution of S. intercalatum is restricted in 10 countries in 
central and west Africa, and more information exists on experi-
mental infection than does pathological description.139

The disease is mild, and in proctoscopy in hospital inpatients, 
the rectal and colonic mucosa was considered abnormal in 47 out 
of 85 patients. Non-specifi c lesions predominated: mucosal con-
gestion, oedema, bleeding and/or ulceration. In liver biopsies, 
granulomatous lesions, of a size smaller than those seen in S. 
mansoni infection, were seen in the portal tracts. Tissue reaction 
to eggs was slight or absent in some patients. No portal hyperten-
sion was seen.139,140–148

The newly described S. guineensis, the only schistosome species 
on the island of Sao Tome, has been shown to produce ‘pipe stem 
type’ hepatic portal septal fi brosis and genital involvement. Other 
pathological sequelae are currently under investigation. It is sus-
pected that hybridization with S. intercalatum occurs. The parasite 
is susceptible to treatment with praziquantel but may require 
increased dosage or courses of chemotherapy.25

A Global Burden of Disease Study attributed a low disability 
weight, based on disability adjusted life years (DALY). Yet a pen-
etrating meta-analysis produced evidence of signifi cant associa-
tions between human Schistosomal infections and diarrhoea, 
abdominal pain, fatigue in addition to having total defi cit, under-
nutrition and reduced exercise tolerance. Many of these presumed 
indirect effects of schistosomiasis cannot be directly compared 
with the classical well-known sequelae of chronic infections but 
led the authors to conclude that the ranking of schistosomiasis in 
the Global Burden of Disease study should be up-graded to a 
surprising extent. Proof of indirect disease association is not yet 
forthcoming but general expert opinion remains that the infection 
is underrated, in addition to the well-known direct pathological 
sequelae.

CLINICAL FEATURES

General

To the clinician, particularly in the tropics, schistosomiasis can be 
a frustrating infection. With the exception of haematuria in urinary 
schistosomiasis, there is no one diagnostic symptom or sign; even 

the commonly described various symptoms and signs are rarely 
pathognomic. Schistosomiasis is a collection of infections of 
protean manifestations.

Whereas clinical medicine is taught in the context of classical 
descriptions of symptoms and signs, these were, in the past, culled 
from classical and advanced cases. This is rarely the rule in prac-
tice, for classical and advanced cases represent only a small 
proportion of an extensive frequency distribution of clinical syn-
dromes. ‘Classical’ cases of schistosomiasis are in a minority: 
many patients have non-specifi c symptoms and many are symptom 
free or ignore their symptoms, and infection is discovered only on 
purposive surveys or during investigation for some unrelated com-
plaint. This is due to the biological phenomenon of the overdis-
persed distribution of parasites within hosts; this aggregated 
distribution means that, in any population of hosts, there exists 
only a small proportion of ‘heavy’ infections with ‘typical’ symp-
toms, and the majority of cases are moderate or light infections 
with a corresponding freedom from symptoms – or even a com-
plete lack of symptoms.

While it is useful to consider schistosomiasis within the ‘clas-
sical’ stages of the life history – i.e. cercarial invasion, transforma-
tion of schistosomula and maturation of adults, established 
infection, late stages and complications – in an attempt to link 
clinical pointers to these stages, it should be realized that the 
stages merge into one another and are rarely clearcut, especially 
in endemic areas in those who are semi-immune. Non-immune 
visitors to endemic areas or transients who become infected often 
provide a clearer clinical description than residents of endemic 
zones.

Syndromes common to all schistosome infections

Cercarial dermatitis

Seldom, if ever, described in indigenous inhabitants of endemic 
areas, especially in Africa, and only rarely in non-immune visitors, 
cercarial dermatitis occurs more commonly on exposure to avian 
cercariae where symptoms are more intense than in cases exposed 
to human Schistosomal cercaria-infested waters.

Arising within a few minutes of exposure and receding within 
24–72 h, itching (pruritus) of the skin is the prime symptom, 
accompanied in some cases by erythema and/or a papular erup-
tion. The condition can occur after exposure to any of the fi ve 
common schistosomes infecting humans.

Acute Schistosomiasis

Also termed acute toxaemic schistosomiasis, Katayama syndrome 
or Katayama fever, after the Katayama region in Hiroshima pre-
fecture, Japan, where it was originally described, this acute illness 
can be found after exposure to any of the schistosomes infecting 
humans but is most marked in primary infections in non-immune 
individuals.

Recent reports from China indicate that this acute syndrome 
due to S. japonicum is not limited to uninfected individuals living 
in an endemic area at the time of fi rst exposure, but may occur 
even in those with an active chronic infection or in persons with 
a recent history of infection and documented treatment and 
cure.132
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In the acute syndrome due to S. mansoni infection, a diminu-
tion in transmission produced by control measures has led to a 
relative increase in reports of acute cases, and this phenomenon 
has been observed in Puerto Rico and Venezuela.

Acute schistosomiasis is much less commonly reported for S. 
haematobium infection and there are no data on its occurrence with 
S. intercalatum or S. mekongi.

As the incubation periods of the different schistosome infec-
tions are not known accurately and have been the subject of 
numerous estimates, only broad descriptions of the time phases 
of the occurrence of the syndrome after initial cercarial exposure 
can be given.

In S. japonicum infection, the mean period between exposure 
and the onset of fever in 105 people with no previous history of 
infection and with only a single day’s exposure to cercaria-infested 
water was 41.5 (range 14–84) days.132 For S. mansoni, the incuba-
tion period of the Katayama syndrome ranges from 4 to 87 days, 
but is generally between 3 and 7 weeks.126

Surprisingly short incubation periods may be encountered 
in non-immunes who became infected in endemic areas. For 
example, within 35 days of returning from Botswana, symptoms 
occurred in 12 of 13 US travellers with a history of water contact; 
symptoms lasted for 1–30 (mean 8) days, and 9 of 11 had eggs 
of S. mansoni in the stools during the symptomatic period.142 Three 
Dutch non-immunes infected in Mali developed illness within 
1–4 weeks of exposure and all had eggs of both S. mansoni and S. 
haematobium in the stools at 12 weeks.

The clinical picture is one of an acute pyrexial illness; continu-
ing fever is a prime characteristic; the patient feels ill and may 
have rigors, sweating, general myalgia and headache. An urticarial 
skin rash may appear and lymphadenopathy or other non-specifi c 
signs may occur. Anorexia, nausea, abdominal discomfort and 
loose stools or diarrhoea, sometimes with blood and mucus, are 
not rare. The liver is frequently slightly enlarged and tender, and 
a slightly enlarged spleen occurs in about one-third of patients.

A cough with, on physical examination, dry or moist rales, is 
frequent, and an intense eosinophilia is almost invariably 
present.

Cerebral symptoms may appear and the occurrence of spinal 
cord syndromes or suggestive initial symptoms is an indication 
for urgent investigative measures.

Established infections

S. haematobium (urinary schistosomiasis)

With the proviso that many patients will have minimal symptoms, 
the cardinal complaint is recurrent painless haematuria. Other 
urinary tract symptoms may precede or be associated, for instance 
burning on micturition, frequency, suprapubic discomfort or 
pain. Bladder involvement may lead to precipitancy, dribbling 
or incontinence. In fact, in an endemic area, any urinary tract 
symptom is an indication to explore for the presence of S. haema-
tobium. However, in many countries in Africa, in the young age 
groups and early teenagers, macroscopic haematuria may be virtu-
ally universal; in boys it provokes little comment and is regarded 
as a natural sign of puberty and an approach to manhood.

In the phase of established infection it is common practice to 
recognize two stages: (1) an active stage in children, adolescents 

and young patients, with egg deposition in many organs and egg 
excretion in the urine with proteinuria and haematuria, macro-
scopic or microscopic; and (2) in older patients, urinary egg excre-
tion is sparse or absent but extensive pathology has developed. 
Even in the later stages of obstructive uropathy, symptoms may 
be absent or minimal. Chronic bladder lesions may produce per-
sistent urinary dribbling and occasionally multiple fi stulas in the 
perineum, with the picture of the ‘watering-can scrotum’; this is 
also seen in areas of heavy transmission in children and young 
teenagers where exposure is maximal, but the phenomenon is 
much rarer nowadays than in the past, coincidental with the 
widespread use of chemotherapy at the peripheral and school 
level of healthcare.

Surveys have shown wide regional variation in co-existent bac-
teriuria; when present, the predominant organisms are E. coli, 
Klebsiella spp., Pseudomonas spp. and Salmonella spp.

In Egypt, recurrent Salmonella bacteraemia is a well recognized 
complication of S. haematobium infection. Patients with urinary 
schistosomiasis presenting with a recurrence of salmonellosis 
should fi rst be treated for the S. haematobium infection.143 In the 
later stages of obstructive uropathy, hydronephrosis may develop 
and cause renal parenchymal dysfunction which, added to urinary 
tract infection, leads to impaired kidney function.143 The ominous 
relationship between bilateral Schistosomal uropathy, bacteriuria 
with impairment of hydrogen ion excretion, non-functioning 
kidneys and death has been well described.144

S. intercalatum (intestinal or urinary schistosomiasis)

In comparison with S. haematobium or S. mansoni infection, clini-
cal symptoms of disease are commonly mild or absent in S. inter-
calatum infection and it is not regarded as a serious public health 
problem.145 Active infection is seen in children and adolescents, 
and pathology is detected only in those with egg excretion in 
excess of 400 eggs/g of faeces.

The usual clinical presentation is one of diarrhoea, often with 
blood in the faeces, and lower abdominal pain or discomfort. 
However, some patients may present with haematuria and, in a 
report from Nigeria, S. intercalatum eggs were found in the urine, 
but not in faeces, in 6% of the 1709 people surveyed.146 The 
known existence of natural hybridization between S. intercalatum 
and S. haematobium can produce atypical clinical pictures with 
ectopic localization of worms.147,148

S. mansoni, S. japonicum and S. mekongi 
(intestinal schistosomiasis)

The wide spectrum of clinical presentations has been emphasized 
in recent decades by the increasing use of community-based 
surveys as a tool of investigation, in contrast with the customary 
descriptions of infection and disease rooted in hospital patients. 
Many, if not the majority, of persons infected with S. mansoni or 
S. japonicum are symptom free or have minimal and non-specifi c 
symptoms, fi ndings again in agreement with the known epide-
miological and biological distribution of the parasite within the 
human host.

Clinical features are encountered in only a small proportion of 
patients with persistent or heavy infections. Intestinal disease is 
shown by a chronic or intermittent diarrhoea with blood in the 

Clinical Features
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stools, abdominal discomfort or pain and colicky cramps. Severe 
dysentery is rare but certainly does occur. Secondary symptoms of 
fever, weakness, fatigue, anorexia and weight loss are frequent.

In epidemiological surveys, there are signifi cant correlations 
between visible or occult blood in the stools, abdominal pain and 
diarrhoea.

Hepatomegaly, often of the left lobe, and splenomegaly are 
frequent accompaniments. In the later stages of infection, there 
occurs a chronic catarrhal state of the intestine with a swollen, 
granular mucosa and loose stools with blood and/or mucus or an 
intermittent dysenteric syndrome.

The primary complications of polyposis and hepatosplenic 
schistosomiasis have their own symptomatology; polyposis pro-
duces what is in effect a severe chronic dysentery with blood and 
protein loss. Intussusception and/or rectal prolapse may occur.

Hepatosplenic schistosomiasis, often remarkably symptom 
free, presents as upper abdominal discomfort, left upper abdomi-
nal pain or a swelling of the abdomen. Physical signs include a 
fi rm enlargement of the liver, often with splenomegaly. The spleen 
may become greatly enlarged, sometimes extending downwards 
past the umbilicus into the left iliac fossa, and may even at times 
fi ll most of the abdomen. Ascites may be present, but the classical 
signs of hepatocellular disease, spider-web angiomata, gynaeco-
mastia, palmar erythema, jaundice and alterations in hair distribu-
tion are not present in ‘pure’ Schistosomal disease. They may, 
however, be found where hepatitis B, C, D or E co-exist with 
Schistosomal periportal fi brosis and lead to post-hepatitic hepa-
tocellular damage. In advanced cases, endocrine changes can 
be found: growth retardation, infantilism, retarded bone age, all 
probably due to hypopituitarism. Amenorrhoea, early menopause, 
infertility and loss of libido have been attributed to a similar 
cause.132

A not uncommon primary presenting sign of hepato-
splenic disease in schistosomiasis is haematemesis from gastro-
oesophageal varices. This may occur without warning or may be 
preceded by a feeling of weakness or upper abdominal discomfort; 
patients have classical signs of acute blood loss with sweating, 
pallor, thirst, somnolence and a lowered blood and pulse pres-
sure. In many cases, melaena follows, and this acute episode may 
precipitate ascites and/or peripheral oedema. Fatalities may occur 
with the primary haemorrhage if treatment is not available; recur-
rent multiple haemorrhagic episodes are usual. Unless compli-
cated by hepatitis B, C, D or E, liver function and hepatic 
encephalopathy does not develop. Where mixed infections of S. 
mansoni or S. japonicum and the various hepatitis viruses co-exist, 
the downhill clinical course is correspondingly rapid and the 
typical signs of hepatocellular failure appear with, in parallel, a 
poor prognosis.

S. japonicum and S. mekongi

While infections with the oriental schistosomes follow a broadly 
similar clinical course to that of S. mansoni, several distinct differ-
ences emerge. In general, infection with S. mekongi is milder than 
that with S. japonicum. Hepatosplenomegaly is common but cere-
bral and cardiopulmonary complications are not reported.

In the past there have been more hospital-based clinical studies 
of S. japonicum than community-based investigations. Hence 
the clinical descriptions have been slanted towards advanced 

cases. In fact, at least half of patients infected with S. japonicum 
are asymptomatic. General symptoms, fatigue, weakness, non-
specifi c abdominal discomfort, and irregular bowel movements 
or intermittent diarrhoea are frequent. Chronic diarrhoea is said 
to be a common complaint and lower abdominal pain is a fre-
quent symptom.132

The later signs of hepatosplenic schistosomiasis evolve as do 
those of S. mansoni infection. Although Schistosomal dwarfi sm 
was not uncommon in China in the fi rst half of the twentieth 
century, it has become a rarity nowadays. Cardiopulmonary and 
renal complications are well known.

The main difference clinically is the occurrence of cerebral 
schistosomiasis in S. japonicum infection. Spinal cord involvement 
appears less frequently than with S. mansoni, but such generaliza-
tions are diffi cult, if not impossible, to confi rm scientifi cally.

In the acute phase of cerebral schistosomiasis, the presenting 
symptoms and signs are those of a meningoencephalitis, with 
pyrexia, headache, vomiting, blurred vision and disturbed con-
sciousness. In the established or chronic phase of the infection, 
several distinct neurological presentations are recognized; most 
common is epilepsy which may be generalized but is more fre-
quently Jacksonian in type; signs suggestive of a space occupying 
lesion or a stroke are also described. Advances in neuroradiology, 
with or without operational biopsy, are diagnostic.

DIFFERENTIAL DIAGNOSIS

In an infection of such diverse clinical manifestations it is scarcely 
surprising that schistosomiasis in any of its forms can be confused 
with many other disease processes. Acute schistosomiasis (Kata-
yama syndrome) must be differentiated from typhoid (leuco-
penia, no eosinophilia), brucellosis, malaria, leptospirosis and 
numerous other causes of pyrexia of uncertain origin (PUO). 
Pyrexia and eosinophilia occur in trichinosis, tropical eosino-
philia, visceral larva migrans and infections with Opisthorcis, 
Paragonimiasis and Clonorchis spp.

In the established stage, S. haematobium must be distinguished 
from haemoglobinurias, cancer of the urogenital tract, other infec-
tions such as acute nephritides, and rarer conditions such as renal 
tuberculosis with haematuria.

S. mansoni, with its common presentation of non-specifi c 
abdominal symptoms, may suggest peptic ulcer, biliary disease or 
pancreatitis; in such cases, symptoms disappear after specifi c anti-
Schistosomal treatment.

Lower abdominal conditions to be excluded are the various 
forms of dysentery, particularly amoebic dysentery, ulcerative 
colitis and non-Schistosomal polyposis.

The differential diagnosis of hepatosplenic schistosomiasis is 
wide and embraces all causes of hepatomegaly and splenomegaly, 
separately and combined. The marked splenic enlargement of 
portal hypertension due to periportal fi brosis must be distin-
guished from kala-azar (visceral leishmaniasis), certain of the 
chronic leukaemias or myeloproliferative syndromes, some of the 
haemoglobinopathies (e.g. thalassaemias) and the tropical sple-
nomegaly syndrome.

In endemic areas, schistosomiasis must always be considered 
as one of the causes of cor pulmonale and virtually any neuro-
logical presentation, but particularly the various forms of epilepsy 
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and the different types of myelopathy or spinal cord compression 
syndromes.

A sound knowledge of local or regional epidemiological pat-
terns of parasitic and other infectious diseases and a high index 
of diagnostic suspicion contribute greatly to the avoidance of 
diagnostic error.

DIAGNOSIS

A defi nitive diagnosis is made by the direct visual demonstration 
of the eggs of the parasite in body excretions or secretions, over-
whelmingly stool and urine (Figures 82.13–82.16); or alterna-
tively in material from rectal biopsy or biopsies from liver or 
surgically removed tissue. A sensitive direct diagnosis can also be 
made by hatching tests in which swimming miracidia originating 
from excreted eggs can be seen with the naked eye. This is an 
indication beyond doubt that the eggs are viable and have origi-
nated from living fertilized female schistosomes.

A recent addition to direct diagnostic techniques is the detec-
tion of schistosome antigens in serum or urine: circulating anodic 

Figure 82.13 Egg of S. haematobium. (Courtesy of Tropical 
Resources Unit.)

Figure 82.14 Egg of S. mansoni. (Courtesy of O. D. Standen.)

Figure 82.15 Egg of S. japonicum. (Courtesy of Tropical Resources 
Unit.)

Figure 82.16 Egg of S. intercalatum. (Courtesy of V. R. Southgate.)

antigen (CAA) and circulating cathodic antigen (CCA). These two 
glycoprotein circulating antigens associated with the gut of the 
adult worm are well characterized, are genus specifi c and their 
presence indicates active infection in persons by S. mansoni, 
S. haematobium or S. intercalatum. They are detected by enzyme 
immunoassay and have virtually 100% specifi city and very high 
sensitivity. Patently they offer new possibilities for epidemiologi-
cal and post-chemotherapeutic monitoring, but are expensive, are 
‘high technology’, need complex reagents and require standardiza-
tion and controlled trials before operational use in control pro-
grammes. At present, they are used at the research level in 

Diagnosis
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individual patients or in small groups149–153 (see Immunodiagno-
sis, below).

All other methods of diagnosis, whether clinical, immunologi-
cal, radiological (see Figures 82.17, 82.18), ultrasonographic (see 
Figures 82.19, 82.20) or endoscopic without biopsy, are essen-
tially indirect.

Direct diagnostic techniques

Parasitological diagnosis

No single optimal technique applicable to all situations exists. 
Most of the current techniques can be interpreted qualitatively or 
quantitatively depending on the diagnostic setting. Quantitative 
techniques are virtually always used in research, in experimental 
chemotherapy and clinical trials, in epidemiological surveys and 
in the evaluation of intervention measures.

In an individual clinical setting, it is customary to examine 
repeated specimens of excreta parasitologically (in practice, three 
specimens) before declaring a patient to be ‘negative’. Confi rma-
tion of a diagnosis by hatching tests demonstrates that the eggs 
are viable and an active infection exists; the fi nding of dead eggs 
only in the excreta is not an indication for chemotherapy.

Egg counting

The direct demonstration of eggs represents an enormous advan-
tage over all other diagnostic measures because specifi city is obvi-
ously maximal, yet a slavish belief in the absolute virtues of 
quantitative diagnosis is scarcely justifi ed. Egg counts are merely 
indirect estimates of worm loads; they vary in time and place and 
with technicians, and the assumed Poisson distribution of eggs in 
the excreta may not hold.154 Conclusions on chemotherapeutic 
effi cacy of drugs based on single post-treatment examinations 
should be viewed with cynicism; coeffi cients of variation of daily 
egg output are very high and in S. haematobium infections egg 
output is subject to a circadian rhythm: it peaks and is least vari-
able from 10:00 to 14:00 h.

Diagnosis of S. haematobium infection

Ova of S. haematobium are usually detected easily in the urine. A 
qualitative diagnosis is made by the microscopic examination of 
a sedimented or centrifuged urine specimen. Exercise before spec-
imen collection is unnecessary. Eggs of S. mansoni or S. intercala-
tum are found not infrequently in the urine. In one series, 15% of 
patients with a sole S. mansoni infection had ‘mansonuria’, but 
this is an unusually high rate.155

Nowadays, fi ltration techniques, giving a quantitative estima-
tion of egg excretion, have tended to replace simple sedimentation 
and/or centrifugation and are certainly the ‘norm’ in epidemio-
logical studies. Currently, urine samples are passed through fi lter 
paper,156 polycarbonate157,158 or a polyamide material159–162 by a 
variety of syringes or pumps. The principle common to all is that 
eggs are retained on the fi lter and can be counted with or without 
staining. Many different stains are in use and preferences are 
largely personal; eggs may be ‘stored’ in preservative or a preserva-
tive-stain mixture. As with all techniques, problems arise during 
fi eld usage. False epidemiological results may occur from loss of 

eggs during bulk transport of dried fi lter papers,162 and, in a small 
but signifi cant proportion, eggs are retained on polyamide fi lters 
(Nytrel) even after careful attempts to reuse them. As a general 
rule, any fi lter should be used once only and then discarded.

Diagnosis of intestinal dwelling schistosomes

In infections with S. mansoni, S. japonicum, S. mekongi and S. 
intercalatum, where eggs are excreted in the faeces, simple com-
minution of the stool and sedimentation before microscopy is a 
reliable diagnostic technique. Direct saline microscopy of stool 
has a very low diagnostic sensitivity owing to the small amount 
of the faecal sample examined.

Many concentration techniques have been described.163–167 All 
involve removal of fat, faecal debris and mucus, and of necessity 
require more sophisticated laboratory facilities. They fi nd their 
optimal use in the detection of ‘light’ infections where egg excre-
tion is of a low intensity or is intermittent.

In South Africa, a popular and effi cient technique for egg recov-
ery from stools in both medical and veterinary practice is based 
on twin nylon gauze fi lters and the use of water pressure to 
break up faecal material. Claims of high sensitivity have been 
advanced.168

Nowadays, the cellophane thick faecal smear, the Kato tech-
nique or one of its numerous modifi cations has become a stan-
dard diagnostic tool169,170 in both clinical and epidemiological 
studies. Essentially a semi-concentration-clearing-staining process, 
it is a simple microscopic method examining 20–50 mg of stool, 
depending on the template used, and is quantitative, thus permit-
ting the comparisons of internationally acquired data. It can be 
performed in the fi eld and may be used at the primary healthcare 
level. The prepared slide takes some time to clear; this varies with 
ambient temperature and humidity. Slides can be stored for at 
least 1 week, often longer, the time again being variable, so that 
assessments of technicians’ counts can be incorporated into a 
system of quality control. A further advantage lies in its use in the 
diagnosis and counting of eggs of many intestinal nematodes or 
cestodes (e.g. Ascaris lumbricoides, Trichuris trichuria, Taenia spp. 
and hookworms), although to assess hookworm egg excretion, 
counts must be made 15–30 min after slide preparation because 
hookworm eggs disappear after this period owing to solution from 
the Kato slides, and assessment is useless after 1 h. A historical 
fact of interest is that the original Kato technique was invented 
and adopted during the major national ascariasis control cam-
paigns conducted in Japan after World War II, directed against the 
public health problems existing in the country at that time. The 
exact details of the procedure must be calibrated for each working 
location, taking into account environmental variables, resources 
and locally available material and human skills. Disadvantages of 
the Kato technique are that watery or diarrhoeal stools cannot be 
processed and dietary habits may result in hard fi brous stools that 
are diffi cult to process. Additionally, there is a defi nite lower limit 
of sensitivity of 50–100 eggs/g of stool detectable by a single 
smear. Numerous variants of the technique exist and it is common 
practice to examine two or three subsamples of single faecal spec-
imen. Whichever technique is used, it is vital that the amount of 
stool examined, whether in a single examination or by a number 
of subsample examinations, should be reported so that valid com-
parisons can be made between areas.
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A variant of the thick smear technique for S. mansoni infections 
is the glass sandwich technique171,172 which has been used widely 
in the Sudan and Malawi. The technique requires no reagents and 
it has been suggested that it is more cost-effective than other 
similar quantitative methods. A small-scale experiment showed 
no signifi cant differences in egg recovery or in methods, readers 
or slides prepared from the same stool specimens and processed 
by either the Kato or glass sandwich technique.173 Further com-
parisons on a larger scale are needed, and a major disadvantage 
of this technique is that it is limited to use in restricted endemic 
areas; hence comparison of fi ndings with other endemic areas is, 
at present, invalid.

Miracidial hatching

Described originally by Fulleborn in 1921174 and in routine use 
in biological and chemotherapeutic studies for decades, it is sur-
prising that more attention has not been given to this technique 
in clinical medicine because hatching is generally accepted as the 
most sensitive of all parasitological methods in all forms of schis-
tosomiasis. The method remains essential for adequate post-
treatment evaluation in clinical trials. However, adaptation to 
fi eld studies has been uncommon because standardization and 
quantifi cation are more diffi cult than in techniques where eggs 
can simply be counted. Nevertheless, it is salutary to recall that 
diagnosis and follow-up of treated patients in the huge Chinese 
control programmes of the 1960s and 1970s were based on a 
‘nylon network running water sedimentation technique’, essen-
tially a fi eld-adapted miracidial hatching process.175,176

The relative ease of isolation of eggs from urine led to many 
more attempts to quantify hatching procedures in S. haematobium 
than in S. mansoni infections. As a rough estimate of the numbers 
of hatchable eggs, the miradiascope was used as a macroscopic 
technique routinely for surveys in southern Africa.177,178 More sen-
sitive and accurate hatching techniques have followed179,180 and 
further refi nements are appearing;181–184 undoubtedly the use of 
‘wet’ preparations has complicated fi eld standardization, but 
hatching retains its primacy as the most sensitive diagnostic tool 
in S. haematobium infections.

In S. mansoni infections, many variants of hatching techniques 
exist, some semiquantitative and all possessing high sensitiv-
ity.185,186 In S. japonicum endemic areas in China, miracidial 
hatching is widely and routinely used for both epidemiological 
surveys and as an indicator of parasitological cure after 
chemotherapy.132

Rectal biopsy

Used for decades as a simple direct diagnostic technique at the 
individual clinical level, rectal biopsy may be employed in addi-
tion to faecal examination and provides an effective way of visual-
izing eggs. Small biopsy specimens of mucosa are soaked in water 
and examined microscopically as a crush preparation. In the intes-
tinal dwelling species, egg viability can often be determined by 
observation of fl ame cell or miracidial movement within the egg-
shell. Biopsies may be taken from rectal valves via a crocodile 
forceps or with a curette and proctoscope, a much simpler proce-
dure; the mucosa is pulled over the end of the proctoscope and 
cut off with the curette.187

Ova of S. haematobium in rectal snips are usually non-viable 
and black.

In Brazil, the oogram technique (a quantitative rectal biopsy 
with division of eggs into developmental stages) is commonly 
used. If an oogram is used in addition to faecal examination in 
an assessment of the effects of anti-Schistosomal drugs, it can be 
confi dently predicted that estimates of ‘cure rates’ based solely on 
excretal examination will be considerably reduced.187

Other biopsy sites

As expected, schistosome ova are frequently found in other biopsy 
locations, such as the liver, bladder, cervix, vagina, perineum and 
skin, and indications for a biopsy of such sites lie at the individual 
clinical level.

Indirect diagnostic techniques

A high index of epidemiological suspicion with appropriate phys-
ical or radiological signs, seroimmunological assessment of anti-
body levels by a variety of assays and, in S. haematobium infections, 
the detection of red blood cells and protein in the urine in subjects 
in endemic areas all remain indirect diagnostic techniques.

Chemical reagent strips

Indirect diagnostic techniques are used most frequently in S. hae-
matobium infections. The application of chemical reagent strips 
(CRSs) in a semiquantitative fashion is highly useful as a diagnos-
tic surrogate in endemic areas of the disease; a positive result is 
interpreted as indicating active infection.

Reagent strips in current use have ranges of sensibility of 5–15 
red blood cells/mL and 0.015–0.03 mg of haemoglobin per 
100 mL urine. They use a peroxide compound and orthotolidine 
as a chromogen. The colour distinction between negative and the 
fi rst level of reactivity on the strips is well defi ned, and in the 
presence of blood, the colour indicators show distinct changes 
from yellow or pale orange to green or blue.188 False-positive reac-
tions occur in myoglobinuria and in the presence of bacterial 
peroxidases resulting from heavy bacteriuria, and inhibition of 
the reactions may occur if urinary ascorbic acid levels exceed 
10 mg/100 mL urine.

CRSs that measure levels of proteinuria semiquantitatively use 
tetrabromophthalein ethylester with a buffer. The colour discrim-
ination between negative and the fi rst level of proteinuria is, 
however, not well defi ned. Precise assessment of colour change 
from yellow-green to green-blue is diffi cult. False positives occur 
in alkaline urines or when quinine or a quinine derivative is 
present. False negatives have occurred in strongly acid urine with 
Bence Jones proteinuria and in urine containing predominantly 
γ-globulin.

Many experiences of the use of CRSs in areas endemic for S. 
haematobium189–192 have confi rmed the consistent and signifi cant 
correlation between reagent strip reactions indicating haematuria 
and/or proteinuria and increasing intensity of egg output.

Good predictive values resulting from high sensitivity and 
specifi city emphasize the limitations of conventional single micro-
scopic examinations at very low egg output levels and confi rm the 
validity of CRSs in detecting those with a ‘high’ egg output (i.e. 
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over 50 eggs/10 mL urine in this case).192 CRSs can be used in 
areas of both high and low transmission patterns and fi nd an 
optimal use in the detection of those with ‘heavy’ infections who 
are a priority for chemotherapy. The use of CRSs can be expected 
to increase at primary healthcare levels in programmes of morbid-
ity control in S. haematobium infection.

Immunodiagnosis

Serodiagnostic techniques are used for the detection of either 
specifi c antibodies or genus-specifi c antigens.

Antibodies to adult worm, schistosomular, cercarial or egg anti-
gens are detected by a multiplicity of procedures, including the 
various forms of enzyme-linked immunosorbent assay (ELISA), 
radioimmunoassay (RIA), indirect immunofl uorescence tests 
(IFAT), gel precipitation techniques (GPT), indirect haemaggluti-
nation (IHA), latex agglutination (LAT) and circumoval precipitin 
tests (COPT) that have superseded the older Cercarienhüllen reac-
tions (CHR) and complement fi xation tests (CFT).

In general, antibody detection techniques have been less useful 
to the practising physician and epidemiologist than the techniques 
of direct parasitological diagnosis. Their basic disadvantage is that 
they all point to past exposure to mammalian or, in rare instances, 
avian schistosomes without indicating the duration, activity or 
quantum of infection. Further disadvantages are an absence of 
globally agreed criteria of performance and standards; the neces-
sity for expensive equipment, costly or labile reagents; the need 
for skilled technical personnel; and the slow diminution of spe-
cifi c antibody level after treatment, thus reducing their value as a 
marker of chemotherapeutic success. Each laboratory in endemic 
or non-endemic areas has tended to use its own particular antigen 
and assay procedure. The WHO has conducted several collabora-
tive studies193,194 in attempts to improve the technology and to 
standardize both antigens and procedures. Agreement is not yet 
in sight. A most useful review of the present position has been 
produced.195

In striking contrast, very real advances have been made in 
antigen detection. Improvements in the production of monoclo-
nal antibodies have led to new diagnostic tests of CAA and CCA 
in serum and urine.

A recent review details the technological advances made in one 
leading research centre,196 compares the effi cacy of antigen detec-
tion with both parasitological and antibody determinations in a 
range of clinico-epidemiological situations, and summarizes the 
‘pros’ and ‘cons’ of these techniques. It appears that no single 
method can be optimal in all circumstances and the availability 
of laboratory facilities, the need for a rapid diagnosis and the local 
logistical frame, plus, of course, the overall costs, will determine 
whether antigen detection, antibody detection or parasitological 
examination will be dominant in practical usage. This seems to 
point to a north–south divide in the provision of laboratory 
facilities.

Radiology

As a form of indirect diagnosis, various radiological procedures 
(Figures 80.17, 80.18) for detecting morbidity from Schistosomal 
infection have long been in use in hospital practice and have 
included plain abdominal radiography to detect calcifi cation, 

intravenous pyelography to detect bladder and ureteral changes 
or obstructive uropathy, isotope renography, computed tomogra-
phy for cerebral schistosomiasis, myelography for suspected cord 
damage, and portal venography for hepatosplenic schistosomiasis 
with portal venous hypertensive changes. Complications, such as 
gastrointestinal bleeding, may require the use of specialized tech-
niques, such as abdominal ultrasonography, splenoportography 

Figure 82.17 Calcifi cation of the bladder in late S. haematobium 
infection.

Figure 82.18 Dilated ureters, calcifi ed bladder and hydronephrosis 
caused by Schistosoma infection. (Courtesy of D. M. Forsyth.)
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and nuclear isotopic studies of hepatic blood fl ow. The rapidly 
advancing techniques in radiology make this an area which is 
becoming a specialist zone.

The indications for a particular investigation lie at the indi-
vidual patient level and are the joint responsibilities of the physi-
cian and the radiologist.

Ultrasonography

Major changes in the diagnostic approach in individual patients 
and in the epidemiological assessment of morbidity in communi-
ties have occurred in parallel with the introduction and expanded 
use of ultrasonography (Figures 80.19, 80.20). The technique is 
non-invasive, simple, portable, has no biological hazard to the 
patient or the operator and either complements or is an alternative 
diagnostic method to many invasive techniques. With the excep-
tion of hydroureter, ureteral calculi and bladder calcifi cation, it 
has, in comparison with other diagnostic procedures, high speci-
fi city and sensitivity, is superior to physical examination in mea-
suring liver and spleen size, and is the best technique for grading 
Schistosomal periportal fi brosis, portal hypertension, hydrone-
phrosis, urinary bladder wall lesions and renal and bladder 
stones.197 An extensive review of technical and clinical experience 
is available.198

Following fi eld use of portable ultrasonography, particularly in 
Egypt, where it is widely used, an agreed protocol for standardized 
investigations and methods of reporting was produced by the 
WHO.199

It has been demonstrated in community studies that sono-
graphic lesions of periportal fi brosis in S. mansoni infection, with 
thickening of portal tracts and portal vein walls, correlated with 
the number of eggs in the stool.200 Fine measurements of hepatic 
pathology are possible and are superior to clinical examination.201 
Where available, ultrasonography should replace clinical grading 
and physical examination as a preferred method of assessing liver 
and spleen enlargement.202

Figure 82.19 Symmer’s periportal fi brosis in S. mansoni infection (Courtesy of Dr Ashraf Omar, Department of Tropical Medicine, Cairo 
University.)

Figure 82.20 Carcinoma of the bladder in S. haematobium infection. 
(Courtesy of Dr Ashraf Omar, Department of Tropical Medicine, Cairo 
University.)

Diagnosis

The sonographic patterns of Schistosomal hepatic fi brosis are 
characteristic and are distinct from those of other hepatic diseases. 
Schistosomiasis can now be distinguished from cirrhosis with 
confi dence.

Additionally, an ultrasonographic scoring system is of clinical 
use in the prediction of both oesophageal varices and the likeli-
hood of bleeding from them.203
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An interesting outcome of ultrasonographic studies has been 
the demonstration that S. haematobium can cause mild degrees of 
Schistosomal periportal fi brosis in an area where S. mansoni does 
not exist;105 this confi rms an observation, fi rst made in 1974 in 
Upper Egypt, that hepatosplenic disease caused by S. haematobium 
is a distinct entity.106

The use of abdominal ultrasonography to determine the 
decrease in morbidity following population-based chemotherapy 
programmes can be expected to grow dramatically.

MANAGEMENT

For no other parasitic diseases have there been such major advances 
in chemotherapy as have occurred since the 1960s, in the treat-
ment of schistosomiasis. The introduction and widespread use, at 
both the individual patient level and in large-scale community-
based operations, of the current highly effective, orally adminis-
tered, well tolerated, anti-Schistosomal drugs have provided 
physicians, epidemiologists and public health practitioners with 
therapeutic opportunities not in existence at the end of the 
1960s.

The primary objective of chemotherapy is cure of the individual 
patient by eradication of the infection (or the infection with 
two species) from which he or she suffers. Cure leads to cessation 
of egg deposition, the pathogenic agent in the tissues, and this 
prevents additional organ damage; existing lesions will, in the 
vast majority of cases, regress. In large-scale community-
based chemotherapy programmes, where compromises on dosage 
may have to be made to ensure a viable delivery system and 
optimal population coverage, the main aim is to reduce the com-
munity egg load and excretion by the greatest amount possible. 
Individual ‘cure’ may or may not occur; the community benefi ts 
as a whole by the blocking of the egg–miracidium–snail stage of 
the biological cycle, which reduces transmission by minimizing 
excretal pollution of water supplies and thus diminishes cercarial 
contamination of human water contact sites. Of even greater 
importance is the reduction of community morbidity caused 
by schistosomiasis; nowadays this can be measured and the 
success of interventions can be evaluated with some accuracy and 
precision.

Since the last edition of this book, major changes in the outlook 
for anti-Schistosomal chemotherapy have taken place.204 Whereas 
three anti-Schistosomal compounds were used globally and were 
all on the ‘WHO List of Essential Drugs’, the position now is 
totally different. Metrifonate has been withdrawn from the market 
and pursues, under a different nomenclature and with pharmaco-
logical refi nements, a role in the treatment of dementia.

Oxamniquine is available currently in only very few countries, 
but its manufacturer has assured the WHO that production will 
continue for the foreseeable future.

Praziquantel

Praziquantel is the drug of choice, and is effective against all 
schistosome species that occur in humans. It is also effective in 

the other snail-borne trematode infections – clonorchiasis, para-
gonimiasis and opisthorchiasis – and in infections due to the 
adult cestodes, Taenia solium, T. saginata, Hymenolepis nana and 
Diphyllobothrium spp. It is active against the secondary larval stages 
of T. solium in humans, dermal cysticercosis and neurocysticerco-
sis, but has little or no effect in ocular cysticercosis. Praziquantel 
is not active in the human secondary larval stages of Echinococcus 
spp. and is generally ineffective in Fasciola hepatica infections. 
There is no therapeutic activity in protozoan or nematode infec-
tions including the fi lariae.

Although dosage is standardized in large-scale epidemiologi-
cally based morbidity control programmes, there is frequently 
a variation in dose in the treatment of the individual patient. 
In fi eld programmes, a single oral dose of 40 mg/kg is effective in 
S. haematobium, S. mansoni and S. intercalatum infections. For S. 
japonicum infection, the dosages employed originally were a total 
dose of 60 mg/kg, given at 4-hourly intervals as three 20-mg/kg 
doses or two 30-mg/kg doses, but present fi eld practice, since the 
mid-1980s, has been to use a single oral dose of 40 mg/kg.

The usual total dose for S. mekongi is 60 mg/kg, although there 
is evidence that repeated treatment at this dosage may be neces-
sary for cure of this species.205–208

For treatment of individual patients with heavy infections with 
S. mansoni (over 800 eggs/g of stool), a total dose of 50 or 60 mg/
kg, given in two equally divided doses 4–6 h apart, may be needed; 
single doses are best given after food and, if possible, in the 
evening.

Patient tolerance is extremely good and virtually all trials have 
confi rmed the absence of toxicity in the liver, kidney, haemato-
poietic system, or other body organs and functions. However, 
minor side-effects do occur; those related to the gastrointestinal 
tract are epigastric or generalized abdominal pain or discomfort, 
nausea, rarely vomiting, anorexia and loose stools. These side-
effects are mild, transient and, even if their incidence is high, 
rarely if ever require medication. A rare event in patients heavily 
infected with S. mansoni or S. japonicum is the passage of blood in 
the stools after praziquantel treatment. The explanation is 
unknown; it occurs a few hours after dosage but recovery is rapid 
and without clinical sequelae.

Headache and dizziness may be encountered, as may fever, 
pruritus or a transient skin eruption, none of which is serious or 
lasting. Side-effects that occur in fi eld treatments tend to be more 
frequent in foci of intense transmission, and should not be used 
as an argument for reduction of the dose.

‘Cure rates’ are high; it can be expected that with the appropri-
ate dosage they will be around 80% in small groups. In large-scale 
fi eld operations, where supervision is of necessity less stringent 
and where total compliance may be diffi cult to ensure, rates of 
50–60% will be found when a single oral dose of 40 mg/kg is 
used; egg output reduction in those not ‘cured’ should exceed 90% 
of pretreatment output.

A disturbing trend has appeared in fi eld programmes of control 
in recent years. ‘Resistance’ or ‘tolerance’ to praziquantel has been 
claimed and documented on several occasions in the treatment 
and control of S. mansoni,209,210 and resistance can be induced in 
laboratory studies.211

Cure rates after praziquantel treatment in a new highly endemic 
focus of intense transmission of S. mansoni in northern Senegal in 
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the early 1990s were alarmingly low.212–214 However, a WHO con-
sultation decided that the intensity of transmission in this focus 
was such as to cause the initially observed low cure rates, because 
praziquantel is ineffective or at least less effective against maturing 
worms. In a new focus in non-immunes with a high intensity 
of transmission, these would be present in the majority of 
infections.

There is good evidence from Egypt that in the delta some 2–3% 
of patients were still excreting eggs after two or three praziquantel 
treatments. Some 20% of fi eld isolates showed a normal suscep-
tibility to praziquantel, but some of the remaining sampled iso-
lates required two to six times the normal dose to achieve a 50% 
reduction in worm numbers in laboratory studies. However, this 
reduced susceptibility was not increased upon repeated passages 
under drug pressure. Thus evidence exists that certain schistosome 
isolates or strains of the parasite are inherently less susceptible to 
praziquantel. Persistent monitoring and surveillance is obviously 
essential to detect the emergence of true drug resistance. The 
picture is not clear, and the story unfolds.209 In Egypt, follow-up 
of isolates in areas where praziquantel was used intensively in 
man indicated that the use of the drug has not resulted in a dra-
matic change in its curative effi cacy.210 These fi ndings confi rm the 
vital importance of a monitoring system – essential to detect the 
emergence of true resistance/tolerance. The recent introduction of 
a simple new technique for assessing praziquantel effect on mira-
cidia hatched from eggs may, if confi rmed in different species, 
offer an affordable surveillance device to predict praziquantel 
‘resistance’ or ‘tolerance’.215

Although this ‘resistance-tolerance’ phenomenon has been 
reported in human S. mansoni infections, no evidence exists at 
present of ‘resistance’ in S. japonicum or S. haematobium infections. 
Field trials of praziquantel treatment monitored over many years 
in China216 and in Kenya217 have produced consistent ‘cure rates’ 
year on year during annual treatments of both S. japonicum and 
S. haematobium infections. In the latter case, theoretical mathemat-
ical modelling suggested that the emergence of resistance might 
take some 7 years on an annual treatment coverage of 100% of 
an infected population. As this coverage is rarely, if ever, obtained 
in fi eld practice, where a range of 25–75% compliance is more 
usual, emergence of resistance may take 10–15 years.

Oxamniquine

A tetrahydroquinolone compound distantly related to hycan-
thone, oxamniquine is effective only against S. mansoni. In animal 
models, it proved inactive against S. japonicum and early trials in 
humans showed virtually no activity against S. haematobium or 
S. matthei.

In the animal studies, one peculiarity was that male worms 
proved more susceptible than female worms. Egg-laying by surviv-
ing females ceased in the absence of males after successful treat-
ment, thus removing the basic pathogenetic mechanism in S. 
mansoni infection.218,219

Oxamniquine is available as capsules of 250 mg or as a syrup 
containing 50 mg/mL, and is marketed as Mansil® in South 
America and as Vansil® in Africa. In the USA, capsules have a 
yellow body marked PFIZER 641 with a dark green cap marked 

VANSIL. The shelf life is 5 years for capsules and 3 years for the 
syrup.

Oxamniquine is used at all stages, from acute toxaemic to 
chronic and complicated S. mansoni infections, with good 
results.

Advanced S. mansoni infection with hepatosplenomegaly, 
portal hypertension and/or ascites responds well, and in Schisto-
somal polyposis there are great improvements in both the associ-
ated anaemia and protein-losing enteropathy.220–222

High cure rates (60–90% in different samples) are seen after 
oxamniquine treatment of uncomplicated S. mansoni infections.

From 1975 to 1979 oxamniquine was used in a major control 
campaign in Brazil, when some 5 million doses were given in the 
fi eld programmes with high cure rates and very good tolerance.223

The dose of oxamniquine varies with the geographical origin 
of the S. mansoni infection, the age and hence the surface area of 
the patient. In South America, adults are given 15 mg/kg of body 
weight as a single oral dose; in children 20 mg/kg is preferred, 
given in two divided portions each of 10 mg/kg with an interval 
of 4–6 h between doses. If practicable, the drug should be given 
after food or just before sleep.

With S. mansoni occurring on the African continent, only those 
with strains of West African origin are given the same doses as in 
South America. In Egypt, Sudan and southern Africa, a total dose 
of 60 mg/kg body weight is used, either as 15 mg/kg for 2 days or 
as 20 mg/kg once daily for 3 days. In East Africa, a total dose of 
30–40 mg/kg is given in a split regimen over 1 or 2 days.

In general, oxamniquine is well tolerated. There are virtually 
no contraindications but classes of patients exist who require close 
monitoring. Patients with a history of any form of epilepsy must 
be supervised for 48 h after treatment because a small number of 
epileptiform convulsions have been reported, as have generalized 
seizures after the drug, fortunately without sequelae and with 
clinical and electroencephalographic recovery.224

As with many other drugs, treatment should not be given 
during the fi rst 4 months of pregnancy.

Any patient whose occupation involves care of heavy machin-
ery or who is employed in the transport industry (e.g. pilots, 
truckers, dockers, crane drivers) should be placed off work for 
48 h after treatment.

Side-effects are uncommon; dizziness, drowsiness and head-
ache are most frequent but last for some 4–6 h only. Hallucina-
tions and a state of excitement are very rare events. Although 
abdominal discomfort, vomiting and diarrhoea do occur, there is 
no constant statistical correlation and, in practice, adverse effects 
have had no infl uence on compliance in fi eld programmes.

A harmless orange–red discolouration of the urine may occur 
but is transitory, and a syndrome of peripheral blood eosino-
philia, scattered pulmonary infi ltrates and increased immune 
complexes in serum with urinary excretion of Schistosomal 
antigens is known in Egypt but has not been described in other 
locations.225

An eosinophilia after treatment occurs commonly and is 
maximal in 7–10 days; it represents a reaction to dead or dying 
schistosomes. Changes in hepatic enzyme levels may be seen but 
no constant pattern exists.

In summary, oxamniquine is a highly useful drug for treatment 
of all forms of S. mansoni infection, including many advanced and 
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complicated syndromes. Resistance to oxamniquine is known in 
South America but is not yet a public health problem, as such 
patients are treated successfully with praziquantel.226

The future of chemotherapy

Regrettably, for economic reasons, there appears to be little 
possibility of major pharmaceutical industry investment in explo-
ration of new anti-Schistosomal compounds. Cost recovery in 
Third World endemic countries is highly questionable even disre-
garding the profi t motive. Thus the importance of monitoring 
control programmes for true ‘drug resistance’ cannot be overem-
phasized, although at present there are lamentably few such 
efforts.

The recent introduction of a simple new technique for assessing 
the effects of praziquantel on miracidia hatched from eggs may, 
if confi rmed in different species, offer an affordable surveillance 
device to predict praziquantel ‘resistance’ or ‘tolerance’.215

Myrrh

In Egypt, Mirazid, prepared from myrrh (Arabian or Somali), an 
oleo-gum resin from the stem of thorny trees (Commiphora motiviol 
Engier), containing 23–40% resin myrrhia was reported to possess 
anti-Schistosomal activity and has been used widely in rural 
practice. However, a multicentre trial of its effects in mice and 
hamsters with strains of S. mansoni of Egyptian, Puerto Rican 
and Brazilian origin failed to provide any worthwhile anti-
Schistosomal effects in contrast with praziquantel-treated animals 
which produced the usual effects.227 Furthermore, a well-
conducted clinical trial in the Egyptian Delta produced only a very 
low ‘cure rate’ when compared with praziquantel treatment in a 
randomized study.228 These results raised serious doubts on the 
anti-Schistosomal properties of myrrh and it cannot currently be 
considered as an addition to therapy.

Artemisinin derivatives (artemether, artesunate)

It is known that artemisinin derivatives, by killing immature 
worms, have preventive effects in S. japonicum infections in animal 
models.229,230 This action was confi rmed in humans in random-
ized double-blind placebo-controlled trials in China during recent 
fl oods, where the incidence and intensity of infection in endemic 
areas was reduced signifi cantly.231

Artemisinin, the active ingredient of the herb Artemesia annua, 
is a sesquiterpene lactone containing a peroxide bridge and was 
isolated in the 1970s. Several semi-synthetic derivatives have been 
generated and they are the most potent antimalarials currently 
available.

Activity against S. japonicum was discovered later in animals 
with highest effi cacy against schistosomula. Since artemether and 
praziquantel showed maximal activities against juvenile and adult 
worms, respectively, combinations of the two compounds were 
naturally suggested. Many randomized controlled trials of arte-
mether against S. japonicum were pursued in China and high 
protective effi cacy was observed.232,233 (Further details of schisto-
somiasis in China can be found in Acta Tropica, Volume 96, Issue 
2–3,234 a resource highly recommended for those studying this 
subject)

However, because artemisinin derivatives are one of the current 
mainstays in antimalarial chemotherapy and because endemic 
malaria and endemic schistosomiasis co-exist in numerous areas, 
especially in Africa, wider use of these derivatives must await the 
clarifi cation of several epidemiological and public health issues. 
There may be a risk of selecting schistosome strains less sensitive 
to praziquantel if artemether is given at an early stage after infec-
tion when maturing schistosomes are known to be insensitive to 
praziquantel. Furthermore, the effects of repeated doses of arte-
mether (or other derivatives) on the biology and local epidemi-
ology of malaria are as yet unknown. Further work remains 
to be done before these problems are clarifi ed in many areas 
of Africa.

Assessment of chemotherapy

Assessment of patients treated for schistosomiasis is conducted by 
repeated clinical observation, evaluation of symptomatic improve-
ment, and diminution or disappearance of physical, radiological, 
particularly ultrasonographic and endoscopic signs.

Direct parasitological examination of urine, stool or rectal 
biopsy is essential and should be performed on repeated (three) 
specimens of excreta at about 6–8 weeks and 4–6 months after 
treatment, by a selection of appropriate techniques detailed above.

Follow-up is simple if no reinfection risk is present; the expla-
nation of viable eggs in the excreta at 4–6 months is less clear in 
endemic areas where transmission persists. It may be due to a 
maturing prepatent infection unaffected by chemotherapy, a true 
reinfection or a therapeutic failure. It is not always easy to decide 
which event, or even combination of events, is responsible. 
Increased use of antigen detection techniques (e.g. CAA, CCA) 
offers real possibilities for clarifi cation of these problems.

Special clinical syndromes and management

Neurological schistosomiasis

The effi cacy and safety of modern anti-Schistosomal drugs has led 
to early treatment of encephalopathies, myelopathies or other 
spinal cord syndromes, reasonably suspected, even if not proven, 
to be due to schistosomiasis. This improves prognosis as cord 
damage in myelopathy is closely related to time of diagnosis.

An ELISA using keyhole limpet haemocyanin is said to distin-
guish between antibody responses in acute and chronic Schisto-
somal infection,235 and CAA can be diagnostic where eggs are not 
yet excreted. These two diagnostic techniques should be used 
when available; unfortunately they are, as yet, restricted to certain 
high-technology centres.

The use of corticosteroids remains controversial. Laminectomy 
is an important technique in acute paraplegia with spinal com-
pression or block, or in deteriorating clinical circumstances during 
conservative treatment.

In S. japonicum, suspected cerebral schistosomiasis should 
be localized with modern imaging techniques and treated 
with praziquantel, which is safe and effective. Computed tomog-
raphy demonstrates resolution of intracerebral masses, regression 
of cerebral oedema and the subsequent disappearance of epi-
lepsy.236 Appropriate neurosurgical supervision should be on 
hand.
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Acute toxaemic schistosomiasis (Katayama syndrome)

Early diagnosis of a suspicious clinical presentation can now be 
made with the keyhole limpet haemocyanin antibody assay and 
CAA antigen detection techniques. Disputes remain whether ste-
roids should be added to specifi c drug treatment with praziquan-
tel or oxamniquine, and the position has not yet been resolved. 
As a general principle, patients should be treated with praziquan-
tel, which is effective against all species.

Associated salmonellosis

The chronic bacteraemia due to Salmonella typhi or S. paratyphi is 
due to the attachment of the bacteria to the integument or in the 
gut of the adult schistosome. Although clinical response to anti-
biotics is good, bacteraemia will recur unless the underlying schis-
tosomiasis is treated. The therapeutic response to anti-Schistosomal 
drugs is good.

Associated hepatitis

Even if, in hepatosplenic schistosomiasis, there is serological or 
other evidence of an associated hepatitis B infection (or C, D or 
E), and activity of schistosomiasis is still present, it is worthwhile 
treating the latter with praziquantel.

Portal hypertension

Chemotherapy is but one part of patient care, as complications 
are mainly due to the mechanical obstructive pathology resulting 
from periportal fi brosis. Where eggs are still found in the excreta, 
treatment with praziquantel or oxamniquine is indicated and 
gives the usual response.

Gastrointestinal bleeding

Admission to a specialized centre is essential because that is where 
skills in assessment, immediate resuscitation, fi breoptic endos-
copy, balloon tamponade and/or endoscopic sclerotherapy are 
present. The treatment of this complication is beyond the scope 
of the general physician and is preferably a matter for specialists 
in this area of intensive care. Emergency portocaval shunts have 
fallen into disrepute as a high proportion of operative deaths may 
occur and, in the survivors, there is frequently a loss of shunt 
patency and/or encephalopathy. A selective distal splenorenal 
shunt has been claimed to offer a lower haemorrhage recurrence 
rate and an improved survival rate.237

The clinical application of β-adrenergic blockade using non-
selective β-blockers (e.g. propranolol) for the prevention of an 
initial gastrointestinal haemorrhage in either cirrhosis or portal 
hypertension from Schistosomal periportal fi brosis is ambiguous. 
It is not yet clear which clinical variables are the best predictors 
of response to β-blockers.

In endemic rural areas, the major diffi culty is diagnosing the 
presence of oesophageal varices in the absence of a history or an 
actual bleed, for the necessary diagnostic facilities are not there. 
Thus referral to a specialized centre possessing the essential facil-
ities is the optimal, if Elysian, form of management.

Schistosomiasis without eggs

This title describes cases where no ova can be found on investiga-
tion but there exists a high index of clinical suspicion of Schisto-
somal infection, usually based upon an epidemiological history 
of exposure, existing cases in fellow members of a group, an unex-
plained eosinophilia in a presenting suspect and/or a suggestive 
or suspicious seroimmunodiagnostic test result.

In areas endemic for S. haematobium, the presence of a positive 
test for microhaematuria on CRS examination is taken as indica-
tive of infection.

Again, the simplicity of use of modern drugs has clarifi ed many 
diffi cult diagnostic situations and frequently treatment is under-
taken on ‘suspicion alone’, a practice justifi able only when exhaus-
tive efforts to reach a parasitological or serological diagnosis have 
failed.

Detailed monographs on the properties of anti-Schistosomal 
drugs and their use in clinical and fi eld practice have been 
produced.238–241

PREVENTION AND CONTROL

Both prevention and control depend on an area-specifi c, species-
specifi c and epidemiologically-specifi c mixture of intervention 
methods. The characteristics of endemic areas, the transmission 
patterns, the infecting parasite species and strains, the intermedi-
ate snail host(s), the availability or otherwise of water supplies 
and sanitary facilities, the behavioural customs of the human 
communities, especially their water contact patterns and above all 
the socioeconomic background, all contribute to a multiplicity of 
interactions to produce a vast mosaic of transmission and epide-
miological pictures. An accurate diagnosis of all of these variables, 
quantitative when possible, is necessary before entering into pre-
vention and control programmes. The aims of both prevention 
and control are:
1. The reduction in the number of eggs excreted from infected 

people reaching waters harbouring the intermediate snail 
host(s); this is dependent on health education, the provision 
and use of adequate sanitary facilities, and specifi c anti-
Schistosomal chemotherapy for infected communities and 
individuals.

2. The reduction in the probability of miracidial/snail contact; 
this relies on all factors in (1.), appropriate modifi cations of 
the aquatic environment and reduction of intermediate snail 
host numbers by application of chemical molluscicides or the 
use of suitable biological control means.

3. The reduction of cercarial densities, which will occur as a result 
of all of the preceding actions but overwhelmingly from the 
employment of molluscicides.

4. The reduction of the probability of cercariae locating a defi ni-
tive host, again due to the cumulative effects of all of the 
preceding factors plus the reduction of human water contact 
with infected water bodies by the provision of adequate 
domestic or peridomestic water supplies and the substitution 
of safe recreational water sites.

5. The reduction of the longevity of the adult worms in the 
human host, a function of chemotherapy.

Prevention and Control
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Multiple overlaps are obvious in these processes and, convention-
ally, stress in ‘prevention’ is directed towards health education and 
the provision of adequate water supplies and sanitation supple-
mented by environmental improvements. ‘Control’ is dominated 
by chemotherapy and molluscicides, yet integration of these inter-
ventions is essential for success and each endemic focus or region 
requires an individual clinico-epidemiological, zoogeographical, 
sociological and environmental approach based on the common 
principles listed above.

In the past, emphasis was given to ‘transmission control’, largely 
through repetitive mollusciciding. This was expensive; mollusci-
cides did not achieve total kills of snails and their eggs in opera-
tionally diffi cult terrains, and the techniques require skilled 
biologists and technical personnel. Epidemiological extrapolation 
of the successes of modern chemotherapy and the employment of 
simple low-cost diagnostic techniques led inevitably to a reap-
praisal of the strategy and tactics of control. Many schistosomiasis 
control operations operated through a single disease control mech-
anism are simply beyond the fi nancial and human resources of the 
great majority of endemic countries in Africa, where 85% of the 
global prevalence exists. A strategy of control has now evolved that 
stresses repetitive population-based chemotherapy, aimed at ‘mor-
bidity control’ rather than ‘transmission control’. It is implemented 
through the peripheral healthcare workers in the primary health-
care system adopted by all countries, and many successes have 
been documented that have been evaluated by epidemiological, 
parasitological and ultrasonographic tools.

Advances in control using population-based chemotherapy 
have been numerous. The philosophical and economic benefi ts 
of vertically based programmes have been laid out by Canning.242 
New initiatives are listed in a recent article.243 Two major pro-
grammes, the Schistosomiasis Control Initiative, funded by the 
Bill and Melinda Gates Foundation, currently operating in Uganda, 
Burkina Faso, Mali, Niger, Tanzania and Zambia, and the forma-
tion by WHO of a ‘Great Neglected Diseases Programme’ will 
stimulate further national control programmes. The basic founda-
tion of these programmes will use the spearhead of mass chemo-
therapy and will be applied, not only to schistosomiasis, but to 
soil transmitted helminths, lymphatic fi lariasis, onchocerciasis, 
and trachoma, all using appropriate chemotherapeutic agents. 
When prevalence and intensity of infection has been lowered to 
a satisfactory level, then it is hoped that residual disease will be 
dealt with through the Primary Health system – this has yet to be 
proven. Patently, integration of the attack phases of these opera-
tions is essential and a recent example from Nigeria, the largest 
sub-Saharan country, has pointed the way.244 The latest example 
of successful control using a chemotherapeutic spearhead is of an 
8-year programme in Cambodia where S. mekongi was attacked 
with mass chemotherapy with praziquantel and followed with 
mebendazole for soil-transmitted helminths. The success was 
attributed to political commitment even in a country with minimal 
resources.245 However, the naive supposition that chemotherapy 
alone will provide the defi nitive answer to schistosomiasis control 
is not substantiated. In such a multi-faceted socioeconomic, bio-
logical, human behavioural and clinical syndrome, ‘control’ cer-
tainly needs chemotherapy as a spearhead but also needs to be 
reinforced by such snail control measures as required by epide-
miological criteria. Reinfection after chemotherapy is a risk that is 
ever present against a background of unchanging socioeconomic 

conditions, because the constraints of achieving total population 
coverage with drugs and the less than absolute cure rates mean 
that egg deposition continues, albeit at a much lower level, and 
therefore transmission continues.

Add to this the diffi culties in environmental improvement, the 
provision of sanitation and water supplies and the deployment of 
continuing health education, and the ‘control’ of schistosomiasis 
implying a permanent cessation of transmission is clearly a Her-
culean task. Patently, the constraining factors are political and 
economic, not technical.

A summary of the current rationale for control and data on its 
employment are provided in the last two reports of the WHO 
Expert Committee.246

Mollusciciding

The use of molluscicides in the control of schistosomiasis is 
a highly specialized fi eld. Synthetic chemical molluscicides are 
virtually restricted nowadays to one compound, niclosamide 
(Bayluscide; Bayer) and, although other chemicals lethal to snails 
exist, their practical use is minimal. Although many molluscicides 
of plant origin are known,247 the eventual outlook for the isola-
tion, characterization, toxicological screening, large-scale produc-
tion and distribution of their active ingredients for use in endemic 
countries is blurred.

A useful specialist text on indications, technical use, applica-
tion in different habitats and evaluation of molluscicides has been 
produced by the WHO.248

Molluscicides will continue in use as one of the integral 
specifi c control tools, but techniques have changed markedly from 
the old ‘blanket application’ to a much more focused approach 
guided by the epidemiological criteria of high prevalence, high 
intensity and rapidity of reinfection rates in any particular focus 
or area of infection.

Vaccines and vaccination

The limitations of current control measures have changed the old 
aims of ‘transmission control’, with implied eradication after ces-
sation of transmission, to the current strategy of ‘morbidity 
control’, with an uncertain diminution of transmission but recog-
nition that some residual infection will continue.

These factors, added to the virtually unchanging socioeconomic 
circumstances in many countries, especially in Africa where 85% 
of current prevalence is found, and added to the recent explosion 
of new techniques in biotechnology, led to a huge rise in research 
aimed at the production of vaccines against the invasive stages of 
schistosomiasis or the pathology produced. While advances in 
molecular biology have led to the identifi cation and characteriza-
tion of an impressive number of schistosome antigens, progress 
in human vaccination studies has lagged behind those in animal 
models. One view emerging is that a vaccine, even with a long-
term protective effect, would probably be insuffi cient as a sole 
control mechanism but would need to be given in conjunction 
with chemotherapy and other control methods.249,250 The anti-
genic identities of the biologically active molecules selected as 
candidates for Schistosomal vaccine development are: a variant of 
the isoenzyme glutathione S-transferase (Sm28GST); paramyosin 
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(Sm97); an irradiation-associated vaccine antigen (IrV-5); the gly-
colytic enzyme triose-phosphate isomerase (TPI); and the mem-
brane antigen Sm23 and a fatty acid-binding protein (FABP) 14 
(Sm14).252 However, further testing of these six antigens in mice 
by two independent laboratories experienced in experimental 
schistosomiasis research showed that a stated modest goal of con-
sistent induction of 40% protection or better was not reached with 
any of the molecules tested.250

Currently, the only vaccine candidate molecule with what 
appeared to be satisfactory antigenic properties is a glutathione 
S-transferase (Sh28GST) in S. haematobium infections. Preliminary 
phase 1a safety trials in humans have been conducted in France 
and Senegal, and are leading to effi cacy studies. Results might be 
anticipated in 1–2 years’ time.251

The case for the sceptics of the feasibility or even utility of a 
vaccine in schistosomiasis has been argued recently and persua-
sively by Gryseels.252 It was pointed out that, apart from the 
complex technical problems to be met and solved, there were 
marked differences from the campaigns with vaccines against the 
childhood viral and bacterial diseases, and there were fundamen-
tal differences in the public health concepts involved.

While a vaccine programme of sequential steps of preclinical 
development, independent testing of antigens at all stages, human 
correlate studies, scale-up, subsequent fi eld trials and large-scale 
production has been initiated by the UNDP/World Bank/WHO 
Tropical Diseases Research Programme (TDR), many problems 
exist. There remain many unanswered questions on the immunol-
ogy of schistosomiasis and on the mechanisms of protection when 
it exists, and formidable challenges lie ahead regarding large-scale 
antigen production and the improvement of the current modest 
levels of protection achieved to date in animal models. A view of 
vaccine-linked chemotherapy is emerging from scientists in the 
fi eld and the arguments are laid out by Bergquist et al.250 but as 
yet they do not negate the necessity of a multi-faceted approach 
to control.

It has been estimated that a vaccine development and scale-up 
programme leading to market availability will take some 10 years 
– not dissimilar to a drug development schedule.253 It will be some 
years before vaccines in humans evolve from the present enthusi-
astic hopes to realistic practical usage in the fi eld, and the meth-
odological diffi culties in assessing their possible application in the 
numerous epidemiological mosaics of schistosomiasis transmis-
sion foci will be profound.
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Section 11 Helminthic Infections

Chapter 83 Paiboon Sithithaworn, Banchob Sripa, 
Sasithorn Kaewkes and Melissa Haswell-Elkins

Food-borne Trematodes

The liver fl ukes (Fasciola, Opisthorchis, Clonorchis), lung fl ukes (Para-
gonimus) and intestinal fl ukes (Fasciolopsis, Echinostoma, Hetero-
phyes) are important causes of human disease. Although these are 
commonly thought of as ‘tropical’ parasites, some species are not 
limited to hot climates. An extreme example is Opisthorchis felineus 
which is commonly acquired through the consumption of raw 
frozen fi sh in Siberia. The availability of freshwater fl ora and fauna 
and a preference for eating them raw or incompletely cooked are 
the most important factors determining their distribution in man.

All food-borne trematodes belong to the subclass Digenea. 
Digenean trematodes undergo sexual reproduction in their defi n-
itive hosts (e.g. human or mammals) and asexual reproduction in 
their intermediate hosts (snail) (Table 83.1). Their life cycles are 
complex and involve one or more intermediate hosts (the fi rst 
always being a snail) and several morphological stages. Eggs pass 
out of the defi nitive host in faeces (in some cases sputum) and 
those which reach freshwater can infect susceptible snails. Devel-
opment in the snail results in the release of numerous cercariae 
which swim about until they contact a suitable plant or animal 
where encystment occurs to form metacercariae. The life cycle is 
completed and continues when viable metacercariae are ingested 
by susceptible defi nitive hosts.

Among the thousands of food-borne trematodes, hundreds 
may infect man, and new species are still being discovered.1–3 
Because most species also parasitize other animals and are of 
veterinary importance, the term ‘accidental’ is sometimes used to 
describe human infections. The term is appropriate for some rep-
resentatives, such as Fasciola, which in most endemic areas occurs 
in isolated cases or outbreaks, or for fl ukes rarely reported in 
humans, e.g. Watsoni, Dicrocoelium, Eurytrema, Metorchis. However, 
estimates that 40 million people harbour food-borne trematodes4,5 
argue against a major role of chance in most infections.

The endemic areas of these parasites often overlap, since people 
often enjoy many kinds of raw food. For example, adult worms of 
13 food-borne trematode species (plus Taenia saginata) were found 
among 224 residents of a single village in north-east Thailand.2 
Up to seven species have been reported in a single individual.6 
Some authors have reported an association between ‘tastiness’ of 
fi sh and the season or species with the highest intensity of infec-
tive stages.7 This may refl ect an infl uence of human taste prefer-
ence on parasite life cycles.

Food-borne trematodes have received less attention than other 
helminth infections, perhaps because of their focal distribution 
and lack of acute symptoms. However, some authors have mistak-

enly reported them as comparatively benign, which is certainly 
not the case for the liver fl ukes and Paragonimus, as reviewed here. 
Severity of disease is associated with the number of worms present, 
except perhaps in the case of ectopic infections, where a single 
worm can cause serious pathology.

Due to growing tourism, migration and international trade of 
fi shery products, infections previously confi ned to endemic areas 
are increasingly being reported in non-endemic countries.4,5 There 
is also evidence that some endemic areas are expanding due to 
domestic migration, environmental changes that favour snail 
proliferation, declining economic conditions and sanitation, and 
increasing availability of contaminated foods through wider dis-
tribution networks in the absence of food inspections.1,8–11 On the 
other hand, as newly industrialized countries alter their natural 
environment and pollute their river systems, native snail, crusta-
cean and fi sh fauna decline. Night-soil and manure, potentially 
containing fl uke eggs, are being replaced by chemical fertilizer. 
Thus risk of infection by eating raw ‘wild’ foods might be gradually 
replaced by risk of exposure to potentially hazardous chemicals.

Efforts to control food-borne parasites are largely dependent 
on chemotherapy. The drug of choice for treatment of most food-
borne trematodes is praziquantel, which is now inexpensive and 
widely available. In the case of Fasciola, an effective drug for treat-
ment is triclabendazole.12 However, in addition to anthelmintic 
treatment to cure current infection, improvements in sanitation 
and health promotion to encourage the cooking of foods involved 
in transmission are important components of control to prevent 
reinfection. Although eating habits have cultural and social sig-
nifi cance and often are diffi cult to change, fi nding ways to reduce 
exposure to parasites through food is essential.13,14 Introduction 
of good aquaculture practices for fi sh farmers in accordance with 
the requirements for the production of safe and quality fi sh, par-
ticularly on a commercial sector for food processing for safe con-
sumption of fi sh, should be encouraged.5

LIVER FLUKES

Opisthorchiasis and clonorchiasis

Aetiology

The human liver fl ukes, Clonorchis sinensis, Opisthorchis viverrini 
and O. felineus, remain important public health problems in many 
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endemic areas.4,5 Recent estimates suggested that about 35 million 
humans are infected by C. sinensis globally; with up to 15 million 
human infections in China alone.15 In addition to their associa-
tion with hepatobiliary disease, O. viverrini and C. sinensis are 
major aetiological agents of bile duct cancer, cholangiocarci-
noma.16–19 This is a leading cause of death in north-east 
Thailand.20

The three major fl ukes are similar in egg morphology, life cycle 
and pathogenesis (Figure 83.1). Distinction between them is gen-
erally based on the adult morphology.21 Based on nuclear ribo-
somal DNA and mitochondrial DNA sequences, genetic diversity 
is evident between C. sinensis isolates from China and Korea.22,23 
In contrast, the extent of difference in sequence of mitochondrial 
DNA between C. sinensis and O. viverrini from Lao PDR was found 
to be relatively low (3.9%), although they are considered different 
genera. By application of allozyme electrophoresis, it is possible 
to use alpha-glycerophosphate dehydrogenase (GPD) as a genetic 
marker to differentiate C. sinensis isolates from Korea and China.24 
Genetic polymorphism between O. viverrini isolates from Thai-
land and Laos PDR was recently shown using random amplifi ed 
polymorphic DNA.25 This genetic polymorphism was further con-
fi rmed by allozyme electrophoresis and O. viverrini populations 
consist of at least two genetically distinct but morphologically 
similar (cryptic) species.26 The distinct genetic groups occurred 
within a different river wetland system in Thailand and Laos.27 
Furthermore, the snail intermediate hosts (Bithynia sp) were also 
separated into distinct genetic groups corresponding to O. viver-
rini.27 This indicates that there might be a history of co-evolution 
in this host-parasite lineage and the biological signifi cance of this 
genetic variation requires further study.

History and seminal discoveries

Human infection with these fl ukes was fi rst discovered in 1875 
(C. sinensis), 1892 (O. felineus) and early 1911(O. viverrini).21,28 The 
close association between bile duct carcinoma and O. viverrini 
and C. sinensis was fi rst researched by Hoeppli.18 Thamavit 
et al.19 established a laboratory model of cholangiocarcinoma in 
hamsters exposed to O. viverrini infection and low doses of N-
dimethylnitrosamine. The very high incidence of this cancer in an 
endemic area of Thailand was fi rst documented by Vatanasapt 

Table 83.1 Sources of common food-borne trematodes and affected organs in man

Fresh water food as sources of 
infection

Trematodes Habitat in man

Fish Clonorchis sinensis 
Opisthorchis viverrini
Opisthorchis felineus

Biliary system

Crab and crayfi sh Paragonimus spp Pleural cavity and lungs, occasional brain invasion

Water plants Fasciola hepatica
Fasciola gigantica
Fasciolopsis buski

Liver and biliary system

Small intestine

Snails, clams fi sh and tadpoles Echinostomes Small intestine

Various species of fi sh, shrimps, insect 
larvae and other aquatic foods

Heterophyes spp
Haplorchis spp
Metagonimus spp
Stellantchasmus spp

Small intestine

A

B

C

Figure 83.1 (A) Adult worm of Opisthorchis viverrini. (B) Egg of 
O. viverrini. (C) Adult worm of Clonorchis sinensis.
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et al.20 In 1994, the International Agency for Research on Cancer 
classifi ed O. viverrini and C. sinensis as human carcinogens.16

Life cycle

The adult parasites live in the secondary bile ducts of their fi nal 
hosts, which include humans, cats, dogs and other wild and 
domestic fi sh-eating mammals.29–31 Eggs pass down the bile duct 
and into the intestine and can also be found in the gallbladder. 
Eggs are fully embryonated upon excretion and hatch into mira-
cidia after being ingested by snails. Generally fewer than 1–2% of 
snails are infected.21,32 The miracidia transform into sporocysts and 
rediae which asexually multiply, then become free-swimming cer-
caria which exit the snail and attach, penetrate and encyst in 
susceptible species of fi sh. Most belong to the family Cyprinidae. 
Wide variation in the prevalence (up to 100%) and intensity of 
metacercariae is found between seasons, types of water bodies and 
species of fi sh.33,34 Metacercariae are infective to humans and other 
mammals if consumed uncooked. The metacercariae excyst, 
migrate up the duodenum through the ampulla of Vater and the 
extrahepatic biliary system to the intrahepatic bile ducts, where 
they mature. The prepatent period is about 1 month and the 
adults may live many years.28,32

Epidemiology

Humans become infected with Opisthorchis and Clonorchis through 
the consumption of raw or undercooked cyprinoid fi sh containing 
metacercariae. Geographical and age-related patterns of human 
infection therefore overlap with this dietary habit.

O. felineus is prevalent in animals throughout Europe, and has 
been reported in humans from eastern Germany, Poland, Kazakh-
stan, Russia and the Ukraine.4,28,32,35 Most recent information 
comes from Siberia, notably the Tyumen and Khanty regions, 
where high prevalences and intensities are reported.36 Residents 
and immigrants to the endemic focus in Siberia enjoy eating 
thinly sliced frozen or lightly salted cyprinoid fi sh. Infection by 
consumption of imported fi sh from Siberia in a family that immi-
grated to a non-endemic area was recently reported.37

Control efforts in north-east Thailand have led to a drop in the 
prevalence of O. viverrini infection among the population of 20 
million from approximately 35% in 1981, to 24–30% in 1992, 
18.6% in 1994 and 15% in 2000.38 The infection remains common 
in Laos with an extensive distribution in the southern region and 
prevalences ranging from 32% to 60%.39,40

Raw or partially fermented fi sh dishes are a well-established 
dietary tradition of Laos people and the ethnic Laos in north-east 
Thailand. Fresh fi sh dishes may contain large numbers of meta-
cercariae and are eaten occasionally. Uncooked fermented fi sh, 
which is eaten daily, also contain metacercariae, but its impor-
tance as a source of infection is unclear.

C. sinensis, although largely eliminated from Japan and drasti-
cally reduced in Korea, remains prevalent and may be increasingly 
common in parts of Taiwan, Hong Kong, Vietnam, Macao and 
China.8,32 Human infection occurs in 24 Chinese provinces, with 
one major focus in the south (especially Guangdong and Guangxi 
provinces) and another in the north-east (Heilorgjiang). Some 
Chinese people enjoy eating raw fi sh dipped in hot rice porridge, 
and children reportedly catch and eat raw fi sh during play. Whether 
this latter practice results in an unusual age-related pattern of 

infection, whereby most infection occurs in children and the 
epidemiological signifi cance, remains unknown.

Generally, prevalence and intensity of infection rise with age, 
with most initial infections occurring in the early teens, and is 
frequently higher in males compared to females.10,34,41,42

Clinical features

Most chronically infected individuals have few specifi c signs or 
symptoms, except an increased frequency of palpable liver, as 
shown in community-based studies using physical examina-
tion.10,34–36,41–44 Haematological and biochemical features are unre-
markable, even in heavy infections. Ultrasonography, however, 
reveals a high frequency of gallbladder enlargement, sludge, gall-
stones and poor function in asymptomatic individuals.45–47

Symptomatic cases of Opisthorchis and Clonorchis infection gen-
erally experience pain in the right upper quadrant, diarrhoea, loss 
of appetite, indigestion and fullness. Severe cases may present with 
weakness, lassitude, weight loss, ascites and oedema.32,43,48 Com-
plications may include cholangitis, obstructive jaundice, intra-
abdominal mass, cholecystitis and gallbladder or intrahepatic 
stones.32,48 Such stones are particularly frequent in clonorchiasis.

The most important clinical manifestation of liver fl uke infec-
tion is an enhanced susceptibility to cholangiocarcinoma (CCA) 
(Figure 83.2). Case-control studies in Thailand suggest a fi ve-fold 
increased risk during O. viverrini infection of any intensity, while 
heavily infected people may face a 15-fold risk.49 Moreover, up to 
27-fold higher risk has been reported in association with by using 
anti-liver fl uke antibody.50 This is refl ected in an at least six-fold 
and 10-fold higher incidence of cholangiocarcinoma (in females 
and males, respectively) in an endemic province of Thailand above 
that of a non-endemic area.20,51 The radiological evidence of clo-
norchiasis determined by a combination of contrast-enhanced 
helical computed tomography and cholangiographic imaging by 
magnetic resonance cholangiography and ultrasonography, con-
sisting of diffuse dilatation of the intrahepatic bile ducts up to the 
peripheral margin was associated with an increased risk of CCA 

Figure 83.2 Gross morphology of intrahepatic cholangiocarcinoma 
in a patient from endemic areas of liver fl uke.

Liver Flukes
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(odds ratio = 8.6).52 A history of raw fi sh consumption, positive 
serological test for clonorchiasis52 and area of residence53 were also 
linked to increased risk of CCA.

A special feature of O. felineus infection, not often reported for 
the other species, is acute opisthorchiasis.36 This is characterized 
by hepatosplenomegaly and tenderness, eosinophilia up to 40%, 
and chills and fever. It occurs early in infection and may be 
associated with primary exposure to a large dose of metacer-
cariae. However, there appear to be no recent reports of this 
phenomena.

Pathology and pathogenesis

Liver enlargement and dilated subcapsular bile ducts with thick 
fi brotic walls can be seen grossly in heavily infected cases.17,18,20,28,34,54 
Microscopically, bile duct pathology is characterized by desqua-
mation of epithelial cells of secondary and tertiary ducts and 
chronic infl ammation with infi ltration of lymphocytes, mono-
cytes, eosinophils and plasma cells (Figure 83.3). Granulomatous 
infl ammation around the eggs is occasionally observed along 
the bile ducts. Epithelial hyperplasia may occur at early stage 
of infection. In severe cases, adenomatous hyperplasia, and 
goblet cell metaplasia may be seen. Periductal fi brosis is the 
most prominent histological feature of chronic infection.32,54 This 
corresponds to periportal echoes detected by ultrasonography. 
Infl ammation, necrosis and atrophy of hepatic cells have also 
been reported.

The pathology of fl uke-associated cholecystitis consists of fi bro-
sis, infi ltration of mast cells and eosinophils and mucosal hyper-
plasia of the gallbladder wall.54,55 Perforation of the gallbladder 
wall is uncommon in liver fl uke infection. Parasites and eggs have 
been observed in the nidus of gallbladder and intrahepatic stones 
(Figure 83.4).34,56

The pathogenesis of liver fl uke-mediated tissue damage may be 
directly via mechanical or chemical irritation and/or immune-
mediated.32,54,57,58 Mechanical injury from the activities of feeding, 
movement and migration of fl ukes contributes to biliary ulcer-
ation through its suckers. Chemical irritation results as the liver 
fl uke secretes or excretes metabolic products from the tegument 
and excretory openings into the bile. Some of these products are 
highly mitogenic to fi broblast or biliary cell lines when co-
cultured in vitro with the fl ukes.54,59 This suggests that excreted or 
secreted fl uke products may cause the long observed hyperplasia 
of biliary epithelial cells typical of opisthorchiasis. Moreover, the 
fl uke excretory–secretory products are also highly immunogenic 
and stimulate marked infl ammatory infi ltration in the intrahe-
patic and extrahepatic bile ducts in animals experimentally 
infected with Opisthorchis.58 Nitric oxide and other reactive oxygen 
intermediates produced by infl ammatory cells during infection 
might exert direct cytotoxic and mutagenic effects and increased 
cell proliferation.60 Increased formation of 8-nitroguanine (8-
NO2-G) and 8-oxo-7,8-dihydro-2’-deoxyguanosine (8-oxodG) has 
been observed in experimentally infected animals, a response that 
is enhanced with repeated infection and considered to be muta-
genic.61,62 Increased endogenous production of N-nitroso com-
pounds and enhanced hepatic activation of carcinogens in these 
areas of fi brosis may create highly mutagenic conditions for the 
chronically proliferating bile duct epithelium. All together these 
form an ideal environment for cancer development.19,63–65

Diagnosis and investigation

Egg detection in faeces or bile content is the traditional diagnostic 
method for liver fl uke infection. The most frequently used methods 
to detect eggs in the faeces are the Kato thick smear, Stoll’s dilution 
and the quantitative formalin ethyl acetate concentration tech-

Figure 83.3 Histopathology of chronic Opisthorchis viverrini infection 
in human. An adult fl uke is seen in the bile duct lumen. Adenomatous 
hyperplasia and infl ammation with prominent periductal fi brosis are 
noted.

Figure 83.4 Scanning electron micrograph of gallstone showing 
liver fl uke eggs with typical mush-melon-eggshell surface in the nidus 
of the stone.



1465

nique. All three techniques effectively detect moderate and heavy 
infections. However, comparative studies in low-intensity areas 
have shown that a single reading of the concentration and dilution 
techniques detect about 70% of infections, while the sensitivity of 
Kato is considerably lower (45%). Worm burden and egg count 
correlate closely, with an estimated egg output of 53/g of faeces 
per worm (using Stoll’s dilution technique).66 Stoll’s egg counts 
tend to be higher than those derived using the concentration 
technique.

Although egg detection is almost always used in surveys 
and treatment programmes, several immunodiagnostic tests have 
been described for Opisthorchis and Clonorchis infections.34,67,68 
While most antigens of these fl ukes are non-specifi c and antibod-
ies persist long after treatment, good results have been gained 
from new serological tests using individual antigens and those 
detecting isotype-specifi c antibodies. Faecal antigen detection by 
enzyme-linked immunosorbent assays (ELISAs) using monoclo-
nal antibodies against secretory antigens and DNA probes also 
shows promise.69,70 However, more recent attention has been 
focused on the detection of egg DNA in faecal specimen by poly-
merase chain reaction (PCR) which is effective in the diagnosis of 
liver fl uke infection in experimental animals as well as in 
humans.71–73

Management

Treatment with praziquantel at 40 mg/kg body weight in a single 
dose is effective against opisthorchiasis and clonorchiasis.12,32,74 
This regimen has been used most commonly in large-scale treat-
ment programmes. The most effective recommended regimen par-
ticularly for clonorchiasis is 25 mg/kg three times over 1 day (total 
dose 75 mg/kg).32 Side-effects, such as dizziness, vomiting and 
abdominal pain, occur frequently but are transient and rarely 
severe. Most abnormalities of the gallbladder are also eliminated 
by elimination of the parasite.46 Concerns have been raised that 
praziquantel treatment could possibly be dangerous for people 
with early cholangiocarcinoma, since the sudden expulsion of 
many worms might aggravate obstruction caused by the tumour. 
The drug hexachloroparaxylol (Chloxyle) has also been used 
extensively for the treatment of O. felineus, but it may be less effec-
tive than praziquantel.

Prevention and control

Prevention of human liver fl uke infection can be facilitated by 
treatment (to reduce the excretion of eggs), sanitation (to prevent 
eggs from reaching water sources) and health education (to dis-
courage the eating of raw fi sh).10,13,32 The application of Hazard 
Analysis Critical Control Point principles and procedures during 
fi sh farming can reduce metacercarial contamination of fi sh.75 
Control of snail vectors by molluscicides is not considered feasible 
because of their widespread distribution and resistance to adverse 
conditions. To be most effective, health education should be 
designed and delivered in a culturally sensitive manner with the 
aim of stimulating behaviour change as well as simply providing 
information. Targeting young age groups, for example, school chil-
dren, may be an attractive choice for long-term control. Large-scale 
efforts in endemic areas by public health ministries have probably 
had a major impact on the intensity of all three infections.

Fascioliasis

There are an estimated 2.4 million people infected with the two 
larger human liver fl ukes, Fasciola hepatica and Fasciola gigantica, 
often causing serious acute and chronic morbidity.4,76,77 These 
parasites commonly infect domestic ruminants and wildlife 
throughout the world and indirectly impact on human well-being 
through massive economic loss in the livestock industry. Humans 
usually become infected by eating aquatic plants grown in 
water that is contaminated with faeces from animals harbouring 
Fasciola.

History and seminal discoveries

Fasciola hepatica was the fi rst trematode to be described – 500 years 
before most others (de Brie, 1379; cited in Beaver et al. 198428). 
Its complete life cycle was identifi ed by Leuckart (1882) and 
Thomas (1883); this greatly facilitated the elucidation of other 
trematode life cycles. The successful search for effective veterinary 
vaccines through elegant immunological and molecular biochem-
istry studies has increased our understanding of host and trema-
tode parasite relationship.

Aetiology and life cycle

F. hepatica (the sheep liver fl uke) and F. gigantica (mainly of cattle) 
cause human fascioliasis. The parasites vary in adult and egg size 
and shape (Figure 83.5) and species of the snail host of the family 
Lymnaeidae. F. hepatica is common in temperate and subtropical 
areas, especially in sheep-raising areas. Human infections are rel-
atively common in Europe (especially France, Spain, UK and Por-
tugal), the Middle East (particularly Egypt and Iran), Central and 
South America (Cuba, Peru, Ecuador and Bolivia) and Africa.76,77 
F. gigantica occurs in South and South-east Asia and Africa. The 
two co-exist in some countries, and differentiation is diffi cult.

The adult worm lives in the bile duct of the fi nal host, which 
may be sheep (F. hepatica), cattle/buffalo (F. gigantica) or humans. 
Eggs are excreted in the faeces. The eggs undergo further develop-
ment upon reaching a water body; miracidia then hatch and pen-
etrate a suitable snail host. After multiplication as sporocysts and 
rediae, free-swimming mature cercariae exit the snail, attach to 
aquatic vegetation and become metacercarial cysts. These cysts 
establish infection upon ingestion by man and other mammals. 
They excyst in the duodenum, then migrate through the intestinal 
wall, into the body cavity, through Glisson’s capsule across the 
liver parenchyma and into the bile ducts, where they may live for 
many years. Eggs are excreted 3–4 months after ingestion, and the 
entire cycle is completed in 4–6 months. High humidity, moderate 
temperatures and rainfall favour transmission.11,78

Epidemiology

Human infection with Fasciola is most common in villages and 
larger towns within rural areas, especially sheep- and cattle-grazing 
areas.79 Levels of infection depend on the frequency of humans 
eating plants (mainly watercress in Europe, morning glory in Asia) 
from water bodies contaminated with animal faeces. In most 
endemic areas, human infection is relatively rare, even where 
prevalence among domestic animals is high. Outbreaks of F. hepat-
ica occur in households and communities and are often traced to 

Liver Flukes
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Pathogenesis

These parasites cause considerable mortality in sheep and cattle, 
and human morbidity which is dependent on the number of 
worms and stage of infection.76,77,84 The acute phase occurs during 
migration of the immature fl ukes through the liver. Severe pathol-
ogy results from parasite ingestion and destruction of parenchy-
mal tissue, haemorrhage, parasite death and infl ammatory 
responses largely mediated by eosinophils. Repair mechanisms 
can lead to extensive fi brosis, increased pressure atrophy of the 
liver and periportal fi brosis.

The chronic phase, during which parasites are present in the 
bile ducts, tends to be less severe. Tissue change, including bile 
duct proliferation, dilatation and fi brosis, is largely caused by 
mechanical obstruction of the ducts, infl ammatory responses and 
the activity of proline, which the fl uke excretes in large quanti-
ties.82 Proline may facilitate movement of the parasite through the 
narrow ducts. Anaemia may result from blood loss through bile 
duct lesions. Death is uncommon, but is usually caused by haem-
orrhaging in the bile duct and case reports suggest it occurs more 
frequently in children.76,77

Flukes that migrate out of the intestine, but do not locate in 
the liver, can form ectopic lesions in many tissues.76,77,84 These 
nodules, granulomas or migration tracts are often misdiagnosed 
as malignant tumours or gastric ulcers.

Pathology

Multiple yellow nodules of necrotic tissue (1–4 mm in diameter) 
and linear lesions through the parenchyma infi ltrated with eosin-
ophils and Charcot–Leyden crystals can be observed, probably 
as a result of infl ammatory reaction(s) to dead parasites and migra-
tion, respectively.76,77,84 Proliferation, dilatation, fi brosis and calci-
fi cation of the bile ducts, plus sequelae of partial obstruction, may 
occur during the chronic phase of infection. Dead fl ukes are some-
times observed inside calcifi ed areas of tissue, and granulomas and 
abscesses can form around eggs trapped in the parenchymal tissue. 
Eosinophils may infi ltrate the gallbladder wall, which may be 
thickened and oedematous with perimuscular fi brosis. Stones are 
often present in the gallbladder during infection. Self-cure occurs 
frequently and may result from infl ammation and calcifi cation.

Clinical features

Fascioliasis can be symptomatic or asymptomatic.77,85 Where cases 
are symptomatic, diarrhoea, upper abdominal pain or pain in the 
right costal margin, urticaria, malaise, weight loss, coughing, fever 
and night sweats may begin approximately 2 months following 
ingestion of metacercariae and 1–2 months prior to the onset of 
egg excretion.77,84 The signs of this acute phase of infection are 
hepatomegaly, splenomegaly, anaemia, weakness and marked 
peripheral eosinophilia, up to 80%.

Adult fl ukes in the bile ducts may be associated with cholangi-
tis and calculous or acalculous cholecystitis. Through their large 
size and the infl ammatory and fi brotic response, the infection may 
cause obstruction leading to cholestatic jaundice, nausea, pruritus, 
abdominal pain and tenderness, hepatomegaly and fatty food 
intolerance.77,84 Ultrasonography may reveal impaired contrac-
tion, debris, calculi and thickening of the gallbladder, dilation of 
the bile ducts and, in some cases, the fl ukes themselves are recov-
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Figure 83.5 (A) Adult worm of Fasciola hepatica. (B) Egg of 
F. hepatica.

consumption of wild, rather than cultivated, watercress.79 A high 
proportion of exposed people become infected but some do not 
have symptoms. Infection might also occur from contaminated 
drinking water or cooking utensils.80

Fasciola infection as reported in general parasite surveys is 
undoubtedly underestimated since eggs are often not detected 
by faecal examination.11,77,81 Community-based studies using 
improved diagnostic methods have demonstrated areas with 
very high prevalence and intensity of infection in Bolivia and 
Egypt.11,77,81,82 Heavy infections found in the high altitudes of the 
Bolivian Altiplano region result from frequent consumption of 
kjosco (raw water-plant salad) by children tending their grazing 
animals.11,83
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ered by operation.86,87 In severe cases, ascites with blood and 
severe anaemia may ensue. Since these moderate signs and symp-
toms do not differ from cholangitis and cholecystitis from other 
causes, the infection often goes unnoticed until worms are 
observed at surgery or histopathology.

Diagnosis and investigations

Fascioliasis has been diagnosed by observation of eggs during 
faecal examination, by parasite-specifi c antibody detection in a 
variety of immunodiagnostic assays, by radiological methods and 
by laparotomy. Dietary history is helpful for differential diagnosis 
and in investigating outbreaks.

Examination of faeces for eggs is of limited use, since eggs are 
not excreted during the invasive stage of infection, when many 
patients present with severe symptoms.76,77,80,84 Often eggs are unde-
tectable during the chronic phase, but it is unclear whether the 
techniques used are insensitive for very low egg outputs in light 
infections (<100 eggs/g) or if eggs are not being produced. If eggs 
are present, sensitivity of stool examination can be increased by 
using an optimum technique (Weller–Dammin’s modifi cation and 
the AMS III technique) and examining many fi elds for eggs and 
several faecal samples.77 Differentiation of eggs from F. hepatica, F. 
gigantica, echinostomes and Fasciolopsis is diffi cult. Eggs can also 
be found in duodenal contents, bile and histological sections.

A further problem with faecal examination is that eggs may be 
passed after eating liver from infected animals. This does not 
indicate infection; thus positive cases should be reconfi rmed if 
liver has been eaten recently.28

Immunodiagnostic tests using every available technique have 
been reported in the literature, from skin tests to antibody and 
antigen detection assays targeting somatic and excretory/secretory 
antigens of adult worms.88,89 Most claim excellent sensitivity 
(>90%), and problems with cross-reactivity with other trematode 
infections are avoided by using purifi ed specifi c antigens, cystatin-
treated plates or specifi c antibody subclasses.

The advantage of immunodiagnosis over parasitological tech-
niques is that they can detect early, prepatent infections as well as 
chronic stages with little or no egg output. In contrast to other 
infections, antibodies drop rapidly after successful treatment, so 
the assays tend to detect only active infection and can be used to 
assess treatment effi cacy.

Biochemical tests can also support diagnosis. Acute-phase pro-
teins, serum bile acids and some liver enzymes, notably alkaline 
phosphatase, may be elevated.90 Eosinophilia is common.

Clinical diagnosis is often diffi cult because presentations are 
not markedly different from hepatobiliary disease of other 
origin(s).77,80 Clinicians may not think about fascioliasis where 
human infections are uncommon. In temperate climates, out-
breaks are almost invariably associated with eating wild water-
cress. The fi nding of multiple, related cases with similar diet 
histories and high-risk occupation (e.g. sheep farmers) may 
provide supporting evidence. In tropical areas where people 
consume water plants daily, this may be of limited use.

Laparotomy and radiological imaging by ultrasonography, 
endoscopic retrograde cholangiopancreatography and percutane-
ous cholangiography may be useful.86,87,91 These allow visualiza-
tion of the lesions of acute and chronic fascioliasis and sometimes 
eggs (by laparotomy) or worms in the hepatobiliary system.

Management

The treatment of fascioliasis remains highly problematic, in con-
trast to other trematode infections, requiring high or multiple 
doses of drugs with signifi cant side-effects.12,86,92 Praziquantel is 
not effective against fascioliasis even at high doses. Effi cacy is often 
variable and diffi cult to assess. These problems result from differ-
ing sensitivities of the adult and migrating worms, the size and 
thick tegument of Fasciola, impaired hepatic function and varying 
clinical presentations.

Triclabendazole at a dose of 10 or 20 mg/kg has been shown 
to be effective against Fasciola infection and without serious side- 
effects, although two treatments are often required.12 Although 
treatment is usually recommended after overnight fasting, absorp-
tion may be enhanced by taking the drug with meals.93

Previously, the drug bithionol was most often used against 
fascioliasis at a dose of 30–50 mg/kg body weight per day in three 
divided doses on alternate days for a duration of 10–15 days.94 
Success against acute infection has been reported for dehydroem-
etine at a dose of 1 mg/kg daily for 10 days given intramuscularly 
or subcutaneously.77 Moderate to severe side-effects have been 
observed; both drugs and multiple courses are often required.

Nitazoxanide has been found to be effective in some clinical 
trials, with one study reporting 97% of patients free of Fasciola 
eggs in stool samples after 30 days of treatment. However, further 
studies are needed.95

Depending on the presentation of the patient, other drugs 
given before the fasciolicide may assist recovery. Prednisolone 
(5–10 mg/day) may alleviate toxaemia, while antibiotics are 
often used to treat acute cholangitis due to secondary bacterial 
infection. Chloroquine was previously used because it rapidly 
relieves symptoms of acute disease, but this drug does not kill the 
fl ukes.77

Prevention and control

Ultimate control of Fasciola must focus on strategic treatment or 
immunization of livestock and other herbivorous animals that 
maintain the life cycle.76,77 Widespread livestock immunization is 
being considered by some countries to reduce human infection 
and economic loss to the parasite. Control of the snail vectors 
using molluscicides is not considered practical in most situations. 
Health education to discourage human consumption of raw wild 
watercress and other edible water plants may be effective in areas 
where the disease is prevalent. Strict controls on commercial pro-
duction of water plants, as have been instituted in some Western 
countries, would help to prevent the expansion of endemic areas 
in developing countries. Increased awareness by clinicians 
of the problem and its diagnostic diffi culties, plus data from 
community-based studies assessing seroprevalence, will help 
quantify the extent to which fascioliasis affects human health.

INTESTINAL FLUKES

Fasciolopsiasis

Fasciolopsiasis is caused by the giant intestinal fl uke, Fasciolopsis 
buski.28 It is in the same family as Fasciola, and its life cycle and 
morphology are similar (Figure 83.6). However, Fasciolopsis 
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infection is largely confi ned to Asian countries, namely southern 
China, India, Bangladesh, Thailand, Malaysia, Borneo, Sumatra 
and Myanmar, and may reach high prevalences within endemic 
areas. The parasite attaches to the intestinal wall of man and pig. 
Light infections are less pathogenic than those of Fasciola and 
more easily diagnosed and treated. Heavy infections can be 
severe.

History and seminal discoveries

The life cycle was fi rst described by Nakagawa (1921) and Barlow 
(1925).28 Detailed studies were done in Thailand by Sadun and 
Maiphoom96 and Manning et al. 196997 who identifi ed many 
important factors which determine fasciolopsiasis endemicity.

Life cycle

In contrast to Fasciola, the fi nal host range of F. buski is limited 
and many mammals are refractory.28,98 Humans and pigs become 
infected through the consumption of viable metacercariae attached 

to the seed pods of water plants. These include the water caltrops, 
water hyacinth, water chestnut, water bamboo, lotus roots and 
wild rice shoots. Although metacercariae are not present on the 
edible seed of these plants, ingestion occurs during removal of 
pods with the teeth and lips.

F. buski excysts in the duodenum and the escaping larvae attach 
to the duodenal and jejunal wall. The larvae become mature adults 
in 3 months and produce large numbers (an estimated 10 000–
25 000/day per worm) of large, yellow, operculated eggs (Figure 
83.6). If these eggs reach water sources, further development and 
embryonation occur over 3–7 weeks, then miracidia hatch and 
enter snail intermediate hosts (family Planorbidae). After multi-
plication as sporocysts and rediae, free-swimming cercariae attach 
and encyst on seed pods.

Epidemiology

In Thailand, infection is largely confi ned to low-lying areas in the 
central region(s) with heavy rainfall and extensive fl ooding, which 
leads to faecal contamination of the water.96,98–100 Elsewhere, the 
use of pig or human faeces for fertilization is associated with 
endemicity.101 The highest prevalence occurs in areas with cultiva-
tion or year-round availability of water caltrops and other aquatic 
vegetation and where people enjoy eating the nuts raw.

Community-based prevalences generally reach 20%, with a 
typical peak in children over 5 years of age and little difference 
between sexes.96,97,102,103 Children are often more frequently and 
heavily infected than adults since they enjoy gathering and eating 
water plants during play.102–104

There is little recent information on the existing prevalence of 
this infection in the published literature, but its absence in national 
surveys suggests it may be eradicated from most areas.

Pathogenesis and pathology

Eosinophils accumulate at the site of parasite attachment on 
the jejunal or duodenal wall, where mechanical injury and 
infl ammation lead to ulcer formation.28,84,98 These ulcers some-
times bleed due to capillary damage or become abscesses. Mild 
infection in healthy people is associated with lower haematocrit 
and serum levels of vitamin B12, but no apparent change in other 
nutrients.100 This may result from parasite sequestering of vitamin 
B12 or its impaired absorption from the damaged intestinal 
mucosa.

Although a few parasites cause little damage, the presence of 
many (hundreds to thousands) is associated with severe pathol-
ogy and sometimes acute intestinal obstruction. Extensive 
intestinal ulceration may interfere with digestion, and cause 
malabsorption, leading to severe malnutrition and wasting. 
Oedema also occurs in severe cases; it may result from toxic 
parasite metabolites, allergic reactions or from hypoalbuminae-
mia secondary to electrolyte and protein imbalance from chronic 
malabsorption.

Clinical features

Symptoms are generally absent or mild, and may include diar-
rhoea, hunger pains, fl atulence, poor appetite, mild abdominal 
colic, vomiting, eosinophilia and fever.28,84,96,98 The abdominal 
pain may mimic that of peptic or duodenal ulcer. Late, severe cases 
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Figure 83.6 (A) Adult worm of Fasciolopsis buski. (B) Egg of F. buski.
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present with ascites or oedema of the face, abdomen and legs, 
anaemia, anorexia, weakness and vomiting and patients may pass 
stools containing large amounts of undigested material. Deaths 
have been reported.

Diagnosis and investigations

Diagnosis by faecal examination is not diffi cult, given the large 
quantity and large size of the eggs. Stoll’s dilution, formalin ether 
concentration, direct smears and Kato techniques have been used 
successfully. Differentiation from Fasciola eggs is diffi cult (Figures 
83.5B, 83.6B), so that a dietary and clinical history should also 
be considered.

Management

In the past, hexylresorcinol crystoids, tetrachloroethylene and 
dichlorophen were used for treatment of Fasciolopsis with varying 
effectiveness.28,84,98,104 Praziquantel is now the treatment of choice, 
with high effi cacy at a dose of 15 mg/kg body weight.28,84,96,98,104 In 
heavily infected cases, there may be some danger of exacerbating 
obstruction or acute toxaemia with treatment, such that conserva-
tive treatment is advised.

Prevention and control

In Indonesia, community-based praziquantel treatment has been 
used to control infection.102,103 However, migration and rapid rein-
fection after treatment (prevalence approached pretreatment levels 
within 12 months) confounded efforts to control infection by 
chemotherapy alone.

The use of fermented, instead of fresh, silage for feeding pigs 
in endemic areas may reduce the chance of transmission, since 
metacercariae are sensitive to both heat and salt. Drying the plants 
may also be effective. Sterilizing or prohibiting the use of human 
and pig faeces for fertilizer and improved sanitation would help 
interrupt the life cycle. Refraining from using the mouth to peel 
vegetables, then boiling for a few seconds, or careful washing after 
peeling them with hands or knife would reduce human infection. 
Filtering drinking water may prevent some infection. Health edu-
cation should help people recognize the problem as well as indi-
cate acceptable ways to avoid infection, since most infections are 
mild. Successful control efforts in one Chinese county reduced the 
prevalence from 76% in 1951 to 24% in 1976.101

Echinostomiasis

A total of 16 species of echinostomes have been recorded in man, 
and the most common appear to be E. ilocanum, E. revolutum, 
E. malayanum, E. echinatum and E. hortense (Figure 83.7).9,28,105–107 
Although they are considered of minor medical importance, infec-
tions with these parasites reach high prevalences in endemic areas. 
The literature on human infections is limited and has been 
reviewed.9,105,107

Life cycle

These parasites have a highly variable and wide host range. 
Humans become infected with echinostomes through the con-
sumption of raw or incompletely cooked freshwater snails, clams, 

fi sh and tadpoles harbouring metacercariae. The parasite lives 
in the intestine of the defi nitive host, and eggs are excreted in 
faeces. Snails are the fi rst intermediate host, then after a brief free-
swimming stage, cercariae encyst within a second intermediate 
host which may be another mollusc, fi sh or amphibian 
larva. Aquatic birds are the most important fi nal host of most 
species.
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Figure 83.7 (A) Adult worm of Echinostoma ilocanum. (B) Adult 
worm of E. malayanum. (C) Egg of E. malayanum.
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Epidemiology

Most human infections occur in Asia in areas where raw or incom-
pletely cooked molluscs and fi sh are eaten. Infection is common 
in Korea, Indonesia, the Philippines, Malaysia, Taiwan and 
Thailand.28,105–110 Reported prevalences in endemic communities 
generally range from 1% to 50%.9,111,112 Infections are most preva-
lent in poor rural areas and may be clustered in families who 
prefer raw foods.9,104

Diagnosis

The large, unembryonated, operculated eggs of echinostomes can 
be observed in faeces and are diffi cult to differentiate from those 
of Fasciola and Fasciolopsis (Figures 83.5B, 83.6B and 83.7C). 
Adult worms can be recovered from faeces following treat-
ment.106,110 This allows for positive differentiation based on mor-
phology, of which the predominant feature is the collar of spines 
around the oral sucker (Figure 83.7A,B).28,105,106 It should be noted 
that the morphology may be altered by the drug.28,105,106,109

Pathogenesis, pathology and clinical features

Like F. buski, the major pathological lesions of echinostomes are 
associated with parasite attachment deep between the villi of the 
jejunal wall.84,105,107 There may be infl ammation and ulceration of 
the mucosa where the parasites locate. However, echinostomes are 
not highly pathogenic to humans and there are only a few reports 
of clinical aspects of this infection. While light burdens are asymp-
tomatic, heavy infections may cause diarrhoea, eosinophilia, 
abdominal discomfort and anorexia. These symptoms apparently 
do not develop into the life-threatening presentations that are 
described (albeit rarely) in Fasciolopsis infection.

Management, prevention and control

Infections are relatively easily cured with mebendazole, albenda-
zole, praziquantel, bithionol, hexylresorcinol crystoids and 
niclosamide.107 Treatment with praziquantel at 15 mg/kg is recom-
mended in areas where other trematodes are present, due to its 
broad effi cacy, safety and ease of use.105,107,110 In these areas, drug 
application may be provided to facilitate control of echinosto-
miasis together with other trematode infections.

Prevention can be supplemented by health education to dis-
courage the consumption of raw or incompletely cooked fi sh and 
molluscs, as for other fi sh-borne infections. However, programmes 
to control echinostomiasis have had limited success compared to 
other helminthiases owing to several factors. Among these are the 
broad specifi city for the second intermediate host and the exis-
tence of reservoir fi nal hosts.84 Also, demanding too many dietary 
changes at one time from a population may jeopardize the suc-
cessful control of the medically most important parasites. This 
should be kept in mind when designing health promotion 
strategies.

Heterophyiasis

There are a large number of small or minute intestinal fl ukes, 
measuring <2.5 mm in length and just visible to the eye, which 
parasitize man, birds and other mammals.28,106 These include 

members of the families Heterophyidae, Plagiorchiidae, Lecitho-
dendridae and Microphallidae. The examination of faeces passed 
after treatment with praziquantel or bithionol has shown that 
these parasites, previously considered ‘rare’, may be common and 
very numerous in people who live in areas where raw aquatic 
foods and/or insect larvae are eaten.3,113–116 Species of Heterophyes, 
Haplorchis, Metagonimus and Carneophallus may cause disease in 
man.28,84,116 Because of their similarity, these parasites are covered 
here under the term ‘heterophyids’.

Aetiology and life cycle

Heterophyes heterophyes, Metagonimus yokogawai (Figure 83.8), 
Haplorchis taichui, Haplorchis pumilio and Stellantchasmus falcatus 
are a few of the many heterophyids known to infect man.28,106,116 
The fi rst two species are thought to be the most important 
medically.

Adult heterophyids live deeply embedded in the intestinal 
mucosa of mammals and birds where they produce fully embryo-
nated eggs which are excreted in faeces. Upon ingestion by a 
freshwater snail (Melania, Semisulcospira and others), the larvae 
escape, undergo multiplication, then exit as cercariae. The cercar-
iae penetrate and encyst within many species of fresh and brackish 
water fi sh or shrimps.106 Humans become infected while eating 
fi sh or shrimps harbouring viable metacercariae, which become 
mature adults within 5–10 days. An average of 10 000 metacer-
cariae of M. yokogawai are found in the sweetfi sh (Plecoglossus 
altivelis) during the ‘eating season’ in Korea.7

Epidemiology

Heterophyids are mainly found in Asia (Japan, Korea, Laos, Thai-
land, Taiwan, Philippines, China), Hawaii, Siberia, Turkey and the 
Balkans.2,6,28,114,115 The use of expulsion chemotherapy to recover 
adult worms has revealed the enormous number and remarkable 
variety of fl ukes that can be harboured by a person. Food habits 
and access to rich aquatic fauna are the important determinants 
of human infection.

M. yokogawai infects 1.2% of the Korean population, and is 
common (5–20% prevalence) in riverside communities where raw 

Figure 83.8 Adult worm of Metagonimus yokogawai (Courtesy of 
Professor Jong-Yil Chai).
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sweetfi sh is enjoyed.7 One study found infection rates to be as high 
as 29.7%, with a striking difference between males (46.6%) and 
females (16.3%).114 Over 100 000 adult worms were found in a 
single person. Large numbers of another species, Heterophyes 
nocens, which utilizes brackish water intermediate hosts, were 
found in 42% of residents from a Korean island and in 75% of 
residents in some coastal areas.115

Pathogenesis, pathology and clinical symptoms

These are similar for different species. Most infections are asymp-
tomatic or accompanied by mild intestinal discomfort, which may 
include mucous diarrhoea, colicky pains, intermittent neurasthe-
nia and lethargy.28,84,116 These probably result from mild infl amma-
tion with mainly eosinophils, superfi cial necrosis, excessive mucus 
secretion and bleeding at the site of attachment. Microscopic 
examination of H. taichui infection reveals mucosal ulceration, 
mucosal and submucosal haemorrhages, fusion and shortening 
villi, chronic infl ammation, and fi brosis of the submucosa.117

Symptoms are most frequent in heavy infections, but they 
subside spontaneously after approximately 1 month, although 
the fl ukes remain.7 Upon further infection, symptoms may 
recur, giving rise to occasional episodes of diarrhoea in endemic 
areas.

One special aspect of heterophyid pathogenesis is the involve-
ment of eggs. These embed deeply in the intestinal wall, eliciting 
eosinophil and neutrophil infi ltration. The eggs (and sometimes 
adult worms) may then enter nearby lymphatics or blood vessels 
and be transported to other sites, notably the heart, spinal cord 
or brain, lungs, liver and spleen.84,116,118 Eggs become trapped and 
elicit granulomatous lesions and fi brosis. Signs of heterophyid 
myocarditis may include cardiac enlargement, cough, dyspnoea, 
cyanosis, fatigue, oedema and ascites, palpitation, loss of refl exes 
and abnormal heart sounds. Eggs or worms in the spinal cord or 
brain may cause neurological disease, transverse myelitis and loss 
of sensory and motor function.

Diagnosis

Diagnosis is usually based on the recovery of eggs in faeces, but 
there are many problems. The daily egg output is low (35–45) and 
light infections (<100 worms) are easily missed. Extraintestinal 
cases of heterophyiasis may be discovered at surgery or autopsy, 
and then only after careful searching. Distinction between species 
of heterophyids and Clonorchis and Opisthorchis by egg is exceed-
ingly diffi cult. However, recent publications have helped establish 
criteria for differentiation.2,119,120 The recovery of adult worms from 
post-treatment stools allows a defi nitive diagnosis, but this proce-
dure is extremely tedious due to their minute size.2,113

Management

Niclosamide, bithionol and tetrachloroethylene were previously 
used, but praziquantel is now the drug of choice. A single dose of 
praziquantel at 10–20 mg/kg is highly effective.114–116

Prevention and control

Like other fi sh-borne trematodes, treatment with praziquantel, 
combined with health education to encourage cooking of fi sh and 

other aquatic foods, is important. More studies are required on 
the frequency and spectrum of clinical consequences in order 
to assess the amount of resources that should be allocated for 
control. Although the ability of the parasites to cause fatal disease 
is clear, the actual frequency of this has recently received very little 
attention.

LUNG FLUKES

Paragonimiasis

These fl ukes are distributed widely, and infect an estimated 10 
million people in China alone and about 20 million world-
wide.4,121–126 Infection can cause severe respiratory or cerebral 
disease, depending on intensity, duration and site where the 
parasites become lodged.

Aetiology

Although there are many lung fl ukes of mammals, only Paragoni-
mus species infect man. Their taxonomy is unclear, but it is gener-
ally agreed that seven or eight species are of major medical 
importance in fairly distinct geographical areas.121,126 These include 
P. westermani, P. miyazakii, P. skrjabini and P. heterotremus (Figure 
83.9) in Asia, P. africanus and P. uterobilateralis in Africa and P. 
mexicanus (and P. ecuadoriensis) in Latin and South America. 
Countries with signifi cant numbers of cases include China, 
Taiwan, Thailand, Japan, Korea, Nigeria, Cameroon, Peru, Guate-
mala and Ecuador.121–123,125–128

Life cycle

Paragonimus lives in the lungs of some mammals: mainly wild and 
domestic cats, but also dogs, monkeys and humans. Parasite eggs 
are coughed up from the lungs and either expectorated in the 
sputum, or swallowed and excreted in the faeces. When these eggs 
reach water, further development occurs until miracidia hatch; 
they then penetrate a snail host (mainly species of Thiaridae and 
Pleuroceridae). Multiplication and development occur in the snail 
until cercariae are produced. These may enter the second interme-
diate host, namely potamid or other crabs, crayfi sh and one species 
of shrimp, while free-swimming or during consumption of the 
snail by the crustacean. The cercariae encyst in the gills, liver and 
muscle tissue of the crab and require about 2 months to become 
infective metacercariae. When the crabs are eaten by a fi nal mam-
malian host, the cysts excyst in the small intestine, penetrate the 
intestinal wall, travel from the peritoneum to the subperitoneal 
tissue, passing through the diaphragm, spend time in the pleural 
cavity and then invade the lung parenchyma where they mature 
in 2 months. Adult worms may live for 20 years. Due to aberrant 
migration, larvae sometimes become lodged in ectopic sites, e.g. 
brain, abdomen, groin, skin or heart.

In some mammals which serve as paratenic hosts, the larvae 
exit the small intestine and lodge without further development in 
muscle tissue.121,122,129 When a fi nal mammalian host consumes 
the paratenic host, the larvae survive passage through the stomach 
and escape through the intestinal wall. Migration to the lungs then 
results in maturation and egg excretion.

Lung Flukes
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Epidemiology

Human infection most often results from consumption of raw or 
incompletely cooked pickled, wine- or brine-soaked crabs, crayfi sh 
and shrimps harbouring metacercariae.121,122,126,129 Alternatively, 
transmission may occur via eating wild boar, pigs, or small animals 
harbouring pre-adult worms. Metacercariae may also be ingested 
during preparation of these foods via contamination of hands or 
utensils. In addition to dietary preferences, raw crab meat and 
juice are thought to have medicinal properties for enhancing fertil-
ity, reducing fever and treating measles.129 This last practice once 
caused high levels of infection in Korean children, while Philip-
pine children enjoy eating incompletely roasted crabs.130

Although endemic pockets are still being discovered in Korea, 
the number infected has dropped dramatically in recent years.129 
High prevalences of infection (up to 45%) were observed during 
a skin test survey in endemic communities in Korea in 1959. Infec-
tion levels have also signifi cantly dropped in Japan in the past 50 
years. However, changing dietary practices and reluctance to stop 
eating raw crabs are leading to increased infection levels in some 
areas.123,127 The infection is endemic throughout China, although 
again, vigorous control efforts have successfully reduced preva-
lences in some areas.122 Surveys in the Philippines found preva-
lences of 0.5–12% in human communities, while 50–100% of 
crabs in endemic areas harbour Paragonimus.130 Although eating 
raw food is not a widespread habit in India, 39 cases of Para-
gonimus were reported from Manipur State.125

Pathogenesis and pathology

The site of pathology of paragonimiasis depends upon the migra-
tory route of the larvae and the tissue in which they lodge.28,84,121 
Infl ammatory responses to the adult worms, immature worms and 
eggs are similar, regardless of location. Resulting lesions are gran-
ulomatous, beginning with leukocyte (mainly eosinophil) infi ltra-
tion and fi nally resulting in thick cysts or abscesses and ultimately 
calcifi cation. The parasites live within these fi brotic, greyish-white 
capsules (1.5–5 cm in diameter) in pairs or triplets, surrounded 
by thick, blood-streaked fl uid and numerous eggs. Later, the cap-
sules may be empty or fl uid fi lled. Eggs trapped in the tissue may 
also provoke granulomas at the periphery of the necrotic area. The 
capsules occur most frequently in the upper right quadrant of the 
lungs and, in the fewer cases of cerebral involvement, the posterior 
portion of the brain is usually affected.

In both human and experimental infections there appears to 
be a subsidence of infl ammation in later periods. This may be due 
to modulation of the immune response.

Clinical features

Pulmonary infection is accompanied by a chronic productive 
cough, with brownish purulent sputum containing streaks of 
blood and parasite eggs in P. westermani, P. heterotremus and African 
and American paragonimiasis. Chest pain and night sweats may 
also occur. The signs mimic bronchiectasis, bronchopneumonia, 
or tuberculosis not responding to antibiotics. Eosinophilia of 
20–25% is common.

Pleural effusion and pneumothorax with marked eosinophilia 
in the exudate and peripheral blood occur particularly frequently 
in P. miyazakii infections in Japan. Although there may be a per-
sistent cough, neither brownish sputum nor eggs are expelled in 
P. skrjabini and P. miyazakii infections.

Cerebral paragonimus may cause eosinophilic meningitis, 
which is characterized by headache, convulsions of the focal Jack-
sonian type, hemiplegia and visual impairment with insidious 
onset.84,131 Most cases involve males under 10 years of age. Flukes 
in the spinal cord may cause spastic paraplegia. Pulmonary symp-
toms (cough with brownish sputum) usually accompany cerebral 
disease. Cutaneous paragonimiasis occurs when the parasites lodge 
in subcutaneous tissue, forming painless, mobile swellings which 
may contain immature worms. The patient may also exhibit mild 
pulmonary abnormalities. This manifestation occurs frequently in 
P. skrjabini infection, which does not localize to the lungs.

Sometimes the fl ukes migrate through the peritoneal cavity 
eliciting the formation of multiple nodules (abdominal paragon-
imiasis) which often appear similar to malignant tumours.

Mortality has been reported, either due to parasites and result-
ing abscesses in the heart or to fulminating infection in the 
abdominal cavity.

Diagnosis and investigations

The clinical signs are fairly pathognomonic, particularly when diet 
history and residence in an endemic area are known, but misdiag-
nosis is commonly due to unfamiliarity with the disease.125 Tests 
to rule out tuberculosis, skin tests and sputum smear and culture 
are helpful in differentiation. Eggs of Paragonimus may be found 
in the faeces, sputum, gastric washings, plural effusion or tissue. 

A

B

Figure 83.9 (A) Adult worm of Paragonimus heterotremus. (B) Egg of 
P. heterotremus.
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Blood in the sputum contains suffi cient eggs to be visualized by 
direct smear. Sputum without blood should be collected over 24 h, 
centrifuged and the sediment dissolved in 3% sodium hydroxide 
for examination for eggs. Eggs may not be present in the sputum 
of infected children or elderly people, but faecal examination using 
a concentration technique may reveal eggs. Adult worms might be 
expectorated after treatment or found in skin lesions.

Skin and immunodiagnostic tests using parasite antigens are 
highly sensitive and useful for surveys and in diagnosing the 
infection(s).125,132,133 Complement fi xation tests and ELISA detect 
early as well as chronic infection and titres decline rapidly (becom-
ing negative in 1–2 months) after cure. These tests therefore assist 
in assessing cure following treatment.

Radiological investigations, particularly plain radiography and 
computed tomography, are useful in diagnosing pulmonary 
disease. Lesions typically show a nodular or ring shadow, patchy 
infi ltration and cavities.125,134 In eosinophilic meningitis, com-
puted tomography reveals a ‘soap bubble appearance’ of dilated 
ventricles and multiple dense calcifi cation and calcifi ed cystic 
lesions.131 Magnetic resonance images of the brain reveal conglom-
erates of multiple ring-like enhancements in the cerebral hemi-
sphere of the brain in cerebral paragonimiasis.135

Management

Long regimens of bithionol, totalling 10–15 doses of 30 mg/kg 
body weight on alternate days, and niclofan (2 mg/kg, single dose) 
are effective and have been used widely. Praziquantel has been the 
drug of choice, with a course of 3 × 25 mg/kg body weight for 3 
days being nearly 100% effective against all species.122,136 Side-
effects are usually mild and pulmonary abnormalities decrease 
within 4 months. Cutaneous paragonimiasis with fl are-up may 
occur after praziquantel treatment for pulmonary disease. Caution 
is required in the treatment of cerebral disease; one such patient 
became comatose for 48 h, while others showed no severe effects. 
Some studies have also shown triclabendazole to be effective.126,137 
Doses ranging from 5 mg/kg body weight once daily for 3 days, 
10 mg/kg twice on 1 day, to 10 mg/kg in a single dose have been 
found to be better tolerated and as effective as praziquantel in 
eliminating infection of P. mexicanus.137

Prevention and control

In addition to drug treatment, health education to discourage the 
consumption of raw crustaceans is recommended, particularly 
addressing the special danger of infection to children. Increased 
recognition of the problem by health workers and the population 
may facilitate earlier treatment and dietary change. Folk beliefs 
regarding medicinal properties of raw crabs, plus the inability of 
rapid dry cooking or soaking in brine, soy sauce or alcohol to kill 
the parasites, may require special attention in health promotion 
messages.

REFERENCES

 1. Chai JY, Park JH, Han ET, et al. Mixed infections with Opisthorchis viverrini 
and intestinal fl ukes in residents of Vientiane Municipality and Saravane 
Province in Laos. J Helminthol 2005; 79:283–289.

 2. Kaewkes S. The epidemiology and taxonomy of minute intestinal fl ukes in 

Northeast Thailand, PhD thesis. University of Queensland; 1993.
 3. Radomyos B, Wongsaroj T, Wilairatana P, et al. Opisthorchiasis and intestinal 

fl uke infections in northern Thailand. Southeast Asian J Trop Med Public Health 
1998; 29:123–127.

 4. WHO. Control of food-borne trematode infections. WHO Tech Rev Serv; 
1995.

 5. WHO. Report of Joint WHO/FAO workshop on food-borne trematode infections in 

Asia. Hanoi; 2004.
 6. Radomyos P, Radomyos B, Tungtrongchitr A. Multi-infection with helminths 

in adults from northeast Thailand as determined by post-treatment fecal 
examination of adult worms. Trop Med Parasitol 1994; 45:133–135.

 7. Cho SY, Kang SY, Lee, et al. B. Metagonimiasis in Korea. Drug Res 1984; 
34:1211–1213.

 8. Cross JH. Changing patterns of some trematode infections in Asia. Drug Res 
1984; 34:1224–1126.

 9. Graczyk TK, Fried B. Echinostomiasis: a common but forgotten food-borne 
disease. Am J Trop Med Hyg 1998; 58:501–504.

 10. Jongsuksuntigul P, Imsomboon T. Opisthorchiasis control in Thailand. Acta 

Trop 2003; 88:229–232.
 11. Mas-Coma S, Angles R, Esteban JG, et al. The Northern Bolivian Altiplano: a 

region highly endemic for human fascioliasis. Trop Med Int Health 1999; 
4:454–467.

 12. Keiser J, Utzinger J. Chemotherapy for major food-borne trematodes: a 
review. Expert Opin Pharmacother 2004; 5:1711–1726.

 13. Seo BS. Socio-economic and cultural aspects of human trematode infections 
in Korea. Drug Res 1984; 34:1116–1118.

 14. Eckert J. Workshop summary: food safety: meat- and fi sh-borne zoonoses. Vet 

Parasitol 1996; 64:143–147.
 15. Lun ZR, Gasser RB, Lai DH, et al. Clonorchiasis: a key foodborne zoonosis in 

China. Lancet Infect Dis 2005; 5:31–41.
 16. IARC. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans. 

1994; 61:121–175.
 17. Haswell-Elkins MR, Satarug S, Elkins DB. Opisthorchis viverrini infection in 

northeast Thailand and its relationship to cholangiocarcinoma. J Gastroenterol 

Hepatol 1992; 7:538–548.
 18. Hoeppli R. Histological changes in the liver of sixty-six Chinese infected with 

Clonorchis sinensis. Chin Med 1933; 47:1125–1141.
 19. Thamavit W, Bhamarapravati N, Sahaphong S, et al. Effects of 

dimethylnitrosamine on induction of cholangiocarcinoma in Opisthorchis 

viverrini-infected Syrian golden hamsters. Cancer Res 1978; 38:4634–4639.
 20. Vatanasapt V, Tangvoraphonkchai V, Titapant V, et al. A high incidence of 

liver cancer in Khon Kaen Province, Thailand. Southeast Asian J Trop Med 

Public Health 1990; 21:489–494.
 21. Kaewkes S. Taxonomy and biology of liver fl ukes. Acta Trop 2003; 88:177–

186.
 22. Lee SU, Huh S. Variation of nuclear and mitochondrial DNAs in Korean 

and Chinese isolates of Clonorchis sinensis. Korean J Parasitol 2004; 42:
145–148.

 23. Park GM. Genetic comparison of liver fl ukes, Clonorchis sinensis and 
Opisthorchis viverrini, based on rDNA and mtDNA gene sequences. Parasitol 

Res 2007; 100:351–357.
 24. Park GM, Yong TS. Geographical variation of the liver fl uke, Clonorchis 

sinensis, from Korea and China based on the karyotypes, zymodeme and 
DNA sequences. Southeast Asian J Trop Med Public Health 2001; 32(suppl 
2):12–16.

 25. Sithithaworn P, Nuchjungreed C, Srisawangwong T, et al. Genetic variation in 
Opisthorchis viverrini (Trematoda: Opisthorchiidae) from northeast Thailand 
and Laos PDR based on random amplifi ed polymorphic DNA analyses. 
Parasitol Res 2007; 100:613–617.

 26. Saijuntha W, Sithithaworn P, Wongkham S, et al. Genetic markers for the 
identifi cation and characterization of Opisthorchis viverrini, a medically 
important food borne trematode in Southeast Asia. Acta Trop 2006; 100:
246–251.

References



83. Food-borne Trematodes

1474

 27. Saijuntha W, Sithithaworn P, Wongkham S, et al. Evidence of a species 
complex within the food-borne trematode Opisthorchis viverrini and possible 
co-evolution with their fi rst intermediate hosts. Int J Parasitol 2007; 37:695–
703.

 28. Beaver PC, Jung RC, Cupp EW. Clinical Parasitology, 9th edn. Philadelphia: 
Lea, Febiger; 1984:406–414.

 29. Wang CR, Qiu JH, Zhao JP, et al. Prevalence of helminthes in adult dogs in 
Heilongjiang Province, the People’s Republic of China. Parasitol Res 2006; 
99:627–630.

 30. Sohn WM, Chai JY. Infection status with helminthes in feral cats purchased 
from a market in Busan, Republic of Korea. Korean J Parasitol 2005; 43:93–
100.

 31. Hering-Hagenbeck S, Schuster R. A focus of opisthorchiidosis in Germany. 
Appl Parasitol 1996; 37:260–265.

 32. Rim HJ. Clonorchiasis: an update. J Helminthol 2005; 79:269–281.
 33. Sithithaworn P, Pipitgool V, Srisawangwong T, et al. Seasonal variation of 

Opisthorchis viverrini infection in cyprinoid fi sh in north-east Thailand: 
implications for parasite control and food safety. Bull World Health Organ 
1997; 75:125–131.

 34. Rim HJ. The current pathobiology and chemotherapy of clonorchiasis. Korean 

J Parasitol Suppl 1986; 24:1–141.
 35. Vatanasapt V, Sripa B, Sithithaworn P, et al. Liver fl ukes and liver cancer. 

Cancer Surv 1999; 33:313–343.
 36. Bronshtein AM. Communication 2. Morbidity of opisthorchiasis and 

diphyllobothriasis in the indigenous population of the Kyshik village 
in the Khanty-Mansiisk Autonomic region. Med Parazit (Monk) 1986; 3:
44–48.

 37. Yossepowitch O, Gotesman T, Assous M, et al. Opisthorchiasis from 
imported raw fi sh. Emerg Infect Dis 2004; 10:2122–2126.

 38. Jongsuksuntigul P. Parasitic Disease in northeast Thailand. In: Seminar in 

Parasitic Diseases in northeast Thailand. Thailand: Khon Kaen; 2002.
 39. Rim HJ, Chai JY, Min DY, et al. Prevalence of intestinal parasite infections on 

a national scale among primary schoolchildren in Laos. Parasitol Res 2003; 
91:267–272.

 40. Sithithaworn P, Sukavat K, Vannachone B, et al. Epidemiology of food-borne 
trematodes and other parasite infections in a fi shing community on the Nam 
Ngum reservoir, Lao PDR. Southeast Asian J Trop Med Public Health 2006; 
37:1083–1090.

 41. Sithithaworn P, Haswell-Elkins MR, Mairiang P, et al. Parasite-associated 
morbidity: liver fl uke infection and bile duct cancer in northeast Thailand. 
Int J Parasitol 1994; 24:833–843.

 42. Sithithaworn P, Haswell-Elkins M. Epidemiology of Opisthorchis viverrini. Acta 

Trop 2003; 88:187–194.
 43. Upatham ES, Viyanant V, Kurathong S, et al. Relationship between prevalence 

and intensity of Opisthorchis viverrini infection, and clinical symptoms and 
signs in a rural community in north-east Thailand. Bull World Health Organ 
1984; 62:451–461.

 44. Elkins DB, Haswell-Elkins MR, Mairiang E, et al. A high frequency of 
hepatobiliary disease and suspected cholangiocarcinoma associated with 
heavy Opisthorchis viverrini infection in a small community in north-east 
Thailand. Trans R Soc Trop Med Hyg 1990; 84:715–719.

 45. Elkins DB, Mairiang E, Sithithaworn P, et al. Cross-sectional patterns of 
hepatobiliary abnormalities and possible precursor conditions of 
cholangiocarcinoma associated with Opisthorchis viverrini infection in 
humans. Am J Trop Med Hyg 1996; 55:295–301.

 46. Pungpak S, Viravan C, Radomyos B, et al. Opisthorchis viverrini infection in 
Thailand: studies on the morbidity of the infection and resolution following 
praziquantel treatment. Am J Trop Med Hyg 1997; 56:311–314.

 47. Choi MS, Choi D, Choi MH, et al. Correlation between sonographic fi ndings 
and infection intensity in clonorchiasis. Am J Trop Med Hyg 2005; 73:1139–
1144.

 48. Pungpak S, Riganti M, Bunnag D, et al. Clinical features in severe 
opisthorchiasis viverrini. Southeast Asian J Trop Med Public Health 1985; 
16:405–409.

 49. Haswell-Elkins MR, Mairiang E, Mairiang P, et al. Cross-sectional study of 
Opisthorchis viverrini infection and cholangiocarcinoma in communities 
within a high-risk area in northeast Thailand. Int J Cancer 1994; 59:
505–509.

 50. Honjo S, Srivatanakul P, Sriplung H, et al. Genetic and environmental 
determinants of risk for cholangiocarcinoma via Opisthorchis viverrini in a 
densely infested area in Nakhon Phanom, northeast Thailand. Int J Cancer 
2005; 117:854–860.

 51. Sriamporn S, Pisani P, Pipitgool V, et al. Prevalence of Opisthorchis viverrini 
infection and incidence of cholangiocarcinoma in Khon Kaen, Northeast 
Thailand. Trop Med Int Health 2004; 9:588–594.

 52. Choi D, Lim JH, Lee KT, et al. Cholangiocarcinoma and Clonorchis sinensis 
infection: a case-control study in Korea. J Hepatol 2006; 44:1066–1073.

 53. Lim MK, Ju Y H, Franceschi S, et al. Clonorchis sinensis infection and 
increasing risk of cholangiocarcinoma in the Republic of Korea. Am J Trop 

Med Hyg 2006; 75:93–96.
 54. Sripa B. Pathobiology of opisthorchiasis: an update. Acta Trop 2003; 88:209–

220.
 55. Kim YH. Eosinophilic cholecystitis in association with Clonorchis sinensis 

infestation in the common bile duct. Clin Radiol 1999; 54:552–554.
 56. Sripa B, Kanla P, Sinawat P, et al. Opisthorchiasis-associated biliary stones: 

light and scanning electron microscopic study. World J Gastroenterol 2004; 
10:3318–3321.

 57. Park H, Ko M Y, Paik MK, et al. Cytotoxicity of a cysteine proteinase of adult 
Clonorchis sinensis. Korean J Parasitol 1995; 33:211–218.

 58. Sripa B, Kaewkes S. Localisation of parasite antigens and infl ammatory 
responses in experimental opisthorchiasis. Int J Parasitol 2000; 30:
735–740.

 59. Thuwajit C, Thuwajit P, Kaewkes S, et al. Increased cell proliferation of 
mouse fi broblast NIH-3T3 in vitro induced by excretory/secretory product(s) 
from Opisthorchis viverrini. Parasitology 2004; 129:455–464.

 60. Ohshima H, Bartsch H. Chronic infections and infl ammatory processes as 
cancer risk factors: possible role of nitric oxide in carcinogenesis. Mutat Res 
1994; 305:253–264.

 61. Pinlaor S, Yongvanit P, Hiraku Y, et al. 8-nitroguanine formation in the liver 
of hamsters infected with Opisthorchis viverrini. Biochem Biophys Res Commun 
2003; 309:567–571.

 62. Pinlaor S, Ma N, Hiraku Y, et al. Repeated infection with Opisthorchis viverrini 
induces accumulation of 8-nitroguanine and 8-oxo-7,8-dihydro-2’-
deoxyguanine in the bile duct of hamsters via inducible nitric oxide synthase. 
Carcinogenesis 2004; 25:1535–1542.

 63. Haswell-Elkins MR, Satarug S, Tsuda M, et al. Liver fl uke infection and 
cholangiocarcinoma: model of endogenous nitric oxide and extragastric 
nitrosation in human carcinogenesis. Mutat Res 1994; 305:241–252.

 64. Satarug S, Haswell-Elkins MR, Sithithaworn P, et al. Relationships between 
the synthesis of N-nitrosodimethylamine and immune responses to chronic 
infection with the carcinogenic parasite, Opisthorchis viverrini, in men. 
Carcinogenesis 1998; 19:485–491.

 65. Satarug S, Haswell-Elkins MR, Tsuda M, et al. Thiocyanate-independent 
nitrosation in humans with carcinogenic parasite infection. Carcinogenesis 
1996; 17:1075–1081.

 66. Sithithaworn P, Tesana S, Pipitgool V, et al. Relationship between faecal egg 
count and worm burden of Opisthorchis viverrini in human autopsy cases. 
Parasitology 1991; 102:277–281.

 67. Hong ST, Lee M, Sung NJ, et al. Usefulness of IgG4 subclass antibodies 
for diagnosis of human clonorchiasis. Korean J Parasitol 1999; 37:
243–248.

 68. Choi MH, Park IC, Li S, et al. Excretory-secretory antigen is better than crude 
antigen for the serodiagnosis of clonorchiasis by ELISA. Korean J Parasitol 
2003; 41:35–39.

 69. Sirisinha S, Chawengkirttikul R, Haswell-Elkins MR, et al. Evaluation of a 
monoclonal antibody-based enzyme linked immunosorbent assay for the 
diagnosis of Opisthorchis viverrini infection in an endemic area. Am J Trop Med 

Hyg 1995; 52:521–524.



1475

 70. Sirisinha S, Chawengkirttikul R, Sermswan R, et al. Detection of Opisthorchis 

viverrini by monoclonal antibody-based ELISA and DNA hybridization. Am J 

Trop Med Hyg 1991; 44:140–145.
 71. Wongratanacheewin S, Pumidonming W, Sermswan RW, et al. Development 

of a PCR-based method for the detection of Opisthorchis viverrini in 
experimentally infected hamsters. Parasitology 2001; 122:175–180.

 72. Wongratanacheewin S, Pumidonming W, Sermswan RW, et al. Detection of 
Opisthorchis viverrini in human stool specimens by PCR. J Clin Microbiol 2002; 
40:3879–3880.

 73. Stensvold CR, Saijuntha W, Sithithaworn P, et al. Evaluation of PCR based 
coprodiagnosis of human opisthorchiasis. Acta Trop 2006; 97:26–30.

 74. Pungpak S, Radomyos P, Radomyos BE, et al. Treatment of Opisthorchis 

viverrini and intestinal fl uke infections with Praziquantel. Southeast Asian J 

Trop Med Public Health 1998; 29:246–249.
 75. Khamboonruang C, Keawvichit R, Wongworapat K, et al. Application of 

hazard analysis critical control point (HACCP) as a possible control measure 
for Opisthorchis viverrini infection in cultured carp (Puntius gonionotus). 
Southeast Asian J Trop Med Public Health 1997; 28(suppl 1):65–72.

 76. Boray JC. Fascioliasis. In: Hillyer GV, Hopla CE, section eds. Section C: 

Parasitic Zoonoses, Vol III. Boca Raton: CRC Press; 1982:71–88.
 77. Chen MG, Mott KE. Progress in assessment of morbidity due to Fasciola 

hepatica infection: a review of recent literature. Trop Dis Bull 1990; 
87:R1–R38.

 78. Mas-Coma S. Epidemiology of fascioliasis in human endemic areas. 
J Helminthol 2005; 79:207–216.

 79. Rondelaud D, Dreyfuss G, Bouteille B, et al. Changes in human fasciolosis in 
a temperate area: about some observations over a 28-year period in central 
France. Parasitol Res 2000; 86:753–757.

 80. Chen MG. Fasciola hepatica infection in China. In: Cross JH, ed. Emerging 

Problems in Food-borne Parasitic Zoonosis: Impact on Agriculture and Public 

Health. Bangkok: Thai Watana Panich Press; 1991:356–360.
 81. Hassan MM, Farghaly AM, Gaber NS, et al. Parasitic causes of hepatomegaly 

in children. J Egyptian Soc Parasitol 1996; 26:177–189.
 82. Wolf-Spengler ML, Isseroff H. Fascioliasis: bile duct collagen induced by 

proline from the worm. J Parasitol 1983; 69:290–294.
 83. Mas-Coma MS, Esteban JG, Bargues MD. Epidemiology of human 

fascioliasis: a review and proposed new classifi cation. Bull World Health 

Organ 1999; 77:340–346.
 84. Gutierrez Y. Diagnostic Parasitology of Parasitic Infections with Clinical 

Correlations. Philadelphia: Lea & Febiger; 2000.
 85. Adachi S, Kotani K, Shimizu T, et al. Asymptomatic fascioliasis. Intern Med 

2005; 44:1013–1015.
 86. Richter J, Freise S, Mull R, et al. Fascioliasis: sonographic abnormalities of 

the biliary tract and evolution after treatment with Triclabendazole. Trop Med 

Int Health 1999; 4:774–781.
 87. Bulbuloglu E, Yuksel M, Bakaris S, et al. Diagnosis of Fasciola hepatica cases 

in an operating room. Trop Doct 2007; 37:50–52.
 88. Espinoza JR, Maco V, Marcos L, et al. Evaluation of Fas2-ELISA for the 

serological detection of Fasciola hepatica infection in humans. Am J Trop Med 

Hyg 2007; 76:977–982.
 89. De Almeida MA, Ferreira MB, Planchart S, et al. Preliminary antigenic 

characterisation of an adult worm vomit preparation of Fasciola hepatica by 
infected human sera. Rev Inst Med Trop Sao Paulo 2007; 49:31–35.

 90. Osman MM, Ismail Y, Aref TY. Human fasciolosis: a study on the relation of 
infection intensity and treatment to hepatobiliary affection. J Egypt Soc 

Parasitol 1999; 29:353–363.
 91. Fullerton JK, Vitale M, Vitale GC. Therapeutic endoscopic retrograde 

cholangiopancreatography for the treatment of Fasciola hepatica presenting as 
biliary obstruction. Surg Innov 2006; 13:179–182.

 92. Aksoy DY, Kerimoglu U, Oto A, et al. Infection with Fasciola hepatica. Clin 

Microbiol Infect 2005; 11:859–861.
 93. Lecaillon JB, Godbillon J, Campestrini J, et al. Effect of food on the 

bioavailability of Triclabendazole in patients with fascioliasis. Br J Clin 

Pharmacol 1998; 45:601–604.

 94. Farag HF, Salem A, el-Hifni SA, et al. Bithionol (Bitin) treatment in 
established fascioliasis in Egyptians. J Trop Med Hyg 1988; 91:
240–244.

 95. Kabil SM, Ashry EE, Ashraf NK. An open-label clinical study of nitazoxanide 
in the treatment of human fascioliasis. Curr Ther Res 2000; 61:339–345.

 96. Sadun EH, Maiphoom C. Studies on the epidemiology of the human 
intestinal fl uke, Fasciolopsis buski (Lankester) in central Thailand. Am J Trop 

Med Hyg 1953; 2:1070–1084.
 97. Manning G, Sukhawat K, Viyanant V, et al. Fasciolopsis buski in Thailand, with 

comments on other intestinal parasites. J Med Assoc Thailand 1969; 52:905–
913.

 98. Rim HJ. Fasciolopsiasis. In: Hillyer GV, Hopla CE, section eds. Section C: 

Parasite Zoonoses, Vol. III. Boca Raton: CRC Press; 1982:89–97.
 99. Mairiang E, Elkins DB, Mairiang P, et al. Relationship between intensity of 

Opisthorchis viverrini infection and hepatobiliary disease detected by 
ultrasonography. J Gastroenterol Hepatol 1992; 7:17–21.

100. Jaroonvesama N, Charoenlarp K, Areekul S. Intestinal absorption studies in 
Fasciolopsis buski infection. Southeast Asian J Trop Med Public Health 1986; 
17:582–586.

101. Weng YL, Zhuang ZL, Jiang HP, et al. Studies on ecology of Fasciolopsis buski 
and control strategy of fasciolopsiasis. Chinese J Parasitol Parasit Dis 1989; 
7:108–111.

102. Handoyo I, Ismuljowono B, Darwis F, et al. Evaluation of post-treatment 
control of fasciolopsiasis in Sei Papuyu village of Babirik Subdistrict, Hulu 
Sungai Utara Regency, South Kalimantan Province, Indonesia. Trop Biomed 
1987; 4:125–127.

103. Handoyo I, Ismuljowono B, Darwis F, et al. Further survey of fasciolopsiasis 
in Babirik Subdistrict, Hulu Sungei Utara Recency, South Kalimantan 
Province. Trop Biomed 1986; 3:119–123.

104. Bunnag D, Radomyos P, Harinasuta T. Field trial on the treatment of 
fasciolopsiasis with praziquantel. Southeast Asian J Trop Med Public Health 
1983; 14:216–219.

105. Rim HJ. Echinostomiasis. In: Hillyer GV, Hopla CE, section eds. Section C: 

Parasitic Zoonoses, Vol. III. Boca Raton: CRC Press; 1982:53–69.
106. Waikagul J. Intestinal fl uke infections in Southeast Asia. In: Cross JH, ed. 

Emerging Problems in Food-Borne Parasitic Zoonosis: Impact on Agriculture and 

Public Health. Bangkok: Thai Watana Panich Press; 1991:158–162.
107. Huffman JE, Fried B. Echinostoma and echinostomiasis. Adv Parasitol 1990; 

29:215–269.
108. Carney WP. Echinostomiasis: a snail-borne intestinal trematode zoonosis. 

In: Cross JH, ed. Emerging Problems in Food-Borne Parasitic Zoonosis: Impact on 

Agriculture and Public Health. Bangkok: Thai Watana Panich Press; 1991:
206–211.

109. Tangtrongchitr A, Monzon RB. Eating habits associated with Echinostoma 

malayanum infections in the Philippines. In: Cross JH, ed. Emerging Problems 

in Food-Borne Parasitic Zoonosis: Impact on Agriculture and Public Health. 
Bangkok: Thai Watana Panich Press; 1991:212–216.

110. Radomyos P, Bunnag D, Harinasuta T. Echinostoma ilocanum (Garrison, 1908) 
Odhner, 1911, infection in man in Thailand. Southeast Asian J Trop Med Public 

Health 1982; 13:265–269.
111. Carney WP. Echinostomiasis – a snail-borne intestinal trematode 

zoonosis. Southeast Asian J Trop Med Public Health 1991; 22(suppl):
206–211.

112. Phathihutthagon W, Sornmani S, Impand P, et al. Studies on the prevalence 
and reinfection rate of Echinostoma spp in an irrigated area. Parasit Trop Med 

Assoc Thailand 1984; 7:12–16.
113. Radomyos P, Bunnag D, Harinasuta T. Worms recovered in stools following 

praziquantel treatment. Drug Res 1984; 34:1215–1217.
114. Chai JY, Han ET, Park YK, et al. High endemicity of Metagonimus yokogawai 

infection among residents of Samchok-shi, Kangwon-do. Korean J Parasitol 
2000; 38:33–36.

115. Chai JY, Kim IM, Seo M, et al. A new endemic focus of Heterophyes nocens, 
Pygidiopsis summa, and other intestinal fl ukes in a coastal area of Muan-gun, 
Chollanam-do. Korean J Parasitol 1997; 35:233–238.

References



83. Food-borne Trematodes

1476

116. Velasquez CC. Heterophyidiasis. In: Hillyer GV, Hopla CE, section eds. 
Section C: Parasitic Zoonoses, Vol. III. Boca Raton: CRC Press; 1982:
99–107.

117. Sukontason K, Unpunyo P, Sukontason KL, et al. Evidence of Haplorchis 

taichui infection as pathogenic parasite: three case reports. Scand J Infect Dis 
2005; 37:388–390.

118. Africa C, Leon WD E, Garcia EY. Intestinal heterophyidiasis with cardiac 
involvement: a contribution to etiology of heart failure. J Philippine Islands 

Med Assoc 1935; 15:358–361.
119. Lee SH, Hwang SW, Chai JY, et al. Comparative morphology of eggs of 

Heterophyids and Clonorchis sinensis causing human infections in Korea. 
Kisaengchunghak Chapchi 1984; 22:171–180.

120. Ditrich O, Giboda M, Scholz T, et al. Comparative morphology of eggs of the 
Haplorchiinae (Trematoda: Heterophyidae) and some other medically 
important heterophyid and opisthorchid fl ukes. Folia Parasitol 1992; 39:123–
132.

121. Miyazaki I. Paragonimiasis. In: Hillyer GV, Hopla CE, section eds. Section C: 
Parasitic Zoonoses, Vol. III. Boca Raton: CRC Press; 1982:143–164.

122. Zhi-Biao X. Studies on clinical manifestations, diagnosis and control of 
paragonimiasis in China. In: Cross JH, ed. Emerging Problems in Food-Borne 

Parasitic Zoonosis: Impact on Agriculture and Public Health. Bangkok: Thai 
Watana Panich Press; 1991:345–348.

123. Gyoten J. Changes of living habits related to the infection in human 
paragonimiasis in Japan, based on the epidemiological data. Japan J Parasitol 
1994; 43:462–470.

124. Pozio E. Current status of food-borne parasitic zoonoses in Mediterranean 
and African regions. In: Cross JH, ed. Emerging Problems in Food-Borne 

Parasitic Zoonosis: Impact on Agriculture and Public Health. Bangkok: Thai 
Watana Panich Press; 1991:85–87.

125. Singh TS, Mutum SS, Razaque MA. Pulmonary paragonimiasis: clinical 
features, diagnosis and treatment of 39 cases in Manipur. Trans R Soc Trop 

Med Hyg 1986; 80:967–971.

126. Blair D, Xu Z B, Agatsuma T. Paragonimiasis and the genus Paragonimus. Adv 

Parasitol 1998; 42:113–222.
127. Uchiyama F, Morimoto Y, Nawa Y. Re-emergence of paragonimiasis in 

Kyushu, Japan. Southeast Asian J Trop Med Public Health 1999; 30:
686–691.

128. Nishimura K, Hung T. Current views on geographic distribution and modes 
of infection of neurohelminthic diseases. J Neurol Sci 1997; 145:5–14.

129. Choi DW. Paragonimus and paragonimiasis in Korea. Korean J Parasitol 1990; 
28:79–102.

130. Belizario V, Guan M, Borja L, et al. Pulmonary paragonimiasis and 
tuberculosis in Sorsogon, Philippines. Southeast Asian J Trop Med Public Health 
1997; 28(suppl 1):37–45.

131. Jaroonvesama N. Differential diagnosis of eosinophilic meningitis. Parasitol 

Today 1988; 4:262–266.
132. Lee JS, Lee J, Kim SH, et al. Molecular cloning and characterization of a 

major egg antigen in Paragonimus westermani and its use in ELISA for the 
immunodiagnosis of paragonimiasis. Parasitol Res 2007; 100:677–681.

133. Zhang R, Gao S, Geng Y, et al. Epidemiological study on Clonorchis sinensis 
infection in Shenzhen area of Zhujiang delta in China. Parasitol Res 2007; 
101:179–183.

134. Devi KR, Narain K, Bhattacharya S, et al. Pleuropulmonary paragonimiasis 
due to Paragonimus heterotremus: molecular diagnosis, prevalence of infection 
and clinicoradiological features in an endemic area of northeastern India. 
Trans R Soc Trop Med Hyg 2007; 101:786–792.

135. Kang SY, Kim TK, Kim TY, et al. A case of chronic cerebral paragonimiasis 

westermani. Korean J Parasitol 2000; 38:167–171.
136. Udonsi JK. Clinical fi eld trials of praziquantel in pulmonary paragonimiasis 

due to Paragonimus uterobilateralis in endemic populations of the Igwun 
Basin, Nigeria. Trop Med Parasitol 1989; 40:65–68.

137. Calvopina M, Guderian RH, Paredes W, et al. Treatment of human 
pulmonary paragonimiasis with triclabendazole: clinical tolerance and drug 
effi cacy. Trans R Soc Trop Med Hyg 1998; 92:566–569.



1477

Section 11 Helminthic Infections

Chapter 84 Paul E. Simonsen

Filariases

The fi lariases result from infection with vector-borne tissue-
dwelling nematodes called fi lariae. Depending on the species, 
adult fi lariae may live in the lymphatics, blood vessels, skin, con-
nective tissues or serous membranes. The females produce larvae 
(microfi lariae) which live in the bloodstream or skin. All true 
fi lariae that infect humans (superfamily Filarioidea; family Oncho-
cercidae) are transmitted by dipteran vectors. The guinea worm 
(superfamily Dracunculoidea) is not a true fi laria, but is included 
in this section as a related nematode transmitted by arthropod 
vectors. A summary of the common fi larial worms infecting 
humans and the common disease symptoms is shown in Table 
84.1. A few species of animal fi lariae may accidentally infect 
humans. The transmission of human fi lariae is confi ned to warm 
climates, a high temperature being necessary for the parasites to 
develop in the vectors.

The pattern of the life cycle of all species of fi lariae is shown 
in Figure 84.1. Detailed life cycles of the species infecting humans 
are given in Appendix III. The infective form is the third-stage larva 
which is transmitted by the vector. The rate of growth and dif-
ferentiation of worms and longevity of both microfi lariae and 
adult worms differ markedly between different species. Some 
adult worms may live as long as 20 years. A high specifi city of the 
fi laria-vector and the fi laria-host relationships has evolved over a 
long period of time.

From the public health point of view, onchocerciasis and lym-
phatic fi lariasis are the most important fi larial infections. Dracun-
culiasis (guinea worm infection) results in severe ulceration, and 
Calabar swellings and other clinical manifestations of loiasis may 
have severe consequences for the patient.

LYMPHATIC FILARIASIS

Three species of lymphatic dwelling fi larial worms, Wuchereria 
bancrofti, Brugia malayi and B. timori, cause lymphatic fi lariasis in 
humans. The vectors are species of mosquitoes (Anopheles, Culex, 
Aedes and Mansonia spp). Infection with W. bancrofti is sometimes 
called bancroftian fi lariasis, while brugian fi lariasis refers to infec-
tion by the other two species. W. bancrofti is geographically much 
more widespread than the Brugia spp. Lymphatic fi lariasis is a 
major cause of debilitating and disfi guring chronic disease mani-
festations (especially lymphoedema, elephantiasis and hydrocele) 
in endemic areas.1

Historical background

Our present knowledge of fi lariasis owes much to investigations 
carried out towards the end of the nineteenth and the beginning 
of the twentieth centuries. Microfi lariae, recovered in hydrocele 
fl uid from a Cuban patient, were fi rst described by Jean-Nicolas 
Demarquay in Paris in 1863.2 Three years later, microfi lariae were 
found in chylous urine in a patient in Brazil by Otto Wucherer, 
who was unaware of the earlier French report.3 Timothy Lewis, 
working in India, fi rst reported the fi nding of microfi lariae in 
human blood in 1872.4 Adult worms were recovered by Joseph 
Bancroft in Australia in 1876 and named Filaria bancrofti.5 In 1921 
this species was included in the genus Wuchereria.

The distinguished pioneer of tropical medicine, Sir Patrick 
Manson, while working in Amoy in China, made several contribu-
tions to the understanding of the biology of W. bancrofti.6 Thus, 
in 1877 he observed the development of the parasite in mosqui-
toes fed on the blood of his microfi laraemic gardener, and he 
speculated that it was transmitted by mosquitoes. He also noticed 
that microfi lariae could not always be found in the blood of 
infected patients. By serial blood examinations every few hours, 
he then revealed the nocturnal periodicity of the microfi lariae.

Examination of specimens of adult worms revealed two new 
species, subsequently called Brugia malayi (1960) and B. timori 
(1977). A detailed history of lymphatic fi lariasis has been 
written.7

Geographical distribution

The distribution of the three causal parasites of lymphatic fi laria-
sis, W. bancrofti, B. malayi and B. timori, is shown in Figure 84.2. 
W. bancrofti is distributed throughout the tropical regions of Asia, 
Africa, the Americas and the Pacifi c, and is particularly prevalent 
in areas with hot and humid climates. B. malayi is found in South-
east Asia and in areas of south-west India, whereas B. timori occurs 
only on some islands in Indonesia.

In 1997, it was estimated that at least 128 million individuals 
were infected, 115 million with W. bancrofti and 13 million with 
the Brugia spp.8 India (48 million cases) and sub-Saharan Africa 
(51 million cases) accounted for most of this burden. Results from 
many recent surveys indicate that the true fi gures could be much 
higher. Lymphatic fi lariasis has disappeared from North America, 
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Table 84.1 Characteristics of fi larial parasites and guinea worm and common clinical manifestations in humans

Species Distribution Vectors Main location of 
adults

Main location 
of microfi lariae

Common disease 
symptoms

Wuchereria bancrofti Tropics Mosquito spp. Lymphatics Blood Lymphangitis
Elephantiasis
Hydrocele

Brugia malayi South, East and South-east 
Asia

Mosquito spp. Lymphatics Blood Lymphangitis
Elephantiasis

Brugia timori Indonesia Mosquito spp. Lymphatics Blood Lymphangitis
Elephantiasis

Loa loa Central and West Africa Chrysops spp. Connective tissue Blood Calabar swellings

Mansonella perstans Africa, Central and South 
America

Culicoides spp. Body cavities
Serous membranes

Blood Usually symptomless

Mansonella streptocerca Central and west Africa Culicoides spp. Skin Skin Usually symptomless

Mansonella ozzardi Central and South America Culicoides spp.
Simulium spp.

Peritoneal cavity
Serous membranes

Blood and skin Usually symptomless

Onchocerca volvulus Africa, Yemen, Central and 
South America

Simulium spp. Skin Skin Dermatitis
Nodules
Eye lesions

Dracunculus medinensis Africa Copepods Connective tissue, 
including skin

– Ulceration

Larvae migrate to
final location and
develop to adults

Human infected
when vector bites

Infective larvae
in vector

Microfilariae
ingested by vector

Microfilariae
to blood or skin

Females produce
microfilariae

Development
in vector

Vector

Human

Adult worms
in tissues

Male Female

Figure 84.1 General life cycle of fi lariae.

Japan and Australia, and in some countries, especially China, 
control programmes have greatly decreased the prevalence. It con-
tinues to be a major public health problem in most of southern 
and South-east Asia, in Africa, and in a number of Caribbean and 
Pacifi c islands. In recent years the amount of urban fi lariasis has 
increased due to an increase in both human and vector popula-
tions in these areas.

Life cycle and transmission

The adult worms reside in the lymphatics of the human host. 
Female W. bancrofti measure 80–100 × 0.25 mm and the male 
40 × 0.1 mm. The adult Brugia spp. have only half of this dimen-
sion. Microfi lariae are produced from ova in the uterus of the 
female worm. They are sheathed and measure on average 
260 × 8 μm (Figures 84.3, 84.4). Microfi lariae are ingested by the 
vector female mosquito during a blood meal. They exsheath in 
the mosquito stomach, becoming fi rst-stage larvae which pene-
trate the stomach wall of the mosquito and migrate to the thorax 
muscles. There they develop through two moults to the infective 
third-stage larvae (1500 × 20 μm). The development in the mos-
quito takes a minimum of 10–12 days. Mature infective larvae 
then migrate to the mouthparts of the mosquito from where they 
enter the skin of the human host, probably through the puncture 
site made by the proboscis of the vector when it takes its blood 
meal. The larvae migrate to the lymphatics and develop to adult 
worms. Microfi lariae appear in the blood after a minimum of 
8 months in W. bancrofti and 3 months in B. malayi. The adult 
worms may live and produce microfi lariae for more than 20 
years, but on average the lifespan is shorter. Microfi lariae have a 
lifespan of approximately 1 year. Microfi larial densities may reach 
10 000 per mL of blood or more, but are usually lower.
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A.

B.

Figure 84.2 Geographical distribution of 
human lymphatic fi lariasis. (A) In Africa and 
the Americas. (B) In Asia. (Adapted from 
WHO.1)

For details of the life cycles of the three causal parasites 
of lymphatic fi lariasis and of the mosquito vectors transmitting 
this infection in different geographical zones, see Appendices III 
and IV.

Microfi larial periodicity

Like many fi larial species, W. bancrofti, B. malayi and B. timori 
exhibit a daily periodicity in the concentration of microfi lariae in 
the peripheral blood of the host. The different periodicities of 
microfi lariae correspond with the biting habits of their principal 
vector. This adaptation enhances their chances of onward trans-

mission. The details of microfi larial periodicity are discussed in 
Appendix III.

Depending on whether the highest microfi larial density over a 
24-h period occurs during the night or the day, periodicity is 
termed nocturnal or diurnal (Figure 84.5). In most areas the peri-
odicity of both W. bancrofti and B. malayi is nocturnal, with peak 
concentrations in the blood around midnight, and none or very 
few at midday.9 In these areas, the parasites are transmitted by 
night-biting mosquitoes. There are also diurnally subperiodic and 
nocturnally subperiodic forms of W. bancrofti, where microfi lariae 
are present continuously in the peripheral blood but where the 
concentrations are higher than average during day and night, 

Lymphatic Filariasis
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Figure 84.3 Microfi laria of W. bancrofti in thick blood fi lm.

Figure 84.4 Microfi laria of B. malayi in thick blood fi lm.

Figure 84.5 Observed (—) and theoretical (- - -) periodicity of 
microfi lariae in peripheral blood. (A) Diurnally subperiodic W. bancrofti 
in the South Pacifi c. (B) Nocturnally subperiodic W. bancrofti from 
west Thailand. (C) Nocturnally subperiodic B. malayi in the Philippines. 
(D) Nocturnally periodic B. malayi in Malaysia. (E) Nocturnally periodic 
W. bancrofti in Malaysia. (Reproduced from Control of Lymphatic 
Filariasis. A Manual for Health Personnel. Geneva: WHO; ©1987.)

respectively. A strain of B. malayi also exhibits nocturnal sub-
periodicity (Figure 84.5).

The periodicity is due to a biological rhythm inherent in the 
microfi lariae but infl uenced by the circadian rhythm of the host. 
Microfi laraemia of nocturnally periodic W. bancrofti ceases to be 
periodic in persons who start work at night and sleep during the 
day, and in patients who have been hospitalized for long 
periods.

Clinical features

Lymphatic fi lariasis is characterized by a wide range of clinical 
presentations.

One group of individuals in the endemic community shows no 
clinical manifestations or microfi lariae. This includes individuals 
who have not been suffi ciently exposed to be infected, individuals 
with prepatent infection or adult worm infection without micro-

fi laraemia, and individuals who have cleared the infection. 
Another group of individuals in the endemic community shows 
microfi lariae in their blood but no obvious clinical manifesta-
tions. Some of these may remain microfi laraemic and asymptom-
atic for years or even for the rest of their lives.

Recent surveys employing diagnostic tests that detect circulat-
ing antigens from adult W. bancrofti worms have demonstrated 
that many of the amicrofi laraemic individuals in endemic areas 
actually harbour adult worms.10 Through the use of ultrasonogra-
phy and lymphoscintigraphy it has been recognized that most 
infected but apparently asymptomatic individuals (with or without 
microfi laraemia) suffer from subclinical lymphatic abnormalities, 
especially dilatation of the vessels (lymphangiectasis).11,12

Obvious symptomatic fi larial disease manifests itself in both 
acute and chronic forms, and may be with or without infection.

Bancroftian fi lariasis

Common clinical manifestations of bancroftian fi lariasis are acute 
adenolymphangitis, hydrocele, lymphoedema and elephantiasis. 
Chyluria and tropical pulmonary eosinophilia are more rarely 
seen manifestations. Although frequent in males, genital manifes-
tations do not appear to be a substantial problem in females.13

Acute manifestations

Manifestations of acute fi larial disease (‘fi larial fever’), often 
described as adenolymphangitis (ADL), are characterized by epi-
sodic attacks of malaise, fever and chills, and by the appearance 
of enlarged painful lymph nodes draining the affected part, usually 
the lower limb, followed by an acute, warm and tender swelling. 
The episodes usually resolve spontaneously after about a week, 
and may recur several times within a year. Regression of the swell-
ing after an ADL attack of the leg is commonly followed by exces-
sive skin exfoliation.14 In males the genitals are frequently affected 
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and attacks may present as acute funiculitis or epididymo-orchitis. 
Acute attacks may be unilateral or bilateral, and commonly occur 
also in individuals with chronic manifestatons.15

Two distinct syndromes of acute fi larial attacks in the extremi-
ties have recently been recognized.16 One, called acute fi larial 
lymphangitis (AFL), is caused by the death of adult worms, either 
spontaneously or after treatment. It presents as a circumscribed 
infl ammatory nodule or cord centred around degenerating adult 
worms, with lymphangitis spreading in a descending (centrifugal) 
fashion. It usually has a mild clinical course and rarely causes 
residual lymphoedema. The other syndrome, acute dermato-
lymphangioadenitis (ADLA) is not caused by fi larial worms per 
se, but probably results from secondary bacterial infections in the 
legs with compromised lymphatics. It is characterized by diffuse 
subcutaneous infl ammation with or without ascending lymphan-
gitis, and is often accompanied by oedema in the affected leg. It 
is believed to be the common cause of chronic lymphoedema and 
elephantiasis.

Hydrocele

Hydrocele is the most common chronic manifestation in bancrof-
tian fi lariasis. It results from the accumulation of clear straw-
coloured fl uid in the sac surrounding the testicles. The onset may 
be silent, i.e., without accompanying acute episodes, or it may be 
preceded by one or more attacks of funiculitis or epididymo-
orchitis. Following early acute episodes, the swelling around the 
testis usually disappears completely, but over the years the tunica 
vaginalis becomes thickened and there is progressive enlargement 
of the hydrocele (Figure 84.6). Most cases are unilateral, but bilat-
eral hydrocele, often with different sizes on the two sides, is not 
uncommon. Rarely, the fl uid may have a milky appearance if 
lymph from a ruptured lymphatic vessel pours into the hydrocele 
to form a chylocele.

In clinical surveys, hydrocele is graded according to develop-
mental stage and size. A commonly used scale records swelling of 
the spermatic cord as hydrocele grade I, and true hydroceles 
are classifi ed from their length as grade II (6.0–8.0 cm), III 
(8.1–11.0 cm), IV (11.1–15.0 cm) and V (>15 cm).17,18

Lymphoedema and elephantiasis

Chronic lymphoedema progressing to elephantiasis most com-
monly affects the legs (Figure 84.7). The arms (Figure 84.8), 
scrotum, penis, vulva and breasts may also more rarely be affected. 
Following recurrent episodes of acute attacks, fi rst pitting oedema 
and then chronic non-pitting oedema with loss of skin elasticity 
and fi brosis develops. The development of elephantiasis may be 
arrested at any stage. It commences on one side but often becomes 
bilateral.

In the leg, loss of contour is fi rst observed around the ankles. 
Following initial attacks the limb returns to normal. Over several 
years the oedema becomes non-pitting with thickening and loss 
of skin elasticity. Further progression leads to evident elephantia-
sis with skin folds, dermatosclerosis and papillomatous lesions. 
Secondary bacterial and fungal infections are common in the 
lymphoedematous skin, and probably exacerbate the progression 
of elephantiasis. In severe cases pus may ooze from chronic ulcer-
ations in the affected part, which may also emanate a foul smell. 

A

B

Figure 84.6 Lymphatic fi lariasis: hydrocele. (A) Early; (B) advanced.

Lymphatic Filariasis
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A B

C D

Figure 84.7 Lymphatic fi lariasis: 
elephantiasis of the leg. (A, B) Early stage 
lymphoedema of left leg; (C, D) advanced 
stage elephantiasis of left leg.

Scarifi cation, a common traditional treatment for body swellings 
in many fi lariasis endemic areas (see Figure 84.8), has been 
recognized as a risk factor for rapid progression of fi larial 
elephantiasis.19

In clinical surveys, leg lymphoedemas are commonly classifi ed 
as grade I: pitting lymphoedema spontaneously reversible on 
elevation; grade II: non-pitting lymphoedema, loss of skin elastic-
ity; and grade III: evident elephantiasis with skin folds and 
papules.17,18 A more detailed classifi cation with seven stages has 
recently been devised.20

Chyluria

Chyluria, the presence of chyle in the urine, follows the rupture 
of dilated lymphatics into the urinary excretory system. Chylous 
urine is milky in appearance (Figure 84.9). Blood may sometimes 
be present. Chyluria is frequently a recurrent phenomenon, with 
episodes lasting for days or weeks. The onset may be insidious or 
sudden. Retention of urine from the presence of chylous or blood 
clots may occur. Chyluria is more pronounced in the morning and 
after a heavy meal containing fat. Prolonged chyluria may result 
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in loss of weight and subcutaneous fat, hypoproteinaemia, lym-
phopenia and anaemia. In most areas endemic for fi lariasis, the 
prevalence of chyluria is low.

Tropical pulmonary eosinophilia

Tropical pulmonary eosinophilia (TPE) is a syndrome of immu-
nological hyperresponsiveness to microfi lariae in the lungs.21,22 
It occurs with low frequency in most areas endemic for lymp-
hatic fi lariasis. It is more common in males than in females. 
Microfi lariae are absent from the blood but have been recognized 
in lung biopsies, and adult worms have been seen on ultrasonog-
raphy.

Patients present with paroxysmal coughing and wheezing that 
is worse at night, and extreme blood eosinophilia with eosinophil 
counts above 3000 cells/mm3 of blood. This hypereosinophilia, 
and a therapeutic response to diethylcarbamazine (DEC) treat-
ment, is the most constant feature of the syndrome. The level of 
eosinophilia is not related to the severity of symptoms. Patients 
have extremely high titres of fi larial antibodies. There is radio-
logical evidence of diffuse miliary lesions. Extrapulmonary mani-
festations occur in some patients and include splenomegaly, 
lymphadenopathy and hepatomegaly. In most cases of TPE lung 
function is impaired, with a reduction in the vital capacity, total 
lung capacity and residual volume. If left untreated, TPE may 
progress to a chronic stage with interstitial fi brosis and permanent 
loss of lung function.

Other conditions

Monoarthritis is common in fi larial endemic areas, and a possible 
association has long been recognized.22 The knee joint is most 
frequently affected, followed by the ankle. The joint becomes 
painful, warm and tender, and the condition is indistinguishable 
from other forms of arthritis. A rapid cure follows treatment with 
DEC.

Haematuria (usually microscopic) and proteinuria occur in 
many microfi laraemic persons.22 The pathogenesis probably 
relates to immune complexes deposited on the basement mem-
brane of the renal glomeruli.

Scattered reports associate endomyocardial fi brosis, tenosyno-
vitis, thrombophlebitis, nerve palsies and dermatoses with fi laria-
sis. These conditions sometimes coexist with fi lariasis and may be 
atypical manifestations of other diseases conditioned by pre-
existing fi larial infection.

Brugian fi lariasis

The main difference in the clinical manifestations between brugian 
and bancroftian fi lariasis is the rarity of hydroceles and other 
genital lesions in areas endemic for B. malayi. Chyluria is another 
sign not associated with B. malayi. Elephantiasis of the legs in B. 
malayi infections is often confi ned to below the knee, whereas in 
infections with W. bancrofti the lower leg as well as the thigh is 
frequently involved.

B. timori infections produce similar clinical manifestations 
to those seen in infections due to B. malayi, i.e. scrotal lesions 
are almost absent and elephantiasis tends to be below the 
knee.23

Figure 84.8 Lymphatic fi lariasis: elephantiasis of the arm, with 
visible scarifi cation marks.

Figure 84.9 Lymphatic fi lariasis: chyluria – milky urine with blood. 
Before (left) and after (right) sedimentation.

Lymphatic Filariasis
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Geographical variation in clinical picture

Clinical manifestations of lymphatic fi lariasis have been reported 
in the past to differ considerably between geographical zones. 
However, as examination and grading procedures become more 
standardized, differences appear to be less marked.

Most cases of TPE and chyluria have been reported from south 
and South-east Asian countries. In Africa, the prevalence of both 
chyluria and TPE is low. A recent search for TPE cases in a highly 
endemic lymphatic fi lariasis area of Tanzania confi rmed the rarity 
of this syndrome in the population.24

In W. bancrofti endemic areas of Papua New Guinea, microfi -
larial prevalences can be exceedingly high, reaching 60–80% for 
the overall population, whereas clinical sign rates for hydrocele 
and elephantiasis tend to be similar or even lower than those seen 
in highly endemic areas (overall 15–30% microfi larial prevalence) 
elsewhere in the world.25

Diagnosis

Clinical diagnosis

Acute or chronic manifestations resembling those described above 
in individuals who live in or who have visited areas endemic for 
transmission of W. bancrofti, B. malayi or B. timori are indicative 
of lymphatic fi lariasis.

A sudden onset of fever, accompanied by acute groin pain with 
swollen tender lymph glands and/or oedematous swelling of the 
leg distinguishes an acute attack of fi larial ADL from the many 
other causes of fever and adenitis that occur in tropical countries. 
Filarial funiculitis needs to be differentiated from funiculitis due 
to bacterial infection.

Inguinal hernia is the most common scrotal swelling that needs 
to be distinguished from hydrocele. If the hernia is irreducible 
then the translucency test and the inability of the examiner to get 
above the swelling distinguish it from hydrocele. Both irreducible 
hernias and hydroceles often exist in the same patient. Obstructed 
hernias, tumours of the testis, tuberculosis and other bacterial 
infections of the epididymis, Schistosoma haematobium of the cord 
and acute lymphadenitis of the groin glands need to be distin-
guished from genital lesions of fi larial origin.

Common conditions that need to be distinguished from fi larial 
lymphoedema are swollen limbs due to congestive cardiac failure, 
subacute nephritis or blockage of venous (thrombosis) or lym-
phatic (tuberculosis, leprosy) systems, and Kaposi’s sarcoma. In 
all these conditions the patient’s history greatly assists in differen-
tiating them from fi larial elephantiasis. The oedema of cardiac 
failure and subacute nephritis has a painless onset and is bilateral. 
Secondary carcinoma of lymph glands and surgical ablation may 
also result in elephantiasis of the limbs.

An endemic form of leg elephantiasis occurs in many parts of 
Africa at altitudes that preclude a fi larial aetiology.26 Mineral par-
ticles from volcanic soils, absorbed through the plantar skin of 
bare-footed peoples, are believed to be the causative agents (see 
Chapter 33). Such non-fi larial tropical elephantiasis has also been 
reported from South and Central America.

Early stages of scrotal elephantiasis need to be distinguished 
from other conditions that affect the scrotal skin, such as fungal 
infections, scrotal oedema due to onchocerciasis and the thick-

ened skin that results from the intense itching and scratching in 
scabies infections.

TPE should be differentiated from bronchial asthma and other 
allergic conditions, tuberculosis and eosinophilic leukaemia. TPE 
must also be distinguished from helminth infections that have a 
stage of the life cycle that involves lung tissue: Ascaris, Strongyloi-
des, Schistosoma spp. and trichinosis. Confusion may also arise 
with visceral larva migrans caused by Toxocara. A rapid benefi cial 
response to DEC therapy distinguishes TPE from the above-
mentioned conditions.

Parasitological diagnosis

Adult worms are recovered only rarely from the tissues, and para-
sitological diagnosis is usually based on recovery of microfi lariae 
from the patient’s blood. Amicrofi laraemia does not exclude fi lar-
ial disease, nor does microfi laraemia denote it. Blood samples 
taken from patients with clinical manifestations, whether acute or 
chronic, are often negative for microfi lariae. In individuals there 
is no relationship between microfi larial density and severity of 
disease. Microfi lariae frequently occur in hydrocele fl uid and may 
occasionally be seen in urine or other body fl uids.

For parasitological diagnosis of lymphatic fi lariasis, a blood 
specimen should be obtained at the time of the day when the peak 
concentration of microfi lariae is expected (e.g. between 21:00 and 
03:00 hours for nocturnally periodic forms).9

Many techniques have been described for demonstrating micro-
fi lariae in blood samples (see also Appendix I). The counting 
chamber technique is fast, quantitative and cheap.27 An aliquot of 
100 mL of fi nger-prick blood is added to a tube containing 0.9 mL 
of 3% acetic acid. Microfi lariae are counted in a counting chamber 
under the low power of a compound microscope. If only one 
species of fi laria is present in the area, this technique is the most 
suitable for routine hospital diagnosis as well as for fi eld surveys. 
Species identifi cation of the microfi lariae may be diffi cult with the 
counting chamber technique.

In areas where more than one species of blood microfi laria 
exists, staining techniques are recommended. These are simple to 
perform but sensitivity is rather low owing to the small amount 
of blood examined and loss of microfi lariae during the staining 
procedure. Microfi lariae of W. bancrofti, B. malayi and B. timori 
have sheaths (see Figures 84.3 and 84.4). Microfi lariae of W. 
bancrofti measure on average 260 × 8 μm, whereas those of B. 
malayi are slightly shorter and can be distinguished from micro-
fi lariae of W. bancrofti by the two isolated nuclei at the tip of 
the tail and the absence of nuclei in the cephalic space (see 
Appendix III). Microfi lariae of B. timori are longer than those of 
B. malayi. Apart from microfi lariae of W. bancrofti, two other 
species of microfi lariae found in the blood in parts of Africa are 
those of Loa loa and Mansonella perstans. Staining with Giemsa 
or haematoxylin enables microfi lariae of these species to be dif-
ferentiated morphologically. M. perstans and M. ozzardi microfi -
lariae also occur in the blood in South America and the West 
Indies.

The membrane (Nuclepore) fi ltration techniques are sensitive 
and excellent if the high cost of fi lters can be afforded. Staining 
of fi lters enables identifi cation of the microfi lariae. The techniques 
are impractical for fi eld surveys because venous blood is needed. 
If fi lters are not available for examination of large quantities of 
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blood, the Knott concentration technique may be used as an 
alternative, highly sensitive test (see Appendix I).

Diethylcarbamazine provocative day test

Nocturnally periodic microfi lariae of W. bancrofti and B. malayi 
may be provoked, by the administration of DEC, to enter the 
peripheral blood in the daytime. Between 30 and 60 min is the 
optimum time for blood examination after the administration of 
a dose of 2 mg/kg of DEC (usually 100 mg of DEC is given to 
adults and 50 mg to children below 12 years of age).28 The DEC 
provocative day test results in a signifi cant long-term reduction of 
microfi laraemia, and therefore should not be used for diagnosis 
in follow-up studies on microfi laraemia.29

In contrast to its daytime action on nocturnally periodic W. 
bancrofti, the administration of DEC at night reduces the micro-
fi laraemia. A similar reduction occurs following the daytime 
administration of the drug to diurnally subperiodic W. bancrofti. 
In hospitalized patients and others whose sleep rhythms have 
been altered, the test is of little use. Because of the risk of a severe 
Mazzotti reaction, the test is contraindicated in onchocerciasis 
endemic regions. A similar provocative effect is not exerted by 
daytime administration of ivermectin or albendazole.30

Immunological and polymerase chain reaction 
(PCR)-based diagnosis

Filarial worms induce a wide range of immune responses in the 
host, and several immunodiagnostic techniques for lymphatic 
fi lariasis, based on the detection of specifi c antibodies in the 
patient’s serum, have been devised in the past. These have gener-
ally been of limited value in endemic areas, because most indi-
viduals are positive for antibodies to crude fi larial antigens as a 
result of constant exposure. They have furthermore suffered from 
cross-reactions to other nematode infections and from being 
unable to distinguish past and present infection. The tests can be 
of some value in diagnosing visitors to endemic areas who develop 
symptoms of lymphatic fi lariasis but have no microfi laraemia.

The development of new, specifi c and sensitive immunodiag-
nostic tests has been a priority in lymphatic fi lariasis research. 
Cross-reactions have been reduced through detection for specifi c 
IgG4 antibodies, and specifi c IgG4 has been reported to be a good 
marker of active infection. Such tests may be of particular value 
in brugian fi lariasis, for which progress in development of circulat-
ing antigen detection-based diagnosis has been limited. A rapid 
format dipstick test (Brugia Rapid) detecting IgG4 to a B. malayi 
recombinant antigen in whole blood is currently undergoing fi eld 
evaluation.31 Other recombinant antigen based antibody assays 
are being developed and tested for their usefulness in monitoring 
human exposure and infection in control programs.32 Specifi c 
IgG4 can also be detected in the urine of patients infected with 
W. bancrofti.33

Highly sensitive and specifi c tests for detection of specifi c cir-
culating fi larial antigens (CFAs) have been produced for bancrof-
tian fi lariasis. These tests rely on the capture of fi larial antigens in 
serum, plasma or blood specimens by use of specifi c monoclonal 
antibodies. Two different test principles have been utilized by two 
companies in the manufacture of test kits, which are now com-
mercially available.34,35 The TropBio-test (TropBio Pty Ltd, Austra-

lia) is a semiquantitative sandwich ELISA for detection of CFA in 
serum or plasma specimens. A sub-version of this test is adapted 
for analysis of fi nger-prick blood collected on fi lter paper discs. 
The NOW® Filariasis Test (Binax Inc., USA) is an immunochro-
matographic card test that in a few minutes can provide a yes/no 
answer for serum or fresh fi nger-prick blood specimens. In con-
trast to the parasitological tests, the CFA-based tests diagnose 
adult worm infection and not just microfi laraemia. Their sensitiv-
ity and specifi city appear to be close to 100%. As the tests are not 
dependent on the microfi larial periodicity, blood specimens can 
be collected and examined at any time of the day. No such test is 
currently available for brugian fi lariasis.

Polymerase chain reaction (PCR) assays for the detection of 
microfi larial infections in humans have been developed for both 
W. bancrofti and B. malayi.36,37 The techniques need at least one 
microfi laria in the volume of blood used for DNA extraction, and 
therefore are not more sensitive than microscopic blood examina-
tion for microfi lariae. In contrast, these tests appear to be power-
ful tools for detection of infection in vectors.

Ultrasonography

Adult W. bancrofti can be detected by ultrasonography in lym-
phatic vessels of the scrotal area of infected males.38,39 They are 
more dispersed and more diffi cult to detect within the lymphatic 
system of infected females.40 The live worms wriggle continuously 
inside the dilated vessel (‘fi laria dance sign’). There are often 
several worms clumped together, and they show a remarkable 
long-term stability in location. Attempts to detect adult B. malayi 
by ultrasonography in the scrotal lymphatics of infected males 
have failed, but they were recently detected in the breast, the thigh, 
the calf and in an inguinal lymph node of infected individuals.41

Pathology and immunology

Most of the pathology in lymphatic fi lariasis is associated with the 
adult worms and their location in the lymphatics. A wide range 
of manifestations is seen in endemic regions. On the one hand 
are people with no obvious signs of infection or disease and 
asymptomatic microfi laria carriers, and on the other are those who 
develop signs of lymphatic responsiveness to adult worms, with 
fever, and who later develop chronic lymphatic pathology. In the 
case of TPE there is a vigorous immune response directed against 
the microfi lariae, with consequent pathology. The pathogenesis of 
lymphatic fi lariasis has long been a matter of debate.

The majority of individuals in endemic areas mount an immu-
nological response to fi larial antigens as a result of the constant 
exposure. Polarization of the antibody and T cell responses towards 
a T helper cell (Th) type 2 response in microfi laraemic individuals, 
as opposed to a Th1-type response in patients with chronic disease, 
has been recognized.42 A relative Th1-type hyporesponsiveness in 
infected individuals appears to be limited to fi larial antigens, and 
its existence is presumably important for the successful persistence 
of the parasites within the host.

When examining patients with fi lariasis in studies on patho-
genesis, a common approach has been to compare and contrast 
two poles in the clinical spectrum, namely individuals with detect-
able microfi laraemia but with no evident clinical manifestations, 
and individuals with chronic lymphatic disease who have 
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generally been assumed to be amicrofi laraemic.42 A hypothesis 
claiming a developmental sequence from the fi rst to the second 
of these categories has been supported by the observation of more 
vivid immunological sensitization to fi larial antigen in patients 
with chronic disease than in those with asymptomatic microfi la-
raemia. According to this hypothesis, microfi laraemic individuals 
are in a state of immunological tolerance. Breakdown of tolerance 
(for whatever reason) and activation of host protective responses 
would lead to clearing of the parasites but would at the same time 
have detrimental immunopathological effects.

This hypothesis of a basically immune-mediated pathogenesis 
of lymphatic disease has recently been challenged by observations 
from several lines of research. Analysis of epidemiological data 
has shown that in most endemic communities microfi laraemia is 
equally likely to occur in individuals with or without chronic 
pathology.10,18,43 Use of strict classifi cation criteria based on circu-
lating antigenaemia, microfi laraemia and clinical status has fur-
thermore indicated that host immune responses are more related 
to infection status than to disease status in the endemic popula-
tion.44–46 Further evidence for a different pathway of disease devel-
opment in lymphatic fi lariasis comes from studies applying the 
imaging techniques of ultrasonography and lymphoscintigraphy 
in the assessment of lymphatic damage, and from detailed clini-
cal, microbiological and histological observations.44,47 According 
to these, two different pathological syndromes may lead to lym-
phatic fi larial disease (Figure 84.10).

Dilatation of the lymphatics (lymphangiectasia) appears to be 
the basic lesion in the more common and more severe of these 
syndromes. Lymphangiectasia is present in virtually all individu-
als with adult worms whether or not they are microfi laraemic or 
have obvious signs of clinical disease. Apparently, the adult worms 

themselves are capable of inducing endothelial cell proliferation 
and lymphatic dilatation via mechanisms that do not involve 
lymphatic obstruction or involvement of the host’s immune 
responses. Toxins released from endosymbiotic Wolbachia bacte-
ria, which are found in abundance within the W. bancrofti and B. 
malayi worms, have been suspected to play a role.48 The lymphan-
giectasia impairs lymphatic function and predisposes to microbial 
infection that may result in acute dermatolymphangioadenitis 
(ADLA). This is frequently accompanied by oedema in the affected 
part, and repeated attacks of ADLA might lead the way to chronic 
lymphoedema.16 Recurrent secondary bacterial and fungal infec-
tions gaining access via entry lesions in the skin thus become 
important co-factors in the development of fi larial lymphoedema 
and elephantiasis.49,50

The second syndrome is caused by the death of adult worms, 
either naturally or drug induced. The subsequent activation of 
host infl ammatory reactions may result in formation of granulo-
matous nodules and episodes of acute fi larial lymphangitis (AFL). 
These usually have a mild clinical course, and rarely cause residual 
lymphoedema in the extremities. Acute hydrocele appears to 
result from an AFL attack in the intrascrotal lymphatics, with 
granuloma formation and temporary obstruction of the lymphatic 
fl ow from the tunica vaginalis.51 Most acute hydroceles disappear 
within a short time. The risk factors for progression to chronic 
hydrocele are still unclear, but probably include worm burden and 
granuloma location.

In the case of TPE there is a vigorous immune response directed 
against the microfi lariae, with consequent pathology. Patients 
with TPE are immunologically hyperresponsive to fi larial anti-
gens.21 Laboratory studies demonstrate high serum levels of 
fi laria-specifi c IgG and IgE, and marked peripheral blood eosino-
philia. The manifestations of TPE are most marked in the lungs. 
Lung biopsies have shown infl ammatory foci around degenerat-
ing microfi lariae. These fi ndings, together with the absence of 
circulating microfi lariae, suggest that an antibody-mediated 
mechanism of microfi laria destruction occurs in the lungs of these 
patients.

Protective immunity has not been proved in lymphatic fi la-
riasis. Epidemiological analyses of observed age-infection pat-
terns in endemic communities do not generally suggest that 
infection prevalence is systematically reduced in older age groups, 
which would be expected as a consequence of acquired 
immunity.52,53

Visitors to endemic from non-endemic areas only rarely develop 
microfi laraemia, but they may acquire adult worms. Expatriates, 
exposed to intense transmission, may develop symptoms faster 
than is the case with resident natives of the endemic area. During 
World War II, 40 000 American service personnel were exposed to 
infection with W. bancrofti. More than 10 000 cases of disease were 
diagnosed, but microfi laraemia developed in fewer than ten of 
these. In a study of expatriate mineworkers with a length of expo-
sure ranging from 1 to 8 years, some were positive for specifi c 
IgG1 and IgG4 antibody responses to the parasite but none was 
positive for specifi c circulating antigens.54

The effects of human immunodefi ciency virus (HIV) infection 
on concurrent lymphatic fi lariasis, and vice versa, are largely 
unknown, but a positive cross-sectional relation between HIV and 
lymphatic fi lariasis has been observed among adults in an endemic 
area of Tanzania.55
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Figure 84.10 Sequence of development of the two types of acute 
fi larial syndromes, acute dermatolymphangioadenitis (ADLA) and acute 
fi larial lymphangitis (AFL), and their possible relationship to chronic 
fi larial disease.
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Management

Individual treatment of fi lariasis aims to prevent or reverse pro-
gression of disease. Detailed accounts of current knowledge and 
experience on the treatment and management of lymphatic fi la-
riasis in its different clinical forms have been given.19,56

Antifi larial drugs

For almost half a century, the drug most commonly used has been 
diethylcarbamazine citrate (DEC). DEC is a microfi laricidal agent 
also capable of killing a proportion of the adult W. bancrofti, B. 
malayi and B. timori (Table 84.2). Ivermectin (Mectizan®) is a 
potent microfi laricide, but has no macrofi laricidal effect. A prom-
ising area of research is the use of antibiotics to deplete the fi larial 
worms of endosymbiontic Wolbachia bacteria. Trials with a 6–8 
week course of doxycycline have shown signifi cant activity against 
adult worms and microfi lariae as well as improvement of 
pathology.57,58

Diethylcarbamazine

DEC exerts no direct lethal action on the microfi lariae but appar-
ently modifi es them so that they are removed by the host’s immune 
system. The lethal effect of DEC on adult worms in vivo can be 
directly monitored by ultrasonography.59

DEC treatment of microfi laraemic patients (and amicrofi larae-
mic circulating antigen-positive patients) may prevent develop-
ment of lymphatic damage by eliminating adult worms. It 
apparently has little or no effect on already induced lymphatic 
damage, or on chronic obstructive disease.60 Dying adult worms 
following DEC treatment may trigger transient attacks of acute 
fi larial lymphangitis.16 DEC treatment is not recommended during 
acute episodes because it may provoke additional adult worm 
death and exacerbate the infl ammatory response.

DEC is administered orally. The recommended therapeutic 
dose is 6 mg/kg body weight daily, in three divided doses after 
food, for 12 days. The number of microfi lariae in the blood usually 
decreases rapidly after the start of treatment and then increases, 
usually at reduced intensity, after some months. Clearance of 
circulating fi larial antigen is highly variable, probably because 
some living adult worms persist after treatment.59,61 Drug reac-
tions, due to dying parasites, may commence a few hours after the 
start of treatment. They are less severe in bancroftian fi lariasis than 
in brugian fi lariasis. There are two groups of reactions: systemic 
and local.62 Systemic reactions include headache, joint and body 
pain, dizziness, anorexia, malaise and vomiting. Fever and sys-

temic reactions tend to be related to the intensity of infection. 
Localized reactions include lymphadenitis, abscess formation and 
transient lymphoedema. In bancroftian fi lariasis funiculitis, epi-
didymitis and hydrocele formation also occur. These local reac-
tions tend to occur later and last longer than the systemic effects. 
Interruption of treatment is not usually necessary. Side-effects of 
DEC therapy are reduced, and effi cacy increased, when treatment 
is spaced, for example when single doses (6 mg/kg) are given 
weekly or monthly. The passing of Ascaris worms is often a ben-
efi cial side-effect of DEC therapy.

Treatment may be repeated every 6 months for as long as the 
person remains microfi laraemic or has symptoms. There may be 
severe reactions to DEC in persons infected with Onchocerca vol-
vulus or Loa loa. Therefore, special care must be taken in areas 
where these two parasites occur.

The recommended treatment for TPE is a 3-week course of 
DEC. Following DEC therapy most patients show rapid improve-
ment. Repeat treatment may be necessary.

Ivermectin

Owing to its effi cacy in killing microfi lariae of O. volvulus, studies 
were initiated to test the effi ciency of ivermectin against W. ban-
crofti and B. malayi (Table 84.2). Results indicated that a single oral 
dose of ivermectin (150 μg/kg body weight) effectively removes 
microfi lariae of W. bancrofti,63 but microfi lariae reappear in the 
blood faster than after treatment with a dose of DEC and there is 
no evidence of a macrofi laricidal effect. In brugian fi lariasis the 
fall in microfi laraemia is more gradual than is the case in bancrof-
tian fi lariasis. Side-effects of ivermectin therapy are generally 
similar to those mentioned above for DEC. Ivermectin should not 
be used in pregnant women or in children below 5 years 
of age.

The major role of ivermectin in lymphatic fi lariasis is for treat-
ment and control of infection in areas that are co-endemic for 
onchocerciasis and/or loiasis (i.e. many parts of Africa). Since 
it has no macrofi laricidal effect, repeated half-yearly or yearly 
treatments are needed to keep the microfi laraemia at a low 
level. Ivermectin also has an effect against Ascaris, hookworm 
and scabies infection.

Symptomatic treatment

It has increasingly been recognized that microbial co-infections 
play an important role in the aetiology of most ADL attacks, and 
that foot care combined with antibiotic and antifungal therapy 
can play an important role in their prevention and cure.20,64,65

Table 84.2 Effect of diethylcarbamazine and ivermectin on microfi lariae and adults of human fi larial parasites

Drug Stage Wuchereria bancrofti 
and Brugia spp.

Loa loa Mansonella 
perstans

Mansonella 
streptocerca

Mansonella 
ozzardi

Onchocerca 
volvulus

Diethylcarbamazine Microfi laria ++ ++a + ++ − ++a

Adult + + − ++ − −

Ivermectin Microfi laria ++ ++a − ++ ++ ++
Adult − ? ? ? ? −?

−, No effect; +, few/some are eliminated; ++, most are eliminated; ?, unknown. a Severe side-effects may occur.
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Chronic lymphoedema and elephantiasis can also benefi t 
greatly from prevention and treatment of superfi cial bacterial and 
fungal infections. Patient education should emphasize the impor-
tance of hygiene and skin care to reduce the number of acute 
attacks and thereby to prevent progression of the disease.20 Wearing 
of shoes, made to fi t the often deformed feet, is an important way 
to limit the risk of skin lesions. Physiotherapy and bandaging are 
more professional approaches which can be very helpful to allevi-
ate and reduce the lymphoedema. Elevation of the affected limb 
during rest and sleep may also be benefi cial.

Surgical management

Before any surgical procedure, a course of DEC is recommended. 
Chronic hydroceles require excision and eversion of the sac. In 
scrotal elephantiasis the surgical removal of the grossly elephan-
toid skin and scrotal tissues with preservation of the penis and 
testicles has proved worthwhile. Surgical treatment of limb ele-
phantiasis has generally proved unsuccessful. Earlier techniques 
involving the excision of redundant tissue from severely affected 
limbs generally led to long-term results that were unsatisfactory. 
More benefi cial responses have been obtained recently with lym-
phovenous procedures, followed by removal of excess subcutane-
ous and fatty tissue from the affected extremities and adequate 
postural drainage and physiotherapy. In chyluria, if conservative 
approaches using DEC therapy and restriction of dietary fats are 
not helpful, then surgery is indicated.

Epidemiology

Humans are infected by mosquitoes carrying infective larvae. 
There is no evidence for animals being infected with W. bancrofti 
under natural conditions. The nocturnally periodic form of B. 
malayi has been reported only in humans, but the subperiodic 
form is found also in a wide variety of domestic and wild animals 
(monkeys, cats). There appears to be no animal reservoir of 
B. timori.

Microfi lariae of all species can be transmitted in blood transfu-
sions and will circulate in the recipient’s blood for weeks. Con-
genital transmission of microfi lariae has been reported but seems 
to be of little signifi cance, and these microfi lariae do not undergo 
further development.

Infection and disease in the endemic community

Characteristic patterns of microfi laraemia, circulating antigen-
aemia and disease are seen in affected populations in endemic 
areas.10,17,18 An example of this pattern in a highly W. bancrofti 
endemic East African village is seen in Figure 84.11. Usually, 
microfi laraemia starts to appear in children of about 5 years of 
age. The prevalence then rises with increasing age and commences 
to level out above the age of 30 years. The prevalence rarely goes 
above 40–50% in any age group. It may decrease slightly in older 
persons. The prevalence of specifi c circulating antigenaemia is 
higher than that of microfi laraemia in all age groups. Signs of 
disease begin to develop around the onset of puberty or in early 
adult life, with recurrent ADL attacks. Hydroceles also begin to 
appear around this age. The prevalence of signs rises steadily, and 
in highly endemic areas the majority of elderly males may have 

hydroceles. In stable endemic communities elephantiasis is seen 
mainly in older people, but younger persons may also be affected. 
The overall burden of infection and disease in the endemic com-
munity is proportional to the intensity of transmission.

Cross-sectional surveys, although providing important infor-
mation on the distribution of infection and disease in the affected 
population, give only a static view of the situation. In reality there 
is a dynamic sequel in development of infection and disease. 
Some of the people who are uninfected during the survey may 
have been positive for microfi lariae or adult worms previously, or 
will become so later. Also, clinical manifestations often develop 
late in the course of infection, when some people have reached 
an uninfected stage. However, a recent 26-year follow-up survey 
indicated that once infection has been acquired, the chance of ever 
becoming naturally free of infection is small.66 In many surveys 
the prevalence and intensity of microfi laraemia has been slightly 
higher in males than in females, and this appears to be especially 
signifi cant for those aged 15–40 years. It has been suggested that 
hormonal factors in females of reproductive age make them more 
resistant to infection than males of the same age group.67

Exposure to intense transmission over long periods is necessary 
before a patent infection with microfi lariae is acquired, and visi-
tors to endemic areas rarely acquire microfi laraemia. Prenatal 
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Figure 84.11 The pattern of W. bancrofti infection and chronic 
disease as seen in an endemic village on the coast of north-east 
Tanzania. Prevalence of (A) microfi laraemia and circulating fi larial 
antigenaemia among all, and (B) prevalence of hydrocele grade 2 and 
above among males and lymphoedema/elephantiasis among all. 
(Based on Simonsen et al.10)
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exposure to parasite antigens may explain why children born to 
microfi laraemic mothers appear to have a higher chance of devel-
oping microfi laraemia later, than do those born to amicrofi larae-
mic mothers,18,68 but increased household exposure may also be 
a contributing factor.69

Geographical variation in transmission

The epidemiology of W. bancrofti and B. malayi infections varies 
in different geographical areas, especially with respect to the prev-
alence and intensity of infection, the transmission pattern and 
the clinical manifestations. Differences in vectorial capacity and 
density are important factors infl uencing these epidemiological 
parameters in different endemic areas.70 Even within the endemic 
community there can be considerable variation in vector abun-
dance and transmission between different sections and from one 
household to the next.71

There are also inherent differences in the parasite; for example, 
three strains of W. bancrofti and two strains of B. malayi have been 
recognized on the basis of differences in periodicity of the micro-
fi lariae. In most areas the microfi lariae of W. bancrofti are noctur-
nally periodic, being adapted to transmission by night-biting 
Culex and Anopheles mosquitoes. A diurnal subperiodic form is 
found in the South Pacifi c and in the Andaman and Nicobar 
Islands (India), whereas a nocturnally subperiodic form is found 
in Thailand. B. malayi occurs both in a nocturnal periodic and a 
nocturnal subperiodic form, whereas B. timori is nocturnally peri-
odic. The subperiodic forms are transmitted by vectors that bite 
mainly during the daytime. It is possible that variation in worm 
habitat preferences within the host’s lymphatic system may con-
tribute to differences in clinical manifestations.

For details of the vector species and their bionomics, see 
Appendix IV. Different geographical vector zones have been rec-
ognized on the basis of the predominant vector species respon-
sible for transmission in the areas.72 Culex quinquefasciatus is the 
principal vector of W. bancrofti in urban and semiurban areas of 
southern and South-east Asia, East Africa and America. Increased 
pollution of freshwater bodies and the introduction of pit latrines, 
which favour breeding of this mosquito, has led to increased 
transmission in many areas. C. quinquefasciatus is an endophilic 
night-biter. There is no evidence that it is transmitting fi lariasis in 
West Africa. In rural areas of Asia and Africa, Anopheles spp. are 
the main vectors, with the A. gambiae complex and A. funestus 
being the most important vectors in Africa. The main vectors of 
the Anopheles spp. bite indoors at night and breed in open, rather 
clean, water.

In the South Pacifi c islands the predominant vectors of W. 
bancrofti belong to day-biting Aedes spp., especially A. polynesiensis. 
The majority of these mosquitoes bite outdoors and breed in 
small temporary water collections: tree holes, empty cans and 
bottles, coconut shells, plant axils and crab holes. In Papua New 
Guinea night-biting Anopheles spp. are the principal vectors.

The nocturnally subperiodic form of B. malayi is transmitted by 
Mansonia mosquitoes in dense swamp forest areas. This form is 
commonly found also in wild monkeys. Nocturnally periodic B. 
malayi has been reported only from humans. It is transmitted in 
open plains and agricultural areas, mainly by Mansonia spp. mos-
quitoes, although in some areas species of Anopheles and Aedes 
also play a role. The larvae and pupae of Mansonia mosquitoes 

obtain their oxygen directly from the cells of certain species of 
aquatic plants present in clean water-bodies. Survival of the 
Mansonia spp. is dependent on the association with the plants. 
Increased pollution has in some places led to a decrease in breed-
ing of Mansonia, with a subsequent drop in transmission of B. 
malayi. Mansonia spp. prefer to feed outside and biting usually 
commences shortly after dusk. A. barbirostris is the only mosquito 
to date to have been identifi ed as a vector of B. timori.

Control

In communities endemic for lymphatic fi lariasis, the disfi guring 
and debilitating clinical manifestations result in much suffering 
and have severe socioeconomic and psychological consequences 
for those affected.73,74 The objective of control is to reduce trans-
mission and morbidity, thereby eliminating lymphatic fi lariasis as 
a public health problem. Successful programmes for the control 
of lymphatic fi lariasis must be based on a thorough understanding 
of the distribution and dynamics of the disease in the targeted 
population. The diverse characteristics of communities in endemic 
foci, as well as differences in vector, parasite and disease param-
eters, emphasize the importance of having multiple measures and 
approaches for control.

The main method used in the control of lymphatic fi lariasis 
is mass chemotherapy.75 It may be supplemented by mos-
quito control.72 Morbidity control through patient management 
(hygiene, antimicrobial treatment, physiotherapy) and establish-
ment of self-help groups is recommended.20 To achieve success in 
a control programme it is necessary for the community to be 
actively involved. Community leaders and motivated persons 
should be identifi ed and approached for the purpose of obtaining 
their cooperation. Adequate health education should be given 
regarding the nature of the disease and on the methods used for 
its control.76,77

Before starting a control programme, knowledge of the geo-
graphical delimitation of the disease is essential. Rapid assessment 
procedures are based on examination of specifi c age-sex groups in 
selected populations to determine the prevalence of easily recog-
nizable signs such as hydrocele or circulating antigenaemia. Geo-
graphical information system (GIS) has been utilized for large-
scale mapping of the disease.78,79 All areas with indigenously 
acquired infections are considered to be endemic. Criteria for 
distinguishing different levels of endemicity have so far not been 
established.

Mathematical models of lymphatic fi lariasis transmission, 
infection and disease within the endemic community have been 
developed. It is envisaged that such models can be used to predict 
the outcome of control based on different measures, and thus can 
provide guidance towards the most cost-effective control strategies 
in specifi c settings.80,81

Chemotherapeutic control

Chemotherapeutic control of lymphatic fi lariasis is generally 
based on mass treatment, i.e. the drug is administered to the total 
population in the community (except individuals in whom it is 
contraindicated). In mass treatment campaigns there is no need 
to conduct parasitological or other diagnoses before treatment. 
Thus cost is reduced. The amicrofi laraemic infections and persons 
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who may have been falsely negative in a diagnostic test are 
included for treatment. A continued high population treatment 
coverage is essential for a mass treatment programme to produce 
sustained reduction in transmission.80,81

Chemotherapeutic regimens of DEC have been used for several 
decades for the control of bancroftian and brugian fi lariasis. DEC 
is relatively cheap, it rapidly reduces the prevalence and intensity 
of microfi laraemia, and it also kills a proportion of the adult 
worms. The 12-day standard regimen of DEC is not feasible for 
use on a mass scale because of the many daily dosages. Rather, 
the drug may be administered in widely spaced doses, in regularly 
repeated low doses, or it may be added to salt.82 These regimens 
effectively reduce microfi laraemias and have fewer and less severe 
side-effects than the more intensive regimens. Control pro-
grammes with DEC-medicated salt have successfully controlled 
lymphatic fi lariasis in parts of China and Taiwan.

Owing to the risk of inducing severe adverse reactions in indi-
viduals with onchocerciasis, DEC should not be used on a mass 
scale for control of lymphatic fi lariasis in areas co-endemic for O. 
volvulus infection. For these areas, ivermectin is the drug of choice. 
When distributed in a dose of 150 μg/kg body weight it effectively 
reduces microfi laraemias. Side-effects are few and comparable to 
those of DEC. Adult worms are not affected by the ivermectin 
treatment, and regularly repeated treatments (half-yearly or yearly) 
are therefore even more important in control programmes based 
on ivermectin than for those based on DEC, to gain a long-term 
effect on transmission. Since 1998, ivermectin has been available 
free of charge for control of lymphatic fi lariasis in countries of 
Africa with endemic onchocerciasis, through the Mectizan® Dona-
tion Program. Combinations of DEC and ivermectin have proved 
even more effective in lymphatic fi lariasis than any of the drugs 
alone but, because ivermectin is currently available only in coun-
tries where the use of DEC is contraindicated, this increased effect 
is of mainly theoretical interest.

The combination of albendazole with either ivermectin or DEC 
appeared in recent studies to give a considerably more effective 
and sustained reduction in lymphatic fi lariasis microfi laraemia 
than ivermectin or DEC alone.75 Macrofi laricidal properties of 
albendazole apparently prolonged and reinforced the microfi lari-
cidal suppression produced by the other two drugs. Following 
these promising fi ndings it was recommended that DEC and iver-
mectin should be given in combination with albendazole in pro-
grammes for lymphatic fi lariasis control. The effect of albendazole 
on intestinal helminth infections would be an additional benefi t 
of the combination treatments. Other recent studies have failed 
to provide clear evidence for the superiority of these combinations 
in the clearing of microfi laraemias.83,84

Mosquito control

Vector control can provide a useful supplement to chemotherapy 
in control of lymphatic fi lariasis. Effective vector control rapidly 
reduces transmission but, because it is slow to reduce the preva-
lence of fi lariasis in a population, it should be combined with 
chemotherapy. The feasibility and value of vector control as one 
of the components of fi lariasis control depends upon the local 
epidemiological conditions, including the species of vectors, their 
biting, resting and breeding habits, and the type of environment 
(e.g. rural or urban).72

The main antivector measures that have been used in the 
control of fi lariasis are environmental control of breeding sites, 
larviciding, and the use of insecticides against adult mosquitoes. 
Environmental management varies from the fi lling in of tempo-
rary pools and clearing of refuse that collects water, to the con-
struction of drainage systems in urban areas. C. quinquefasciatus 
breeds in highly polluted water and plays a major role in the 
transmission of W. bancrofti in urban and semi-urban areas. A new 
method, aimed at controlling C. quinquefasciatus in stagnant water, 
especially cesspits and latrines, utilizes a layer of expanded poly-
styrene beads that fl oat on the water surface and prevent the 
mosquito larvae from breathing. This method has proved to be 
long lasting and has been successful in fi lariasis control in Zanzi-
bar. The usefulness of Bacillus sphaericus, a toxin-producing bacte-
ria, as a biological agent for control of C. quinquefasciatus is also 
being assessed.

Anopheles vectors are responsible for transmission of much 
rural fi lariasis. In areas where malaria and fi lariasis transmission 
depends on the same Anopheles species or vectors with similar 
bionomics, fi lariasis control may benefi t from malaria vector 
control programmes. In the Solomon Islands, bancroftian fi laria-
sis was eliminated as a result of a malaria control programme 
utilizing residual insecticides against Anopheles mosquitoes. 
Because of variability in feeding behaviour and resting places of 
Mansonia mosquitoes, control using insecticides is not very effec-
tive. Mansonia larvae are best controlled by destruction of the host 
plants. Aedes vectors have scattered and inaccessible breeding sites, 
and vector control is not easily accomplished.

Disadvantages of using chemical insecticides in control schemes 
may include their high cost, development of resistance by the 
target organisms and environmental damage. Despite these prob-
lems, insecticides remain the major weapon in the control of 
vectors. The use of pyrethroid-impregnated bed-nets (Figure 
84.12) can signifi cantly reduce morbidity due to malaria and has 
recently been shown to have a strong suppressive effect on the 
transmission of lymphatic fi lariasis.85

Figure 84.12 A bed covered with an insecticide-impregnated 
bed net, to protect against mosquito transmission of malaria and 
lymphatic fi lariasis. (Courtesy of E. M. Pedersen.)
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Programme for global elimination

Increased awareness of the public health burden of lymphatic 
fi lariasis combined with development of better tools for diagnosis, 
development of effective mass drug treatment strategies, and 
improved knowledge on disease development processes has 
greatly stimulated political interest and commitment towards its 
control. Compared with many other vector-borne diseases, a 
number of biological features furthermore favours the control of 
lymphatic fi lariasis, namely its almost exclusive human reservoir, 
its inability to multiply in the vectors and its ineffi ciency of 
transmission.

In 1997, the World Health Assembly called for a strengthening 
of activities to eliminate lymphatic fi lariasis as a public health 
problem. Subsequently, the Global Programme to Eliminate Lym-
phatic Filariasis was founded as a partnership of interested parties, 
including ministries of health from endemic countries, interna-
tional and national development agencies and academic institu-
tions, and with the World Health Organization (WHO) serving as 
the secretariat.86 In essence, the programme assists in the prepara-
tion of national plans of actions for individual endemic countries, 
and coordinates and advises on fi nancial, technical and manage-
rial matters. The programme is supported by a large-scale dona-
tion of albendazole for worldwide elimination of lymphatic 
fi lariasis (from GlaxoSmithKline), and by an expansion of the 
Mectizan® Donation Program for onchocerciasis to include free 
ivermectin for elimination of lymphatic fi lariasis in African coun-
tries where the two infections co-exist.

Programme strategies focus on both transmission and morbid-
ity control. For interruption of transmission, it is recommended 
that the entire population at risk be treated once yearly with 
single-dose two-drug regimens (albendazole 400 mg plus iver-
mectin 150 μg/kg in countries of Africa co-endemic for onchocer-
ciasis; albendazole 400 mg plus DEC 6 mg/kg in other parts of the 
world). Treatment should continue until the level of microfi lariae 
in the blood is below the level required for transmission (esti-
mated at 4–6 years for most endemic areas). Alternatively, daily 
treatment for a 6–12-month period with DEC-medicated salt is 
recommended. Morbidity control focuses on improved hygiene, 
treatment of secondary infections, proper limb care and increased 
access to hydrocelectomy, to alleviate suffering and decrease dis-
ability among those already affected. To ensure sustainability of 
programme activities, the design of fi lariasis control programmes 
emphasizes their integration into existing national health struc-
tures and facilities.

ONCHOCERCIASIS

Onchocerciasis (river blindness) results from infection with 
Onchocerca volvulus. Humans are the natural hosts and the vectors 
are species of blackfl ies (Simulium spp.). In endemic regions, it is 
a major cause of severe disfi guring skin changes and damaging eye 
lesions.

Historical background

In 1875, in the Gold Coast (now Ghana), John O’Neill described 
microfi lariae recovered from the skin of Africans suffering from 

‘craw-craw’.87 Later (1893) Rudolf Leuckart described the adult 
worms and named the parasite Filaria volvulus. Rodolfo Robles,88 
working in Guatemala, fi rst associated subcutaneous nodules with 
eye lesions. The pioneer studies of Donald Blacklock89 in Sierra 
Leone culminated in the discovery of the life cycle of O. volvulus. 
A detailed history of onchocerciasis has been written.7

Geographical distribution

WHO in 1995 estimated that about 17.7 million individuals 
worldwide were infected with O. volvulus, of whom some 270 000 
were blind and 500 000 severely visually disabled (Figure 84.13).90 

Onchocerciasis
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Figure 84.13 Geographical distribution of human onchocerciasis. 
(A) In Africa and the Arabian peninsula. (B) In Central and South 
America.
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Figure 84.14 Skin microfi laria of O. volvulus.

More than 99% of all cases are in Africa in a zone that spreads 
from west to east. This band extends between 15°N and 15°S in 
the west, and widens slightly towards the east. As a result of recent 
mapping surveys, the estimate for numbers infected in Africa is 
likely to be revised upwards.91

Foci in Guatemala and Mexico of about 90 000 infected indi-
viduals exist mainly on the Pacifi c slope of the Sierra Madra 
between altitudes of 500 and 1500 m. Northern Venezuela has a 
focus with about 40 000 infected individuals. Smaller foci have 
been found in southern Venezuela, Columbia, Brazil, Ecuador and 
Yemen.90

Life cycle and transmission

The general fi larial life cycle is shown in Figure 84.1. For details 
of the life cycle of O. volvulus, see also Appendix III.

Adult worms live mainly in subcutaneous nodules or are 
free in the skin. The ratio of adult females : males in nodules is 
about 3 : 1. The adults are slender white worms, the male being 
2–5 cm × 0.2 mm and the females 35–70 cm × 0.4 mm. The 
female produces sheathless microfi lariae measuring 300 × 8 μm 
with an expanded head free of nuclei and a sharply pointed tail 
(Figure 84.14).

Microfi lariae are found mainly in the upper dermis and in 
nodules but may also appear in blood, urine or any body fl uid, 
particularly in heavy infections. They are common in the eye, with 
direct spread from adjacent skin appearing to be their main mode 
of entry. Microfi larial loads can be as high as 2000/mg of skin, 
and heavily infected individuals may harbour >100 000 000 
microfi lariae. The microfi lariae have a lifespan of 1–2 years.

Microfi lariae present in the skin are ingested by the Simulium 
vector when feeding. Some of the ingested microfi lariae migrate 
from the gut of the blackfl y into the thoracic muscles and develop 
via two moults into infective larvae over a period of 6–12 days 
(for a description of the development in the fl y see Appendix III, 
and for the life history of Simulium see Appendix IV). Transmis-
sion of infective larvae to humans occurs when the fl y takes its 
next blood meal. The larvae migrate to the subcutaneous tissues, 
moult twice, and then develop over several months to adult 
worms. The gravid female releases microfi lariae, which may appear 
in the skin after a prepatent period of 10–15 months after the 
introduction of infective larvae. Some 500–1500 microfi lariae are 
released per female per day, and the mean duration of female 
reproductive life has been estimated at 9–11 years.

Simulium fl ies can breed only in well oxygenated water. The 
gravid female oviposits into free-fl owing rivers and streams, 
particularly in rapids, and transmission takes place mainly near 
these locations, hence the name ‘river blindness’.

Transmission in utero of microfi lariae of O. volvulus has 
been reported. These microfi lariae do not undergo further 
development.

Clinical features

The main clinical manifestations of onchocerciasis are skin lesions, 
eye lesions and nodule formation. In general, clinical manifesta-
tions develop after long exposure to infection, and their severity 
depends on the intensity of infection. Many individuals who have 

microfi lariae in the skin, especially those with light infections, 
have no symptoms or signs.

Skin lesions

Dermal changes occur when the microfi lariae undergo destruction 
in the skin and vary from a few papules to the extensive pigmen-
tary and chronic atrophic changes.92 A clinical classifi cation and 
grading system of the cutaneous changes in onchocerciasis has 
been developed, with the main recognized categories being acute 
papular onchodermatitis, chronic papular onchodermatitis, lic-
henifi ed onchodermatitis, skin atrophy, and skin depigmenta-
tion.93 Frequently a combination of these categories exists in the 
same person. In Africa, the skin lesions are most common over 
the legs but may cover the whole body. A range of skin lesions is 
shown in Figure 84.15.

Itching and rash are the most important early manifestations 
of onchocercal dermatitis. The rash consists of many raised 
papules, which are due to microabscess formation, and may dis-
appear within a few days or may spread. Often the rash is con-
fi ned to one anatomical quarter of the body. The resulting 
pruritus can be very intense (fi larial itch), and the skin often 
becomes secondarily infected following scratching. In the later 
stages there may be heavy lichenifi cation and thickening of the 
skin (lizard skin).

The more chronic changes are probably related to the repeated 
occurrence of local pathology around dying parasites. There is skin 
atrophy with loss of elasticity, giving a prematurely aged appear-
ance (presbyderma). Loss of elastic fi bres in the skin of the groin 
may lead to hernia, and to the classical ‘hanging groin’ with ingui-
nal and/or femoral glands contained in pendulous folds.

A condition called leopard skin (Figure 84.15B) may occur. 
This results from loss of pigment, degeneration of the dermal col-
lagen and thinning of the epidermis. Leopard skin particularly 
affects the pretibial regions, where trauma or scratching following 
the bites of Simulium fl ies may exacerbate, or even cause, the 
depigmentation of this condition.
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Figure 84.15 Onchocerciasis: skin lesions. (A) Papules on skin (courtesy of C. D. Mackenzie); (B) depigmentation and leopard skin (courtesy of 
C. D. Mackenzie); (C) lichenifi ed eczematoid dermatitis of the body and arms (courtesy of E. M. Pedersen).

Sowda

Sowda (Figure 84.16), from the Arabic for black or dark, is a local-
ized form of onchodermatitis. It is common in the Yemen, but is 
also found elsewhere.

Sowda is the result of a strong immune response on the part 
of the host. The condition is usually localized to one limb 
but both legs and/or arms or the trunk may be involved. It is 
characterized by intense itching. The involved skin becomes 
swollen and darkened, and covered with scaly papules. Local 

Onchocerciasis



84. Filariases

1494

lymph glands are enlarged. Microfi lariae are extremely diffi cult to 
fi nd in skin snips.

Nodules

Nodules (onchocercomata) are granulomas resulting from a tissue 
reaction around adult worms. They are most often located in the 
subcutaneous tissues. They are painless, round to oval, fi rm, 
smooth, vary in size from a few millimetres to several centimetres 
and are often matted together in clumps (Figure 84.17).

Some, perhaps one-quarter of nodules are found in deeper 
tissues and are not palpable. In Africa 80% of palpable nodules 
occur on the body prominences of the pelvic girdle. Others occur 
on the abdomen, chest wall, head or limbs. In Central America, 
palpable nodules are commonly found on the head. It is believed 
that the location of the nodules refl ects the biting habits of the 
vector fl ies. Nodules do not cause medical problems unless they 
press on vital areas. Large clumps are often aesthetically displeas-
ing to the patient.

Eye lesions

Many changes in both anterior and posterior segments can occur 
in the eyes of infected individuals.94 The more serious lesions may 
progress to blindness (see also Chapter 18).

Anterior segment lesions

Punctate keratitis (snowfl ake opacities) occurs as an acute infl am-
matory reaction around microfi lariae (Figure 84.18). It appears to 
be the corneal equivalent of the discrete papule reactions seen in 
the skin. Punctate keratitis is more common in the younger age 

Figure 84.16 Onchocerciasis: Sowda. (Courtesy of C. D. Mackenzie.)

Figure 84.17 Onchocerciasis: nodule on the body. (Courtesy of 
C. D. Mackenzie.)

Figure 84.18 Onchocerciasis: punctate keratitis.

groups. These lesions are reversible. In sclerosing keratitis, vascu-
lar infi ltrates begin at the limbus and pass inwards, resulting in a 
cellular organization and excessive scarring of the cornea, which 
causes blindness.

Microfi lariae dying in the ciliary body give rise to iridocyclitis 
and the formation of synechiae. Infl ammation of the uveal tract 
also contributes to iridial pathology.

Posterior segment lesions

Both optic nerve atrophy and choroidoretinitis of the posterior 
segment may result in blindness. Lesions of choroidoretinitis 
range from unequivocal infl ammatory processes to exclusively 
atrophic lesions with atrophy of the retinal pigment epithelium 
and of the choriocapillaris and hyperpigmentation of the pigment 
epithelial layer.

Optic nerve atrophy rather than choroidoretinal degeneration 
is considered to be an important cause of both decreased visual 
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acuity and visual fi eld constriction. Acceleration of optic nerve 
damage may follow treatment with DEC. In fact, with any of the 
eye lesions, exacerbation associated with the death of microfi lariae 
may be a complication of drug therapy.

Other conditions

Onchocerciasis has been associated with weight loss and muscu-
loskeletal pain. Several reports have indicated a higher than 
normal frequency of epilepsy in onchocerciasis hyperendemic 
areas.95 Onchocerciasis has also been associated with a syndrome 
of growth arrest and delayed sexual development (the Nakalanga 
syndrome) seen in Uganda and Burundi.96

Geographical variation in the clinical picture

Clinical manifestations (skin and eye lesions) are known to 
differ widely in varied endemic geographical areas.97 Surveys in 
Cameroon showed the prevalence of sclerosing keratitis and 
blindness to be much higher in savannah than in forest areas.98 
This picture appears to be valid for most of West Africa, with 
a gradation from very severe ocular lesions in the dry (Sudan 
type) savannah, to moderately severe in wet savannah areas, to 
a much lower prevalence of eye lesions in forest zones. The 
pattern in Sierre Leone is different from this more general obser-
vation, in that the prevalence of blindness and sclerosing 
keratitis is higher in the forest than in the savannah areas 
(Figure 84.19).99

In East and Central Africa the clinical picture of onchocer-
ciasis is generally less severe, and eye manifestations are rare in 
most parts. In the Yemen, and in some parts of the Sudan, a 
severe form of Sowda occurs. The proportion of head nodules 
in Mexico and Guatemala is much higher than in Africa, and 
these may be associated with a high prevalence of severe ocular 
onchocerciasis.

Diagnosis

Clinical diagnosis

Skin lesions, eye lesions and/or subcutaneous nodules resembling 
those described in the clinical section and presented by individu-
als who live in or have visited areas with transmission of O. vol-
vulus may be indicative of onchocerciasis.

The pruritic onchodermatitis (fi larial itch) must be distin-
guished from: infection with Mansonella streptocerca, in which the 
legs are rarely affected; scabies, where the typical burrows and 
mites can be found between the fi ngers; reactions to insect bites 
that come on early after residence in the tropics; prickly heat; and 
contact dermatitis. In heavy infections of long standing, the skin 
changes must be differentiated from tertiary yaws, superfi cial 
mycoses, leprosy and chronic eczema.

Painlessness, fi rmness and extreme mobility are characteristic 
of onchocercomas. However, some nodules, particularly those on 
the head, become fi xed due to adherence to underlying tissues. 
Nodules must be distinguished from enlarged lymph glands, 
lipomas, dermal cysts, ganglia and neurofi bromas.

For the diagnosis and differential diagnosis of onchocercal eye 
lesions, see Chapter 18.

Ultrasonography

Ultrasonography has proved capable of detecting onchocercal 
nodules in the tissues of patients.100 This technique may be espe-
cially useful for detecting deep non-palpable nodules, and for 
assessing drug effects on adult worms.

The Mazzotti test

This test involves the administration of a small dose (usually 
50 mg for an adult) of DEC by mouth and observing for intense 
pruritus and skin rash 1–24 h later. The test may precipitate 
serious complications and is not recommended as a routine diag-
nostic procedure. It can assist diagnosis when onchocerciasis is 
suspected in persons with a negative skin snip. A Mazzotti patch 
test using a topical application of DEC in lotion form on the skin 
is being evaluated as a diagnostic tool for epidemiological moni-
toring and evaluation of control programmes.91,101

Parasitological diagnosis

The diagnosis is made by demonstrating microfi lariae that have 
emerged from bloodless skin snips. Although most persons with 
clinical signs have positive skin snips, this is not always the case. 
The optimal site for the biopsy depends on the geographical area. 
In Africa, the preferred body site is from the iliac crest or below, 
whereas in Mexico the skin over the scapula or deltoid region is 
favoured. Two to four skin snips are taken. When epidemiological 
and clinical studies of onchocercal eye lesions are being con-
ducted, it is important to take a skin snip from the outer 
canthus.

After cleaning the skin with spirit and allowing it to dry, a razor 
blade can be used to shave off the tip of a dome of skin that has 
been elevated with a needle. Alternatively, a Walser corneoscleral 
punch is used to produce skin snips with an average weight of 
1.0 mg. Punches must be very carefully sterilized before re-use. 
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Figure 84.19 Onchocerciasis: microfi larial prevalence in (A) iliac 
crest and (B) canthus skin snips and (C) in the cornea, and (D) the 
prevalence of blindness and/or severe eye lesions as seen in rainforest 
villages of Sierra Leone. (After McMahon et al.99)
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Snips are immersed in isotonic saline, for instance in wells of a 
microtitration plate. Microfi lariae that have emerged after 0.5–
24 h are counted under the low power of a compound micro-
scope. Teasing of the skin is unnecessary. The sensitivity of skin 
snips to diagnose infection depends upon the number of skin 
snips taken and on the intensity of infection. Microfi lariae of O. 
volvulus are 270–320 μm long, unsheathed, and have a character-
istic head and a pointed tail (see Figure 84.14). They must be 
differentiated from the smaller skin-dwelling microfi lariae of M. 
streptocerca in Africa and M. ozzardi in South America. Blood 
microfi lariae – W. bancrofti, Loa loa and M. perstans – occasionally 
appear in skin snips contaminated by blood.

Immunological and PCR-based diagnosis

Several immunodiagnostic tests have been devised for onchocer-
ciasis.102 Adult O. volvulus isolated from nodules, or adult worms 
or microfi lariae of O. gibsoni or O. gutturosa from cattle, have fre-
quently been used as the source of antigen. Generally, immuno-
diagnosis based on detection of antibodies to crude antigens is of 
limited practical use owing to the low specifi city and sensitivity 
of the tests. Cross-reactions to other nematode infections are 
common and the tests cannot distinguish between past and 
present infections. In endemic areas, where the population is 
continuously exposed to infection, most people are positive to the 
tests. Such tests may be of value in the diagnosis of onchocerciasis 
in persons from non-endemic areas who have visited an endemic 
area.

The development of specifi c and sensitive immunodiagnostic 
tests has been a priority in onchocerciasis research. The specifi city 
of tests has been improved by the detection of specifi c IgG4 anti-
bodies and by the identifi cation and use of specifi c antigens. Tests 
utilizing specifi c recombinant antigens have been developed, and 
an ELISA with a cocktail made from three of these antigens has 
shown a high sensitivity and specifi city.103 A fi eld applicable rapid-
format card test that detects IgG4 to a recombinant antigen in 
serum or blood specimens has also proved to be sensitive and 
specifi c,104 but is not yet commercially available. Tests for detec-
tion of specifi c circulating antigens in onchocerciasis have given 
mixed results, and in general have not been as successful as in 
lymphatic fi lariasis. However, a highly sensitive and specifi c 
dipstick assay for the detection of O. volvulus antigens in urine 
was recently described.105

A PCR technique with high specifi city for O. volvulus DNA has 
been developed. In addition to identifying worm DNA in skin 
snips from infected humans, this technique is capable of distin-
guishing between various strains of the parasite and of detecting 
O. volvulus larvae in extracts of blackfl y vectors.101

Pathology and immunology

Large numbers of live microfi lariae may be present in the skin 
without inducing any tissue reaction (Figure 84.20). Pathology in 
the skin and in the anterior segment of the eye is caused mainly 
by dying and dead microfi lariae. Like many other fi larial parasites, 
O. volvulus contains endosymbiontic bacteria of the genus Wolba-
chia. Recent studies have implicated products from these endo-
symbionts in the pathogenesis of onchocerciasis, especially the 
ocular manifestations.48,106

The initial lesions comprise foci of infl ammatory reactions 
around degenerating microfi lariae, composed mainly of eosino-
phils, neutrophils and macrophages.107,108 Antibodies, immune 
complex formation and complement activation on the surface of 
the microfi lariae may be involved in attracting the immunocom-
petent cells.109 The dermal tissue between the early focal lesions 
shows no changes. Later, dermal fi broblasts increase in numbers, 
leading to fi brosis, and the normal collagen and elastic fi bres of 
the dermis are gradually replaced by hyalinized scar tissue. There 
may also be loss of pigment in the skin. The histological appear-
ance of the skin in advanced cases closely resembles the skin of 
very old subjects (i.e. presbyderma). Some of the skin damage 
observed in onchocerciasis patients may also be caused by the 
mechanical effects of scratching, by toxins inoculated when black-
fl ies take a blood meal or by secondary infections.

In the skin condition Sowda, there is immunological hyperac-
tivity, and the most striking histopathological feature is the pres-
ence of an extensive infl ammatory cell infi ltrate of the upper 
dermis. Identifi cation of O. volvulus collagen as a principal antigen 
recognized by antibodies in patients with Sowda raises the pos-
sibility that this condition might arise through cross-reactivity 
between these antibodies and human collagen.110

Using a slit lamp, live microfi lariae can be seen in the cornea 
of the eye. There is no visible tissue response to their presence. 
Dead microfi lariae give rise to foci of infl ammation which cause 
the characteristic punctate (‘snowfl ake’) keratitis, with opacities 
around each microfi laria. The major pathology of the anterior 
segment is due to sclerosing keratitis. Chronic infl ammation and 
vascularization leading to scarring eventually result in complete 
opacifi cation of the cornea. This process normally starts from each 
side and from below, and resembles an infl ammatory immune 
response. The aetiology of the posterior segment lesions is less 
clear.111

Some adult worms are found free in the subcutaneous tissues 
but most are contained in nodules. Nodules are essentially granu-
lomatous reactions around adult worms. They often have separate 
chambers containing several worms. Nodules have thick fi brous 
walls and a variable degree of cellular infi ltration (Figure 84.21) 
with macrophages being the predominant cell type.108 Calcifi ca-
tion may occur in older nodules and in dead worms.

Specifi c humoral immune responses of individuals living in 
areas endemic for onchocerciasis are usually marked. Most infected 
individuals have a diminished cellular responsiveness to O. volvu-
lus antigens in comparison to apparently uninfected persons from 

Figure 84.20 Onchocerciasis: microfi lariae of O. volvulus in 
subcutaneous tissue.
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the same endemic areas and to patients with the more localized 
Sowda.108 A major role of immune responses appears to be to 
contain or limit infl ammation around dying or dead microfi lariae. 
Antibodies mediating cellular killing of microfi lariae and infective 
larvae in vitro have been observed in sera from some persons 
living in endemic areas.109 The presence of such antibodies may 
indicate that immune elimination of larval stages occurs in some 
infected individuals, although protective immunity has not been 
proved in onchocerciasis. In utero exposure to O. volvulus antigens 
may affect the child’s immune responses and perhaps his or her 
susceptibility to O. volvulus infection later in life.112

In individuals from non-endemic areas who become infected 
during visits to endemic areas, infections are usually mild and the 
most common clinical presentation is dermatitis.113 Microfi larae-
mia may be of low density or absent. Nodules or eye lesions are 
rare. The patients usually have specifi c antibody responses to O. 
volvulus and raised eosinophil levels.

Immune responses to mycobacterial infections114 and to tetanus 
vaccination115 are downregulated in O. volvulus-infected individu-
als. HIV-infected onchocerciasis patients exhibit signifi cantly 
impaired antibody responses to O. volvulus antigens and tend to 
lose their reactivity to these antigens over time.116

Management

Drug treatment

DEC is no longer recommended for the treatment of onchocer-
ciasis. It can induce severe adverse reactions, especially in heavily 
infected individuals, and may precipitate or aggravate ocular 
lesions. It has now been replaced by ivermectin (Mectizan®) as 
the drug of choice.90 Both of these drugs have a strong microfi -
laricidal effect, whereas adult worms remain essentially unaffected 
(see Table 84.2).

Suramin, although largely used as a macrofi laricide, also has 
some microfi laricidal effects. Fatalities due to drug toxicity may 
occur and its use is not recommended. The macrofi laricidal effects 
of benzimidazoles are being investigated. Endosymbiontic bacte-
ria (Wolbachia spp.), recently discovered in O. volvulus, are poten-
tial new targets for chemotherapy with antibiotics.117

Ivermectin

Ivermectin in a single oral dose of 150 μg/kg body weight causes 
a rapid elimination of microfi lariae from the skin.118 More than 
80% of skin microfi lariae are eliminated in the fi rst 48 h and this 
then slowly increases to 97%. The low level of microfi laraemia is 
maintained over a period of several months, after which there is 
a gradual increase. Retreatment may be necessary and follow-up 
skin snips should be examined 6–12 months after the initial treat-
ment. Treatment is contraindicated in pregnant women, breast-
feeding women with infants below 1 week old, children below 
5 years of age, or individuals with serious acute or chronic 
illnesses.

Adverse reactions resemble, but appear to be much less severe 
than, those associated with DEC therapy. In a study in Sierra 
Leone119 the most common side-effect of ivermectin was the 
passing of Ascaris worms! Other effects in descending order of 
frequency were itching and/or rash, muscle and/or joint pains, 
fever, headache, swelling of the limbs, joint or face, dizziness, 
tender lymphadenopathy, conjunctivitis and tender nodules. 
Other investigators have noted severe postural hypotension and 
bronchoconstriction to be side-effects of ivermectin therapy. These 
conditions are reported to be transient and to respond to symp-
tomatic management. The single-dose ivermectin regimens have 
no known long-lasting effect on mature worms, but the drug 
causes intrauterine degeneration and temporary sequestration of 
unborn microfi lariae. Recent studies suggest that the drug may 
have a macrofi laricidal effect if more frequent (3-monthly) treat-
ments are given.120

The disappearance of microfi lariae from the eye is much more 
gradual than microfi larial reduction in the skin. Available data on 
the impact of repeated doses of ivermectin on ocular onchocercal 
disease indicate regression of early lesions of the anterior segment, 
including iridocyclitis and sclerosing keratitis. It also appears to 
have a benefi cial effect on optic nerve disease and visual fi eld loss, 
but not on chorioretinitis.121

Nodulectomy

Nodulectomy has only limited use because many worms are 
present outside the nodules and some nodules are not palpable. 
Head nodules should be excised because their presence increases 
the risk of eye disease and blindness.

Epidemiology

O. volvulus is transmitted between humans and the vectors. The 
infection is not a zoonosis. Many species and subspecies of Simu-
lium fl ies can act as vectors. Despite geographical variation in 
pathogenicity, O. volvulus parasites are morphologically indistin-
guishable throughout their range of distribution.

Infection and disease in the endemic community

The epidemiology of onchocerciasis varies throughout its distribu-
tion. Different patterns of infection and disease are associated 
with differences in the abundance, vector competence and feeding 
characteristics of the local blackfl y populations, differences in 
parasite strains and differences in the human host response to the 

Figure 84.21 Onchocerciasis: adult O. volvulus in nodule. (Courtesy 
of H. Zaiman.)
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parasites. Other human host factors that may affect the epidemiol-
ogy are occupation, seasonal migration, economic or social stand-
ing, concurrent infections and racial group.

The prevalence and intensity of infection and the amount of 
clinical disease within the endemic community are generally low 
in the young children and increase gradually with age (Figure 
84.19; Table 84.3122). The overall burden of infection and disease 
in the population is proportional to the intensity of transmis-
sion.97 In hyperendemic communities almost all adult individuals 
are infected and have clinical disease. Males and females generally 
appear to be affected by infection and disease to a similar 
extent.

Available quantitative data on the transmission, infection and 
disease in endemic populations have been used to develop math-
ematical models describing the population biology of human 
onchocerciasis.123,124 Analysis of these models is useful for under-
standing the transmission dynamics and disease processes and for 
assessing the potential effect of control measures.

Endemicity

Different criteria have been used to defi ne the level of endemicity 
of onchocerciasis in a population. Most commonly used today is 
a classifi cation of levels as hypoendemic, mesoendemic or hyper-
endemic on the basis of the population microfi larial prevalence 
being less than 40, 40–59 and 60% or more, respectively.90 In 
hyperendemic areas, blindness rates can exceed 10%, the disease 
is socially intolerable and fertile lands are often abandoned. In 
hypoendemic areas, the blindness rate is generally below 1% and 
the disease has few or no social effects.

In the course of the development of a programme for oncho-
cerciasis control, the endemicity should be mapped, to help to 
focus efforts where most needed. Methods for rapid epidemio-
logical mapping have been developed which depend on determin-
ing the prevalence of nodules in a specifi c age–sex group of 
selected communities. The current standard practice is to examine 
a sample of 50 males per community for nodules. Nodule preva-
lences of <20%, 20–39% and 40% or more correspond approxi-
mately to the hypoendemic, mesoendemic and hyperendemic 

levels based on microfi larial detection. Other methods with less 
sensitivity and specifi city have utilized the prevalence of leopard 
skin or blindness.

African onchocerciasis

Members of the Simulium damnosum complex are the predominant 
vectors in most of the endemic areas of Africa (see Appendix IV). 
In parts of East and Central Africa species of S. neavei group also 
transmit the infection.

Flies of the S. damnosum complex breed in large rivers or small 
streams where there is an adequate velocity of water, adequate 
food supplies and suitable attachment sites (rocks, sticks, trailing 
vegetation). Primary larval habitats are rivers in which exposed 
rocks create ‘white water’ rapids. Female blackfl ies generally restrict 
their fl ight to within a few kilometres of breeding sites and bite 
most intensely in the immediate vicinity. However, with the assis-
tance of prevailing winds, they may migrate several hundred 
kilometres from one river basin to another.

The female fl ies feed mainly on humans but in some areas 
blood meals are also taken from animals, particularly bovines, 
horses and small ruminants. S. damnosum s.l. is a complex of 
numerous sibling species that differ in bionomics and vectorial 
capacity. They are very similar morphologically but can be distin-
guished by the banding patterns of their larval salivary gland 
chromosomes.

West Africa

The main West African onchocerciasis vectors of the S. damnosum 
complex can be grouped in three pairs: the S. damnosum s.s.–S. 
sirbanum pair, the S. sanctipauli–S. leonense pair and the S. squamo-
sum–S. yahense pair. The geographical distribution of these species 
is considerably infl uenced by local climatic and ecological char-
acteristics. The fi rst two are termed ‘savannah’ species, and the 
other four ‘forest’ species. The S. damnosum s.s.–S. sirbanum pair 
occupies the savannah zone as far as 14°N, which is also the 
northern limit of the endemic area for onchocerciasis. These 
species may fi nd their way into forest areas along the major water 

Table 84.3 Prevalence of microfi laraemia (iliac crest), pruritus and nodules by age seen in a rainforest village of Sierre Leone 
endemic for onchocerciasis

Age group (years) No. examined Microfi lariae (%) Pruritus (%) Nodules (%)
1–4 70 5.9  1.4  0.0

5–9 82 26.8  2.4  8.5

10–14 67 50.8  6.0 20.9

15–19 29 71.4 20.7 31.0

20–29 68 76.1 30.9 44.1

30–39 73 73.6 30.1 54.8

40–49 79 93.6 46.8 79.7

50–59 59 91.5 50.8 89.9

60+ 71 87.3 50.7 85.9

Total 598 63.1 26.6 46.3

After McMahon et al. 1986.122
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courses. The S. sanctipauli–S. leonense pair is forest dwelling but 
spreads into the savannah up to 10°N. S. squamosum has a focal 
distribution in forest and savannah with a preference for small 
or medium-sized rivers in hilly and mountainous areas, and 
S. yahense is limited to small forest water courses.

Experimental infection studies have indicated that the different 
sibling species of Simulium allow development of the savannah 
and forest strains of O. volvulus with widely different effi ciency, 
and have suggested that separate vector–parasite complexes exist 
in West Africa. However, use of new PCR techniques to identify 
the strain of parasite in the vectors has not supported this 
hypothesis.125

Blinding lesions are much more severe in the dry savannah 
than in forest areas, and there is evidence that two different strains 
of O. volvulus are transmitted in these areas.126,127 However, when 
considering the pathogenicity of eye lesions, as well as possible 
strain difference of the parasite, it is also important to consider 
environmental factors – a dry atmosphere, photophobic effects, 
dust or exposure to higher levels of ultraviolet radiation – that 
may in combination or separately result in damage to the cornea. 
All of these factors are likely to be higher in dry savannah than in 
rainforest zones.

In the dry savannah, transmission of onchocerciasis is seasonal. 
This contrasts to a much longer transmission period in wet savan-
nah and in forest areas.

East and central Africa

The most important vectors in East and Central Africa belong to 
the S. damnosum complex, but vectors of the S. neavei group also 
transmit onchocerciasis in Ethiopia, Tanzania, Malawi, Uganda 
and parts of Zaire. This group includes all Simulium species with 
larvae and pupae that become attached to riverine crabs of the 
genus Potamonautes. In Tanzania, S. woodi is the most important 
vector within the S. neavei group. In the Tukuyu valley and 
Mahenge mountains transmission is by S. damnosum s.l.128 In East 
Africa onchocerciasis rarely causes blindness, but itching and 
dermatitis may be severe.129

Central and South American onchocerciasis

Onchocerciasis is believed to have been introduced recently to the 
New World, possibly as a result of the slave trade.130 In America, 
the parasites have adapted to transmission by local species of 
Simulium fl ies.

In Mexico and Guatemala, the principal vector is S. ochraceum 
s.l, which breeds in small streams at altitudes between 500 and 
1500 m. Transmission is mainly confi ned to the dry season. In 
some foci there are many head nodules, and eye involvement is 
common.

In Venezuela, clinical manifestations in northern and eastern 
foci are mild and S. metallicum s.l. is the principal vector. In the 
south, onchocerciasis occurs in both highland and lowland areas, 
being hyperendemic in some groups of Yanomana Indians.131 S. 
guianense s.l. is the main vector in the highlands and S. oyapockense 
s.l. in the lowlands.

In the western Andes in Columbia, where S. exiguum s.l. is the 
vector, lesions are mild.132 In Ecuador, onchocerciasis occurs in 
the north-western coastal province of Esmeraldas, and in particu-

lar it affects both Chachi Indians and the Black population of the 
Santiago River Basin, with severe skin and eye lesions. Owing to 
the presence of an effi cient vector (S. exiguum s.l.) and the migra-
tion of infected individuals, onchocerciasis is increasing in preva-
lence and becoming more widespread.133 In Brazil, onchocerciasis 
occurs in the north: in the Amazonia, in a focus bordering 
Venezuela. The prevalence of onchocerciasis in the focus is not 
known.

Control

Onchocercal skin and eye lesions can have serious social and 
socioeconomic consequences in the affected communities, espe-
cially in areas of high endemicity.134,135 Considerable efforts have 
been made in the last decades to establish control program-
mes aiming at eliminating onchocerciasis as a public health 
problem.91

Antivector control, particularly larviciding of breeding sites, 
was previously the main control measure used in onchocerciasis. 
In the late 1980s, mass chemotherapy with ivermectin proved to 
be a practical and feasible alternative to vector control.

Vector control

The Onchocerciasis Control Programme (OCP) was established 
in 1974 in an attempt to control the savannah species of the 
vectors of onchocerciasis in seven West African countries (Burkina 
Faso, Benin, Ivory Coast, Ghana, Mali, Niger and Togo) in the 
Volta River Basin area. In 1986 the programme expanded its oper-
ations and included four additional countries (Guinea, Guinea-
Bissau, Senegal and Sierre Leone). During the following decade 
successful vector control by aerial larviciding of Simulium breeding 
sites reduced the parasite to such a level that it was close to being 
eliminated from the hyperendemic foci of the core area of the 
programme.136,137 The campaign also markedly reduced the inci-
dence of skin and eye lesions.

The emergence of resistance to larvicides being applied and 
the reinvasion of treated areas from non-controlled areas were 
major problems encountered. Attempts to counter the resistance 
problem involved alternating the larvicides being used, while 
extension of the programme into countries to the west and 
south reduced the reinvasion problem. The cost of this large 
control scheme was high. During wet seasons, a fl eet of up 
to 11 helicopters and two fi xed-wing aircraft operated over 
23 000 km of rivers. In later years, the programme included mass 
treatment with ivermectin as an important additional interven-
tion measure, and vector control activities were considerably 
reduced.

Vector control programmes of a much smaller scale than the 
OCP have been conducted in several African countries. S. neavei 
has been eradicated from Kenya by larvicidal treatments. Trans-
mission was completely interrupted and no new cases of oncho-
cerciasis have been reported in any of the districts since the 
elimination of the vector.

Chemotherapeutic control

After community trials in several endemic areas had shown that 
ivermectin was acceptable for mass treatment,138 annual mass 
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treatment with ivermectin became the principal strategy for 
onchocerciasis control. It reduces the microfi larial burden and 
thus transmission in the community.139 Since ivermectin is only 
microfi laricidal, treatments should continue for a period equiva-
lent to the reproductive lifespan of the adult female worms, in 
order to halt transmission. Currently a dose of 150 mg/kg body 
weight once yearly is being encouraged for most endemic areas. 
Children under the age of 5 years should not be treated.

The manufacturer of Mectizan® (Merck) has made this product 
available free of charge through the Mectizan® Donation Program 
to governmental and non-governmental healthcare organizations 
involved in onchocerciasis control programmes.140

Repeated treatments with ivermectin result in signifi cant 
improvement of itching and severe onchocercal skin disease141 
and in regression of both early and advanced lesions of the ante-
rior segment of the eye.94,121 As an additional benefi t ivermectin 
reduces the prevalence and intensity of Ascaris infections.

Following the initial fi eld testing of ivermectin, the OCP started 
large-scale distribution for transmission and morbidity control in 
the programme area.91,135 Numerous smaller control programmes 
utilizing mass treatment were also started in other endemic areas. 
Partnerships of non-governmental organizations involved in 
blindness prevention, international organizations (including the 
WHO and the World Bank) and governments of endemic coun-
tries subsequently established the African Programme for Oncho-
cerciasis Control (APOC) and the Onchocerciasis Elimination 
Program in the Americas (OEPA) for the promotion and coordina-
tion of control activities on the African and American continents, 
respectively. APOC took over as the leading coordinating body of 
onchocerciasis control in Africa when the OCP ended its activities 
in 2002.

Serious reactions, including death, after mass ivermectin treat-
ment for onchocerciasis have recently been reported in individuals 
with high-intensity Loa loa microfi laraemia,142 and call for caution 
when using ivermectin in loiasis endemic areas. Most of these 
reactions have been observed in Cameroon.

To date, resistance of O. volvulus to ivermectin has not been 
observed.143 However, there is an urgent need for development of 
new backup drugs should this occur. In particular it would be 
benefi cial with a safe and easily administered macrofi laricidal 
drug, which could reduce the time needed to eliminate the adult 
worms from endemic areas.91,144

Nodulectomy

Nodulectomy campaigns have been encouraged in some coun-
tries, especially in those where head nodules are common. The 
impact of such campaigns on ocular disease can be diffi cult to 
assess. In Guatemala, for example, where systematic campaigns 
have been associated with decreased blindness, other factors, par-
ticularly changes in socioeconomic conditions, may have decreased 
human–vector contact.

OTHER FILARIAL INFECTIONS

In addition to the fi larial worms resulting in human lymphatic 
fi lariasis and onchocerciasis, four other species of fi lariae com-
monly infect humans. These are Loa loa, Mansonella perstans, M. 

streptocerca and M. ozzardi (see Table 84.1). A few species of animal 
fi lariae cause rare zoonotic infections in humans.

Loa loa

Loa loa is a fi larial parasite of humans in parts of West and Central 
Africa.145 It is commonly known as the ‘eye-worm’, because adult 
worms are occasionally seen to move across the eye of the 
patient.

Life cycle and transmission

Adult L. loa live and move around in the connective tissues of 
humans. They frequently wander through the subcutaneous tissues 
and may sometimes pass beneath the conjunctiva of the eye. The 
females measure 50–70 × 0.5 mm and the males 30–35 × 0.4 mm. 
More detailed morphology is given in Appendix III. The sheathed 
microfi lariae circulate in the blood and measure 230–300 × 
6–8 μm (Figure 84.22).

Human L. loa is transmitted by tabanid fl ies of the genus Chrys-
ops. The microfi larial periodicity is adapted to the day-biting habits 
of the vectors. It is diurnal, with peak concentration in the periph-
eral blood around noon (Figure 84.23). Microfi lariae ingested by 
the vectors during feeding penetrate the stomach wall of the fl ies 
and migrate to the fat body where they develop in 8–12 days. 
Infective larvae (2 mm × 25 μm) then move via the thorax to the 
proboscis. The larvae burrow into the skin of the human host 
when the vector feeds. The minimum prepatent period (until 
appearance of microfi lariae) is 5–6 months, but it can be much 
longer, and adult worms may live for 17 years or more.

Clinical features

The most common clinical manifestations of loiasis are recurrent 
angio-oedema (Calabar swellings) and pruritus. Adult worms may 
be noticed when they pass under the conjunctiva of the eye (Figure 
84.24) or under the skin (Figure 84.25).146–148 They usually appear 
and then disappear within 10–15 min, leaving no trace behind. 

Figure 84.22 Microfi laria of L. loa.
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Figure 84.23 Periodicity of L. loa microfi lariae in the peripheral 
blood.

Figure 84.24 Transocular migration of adult L. loa. (Courtesy of 
J. Anderson.)

Figure 84.25 L. loa migrating under the skin. (Courtesy of P. G. P. 
Manson-Bahr.)

Hypereosinophilia, especially in expatriates, is common. Calabar 
swellings (Figure 84.26) are most commonly observed on the 
hands, wrists and forearms, but they may appear anywhere on the 
body. The swellings are painless, and do not pit on pressure. They 
may last from a few hours to several days. Usually one swelling 
occurs at a time, and may recur at irregular intervals for years after 
the patient has left the endemic area. Calabar swellings probably 
refl ect the host’s response to parasite antigens at the site of the 
swellings. Other common symptoms include generalized pruritus, 
fatigue and arthralgia. The death of an adult worm may occasion-
ally cause a localized abscess. Dead worms sometimes calcify and 
are then easily seen on radiography.

More serious complications can occur when L. loa invade the 
central nervous system and other vital organs. An epidemiological 
correlation has been observed between loiasis and the occurrence 
of endomyocardial fi brosis, and it is possible that hypereosino-
philia induced by the infection may lead to the cardiac damage.149 

Figure 84.26 Calabar swelling.

Nephropathy and encephalopathy are less common pathological 
changes. Nodules in the conjunctiva, swelling of the eyelids and 
proptosis were previously reported from Uganda as complications 
of loiasis. However, histological evidence has shown that these 
lesions are due to M. perstans.150 (For Ocular loiasis, see Chapter 
18.)

As in other fi larial infections, expatriates entering an endemic 
area are more troubled by clinical manifestations than are the 
indigenous inhabitants. However, the prevalence of micro-
fi laraemia is apparently lower in expatriates than in the local 
inhabitants.148,151

Other Filarial Infections
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Diagnosis

The appearance of characteristic Calabar swellings in persons who 
live in an endemic area or who have visited such an area, or a 
history by the patient of a worm having crossed the eye, is strongly 
suggestive of L. loa infection.

Other helminths may migrate under the skin and cause cutane-
ous reactions. Swellings produced by M. perstans are similar to 
Calabar swellings. Cutaneous larva migrans (caused by Strongyloi-
des or hookworm larvae) moves slowly, causes intense irritation 
and leaves multiple tracks which may last for hours or even weeks. 
Subcutaneous L. loa causes little or no reaction, is usually single 
and appears only transiently for a few minutes. Guinea worm is 
a very large worm which can be palpated under the skin. In the 
eye, L. loa is subconjunctival and much larger than Toxocara, which 
may appear in the anterior chamber.

L. loa infections can be parasitologically diagnosed by removal 
of adult worms from the skin or conjunctiva, but it is usually done 
by identifi cation of the characteristic microfi lariae in the blood 
(see Figure 84.22). Microfi lariae are, however, absent in many 
persons with clinical loiasis (occult loiasis).152 The optimal time 
for taking a blood sample is around noon, when the concentra-
tion of microfi lariae in the peripheral blood is highest (see Figure 
84.23). The various techniques for concentration and examina-
tion of the blood for microfi lariae mentioned under lymphatic 
fi lariasis can also be used for L. loa. The sheath of L. loa micro-
fi lariae stains with haematoxylin but not with Giemsa stain. 
Other characteristic features used in the identifi cation of the 
microfi lariae are indicated in Appendix III.

Immunodiagnosis on its own is of limited value because of low 
sensitivity and cross-reactions with other fi larial species. Detection 
of specifi c IgG4 can be useful for confi rming the diagnosis of L. 
loa in amicrofi laraemic individuals with clinical signs suggesting 
loiasis.153 A PCR assay with high specifi city and sensitivity for 
microfi laraemia and occult loiasis has been developed.154

Immunology

Most infected individuals show high antibody titres to fi larial 
antigen.148,153 Antibodies recognizing a surface antigen on L. loa 
microfi lariae have been demonstrated in persons with amicrofi la-
raemic adult infections, whereas these antibodies were not present 
in microfi laraemic persons from the same endemic area.155 Micro-
fi laraemic individuals furthermore have diminished cellular 
responsiveness to specifi c antigens compared with amicrofi larae-
mic individuals.156 Occult loiasis may thus result from the devel-
opment of an immune response specifi cally eliminating the 
microfi larial stage of the parasite. Some cases may also be due to 
single sex infections.

Management

DEC rapidly eliminates microfi lariae of L. loa from the blood (see 
Table 84.2) in dosages varying from 5 to 10 mg/kg body weight 
divided daily into three doses for 2–4 weeks. DEC has some effect 
on adult worms, but complete cure may require repeated treat-
ment with this drug regimen. Side-effects may include fever, 
malaise, angio-oedema and pruritus. In patients with high micro-
fi laraemia, the side-effects may be severe, and there is a risk of 
severe central nervous system complications. When treating heavy 

infections it is recommended to start with very small doses of DEC 
combined with administration of steroids. Because of the danger 
of inducing Mazzotti reactions, care must be taken when patients 
with loiasis are also infected with O. volvulus. DEC is also recom-
mended for treatment of loiasis acquired by expatriate visitors to 
endemic areas.157

Ivermectin (200 μg/kg body weight) is an effi cient microfi lari-
cide.158 However, recent reports of serious reactions after mass 
treatment of onchocerciasis in areas co-endemic for loiasis call for 
caution.144 Reactions are perhaps due to extremely high L. loa 
microfi larial counts.

Mebendazole in low doses has been shown to reduce micro-
fi laraemia signifi cantly in persons with heavy L. loa infections.159 
Side-effects were low. A three-day albendazole regimen did not 
give a sustained reduction in microfi laraemia.160 However, a 
3-week albendazole regimen may be useful for the treatment 
of symptomatic loiasis in cases when DEC is ineffective.161

Epidemiology

Human loiasis occurs only in Africa, where transmission is con-
fi ned to the rainforest and swamp forest areas of West and Central 
Africa (Figure 84.27). The vectors breed in these areas. It is esti-
mated that 20–30 million people reside in endemic areas. The 
parasite was previously also observed in the more western rain-
forests of Sierre Leone, Liberia, Ivory Coast and Ghana, but it has 
not been reported from these countries for many years and may 
have disappeared spontaneously.145

Human L. loa is transmitted by day-biting female tabanid fl ies 
of the genus Chrysops, mainly C. silacea and C. dimidiata. Other 
species of Chrysops are of local importance, especially in the 
periphery of the transmission zone. Chrysops fl ies rest in the forest 

Figure 84.27 Geographical distribution of L. loa.
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canopy and are attracted mainly by movement, dark colours and 
wood smoke. They lay their eggs in swamps and river edges below 
the forest trees, and the larvae move about in the mud. Larval 
development is slow, taking up to a year or more to reach the 
adult stage. Transmission takes place mainly during the wet 
season. More information on the vectors and their bionomics is 
given in Appendix IV.

The possible existence of an animal reservoir for L. loa has been 
studied extensively. Species of forest-dwelling primates, including 
the mandril and several species of Cercopithecus, harbour fi lariae 
that closely resemble L. loa. The periodicity of these parasites is 
nocturnal. Monkeys can be infected with the human parasite, 
which retains its diurnal periodicity in the new host. The non-
human primate L. loa are transmitted by species of Chrysops which 
are feeding only at night on monkeys living in the canopy, whereas 
blood meal analyses have shown that C. silacea and C. dimidiata 
do not feed on non-human primates. Thus it appears that, in 
nature, human and monkey L. loa comprise two distinct transmis-
sion complexes, and that the parasite is not a zoonosis.

The microfi laria rate in children tends to be low. It gradually 
rises with age, but even in old age rarely exceeds 40%. Despite the 
lack of microfi laraemia, many children harbour the adult para-
sites, which occasionally cross the eye. Within an endemic com-
munity, the microfi larial prevalence is commonly higher in males 
than in females.162

Control

Methods to control loiasis include environmental modifi cations, 
personal protection and vector control. No large-scale control 
programmes have been conducted.

The siting of houses and plantations should be established 
some distance from the forest edge and swamps where the vectors 
breed. The larvae of Chrysops live in the mud and can be destroyed 
there with insecticides. However, this method is impractical.

The wearing of light-coloured clothing and frequent applica-
tion of insect repellent reduces the risk of bites by the fl ies. Per-
sonal prophylaxis with a 300-mg dose of DEC once a week has 
proven effi cient in expatriates working in endemic areas.163

Mansonella perstans

M. perstans is a human fi larial parasite, widely distributed in 
Africa as well as in parts of Central and South America and in 
the Caribbean (Figure 84.28). It is transmitted by tiny biting 
midges of the genus Culicoides. Rarely have adult worms been 
recovered from humans. They live in the serous cavities, mainly 
the peritoneal cavity, and usually cause no symptoms. Occasion-
ally they have been found subcutaneously. The adult female 
measures 70–80 × 0.1 mm and the male 35–45 × 0.06 mm. 
Microfi lariae (200 × 4.5 μm) are unsheathed, non-periodic and 
circulate in the blood (Figure 84.29).

In the vector, following a blood meal, the ingested micro fi lariae 
develop to the infective stage. Infective larvae penetrate the skin 
of humans when the vector feeds again. The time from infection 
until appearance of microfi lariae in the blood of humans is 
unknown.

M. perstans infections are largely non-pathogenic, but a variety 
of clinical manifestations can occur in some infected individuals. 

Figure 84.28 Geographical distribution of M. perstans.

Figure 84.29 Microfi laria of M. perstans.

Symptoms are more common in expatriates coming to endemic 
areas from non-endemic ones. Transient swellings resembling the 
Calabar swellings of loiasis occur. Other manifestations are pru-
ritus, fever, and pain or ache in bursae and/or joint synovia. Severe 
abdominal pain, especially in the liver region, may occur. Nodules 
in the conjunctiva, swelling of the eyelids and proptosis have 
also been attributed to M. perstans infections.150 Eosinophilia is 
common, and cases of symptomatic hypereosinophilia have 
recently been reported from expatriates returning from an endemic 
area.164 It is likely that some of the pathological changes observed 
are induced by immune responses to the infection.

Other Filarial Infections
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Diagnosis is by recovering the microfi lariae (Figure 84.29) 
from the blood. Blood samples may be obtained at any time of 
the day, and techniques similar to those used for concentration 
and examination of blood samples for the diagnosis of lymphatic 
fi lariasis are utilized. For morphological features of the micro-
fi lariae, see Appendix III.

Ivermectin has no effect on M. perstans (see Table 84.2). DEC 
(200 mg twice daily for 21 days with a gradual dosage increase the 
fi rst 3 days) reduces the microfi laraemias, but mebendazole 
(100 mg twice daily for 28 days) appears to be more effective in 
eliminating the infection. A combination of mebendazole and 
DEC resulted in a signifi cantly higher activity than each of these 
drugs alone.165 Albendazole (400 mg twice daily) given for 10 days 
resulted in a slow but signifi cant decrease in M. perstans of micro-
fi laraemia after 1–3 months.166

Few studies have been carried out on the epidemiology of M. 
perstans infections. The microfi larial prevalence is generally higher 
in adults than in children, and males are usually more frequently 
infected than females.167 In some localities very high prevalences 
of microfi laraemia are found.168

The main vectors in Africa are C. grahami and C. inornatipennis, 
but other species of Culicoides also play a role. The species of 
Culicoides transmitting M. perstans in the Americas have not been 
identifi ed. M. perstans is found commonly in chimpanzees and 
gorillas, but it is also widespread in areas where there are no large 
apes.

Mansonella streptocerca

M. streptocerca is a fi larial parasite of humans, having a limited 
distribution in Central and West Africa (Figure 84.30). A new 
focus in Uganda was described recently.169 The adult worms 
inhabit the dermis of the upper thorax and shoulders, but they 

have rarely been recovered and very few have been examined in 
detail. The adult female measures 27 × 0.08 mm and the male 
17 × 0.05 mm. The microfi lariae (Figure 84.31) also inhabit the 
dermis. They are unsheathed, measure 180–240 × 3–5 μm and 
exhibit no periodicity.

M. streptocerca is transmitted by tiny biting midges of the genus 
Culicoides, the most common vector probably being C. grahami. 
Complete development in the vector has been observed experi-
mentally to take 9 days. Information on the development of M. 
streptocerca in the human host is lacking, and the prepatent period 
is unknown.

The infection generally causes few clinical manifestations. Der-
matitis is the most common sign and is most marked over the 
thorax and shoulders.169 It is characterized by pruritus, hypopig-
mented macules and papules. Microscopically, infected skin shows 
dilated dermal lymphatics, and it has been suggested that M. 
streptocerca might be a cause of lymphoedema and elephantiasis. 
Clinically the infection must be distinguished from onchocerciasis 
and leprosy.

Diagnosis is made by fi nding the unsheathed microfi lariae of 
M. streptocerca in skin snips (for the technique, see Onchocercia-
sis). The microfi lariae have a characteristic ‘shepherd’s crook’ tail. 
Other distinguishing features of the microfi lariae are shown in 
Figure 84.31 and mentioned in Appendix III. A sensitive and 
specifi c PCR assay for specifi c detection of M. streptocerca DNA in 
skin biopsies has been developed.170

DEC eliminates both microfi lariae and adults (see Table 84.2) 
of M. streptocerca when given in a dosage of 2–6 mg/kg body 
weight for 21 days. In most patients, the DEC treatment causes 
intense pruritus and development of cutaneous papules in which 
degenerating adult worms may be found. Other side reactions 
similar to the Mazzotti reaction during DEC treatment of oncho-
cerciasis may occur but are not common. Ivermectin in a single 
dose of 150 μg/kg body weight leads to sustained suppression 
of microfi laraemia in the skin.171 Common short-term adverse 
reactions are increased pruritus and dermatitis.

Adults and microfi lariae of M. streptocerca are found in the skin 
of chimpanzees, but whether the infection is a zoonosis is not 
known.

Mansonella ozzardi

M. ozzardi is a human fi larial parasite found only in the New 
World. Foci exist in Central America, in northern South America 
and in some Caribbean islands (Figure 84.32). A new focus in 
Bolivia was described recently.172 Adult worms have been recov-

Figure 84.30 Geographical distribution of M. streptocerca. Figure 84.31 Microfi laria of M. streptocerca. (Courtesy of P. Fischer.)
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ered from the peritoneal cavity of humans. Females measure 
50 × 0.15 mm and males 26 × 0.07 mm. The microfi lariae 
(220 × 3–4 μm, see Figure 84.33) are unsheathed, non-periodic 
and are found in both blood and skin.

Two groups of vectors have been shown to transmit M. ozzardi 
infections. In the Caribbean islands the vectors are biting midges 
of the genera Culicoides, whereas in the Amazon basin Simulium 
blackfl ies have been incriminated. The development of the para-
site has been studied in the vectors and in experimental infections 
in patas monkeys. In the monkeys the prepatent period was 5–6 

months. Natural M. ozzardi infections have not been reported 
from animals. In endemic foci, human infections tend to be highly 
prevalent, with the microfi larial infection rates increasing with 
age.172,173

Most people infected with M. ozzardi are symptomless. Symp-
toms of severe articular pain, headache, fever and pruritus have 
been reported, but these have generally not been closely associ-
ated to infection.172,173 Eosinophilia is common. Individuals in 
endemic areas have high titres of antibodies against fi larial 
antigens.

The infection is diagnosed by fi nding the microfi lariae in blood 
or in skin biopsies.174 The techniques described under Lymphatic 
fi lariasis and Onchocerciasis can be used. For characteristics of the 
microfi lariae, see Figure 84.33 and Appendix III. DEC has little or 
no effect on M. ozzardi infections (see Table 84.2), but a single 
dose of 6 mg ivermectin has been reported to provide signifi cant 
long-term reduction in microfi laraemia.175

Rare fi larial infections

Humans occasionally become infected with species of fi lariae 
normally found in animals.150 Among these zoonotic infections, 
those due to Dirofi laria spp. are the most frequently reported and 
the most widespread.

Dirofi lariasis

Dirofi laria spp. are natural parasites of various species of carni-
vores. In these hosts, the microfi lariae circulate in the blood. 
Transmission is by mosquitoes. In human infections, para-
site development is impaired and no microfi lariae are 
produced.176,177

Pulmonary dirofi lariasis

D. immitis is a fi larial parasite of dogs. It is transmitted worldwide, 
except in cold climates. In the dog, adult D. immitis inhabit the 
pulmonary arteries and right ventricle of the heart, where they 
may occur in large coiled masses. Pulmonary dirofi lariasis in 
humans results from infection with D. immitis. In humans, the 
parasite may develop partially in the pulmonary arterial tree, 
where it ultimately dies, perhaps as a result of an infl ammatory 
response. Typically a spherical nodule 1–3 cm in diameter is dis-
covered in the lungs on routine radiography (a ‘coin lesion’) or at 
autopsy. A single worm, usually necrotic and sometimes calcifi ed, 
is present in the lumen of the artery. Most patients are asymptom-
atic. When present, symptoms include cough, chest pain, eosino-
philia, haemoptysis and fever. Diagnosis is usually based on 
biopsy. Serological diagnosis has not been very successful. The 
only treatment is surgical excision.

Subcutaneous dirofi lariasis

D. repens is a natural parasite of dogs and cats in warmer climates 
of the Old World. It has not been reported from America. In the 
normal hosts, adult worms are located in the subcutaneous tissues. 
In humans, occasional infections may result in the formation of 
subcutaneous nodules consisting of a degenerating immature 
worm surrounded by granulomatous tissue.178 Nodules occur in 

Figure 84.32 Geographical distribution of M. ozzardi.

Figure 84.33 Microfi laria of M. ozzardi. (Courtesy of M. Eberhard.)
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many parts of the body, especially the breasts, arms, legs, scrotum, 
eyelid and conjunctiva. The nodules may occasionally be slowly 
migrating. Immunodiagnosis has not proved useful, and diagno-
sis is by biopsy. Treatment is by surgical removal of the nodule.

In North America, other species of Dirofi laria, especially D. 
tenuis and D. ursi (natural parasites of racoons and bears, respec-
tively), have been reported to cause subcutaneous dirofi lariasis in 
humans.

Other rare fi larial infections

Human infections with Brugia parasites have occasionally been 
reported from countries where transmission of human Brugia spp. 
does not occur. This includes infections acquired in Africa and 
America. These Brugia parasites are believed to be of animal 
origin.1

Microfi lariae with no resemblance to those of human fi larial 
species have been reported from humans.150 Cases of encepha-
lopathy with microfi lariae found in the cerebrospinal fl uid were 
described from Zimbabwe. The microfi lariae were shown to be 
Meningonema peruzzi, a fi larial parasite of Cercopithecus monkeys. 
Microfi lariae similar to Microfi laria rodhaini from chimpanzees 
were recovered in skin biopsy specimens from humans during a 
survey in Gabon. Microfi lariae of unknown species found in the 
blood of native South Americans in a remote jungle area in Ven-
ezuela were named Microfi laria bolivarensis. In a survey in north-
western Zaire, many villagers had microfi lariae of unknown 
species in the blood. These were named Microfi laria semiclarum.

DRACUNCULIASIS (GUINEA WORM)

Dracunculiasis or guinea worm disease in humans results from 
infection with Dracunculus medinensis.

Life cycle and transmission

D. medinensis is a nematode parasite related to fi larial worms. The 
vectors are cyclopoid copepods (water fl eas), which are tiny free-
swimming crustaceans usually found in abundance in natural 
freshwater bodies. Humans acquire the infection by drinking 
water containing the vectors infected with guinea worm larvae. 
The presence of guinea worm in an area is therefore essentially 
due to the poor quality of drinking water.

Adult female D. medinensis (up to 60–80 cm long and 1.5–
2.0 mm in thickness) inhabit the subcutaneous connective tissues 
of humans. They may be located anywhere on the body but in the 
late stage of infection they are usually attracted to the legs and 
feet. At this stage most of the interior of the worm is occupied by 
the uterus, which contains thousands of fi rst-stage larvae. A blister 
(Figure 84.34) is formed on the skin of the host around the ante-
rior end of the worm, and, when exposed to water, the blister 
ruptures. The female guinea worm protrudes its anterior end from 
the ulcer and discharges fi rst-stage larvae (650 × 20 μm) into the 
water. It remains protruding for the following 2–6 weeks, releas-
ing larvae each time it is immersed in water. After this period, 
it dies.

The larvae are infective in freshwater for 5–6 days, and for 
further development must, within this period, be swallowed by a 

copepod of the right species. The larva penetrates the gut wall, and 
in the haemocoel it moults twice. It can reach the infective third 
stage (450 × 14 μm) in about 2 weeks. Vectors that contain third-
stage larvae become sluggish and sink to the bottom of a pond. 
Many species of cyclopoid copepods have been found naturally 
infected in various parts of the world, mainly being of the genera 
Mesocyclops and Thermocyclops.179

In humans, vectors ingested in drinking water are dissolved by 
the gastric juice. The guinea worm infective larvae are released and 
penetrate the stomach or intestine of the new host. After a period 
in the abdominal cavity, the larvae enter the connective tissues, 
where they develop to mature worms. Mating occurs about 3 
months after the initial infection, and the males, which are much 
smaller than the females (1–4 cm × 0.4 mm), die shortly thereaf-
ter. The females move about in the connective tissues and usually 
reach the lower extremities between 8 and 10 months after 
infection.

Clinical features

There are usually no symptoms in the prepatent period. The fi rst 
sign appears a few days before the worm pierces the skin. The 
dermis becomes elevated and a blister develops (Figure 84.34). 

Figure 84.34 Blister on the skin prior to the appearance of guinea 
worm. (Courtesy of P. Bloch.)
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The patient feels a burning sensation and itching, which he or she 
tries to relieve by placing the affected part in water. On exposure 
to water the blister ruptures, the anterior part of the worm pro-
trudes and Dracunculus larvae are discharged into the water.

The worm is most frequently located in the foot or lower leg 
(Figure 84.35), but may appear on arms, breasts, head, back, 
scrotum or anywhere on the body surface. When it is close to 
joints it may cause arthritis. Further infl ammation, or the calcifi ca-
tion of worms, may cause joints of legs and feet to become stiff, 
thereby crippling the patient. In many cases (sometimes 50% or 
more), the ulcer caused by the parasite becomes secondarily 
infected with bacteria, and a spreading cellulitis may develop. 
Tetanus infection is a serious complication of guinea worm 
infection.

Infl ammation around it makes the whole worm diffi cult to 
extricate before the uterus is empty of larvae. Provided there is no 
secondary infection, the ulcer heals spontaneously after extrica-
tion of the empty worm. If broken, the remainder of the worm 
withdraws into the host tissue, causing a severe infl ammatory 
reaction followed by an ulcer and later scar tissue. Usually only a 
single worm appears in the patient annually, but up to 20 or more 
can appear at the same time in one individual.

Some female worms fail to emerge and die in the body. Usually 
they become encysted and calcify, and are then only apparent on 
radiography. Dead or ruptured worms may lead to formation of 
a sterile subcutaneous abscess. Migration of worms to vital organs 
can cause serious consequences. Such migrations are rare.

Diagnosis

Guinea worm infections cannot be diagnosed in the prepatent 
period, i.e. for the fi rst 8–10 months of infection. Shortly before 
appearance the adult female worm can sometimes be seen or 
palpated under the skin. A clinical diagnosis is made by examining 
the guinea worm ulcer and observing the female protruding from 
the blister (see Figure 84.35). The appearance of the blister, with 
local itching and burning pain, makes diagnosis simple, even for 

the sufferer. Active larvae can be obtained by immersing the 
protruding adult female in a small tube or container with water. 
The fi rst-stage larvae, with their characteristic pointed tails (see 
Appendix III), can then be observed under the microscope.

Serology is of no practical use in diagnosis. High eosinophilia 
is commonly observed in guinea worm infections. Dead calcifi ed 
worms are easily seen on radiological examination.

Immunology

Owing to constant exposure, all persons in endemic areas usually 
have high antibody titres. These responses vary with infection 
status and transmission season.180,181 There is no evidence of 
acquired immunity: people in endemic areas suffer from infec-
tions year after year. Whether the vigorous antibody response has 
any effect on the course of the infection is unknown.

Management

The traditional method of slow extraction of the emergent guinea 
worm is usually the most effective. The protruding part of the 
female worm is attached to a small stick, which is twisted a small 
amount each day until the worm has been removed (Figure 
84.36). Care should be taken not to break the worm. Administra-
tion of antibiotics and cleaning and dressing of the ulcers are 
important in reducing secondary infections, and tetanus vaccina-
tion is recommended.

Figure 84.35 Mature adult female guinea worm protruding from a 
foot. (Courtesy of P. Bloch.)

Figure 84.36 Traditional method of removal of guinea worm. 
(Courtesy of P. Bloch.)
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84. Filariases

1508

A technique for surgical extraction of the guinea worm prior to 
eruption through the skin has been described.182 In the fi eld, sur-
gical removal of unerupted worms resulted in a signifi cant decrease 
in guinea worm associated disability.

No anthelmintic treatment is available. Some drugs, especially 
niridazole (given orally at 12.5 mg/kg body weight daily) have 
been reported to reduce infl ammation around the worm, thereby 
allowing easier extraction. Treatment of prepatent guinea worm 
infections with ivermectin had no effect.183

Epidemiology

Human guinea worm infections were previously much more wide-
spread, but as a result of extensive control efforts (see below) the 
distribution is now limited to Sahelian and sub-Sahelian areas of 
Africa (Figure 84.37).

The occurrence of guinea worm infection is associated with the 
use of small sources of water in semi-arid countries. Humans 
contract the infection by drinking the water containing infected 
cyclopoid copepods, and again contribute to transmission by 
immersing the guinea worm ulcer in water, thereby allowing the 
release of fi rst-stage larvae. In the Sahelian region of Africa, trans-
mission occurs mainly in small surface water pools used for col-
lecting drinking water and for washing.

The transmission of guinea worm is frequently seasonal, with 
the majority of patent infections and infected copepods occurring 
within a few months of the year (Figure 84.38). The seasonality 

is closely related to the rainfall. In the arid areas the transmission 
usually coincides with the rainy season, when surface water is 
available, whereas in wet areas transmission is most intense in the 
dry season, when drinking water sources are few. Previously, 50% 
or more of the population in highly endemic areas could be 
affected by the infection every year. However, as a consequence of 
control efforts the incidence of infection in most areas is now low. 
There is considerable variation in sex prevalence between different 
endemic areas. Persons aged between 15–40 years are mostly 
affected. The transmission season often coincides with the peak 
period of agricultural work. Because a large proportion of the 
farmers may be incapacitated, guinea worm infection can severely 
reduce agricultural output.

Parasites resembling D. medinensis are seen in animals, espe-
cially in dogs, but there is no evidence that they are a reservoir of 
infection for humans.184

Control

Owing to its simple life cycle, and the apparent lack of an animal 
reservoir, the elimination of guinea worm appears feasible. The 
United Nations-supported International Drinking Water and San-
itation decade (1981–1990) raised global attention to the possi-
bility of eradicating the infection by improving the quality of 
human drinking water, and in 1986 the World Health Assembly 
adopted a resolution calling for worldwide elimination of dracun-
culiasis. Many organizations are currently involved in programmes 
to reach this goal.185 Asia was declared free of transmission in 
1997, and in 2004 the global incidence had been reduced by more 
than 99%, from an estimated 3.5 million cases in 1986 to less 
than 20 000 cases. Dracunculiasis is now confi ned to 12 countries 
in Africa, with most of the remaining cases in the Sudan and 
Ghana.

Provision of safe drinking water in the form of boreholes is the 
most expensive, but also the most effective, measure and has been 
shown to result in a dramatic reduction in the incidence of guinea 
worm infection.186 Other measures to control guinea worm trans-
mission are health education and chemical vector control. Health 
education focuses on drinking water as the source of infection and 

Figure 84.37 Geographical distribution of guinea worm.
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on the importance of boiling or fi ltering the water before use. 
Special monofi lament nylon material has been produced for fi lter-
ing water, but effective and less expensive fi lters can be made from 
polyester cloth187 or even from a layer of tightly woven cotton 
cloth. To prevent infestation of the water with guinea worm larvae, 
health education also emphasizes the reasons why people with 
guinea worm ulcers should avoid entering water sources. Vector 
control can be achieved in ponds and wells by applying the insec-
ticide temephos (Abate). In the later stages of control, active sur-
veillance on the increasingly smaller number of infected villages 
is being adopted, with the aim of implementing all pos-
sible control measures around each case immediately (case 
containment).
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Section 11 Helminthic Infections

Chapter 85 Simon Brooker and Donald A. P. Bundy

Soil-transmitted Helminths 
(Geohelminths)

These are intestinal nematodes, part of the development of which 
takes place outside the body – in the soil. Infection occurs through 
contact with parasite eggs or larvae in contaminated soil.

Soil-transmitted helminths (STHs) are among the most 
common of all chronic human infections, occurring predomi-
nanly in areas of poverty and inadequate hygiene and sanitation 
in the developing world. Unlike many other tropical diseases, 
infection with STH does not typically result in clinical disease, and 
the majority of infected individuals exhibit no signs or symptoms. 
This is because pathology is strongly related to the number of 
worms present (the intensity of infection), and most individuals 
harbour only a few worms. In the minority of individuals who 
harbour a large worm burden, infection results in anaemia, and 
impaired growth and cognition, as well as overt clinical disease. 
Fortunately, however, much of this morbidity is rapidly reversible 
by anthelmintic treatment.

These nematodes are considered together since they have many 
similarities in biology and epidemiology and are often therefore 
found as multiple infections, and can be controlled using a 
common approach. They may be divided into three types accord-
ing to their life cycle.

Type 1: direct

Embryonated eggs are passed; they hatch and reinfect within 2–3 
hours by being carried from the anal margin to the mouth and 
either do not reach the soil or, if they do, do not require a period 
of development there. This group includes Enterobius vermicularis 
(threadworm) and Trichuris trichiura (whipworm).

Type 2: modifi ed direct

Eggs are passed out in the stool and undergo a period of develop-
ment in the soil before being ingested, where they hatch, releasing 
larvae which penetrate the mucous membrane(s) of the stomach 
and enter the circulation to reach the lungs, passing up the respi-
ratory tract to enter the oesophagus, reaching the intestine, where 
they become adult. These include Ascaris lumbricoides (round-
worm) and Toxocara spp.

Type 3: penetration of the skin

In this group, eggs are passed in the stools to the soil, where they 
hatch into larvae which undergo further development before they 

are ready to penetrate the skin and reach the circulation and lungs, 
which they penetrate to enter the respiratory tract; they move up 
to enter the oesophagus and reach the small intestine, where they 
become adult. Ancylostoma (hookworm) and Strongyloides stercora-
lis belong to this group, but differ in that S. stercoralis larvae are 
passed in the stool and autoinfection can occur at the anal margin, 
or independent development takes place in the soil, where they 
can exist in the absence of any further cycle through man.

TYPE 1: DIRECT (ENTEROBIUS VERMICULARIS, 
TRICHURIS TRICHIURA)

Enterobiasis (threadworm, pinworm, oxyuriasis)

Geographical distribution

Enterobius vermicularis has a worldwide distribution, and is one of 
the most common childhood helminth infections in the devel-
oped world.

Aetiology

The adult E. vermicularis (Figure 85.1, Chapter 10 and Appendix 
III) are small and white with a double bulb oesophagus and a 
mouth surrounded by a cuticular expansion; the skin is trans-
versely striated. The female (9–12 mm) has a long, pointed tail 
and a slit-like vulva in the anterior quarter of the body. The male, 
which is much smaller (2.5 mm), has a posteriorly curved third 
and a blunt caudal extremity. The egg (Figure 85.2) measures 
50–54 × 20–27 μm and has a characteristic shape, fl attened on 
one side. It is almost colourless, with a bean-shaped double 
contour shell containing a fully formed embryo.

Life cycle (see Appendix III)

Humans are the only hosts and there is no multiplication inside 
the body. The mature female has a life duration of 37–93 days 
and when the ovary is full of eggs she migrates down to the anus, 
from which she emerges to lay the eggs on the perianal skin and 
on the perineum. The eggs, which are ingested in faecal material 
lodged under the fi ngernails, hatch in the stomach and larvae 
emerge which rapidly grow to 140–150 μm in length. They pass 
through the intestine to the caecum and appendix, where they 
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invade the glandular crypts and mature. The whole cycle takes 
2–4 weeks.

Transmission

There are four possible methods of transmission; the most 
common is by direct transmission from the anal and perianal 
region to the mouth by fi ngernail contamination and by soiled 
nightclothes. A second way is by exposure to viable eggs on soiled 
bed linen and other contaminated objects in the environment. A 
third way is via the mouth or nose from contaminated dust in 
which embryonated eggs have been detected. The fourth way is 
by retroinfection in which eggs hatch on the anal mucosa and 
larvae migrate up the bowel.

Pathology

The adult worm lives in the upper part of the colon, especially the 
caecum and lower ileum, where minute ulcerations may develop 
at the site of attachment of the adult worms to the caecal and 
appendiceal mucosa. At times, haemorrhages occur and secondary 
infection causes ulcers and submucosal abscesses. Symptoms are 
caused when gravid females migrate out of the anus to deposit 
eggs on to perianal skin, where they cause pruritus. E. vermicularis 
may also be responsible for non-specifi c colitis in children.1 Occa-

sionally, ectopic infections occur in the female genital organs or 
urinary tract, and chronic pelvic peritonitis and ileocolitis has 
been described.2 The route by which E. vermicularis gains access to 
these organs is not clear but may be via the Fallopian tubes or 
haematogenous spread. A case of ectopic infection in the male 
genital tract has been reported, with assumed entry through the 
urethra.3 Aberrant infections may also occur in the liver, ovary, 
kidney, spleen and lung as well as the appendix; however, their 
role in the pathogenesis of acute appendicitis remains unclear.4 
The granuloma which forms around the female and eggs consists 
chiefl y of lymphocytes with a few eosinophils but no giant cells.

Clinical features

Natural history

In the majority of infections, E. vermicularis lives out its normal 
lifespan in the caecum and appendix, migrates down to the anus 
and deposits its eggs, and the larvae re-establish themselves in the 
host, causing few or no symptoms.

Symptoms and signs

Pruritus ani is the main symptom and varies from mild itching to 
acute pain, which occurs mainly at night. The pruritus produces 
scratching of the perianal region, resulting in excoriation and 
secondary infection.

Vulvitis may be caused by pinworms entering the vulva, causing 
a mucoid discharge and pruritus vulvi.

General symptoms are insomnia and restlessness, and a con-
siderable proportion of children show loss of appetite, loss of 
weight, irritability, emotional instability and enuresis. There is 
usually no eosinophilia or anaemia.

Diagnosis

The diagnosis is made by fi nding the characteristic eggs (see Figure 
85.2) in the faeces, perianal scrapings or swabs from under the 
fi ngernails, or by fi nding adult worms round the anus, usually at 
night.

Faecal examination has little practical use since eggs are present 
in the faeces of no more than 5–15% of infected individuals.

A Sellotape swab has been devised with which it is possible to 
obtain eggs by scraping the perianal area, usually at night. Inves-
tigation on consecutive days increases diagnostic sensitivity. 
Enclosed in a container, it may be sent through the post and 
examined at leisure. The Sellotape is mounted in water or 0.1 mol 
sodium hydroxide on a slide, covered with a coverslip and exam-
ined. The Scotch tape method, in which eggs adhere to a sticky 
surface, is very popular (see Appendix I).

Treatment

The whole family must be treated to avoid reinfection. Although 
it is simple to effect a temporary cure, eradication may prove dif-
fi cult because of reinfection from the contaminated environment 
or from asymptomatic members of the same household. Eradica-
tion may necessitate repeated courses of treatment for up to a year 
or more.

Abendazole is the treatment of choice (see Table 85.2). Meben-
dazole and pyrantel pamoate are as effective. Piperazine is also 

Figure 85.1 Adult Enterobius vermicularis (threadworm, pinworm).

Figure 85.2 Egg of Enterobius vermicularis as laid, partially 
embryonated.
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effective but is less well tolerated and must be given daily for 7 
days. Treatment may need repeating every 6 weeks until the envi-
ronment is clear.

During treatment it is important to prevent reinfection. The 
child must sleep in cotton clothes and gloves and the fi ngernails 
must be kept short and scrubbed. Other members of the family 
or school should also be treated.

Epidemiology

Although it is a human infection, chimpanzees, gibbons and mar-
mosets can all be infected. E. vermicularis is more common in 
children than adults and occurs among all socioeconomic groups. 
It occurs in families or institutions, such as asylums and schools, 
especially under crowded conditions. When one infection is 
found, it is likely that there are others also.

Trichuriasis (Trichuris trichiura) (whipworm)

Geographical distribution

Trichuris trichiura occurs worldwide, but is most prevalent in warm 
and humid tropical regions of the world.5 It is estimated that 0.8 
billion people are infected globally,6,7 including 35 million school-
aged children harbouring high-intensity infections which cause 
morbidity.8 Owing to the generalized pathology of T. trichiura, 
coupled with diffi culties in differential diagnosis, no reliable 
estimates of T. trichiura-associated mortality exist.

The prevalence of T. trichiura varies in different parts of the 
world and is greatest in equatorial Africa and South-east Asia. 
Sustained control and socioeconomic development have helped 
reduce prevalence levels in China, East Asia, and Central and 
South America.6

Aetiology

T. trichiura is a greyish-white worm, often slightly pink, which 
lives in the caecum and appendix. The male (30–45 mm long) 
has an attenuated anterior portion containing a cellular oesopha-
gus which is half as long again as the thicker posterior portion, 
and a caudal extremity curved through 360° with a single spicule 
in the sheath which is studded with spines (Figure 85.3). The 
female (30–35 mm long) has the posterior half occupied by a 
stout uterus packed with eggs. The egg (50 × 22 μm) is brown with 
a characteristic band shape and a single cell with a plug at each 
end; it contains a single embryo (Figure 85.4).

Life cycle (see Appendix III)

The worms live in the caecum, where they maintain their position 
by transfi xing a superfi cial fold of mucosa and lie embedded in 
epithelial tunnels it creates between the intestinal villi. Eggs are 
laid unsegmented, and embryonation takes at least 21 days. They 
can withstand low temperatures but not desiccation. Infection is 
direct from contaminated faeces. The egg hatches after being swal-
lowed in the intestine, where the shell is digested by intestinal 
juices and the larva emerges in the small intestine; it penetrates 
the villi and develops for a week until it re-emerges and passes to 
the caecum and colorectum, where it attaches itself to the mucosa 
and becomes adult.

Transmission

Transmission is direct from mature eggs to the mouth via fi ngers 
contaminated from infected soil. As well as through accidental 
ingestion of eggs, transmission in some settings can also occur 
though the practice of geophagia – eating of soil.9

Pathology

The pathology caused by T. trichiura is strongly related to the size 
of the worm burden: the intensity of infection. When individuals 
harbour only a few worms, these are confi ned to the caecum and 
ascending colon, causing little damage. However, with heavy infec-
tions, they spread throughout the colon to the rectum, where they 
cause haemorrhages, mucopurulent stools and symptoms of 
dysentery with rectal prolapse.10

The Trichuris dysentery syndrome (TDS) associated with heavy 
infections is thought to be due in part to the acute-phase immune 
response and a specifi c elevation of plasma fi bronectins and 
plasma viscosity,11 as well as low admission plasma levels of 
insulin-like growth factor-1 (IGF-1), low plasma carboxyterminal 
propeptide of type 1 procollagen and high serum levels of tumour 
necrosis factor alpha (TNF-α).11,12

Figure 85.3 Adult Trichuris trichiura (whipworms), male and female. 
(Courtesy of H. Zaiman.)

Figure 85.4 Egg of Trichuris trichiura. (Courtesy of Tropical 
Resources Unit.)

Type 1: Direct (Enterobius Vermicularis, Trichuris Trichiura)
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Trichuris-related mucosal damage may facilitate the invasion of 
other infections, including shigellosis and Entamoeba histolytica, 
causing further ulceration. Infection can also exacerbate colitis 
caused by infection with Campylobacter jejuni.13

Immunity

Individuals living in endemic areas mount a vigorous immune 
response involving all antibody serotypes, including IgA, IgM, IgG 
and IgE. A negative association often exists between antibody 
levels and intensity of infection (for a review, see Bradley & 
Jackson14). Cytokine response profi les are also associated with 
patterns of T. trichiura infection and reinfection.15 However, 
any effects of protective immunity must be incomplete since 
individuals show persistent susceptibility to infection following 
treatment.16

Clinical features

Natural history

In the vast majority of infections, which are light and asymptom-
atic, the worms live harmlessly in the caecum and appendix, but 
when the infection is heavy (with worm burdens exceeding 500 
worms) there can be marked and often severe symptoms and 
signs. In children, however, even symptomless infections may 
have subtle and insidious effects on nutritional status, and physi-
cal and intellectual growth.

Incubation period

The pre-patent period from ingestion of eggs to the appearance of 
eggs in the stool is 60–90 days.

Symptoms and signs

As indicated, the pattern and severity of symptoms and signs is 
positively correlated with the intensity of infection. In light infec-
tions there are no discernable symptoms, but when associated 
with Ascaris lumbricoides or hookworm, mild symptoms occur. 
These include epigastric pain, vomiting, distension, fl atulence, 
anorexia and weight loss, which may often occur. Pain in the 
epigastrium and right iliac fossa is common. When associated 
with E. histolytica, Balantidium coli or shigellosis, symptoms are 
highly aggravated and dysenteric symptoms occur. There is usually 
no eosinophilia which, if pronounced, usually denotes a concur-
rent Toxocara infection, with which it is often associated.

Moderate T. trichiura infections can result in growth defi cits 
and anaemia,17 while heavy infection can cause Trichuris dysen-
tery syndrome (TDS), typical symptoms and signs of which 
include severe dysentery with blood and mucus in the stools 
(Figure 85.5) and prolapse of the rectum (Figure 85.6). In severe 
massive infantile trichuriasis, which typically occurs in children 
between 3 and 10 years of age, hypoproteinaemia, severe 
anaemia, growth retardation, and clubbing of the fi ngers are 
common (see reviews by Bundy & Cooper5 and Stephenson et 
al.18). Many of these clinical features are reversible by anthel-
mintic treatment.19 In children, there are also effects of chronic 
infection on cognition, educational achievement and school 
attendance.20,21

Differential diagnosis

In severe infection the clinical picture may resemble hookworm 
disease, acute appendicitis or amoebic dysentery. Many of 
the more subtle, indirect consequences of infection, such as under-
nutrition and anaemia, may be wrongly attributed to other 
aetiologies.

Diagnosis

The diagnosis is made by fi nding the characteristic eggs in the 
stool (see Figure 85.4) and the Kato-Katz method is recommended 
by WHO. T. trichiura eggs have a characteristic ‘barrel’ shape with 

Figure 85.5 Protoscopic view of Trichuris trichiura worms causing 
dysentery.

Figure 85.6 Prolapse of the rectum in Trichuris dysentery.
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two terminal polar plugs. The eggshell consists of three layers, the 
outermost of which is stained dark brown by host bile pigment. 
An egg count enables the quantifi cation of the intensity of infec-
tion and the WHO defi nes a heavy infection as ≥10 000 eggs/g of 
faeces (Table 85.1), which is indicative of a heavy infection and 
likely to be associated with morbidity.8

Proctoscopy in cases of dysentery will show numerous worms 
attached to the mucosa, which is reddened and ulcerated where 
they are responsible for the dysentery.

In some cases a ‘honeycomb’ appearance of the small intestine 
has been seen with the appearance of Crohn’s disease using radi-
ology; deformity of the intestine is most marked in the proximal 
colon but also present in the ileum and appendix.

Treatment

Albendazole and mebendazole as single doses are highly effective 
(see Table 85.2), as is a combination of albendazole 400 mg with 
ivermectin 200 μg/kg.22 The effi cacy of benzimidazoles is lower 
against T. trichiura than against A. lumbricoides,23 and treatment 
over several days may be required for heavy infections. There also 
seem to be regional differences in susceptibility of T. trichiura to 
albendazole,23 and it would therefore be prudent to evaluate local 
drug sensitivity when planning control measures.

Epidemiology and control

T. trichiura infection is often associated with A. lumbricoides and 
Toxocara spp., the epidemiology of which are similar.

The development and survival of T. trichiura and other geohel-
minth free-living stages are temperature and humidity dependent. 
The optimum temperature for development and survival is 20–
30°C, with development arrested below 5°C and above 38°C (see 
Brooker et al.24 for a review). Epidemiological studies demonstrate 
that prevalence is also associated with humidity and rainfall. 
Using geographical information systems (GIS) and remote sensing 
– which can provide spatially continuous estimates of climatic and 
environmental factors – it has been shown that prevalence of T. 
trichiura and of A. lumbricoides does not usually exceed 10% in 
areas where land surface temperature exceeds 38–40°C, and prev-
alence is thus greatest in the equatorial regions of the developing 
world. Other important factors that determine localized transmis-
sion are poor sanitation, hygienic behaviour, and socioeconomic 
status.25 It is commonly assumed that both T. trichiura and A. 
lumbricoides are more prevalent in urban areas than in rural areas; 
however, the evidence is equivocal, with differing urban–rural 
dichotomies evident in various settings.24

The age-dependent patterns of infection are similar for both T. 
trichiura and A. lumbricoides. Maximum prevalence is usually 

attained before 5 years of age, and, in high-transmission settings, 
remains high and relatively stable throughout adulthood.5 Mean 
intensity of infection is greatest in children aged 4–10 years and 
declines in young adults.

In common with other geohelminths, the distribution of T. 
trichiura infection within communities is highly aggregated. Thus, 
most individuals harbour a few parasites, while only a few harbour 
heavy burdens. Clustering of heavy infections within households 
is also common.26 A further epidemiological observation, and one 
that may help explain the mechanisms of aggregation, comes from 
studies of reinfection which indicate that individuals tend to be 
predisposed to a high or low intensity of infection.16 However, the 
precise reasons for observed epidemiological heterogeneities – 
genetics and/or common environmental and behavioural house-
hold factors – are still unresolved.27,28

Control is the same as that for ascariasis: avoidance of soil pol-
lution and periodic mass chemotherapy (see pp. 1536–1539).

TYPE 2: MODIFIED DIRECT (ASCARIS 
LUMBRICOIDES, TOXOCARA SPP.)

Ascaris

Geographical distribution

Ascaris lumbricoides (roundworm) is one of the most common and 
most widespread human infections, infecting some 1.2 million 
people worldwide.6,7 Using theoretical models of parasite trans-
mission dynamics, it is estimated that A. lumbricoides causes 12 
million cases of acute illness and approximately 10 000 deaths 
annually.29

The prevalence of A. lumbricoides varies in different parts of the 
world, and shares a similar global distribution with that of T. 
trichiura (see p. 1517).

Aetiology and life cycle (Figure 85.7)

A. lumbricoides (Figure 85.8) is a comparatively large worm (female 
20–25 cm × 3–6 mm; male 15–31 cm × 2–4 mm) which inhabits 
the small intestine (the morphology is described in Appendix III). 
Eggs (Figure 85.9) are laid in the small intestine and are passed 
out as immature ova containing no segmented or differentiated 
embryo. In damp soil an embryo develops at 36°C in 2–4 months 
(at the optimum of 25°C in 3 weeks); it lies coiled up in the egg, 
undergoing one moult before being hatched as an infective 
second-stage rhabditiform larva in the small intestine when the 
egg is swallowed (see Appendix III). Here the rhabditiform larva 
penetrates the mucous membrane and enters the bloodstream, 
reaching the lungs via the right heart, where it cannot pass through 
the lung capillaries, so that it burrows through the alveolar wall 
to enter the respiratory tract. From here it is carried up the trachea 
to the larynx, where it moves over the epiglottis and enters the 
oesophagus, and is swallowed a second time to reach the small 
intestine. The whole process takes 10–14 days, during which time 
the larva moults twice, the fourth moult taking place between the 
25th and 29th days. Larvae may reach the intestine as early as the 
5th day. In humans the period from infection to the fi rst passage 
of ova in the stool is 60–70 days.

Table 85.1 Classifi cation of intensity of (eggs/g of faeces) 
infection for STH species based on WHO guidelines

Light Moderate Heavy
Trichuris trichiura 1–999 1000–9999 ≥10 000

Ascaris lumbricoides 1–4999 5000–49 999 ≥50 000

Hookworm 1–1999 2000–3999 ≥4000

Type 2: Modifi ed Direct (Ascaris Lumbricoides, Toxocara spp.)
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host; double infections may occur and eosinophilic granuloma of 
the bowel may be caused by A. suum.

Transmission

Infection is acquired from accidental ingestion of eggs in con-
taminated soil, usually by children when playing around the 
house situated in suitable soil. Geophagia may also contribute to 
the transmission.9

Pathology

Pathology may be caused by larvae migrating through the liver 
and lungs or by adults residing in the intestinal tract. As with other 
geohelminths, the severity of pathology is related to the intensity 
of infection.

Migrating larvae (larval ascariasis)

Migrating larvae cause symptoms from their actual physical pres-
ence and the eosinophic infl ammatory responses they elicit.

Damage to the lungs occurs during the migration of larvae on 
their way to the intestine. ‘Löffl er’s syndrome’, which can be 
potentially fatal, may be produced with fever, cough, sputum, 
asthma, skin rash, eosinophilia and radiological pulmonary 
infi ltration.9 Segments of fourth-stage larvae can be seen in the 
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Figure 85.7 Life cycle of Ascaris lumbricoides (roundworm). 
(Courtesy of Tropical Resources Unit.)
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A

Figure 85.8 Adult Ascaris lumbricoides worm (roundworm). 
(Courtesy of Tropical Resources Unit.)

Figure 85.9 Eggs of Ascaris lumbricoides (roundworm). (A) Fully 
formed, fertile, in stool. (Courtesy of Tropical Resources Unit.) (B) 
Decorticated from liver abscess. (Courtesy of M. L. Chu).

Ascaris suum

A. suum, which typically infects pigs, is almost indistinguishable 
from human A. lumbricoides; humans are not a normal host, but 
Ascaris pneumonia is common in pigs, and a proportion of similar 
respiratory troubles in people associated with pigs may be due to 
A. suum. Although it can infect humans, man is not its normal 
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bronchioles associated with infi ltration with polymorphonuclear 
and eosinophilic leukocytes with scattered Charcot–Leyden crys-
tals usually associated with lysed eosinophils.

Small areas of necrosis with eosinophils may be found in the 
liver. Migrating larvae have been recovered from aspirated gastric 
juice and sputum. If the larvae reach the general circulation they 
may cause localized symptoms resembling those of visceral larvae 
migrans caused by Toxocara spp. Larvae may wander into the brain, 
eye or retina, causing granulomas simulating those due to Toxocara 
spp. In small children, ascariasis is frequently associated with 
toxocariasis. Hundreds of larvae have been removed from a swell-
ing in the neck (but see Lagochilascariasis, p. 1525–1526).

Adult worms

Adult worms by themselves cause little pathology in their normal 
habitat (small intestine). Heavy infections can cause intestinal 
colic, which is the most important complaint. Aggregate masses 
of worms may cause volvulus, intestinal obstruction (Figure 85.10) 
or intussusception.

Wandering ascarids

Wandering ascarids may reach abnormal situations and cause 
acute symptoms: ileus from mechanical obstruction, perforation 
of the bowel in the ileocaecal region, acute appendicitis from a 
worm blocking the lumen, diverticulitis, gastric or duodenal 
trauma, blocking of the ampulla of Vater with pancreatic necrosis, 
blocking of the common bile duct with obstructive jaundice, entry 
into the liver parenchyma and liver abscess, invasion of the genital 
tract and oesophageal perforation.

Liver

Ascaris liver abscess is caused by female A. lumbricoides worms 
migrating up the common bile duct into the liver, where they die, 
releasing eggs. Histologically there is a granulomatous reaction 
round the dead worm with release of the eggs, which can be dem-
onstrated in the abscess as smooth, oval bodies from which the 
outer coat has been digested (see Figure 85.9B). In some parts of 

the world, Ascaris liver abscess is more common than amoebic 
abscess in young children.

Granulomatous masses may form around the eggs released 
from the female worms which have escaped into the peritoneum 
and mimic tuberculous peritonitis. An eosinophilic granuloma of 
the bowel may be caused by A. suum.

Biliary ascariasis is not uncommon in endemic settings, espe-
cially in India30,31 – occurring commonly in pregnant women.32 
The symptoms are acute onset of right upper abdominal pain, 
sometimes with fever and jaundice from recurrent cholangitis. 
Adult worms may be demonstrated on plain radiographs, by 
barium meal, by intravenous cholangiography, ultrasonography, 
computed tomography or magnetic resonance imaging.33 At post-
mortem, cholangitis or liver abscess may be found. Adult worms, 
larvae and ova may all initiate stone formation and can be found 
in the core of many bile duct stones. Biliary ascariasis is also 
regarded as a possible aetiological factor for hepatolithiasis.34 The 
management of biliary ascariasis is primarily medical, including 
analgesics and anthelmintic therapy. If medical treatment fails, 
endoscopic extraction using biopsy forceps is successful.35

Immunopathological effects

Many infected individuals manifest a sensitivity to the antigens of 
A. lumbricoides, and exhibit atopic symptoms including conjunc-
tivitis, urticaria and asthma. The skin of infected individuals can 
be sensitive to minimal doses of A. lumbricoides antigen and gives 
an immediate hypersensitivity reaction, often with urticaria and 
erythematous lesions. Epidemiological studies point to a protec-
tive effect of A. lumbricoides and the development of allergy and 
asthma; however, the evidence for this effect is inconsistent.36 It 
has been postulated that A. lumbricoides and other geohelminths 
in areas of high endemicity decrease the risk of allergy but in areas 
of low endemicity increase the risk. Timing of exposure in relation 
to immune maturation may also be important. A recent cluster 
trial found no increase in the prevalence of atopy or clinical allergy 
associated with albendazole treatment among schoolchildren.37

The passage of adult worms in sensitive persons may give rise 
to intense anal pruritus, vomiting of worms and oedema of the 
glottis.

Nutritional and cognitive impairments

A. lumbricoides infection can cause physiological abnormalities in 
the small intestine,38 resulting in malabsorption of nutrients and 
micronutrients, nutritional defi ciency and growth failure.39 Infec-
tion may also contribute to vitamin A defi ciency, and children 
suffering from night blindness have shown rapid improvement in 
their eye symptoms within a few days of therapeutic elimination 
of the worms. Deworming of children has been shown to increase 
serum retinol concentration.40 The link between ascariasis and 
impaired growth and undernutrition is now well established (see 
reviews by O’Lorcain & Holland41and Crompton & Nesheim42). A 
number of studies have also implicated ascariasis in cognitive 
impairments.20,21

Immunity

Man acquires only partial immunity to reinfection, and animals 
can be protected using extracts of adults and larvae. The main 

Figure 85.10 Impacted mass of adult Ascaris worms in the small 
intestine, causing fatal intestinal obstruction.
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immune reaction is humoral, associated with a polarized T helper 
2 (Th2)-type profi le,43 and is directed against the migrating larval 
stage. The reaction to adult worms in unusual locations is 
cellular.

The antigens which elicit antibodies are released at the moult-
ing period between the second and third larval stages, when there 
are markedly elevated levels of IgE and a peripheral eosino-
philia.44,45 A further response is elicited in the bowel between the 
fourth and fi fth stages, at which time there may be a marked loss 
of worm burden; this may be a regulatory mechanism in natural 
infections. However, whether this humoral response confers pro-
tection from reinfection remains unresolved.14

Adult worms in the bowel elicit no response, but when they 
wander into tissues the reaction is cellular and results in a granu-
loma. Immediate hypersensitivity to adult A. lumbricoides antigens 
develops in some people.

Clinical features

Natural history

Most A. lumbricoides infections are symptomless, but heavy infec-
tions in childhood give rise to symptoms. These heavy infections 
are controlled by immunity, or by diminished exposure, so that 
adults have much lighter infections, although reinfection can 
occur throughout life.

Incubation period

The incubation period from infection after swallowing eggs to the 
fi rst appearance of eggs in the stools is 60–70 days. In larval asca-
riasis, pulmonary symptoms occur 4–6 days after infection.

Symptoms and signs

Light infections do not usually cause symptoms, though a single 
adult worm can cause a liver abscess or block the common bile 
duct. Acute manifestations are roughly proportional to the number 
of worms harboured and serious disease may be caused when the 
burden amounts to 100 worms or more.

Ascariasis

During the migratory stages the larvae cause a pneumonitis 4–16 
days after infection, with fever, cough, sputum and radiological 
infi ltration of the lungs. There is a high eosinophilia and larvae 
can be found in the sputum or gastric juice, especially if a quantity 
is collected, digested with trypsin and centrifuged. It seems that 
Löffl er’s syndrome occurs with seasonal ascariasis, rather than 
with continued transmission throughout the year.46,47 The pneu-
monitis is of short duration – about 3 weeks (in contrast to 
tropical pulmonary eosinophilia (TPE), which lasts for many 
months). There may be asthma, which can be so intense as to 
cause status asthmaticus, and the liver may be affected, becoming 
enlarged and tender.

On reaching the general circulation, larvae may cause symp-
toms similar to those of Toxocara spp. Neurological disorders 
including convulsions, meningism and epilepsy, palpebral 
oedema, insomnia and tooth grinding during the night may occur. 
When the larvae wander into the brain they cause granulomas, 
presenting as small tumours in the eye, retina or brain.

The commonest complication of ascariasis is small-bowel 
obstruction (Figure 85.10).48 The incidence of Ascaris-induced 
intestinal obstruction (AI-IO) is non-linearly related to the preva-
lence of infection and estimated to be in the range of 0–0.25 cases 
per year per 1000 in endemic areas. The case fatality rate is up to 
5%.48 AI-IO is most common among children below the age of 
10 years, possibly because of their narrower intestinal lumen 
diameter and high worm burden, and as many as 1000 worms 
have been removed from one patient. Gastrointestinal discomfort, 
colic and vomiting are quite common. Plain abdominal radiogra-
phy and abdominal ultrasonography featuring the characteristic 
‘railway track’ sign and ‘bull’s eye’ appearance help to confi rm the 
diagnosis.49

Adult worms tend to migrate when their environment is dis-
turbed. In the presence of tetrachloroethylene, anaesthetics or 
fever, they migrate and wander into the bile ducts, ampulla of 
Vater, appendix, perineal sinuses and Eustachian tubes. They can 
cause volvulus and gangrene of the bowel, intestinal perforation 
and peritonitis, acute pancreatitis, suppurative cholangitis, liver 
abscess, acute cholecystitis and obstructive jaundice.

For these reasons it is important not to give tetrachloroethylene 
when there is a possibility of A. lumbricoides infection and to 
deworm children when they are ill and febrile or before giving an 
anaesthetic. With the advent of the imidazoles and other anthel-
mintics, the use of tetrachloroethylene is virtually extinct.

Differential diagnosis

The syndrome of pulmonary symptoms, radiological lung infi ltra-
tion and hypereosinophilia is common to a number of helminthic 
and other infections. Larval ascariasis must be distinguished from 
toxocariasis, hookworm, Strongyloides stercoralis, schistosomiasis 
and TPE. Essentially, larval ascariasis is a short-term illness lasting 
2–3 weeks with a rapidly falling eosinophilia.

Often associated with A. lumbricoides, Toxocara spp. cause the 
visceral larva migrans (VLM) syndrome, which persists for many 
months with a persistently high eosinophilia, and lung symptoms 
are not prominent. Wandering Toxocara larvae cause almost iden-
tical lesions of the brain and eye as A. lumbricoides and can be 
diagnosed by specifi c serological tests.

The invasive stage of hookworm lasts 2–3 months, subsiding 
gradually, ova being found in the stool from 42 days onwards. It 
may be preceded by a localized eruption on the legs (ground 
itch).

The invasive stage of schistosomiasis (Katayama syndrome) 
can last 2–3 months. There is usually splenomegaly and specifi c 
serology is available for diagnosis.

TPE may closely resemble Ascaris pneumonia. It occurs mainly 
in adults, has a much longer duration, and specifi c fi larial 
serological tests will be positive (older tests using less specifi c 
antigens cross-reacted with Ascaris). It responds rapidly to 
diethylcarbamazine.

Pulmonary aspergillosis, drug reactions and eosinophilic leu-
kaemia are all more chronic.

Diagnosis

A diagnosis can be made from passage of worms in the stool or 
by fi nding eggs in faeces. Fertile eggs are oval and measure about 
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60 × 45 μm. The shell is transparent, is surrounded by an outer 
mamillated shell stained by bile pigments, and contains an unseg-
mented embryo (see Figure 85.9A). Non-fertile eggs are longer 
and narrower (90 × 40 μm), have a thinner shell and more irreg-
ular outer covering, and are found in about two-thirds of infec-
tions, due either to a shortage or absence of males. Intensity of 
infection can be assessed by quantitative egg count methods such 
as the Kato–Katz method. The WHO defi nition of a heavy infec-
tion is ≥50 000 eggs/g of faeces (see Table 85.1).

Decorticated eggs are usually found in ectopic sites where they 
have had the outer shell removed and present as smooth oval 
objects (see Figure 85.9B).

Eosinophilia

In larval ascariasis there is a high eosinophilia, but in adult infec-
tions there is little or none. If a marked eosinophilia occurs in 
adult infections, then an associated Toxocara spp. or S. stercoralis 
infection must be suspected.

Adult worms

Sometimes the passage of an adult worm from the nose, mouth 
or anus will be reported and causes distress. The size and shape 
will distinguish it from other worms, especially tapeworms, which 
may be noticed by patients.

Radiography

Radiographic examination 4–6 hours after an opaque meal dis-
plays the worms as cylindrical fi lling defects or as string-like 
shadows produced by the opaque substance which the worms 
have ingested. Modern imaging techniques are now increasingly 
available.33

Serological diagnosis

Since there is much cross-reactivity with other helminthic anti-
gens, immunodiagnosis is of little help in Ascaris infection, either 
adult or larval.

Management

Both albendazole and mebendazole are highly effective against 
A. lumbricoides23 and are the drugs of choice (see Table 85.2). 
Levamisole and pyrantel pamoate are also effective. Treatment 
is best given between meals.

Treatment of complications

Treatment of complications responds dramatically to predniso-
lone therapy. Anthelmintics should be given 2 weeks after lung 
involvement.

Conservative treatment – antispasmodics, analgesics, gastric 
decompression via a nasogastric tube, administration of intrave-
nous fl uids – is usually successful. An anthelmintic, preferably in 
soluble form and quick-acting (levamisole, pyrantel), is given 
when the acute phase of the illness is over and intestinal function 
restored. If this fails, surgical removal is needed.35

Conservative treatment is the fi rst choice for dealing with com-
plication – antispasmodics, gastric decompression, intravenous 
fl uids, liquid paraffi n and anthelmintics – and is usually successful. 

If surgical intervention is decreed necessary because of fever, tachy-
cardia, visible peristalsis, severe pain or lack of remission within 
48 hours of conservative treatment, this should be as conservative 
as possible, e.g. careful unknotting of the worm bolus and milking 
of the worms into the colon. Rarely is enterotomy required.

Epidemiology and control

Biological similarities between A. lumbricoides and T. trichiura 
mean they share similar climatic envelopes,24 which explains in 
part the close correspondence of A. lumbricoides and T. trichiura 
prevalence in different regions of the world.50

Many of the epidemiological features of A. lumbricoides are 
also similar to those for T. trichiura (see p. 1517): marked age-
dependency in infection patterns, highly aggregated distribu -
tions within communities,51 household clustering of heavy 
infection,26,52 and evidence of predisposition (for a review, see 
Crompton53).

As with T. trichiura, control of A. lumbricoides is based on a 
combination of personal hygiene, proper disposal of faeces, health 
education and chemotherapy (see pp. 1536–1539).

Toxocariasis

Toxocariasis in man is the result of infection with the dog ascarid 
Toxocara canis or the cat ascarid Toxocara cati. These geohelminths 
do not undergo normal development in humans but are arrested 
at the larval stage, causing toxocariasis, visceral larva migrans 
(VLM), ocular toxocariasis or covert toxocariasis.

Geographical distribution

T. canis has a worldwide distribution: rates in humans vary from 
2% to 50% in developed countries and up to 86% in developing 
countries, where environmental conditions favour geohelminth 
transmission.54,55 The importance of T. cati in humans remains 
under-appreciated.56

VLM, which was fi rst described in the southern USA has been 
recognized mainly in the southern and eastern USA but also in 
Europe, the Caribbean, Central and South America, the Philip-
pines, Australia, and north, west and southern Africa.

Ocular toxocariasis (granulomatous ophthalmitis), also fi rst 
described in the USA,57 has been recognized in many parts of the 
world and serological surveys report numerous cases of ocular 
toxocariasis in Europe.58

Aetiology

T. canis and T. cati are roundworm infections in dogs and cats, 
respectively. The morphology resembles that of A. lumbricoides (see 
p. 1519), the males being 4–6 cm long and the females 6.5–10 cm 
long. Eggs, which are pitted superfi cially, measure 85 × 75 μm, 
being larger than those of A. lumbricoides. They are not found in 
humans, only in dog and cat faeces and contaminated soil.

Life cycle

In both dogs and cats the life cycle is similar to that of A. lumbri-
coides in humans except that transplacental infection is common 
and the offspring born with a patent infection shed numerous 
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eggs from birth. In contrast, adult dogs and cats excrete few eggs. 
Dogs and cats are infected by ingesting the eggs from soil or 
through tranplacental infection so that the whole cycle may be 
maintained in a small fl at without any access to the outside.

In humans, who are not the normal host, the eggs hatch in the 
stomach and second-stage larvae penetrate the mucosa to enter 
the circulation via the mesenteric vessels, reaching the intestinal 
viscera and liver, where they are held up in the capillaries, but 
may pass into the general circulation through the lungs and end 
up in the brain, eye and other organs. In these organs, as well as 
the liver, the larvae are eventually held up and destroyed by a 
granulomatous reaction which blocks their further migration and 
causes pathology. In the human host the larvae do not grow or 
moult but can remain alive for as long as 11 years, as has been 
show experimentally.

Transmission

The main source of infection is eggs passed into the environment 
by infected animals, mainly puppies and kittens. Infection is 
acquired by children playing in contaminated soil or in play-
grounds – as in A. lumbricoides and T. trichiura infection – and is 
encouraged by the habit of eating earth (geophagia). It has also 
been indicated that dogs might infect people by direct contact;59 
although this mode of transmission is not considered a major risk 
because embryonation of excreted Toxocara ova typically requires 
a minimum of 2 weeks.60

Pathology

The pathology depends on the intensity of infection. In heavy infec-
tions in childhood the syndrome of VLM is produced, whereas 
lighter infections cause ocular toxocariasis, found in later life.

Visceral larva migrans

In heavy infections in children the second-stage larvae, which are 
450 × 16–20 μm in diameter, are arrested mostly in the liver, 
where they cause few or many miliary lesions. These lesions are 
composed of granulomas which can be seen as white subcapsular 
nodules the size of millet seeds. Other sites are the lungs, kidneys, 
heart, striated muscle, brain and eye. Microscopically, the granu-
lomas contain a centre of closely packed eosinophils and histio-
cytes surrounded by larger histiocytes with pale vesicular nuclei, 
sometimes arranged in a palisade-like manner. Occasionally there 
is an atypical multinucleate giant cell. Living second-stage larvae 
may sometimes be demonstrated in recent granulomas but more 
usually only the remains can be seen. Less commonly they reach 
the lungs or brain, where similar lesions can be seen.

Ocular toxocariasis

In the eye the granulomatous reaction forms a large subretinal 
mass with a superimposed patch of choroiditis which can closely 
resemble a retinoblastoma (for further details, see Chapter 18).

Immunity

In the abnormal host (humans), the larvae elicit both a humoral 
and cellular response. Antibodies are formed which cause a quan-

titative rise in immunoglobulins – mostly IgG but also IgM (the 
globulin may be so elevated that a positive formol gel test can be 
shown) and IgE – and there is a peripheral eosinophilia. The 
larvae themselves elicit a cell-mediated granulomatous response 
causing the granulomas so typical of the infection. In the dog, 
immunity to reinfection develops, so that adult dogs pass few or 
no eggs.

Clinical features

Natural history

Following infection from ingested eggs which hatch in the 
stomach, the larvae migrate to the liver, where they may be 
arrested, or continue and reach other organs. In most cases the 
larvae are destroyed without causing any trouble, but in some 
cases they can survive for many years, and on their wanderings 
may eventually cause a lesion. Unless the infection is heavy and 
the VLM syndrome is produced, most cases of infection never 
cause any trouble. Heavy infections cause VLM, which can be self-
limiting or can cause death in a few cases. Lesions in the eye can 
produce severe loss of vision and even complete loss of sight in 
the affected eye.

Incubation period

An incubation period cannot be determined but in heavy infec-
tions (VLM) it is similar to that of A. lumbricoides. In light infec-
tions many years may pass before the ocular granuloma presents 
itself.

Symptoms and signs

There are two main clinical presentations: VLM and ocular toxo-
cariasis (granulomatous ophthalmitis). Long-term exposure to 
migrating juvenile larvae can also result in a recognizable syn-
drome called covert toxocariasis.

VLM is seen most commonly in younger children. The child 
becomes unwell, with an enlarged liver, fever and asthma. There 
is a marked hypereosinophilia and hypergammaglobulinaemia, 
and there can be pulmonary signs (radiological mottling), cardiac 
dysfunction and nephrosis. Severe infections may cause neuro-
logical lesions (fi ts, epilepsy, pareses and transverse myelitis). 
Toxocariasis may contribute in part to the higher prevalence of 
epilepsy in developing countries.61

Most cases of VLM recover naturally after 2 years, but some 
patients die, and postmortem examination will reveal extensive 
lesions in the liver and sometimes the brain.

The retinal lesion presents as a solid retinal tumour, often at 
or near the macula. In the early stages it is raised above the level 
of the retina and closely mimics a retinal neoplasm. Later, when 
the acute phase has subsided, the lesion remains a clear-cut cir-
cumscribed area of retinal degeneration. If the lesion is central, 
the visual acuity is reduced or central vision may be lost, the 
principal causes of which are vitritis, cystoid macular oedema and 
traction retinal detachment.62

Strabismus due to macular damage is often the presenting 
symptom.62 Low-grade iridocyclitis with posterior synechiae may 
develop and progress to general endophthalmitis and detachment 
of the retina. The second-stage larvae may rarely be seen with a 
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slit-lamp microscope in the anterior chamber of the eye. Second-
ary glaucoma may result. Estimates of 1–7 cases of ocular toxoca-
riasis per 100 000 persons have been reported.58,63

Symptoms of covert toxocariasis include cough, sleep distur-
bances, headache and abdominal pain. Long-term exposure to 
larval migration in the lungs may also result in asthma.64

Differential diagnosis

VLM must be distinguished from other migrating helminths, 
larval ascariasis (much shorter duration), strongyloidiasis (much 
longer duration) and TPE (pulmonary symptoms are more marked 
and found in adults).

Ocular toxocariasis must be distinguished from a retinal tumour 
(retinoblastoma) and other causes of choroiditis (toxoplasmosis). 
All cases of retinoblastoma in children should have a serological 
test to exclude toxocariasis. Enzyme-linked immunosorbent assay 
(ELISA) has a sensitivity of 90% and a specifi city of 91% at a 
diagnostic titre of 1 : 8 in ocular toxocariasis. Vitreous Toxocara 
antibody can also be measured.

Diagnosis

The most consistent laboratory fi ndings in VLM are: stable persis-
tent eosinophilia, leukocytosis, a decreased albumin : globulin 
ratio, and an increase in IgG, IgH, anti-A or anti-B isohaemag-
glutinin titres. High-resolution ultrasonography reveals hypoechoic 
areas in the liver and, being non-invasive, is preferable to liver 
biopsy.65

Demonstration of larvae

This is very diffi cult and seldom achieved. Larvae or portions of 
degenerate larvae may be seen at the centre of the granuloma in 
liver biopsy or postmortem material. Liver biopsy may show a 
granuloma containing many eosinophils, which can be suggestive 
but which must be distinguished from a Schistosoma mansoni gran-
uloma. In biopsy and postmortem material Ancylostoma braziliense 
and Ancylostoma caninum, which usually invade the skin, can occa-
sionally enter man via the intestinal tract and form granulomas 
in the viscera. Autoinfection with Strongyloides stercoralis may cause 
a similar picture. Immunofl uorescent staining of histological 
sections may be necessary to differentiate them.

Serology

Diagnosis in humans has been widely based on ELISA, using 
excretory–secretory (ES) antigens harvested from second-stage 
larvae in vitro.66 In tropical areas, the diffi culty with serological 
diagnosis has always been to obtain an antigen specifi c to Toxocara 
second-stage larvae which does not cross-react with other common 
tissue helminths. Using larval antigens the sensitivity of ELISA is 
>75% and specifi city is >90% in VLM, provided the serum is fi rst 
absorbed with A. suum to remove cross-reacting antibodies.67 Sero-
diagnosis may be improved by indirect antibody competition 
ELISA,68 ELISA based on specifi c IgE and IgG subclasses (IgG4),69 

as well as recombinant antigen techniques.70

Available serodiagnosis tests are generally unable to distinguish 
between past and present infection, and are thus not very useful 
for evaluating treatment success.

Ocular toxocariasis

This is diagnosed primarily by ophthalmological examination. In 
addition to serum and vitreous Toxocara antibody determinations, 
fl uorescein angiography, ultrasonography or computed tomogra-
phy should be carried out to differentiate retinoblastoma from 
ocular larva migrans.

Management

The drugs of choice are albendazole and mebendazole, given twice 
daily for 5 days (see Table 85.2). Thiabendazole is also used; 
diethylcarbamazine has also been used in the past but is no longer 
recommended.

In VLM, the high eosinophilia may persist for months after 
clinical cure, which is shown by subsidence of the fever and 
hepatomegaly. Once overcome, relapses do not occur and second 
infections are unlikely. In severe ocular toxocariasis, corticoste-
roids may be needed in addition (see Chapter 18). Loss of vision 
can be arrested but lost vision not restored.

Epidemiology

Toxocara spp. is a common infection of adult dogs and cats and 
their offspring, who excrete eggs on to the ground which are 
ingested by small children. The wide range in seroprevalence in 
human populations is thought to refl ect variation in exposure. 
Outdoor parks in urban and suburban areas are common sources 
of infection, and pet ownership and geophagia are signifi cant risk 
factors for infection.55 In tropical regions, toxocariasis is often 
associated with Ascaris lumbricoides and Trichuris trichiura infec-
tion, and has similar epidemiological features.54 Seroprevalence 
increases throughout early childhood and equilibrium prevalence 
occurs around 21/2 years and the infection is patent for about 3 to 
5 years of age. It is uncommon at a later age unless an unusual 
habit of dirt eating is present, as in the mentally ill. Ocular toxo-
cariasis is found at a later age.

Control

Control rests upon control of infection in dogs and cats, especially 
puppies and kittens, which are the main agents of infection, and 
regular treatment of animals with anthelmintics is essential when 
there are children in the house. Health education about the 
sources of infection and means of reducing it, such as prevention 
of soil contamination by dog and cat faeces in areas where chil-
dren play (such as sandboxes, public parks and playgrounds) and 
hand washing, should also be promoted.

Lagochilascariasis

Geographical distribution

Lagochilascariasis is a rare infection of man, who is an accidental 
host. Cases have been described from neotropical regions of South 
and Central America and the Caribbean. The majority of cases 
occur in the Amazon region of South Amercia.

Type 2: Modifi ed Direct (Ascaris Lumbricoides, Toxocara spp.)
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Aetiology

Lagochilascaris minor is a parasite of the opossum. The adult worms 
live in cavities in the submucosa of the small intestine and eggs 
containing infective larvae pass out in the stool, where they are 
ingested by mice and other small mammals. The larvae hatch in 
the intestine and migrate to skeletal muscle, where they mature 
and wait to be ingested by the defi nitive host, the opossum.

Transmission

Humans become infected either by ingesting eggs from the soil or 
eating the intermediate host. A case reported from Tobago was 
thought to have acquired the infection through eating the raw 
meat of the manakou opossum. In addition to humans, it can 
infect domestic animals (felines and canines) as well as silvatic or 
forest-dwelling carnivores. Experimental investigations suggest 
that wild rodents may serve as intermediate hosts.71

Infected humans generally live in newly deforested areas and 
work upon the land for subsistence and feed almost exclusively 
upon hunted meat.

Pathology

In humans, L. minor causes subcutaneous abscesses on the head 
and neck, and lesions in the nasopharynx. The tonsils and lym-
phoid tissue are replaced by granulomatous tissue containing 
epithelioid granulomas with larvae and eggs. Abscesses form in 
the neck and discharge pus.

Clinical features

Early symptoms are recurrent tonsillitis, a feeling of worms crawl-
ing at the back of the throat, and even discharge of small white 
worms from the mouth. Tender tumours which swell and eventu-
ally burst, discharging pus and worms, form in the cervical 
region.

Diagnosis

Adult worms can be recognized by a longitudinal furrow along 
the lateral line (see Appendix III).

Management

Albendazole 400 mg/day for 30 days or ivermectin 300 μg/kg 
weekly for 10 weeks results in regression of the lesions with or 
without surgical resection.72

TYPE 3: PENETRATION OF THE SKIN 
(ANCYLOSTOMA, STRONGYLOIDES, 
TRICHOSTRONGYLUS)

Ancylostomiasis (hookworm disease)

Hookworm disease (ancylostomiasis) is caused by two hook-
worms, Ancylostoma duodenale and Necator americanus, and is an 
extremely common infection; in many cases, the nematodes, 
which are often present in huge numbers attached to the small 
intestine, ingest blood and, to a lesser extent, protein, causing 

disease (hookworm anaemia, hookworm disease). Globally, 
hookworm is estimated to infect 740 million people6,7 and causes 
more morbidity than any of the other geohelminths, principally 
through its consequences for iron defi ciency anaemia.

Geographical distribution

Hookworm occurs in all tropical and subtropical countries, and 
is particularly prevalent throughout much of sub-Saharan Africa 
as well as in South China, the Pacifi c and South-east Asia.73

A. duodenale is essentially a parasite of southern Europe, the 
north coast of Africa, northern India, northern China and Japan. 
It was probably introduced by migration into Latin America by a 
trans-Pacifi c route and is the predominant hookworm in coastal 
Peru and Chile, and in Paraguay. It has been introduced into 
Western Australia and into areas where N. americanus is the pre-
dominant human hookworm, southern India, Myanmar, Malaya, 
the Philippines, Indonesia, Polynesia, Micronesia and parts of 
West Africa.

N. americanus is the predominant hookworm of sub-Saharan 
Africa, southern Asia, Melanesia and Polynesia. It is widely dis-
tributed in the Caribbean, Central America and northern South 
America, where it was introduced by slaves from Africa. It is still 
occasionally found in the southern USA.

Aetiology

Two species of hookworm, A. duodenale and N. americanus, infect 
humans.

Ancylostoma duodenale

A. duodenale is a small, cylindrical, white, grey or reddish-brown 
(from ingested blood) thread-like worm (see Appendix II). Both 
male and female worms have a buccal capsule containing two 
pairs of teeth (cf. N. americanus) for attaching to the small-
intestinal mucosa. The male (0.8–1.1 × 0.4–0.5 cm) has a copula-
tory bursa at the rear end consisting of an umbrella-like expansion 
of the cuticle (see Appendix III). The female (1–1.3 × 0.6 cm) is 
slightly larger and has the body cavity occupied by the ovary and 
coiled uterine tubes packed with eggs. The vulva is in the posterior 
third of the body. The maximum egg output occurs 15–18 months 
after infection; the interval between infection and fi nal disappear-
ance of eggs from the stool with death of the worm averages 1 
year. The female produces 25 000–35 000 eggs each day and some 
18–54 million during its lifetime. (For full morphological descrip-
tion, see Appendix III.) The eggs (50–60 × 35–40 μm) are ellipti-
cal with a transparent shell and when freshly laid contain two to 
four segments (blastomeres) (Figure 85.11).

Necator americanus

N. americanus closely resembles A. duodenale but it is shorter and 
more slender (0.9–1.1 × 0.4 cm) and can be distinguished from A. 
duodenale by the position of the vulva in the female, which is in 
the anterior third of the body (see Appendix III), and the buccal 
capsule, which is smaller than that of A. duodenale, and has cutting 
plates instead of teeth. The egg is slightly larger than that of A. 
duodenale (64–75 × 36–40 μm). The female necator lays 6000–
20 000 eggs daily and has a life duration on average of 3–5 years.
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Life cycle

Adult worms live in the human intestine from 1 to 10 years and 
each female produces on average 30 000 eggs per day (necator 
9000 eggs daily). The eggs are deposited into the lumen of the 
intestine, containing two, four or eight blastomeres, and exit the 
body in faeces, in which, if deposited in damp shaded soil, they 
hatch into rhabditiform (fi rst-stage) larvae (L1) (Figure 85.12), 
which are free-living and have a bulbed oesophagus. They feed 
avidly on organic debris and bacteria. The larva moults on the 3rd 
day and the oesophagus disappears on the 5th day, the larva 
becoming elongated and fully developed at 20–30°C. It then 
moves away from the faeces into the soil and moults to form a 
fi lariform (infective) larva (L3) (Figure 85.12), which has a simple 
muscular oesophagus and a protective sheath. The larva moves 
towards oxygen and cannot survive in water. The larvae are most 
numerous in the upper 2.5 cm of soil but can ascend from deeper 
layers. Protected from desiccation they can live in warm damp soil 
for 2 years. Direct sunlight, drying or salt water are fatal, although 
the motility of larvae means they can move downward into the 
soil, thereby avoiding desiccation. When the fi lariform larva comes 
into contact with the skin of the host, it penetrates it and receives 

a signal present in mammalian serum and tissue that causes it to 
resume development.74 The host-activated L3 enters the vascula-
ture, reaching the lungs on the 3rd day. Breaking through the 
alveoli it enters the bronchioles, moves up the trachea, and down 
the oesophagus to the stomach and small intestine. During this 
migration the third moult takes place and the buccal capsule is 
formed. It arrives in the intestine on the 7th day and a fourth moult 
takes place, the buccal capsule assumes the adult form and the 
worm attaches to the mucosa of the small intestine, where it can 
be seen at postmortem as a small thread-like structure containing 
a red lining of ingested blood. In 3–5 weeks it becomes sexually 
mature and the female produces fertile eggs.

The life cycles of A. duodenale and N. americanus are similar 
except that:
• A. duodenale live on average 1–3 years and N. americanus live 

3–10 years
• A. duodenale can infect by ingestion as well as via the skin, 

whereas N. americanus infects only through the skin
• Migrating larvae of N. americanus grow and develop in the 

lungs, whereas those of A. duodenale do not
• A. duodenale possesses the ability to remain within the host as 

a larval stage for many months before fi nally developing to an 
adult, thus bridging seasons which are inappropriate for 
transmission.75

Transmission

Infection is normally acquired via the skin (percutaneous route) 
from fi lariform (infective) larvae in soil contaminated by human 
faeces; or orally via the accidental ingestion of contaminated food 

B

A

Figure 85.11 Hookworm eggs. (A) Immature egg showing 
developing larva. (Courtesy of J. S. Tatz). (B) Mature egg. (Courtesy of 
Tropical Resources Unit.)

Figure 85.12 Life cycle of hookworm. (Courtesy of Tropical 
Resources Unit.)
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or geophagia. However, other methods of transmission which are 
comparatively unimportant have been suggested:
• Through eating uncooked meat containing the larvae of A. 

duodenale which have migrated into the muscles of the animal, 
where they can survive for 26–34 days

• Lactogenic transmission during breast-feeding. The migrating 
infective fi lariform larvae of A. duodenale are arrested in their 
development and migrate to the mammary gland, where they 
are excreted in the milk and infect the child. Third-stage infec-
tive fi lariform larvae of N. americanus have been found in the 
milk but none of the infected mothers was found to have 
infected babies.76

Pathology

Hookworm causes pathology at three stages of infection (the fi rst 
two caused by larval hookworms are usually seen only in expatri-
ates who receive a primary infection):
1. Vesiculation and pustulation at the site of entry (ground itch). 

This is usually mild or absent in the tropics except in 
expatriates.

2. Asthma and bronchitis during migration through the lungs 
with small haemorrhages into the alveoli and eosinophilic and 
leukocytic infi ltration.

3. Established infection, seen in the inhabitants of endemic 
areas, leading to hookworm anaemia and hookworm 
disease.

Hookworm anaemia

The classical anaemia of hookworm infection is a hypochromic 
anaemia, the result of chronic blood loss, depletion of iron stores 
and defi ciency of iron intake.

The attachment of hookworms’ cutting organs to the intestinal 
mucosa and submucosa and the subsequent rupture of intestinal 
capillaries and arterioles causes blood loss. Hookworms have been 
shown to produce active suction impulses 120–200 times per 
minute and evidence indicates that the hookworm is indeed an 
habitual blood-sucker and needs serum. The secretion of factor Xa 
and factor VIIa/tissue factor complex (FVIIa/TF) inhibitors, and 
antiplatelet agents by the parasite helps to maintain continuous 
oozing of blood at the hookworm attachment site and the free 
fl ow of blood through the parasite’s alimentary canal.77 The blood 
loss has been estimated as 0.03 mL/day per worm in N. americanus 
infections and 0.15 mL/day per worm in A. duodenale infections.78 
There is a signifi cant positive relationship between the intensity 
of infection and blood loss as quantifi ed by measuring either 
faecal haem and haem breakdown products as porphyrin79, and a 
negative relationship between infection integrity and haemogl-
bin.80 The precise nature of these relationships depends on host 
iron stores. A signifi cant negative correlation between plasma fer-
ritin levels and hookworm burden, using the worm expulsion 
method, has been reported.81 Hookworm anaemia is of the iron 
defi ciency type and responds dramatically to iron salts by mouth 
and also to removal of the hookworm burden, but after a much 
longer period.

Light infections may cause anaemia when the iron intake is 
defi cient, and anaemia may also be caused in spite of the presence 
of an adequate iron intake, provided that the worm burden is 

heavy enough.82 A folate defi ciency may be present, masked by the 
severe iron defi ciency anaemia, and becomes overt only when this 
has been corrected. Studies in pre-school children in East Africa 
show that even light hookworm infections can be associated with 
anaemia.83,84 Little is known about the anaemia which develops 
in light primary infections. It may be related to that which devel-
ops in pups infected with A. caninum and be of immunological 
origin.

Hypoproteinaemia

Loss of protein is an important feature of hookworm anaemia, 
which is a cause of protein-losing enteropathy and in heavy infec-
tions may result in hypoproteinaemia leading to oedema, or even 
anasarca. The protein loss, which is in excess of the red cell loss 
and is closely related to the hookworm burden, is caused by a 
limited capacity for albumin synthesis as well as loss caused by 
anaemia and other factors such as liver disease.

Immunity

Dogs develop partial protective immunity towards A. caninum and 
A. ceylanicum which in endemic areas can cause a 50% mortality 
from anaemia in early life. In humans, infection with A. duodenale 
and/or N. americanus is characterized by eosinophilia and evelated 
serum IgE. There is also a strong IgG antibody response and 
detectable IgA and IgM responses. Studies in endemic populations 
show that infection is associated with upregulation of the Th2 
cytokines controlling these antibodies, with IL-4 and IL-5 pro-
duced.85 More recent studies reveal a more mixed cytokine 
response, with infected persons also producing Th1 cytokines, 
interferon (IFN)-γ and IL-12.85,86

Whereas there is good evidence that immunity plays a role in 
controlling infections with A. caninum and A. ceylanicum in dogs, 
early observations in humans living in endemic areas were less 
conclusive about the existence of a vigorous, long-lasting protec-
tive immunity to human hookworm infections (see reviews by 
Quinnell et al.87 and Fujiwara et al.88). However, more recent evi-
dence from immunoepidemiological studies indicates that there 
is a relationship between immune responses and the level of infec-
tion and reinfection, suggestive of partial protective immunity. A 
study in Brazil showed a negative relationship between the inten-
sity of infection and levels of IgE and a positive relationship 
between intensity and IgG among individuals living in endemic 
areas.89 Another study found evidence of a negative relationship 
between the level of reinfection and IL-5.85

Clinical features

Natural history

After the establishment of adult worms in the intestine, the females 
start to lay eggs. The number of eggs passed bears a direct relation 
to the number of female worms. The higher the worm burden, the 
greater the blood loss. In populations with inadequate iron intake, 
hookworm burdens of 40–160 worms are usually suffi cient to 
cause anaemia.90 With worm burdens of 500–1000, signifi cant 
blood loss and anaemia will result, even in the presence of an 
adequate iron intake.
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Incubation period

In larval ancylostomiasis, symptoms appear 1–2 weeks after the 
primary infection, and in established infection, eggs appear from 
the 42nd day onwards after infection.

Symptoms and signs

At the site of entry of the infective larvae there is a ‘ground itch’, 
which consists of an irritating vesicular rash limited to the exposed 
portion(s) of the body, usually the soles of the feet or the hands. 
After 1–2 weeks, pulmonary symptoms develop with a dry cough 
and asthmatic wheezing. Fever and a high degree of eosinophilia 
are found. Entry of larvae into the gastrointestinal tract and their 
development into adult hookworms frequently results in epigas-
tric pain.91 These symptoms generally peak 30–45 days post infec-
tion92 and generally gradually disappear, and ova of hookworm 
can be seen on or about day 42 after infection. The whole episode 
is normally self-limiting, lasting not more than 2–3 months, but 
can persist longer due to constant stimulus by adults.93 Some-
times, if many larvae enter simultaneously, symptoms are quite 
alarming and steroid therapy may be needed. It is not so common 
or so marked as larval ascariasis.

The main effects of light infections may be seen in expatriates 
who have arrived recently in an endemic area. Minor degrees of 
anaemia induce a tendency to fatigue and lassitude, and digestive 
disturbances are common. Any of these symptoms in the presence 
of an eosinophilia should lead to the suspicion of infection. In 
indigenous people, most light infections are asymptomatic.

The essential symptoms of hookworm infection are connected 
with progressive iron defi ciency anaemia associated with gastric 
and intestinal dyspepsia but not wasting. An early symptom is 
epigastric pain or discomfort, which may be relieved by food and 
may be mistaken for duodenal ulcer. Although many people who 
suffer from irregular abdominal pain may possess hookworm ova 
in their stools, it does not necessarily follow that hookworm infec-
tion is the cause of the abdominal pain.

The taste may be perverted, some patients exhibiting and per-
sistently gratifying an unnatural craving for such things as earth, 
mud or lime (pica or geophagy). The stools may contain blood, 
and frank melaena may occur in children. The occult blood test 
is always positive in the stools in cases where symptoms are 
caused by hookworm.

When the iron defi ciency anaemia develops, then symptoms of 
anaemia occur: pallor, puffi ness of the face, swelling of the feet 
and ankles, and there may be generalized oedema caused by the 
hypoalbuminaemia. There is lassitude, breathlessness, palpita-
tions, tinnitus and vertigo, and liability to syncope. There is often 
koilonychia. There is a high output failure and haemic murmurs 
can be heard over the heart, which is seen to be enlarged on 
radiographic examination. Hookworm anaemia is a common 
cause of heart failure in the tropics and may easily be confused 
with rheumatic carditis. Ophthalmoscopic examination may 
reveal retinal haemorrhages.

The anaemia is typical of iron defi ciency (see Chapter 13). The 
haemoglobin is reduced to a greater degree than the red cell count. 
The mean corpuscular volume is decreased and the mean corpus-
cular haemoglobin concentration may fall to as low as 22 g/dl. 
The red cells show microcytosis and severe hypochromia. The 

serum iron is greatly reduced and the total iron-binding capacity 
of the serum greatly raised, indicating that iron stores are very low. 
There is no marked poikilocytosis or leukocytosis, although there 
may be an eosinophilia of 7–14%. The serum albumin is reduced 
in heavy infections. Because of their underlying iron and nutri-
tional status, women of child-bearing age, pregnant women and 
children are frequently the ones most susceptible to developing 
hookworm anaemia.80,94 Because of the persistent anaemia, growth 
and development become stunted in children. Chronic infection 
may also impair cognitive ability.95

The rate of progress varies in different cases. In some, a high 
degree of anaemia and even death may result within a few weeks 
or months of the appearance of the fi rst symptoms. More fre-
quently the disease is chronic, ebbing and fl owing or slowly pro-
gressing over a number of years.

Infantile hookworm disease

Most cases of hookworm in infants have been reported from 
China and the majority have been caused by A. duodenale.76 The 
clinical features include diarrhoea with bloody stools, melaena, 
anorexia, vomiting, pallor and massive haemorrhage. The mortal-
ity is up to 12%.

Differential diagnosis

In countries where hookworm infection is endemic, eggs may be 
found in faeces in any number of conditions which are not caus-
ally related. In these conditions, an egg count is essential to deter-
mine the intensity of infection (see below). Light infections in 
expatriates associated with moderate eosinophilia and mild 
anaemia must be differentiated from other helminth infections: 
Schistosoma mansoni, Fasciola hepatica and other liver fl ukes, and 
Strongyloides stercoralis. The epigastric pain associated with hook-
worm infection may suggest duodenal ulcer or pancreatitis and 
any patient from an endemic area with epigastric symptoms who 
has hookworm ova in the stool should be treated, since in many 
cases the symptoms will disappear without the need for any 
further investigation.

Severe hookworm anaemia must be distinguished from other 
iron defi ciency anaemias, and generalized anasarca from kwashi-
orkor and the nephrotic syndrome.

Diagnosis

The diagnosis is made by fi nding eggs in the stool (see Figure 
85.11). Eggs have a characteristic thin clear shell and may appear 
unsegmented or show visible embryonic cleavages, usually two, 
four or eight cell stages. Rhabditiform larvae may be found in stale 
stools and be mistaken for Strongyloides in which larvae only and 
not eggs are found in the stool (see p. 1535). The eggs may be 
confused with those of Trichostrongylus spp., which are more trans-
lucent and smaller. In light infections, concentration methods are 
necessary, such as zinc sulphate concentration, formol ether or the 
Kato–Katz direct smear (see Appendix I). Examination of Kato-
Katz slides is hampered by the fact that slides must be read within 
60 minutes or many of the eggs will no longer be visible. The 
Kato–Katz smear as well as the McMaster method can provide a 
quantitative estimate of intensity of infection by counting the 
number of eggs per gram of faeces. Because of intra-specimen and 
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day-to-day variation in egg output, diagnostic sensitivity is 
increased by examining multiple stool samples over consecutive 
days.96 Heavy infections are defi ned as intensities of ≥4000 eggs/g 
of faeces (see Table 85.1).

Adult worms

The eggs of A. duodenale and N. americanus are morphologically 
almost identical. Species differentiation is achieved by morpho-
logical examination of the buccal apparatus of adult worms 
obtained by explusion techniques or of larval stages cultured from 
eggs by the Harada–Mori method.

Serological diagnosis

Multiplex real-time PCR methods have been used to detect and 
quantify A. duodenale and N. americanus in faecal samples, and 
distinguish infections from Oesophagostomum biurcum, whose eggs 
are morphologically indistinguishable from hookworm.97

Management

Treatment consists of elimination of the parasites and treatment 
of the anaemia, if present. Treatment of the anaemia is the fi rst 
priority but there is no reason why both objectives should not be 
proceeded with concurrently. Treatment is usually directed against 
the adult stages but there is evidence that albendazole in a single 
dose of 400 mg is active against the pre-intestinal larval stages of 
N. americanus.98

Albendazole is highly effective against both A. duodenale and 
N. americanus (see Table 85.2). A single dose of 400 mg will 
produce an 80% cure rate and 200 mg daily for 3 days will give 
100% cure.23 It is also highly effective against Ascaris lumbricoides 
and Trichuris trichiura and is therefore especially suitable for mass 
treatment. Mebendazole is only partially effective against A. duo-
denale and N. americanus,23 and treatment over several days may 
be required for heavy infections. Levamisole and pyrantel pamoate 
may also be used, although in some areas, e.g. north-western 
Australia, pyrantel pamoate is ineffective.99

Treatment of anaemia

The anaemia is treated by the administration of iron by mouth, 
in the form of ferrous sulphate or gluconate, 200 mg three times 
daily, which should be continued for 3 months after a normal 
haemoglobin level has been achieved. This will restore the iron 
reserves to normal.

After starting iron therapy, a reticulocyte response may be seen 
in about 1 week. In most cases the haemoglobin will rise by 1.0 g 
per week. Folic acid, 5 mg daily, should be given for at least 1 
month to cover the erythopoeitic response. Many patients in the 
tropics fail to correct the haemoglobin fully and develop macro-
cytosis if this is not done.

Parenteral iron – iron–dextran complex or iron–poly 
(sorbitol gluconic acid) complex – may be used in patients who 
cannot tolerate oral iron, in patients where compliance is in 
doubt, and in patients in whom regular follow-up is diffi cult or 
unlikely.

Epidemiology and control

The main reservoir of infection is man, although N. americanus 
has been recovered on occasion from non-human primates.100 
In general, however, the transmission of hookworm infection 
depends upon an adequate source of infection in the human 
population, the deposition of eggs in a favourable environment 
for extrinsic development of the parasite, appropriate conditions 
of the soil (moisture and warmth) to allow larvae to develop, and 
suitable conditions for the infective larvae to penetrate the skin.

Recent analysis employing GIS and remote sensing shows that 
hookworm is able to thrive more in hotter environments and has 
a more cosmopolitan distribution than T. trichiura and A. lumbri-
coides.24 This is suggested to be due in part to the ability of larvae 
to migrate downward into the soil, thereby avoiding desiccation. 
In addition, hookworms have a longer adult lifespan and can fi nd 
refuge from external temperatures for longer than the other 
geohelminth species, increasing the chances of hookworm 
transmission stages being deposited and developing in suitable 
thermal conditions. In some temperate climates local environ-
mental conditions may allow transmission, as in the Cornish tin 
mines and Swiss railway tunnels in the past101 and in the Rand in 
South Africa today. Cultural and agricultural practices such as the 
use of human faeces for fertilizer provide good opportunities for 
infection.102

Epidemiological studies show that children can be infected 
with hookworm as young as 6 months. Subsequently, infection 
prevalence typically rises monotonically with increasing age to a 
plateau in adulthood.103 Increases in prevalence among the eldery 
have been observed in some populations.104,105 Because of logistic 
and social diffi culties, estimates of worm numbers by chemo-
therapeutic expulsion in an age-stratifi ed host population have 
been very few,103 with most studies having relied on an indirect 
measure of intensity: quantitative egg counts. The few age-strati-
fi ed estimates of hookworm burden using anthelmintic expulsion 
indicate that N. americanus worm burdens tend to increase in 
hosts up to age 15–25 years and remain constant thereafter.73,103

As with other geohelminths, the distribution of hookworms 
per host is highly aggregated within populations.106 There is also 
evidence of household clustering and small-scale spatial variation, 
determined in part by local variation in socioeconomic status and 
environmental factors.52,107

The basis of hookworm control is described on pp. 1536–1539.

Cutaneous larva migrans (creeping eruption, 
sandworm, plumber’s itch, duckhunter’s itch)

Cutaneous larva migrans (CLM) is a cutaneous eruption resulting 
from exposure of the skin to the infective fi lariform larvae of 
non-human hookworm (Ancylostoma braziliense, A. caninum) and 
Strongyloides of the nutria and racoon. The infective larvae 
cannot complete their normal life cycle in the human host but 
persist under the skin, without developing further, where they 
cause CLM.

Geographical distribution

CLM occurs in most warm, humid, tropical and subtropical areas, 
being especially common in the southern USA, along the coast of 
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the Gulf of Mexico and Florida.108 It is also common on the coast 
of sub-Saharan Africa, South and South-east Asia, and Latin 
America.

Aetiology

Ancyclostoma

A. braziliense is the hookworm of dogs and cats. It is smaller than 
A. duodenale (female 1 cm and male 8.5 mm long), the internal 
pair of ventral teeth are smaller, and the dorsal rays in the copula-
tory bursa are distinctive (Figure III.62). The eggs are indistin-
guishable from those of human hookworms. The life cycle is 
similar to that of A. duodenale but man is an unsuitable host and 
the third-stage larva does not enter the bloodstream but wanders 
under the skin, causing CLM.

A. caninum is the dog hookworm. Its life history is similar to 
that of A. braziliense.

Strongyloides

Filariform larvae of S. stercoralis can re-enter the skin as part of 
autoinfection around the anus and buttocks, where they cause 
‘larva currens’, a rash rather like that of CLM.

S. myopotami (nutria) and S. procyornis (racoon) both produce 
similar lesions in the human host, in which they cannot complete 
their normal life cycle. The lesions are more persistent.

Transmission

Infection is acquired from damp contaminated soil through the 
skin of that part of the body in contact with the soil (foot, 
abdomen, buttock).

Pathology

The fi lariform larvae are unable to penetrate below the stratum 
germinativum of human skin, where they form a tunnel with the 
corium as a fl oor and the stratum granulosum as a roof. Local 
eosinophilia and round cell infi ltration occur round the tunnel 
and may persist for months. Rarely the larvae reach the lungs, 
where they cause transitory pulmonary symptoms and eosino-
philia and may be recovered from bronchial washings. They do 
not mature in the intestine.

Immunity

Little is known about immunity. There is no protective immunity 
and people can be infected more than once.

Clinical features

Natural history

The larvae wander under the skin and can persist for months 
before they eventually die.

Incubation period

Symptoms start immediately after penetration of the skin, a matter 
of a few hours only.

Symptoms and signs

There is a red itchy papule at the site of entry, which becomes 
elevated and vesicular. The larvae move several millimetres to a 
few centimetres each day and leave tunnels which become dry and 
crusted. The track is linear and twists and turns (Figure 85.13). It 
causes an intense pruritus and the skin is scratched and becomes 
secondarily infected.109 The lesions may be single or multiple. The 
most common sites are the hands and buttocks with A. brazil-
iense110 but the abdomen is often infested in plumber’s itch and 
the lesions may be very numerous indeed (Figure 85.14). A 
second form of CLM associated with folliculitis has also been 
reported.111

The lesions produced by non-human hookworms (CLM) are 
well defi ned, move very slowly and persist for months. There is 
little surrounding fl are and the track is indurated. In contrast, the 
lesions produced by Strongyloides (larva currens) are less well 
defi ned, have a red fl are on the outside, move much more rapidly 
and persist for a few hours only.

Figure 85.13 Cutaneous larva migrans (A. braziliense).

Figure 85.14 Multiple burrows of cutaneous larva migrans 
(creeping eruption).
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Diagnosis

Creeping eruptions can be caused by S. stercoralis (larva currens), 
Gnathostoma spinigerum, cutaneous myiasis (Hypoderma bovis and 
Hypoderma lineatum), warble fl y maggots (Gasterophilus spp.) and 
cutaneous Fasciola hepatica.

The diagnosis is clinical. Ancylostoma larva migrans is usually 
situated on the foot or toe (see Figure 85.13) and lasts for months, 
moving very slowly. Strongyloides (larva currens) is situated on the 
buttocks and trunk and lasts for hours only, moving compara-
tively quickly. Non-human Strongyloides is usually situated on the 
trunk and abdomen and can persist for many months. Loa loa 
causes no cutaneous reaction and appears and disappears in a 
matter of minutes. There is usually no eosinophilia, but if there 
is, then internal migration of the larvae can be suspected. It is not 
possible to retrieve the larva since it is invariably in advance of its 
track and impossible to isolate. There are no serological tests.

Management

Treatment with a single oral dose of 400 mg albendazole gives 
cure rates of 46–100%,112 while a single oral dose of 12 mg 
ivermectin gives cure rates of 81–100%.113 A 7-day course of 
400 mg/day oral albendazole results in fewer recurrences than 
single-dose treatment. Oral and topical thiabendazole are also 
effective.114

Epidemiology

The source of infection is soil contaminated with dog and cat 
faeces underneath beach houses on stilts, exposure taking place 
when people crawl underneath to repair facilities (plumber’s itch) 
or bathe with bare feet and walk along the sand above the high 
water mark (sandworm) or expose themselves to mounds con-
taminated by nutria and racoons in the marshes (duckhunter’s 
itch). In subtropical countries, exposure is most common during 
the summer months and early autumn. Most studies report 
on returning travellers. However, available population-based 
data indicate that in endemic areas, CLM is most common in 
children.110

Control

Little can be done to control dogs and cats but infection can be 
prevented by wearing sandals above the high water mark and 
protective clothing when underneath houses in hot areas.

Strongyloidiasis

Geographical distribution

Strongyloides stercoralis has a worldwide distribution, especially 
prevalent in parts of tropical South America, China and South-east 
Asia. Estimates of global prevalence are probably unreliable due 
to diffi culties in diagnosing infection. In temperate climates it 
occurs at low prevalence but is not uncommon in inmates of 
institutions, such as mental hospitals, prisons and the mentally 
retarded children’s homes. It has become a serious problem in 
individuals receiving immunosuppressive treatment.

Aetiology

Strongyloidiasis is caused by S. stercoralis (see Appendix III), a 
nematode worm which has two forms: one parasitic and the 
other free-living. There are three developmental forms: adult, 
rhabditiform larva and fi lariform (infective) larva.

Life cycle

The life cycle is complex and involves two stages in which repro-
duction takes place: an internal sexual cycle involving parasitic 
worms and the external sexual cycle involving free-living worms 
(Figure 85.15).

Internal sexual cycle

The adult female parasitic worm (2.5 × 0.034 mm) tapers anteri-
orly and ends in a conical tail. There is an oesophagus occupying 
a quarter of the body, which has two bulbs divided by a constric-
tion. The vulva lies in the posterior third of the body and there is 
a prominent uterus containing 50 eggs (50–58 × 30–34 μm) (see 
Appendix III). The male exists but disappears from the bowel soon 
after oviposition and eggs can be produced parthenogenetically 
(as happens with S. ratti). The eggs hatch immediately in the 
bowel into male and female rhabditiform larvae, which pass out 
in the faeces to continue the external sexual cycle.

External sexual cycle

The free-living rhabditiform larvae develop into free-living adults 
which copulate in the soil and produce eggs. The free-living forms 
have a double-bulbed muscular oesophagus. The free-living female 
is smaller (1 × 0.05 mm) than the parasitic female, the vulva lies 
posteriorly and the uterus contains eggs measuring 70 × 40 μm 
(see Appendix III). The male form measures 0.7 × 0.035 mm. The 
rhabditiform larvae produced by both parasitic and free-living 
forms are indistinguishable and develop into fi lariform (infective) 
larvae (Figure 85.16), which can remain alive in the soil for many 
weeks.

Autoinfection

Under unsuitable conditions the external sexual cycle may be 
omitted and autoinfection may occur. Autoinfection can arise in 
one of two ways:
• the fi lariform larvae do not pass out in the stools but 

reinvade the bowel or skin (external autoinfection)
• the fi lariform larvae lodge in the bronchial epithelium and 

produce further progeny (internal autoinfection).
Autoinfection leads to a build-up in the body of the population 

so that the worms can maintain themselves in the absence of any 
further infection from an external source, and results in the inter-
mittent recurrence of symptomatic episodes. In the case of any 
breakdown in the immune defences, a rapid increase in the worm 
burden results in hyperinfection.

Pathology

The pathogenic effects begin with the entry of the infective larvae 
into the skin. The fi lariform larvae cause petechial haemorrhages 
at the site of invasion, accompanied by intense pruritus, conges-
tion and oedema. The larvae migrate into cutaneous blood vessels 
and are carried to the lungs. In the lungs they enter the alveoli 
and pass up the respiratory tree, where they may be delayed by 
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the host response, become adults and invade the bronchial epi-
thelium. Passing through the lungs the young worms may cause 
symptoms resembling those of bronchopneumonia with some 
lobular consolidation.

When they have become lodged in crypts in the intestine, the 
females mature and invade the tissues of the bowel wall but rarely 
penetrate the muscularis mucosae, and move in tissue channels 
beneath the villi, where the eggs are deposited. The eggs hatch out 
and fi rst-stage larvae work towards the lumen of the bowel and 
are passed out in the faeces.

In heavy infections, the fi rst-stage larvae, instead of passing out 
in the faeces, develop in the intestine, bore into the wall of the 
duodenum and jejunum, and develop to the adult stage, produc-
ing ova while encysted in the bowel. From here they spread 
throughout the lymphatic system to the mesenteric lymph glands 
and can enter the general circulation and be found in the liver, 
lungs, kidneys and gallbladder wall. The ileum, appendix and 
colon are sites of reinvasion and here the worms cause granulo-
mas with a central necrotic area often containing a degenerate 
larva. The mesenteric glands may be similarly affected. The lungs 
may show abscesses and the liver may be enlarged with small 
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living
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Figure 85.15 Life cycle of Strongyloides stercoralis.

Figure 85.16 Strongyloides stercoralis. Rhabditiform larva in stool. 
(Courtesy of J. S. Tatz.)
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pinpoint larval granulomas. The larvae may carry microorgan-
isms, and an overwhelming septicaemia caused by E. coli has been 
caused in this way. In light infections, jejunal biopsy has shown 
oedema, cellular infi ltration and eosinophilic infi ltration of the 
mucosa with partial villous atrophy. At postmortem, ulceration 
and atrophy of the mucosa are seen, with numerous adult worms 
in the wall of the duodedum and jejunum. At times, fi lariform 
larvae fail to break out of the alveoli, gain access to the general 
circulation and can invade the brain, intestine, lymph glands, 
liver, lungs and, rarely, myocardium.

Transmission

Infection is acquired originally from contaminated soil via free-
living fi lariform infective larvae. Once established, further infec-
tion may be acquired from the colon or anal skin from parasitic 
infective larvae. The transmission of S. stercoralis through the milk 
has been demonstrated in several animal species and it is possible 
that this occurs in man.

Immunity

Immunity to reinfection develops in most individuals after a 
primary infection and the Strongyloides adults and larvae are con-
fi ned to the small intestine and the worm burden is controlled. 
Immunity is both antibody and cell mediated.

Humoral antibody-mediated immunity is elicited by the secre-
tions of infective larvae with a type I response, an eosinophilic 
tissue response, and a peripheral eosinophilia – often with urti-
carial rashes. Antibodies are produced which cross-react with 
many other helminths, including fi lariae.

Cell-mediated immunity is elicited by adult and larval worms 
in the tissues, which are localized and destroyed by a cell-
mediated granulomatous reaction. If cell-mediated immunity is 
depressed for any reason, such as immunosuppressive states of 
drugs, then a generalized hyperinfection results, causing massive 
strongyloidiasis.

Among persons co-infected with human T cell lymphotropic 
virus type 1 (HTLV-1), production of IFNγ may decrease the pro-
duction of antibodies that participate in the host immune response 
against infection.115

Clinical features

Natural history

In the majority of cases, a small population of adult worms main-
tains itself in the small intestine for many years (30 or more) in 
the absence of any further infection from the outside, causing 
recurrent symptoms when fi lariform larvae enter the perianal skin, 
and cause a recurrent rash – ’larva currens’ – associated with urti-
caria. In a small minority of cases, the defences of the body break 
down and a generalized severe infection ensues.

Incubation period

The pre-patent period from infection to the appearance of rhab-
ditiform larvae in the stools is 1 month.

Symptoms and signs

The vast majority of infections in endemic areas are symptomless. 
When, for various reasons, the number of Strongyloides present in 
the intestine increases, then symptoms develop.

Primary infection

This is rarely seen in endemic areas and descriptions are based on 
self-induced experimental infections. A pruritic erythematous erup-
tion, which lasts about 3 weeks, occurs at the site of entry of the 
larvae. A dry cough or sore throat appears on the 6th–9th day together 
with abdominal fullness, aching in the right lower quadrant of the 
abdomen and a watery diarrhoea alternating with constipation. 
Larvae are fi rst detected in the stools 27 days after infection.

Chronic uncomplicated strongyloidiasis

This is characterized by epigastric and right upper quadrant pain 
together with nausea, chronic diarrhoea and weight loss.

Skin rashes

There are two types of skin rashes. One, occurring around the anus 
and anywhere on the trunk, is a linear eruption – ’larva currens’ – in 
which the larvae migrate under the skin causing an itching rash with 
a larval track which is not indurated and has a red fl are at the edge 
which moves quite rapidly (2–10 cm per hour), disappearing in a 
few hours (Figure 85.17), in contrast to the more indurated and 
persistent track of non-human hookworm (cutaneous larva 
migrans). The second form is urticaria caused by allergy to the 
larvae penetrating the skin in an individual who has already been 
sensitized. It occurs predominantly in the buttocks, with pruritus 
ani, and around the waist, lasts 1–2 days and recurs at regular inter-
vals. The creeping type of eruption, which is seen mainly in infec-
tions from Indo-China and was common in prisoners of war in the 
Far East in the Second World War, can last for 30 years or more.116 
A strongyloides-related glomerulonephritis has been reported.117

Severe complicated strongyloidiasis

In persons debilitated by disease, malnutrition or serious illness, 
severe and potentially fatal complications may result from massive 
invasion of the tissues by S. stercoralis (i.e. when S. stercoralis dis-
seminate). The same results can occur in immunocompromised 
individuals, for example, as a result of treatment with immuno-
suppressive drugs for lymphoma and organ transplantation and/
or immunosuppression due to the effects of co-infection with 
HTLV-1.115 It has recently been suggested that host immunosup-

Figure 85.17 Skin rash (larva currens) of Strongyloides stercoralis.
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pression favours the direct development of infective larvae, thereby 
promoting hyperinfection. Interestingly, it seems that in HIV-
positive persons with poor immune function, indirect develop-
ment – rather than direct development – of infective larvae in the 
gut is favoured.118 This observation may explain the notable 
absence of disseminated strongyloidiasis in late-stage HIV 
disease.

First-stage larvae develop in the duodenum and jejunum, bore 
into the bowel wall, become adult and produce ova. In this way 
the number of Strongyloides is immensely increased and infective 
larvae invade the tissues and circulate, causing massive strongy-
loidiasis. Severe abdominal pain, vomiting and diarrhoea together 
with a sprue-like syndrome may develop: a protein-losing enter-
opathy, hypoalbuminaemia and generalized oedema occur. Fever, 
hypertension, abdominal tenderness and distension, reduced 
bowel sounds, paralytic ileus and a necrotizing jejunitis have been 
reported.

In the lungs, pulmonary symptoms resembling tropical pulmo-
nary eosinophilia with hypereosinophilia, pneumonitis, diffuse 
crepitations, scattered bronchi, pleural effusion and pulmonary 
abscess, and gross respiratory failure may occur.119

Neurological complications with headache, convulsions, con-
fusion, stupor, meningitis and focal neurological signs occur. In 
30% of immunocompromised patients, a Gram-negative (E. coli) 
meningitis is found.

Other complications include a septicaemia with enteric organ-
isms, shock, multiple petechiae on the chest and abdomen, and 
periumbilical purpura.

Laboratory fi ndings

Raised serum IgE levels are found. Towards the end of the early 
stage of infection there is a high leukocytosis of up to 25 × 109/L; 
an eosinophilia of 10–12 × 109/L is characteristic. Later, when the 
infection is chronic, there is a moderate eosinophilia which may 
persist for years. In severe complicated strongyloidiasis, the eosin-
ophilia disappears and is an indication of poor prognosis.

Differential diagnosis

Strongyloidiasis must be differentiated from other tissue-invading 
helminths: A. lumbricoides, hookworm and liver fl ukes. Dissemi-
nated strongyloidiasis may closely resemble tropical pulmonary 
eosinophilia, especially since serology cross-reacts. ‘Larva currens’ 
resembles cutaneous larva migrans, but, in distinction from it, in 
‘larva currens’ the rash is situated mainly round the buttocks and 
on the trunk, lasts only a few hours and may occur intermittently 
for many years.

Diagnosis

Only adults or rhabditiform larvae (Figure 85.16) appear in the 
stools, duodenal aspirate or by the Entero test capsule. They can 
be demonstrated by the faecal examination methods or cultured 
in charcoal at 26°C for a week (see Appendix III).

The Kato–Katz method, the most commonly used diagnostic 
method in geohelminth epidemiology, does not detect S. sterco-
ralis, and this feature probably explains why the global prevalence 
of S. stercoralis is likely to be underestimated. More sensitive 
coprological methods include a modifi ed agar plate120 and the 

Baermann technique. However, because of low larval densities, 
multiple examinations are often necessary.121 Serological methods 
using ELISA, which detect serum IgG against a crude extract of 
infective larvae,122 are more sensitive than coprology, but are 
labour-intensive and prone to cross-reactions with other hel-
minths and fi lariae. A gelatin particle indirect agglutination test is 
considered to be more practical than the ELISA for mass screening 
for strongyloidiasis.123

Management

S. stercoralis should usually be treated whether or not the infection 
is giving rise to symptoms. It should be looked for and treated 
especially in immunosuppressed patients – for example, those on 
corticosteroid therapy or immunosuppressive drugs, persons 
infected with HIV, or persons from endemic areas in whom trans-
plantation is being contemplated. Ivermectin is highly effi cacious 
and the drug of choice (see Table 85.2). Albendazole, mebenda-
zole and thiabendazole can also be used but are generally less 
effi cacious.124 There is often a decrease in the effi cacy of treatment 
in persons coinfected with HTLV-1.

Epidemiology

Man is the most important host of S. stercoralis but dogs and 
chimpanzees have been found infected with strains indistinguish-
able from those of man. Larvae are unable to survive temperatures 
below 8°C or above 40°C or desiccation. Strongyloidiasis thrives 
in conditions of overcrowding on damp soil in tropical conditions 
such as in rural villages in South-east Asia and the Amazon. Due 
to diffi culties in diagnosis, few detailed epidemiological studies 
exist; however, infection is normally more prevalent among males 
than females and increases with age.125,126 Household clustering 
also occurs.127 It was very common among prisoners of war in 
Burma and Indo-China in the Second World War116 and Vietnam 
veterans.

Control

Control methods are the same as for other geohelminths (see pp. 
1536–1539).

Strongyloides fülleborni

This is widely distributed in tropical forest regions of Central and 
East Africa. The main source of infection is monkey faeces, 
although human-to-human transmission may occur. In most 
cases there are no symptoms; 24% of pygmies in Zaire were found 
to be passing ova and very heavy infections were found without 
any evidence of disease.

Aetiology

S. fülleborni can be distinguished from S. stercoralis by the promi-
nent vulvar lips, narrowing behind the vulva and a prominent 
oesophagus. Eggs are passed in the stool in contrast to S. stercora-
lis and resemble those of hookworm, for which they are com-
monly mistaken. Treatment is as for S. stercoralis.
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Strongyloides fülleborni subsp.Kelly

This is a subspecies of S. fülleborni confi ned mainly to forested 
areas in western Papua New Guinea, along the Fly River in the 
Eastern Highlands.128

In low-prevalence areas, 20% of children and 5–10% of adults 
are infected and transmission is percutaneous. In high-prevalence 
areas, 100% of children aged 3–5 years are infected and 15–20% 
of adults. Peak intensity of infection occurs around 12 months. In 
these high-prevalence areas, transmission is percutaneous and 
possibly transmammary.

The eggs are similar to those of S. fülleborni. Mothers carry their 
children in string bags lined with dried banana leaves and/or cloth 
which are infrequently changed and in which eggs and free-living 
larvae have been found.

Clinical manifestations are seen most frequently in children 
2–6 months of age, who present with abdominal distension, mild 
diarrhoea, and a protein-losing enteropathy resulting in oedema 
and low serum protein levels – ’swollen-belly disease’. Respiratory 
distress may occur with a characteristic high-pitched cry. Treat-
ment is as for S. stercoralis, supplemented by plasma infusion if 
the hypoproteinaemia is severe.

Trichostrongyliasis

Geographical distribution

Normally a parasite of sheep and goats, human infection with 
Trichostrongylus is widespread in Australia, Central Africa, Egypt, 
India, Indonesia and Japan.

Aetiology

Three species can infect man: Trichostrongylus colubriformis, T. ori-
entalis and, more rarely, T. probulurus. The female worm (5–8 × 
0.07 mm) is slender and pink with a posterior vulva (see Appen-
dix III); the male (4–5 × 0.07 mm) has a bilobed copulatory bursa 
and two spicules. The mouth is unarmed. The parasites are situ-
ated in the duodenum and jejunum, where they are not attached 
to the bowel but are a half to a third buried in mucus. The eggs, 
which have a transparent hyaline shell and resemble those of 
hookworm but are larger (85 × 115 μm), are passed in the stool 
in the morula stage and are remarkably resistant to desiccation 
and cold. The life cycle is similar to that of hookworm but they 
do not migrate through the lungs. Adults mature in the intestine 
within 25–30 days.

Transmission

Infection is acquired through the skin or mouth from contami-
nated food or drink.

Pathology

Little is known about pathology and none has been observed, 
even in individuals with heavy egg counts.

Clinical features

Symptoms and signs

These are few, but mild abdominal discomfort and diarrhoea may 
result.

Diagnosis

Diagnosis is made by fi nding eggs in faeces and adults after 
treatment. However, Trichostrongylus eggs are most commonly 
mistaken for hookworm eggs, which have a similar shape. A 
species-specifi c PCR technique has recently been developed to 
enable species differentiation.129

Management

Pyrantel pamoate is the drug of choice and is given as a single oral 
dose of 10 mg/kg. A single dose of levamisole, 2.5 mg/kg body 
weight, is also effective.

Epidemiology

T. colubriformis is a parasite of sheep and goats and infection is 
common where there is close contact with sheep and goats:130 up 
to 70% of the inhabitants may be infected.

T. orientalis is common among people who look after donkeys 
and goats; the use of human excreta as fertilizer in Asia is respon-
sible for the high level of infection.

COMMUNITY CONTROL OF GEOHELMINTHS

The fi ve basic essentials needed for controlling geohelminth infec-
tions at the community level are: (1) chemotherapy; (2) sanita-
tion; (3) health education; (4) community participation; and (5) 
monitoring and evaluation. Periodic chemotherapy should ideally 
be implemented in the context of ongoing improvement of 
sanitation and health education.

No practical vaccine has yet been developed, although several 
hookworm candidates are being investigated.131

Chemotherapy

There are now several anthelmintics active against the geohel-
minths (Table 85.2). They have a broad spectrum of activity, 
which makes them particularly useful for community control, 
since polyparasitism is more common than monoparasitism in 
most countries where geohelminths are endemic. They are rela-
tively non-toxic, they can be given orally, and are effective in a 
single dose if reduction in intensity of infection rather than abso-
lute cure is the main objective.

For countries that adopt a national ‘essential drugs’ policy and 
take advantage of the joint UNICEF–WHO initiative for the pro-
curement of ‘essential drugs’,132 the cost is now low. The clinical 
pharmacology of the most commonly used broad-spectrum 
anthelmintics is given on pp. 1539–1540.

The primary goal of chemotherapy programmes is to reduce 
transmission, and hence the overall worm burdens and morbidity 
in the community. If reduction in morbidity in individuals is the 
primary objective, then attention may need to be paid to the 
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Table 85.2 Recommended treatments for soil-transmitted helminths *,132

Drugs Dose Duration

ENTEROBIUS

Drugs of choice: Albendazole 400 mg Single dose*

Mebendazole 100 mg Single dose*

Pyrantel pamoate 10 mg/kg Single dose*

TRICHURIS

Drugs of choice: Albendazole 400 mg Single dose†

Mebendazole 500 mg Single dose†

Alternatives: Nitazoxanide 500 mg, or 200 mg for 
children 4–11 years or 100 mg 
for children 1–3 years

Daily for 3 days

ASCARIS

Drugs of choice: Albendazole 400 mg, or 200 mg for 
children 2–5 years

Single dose

Mebendazole 500 mg Single dose

Levamisole 2.5 mg/kg Single dose

Pyrantel pamoate 10 mg/kg Single dose

Alternatives: Nitazoxanide 500 mg, or 200 mg for 
children 4–11 years or 100 mg 
for children 1–3 years

Daily for 3 days

TOXOCARA

Drugs of choice: Albendazole 400 mg Twice daily for 5 days

Mebendazole 500 mg Twice daily for 5 days

Thiabendazole 50 mg/kg Twice daily for 7–28 days‡

LAGOCHILASCARIASIS

Drugs of choice: Albendazole 400 mg Daily for 30 days

Ivermectin 300 μg/kg Weekly for 10 weeks

HOOKWORM

Drugs of choice: Albendazole 400 mg Single dose

Mebendazole 500 mg Single dose†

Alternatives: Pyrantel pamoate 10 mg/kg Daily for 3 days

Levamisole 150 mg or 2.5 mg/kg Single dose

CUTANEOUS LARVA MIGRANS

Drugs of choice: Albendazole 400 mg Daily over 3–7 days to reduce 
recurrence

Ivermectin 12 mg Single dose

Thiabendazole Topically Topically

STRONGYLOIDES

Drug of choice: Ivermectin 200 μg/kg Single dose repeated after 1 week or 
daily for 3 days

Alternatives: Albendazole 400 mg Daily for 3 days repeated 2 weeks later

Mebendazole 500 mg Single dose

TRICHOSTRONGYLIASIS 

Drug of choice: Pyrantel pamoate 10 mg/kg Daily for 3 days

Alternatives: Albendazole 400 mg Single dose

Levamisole 2.5 mg/kg Single dose

* Repeated every 6 weeks until environment is clear.
† Treatment over several days may be required for heavy infections.
‡ Depending upon tolerance.
* Note, all treatments are administered orally except Thiabendazole which is applied topically.
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age-specifi city of infection with the different species: the peak 
intensities of A. lumbricoides and T. trichiura occur in children 
under 10 years of age; and of hookworms and S. stercoralis in 
adults over 20 years of age. Whether programmes targeted at 
individual differences are cost-effective has yet to be determined, 
but seems improbable.

Three chemotherapeutic strategies can be used: mass chemo-
therapy, i.e. treatment of all persons if the prevalence of infection 
is 50% or over; selective population chemotherapy, i.e. treatment 
of all infected persons at the time of a survey; targeted chemo-
therapy, i.e. treatment of specifi c groups likely to suffer the great-
est morbidity.

WHO has identifed three key groups which are given priority 
for treatment: a) school-age children, b) pre-school children and 
c) pregnant women. The 2001 World Health assembly established 
regular treatment of 75% of schoolchildren by 2010 as the key 
target.133,134

a) School-age children

School-based programmes have been shown to be a cost-effective 
approach for controlling the intensity of intestinal helminth infec-
tion even in environments where transmission is high.135

The effectiveness of these programs refl ects the epidemiological 
observation that treatment of an intensely infected age group or 
subpopulation reduces transmission overall,136 and the economic 
observation that this results in externalities that greatly increase 
the cost-effectiveness of the approach.137–140 The increase in school 
participation worldwide as one of the key Millennium Develop-
ment Goals, as well as the specifi c promotion of school health 
programmes as part of these efforts, provides an additional strong 
policy incentive to deliver deworming through school systems.141,142 
The sustainability of at-scale, school-based national programmes 
has been demonstrated in several erstwhile low-income countries 
that have now transitioned to middle-income status or above – 
including Japan, Korea, Brazil and Sri Lanka.143,144 In all of these 
cases the transition was from a school-based chemotherapy pro-
gramme as part of a national school health system approach to 
management through the established health services as infection 
declined.

School-based deworming can reduce rates of anaemia145,146 and 
improve growth, particularly in weight.145 Antenatal anthelmintic 
treatment improves haemoglobin levels,147 birth weight and infant 
survival.148

Meta-analyses of randomized trials have given equivocal 
results149 but more recent analyses demonstrate increases in 
growth, especially ponderal weight gain.150 Quantifying the impact 
on educational measures remains a challenge, with stronger evi-
dence for impacts on cognition than on educational outcomes, 
probably because the latter depends on education quality.20,21

The demonstrated cost-effectiveness of deworming as a school-
based intervention has encouraged more interest by development 
agencies in this intervention. The increased availabilty of develop-
ment aid for deworming, as well as the availability of free anthel-
mintics through large-scale donations by the pharmaceutical 
industry, has resulted in a growth in community-wide progammes. 
Whether these are sustainable or cost-effective has yet to be deter-
mined, and efforts to enhance sustainability and cost-savings by 
integrating programmes are being evaluated.

b) Pre-school children

Progammes for pre-school children have been developed as part 
of micronutrient or other health campaigns, as part of health 
programmes delivered through pre-schools, and as an addition to 
‘child health days’ that provide a range of health interventions to 
young children on a demand basis. There is evidence that all these 
approaches are effective in improving the growth and nutrition of 
pre-school children and, where they build on existing systems, are 
cost-effective.151,152

c) Pregnant women

Infection during pregnancy is widespread and affects the health 
of the mother, fetal development, and the survival and subsequent 
development of the child.147,148,153 Previous advice was that anthel-
mintic treatment should be avoided in pregnancy, but it is now 
recommended that infected pregnant mothers should be treated, 
ideally after the fi rst trimester.154

In recent years, there have been signifi cant advances in the 
design of chemotherapy control strategies,155 one of the most 
important of which are the improvements in methods for identi-
fying populations for treatment using geographical information 
systems (GIS).156 Practical, low-cost methods of using GIS for 
planning and targeting national progammes have now been devel-
oped and implemented at national scale.24

Resistance to anthelmintic drugs

Resistance is now widespread in the gastrointestinal nematodes of 
ruminants, particularly sheep and goats.157 Although resistance by 
human nematodes has rarely been reported, managers of control 
programmes should be alerted to the possibility, particularly since 
the current biological assays do not detect resistance until the 
resistance genotype is already common and fi xed in the worm 
population. A possible genetic marker for resistance to treatment 
of S. stercoralis has been identifi ed,158 and the genotypic markers 
of resistance in veterinary nematodes have been identifi ed in the 
common nematodes of humans, but not yet developed into assays 
appropriate for surveillance.

Mebendazole drug failure against N. americanus in Mali159 and 
pyrantel drug failure against A. duodenale in Western Australia 
have been reported,99 but in the absence of any defi nitions of 
resistance for these species it is diffi cult to interpret these fi ndings. 
Careful monitoring of mass treatment programmes is therefore 
essential,160 and it is very important that the available anthelmin-
tics are used in ways that will delay or prevent drug resistance, 
such as ensuring the existence of refuge populations (e.g. by target-
ing specifi c age groups), by maintaining low treatment pressure 
through infrequent cycles of treatment, and possibly by the use of 
combination therapies as is advocated for malaria. A 2007 WHO/
World Bank meeting on drug resistance has developed a way 
forward for more structured surveillance.

Sanitation

Marked improvements in environmental hygiene are the ultimate 
answer to the control and elimination of geohelminth infections, 
but for many low-income countries and for poor and disenfran-
chised communities in middle-income countries these are expen-
sive and long-term objectives.
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In the medium term, however, many varieties of affordable 
latrines are available, e.g. ventilated improved pit latrines and 
double-vault latrines.161 These have proved to be culturally accept-
able in many countries; they are easy to install, operate and main-
tain. Further, they allow adequate composting of human excretion 
as fertilizer.

It must be appreciated that the effect of sanitation is slow to 
develop, and that therefore periodic anthelmintic treatments 
should be maintained until sanitation has had an impact on 
transmission.

Investment in sanitation is justifi ed in terms of a broad range 
of returns to health and social outcomes, and avoidance of worm 
infection alone could not justify the substantial investment 
required. However, improvements in hygiene have been achieved 
at very much lower cost than improvements in sanitation, with 
programmes to encourage hand-washing with soap achieving 
important health benefi ts with existing technologies and at low 
cost.161

Health education

Human behaviour is of great importance in the transmission of 
geohelminths, and the success or failure of control programmes 
often hinges on the modifi cation of behavioural patterns. Health 
education must target its activities on this crucial criterion, aiming 
to determine which local cultures and practices are conducive to 
the transmission of infection and need to be modifi ed to reduce 
the risk. If benefi cial cultural practices are identifi ed, these should 
be reinforced to enhance compliance. As many stakeholders as 
possible should be involved in the planning process, paying par-
ticular attention to cultural diversity, gender and the specifi c needs 
of the target group. Improvements in personal hygiene, especially 
hand-washing, should be actively encouraged, and where pro-
grammes are linked to school health activities, the health-and-
hygiene message should be part of the curriculum and reinforced 
by IEC messages in the community. Modern audiovisual technol-
ogy may be used when appropriate.

Community participation

This is crucial for the success of any control programme. Active 
participation of the community in the planning and execution of 
any intervention is mandatory. The schedule should suit the con-
venience of the community and be discussed and agreed by them. 
As with all the diseases of poverty, economic development is 
mandatory for effective community involvement.

Monitoring and evaluation

Monitoring and evaluation are essential and should be used to 
review or revise any control programme, demonstrate health ben-
efi ts, but also to assess cost-effectiveness.162 Since the main aim 
underlying geohelminth control is the prevention of disease rather 
than to reduce or eradicate transmission, it is important that 
evaluation focuses on both intensity of infection and morbidity 
measures where possible, and not the sole use of infection 
prevalence.

Targeted chemotherapy implemented within an existing health 
infrastructure has been shown to achieve an overall reduction in 
the prevalence and intensity of A. lumbricoides and T. trichiura 
infection in children aged 2–15 years at one-fi fth of the drug 
purchase cost of mass chemotherapy, and with few of the atten-
dant costs of drug delivery.135,136

CLINICAL PHARMACOLOGY OF 
ANTHELMINTIC DRUGS

A number of single-dose, orally administered drugs are available 
for the treatment and control of STH infections. These include 
albendazole, mebendazole, pyrantel and levamisole. Each of these 
drugs is recommended by WHO for use in large-scale control 
programmes.132 They are all broad-spectrum benzimidazole 
anthelmintics, although their effi cacy against individual STH 
species varies (Table 85.3). Because benzimidazoles are poorly 

Clinical Pharmacology of Anthelmintic Drugs

Table 85.3 Effectiveness* of single anthelmintic drugs. 

Albendazole Mebendazole Pyrantel Levamisole
Ascaris lumbricoides CR† = 88% (79–83%)

ERR = > 99%
CR = 95% (91–97%)

ERR = > 99%
CR = 88% (79–93%)

ERR = > 95%
CR = > 87%

ERR = > 92%

Trichuris trichiura CR = 28% (13–39%)
ERR = 80% (28–100%)

CR = 36% (16–51%)
ERR = > 80% (50–80%)

CR = 28%
ERR = ∼40%

CR = 9%
ERR = ∼40%

Hookworm CR = 72 (59–81%)
ERR = 80% (62–100%)

CR = 15% (1–27%)
ERR = > 80% (38–100%)

CR = 31% (19–42%)
ERR = > 99%

CR = 38%
ERR = ∼60%

Strongyloides 
stercoralis

CR‡ = 40–60%
ERR = NA

Low effectiveness Low effectiveness Low effectiveness

* Effectiveness measures the effect of a drug against a parasite in a fi eld setting, whereas effi cacy measures the effect of a drug in ideal settings
† CR = cure rate, the percentage of individuals among whom parasites are cleared; ERR = egg reduction rate, changes in mean egg count before and after treatment. 
NA = not available. Median of estimates (for CR, 95% confi dence interval and for ERR, range in parenthensis) based on reviews by Bennett & Guyatt,23 Horton 182 
and a recent systematic review and meta analysis by Keiser & Utzinger.165

‡ 400mg daily for 3 days.
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absorbed, they reach and kill the parasites in the intestinal tract, 
causing few side-effects. Since their development in the 1970s, 
these broad-spectrum benzimidazoles have revolutionized the 
community control of the geohelminths and, to date, millions of 
individuals have been treated, with minimal side-effects.165

Albendazole

This is the most widely used anthelmintic for the community 
control of multiple STH infections. Albendazole is poorly absorbed 
from the gastrointestinal tract and is rapidly and extensively 
metabolized by the liver to sulphoxide and sulphone metabolites. 
The sulphoxide metabolite is an active anthelmintic and may be 
responsible for most of the drug effects in vivo. The drug binds to 
intracellular tubulin, impairing essential absorptive functions in 
the parasite.

It is known to be teratogenic and embryotoxic in some animals, 
but only after doses considerably higher than used in clinical 
practice. Given the fact that STH-related morbidity can develop 
rapidly in pregnant women and treatment confers health benefi ts, 
WHO now recommends treatment of lactating women and of 
pregnant women after the fi rst trimester.166 It has also recently 
been recommended that children as young as 12 months can be 
safely treated, with the recommended dose for children aged 1–2 
years being 200 mg.

Adverse effects are mild and transient, and include epigastric 
pain, diarrhoea, headache, nausea, vomiting, dizziness, constipa-
tion, pruritus and dry mouth.

Mebendazole

Mebendazole is effective against adult worms and larval stages. It 
binds to nematode tubulin, preventing the formation of micro-
tubules, and selectively inhibits cell division and glucose uptake 
in nematodes; this latter effect results in increased utilization of 
helminth glycogen and deprivation for the worms of their main 
source of energy. Oral absorption is limited by its poor solubility. 
The small amount absorbed is metabolized extensively by the liver 
to inactive compounds. As with albendazole, mebendazole is now 
recommended for lactating and pregnant women and young 
children living in endemic areas.166

Adverse effects are mild and transient, including gastrointesti-
nal discomfort, headache and dizziness.

Rarely, mebendazole stimulates Ascaris worms to emerge from 
the mouth and nostrils, which alarms the patients unless they are 
forewarned.

Pyrantel

Pyrantel binds to acetylcholine receptors of parasites and owes its 
activity to its action on the neuromuscular system of the worms. 
It paralyses the worms, which are then expelled in the faeces. It is 
poorly absorbed from the gastrointestinal tract, with less than 
15% excreted in the urine as unchanged drug and metabolites and 
70% excreted unchanged in the faeces. Safe use in pregnancy has 
not been established.

Adverse effects include mild and transient gastrointestinal 
discomfort, headache, dizziness, drowsiness, insomnia and skin 
rash.

Pyrantel and piperazine are antagonistic and should not be 
administered concurrently.

Levamisole

Levamisole has a similar mode of action to pyrantel and causes 
spastic paralysis followed by passive elimination of parasites. It is 
rapidly absorbed from the gastrointestinal tract, achieving peak 
plasma levels within 2 hours, and is eliminated within 3 days. 
Much of the absorbed drug is metabolized in the liver. There is 
no evidence of teratogenicity, although it should not be given in 
the fi rst trimester.

Adverse effects include abdominal pain, nausea, vomiting, 
dizziness and headache.

Piperazine

Piperazine is used in the treatment of A. lumbricoides, especially in 
the presence of intestinal or biliary obstruction, with reported cure 
rates of 60% and above.164 Recommended dosage is 75 mg/kg. It 
is also used for the treatment of E. vermicularis, at a dosage of 
50 mg/kg daily for seven successive days. Safe use in pregnancy 
has not been established.

Nitazoxanide

Nitazoxanide is a antiparasitic drug noted for its treatment of 
protozoan infections but has also been shown to be effective 
against STH infections.167,168 Pharmaceutical compositions of 
nitazoxanide include both nitazoxanide and its derivative, 
tizoxanide, as active ingredients, with particle sizes of the active 
drug substance ranging from 5 to 200 μm. Adverse effects are mild 
and transient and include abdominal pain, nausea, vomiting and 
diarrhoea. Two daily doses (100 mg to 400 mg) are required for 
three or more days.

Tribendimidine

Tribendimidine is a new class of anthelmintic, which was fi rst 
synthesized in China in the 1980s.169 Preliminary trials in humans 
demonstrate that single-dose tribendimidine is effective against A. 
lumbricoides, both species of hookworm and E. vermicularis, and 
has effi cacy superior to that of albendazole for the treatment of 
hookworm when used as a single dose of 400 mg.169 Further 
effi cacy trials are underway.

Side-effects are minimal and transient, and include abdominal 
pain, nausea, vomiting and diarrhoea.

OTHER NEMATODES FOR WHICH MAN IS NOT 
THE NORMAL HOST

Trichinosis (Trichinella spiralis)

Geographical distribution

Trichinosis has a worldwide distribution and as many as 11 million 
people are infected globally (Figure 85.18).170 The incidence of 
human trichinosis has declined markedly in North America and 
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Europe; however, sporadic outbreaks still occur. Large outbreaks 
also occur in China, Mexico, Argentina, Chile, the Balkans, Russia 
and the Baltic States.171 It is also an important cause of disease and 
death in the Arctic, where polar explorers have died as a result of 
trichinosis; it is less important in the tropics but occurs in both 
East and West Africa. It is not a soil-transmitted helminth 
infection.

Aetiology

Trichinella spiralis occurs in two forms: adult and cystic. The adult 
T. spiralis (see Appendix III) is a white worm just visible to the 
naked eye and inhabits the small intestine. The male (1.6 × 
0.04 mm) has a cloaca situated posteriorly between two caudal 
papillae. The female (3–4 × 0.06 mm) has a vulva in the anterior 
fi fth, an ovary in the posterior half of the body, and a coiled 
uterine tube in the anterior portion.

Life cycle (see Appendix III)

The female lives for 30 days and is viviparous. The eggs (20 μm) 
live in the upper uterus and the larvae (100 × 6 μm) break out, 
living free in the uterine cavity. One female produces more than 
1500 larvae. The larvae, which emerge as early as 4–7 days after 
infection, continue to be produced for 4–16 weeks. They make 
their way via the lymphatics and blood circulation to the right 
heart and lungs, enter the arterial circulation and reach striated 
muscle, where they encyst.

Cystic stage

The cyst is formed by the larva encapsulated by the host tissue. 
The capsule is an adventitious ellipsoidal sheath [s1] with blunt 
ends, resulting from cellular reaction around the tightly coiled 
larva (Figure 85.19). The long axis parallels that of the muscle 
fi bres, and host amino acids nourish it so that it can remain alive 
for many years. In man, calcifi cation may take place after 6 months 
and lead to death of the larva. When consumed by a carnivorous 
host, the cysts are digested in the stomach, and, after encysting, 
the larvae, which are resistant to gastric juice, invade the duodenal 
and jejunal mucosa, where they penetrate the columnar epithe-
lium and develop into adults after 36 hours. The period between 
infection and the encysting stage in the muscles is 17–21 days.

Species and strains of Trichinella

T. spiralis contains three subspecies which can infect man. They 
are indistinguishable morphologically but vary in their host spec-
ifi city and can be distinguished enzymatically:172

• T. spiralis spiralis of temperate regions, with domestic pigs the 
main source of human infection. The parasite can also persist 
in sylvatic reservoir hosts (e.g. foxes) independent of whether 
or not infection among domestic animals or humans 
occurs.173

• T. spiralis nativa of the Arctic regions; a parasite of carrion-
feeding carnivores; polar bears and walruses are the main 
sources of human infection.

Figure 85.18 Geographical distribution of trichinosis.

Other Nematodes for which Man is not the Normal Host
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• T. spiralis nelsoni in Africa and southern Europe in wild carni-
vores, with wild pigs the source of human infection.
T. s. nativa is very resistant to freezing and T. s. nelsoni and T. 

s. nativa have a low infectivity for domestic pigs and rats.

Transmission

Transmission is by mouth from eating undercooked meat.

T. s. spiralis

Human infection is acquired from eating undercooked pork from 
infected pigs. The pigs are infected from eating raw garbage or 
perhaps from eating synanthropic rats which themselves become 
infected from garbage. Horse meat consumption was implicated 
in T. spiralis outbreaks in France and Italy.174 An epidemic due to 
T. pseudospiralis was reported from Thailand, affecting 59 indi-
viduals, all of whom ate raw pork from a wild pig that was dis-
tributed to villagers by a local hunter.175 Raptorial migrating birds 
from Asia are thought to have recently introduced T. pseudospiralis 
into Eastern Europe.176

T. s. nativa

Human infection is acquired from eating bear meat (the top pred-
ator), polar bear in the Arctic and brown bears in sub-Arctic 
regions of the former USSR and North America. Walrus meat can 
also be infective. Polar explorers have died as a result of eating 
polar bear meat.

T. s. nelsoni

Human infection results from eating meat of the bush pig or wart-
hog which are themselves infected from carrion.

Pathology

The capsule of the infective larva is digested in the intestine since 
it is resistant to the gastric juice and penetrates the duodenal and 
jejunal mucosa, where the amount of trauma and irritation 

depends on the number of larvae. This will cause the symptoms 
of the enteric phase.

After 5–7 days the worms mature and the females discharge 
larvae to the tissues, causing symptoms of the migratory or inva-
sive stage. Later, the larvae encyst, causing symptoms of the encyst-
ment stage. Larvae only encyst in striated muscle but travel through 
the brain and heart muscle, where they are unable to encyst.

Striated muscle

Larvae, after travelling through the circulation, encyst in muscles 
of the diaphragm, masseters, intercostals, and laryngeal, tongue 
and ocular muscles. At fi rst there is a basophilic degeneration of 
the muscle fi bres followed by formation of a hyaline capsule 
around the larva with an infl ammatory infi ltrate of lymphocytes 
and a few eosinophils (Figure 85.19). Foreign body giant cells may 
be present. The infi ltrate subsides and fat is deposited at the poles 
and after 6 months calcifi cation takes place, eventually leading to 
death of the larva.

Brain

Larvae migrate through the brain and meninges, causing lepto-
meningitis, granulomatous nodules in the basal ganglia, medulla 
and cerebellum, and perivascular cuffi ng in the cortex. They can 
be found in the cerebrospinal fl uid with a raised cell count and 
increased protein.

Heart

The larvae cause considerable damage on passage through the 
myocardium, cellular infi ltration and necrosis with subsequent 
fi brosis of the myocardial bundles.

Immunity

Natural immunity

Natural immunity is confi ned to cold-blooded animals with a 
temperature below 37°C.

Acquired immunity

A well-marked immunity to reinfection develops after the fi rst 
infection but it is necessary for the infective larvae to develop 
through to the adult stage before immunity is produced, which is 
both anti-adult and anti-larval. Cell-mediated immunity is largely 
responsible but humoral antibodies develop. Immunized mice 
respond rapidly to challenge infections, with an infl ammatory 
reaction in the bowel and the elimination of adult worms. 
Cellular immunity can be transferred by cellular elements and 
diminished by corticosteroids, adrenalectomy and whole body 
irradiation.

Clinical features

Natural history

Trichinosis is a self-limiting infection lasting in light infections 
2–3 weeks and in heavy ones at the most 2–3 months. Except in 
heavy infections, mortality is low. Light infections are often 
asymptomatic and routine examinations of diaphragms at autopsy 

Figure 85.19 Larvae of Trichinella spiralis in muscle.
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have shown a signifi cant number containing calcifi ed cysts in 
endemic areas.

Incubation period

From eating infected meat, the development of symptoms during 
the enteric phase is up to 7 days after infection, and for the migra-
tory phase, from 7 to 21 days.

Symptoms and signs

The symptomatology depends on the level of infection and can 
be related to the number of larvae per gram of muscle: light infec-
tions (subclinical), up to 10 larvae; moderate, 50 to 500 larvae; 
and severe and possibly fatal infections, more than 1000. In symp-
tomatic cases, symptoms develop in three stages: enteric (invasion 
of the intestine) phase, migration of the larvae (invasive phase) 
and a period of encystation in the muscles.

Enteric phase

Irritation and infl ammation of the duodenum and jejunum where 
the larvae penetrate cause nausea, vomiting, colic and sweating, 
resembling an attack of acute food poisoning. There may be a 
maculopapular skin rash, and in a third of cases symptoms of a 
pneumonitis occur between the 2nd and 6th day, lasting about 
5 days.

Migratory (invasion) phase

The cardinal symptoms and signs of this phase are severe myalgia, 
periorbital oedema and eosinophilia. There is diffi culty in masti-
cation, breathing and swallowing, due to the involvement of the 
muscles, and there may be some muscular paralysis of the extrem-
ities. There is a high remittent fever with typhoidal symptoms, 
splinter haemorrhages under the nails and in the conjunctivae, 
and blood and albumin in the urine. Characteristically there is a 
hypereosinophilia from the 14th day, which decreases after a week 
and persists at a lower level. An absence of eosinophilia denotes 
a poor prognosis. The lymph glands may be enlarged, as well as 
the parotid and submental glands. Occasionally there is spleno-
megaly. In severe cases there may be subpleural, gastric and intes-
tinal haemorrhages.

Rarely, myocardial complications can occur177 and in 10–20% 
of patients neurological complications when larvae pass through 
the central nervous system.178

Encystment phase

This is the third stage and may be severe. There may be cachexia, 
oedema and extreme dehydration. During the second month after 
infection there is a decrease in muscle tenderness, fever and itching 
subside, and congestive heart failure may appear. Damage to the 
brain may persist, with protean neurological signs which may 
clear up later or persist. Gram-negative septicaemia from organ-
isms introduced by the larvae, permanent hemiplegia and Jackso-
nian epilepsy 10 years after an attack of trichinosis have been 
described.

Differential diagnosis

Trichinosis resembles many conditions: typhoid, encephalitis, 
myositis and tetanus; due to the association with a high eosino-
philia it closely resembles the tissue stages of schistosomiasis 

(Katayama syndrome), hookworm, Strongyloides and other hel-
minthic infections. Trichinosis may also resemble collagen disor-
ders such as periarteritis nodosa and acute rheumatoid arthritis.

Diagnosis

Diagnosis is made by demonstrating larvae, by immunological 
and molecular methods.179

Demonstration of larvae

Larvae have been isolated from peripheral blood in the early stages 
of the migration phase by mixing blood with dilute acetic acid 
and centrifuging. Larvae may be demonstrated in muscle by tri-
chinoscopy.

Trichinoscopy

This can only be used when the encystment phase has started, 
from 7 days after infection onwards. Samples of deltoid, biceps, 
gastrocnemius or pectoralis major are digested with 1% pepsin 
and 1% hydrochloric acid for several hours at 37°C, fi ltered or 
centrifuged, and the number of larvae per gram of muscle esti-
mated. Larvae can also be seen on muscle pressed between two 
slides, which is more useful in the fi rst 3 weeks of the disease.

Xenodiagnosis can be performed by feeding diaphragmatic 
tissue to uninfected albino white rats and examining them 1 
month later.

The following immunological and antigen detection tests have 
been used: indirect immunofl uoresence; an enzymatic immuno-
histochemical technique; colorimetric sandwich ELISA; microfl u-
orescence; enhanced chemiluminescence; dissociated enhanced 
lanthemide fl uoroimmunoassay (DELFIA); Western blot test. 
DELFIA is the most sensitive for detecting antigen.179

Management

Treatment is directed against the larvae and the immune reaction 
they invoke. Ten days of oral mebendazole (200 mg twice a day) 
or thiabendazole (25 m/kg twice a day) are both effective, although 
the former is better tolerated by patients.180 In severe life-threaten-
ing infections the immulone response must be controlled, and 
prednisolone 20 mg three times daily is given initially, reducing 
and fi nally discontinuing over a period of 2–3 weeks. Some cases 
are resistant to prednisolone.

Epidemiology (Figure 85.20)

Man is not the normal host of T. spiralis and becomes infected 
only after eating raw or undercooked fl esh. The usual type, T. s. 
spiralis, found in Europe and North America, is an infection of 
synanthropic rats, by which it is propagated. These rats are can-
nibalistic and may be eaten by domestic pigs, which infect man 
when raw or undercooked pork is eaten. Pigs can also become 
infected after eating carcasses of sylvatic reservoir hosts, such as 
foxes.

Clinical illness is most likely to occur when meat prepared 
from a single heavily infected pig is eaten by a family or com-
munity. Where the meat has been diluted by uninfected meat, the 
disease is mild or subclinical. Garbage that contains unsterilized 
pig scraps and other trimmings is the most common source of 
infection in pigs. Another possible source is the ingestion of faeces 
of other infected animals, mice, rats, foxes and other pigs, at a 
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time when mature larvae are becoming established in the intesti-
nal wall. The majority of infections are symptomless.

T. s. nativa is found mainly in Alaska and the northern regions 
of the world. Here, trichinosis is found in the white whale, walrus, 
hair seal, tree squirrel, black and white polar bear, dog, wolf, fox 
and wolverine. The polar bear, which is at the top of the Arctic 
food pyramid, is usually heavily infected and is the usual source, 
along with black and brown bear, of human infections.

T. s. nelsoni is found in sub-Saharan Africa, where it has been 
described from East Africa and Senegal. The infection is found in 
bush pigs (Potamochoerus porcus) and in the lion, leopard, cheetah 
and hyena. Man is infected by eating bush pig; domestic pigs are 
not infected.

One of the most extensive, single-source outbreaks ever 
recorded in China, involving more than 600 infections and over 
300 clinical cases, was reported in 1997. The entire episode was 
attributed to the infection of undercooked pork dumplings at one 
restaurant.181 An exhaustive review on trichinellosis has been 
published.182

Prevention

The main method of prevention is thorough cooking of all meat 
and regular meat inspection by means of trichinoscopy of all pork. 
Effective treatment of pork may be instituted by means of refrig-
eration. Storage of pork in deep-freeze units at −18°C to −15°C 
is effective. The cysts are destroyed by storage at −15°C for 20 
days, −20°C for 10 days, −25°C for 6 days, and immediately by 
quick freezing at −37°C.

Cooking of all garbage will prevent the infection in pigs, and 
dressed pork may be irradiated by cobalt-60 or caesium-137, 
which kills the cysts.
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Section 11 Helminthic Infections

Chapter 86 Bruno Gottstein and Jürg Reichen

Echinococcosis/Hydatidosis

Echinococcus species are cestode parasites commonly known 
as small tapeworms of carnivorous animals. Some of these 
species are of medical relevance because they infect humans and 
cause respective diseases. Echinococcus granulosus is the causative 
agent of cystic echinococcosis (CE), also called cystic hydatid 
disease; Echinococcus multilocularis causes alveolar echinococcosis 
(AE), also called alveolar hydatid disease. CE and AE differ patho-
logically and clinically so much that they will be considered 
separately in this chapter. A few other species, namely E. equinus, 
E. ortleppi, E. vogeli, E. oligarthrus and E. shiquicus,1 are rarely or 
never found in humans and will thus only be covered as a small 
third section.

CYSTIC ECHINOCOCCOSIS 
(ECHINOCOCCUS GRANULOSUS)

Biology

E. granulosus is a small cestode tapeworm living fi rmly attached to 
the mucosa of the small intestine of predominantly dogs and 
other canids (Figure 86.1). Shedding of gravid proglottids or eggs 
in the faeces occurs within 4–5 weeks of prepatency. E. granulosus 
eggs are infective for intermediate hosts immediately after their 
release into the surroundings. Ingestion of such Echinococcus eggs 
by susceptible intermediate animal hosts or humans results in the 
release of an early-stage larva, the oncosphere, into the intestinal 
tract. This oncosphere migrates through blood or lymph vessels 
to primary target organs such as liver and lungs. At this location, 
the oncosphere matures into a vesicle, which grows expansively 
by concentric enlargement. The fi nal result is a fully mature 
hydatid cyst, which is usually fl uid fi lled and unilocular. The cyst 
consists of an inner germinal and nucleated syncytial layer sup-
ported externally by a carbohydrate-rich acellular laminated layer 
of variable thickness, surrounded by a host-produced fi brous 
adventitial layer. Occasionally, cysts may abut and coalesce, 
forming groups or clusters of cysts of variable size. In humans 
especially, where unusually large cysts may develop, daughter cysts 
can form within the primary cyst, including multiple, communi-
cating chambers. The endogenous formation of brood capsules 
and protoscolices is a prerequisite for termination of the life cycle. 
Protoscolices will grow to the adult stage once ingested by a 
defi nitive host.

Distribution and epidemiology

Infections with E. granulosus occur worldwide and in all conti-
nents; relevant public health problems focus predominantly on 
countries of South and Central America, the European and the 
African part of the Mediterranean area, the Middle East and some 
Eastern sub-Saharan countries, Russia and China. Annual inci-
dence rates of hospital human cases vary widely, e.g. 8.7 per 
100 000 population in Xinjiang (PR China) in 1990, 6.5 per 
100 000 in Uruguay (1997) and 8.0 per 100 000 in Sardinia (1990); 
prevalences were reported e.g. as 1–2% in Tunisia and Libya and 
3.1% in north-eastern Turkana (1992).2 Most cases observed in 
Central Europe and the USA are related to immigration of persons 
from highly endemic areas. In a case-control study in a highly 
endemic area, risk was mainly conferred by the number of dogs 
and time of exposure, in particular if the dogs were fed uncooked 
viscera.3 Various strains of E. granulosus have been described so far, 
differing especially also in infectivity to humans. The most rele-
vant for human infection are the sheep (G1) and the cattle (G5) 
strains. Another ‘northern’ strain (G8), prevalent in northern parts 
of the North American continent and Eurasia (tundra and taiga 
areas), appears less virulent for humans. Epidemiologically rele-
vant is the fact that there is no crowding effect or parasite-induced 
host mortality in animals, and the respective numerical distribu-
tion does not contribute to the regulation of either adult or larval 
parasite populations.

Measurement of the socioeconomic impact of echinococcosis/
hydatidosis represents an important challenge, which frequently 
becomes highly relevant for calculating the cost : benefi t ratio of 
possible activities for the control or eradication of Echinococcus 
species. In humans, the quantifi able items are those connected 
with preoperative diagnosis, surgical treatment, hospitalization, 
post-surgical examination and drugs. This is bound to increase in 
cases complicated by infection, rupture or unusual localizations 
or in patients with relapse. In such complicated cases – given that 
the site and treatment involved could mean the loss of an organ, 
cause irreversible sequelae or even threaten the life of the patient 
– the cost can be comparable with that of surgical treatment of 
cancer.4 The convalescent period should also be considered as an 
economic loss in view of the well-documented fact that a high 
proportion of cases occur in actively working persons, which 
means that the contribution of their labour to the economy of 
their countries is lost.
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Pathogenesis

CE is clinically related to the presence of well-delineated spherical 
primary cysts, most frequently formed in the liver (60% of cases) 
and the lungs (20%) (Figure 86.2). Cysts at less usual localizations 
include the kidneys, bones, heart, spleen, pancreas, and organs of 
the head and neck including the brain. Pathogenetically, tissue 
damage and organ dysfunction result mainly from this gradual 
process of space-occupying repression or displacement of vital 
host tissue or whole organs. The histology of a typical hydatid cyst, 
which can develop pressures of up to 80 cmH2O,5 demonstrates 
the germinal layer as primary site of parasite development, sur-
rounded by a parasite-derived thick laminated layer strongly stain-
able with periodic acid-Schiff solution (PAS). The germinal layer 
forms protoscolices and brood capsules within the cyst lumen. 
Granulae, calcareous corpuscules and occasionally free daughter 
cysts are often observed. The parasite evokes an immune response 
which will be involved in the formation of a host-derived adven-
titious capsule, which often calcifi es uniquely in the periphery of 

the cyst as seen in imaging procedures. Cholestasis may be present 
in the liver. There is often pressure atrophy of the surrounding 
parenchyma. Accidental rupture of cysts can be followed by a 
massive release of cyst fl uid and dissemination of protoscolices, 
resulting occasionally in anaphylactic reactions and in multiple 
secondary CE, as protoscolices have the potential to develop into 
secondary cysts within the intermediate host.

Immunology

The primary site of the host–parasite interaction is the host’s gas-
trointestinal mucosa. Little information is available on the immune 
response in man against migrating and subsequently established 
oncospheres and their development to the hydatid cyst of E. gran-
ulosus. Diagnosis of CE is usually achieved at a stage where a fully 
developed and still proliferating hydatid cyst has already induced 
a respective immune response in the host.6

At an early stage of CE, the parasite activates complement and 
hence complement-dependent infl ammatory responses. However, 

1

2

3

4

5

Figure 86.1 Life cycle of Echinococcus granulosus. Adult tapeworms parasitize in the small intestine of defi nitive hosts, mainly dogs (1). Parasite 
eggs (2) are shed with the faeces, being infectious for intermediate hosts including man (3) and predominantly ungulated animals. Hydatid cyst 
formation occurs predominantly in the liver (4), but also in lungs and other organs. Histologically, the cyst by itself consists of a very thin inner 
germinal layer, externally protected by an acellular laminated layer of variable thickness (5). The endogenous formation of brood capsules and 
protoscolices is a prerequisite for termination of the life cycle, which occurs when defi nitive hosts ingest protoscolex-containing hydatid cysts.
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on differentiation into the hydatid cyst, the parasite exposes to the 
host its laminated layer, which does not activate complement 
strongly.7 Mechanisms inhibiting complement activation on the 
cyst wall have been elucidated, contributing to the understanding 
of how the infl ammatory response is controlled during CE. Basi-
cally, the host–parasite relationship is sustained as a dynamic 
equilibrium between parasite growth and acquired immunity, the 
balance being subject to mutual regulation and including the pos-
sibility of spontaneous rejection of the parasite.8 Immunoregula-
tory events have been linked to the generation of T-suppressor 
populations and to impairing the accessory action of macrophages 
in lymphoproliferative responses. Local immune modulation by 
the parasite has been shown to enhance susceptibility to myco-
bacterial infections close to the site of parasite lesions.9 The co-
existence of elevated quantities of interferon gamma (IFNγ), 
interleukin (IL)-4, IL-5, IL-6 and IL-10 observed in most hydatid 
patients supports Th1 and Th2 cell activation in CE. In particular, 
Th1 cell activation seems to be more related to protective immu-
nity, and Th2 cell activation to susceptibility to disease.10

Clinical features

The early phase following primary infection is always asymptom-
atic. Dependent upon the size and the site of the developing 
hydatid cyst, the infection can remain asymptomatic for months, 
years or even longer. After a highly variable incubation period, the 
infestation may become symptomatic owing to a range of different 
events:
1. The growing cyst exerts pressure on or induces dysformation 

of adjacent host tissues, thus inducing dysfunction of the 
affected organ or vascular compromise. In case of hepatic CE, 
signs and symptoms may include hepatomegaly with or 
without a palpable mass in the right upper quadrant, right 
epigastric pain, nausea, vomiting and occasionally cholestatic 
jaundice. In inoperable cases, hepatic compromise may lead 
to biliary cirrhosis and the Budd-Chiari syndrome.11

Infestation of the lungs may present with chronic cough, 
hemoptysis, bilioptysis, pneumothorax, pleuritis, lung abscess 
and parasitic lung embolism.12

Rare but often fatal infestations can affect the heart or the brain. 
In the heart this can present as tumour, pericardial effusion up 
to tamponade,13 complete heart block14 and sudden death.15

In the spine and brain presentation is as a tumour with the 
respective neurological symptoms.16 Hydatid disease should 
be considered as a cause of stroke in young patients.17

2. A cyst may rupture and spill its contents into the adjacent site. 
Rupture into the biliary tree will mimic biliary colic or result 
in cholestatic jaundice and cholangitis or pancreatitis. This is 
the presenting symptom in 5–25% of patients. Ruptures in the 
liver but also in the lungs and other organs may result in acute 
anaphylactic shock reactions, which usually represent the fi rst 
initial and life-threatening manifestation.

3. The cyst can become superinfected; in hepatic hydatid disease 
this occurs in about 9% of patients and is an indication for 
rapid surgical intervention.18

The majority of patients with CE have single organ involvement 
with solitary cysts (Figure 86.3). Simultaneous involvement of two 
or more organs is observed in 10–15% of patients, dependent on 
the geographical origin of the patient and the strain of the parasite. 
In hepatic CE, the right lobe is more frequently affected than the 
left lobe. Cyst size varies usually between 1 and 15 cm in diameter. 
Cyst growth ranges between a size increase of a few millimetres 
(one-third of patients) to approximately 10 mm (most patients); 
one-tenth of patients exhibit a rapid increase with an annual 
average of 30 mm. Approximately 10% of CE cases occur in chil-
dren, and the rate of lung affection is signifi cantly increased 
among this group of young patients. Pulmonary cysts are often 
infected and this is best detected by computed tomography (CT) 
scanning.19 The ratio of males to females may vary, depending on 
the geographical area, but is statistically not signifi cant overall.

Clinical diagnosis

Symptoms are most often related to the expansive growth of the 
cysts. In most cases, imaging procedures together with serology 
will yield the diagnosis. Sonography is the diagnostic procedure 
of choice. The cyst wall typically shows double echogenic lines 
separated by a hypoechoic layer. The wall often varies in thickness 
and localized thickening (‘double contour’) is a helpful sign to 
distinguish from a simple liver cyst.20 On repositioning the patient, 
multiple echogenic foci due to hydatid sand can be seen to fall 
dependently–called the ‘snowstorm sign.’ Pathognomonic fi nd-
ings include daughter cysts and the ‘water-lily’ sign due to lower-
ing of intracystic pressure causing detachment of the endocyst 
leading to a localized split in wall and ‘fl oating membranes’ within 
the cavity.21 Daughter cysts that are separated by the hydatid matrix 
demonstrate a ‘wheelspoke’ pattern. An international classifi ca-
tion system of ultrasonographic CE images has been elaborated 
for application in clinical and fi eld epidemiological settings.2 
Briefl y, group 1 includes various types of developing cysts that are 
usually fertile; a transition group 2 includes cysts starting to degen-
erate, but usually still containing viable protoscoleces; group 3 
includes inactive degenerated or totally calcifi ed cysts, very unlikely 
to be fertile.

brain: >1%

heart/thorax: 2%

lungs: 20%

spleen: 6%
kidney: 2%

liver: 62%

others: 2%

bones/muscles: 4%

liver: 98%

others: 2%

CE AE

Figure 86.2 Schematic presentation of the distribution of E. 
granulosus (CE) and E. multilocularis (AE) cysts or metacestodes, 
respectively, as a percentage.

Cystic Echinococcosis (Echinococcus Granulosus)
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CT, where available, is superior for the detection of extrahepatic 
disease.22 On unenhanced CT images the cyst wall can show high 
attenuation. On contrast-enhanced CT, cysts are hypoattenuating 
with a slightly enhancing wall. Daughter cysts are seen in 75% of 
cases and their CT density is usually lower than the main cyst.21 
The detached endocyst can show linear areas of high attenuation. 
Coarse calcifi cation is seen in approximately 50% of lesions. 
Partial calcifi cation does not always indicate death of the metaces-
tode but densely calcifi ed cysts are usually inactive.21

Nuclear magnetic resonance imaging (NMRI) appears to add 
diagnostic benefi t for cysts, especially at diffi cult sites (such as 
spinal vertebrae, see Figure 86.4). On NMRI, a 4–5 mm hypoin-
tense rim on T2-weighted images due to the pericyst is a char-
acteristic sign.21 Daughter cysts are lower intensity on T1- and 
T2-weighted images than the mother cysts. When the endocyst 
detaches, it appears as hypointense bands. Complications of 
hydatid infection include cyst rupture, infection, exophytic growth, 
and peritoneal seeding.

Figure 86.3 Echinococcus granulosus liver lesions. Left: macroscopical presentation of a cross-sectioned hepatic hydatid cyst; note the internal 
septation of the cyst, exhibiting multiple daughter cysts. Right: visualization of a similar lesion, marked with arrow, by CT. Note here again the 
septation of the hypodense hydatid lesion due to the presence of daughter cysts.

Figure 86.4 MRI of E. granulosus hydatid cysts (arrows) located retroperitoneally, extending into the foramen intervertebrale and eroding the 
lateral vertebral wall L4. This patient had been surgically treated 3 years ago, and now presents a relapse of cyst growths, again surgically treated 
following MRI diagnosis.
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If a connection between the biliary system and the hydatid cyst 
is suspected, or even the complication of an intrabiliary hydatid 
cyst rupture, endoscopic retrograde cholangiopancreaticrography 
(ERCP) may provide useful respective information. Conversely, 
percutaneous transhepatic cholangiography is absolutely contra-
indicated, due to the potential anaphylactic shock upon cyst fl uid 
leakage. Ultrasonography is very helpful in following treated 
patients, successfully treated cysts becoming hyperechogenic.23 
Calcifi cation of variable degree in the peripheral cyst wall occurs 
in about 10% of cysts.

If aspiration cytology is performable, trichrome staining of the 
fi ltrated aspirate reveals the acid-fast hooklets.24 Cytology appears 
particularly helpful in detecting pulmonary and renal involve-
ment. Excretion of scolices into the urine is observed in 28% of 
cases with renal cysts.25 Viability of aspirated protoscolices can be 
determined by microscopic demonstration of fl ame cell activity 
and Trypan Blue dye exclusion.

Immunodiagnosis will be considered in the next section. Oth-
erwise, laboratory examinations are not particularly helpful in 
establishing the diagnosis, with the exception of determination of 
IgE and eosinophilia in cases of ruptured cysts presenting with 
allergic symptoms.26

Immunological and molecular diagnosis

Immunodiagnostic tests for the detection of serum antibodies 
are frequently used to support the clinical diagnosis of CE.6 
The indirect haemagglutination test (IHAT) and enzyme-linked 
immunosorbent assay (ELISA) using E. granulosus hydatid fl uid 
antigen are diagnostically relatively sensitive for hepatic cases 
(85–98%). For pulmonary cyst localization the diagnostic sensi-
tivity is markedly lower (50–60%), for multiple organ localization 
very high (90–100%). These tests are usually used for a primary 
serological screening. However, specifi city of such tests is low 
with regard to other cestode infection and some other non-
cestode helminthoses. In order to increase specifi city, primary 
seropositive sera are retested in a confi rmation test such as antigen 
5 precipitation (arc-5 test) or immunoblotting for a relatively 
specifi c 8 kDa/12 kDa hydatid fl uid antigen, considered as a 
subunit of Antigen B.27

The demonstration of parasite-specifi c IgE has attracted particu-
lar attention owing to its well-known relevance in helminthic 
diseases28,29 but has exhibited no signifi cant immunodiagnostic 
advantage in CE, although IgG4 and IgE appeared as the most 
important antibodies for serological diagnosis of hydatid cyst in 
an Ag5 based immunoassay system.26 Beside problems of diag-
nostic sensitivity and specifi city due to cross-reactions, there is 
accumulating evidence for false-positive antibody reactions not 
related to infections with heterologous helminth species, but to 
malignancies,30–32 the presence of anti-P1 antibodies33 and liver 
cirrhosis.34

With regard to the differential diagnosis between hepatic CE 
and cancer, immunoblotting has demonstrated the best respective 
performance so far.30 One characteristic of CE serodiagnosis is the 
relatively high proportion of patients with undetectable antibody 
levels in their sera. Such patients were shown to produce no IL-5 
and scarce IL-4 and IL-10 (Th2 type), conversely to seropositive 
CE patients.35 The authors suggested that seronegativity arises 

because of an inadequate Th2 cell activation required for immu-
noglobulin expression in CE.

MAbs generated against different parasite antigens have been 
used for the diagnosis of CE by detection of circulating antigens 
in patients’ sera or of native proteins in biopsies. Such MAbs have 
been mainly directed against two major E. granulosus antigens, 
named antigen 5 (Ag5) and antigen B (AgB).36,37 Anti-Ag5 MAbs 
were also used for the detection of the respective antigen in diag-
nostic fi ne-needle aspiration biopsies (FNAB) from patients with 
suspected CE.38

In order to provide a practical overview and suggestions about 
the procedure of laboratory tests that can be used for the diagno-
sis and follow-up of human CE patients, we include respective 
recommendations in Box 86.1.

Early diagnosis of persons with asymptomatic but active E. 
granulosus infection is a prerequisite for effi cient management of 
the disease. Consequently, screening may be offered to popula-
tions at risk. The currently optimal epidemiological tool to be 
used includes ultrasonographic examination for abdominal cystic 
echinococcosis combined with immunodiagnosis.6,39,40

The application of molecular biological techniques such as the 
polymerase chain reaction (PCR) can signifi cantly contribute to 
the identifi cation of Echinococcus-specifi c nucleic acids in biologi-
cal specimens resected or biopsied from patients.

Management

It remains unclear what to do with asymptomatic patients detected 
at screening or with imaging for unrelated medical problems. In 
one small series of 28 patients followed for over 10 years, 75% of 
patients remained free of symptoms.41

Surgery

Surgery remains the mainstay in the treatment of hepatic hydatid 
disease; however, a recent systematic review concluded that the 
level of evidence was in general rather low to decide on the best 
approach.42 Cystectomy and pericystectomy offer a good chance 
for cure and should be undertaken wherever possible.43 Occasion-
ally, formal hepatic resection will be required.44 Radical surgery 
– either pericystectomy or resection – is possible in 50–85% of 
cases.43,45,46 In the absence of complications this can be achieved 
with little mortality and an acceptable morbidity. Laparoscopic 
pericystectomy has been demonstrated to be as safe and effective 
as open laparotomy in selected cases with hepatic and/or splenic 
involvement.47,48

If conventional surgical cyst removal is not possible, treatment 
of CE has several alternatives such as PAIR (puncture, aspiration, 
injection of a helminthicide and reaspiration), chemotherapy or 
‘wait and observe’ approach.

Basically, indications for hepatic surgery include large liver cysts 
with putatively multiple daughter cysts; single liver cysts, situated 
superfi cially, which may rupture spontaneously or as a result of 
trauma; bacterially superinfected cysts; cysts communicating with 
biliary tree and/or exerting pressure on adjacent vital organs; 
brain, heart and kidney cysts; spinal and bone cysts.2 Relative 
contraindications are inoperable cases as defi ned for surgical pro-
cedures in general, patients with cysts diffi cult to access, and abor-
tive cysts either partly or totally calcifi ed.

Cystic Echinococcosis (Echinococcus Granulosus)
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Whatever surgical procedure is chosen, care has to be taken to 
avoid spillage of cyst content or, more specifi cally, protoscolices, 
which is the main predictor of recurrent disease. To achieve this, 
the peritoneal cavity should be carefully protected, and the cyst 
evacuated and sterilized with scolicidal agents. The use of forma-
lin and hypertonic saline should be abandoned since they can 
induce caustic injury to the biliary tree.49,50 Formalin and hyper-
tonic saline have also been associated with severe acidosis and 
hypernatraemia, respectively.51 Currently used scolicidal agents 
include chlorhexidine, hydrogen peroxide, cetrizamide and, most 
preferably, ethanol.43,51 Pretreatment with benzimidazole com-
pounds (affecting the germinal layer) – optionally complemented 
with praziquantel (affecting protoscolices) – has been proposed 
to avoid the use of dangerous scolicidal agents and to decrease the 
rate of recurrence.52–54

Radical surgery – hepatectomy or pericystectomy – has rela-
tively low relapse rates, ranging from 8.5% to 22%,43,44,51,55,56 
whereas relapse occurs in up to 75% after non-radical surgery 
(Table 86.1).46,57,58 Recently, minimally invasive approaches have 

been successfully used.59–61 Local recurrence has been ascribed to 
the formation of exogeneous daughter cysts which are left behind 
in the case of non-radical surgery.

Rupture into the biliary tree has been successfully treated with 
choledochojejunostomy or T-tube drainage;62,63 in a comparative 
series, choledochojejunostomy was found to result in fewer 
instances of recurrent jaundice than T-tube drainage.63 Endoscopic 
sphincterotomy with or without nasobiliary drainage has been 
successfully used in the treatment of obstructive jaundice due to 
biliary rupture.64,65 Sphincterotomy is also useful in cases of post-
operative biliary leaks.65 In selected cases, cyst removal and lavage 
with hypertonic saline by ERCP can lead to cure.66

In rare cases, in particular where radical surgery has not been 
possible, liver transplantation may have to be considered and has 
been successfully carried out.11

Pulmonary cysts can be of primary origin, but are also often 
the result of infected or ruptured hepatic cysts. About 40% of 
patients present with complications, mainly infection but also 
pneumothorax.67 In these cases, surgical treatment is mandatory. 

Box 86.1 Recommendations for the laboratory diagnosis and follow-up of human CE

Primary diagnostic approach (screening and confi rmation)
Serum antibody detectiona and/or imaging procedure

Seronegative samples AND 
negative imaging fi ndings

Seronegative samples AND 
‘positive’ imaging fi ndings

Seropositive samples AND 
‘positive’ or negative imaging 
fi ndings

Persons with documented infection risk 
only: Serological and imaging follow-
up every 6 months for 2 years.

Differential diagnosisb

Differential diagnosisb

Asymptomatic cases
Extended/advanced imaging procedures;
Repeat serodiagnosis with a new serum 

sample and immunoblotting;
FNAB38 or biopsy for PCR (tissue) or 

antigen detection (fl uid), if 
appropriate;

If lesions are fully calcifi ed:
Serological and imaging follow-up after 

6 months to confi rm parasite 
inactivity

Symptomatic cases
Consideration of percutaneous drainage 

or surgical intervention and/or 
chemotherapy without serodiagnostic 
confi rmation

Asymptomatic AND symptomatic cases
Species-specifi c (secondary) serology with:
– ELISA using appropriate (purifi ed) 

antigens
– Immunoblot for the detection of 

Antigen B subunits or other specifi c 
bands

Post-surgical and/or chemotherapeutical follow-up

Post-surgical follow-up Chemotherapeutical follow-up (assessing viability)
– CT and/or MRI and/or ultrasound
– Serum antibody detection by ELISA
– Serum antigen detection by ELISAc

– CT and/or MRI and/or ultrasound
– Serum antibody detection by ELISA
– Serum antigen detection by ELISAc

a ELISA for IgG detection, IHAT and latex agglutination test (LAT) with crude parasite antigen, alone or in combination, are commonly used.
b Clinical differential diagnosis for AHD (in some cases for cysticercosis) or neoplasias may be required.30,31,33

c Only in those patients with initially detectable circulating antigens.37
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Treatment consists of wedge resection or lobectomy,68 a two-stage 
procedure sometimes being necessary.67 Recently, minimally inva-
sive approaches for concurrent hepatic and pulmonary disease 
have been reported.69 Recurrence of pulmonary disease appears to 
be rare.56,67,68 A placebo controlled trial of albendazole in pulmo-
nary hydatid disease showed cure in 45% in the verum group as 
opposed to 0 in the placebo group; thus, primary pharmaco-
therapy can be considered in uncomplicated cases.70 Cardiac 
involvement necessitates surgery using bypass.71

Surgery is also the treatment of choice for renal involvement, 
nephrectomy being necessary only in about 15%, the others being 
able to be treated with pericystectomy alone.58,72 For the treatment 
of hydatid cysts of the central nervous system recovery can be 
expected if the whole cyst can be extracted16; results of pharmaco-
logical treatment are uncertain.16

PAIR, once a rather controversial procedure, is now widely used 
in selected cases but requires experienced specialists. In a random-
ized trial comparing pericystectomy with PAIR plus albendazole, 
hospital stay was shorter and complications fewer in the patients 
treated with PAIR compared to the surgical group.73 PAIR is indi-
cated for:2 patients refusing surgery; infected cysts not communi-
cating with the biliary vessel system; inoperable patients (see 
contraindications for surgery); pregnant patients; children >3 
years; anechoic lesion = 5 cm in diameter; cysts with a regular 
double laminated layer; cysts with multiple septal divisions of 
more than fi ve; multiple cysts (= 5 cm in diameter) in different 
liver segments; relapse after surgery; and failure to respond to 
chemotherapy. Relative contraindications for PAIR are inaccessible 
or risky location of the cyst in the liver; multiple septal divisions; 
cysts with echogenic lesions; inactive cysts or calcifi ed lesions; 
communicating cysts; cysts located in the lung and bones and 
some others. It should not be performed when exophytic cysts or 
dilated bile ducts are observed on preoperative imaging.74 A mul-
ticentric study, based on the use of 95% ethanol as a scolicidal 
agent, reported the successful treatment of 231 cysts in 163 Italian 
and Kenyan patients with abdominal, mainly hepatic CE.75 Other 
experiences with PAIR were obtained in 61 patients with 84 hepatic 
hydatid cysts.76 In this study, hydatid cysts were sterilized by the 
injection of one of two scolicidal agents: 20% hypertonic saline 
solution (38 patients) or 0.5% silver nitrate (23 patients), respec-
tively. All patients underwent follow-up examinations for 1 month 
to 6 years after PAIR: serial sonographic examinations revealed 
a heterogeneous echo pattern in 78 cysts (93%); a progressive 

decrease in diameter in 76 cysts (90%); calcifi cation of the cyst 
wall, cystic contents or both in 10 cysts (12%); and complete 
disappearance of one cyst (1%) in a patient who had been mon-
itored for over 6 years. Similar results were reported by Men and 
colleagues.77 However, complications are not infrequent after 
PAIR. No recurrence of CE after PAIR was observed in Odev’s 
series76 over the follow-up period of 72 months, while there were 
three local recurrences and one rupture into the biliary tree in the 
series by Men et al.77 and 2.8% in another Turkish series.78 Recently, 
a percutaneous approach employing radiofrequency ablation 
has been described with good immediate results79 but long-term 
results are not yet available.

Pharmacotherapy

Two benzimidazole compounds – mebendazole and albendazole 
– and praziquantel have activity against E. granulosus in vitro and 
in animal models.80,81 No controlled studies have ever been per-
formed in man but large series with the benzimidazoles have been 
published (Table 86.2).82–90 Albendazole appears preferable to 
mebendazole because of its better bioavailability.91,92 Both drugs 
penetrate into the cysts,93,94 but sometimes heroic doses are needed 
to achieve a therapeutic plasma concentration of mebendazole.95 
Mebendazole should be given after a fat-rich meal and levels 
monitored 4 hours after the morning dose.93 Plasma levels of 
mebendazole are unrelated to dose;94,95 the generally accepted 
therapeutic levels are around 250 nmol/L. The therapeutic level of 
albendazole sulphoxide, the major active metabolite in serum,96 
has not been defi ned in vivo yet. Better absorption of albendazole 
when given with a fatty meal has also been reported.97 Cholestasis 
increases the blood levels of both drugs.98 The former use of 
albendazole in cycles of 4 weeks, followed by a drug-free interval 
of 2 weeks, has been increasingly replaced by continuous treat-
ment.2,99 The initial idea for the cyclic treatment had been to 
diminish toxicity and to avoid autoinduction of its metabolism.96 
However, more recently continuous administration was found to 
be more effi cacious in a small comparative study than administra-
tion in cycles: 6/6 patients on continuous therapy showed cyst 
involution, while relapse occurred in the cycling group.100

Side-effects of the two drugs appear to be similar and include 
mainly leucopenia, hair loss and hepatotoxicity.82,98 For both 
benzimidazoles it appears likely that they act not truly parasiticid-
ally in vivo but rather parasitostatically. Thus, in those treated with 

Table 86.1 Selection of recurrence rates (as a percentage of the total series) after 
surgery for CE

Authors n Radical (%)a Non-radical (%)b PAIR (%)c

Akhan et al.57  31 – – 3.2

Behrns and van 
Heerden46

 23 0 50.0 –

Magistrelli et al.58 119 16.9  4.2 –

Morel et al.44  42 2.4 27.3 –

a Includes formal hepatic resections and total pericystectomy.
b Includes different procedures such as capitonnage or partial pericystectomy.
c PAIR: Puncture, aspiration, inoculation and reaspiration (see text).
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mebendazole for 1 year, viable scolices could be found in at least 
50% of patients in spite of therapeutic drug levels.95 The perfor-
mance appears somewhat better for albendazole because prior to 
surgical excision only one of 14 patients had viable protoscolices 
when treated for longer than 1 month, as opposed to two patients 
treated only for a few weeks.52 Short-term treatment is clearly 
inadequate since also with albendazole treatment for 3 weeks 50% 
viable cysts were found in a prospective study.101 In a large multi-
centre report viable cysts were found at surgery in 11% of patients 
treated with albendazole for an average of 2.5 cycles.99 On the 
other hand, in the only randomized study published so far, 50%, 
72% and 94% of cysts were non-viable after no, 1 month or 3 
months’ treatment with albendazole, respectively.102

In a comparative multicentre trial albendazole appeared to be 
slightly superior to mebendazole, in particular for extrahepatic 
sites.82 In this trial, 68 of 112 patients were followed for at least 
1 year; 39% and 14% of patients treated with albendazole 
(10 mg/kg per day) or mebendazole (increasing dose up to 
4.5 g/day), respectively, were deemed to be treatment successes, 
as judged by disappearance or a major decrease in cyst size. The 
corresponding fi gures for favourable effects (meaning a decrease 
in cyst size or disappearance of some but not all cysts) were 39% 
and 64%, while treatment failures were 22% and 23%, respec-
tively. Tolerance of the drugs was similar, side-effects occurring 
in 18% and 20% of patients treated with mebendazole and 
albendazole, respectively. This trial suffers from the fact that 
mebendazole levels were not measured and therefore the dose was 
not adjusted in the individual patients. The World Health Orga-
nization (WHO) trial and other series evaluating mebendazole 
and/or albendazole are summarized in Table 86.2; this table 
should be read with some caution since it is possible that col-
laborators of the WHO trial published part or all of their patients 
independently. Therapeutic failures have clearly been described 
with both drugs; combining all the studies in Table 86.2, a slight 
advantage seems to emerge in favour of albendazole. The data 
concerning mebendazole may have been biased for comparative 
purposes due to the fact that most investigators used fi xed 

dosing and did not adjust for blood levels. Given the slow 
growth of E. granulosus cysts, a follow-up of at least 1 year is 
required to assess the value of any pharmacological treatment of 
this disease. The drug has also been used in children84 and the 
response rate of 51% is comparable with that seen in adult series. 
The summarized success, as defi ned above, after albendazole 
ranges from 66% to 100%. Complete cyst disappearance was 
observed in 22% of patients with hepatic cysts.88 Serum levels 
were not monitored and from the compilation in Table 86.2 it 
remains unclear whether higher doses of albendazole could 
increase the response rate.

Cyst size is a main determinant for response to either benzimid-
azole, small cysts responding better than large cysts, while cyst 
location, with the exception of bone, appears not to be a major 
determinant.86 Franchi et al.83 observed relapse in 25% of patients 
after 6 months’ treatment; there was no difference between meben-
dazole and albendazole. Type II cysts tended to relapse more 
frequently. Bone cysts appear to be a problematic indication 
for pharmacological therapy in the experience of different 
investigators.2,86

The benefi cial effects of praziquantel medication (additional to 
benzimidazoles) have been suggested and discussed.54,81,103 The 
combination may be of particular interest since it appears more 
potent than either agent alone in an animal model of peritoneal 
spillage in vivo.80 However, Piens et al.104 treated nine patients 
prior to surgery with two 10-day courses of praziquantel. The drug 
could not be detected in the cyst fl uid and as many cysts remained 
vital as in an untreated control group, shedding doubt on the 
effi cacy of praziquantel alone as a scolicidal agent. This may be 
due to the fact that praziquantel acts on protoscolices but not on 
the germinal layer.

In an uncontrolled study, the combination of albendazole and 
praziquantel was slightly superior to monotherapy with albenda-
zole. In 19 patients treated with the combination, cysts disap-
peared in 47% and regressed >50% in 37%. In contrast, in 
22 historical controls treated with albendazole alone, 36% only 
disappeared.105

Table 86.2 Effect of benzimidazole treatment in CE

Authors n (patients) Dose per day XR (mos) Follow-up Success (%)a

MEBENDAZOLE

Davis et al.82 22 4.5 g 6 1 year 78

Franchi et al.83 70 – – 6 months 64

Messaritakis et al.84 39 200 mg/kg 3 5 years 51

Schantz et al.85 127 Variable Variable – 74

Todorov et al.86 44 50 mg/kg 6–24 30 months 48

ALBENDAZOLE

Erzurumlu et al.87 22 12–15 mg/kg 3–7 21 months 100

Morris et al.88 22 10 mg/kg – – 68

Nahmias et al.89 68 800 mg/d Variable 3–7 years 58

Saimot et al.90 10 14 mg/kg Variable – 50

Todorov et al.86 35 10 mg/kg 4 33 months 74

a Success is defi ned as either disappearance or clear-cut regression of cysts, assessed by sonography. The remainder were failures, defi ned as unchanged or progressive 
radiological appearance.
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Prognosis

Life expectancy in successfully operated patients appears to be 
normal; patients with extrahepatic disease seem to fare no worse 
than those with hepatic disease.106 However, when patients present 
with complications, in particular cholangitis, there is an appre-
ciable mortality.51 Most hydatid cysts grow slowly; the best data 
on their natural evolution have been generated by Romig et al.;107 
these authors have followed 36 patients sonographically over a 
year. Of particular interest is the fact that 13.6% of cysts either 
disappeared or collapsed spontaneously. This has to be taken into 
account when evaluating results of chemotherapy, although special 
attention should be given to the biological particularities of the 
parasite strain present in the Turkana district.

ALVEOLAR ECHINOCOCCOSIS 
(ECHINOCOCCUS MULTILOCULARIS)

Biology

The natural life cycle of E. multilocularis involves predominantly 
red and arctic foxes as defi nitive hosts (Figure 86.5); other wildlife 
carnivores, e.g. racoon dogs, and especially domestic dogs can also 
become infected and – due to their close contact with human 
beings and high parasite egg output – may represent an important 
infection source in highly endemic areas. Cats may become 
infected as well but usually shed no or only small numbers of 
parasite eggs. In the susceptible defi nitive host, egg production 
starts as early as 28 days after infection. Eggs released into the 
environment show a high degree of longevity and resistance to 
degradation, e.g. up to 2 years when they reside under humid 
conditions and moderate temperatures. Following egg ingestion 
by an intermediate host such as a rodent or a human (occasion-
ally, other animal species may be included as intermediate host 
as well, e.g. primates, beavers, nutrias and others), digestive pro-
cesses and other factors in the host gut result in hatching and 
release of the oncosphere, which subsequently becomes activated 
– probably by the surface active properties of bile. The activated 
oncosphere penetrates the epithelial border of the intestinal villi 
and enters venous and lymphatic vessels, followed by distribution 
to other anatomical sites. Most of the oncospheres develop in the 
liver; some may additionally reach the lungs or other organs. 
Maturation to the asexually proliferating metacestode includes 
restructuration of the oncospheral tissue, cellular proliferation, 
vesicularization and creation of a germinative membrane with 
formation of a central cavity and a peripheral laminated layer, 
followed later by endogenous and exogenous budding and prolif-
eration of metacestode tissue. AE will occur within the liver tissue 
in more than 98% of cases; subsequent metastasis formation may 
occur in adjacent or distant tissues (observed in approximately 
20% of AE cases). Parasite tissue growth occurs by exogenous 
budding of metacestode tissue with a progressive, tumour-like 
expansion. Production of protoscolices may take place within 
2–4 months in most of the rodent hosts, but in less than 5% of 
human AE cases.

For completion of the life cycle, defi nitive hosts must ingest the 
mature infective metacestode containing protoscolices. Digestion 

of the infected tissue is followed by liberation of protoscolices 
with invaginated scolex. Pepsin and bile salts stimulate rapid 
evagination of the scolex, which is then able to attach fi rmly to 
the intestinal mucosa.

Distribution and epidemiology

The geographical distribution of E. multilocularis is restricted to the 
northern hemisphere. In North America, the cestode is present in 
subarctic regions of Alaska and Canada. The parasite in its wildlife 
cycle has been described in Manitoba, North Dakota, and some 
other states such as South Carolina,.108 In Europe, relatively fre-
quent reports of alveolar echinococcosis in humans focus on Swit-
zerland, Austria, Germany, France and north-eastern countries, 
such as Estonia, Latvia and Lithuania; a few cases have recently 
been found in other European countries. The Asian areas with E. 
multilocularis include the whole zone of tundra, from the White 
Sea eastwards to the Bering Strait, covering large parts of the 
former Soviet Union. Large foci are found in China and 
northern Japan.2

At the global level, scant data exist on the overall prevalence 
of human alveolar echinococcosis. The annual incidence of the 
populations at risk in western Alaska, including St Lawrence 
Island, averages 28 new cases per 100 000 inhabitants;109 this 
is much lower in Switzerland, where an annual incidence of 
0.18/100 000 has been notifi ed.110 Similar data were reported from 
France, Germany and Austria.111,112 In contrast to the relatively 
stable prevalence and incidence in Europe and Alaska, Japan 
reported spread of both parasite and disease in its northern areas: 
between 1937 and 1982, 129 cases of alveolar echinococcosis 
had been reported on Rebun Island; since then, the disease has 
spread to Hokkaido and Honshu Islands with a total of 264 and 
60 new cases, respectively, registered up to 1988.2 One of the 
highest incidences has been reported from China with an 8.8% 
seroprevalence.113

Pathogenesis and immunology

The E. multilocularis metacestode (larva) will develop in infected 
human patients primarily in the liver (Figure 86.2). Occasionally, 
secondary lesions may form metastases in the lungs, brain and 
other organs. The typical lesion appears macroscopically as a dis-
persed mass of fi brous tissue with a conglomerate of scattered 
cavities, each ranging from a few millimetres to centimetres in size. 
In advanced chronic cases, a central necrotic cavity can be formed 
which contains a viscous fl uid with, rarely, a bacterial superinfec-
tion. The lesion often contains focal zones of calcifi cation local-
ized within the metacestode tissue. Histologically, the hepatic 
lesion is characterized by a conglomerate of small vesicles and 
cysts demarcated by a thin laminated layer with or without an 
inner germinal layer. Parasite proliferation is usually accompanied 
by a granulomatous host reaction including a vigorous synthesis 
of fi brous and germinative tissue in the periphery of the metaces-
tode, but also of regressive changes centrally. In contrast to infec-
tion in susceptible rodent hosts, lesions from infected human 
patients rarely exhibit protoscolex formation within vesicles and 
cysts. Immunogenetic and immunological host factors proved 
responsible for phenomena of resistance shown in some patients 
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exhibiting an early ‘dying out’ or ‘abortion’ of the metacestode 
(Figure 86.6).114 Thus, after infection with E. multilocularis, not 
every person appears susceptible to unlimited metacestode prolif-
eration and will become actual patients within 5–15 years follow-
ing infection.115 The host mechanisms modulating the course of 
infection are most likely of immunological nature, including 
primarily T cell interactions. Thus, the periparasitic granuloma, 
mainly composed of macrophages, myofi broblasts and T cells, 

contains a large number of CD4+ T cells in patients with abortive 
or died-out lesions, whereas in patients with active metacestodes 
the number of CD8+ T cells is increased;116 and an immunosup-
pressive process is assumed to downregulate the lymphoid mac-
rophage system. Conversely, the status of cured AE is generally 
refl ected by a high parasite antigen-specifi c in vitro lymphoprolif-
erative response. The cytokine mRNA levels following E. multi-
locularis antigen stimulation of lymphocytes shows a rather 
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Figure 86.5 The life cycle of E. multilocularis involves predominantly foxes as defi nitive hosts (1), occasionally other carnivores such as domestic 
dogs or house cats. When parasite eggs (2) are ingested by a suitable intermediate host (3) including man and various rodents, the parasite 
metacestode will primarily become established in the liver (4). Macroscopically, the typical lesion is characterized by a dispersed mass of fi brous 
tissue with a multitude of interconnected vesicles ranging from a few millimetres to centimetres in size. The peroral uptake of protoscoleces-
containing metacestodes by defi nitive hosts, e.g. when eating infected mice, terminates the life cycle.
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Th2-oriented production of cell cytokine transcripts including 
IL-3, IL-4 and IL-10.117 The phenomenon of immunological or 
constitutional resistance may be dependent upon a potential 
immunogenetic predisposition with the potential of an HLA-DR 
type association.118,119 Conversely, lack of Th cell activity such as 
in advanced AIDS is associated with a rapid and unlimited growth 
and dissemination of the parasite in AE, as exemplifi ed by a young 
AIDS patient who died from AE at the age of 6 years.120 Chemo-
therapeutic restorage of CD4+ cell numbers in an AIDS patient 
regained control of the progression of AE by benzimidazole treat-
ment.121 As for E. granulosus, the primary site of inter action between 
E. multilocularis and its host is the mucosa of the gastrointestinal 
tract. Scarce information is available on the immune response 
against migrating and subsequently established oncospheres and 
their development into larvae of E. multilocularis in humans. 
Therefore, the following considerations will focus on the immune 
response to fully developed and progressively proliferating meta-
cestodes. Many patients with AE respond with a marked synthesis 

of parasite-specifi c antibodies, including all 
isotypes of immunoglobulins. There is no evidence that 
specifi c antibodies have a direct restricting role on the growth of 
the metacestode. However, protoscolices and oncospheres of 
E. multilocularis can be lysed by antibody mediated complement 
inactivation. Antibodies appear to be involved in the rare chronic 
granulomatous course of the disease. In contrast to antibodies, 
T lymphocyte interactions appear to be of immunopathophy-
siological signifi cance. The concept that T lymphocytes are the 
main determinant of host response is supported by different 
fi ndings in animal models of alveolar echinococcosis. Thus, 
depletion of T cells enhances metastasis formation in mice, 
and in congenitally athymic nude mice. Peritoneal macrophages 
also contribute signifi cantly to NO-mediated periparasitic 
immunosuppression.122,123

In ‘resistant’ human AE patients – as mentioned above – mass 
proliferation of the intrahepatic metacestode is putatively inhib-
ited by an appropriate host immune response. The process fi nally 

Figure 86.6 In the fi rst row, an E. multilocularis active liver AE lesion is shown, while the second row presents a ‘died-out’ lesion. Left column: 
macroscopic presentation of resected and cross-sected liver lesion; right column: CT visualization of similar lesion type, parasitic mass denoted by 
arrow. Note in the CTs the hypodensity of the large lesions (arrow) in active AE, while the ‘died-out’ lesion (second row) will appear as a small 
fully calcifi ed white mass (arrow).
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results in the early ‘dying out’ of the metacestode. This was initially 
suggested by the identifi cation of individuals (upon serological 
screening by an Em2-ELISA; for more information on Em2 see 
below) in Alaska,114 France,111 and recently also in Switzerland,124 
in whom the lesions had ‘aborted’. Lesions are considered to be 
aborted when they have completely calcifi ed and no parasite cell 
viability can be observed after surgical resection of the parasite 
lesion and subsequent transplantation into susceptible laboratory 
rodents. Histological and immunological examinations revealed 
that in these cases the parasite material remaining within the 
lesion largely consisted of debris of the laminated layer.125 Surgical 
removal of the died-out lesion, and thus of the immunostimulat-
ing Em2 source, resulted immediately in seronegativity with regard 
to anti-Em2 antibodies.126 The inability of the patients to elimi-
nate the Em2-positive laminated layer indicated a very low degrad-
ability of the material, and pointed towards the crucial role it may 
play in protecting the parasite from host effector mechanisms.127

Consequently, with regard to E. multilocularis infection in 
human beings, one can discriminate between two populations. 
One is comprised of individuals who developed disease (AE), thus 
refl ecting susceptibility to unlimited metacestode proliferation, 
and another group exhibits ceased metacestode growth. According 
to epidemiological indications, resistance to disease appears to be 
the predominant feature among affected humans. Thus, the basic 
question is how the parasite survives in those cases where AE 
becomes clinically manifest, especially in relation to the host cell-
mediated immunity. The molecular basis of the cellular immuno-
regulation in AE patients is still relatively poorly understood. 
Bresson-Hadni et al.128 localized the transcription of the pro-
infl ammatory cytokines IL-1β, IL-6 and tumour necrosis factor 
alpha (TNFα) mRNA in human livers infected with E. multilocu-
laris. They showed that pro-infl ammatory cytokines may be 
consistently produced by macrophages at the periphery of the 
periparasitic granuloma and could serve as mediators of acute-
phase protein secretion and of fi brogenesis in that location. Kil-
winski et al.129 analysed the T lymphocyte cytokine profi le in 
human AE patients at a single cell level. They found that the spe-
cifi c expression of the early activation marker CD69 was induced 
in CD4+ T lymphocytes as well as in CD8+ T lymphocytes. FACS 
for intracellular cytokines showed that IL-2, IL-5 and IL-10 were 
expressed in CD4+ as well as in CD8+ lymphocytes. Most notably, 
there was a defi nite increase in the expression of IL-10 in CD8+ 
lymphocytes from patients suffering from AE. Serum levels of IL-
4, IL-10 and IL-12 were assessed in AE patients and controls by 
the same group.130 Signifi cantly higher levels of IL-10 were found 
in AE patients than in controls, with a tendency to increased con-
centrations in progressive cases.

Several lines of evidence obtained in vivo and in vitro indicate 
the important bio-protective role of the laminated layer synthe-
sized by the metacestode.131 For instance, the laminated layer has 
been proposed to protect the germinal layer from nitric oxide 
produced by periparasitic macrophages and dendritic cells, and 
also to prevent immune recognition by surrounding T cells.132 A 
high periparasitic NO production by peritoneal exudate cells con-
tributes to periparasitic immunosuppression,133 thus iNOS-
defi ciency results in a signifi cantly lower susceptibility towards 
AE.134 The intense periparasitic granulomatous infi ltration indi-
cates an intense host–parasite interaction, and the involvement of 
cellular immunity in control of the metacestode growth kinetics 

is strongly suggested by experiments carried out in T cell defi cient 
rodents.135 Parasite metabolites were shown to contribute to peri-
parasitic immunosuppressive activities.136 Furthermore, an 
obstructed presenting-activity of MØ appeared to trigger an unre-
sponsiveness of T cells leading to the suppression of their clonal 
expansion during the chronic phase of AE.123

Clinical features

The initial phase of primary E. multilocularis infection is always 
asymptomatic. The percentage of asymptomatic patients being 
detected owing to improved epidemiological tools137 has increased 
lately, including persons harbouring ‘died-out’ lesions (Figure 
86.6). Dependent upon the size and the site of the developing 
parasite lesion, the infection may remain asymptomatic for years 
or even decades. In Europe, the average age of AE patients at diag-
nosis is 55 years; young children are rarely affected. The ratio of 
males to females may vary depending on the geographical area 
but is statistically not signifi cant overall. After a highly variable 
incubation period (on average between 5 and 15 years), the infec-
tion may become symptomatic due to a range of different events: 
the growing parasite tissue exerts pressure on or induces dysforma-
tion of adjacent tissues and induces complication by dysfunction 
of the affected organ. In the case of AE, this may include hepato-
megaly-cholestasis-jaundice, secondary biliary cirrhosis, liver 
abscess, portal hypertension and Budd–Chiari syndrome. The 
disease starts frequently with non-specifi c symptoms such as epi-
gastric pain or cholestatic jaundice. The AE liver lesions range 
between 5 and 90 cm at the time when patients come to diagno-
sis.2 Typical calcifi cations occur in 70% of cases; central or periph-
eral necrotic cavities are found in approximately 70% of cases. The 
growth rate of the parasite tissue is usually slow in immunocom-
petent patients. Voluminometric analysis by CT indicated an 
average volume increase of 15 mL/year in progressive forms of AE. 
In complicated cases, evidence of secondary biliary cirrhosis and/
or cholangitis will be found. Amyloid has been described in two 
out of two kidneys and two of six livers.138 Periparasitic or blood 
eosinophilia is quite rare, occurring in only 10% of patients.2 
Evidence of cholestasis is frequently present, while transaminases 
are only rarely and moderately elevated, in particular when there 
is central necrosis.139 One of the most feared complications is 
infection of a necrotic cavity and/or obstructed bile ducts, which 
is associated with very high mortality due to development of 
septic shock.140 Distant metastases can occur late in the disease; 
these have been described in brain,2,140,141 spine,140 lung,2,109,140,142 
bone140,141 and eyes.143 Metastatic disease occurs in approximately 
10–20% of patients. Growth can also be expansive, invading the 
lungs through the diaphragm, the porta hepatis and the peritoneal 
space and retroperitoneum, which can extend as far down as the 
testes, encasing the ureters in the process.144

Clinical diagnosis

The primary manifestations of E. multilocularis are related to the 
liver, which is affected in 92–100% of cases. The most frequent 
presenting symptoms include non-specifi c abdominal pain, hepa-
tomegaly and jaundice. In about 15% the parasite is incidentally 
discovered in asymptomatic patients, or there are only unspecifi c 
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symptoms such as fatigue and weight loss.142 As a result of 
screening programmes since 1983, more asymptomatic patients 
are being discovered in France,111 Alaska,114 Switzerland110,124 and 
Germany.112 Occasionally, portal hypertension, either variceal 
bleeding and/or ascites, is the fi rst manifestation.140

Among the imaging procedures, ultrasonography, CT and MRI 
are of greatest diagnostic value, none of those being uniquely 
superior.145 In a direct comparison of the three modalities, ultra-
sound was felt to be optimal for screening and CT for characteriza-
tion of the lesions.146 Calcifi cations on plain abdominal radiographs 
may give the fi rst clue as to the aetiology of the disease; the per-
centage of calcifi ed lesions increases from 33% to 100% as the 
disease progresses.147,148 On sonography, hyperechogenic and 
hypoechogenic zones are found in the lesion(s).149 Due to the 
vesicular structure of the parasitic mass, no cystic appearance can 
be expected, with the exception of central necrotic cavities. Similar 
fi ndings can be found on CT (Figure 86.6): the lesions are typically 
not enhanced with contrast medium; the characteristic lesion has 
been called a ‘geographic map’, with irregular contours and alter-
nating hypodense and hyperdense areas, refl ecting necrosis and 
calcifi cation, respectively. CT is felt by some authors to be superior 
to ultrasonography in delineating the anatomy of parasite local-
ization and visualization of microcalcifi cations.150 Hilar involve-
ment can lead to liver atrophy, which is easily visualized by CT.151 
Ultrasonography is 84% sensitive and specifi c and in areas of high 
prevalence is the preferred imaging procedure for mass screening 
programmes.113,150 As with E. granulosus, MRI adds to diagnosis, in 
particular in cases with appropriate organ localization such as 
brain and bone, and to visualize pathologically altered microstruc-
tures in certain affected organs, thus allowing a precise analysis of 
the different components of the parasitic lesions such as necrosis 
and fi brosis.151 However, in contrast to CT, microcalcifi cations are 
not visualized by MRI.152,153

Histopathological and immunohistochemical procedures to 
analyse surgically resected samples or biopsies obtained by FNAB 
include the use of species-specifi c MAbs such as MAbG11 or 
molecular techniques such as PCR (both methods are discussed 
in the section below), beside conventional histology, with PAS 
being the best staining method to characterize the typical lami-
nated layer of the parasite.154

Assessing the parasite viability in vivo following therapeutical 
interventions may be of tremendous advantage when compared 
with the invasive analysis of resected or biopsied samples. Such 
alternatives may be offered by magnetic resonance spectrometry 
(MRS)155 or the positron emission tomography (PET).145,156 The 
PET technique has been recently used for assessing the effi cacy of 
chemotherapy in AE.145 Evaluation of the disappearance of 
metabolic activity detected in the parasite lesions with 
[18F]fl uorodeoxyglucose-PET is still costly and not ubiquitarily 
available. In vivo MRS may also complement conventional CT or 
MRI to provide more detailed information on the viability or 
metabolic activity of metacestode cysts.155

Serological and molecular diagnosis

Complementary to imaging procedures, immunodiagnosis repre-
sents a valuable secondary diagnostic tool to confi rm the nature 
(and species) of the aetiological agent.6,157,158 In general, serologi-

cal tests are more reliable in the diagnosis of AE than CE. The use 
of purifi ed E. multilocularis antigens (such as the Em2-antigen, the 
Em18-antigen or recombinant antigens II/3–10 (similar to Em10- 
and recEm18-antigen)) exhibits diagnostic sensitivities ranging 
between 91% and 100%, with overall specifi cities of 98–100%. 
These antigens allow discrimination between AE and CE with a 
reliability of 95% or higher.6,159,160

Immunoblotting has been shown to yield sensitivity and spec-
ifi city performances approaching 100%, especially including all 
those cases previously negative in ELISAs.161 Early diagnosis of 
persons with asymptomatic AE is a prerequisite for effi cient man-
agement of the disease in highly endemic areas. Consequently, 
screening may be offered to populations at risk.162 The currently 
optimal epidemiological tools to be used include species-specifi c 
immunodiagnosis, which may be complemented by ultrasono-
graphic examination. Specifi c serological tests such as discussed 
above exhibit operating characteristics which allow reliable sero-
epidemiological studies. The aim of such studies is to detect 
asymptomatic preclinical cases of human AE as well as those cases 
in which the metacestode lesion had died out at an apparently 
early stage of infection.111,112,114,124

In order to provide a practical overview and suggestions con-
cerning the procedure of laboratory tests which can be used for 
the diagnosis and follow-up of human AE patients, we include 
respective recommendations in Box 86.2.

Serological methods have been assessed for their value in the 
surveillance of operated or pharmacologically treated patients. 
Conventional serological tests (such as in Em2- or Em18-ELISA), 
although generally exhibiting a decrease in serum antibody con-
centration after radical surgery, were of limited clinical use for 
patients with partial, palliative or no surgery.163,164

Conversely, negativation in the II/3–10-ELISA was shown to 
correlate well with a clinically favourable prognosis, whereas 
respective remaining seropositivity corroborated with a persisting 
survival and proliferation of the treated metacestode.165 Similar 
results were reported by Ito et al.166

An exceptional immunological situation was found in patients 
receiving orthotopic liver transplantation:167 serum antibodies 
were immediately eliminated by abundant blood transfusions 
coupled to immunosuppressive therapy. Patients with remaining 
residual foci of extrahepatic parasite tissue had extremely high 
recurrence rates due to immunosuppression and interruption of 
chemotherapy with antiparasitic benzimidazoles; this was accom-
panied by reappearance of anti-Echinococcus serum antibodies.168

Molecular biological techniques such as PCR have been 
developed and introduced for the diagnostic identifi cation of 
E. multilocularis-specifi c nucleic acids in the last few years. The 
primary diagnostic identifi cation of parasite materials in biologi-
cal specimens (resections or biopsies) and also the assessment 
of the viability of parasite samples following chemotherapy or 
other treatment were both addressed.169 Laboratory diagnostic 
application proved useful for complicated cases of extrahepatic 
AE, e.g. pancreatic AE154 or AE of other sites.170 Determination 
of not only the presence of the parasite but also of its viability 
has also been attempted by PCR, as well as assessment of 
the effi cacy of antiparasitic therapy.171,172 Because, for technical 
and anatomical reasons, whole lesions cannot be assessed by RT-
PCR, new basic approaches will have to be developed for the 
purpose.
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Management

The mainstay of treatment remains surgical; in contrast to E. gran-
ulosus, interventional radiology and endoscopic procedures are 
rarely used.

Surgery

The following strategies are commonly accepted for treatment of 
alveolar hydatid disease: (1) the fi rst choice of treatment is radical 
surgical resection of the entire parasitic lesion from the liver and 
other affected organs in all operable cases. Excision of the parasitic 
lesion has to follow the rules of radical tumour surgery; (2) con-
comitant chemotherapy in all cases after radical surgery or after 
non-surgical interventional procedures; (3) long-term chemother-
apy of inoperable or only partially resectable cases and all patients 
after liver transplantation. Presurgical chemotherapy is not indi-
cated in cases of alveolar hydatid disease.

Radical hepatic resection is possible only in 15–58% of 
cases.137,139,140,147,148,165 Due to earlier diagnosis, the incidence of 
radically resectable cases has increased from 10% to 40% in 

more recent series.109 Even in presumed radical surgery, recur-
rences can occur in 10–20%.140,173 In patients where eradication is 
impossible, a good quality of life can be achieved when adequate 
biliary drainage is provided.137,139

Among palliative procedures, marsupialization140,147 and 
biliary-digestive anastomoses or T-tube drainage for intrabiliary 
rupture140 and cholangitis173 have been used with success. Portal 
hypertension occasionally requires treatment with portosystemic 
shunt.116 Metastatic disease, in particular in the brain, is some-
times amenable to surgical resection.174

Hepatic transplantation has been proposed for patients with 
inoperable disease, but later reports referred to long-term prob-
lems, such as patients succumbing to recurrent disease.168 There-
fore, the indication for liver transplantation in AE patients has 
been controversially discussed in recent years.175

Pharmacotherapy

In animal models, the same three drugs discussed in the 
preceding section, namely mebendazole, albendazole and pra-
ziquantel, exhibit activity against E. multilocularis.176 Although 

Box 86.2 Recommendations for the laboratory diagnosis and follow-up of human AE

Primary diagnostic approach (screening and confi rmation)
Serum antibody detection (ELISA with crude or purifi ed/specifi c parasite antigen), complementing imaging 
procedure

Seronegative samples and 
negative imaging results

Seronegative samples and 
‘positive’ imaging results

Seropositive samples and 
‘positive’ or negative imaging 
results

Persons with documented infection risk
only: Serological and imaging follow-up 

every 6 months for 2 years.
Differential diagnosisa

Differential diagnosisa

Asymptomatic cases
Extended/advanced imaging procedure;
Repeat serodiagnosis with a new serum 

sample, use immunoblotting
PCR and/or immunohistochemistry

from biopsy specimen, if appropriate
If lesions are fully calcifi ed:
Serological166 and imaging follow-up 

after 6 months to confi rm inactivity
Symptomatic cases
Consideration of surgical intervention 

and/or chemotherapy without 
confi rmation by serodiagnosis

Asymptomatic AND symptomatic cases
Add species-specifi c (secondary) serology:
– Em2 ELISA159

– Em2plus ELISA159

– Em10 or EMII/3–10 ELISA156

– EM18 ELISA160 or immunoblotting160

– VF-immunoblotting161

Post-surgical and/or chemotherapeutic follow-up

Post-surgical follow-up 
(radical surgery)

Chemotherapeutical follow-up (assessing viability)

– Serum antibody follow-up by Em2-
ELISA164 or EM18-ELISA202

– Specifi c RT-PCR from FNAB samplesb

– Imaging (CT or MRI) and/or PET145,155

– Serum antibody follow-up by EMII/3–10165 or EM18-ELISA202 (both tests indicative for 
viability)

– Specifi c RT-PCR from FNAB samplesb

a Differential diagnosis for CHD (in rare cases for cysticercosis) and some neoplasias may be required.154,159,160

b FNAB only useful for RT-PCR when obtaining positive results.171
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praziquantel was the most effective scolicidal agent, it did not 
inhibit metacestode growth and did not affect germinal layer 
activity. Albendazole was the most active agent in inhibiting 
metacestode growth.176

The daily dosage for albendazole and mebendazole treatment 
is the same as for CE. For mebendazole, plasma drug levels 
should reach >250 nmol/L (= 74 ng/mL). Generally, duration 
of treatment is at least 2 years in cases after radical surgery or 
continuously for many years in inoperable cases or in cases with 
incomplete resection.

The results of some clinical studies with mebenda-
zole85,140,177–179 and albendazole96,98,99,180–183 are reported in Table 
86.3; for the earlier trials, the reader is referred to the reports of a 
workshop.85 Assessing effi cacy in treatment of E. multilocularis is 
even more diffi cult than in E. granulosus since viability of the 
parasite cannot easily be judged in vivo; spontaneous death of 
parasite has been described114 and radiological regression is rare.184 
Therefore, radiological progression and/or death are the only hard 
end points as treatment failures;141 these are recorded in Table 
86.3. With regard to respective assessments, a promising approach 
has been described by measuring pericystic metabolic activity by 
PET to assess and follow up patients with AE.145 Convincing evi-
dence that mebendazole affects the growth rate of E. multilocularis 
has been provided by Luder et al.184 and Rausch et al.179 in long-
term follow-up of AE patients. In a prospective Swiss chemo-
therapy trial covering 20 years of investigation, a total of 110 
patients had been included in the study.152 From these patients 74 
had inoperable or palliatively operated AE (average observation 
time 12.8 years). The effi cacy of long-term chemotherapy was 
documented by increase of 10-year survival compared to historical 
(untreated) AE cases (80% versus 6%) and by reduction or stabi-
lization of the liver lesions in 83% of cases during long-term 
chemotherapy. A comparative assessment of the effi cacy of alben-
dazole versus mebendazole has been reported by Reuter et al.182 

In this study, 35 patients were started on either mebendazole or 
albendazole at the beginning of 1992 and followed for an average 
of 39 months (range 12–79 months). The overall success rate was 
97%. An initial regimen for cases of AE was recurrence free in 71% 
of those treated with mebendazole and in 78% of those treated 
with albendazole. Seven patients received a continuous regimen 
with albendazole. These patients were observed over an average of 
28 months (range 13–50 months) without signs of progression 
or signifi cant side-effects. This study had demonstrated the high 
therapeutic effi cacy of both mebendazole and albendazole with 
similar response rates in the treatment of AE. Albendazole reduced 
costs by >40% and was easier for patients to take, further arguing 
in favour of its preferred use.182 For albendazole, recent experience 
indicated that continuous treatment was well tolerated for about 
1–6 years, and proved to be superior to discontinuous treatment 
for AE associated with obstructive jaundice.185 In experimental 
trials, alternative compounds have been used to treat AE. Indica-
tion was discussed for those cases exhibiting complications upon 
benzimidazole medication. Experimental studies included 
Amphotericin B186 and nitazoxanide.187

Prognosis

Mortality of untreated E. multilocularis has been reported to be 
63–93% at 10 years.2,148 It remains unclear whether any of the 
benzimidazoles are truly parasitostatic or – under certain not yet 
defi ned conditions – parasitocidic.165,188 Recurrence after discon-
tinuation of mebendazole treatment was observed in 7 of 19 
patients.189 More recently, 23 patients were characterized by PET; 
15/23 were found to be PET negative and treatment was inter-
rupted in these 15.190 PET positive recurrence occurred in 8/15 
patients.190

Inoculation of autopsy material from two patients treated with 
mebendazole failed to demonstrate growth, while growth was 

Table 86.3 Effect of benzimidazole treatment in AE

Authors n Daily dose Follow-up (years) Failure (%)a

MEBENDAZOLE

Akinoglu et al.140 19 50 mg/kg 1–6 63

Ammann et al.141 57 Variableb 1–9 33

Davis et al.82 54 40 mg/kg 1–12 22

Kern178  8 50 mg/kg – 13

Rausch et al.179  8 40 mg/kg 10 50

Reuter et al.182 17 40–50 mg/kg 3 29

ALBENDAZOLE

Horton99 35 800 mg/dy 1 11

Liu et al.181 15 20 mg/kg 1–5c 13

Reichen et al.183 12 600 mg/day 1–5c 17

Reuter et al.182 18 10–15 mg/kg 3 22

Wilson109  2 800 mg/day <1  0

a Failure is defi ned as either radiological progression, development of metastatic disease or death.
b Mebendazole dose adjusted individually to reach therapeutic levels.
c Updated from the preliminary report.129
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observed in 8 of 11 untreated patients; however, duration of treat-
ment of at least 2 years is needed to observe such favourable 
effects, and viable material was found in patients treated for up to 
48 months.188 In contrast, in two patients treated for a short time 
with albendazole no growth could be observed,180 which is in 
contrast to some other experience.183 Finally, benzimidazole treat-
ment has been found to render some patients – initially judged 
to be unresectable – fi t for radical surgery.191

OTHER ECHINOCOCCUS SPECIES

Echinococcus vogeli

E. vogeli is maintained primarily in a silvatic predator–prey cycle 
which includes the bush dog and occasionally domestic dogs as 
defi nitive host and pacas as intermediate hosts. Humans are rarely 
infected. The metacestode of E. vogeli is polycystic and fl uid fi lled, 
with a tendency to form multi-chambered conglomerates; the 
predilection site in the intermediate host is the liver. Endogenous 
proliferation and convolution of both germinal and laminated 
layers lead to the formation of secondary subdivisions of the 
primary vesicle, including production of brood capsules and pro-
toscolices.192 The geographical distribution of E. vogeli includes the 
northern half of South America.

Polycystic hydatid disease due to E. vogeli in humans has been 
reported from Argentina, Brazil, Colombia, Ecuador, Panama and 
Venezuela. While the most frequent primary site is the liver, primary 
polycystic infections have also occurred elsewhere in the abdomi-
nal cavity, in the lungs and in other thoracic organs.193,194 Patients 
with polycystic echinococcosis usually present with a painful right 
hypochondrial mass, jaundice or an hepatic abscess, rarely with 
signs and symptoms of pulmonary disease – in particular cough 
and haemoptysis.194 Commonly, the evolution of the disease is 
rather benign; recovery was reported following surgical resection, 
and sometimes spontaneously. Diagnostic imaging is hampered 
especially with regard to the differentiation from CE and AE. 
Laboratory tests rarely reveal eosinophilia; antibodies against 
homologous antigens, determined by ELISA and immunoblot, 
help in diagnosis.195 In inoperable cases, albendazole yields much 
the same result(s) as in E. granulosus, with cure or improvement 
observed in four of six patients in a recent small series.196

Echinococcus oligarthrus

E. oligarthrus infects only felids (mainly the cougar, the jaguar, the 
ocelot, the jaguarundi and Geoffroyi’s cat) as defi nitive hosts, with 
the larval stage occurring in subcutaneous muscles of large South 
American rodents such as agoutis and pacas. The metacestode is, 
like E. vogeli, polycystic and fl uid fi lled. There is less subdivision 
into secondary chambers and the laminated layer is signifi cantly 
thinner than that of E. vogeli. So far very few infections with larval 
E. oligarthrus have been reported in humans, e.g. in Venezuela,197 
Brazil,198 Surinam199 and India.200

Other Echinococcus species

E. equinus and E. ortleppi have previously been attributed to E. 
granulosus as a species, but more recent phylogenetic analyses 

provided evidence for an own speciation.1 Due to their practical 
absence of infectivity to humans, these species will not be further 
presented and discussed in this chapter.

In the Qinghai-Tibet plateau, both E. multilocularis and E. gran-
ulosus are sympatrically distributed. A new species was recently 
isolated from the Tibetan fox, Vulpes ferrilata, and also found in 
pika, Ochotona curzoniae, as intermediate host.201 Morphological, 
genetic and ecological features of the cestode led to designation 
of a new species, Echinococcus shiquicus. However, no infections in 
humans caused by E. shiquicus have yet been identifi ed.
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Section 11 Helminthic Infections

Chapter 87 Guy Baily

Other Cestode Infections: Intestinal 
Cestodes, Cysticercosis, Other Larval 
Cestode Infections

Tapeworms or cestodes are an ancient class of highly specialized 
fl atworm parasites. Their ancestors diverged from free-living fl at-
worms to parasitize the earliest vertebrates in Cambrian times, 
and subsequently followed all the complexities of vertebrate evo-
lution so that there are now innumerable species subtly adapted 
to the behaviour, diet and immunology of their hosts. Most ces-
todes require at least two host species to support the different 
stages of their life cycles. Adult tapeworms inhabit the gut of a 
vertebrate animal (the defi nitive host), with four species adapted 
specifi cally to humans. The tapeworm consists of a scolex equipped 
with suckers, grooves (bothria) or hooks which are the means of 
attachment to the intestinal wall. This is connected by an actively 
growing neck region (the strobila) to a chain of a variable number 
of segments or proglottids which are progressively more mature 
towards the distal end of the worm. The mature proglottids, which 
form the bulk of the worm, are largely composed of hermaphro-
dite sexual organs and generate large numbers of eggs. A single 
Taenia saginata adult, for example, may produce 50 000 eggs daily 
for 10 years or more.

Cyclophyllidean cestodes typically have an exclusively terres-
trial life cycle with a single intermediate host, which may be ver-
tebrate or invertebrate. The intermediate host is infected by 
ingesting eggs which hatch into invasive larvae (oncospheres) in 
the gut, migrate into the host tissues and develop into one of the 
many distinctive, often cyst-like, morphologies of cestode larvae. 
The life cycle is completed if the intermediate host is eaten by a 
suitable defi nitive host in which the protoscolex of the larva can 
develop in the gut into a new adult tapeworm.

The Pseudophyllidean cestodes have a more complex life cycle. 
The fi rst intermediate host is typically an aquatic invertebrate 
which is infected by the procercoid larval stage of the parasite. 
When the invertebrate is ingested by a suitable second intermedi-
ate host, likely to be a fi sh or reptile, the parasite develops into 
an invasive, worm-like, plerocercoid larva. This may then ascend 
the food chain through a series of further second intermediate 
hosts until fi nally reaching a suitable carnivorous vertebrate defi n-
itive host in which it can develop into an adult tapeworm. Tape-
worms and larvae from both these cestode families can infect 
humans.

Because the relationship between the parasite and its host is 
central to the survival and propagation of the worm, but likely to 
be of more marginal signifi cance to the host population, phenom-
ena related to this ancient and highly adapted parasitism tend to 
have evolved predominantly according to the needs of the worm. 
Thus it is in the interests of the propagation of the worm that its 
defi nitive host should be long lived and active, disseminating eggs 
as widely as possible. Tapeworm infections tend therefore to be 
of trivial importance to the health of the host. In contrast, the 
worm’s life cycle is only completed when the infected intermedi-
ate host is eaten, which may well occur more readily if the func-
tion of the intermediate host is disrupted. Larval cestode infections 
are consequently amongst the most serious helminthic diseases.

CYSTICERCOSIS

Transmission

Cysticercosis consists of infection with the small, bladder-like 
larvae of the pork tapeworm, Taenia solium. The life cycle of this 
parasite is maintained between man, the only defi nitive host able 
to harbour the adult tapeworm, and pigs infected with cysticerci 
(Figure 87.1). Unfortunately humans can also readily be infected 
with cysticerci and this is the cause of all the signifi cant morbidity 
associated with the parasite. The tapeworms are acquired through 
eating undercooked pork containing cysticerci. Human cysticerco-
sis, however, is a faecal–oral infection acquired by ingesting eggs 
excreted in the faeces of a human tapeworm carrier. Individuals 
harbouring an adult T. solium are at high risk of acquiring cysti-
cercosis, probably through faecal–oral autoinfection. It has long 
been hypothesized that internal autoinfection might also occur as 
a result of reverse peristalsis, allowing taenia eggs to travel from 
the small bowel to the stomach and thus become activated and 
invasive. Little evidence has emerged to support this.

Cysticercosis was originally a ubiquitous disease occurring 
wherever pigs and humans existed in association and is probably 
of great antiquity: Aristotle gives a clear description of the condi-
tion in pigs. It was once common in central Europe, with autopsy 
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rates of 2% in Berlin1 in the fi rst half of the nineteenth century, 
coinciding closely with the 1.9% now described in Mexico City, 
an area of current high prevalence.2 The parasite has long since 
been all but eradicated from the most developed countries but it 
remains common in Central and South America, South Asia and 
China. It appears to have a patchy distribution in Africa, with 
some areas of very high prevalence, but it is rare in the Islamic 
countries of North Africa and South-west Asia. In the 1970s an 
epidemic of cysticercosis occurred amongst the highland people 
of Irian Jaya3 after the introduction of the parasite into a culture 
where pigs are of central importance and hygiene is primitive. The 
problem was fi rst identifi ed because of a dramatic increase in the 
incidence of severe burns related to individuals falling into domes-
tic fi res whilst fi tting.

Pathology

Ingested taenia eggs, activated by gastric and duodenal environ-
ments, develop into invasive larvae, termed oncospheres, in the 
small intestine. These migrate across the intestinal wall and are 
probably carried by the bloodstream to the sites at which they 
eventually settle and mature into cysticerci, a process which takes 
approximately 2 months. Although cysticerci may occur anywhere 
in the body, the distribution is not random. There is a preference 
for subcutaneous tissues, muscle and the central nervous system. 
The basis of this tropism, as with other migratory larval helminths, 
is not understood. Cystercerci vary from a few millimetres to 2 cm 
or more across but are typically a little less than 1 cm, the largest 
cysts tending to be intracranial, particularly in the ventricles and 
the larger subarachnoid spaces. Established cysticerci that are 
neither actively growing nor degenerating elicit very little host 
immune response. The typical appearance in the brain is of the 

cyst surrounded by compressed, laminated host tissue with only 
a slight infl ammatory infi ltrate.4 Dead, calcifi ed or hyalinized cysts 
may be surrounded by a similar host-derived capsule. However, 
new, very large or degenerating cysts may all be associated with a 
much more extensive infl ammatory response.

Clinical features

The morbidity of cysticercosis is almost entirely due to central 
nervous system disease. Subcutaneous cysts are of only cosmetic 
signifi cance. A heavy parasite load in muscle may give rise to some 
aching5 but this is not common. Serious problems are confi ned 
to those anatomical sites where a small space occupying lesion, 
with or without some infl ammation, can give rise to a major dis-
turbance in function. Such sites include the eye and, very rarely, 
the conducting system of the heart, but overwhelmingly neurocys-
ticercosis is the principal clinical problem.

Neurocysticercosis

Although autopsy rates for neurocysticercosis in areas of high 
prevalence may approach 2%, the majority of these cases have had 
no symptoms in life attributable to the infection.2 When symp-
toms do occur, much the most common manifestation is epilepsy. 
Studies from endemic areas suggest that cysticercosis is a major 
cause of epilepsy, accounting for up to a half of late-onset 
cases,6–8 and it is particularly prominent as a cause of focal epi-
lepsy in children. However, any neurological syndrome attribut-
able to one or more small space occupying lesions can occur, 
including focal weakness and extrapyramidal disorders. Changes 
in mental state, including cognitive impairment and psychiatric 
disease, are also very common.9

Taenia solium

Cysticerci
in pork

Person infested by ingesting pork
containing cysticerci. Head of worm

evaginates, attaches to bowel wall and
buds off proglottides

Oncosphere

Embryophore containing
hexacanth larva

Proglottid passed in faeces
and releases oncospheres

Larva develops into
cysticercus

Larva

Larvae liberated and
disseminated to muscles,
organs and skin to
become cysticerci

Cysticercus

Figure 87.1 The life cycle of T. solium. 
(Courtesy of Tropical Resources Unit, Wellcome 
Trust.)
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Meningitis

Careful dissection in postmortem series has shown that 80% of 
intracranial cysticerci are in contact with the meninges.4 Since they 
are often sited deep in the cerebral sulci, this may not be apparent 
from in vivo imaging. It is not therefore surprising that some 
abnormality of the CSF is found in approximately 50% of cases 
of neurocysticercosis – usually a mild pleocytosis or raised protein. 
However, in a minority of cases the clinical presentation may fall 
within the territory of chronic meningitis, with headache and 
global changes in cerebral function associated with markedly 
abnormal CSF. Fever, neck stiffness and cranial nerve palsies are 
not features. Thus, >5% of cases of chronic or subacute meningi-
tis in childhood were attributed to cysticercosis in a series from 
south India.10 A persistently high CSF protein is associated with 
a poor prognosis, often with progression to hydrocephalus 
and without surgical intervention, consequent dementia and 
blindness.

Encephalitis

When there are many lesions in the brain, and particularly if the 
infl ammatory response is brisk, the presentation may resemble 
subacute encephalitis.11 In children in particular, the infl amma-
tory response may dominate the clinical picture, with a rapidly 
progressive illness over a few weeks characterized by fi tting, a 
variety of focal neurological abnormalities, deteriorating cognitive 
function and raised intracranial pressure.

Ventricular disease

Intraventricular cysts occur in about 15% of cases4 and can cause 
diagnostic diffi culties. They give rise to episodes of obstructive 
hydrocephalus which may spontaneously remit and recur due to 
the ball-valve effect of cysticerci intermittently occluding the ven-
tricular outlet foramina. Untreated, however, most cases will prog-
ress to sustained hydrocephalus.

Spinal disease

A variety of spinal cord syndromes has been reported in associa-
tion with cysts in and around the cord and the cauda equina. The 
most common presentation is of progressive paraplegia develop-
ing over a period of weeks.

Disappearing lesions

There have been reports, mainly from India, of single small 
enhancing lesions on computerized tomography (CT), seen com-
monly in patients presenting for the fi rst time with epilepsy but 
disappearing within a few months of follow-up. Many causes have 
been suggested for these lesions, including tuberculosis, but it 
seems from both serological evidence and a limited series of exci-
sion biopsies12 that cysticerci are most often responsible.

Ocular cysticercosis

The parasite appears to have a tropism for the eye although esti-
mates of the incidence of ocular disease vary widely. Shanchez 
Fontan has described a series of 70 cases of ocular disease from 
Mexico.4 The great majority of cysts were subretinal or in the vitre-

ous humour but they could occur at any site. The initial presenta-
tion is most often as a scotoma but if the infl ammatory reaction 
is marked, vision may be lost.

Diagnosis

The clinical diagnosis of neurocysticercosis is often diffi cult as 
there is nothing specifi c about the neurological presentation. The 
presence of extracranial cysticerci may provide an important clue 
to the diagnosis. Subcutaneous cysts (Figure 87.2) can be palpated 
and, if in doubt, excised for histological examination. Cysts in 
striated muscle are in a more stressful environment than those in 
the central nervous system and die and calcify more rapidly. 
Spindle-shaped calcifi cations, particularly in the large proximal 
muscles (Figure 87.3), may be visible on radiography. However, 
such clues are often absent. Spinal cysticerci may be demonstrated 
on myelography (Figure 87.4). Otherwise support for the diagno-
sis must be obtained from serology or by imaging the parasites 
within the brain.

Serological diagnosis

Many serological methods have been described for cysticercosis 
using most of the conventional sero-diagnostic techniques and a 
wide variety of antigens. Antigens were originally extracted from 
T. solium cysts. Glycoproteins extracted from cyst fl uid have been 
found to be most discriminatory13 but this is a complex process 
and an adequate supply of T. solium cysts can also be problematic. 
More recent developments have therefore focused on recombinant 
and synthetic versions of these proteins14 or alternatively extracted 
homologous proteins from the animal parasite T. crassiceps, which 
are more readily obtained.15 Sensitivity and specifi city vary accord-
ing to the population studied but sensitivity with present ELISA 
techniques exceeds 90% even in endemic areas. Cross-reactivity 

Figure 87.2 Readily visible subcutaneous cysticerci. (Courtesy of 
Tropical Resources Unit, Wellcome Trust.)

Cysticercosis
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number of appearances have been described on CT (Figure 
87.5).
• Calcifi ed lesions
• Small (<2 cm) hypodense lesions
• Similar hypodense lesions with a bright central spot represent-

ing the protoscolex within the cyst. This is visible in a little 
under half of such lesions

• Similar-sized lesions showing ring or disc enhancement. The 
natural history of these enhancing lesions is that they are likely 
to disappear from the CT image within 12 months

• Occasionally there may be much larger cysts, up to 6 cm across, 
in which case other cestode larvae such as hydatid and coenu-
rosis as well as racemose cysticercosis (see below) should be 
considered.

Figure 87.3 Very large numbers of calcifi ed cysticerci in thigh 
muscle.

Figure 87.4 Cysticerci around the cauda equina on myelography.

with other helminthic infections, particularly hydatidosis and tae-
niasis, remains a problem but has been reduced with the use of 
more refi ned antigens.14 The detection of antibodies or antigen in 
the CSF in combination with conventional serology marginally 
improves overall sensitivity. Antigen can also be detected in the 
blood and declining serum levels have been associated with suc-
cessful treatment.16

Even the simpler serological tests are a valuable clinical tool. 
In endemic areas, they can be used to screen epileptic and other 
neurological patients. Positive cases can be confi rmed by imaging 
and may then benefi t from specifi c treatment. In a series of 630 
patients seen at neurology clinics in Zimbabwe, 12% had anti-
bodies detected by ELISA, using a crude cyst fl uid antigen. 
The test had a positive predictive value of 87% and a negative 
predictive value of 85% for active neurocysticercosis potentially 
amenable to treatment.17

Imaging

Modern imaging techniques have proved very powerful in dem-
onstrating the presence of cysticerci in the brain and have also 
taught us a good deal about the natural history of the disease. A 
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Similar appearances are seen with magnetic resonance imaging,18 
which is particularly valuable, as with other pathologies, in dem-
onstrating posterior fossa and spinal lesions. It is also superior for 
imaging ventricular cysts which, having a similar radiodensity to 
CSF, are less easily visualized on CT.

Management

Until the 1980s there was no drug therapy that was known to be 
effective against cysticercosis. Treatment was therefore mostly 
symptomatic, although surgical intervention to remove cysts or to 
deal with their consequences, such as hydrocephalus, was some-
times appropriate. Since that time it has been shown that anthel-
mintics can be effective in reducing the number of cysts present 
on CT.19 The extent to which this leads to clinical benefi t is more 
problematical and the exact role of anthelmintics remains the 
subject of debate. In adults with parenchymal cysts demonstrated 
by CT which do not show signifi cant enhancement, there is evi-
dence of both radiographical and clinical improvement after 
anthelmintic treatment.19 In almost all other groups of patients, 
however, information is either contradictory or lacking. Patients 
with calcifi ed cysts on CT, even though they may persist in having 
epilepsy, are unlikely to gain any benefi t from anthelmintic treat-
ment. Markedly enhancing parenchymal lesions, which constitute 

the most common appearance in children, have been shown to 
disappear spontaneously from the CT image within a year.20 From 
this observation it has been suggested that such cases can generally 
be managed with symptomatic treatment and corticosteroids to 
reduce the local infl ammatory response and that anthelmintics are 
unnecessary. This very benign view of childhood cysticercosis 
refl ects experience with imported disease in North America. In 
contrast, reports from tropical countries have shown that a pro-
portion of children have chronic disease and frequently relapsing 
symptoms; some of these develop severe neurological conse-
quences such as hydrocephalus.21 There is a consensus that single 
enhancing lesions do not require anticysticercotic treatment and 
that when the infl ammatory response dominates the clinical 
picture, as in cysticercotic encephalitis, anticysticercotics are likely 
to exacerbate the condition in the short term and should be 
avoided.22 Some recent controlled studies have shown more rapid 
resolution of enhancing cysts with anticysticercotics23 but clinical 
benefi t is more diffi cult to demonstrate and there remains no 
general agreement on the management of multiple enhancing 
lesions. Each case must be evaluated on its merits, but symptom-
atic treatment and close observation may sometimes be a reason-
able approach.

The fi rst drug to be shown to be effective was praziquantel, 
given at 50 mg/kg daily for 15 days.19 Albendazole has also been 
studied extensively. In substantial doses (15 mg/kg daily for 30 
days), it appears to have at least an equivalent effect on reducing 
cysts present on CT24 and has come to be the drug of fi rst choice. 
The ideal dose of both drugs remains uncertain. Eight days of 
albendazole appears to be of equivalent effi cacy to the original 
30 days24 and has been widely adopted. Much shorter courses 
of praziquantel, e.g. 50 mg/kg daily for 8 days or even 3 doses 
of 25 mg/kg at 2-hourly intervals on a single day,25 have been 
shown to be effective in small numbers of cases. These shorter 
courses of anthelmintics, repeated after a period of months 
if necessary, offer the promise of a less expensive regimen for 
developing countries.

The signifi cant adverse effects of anticysticercal therapy are 
similar for the two drugs. They appear to be directly related to the 
damage infl icted on cysticerci and the consequent acute infl amma-
tory response. This may result in cerebral oedema and raised 
intracranial pressure, particularly if there are many cysts. Typically, 
a severe headache arises – sometimes within a few hours of com-
mencing therapy but more often after 2–4 days. If treated symp-
tomatically most of these will resolve without sequelae but a 
minority will develop a severe acute illness with cerebral infarc-
tion, and deaths have been reported. Concomitant use of cortico-
steroids in substantial doses is effective in suppressing this in most 
(though not all) cases and is almost always appropriate. Steroids 
have the unwanted effect of decreasing levels of praziquantel, 
though not albendazole.

Surgical excision is still conventionally recommended for intra-
ventricular cysts. Neuroendoscopic removal is now the preferred 
technique. Meningeal disease may require protracted steroid 
therapy to control arachnoiditis, as well as anticysticercotics.22

Control

Control of the parasite has been achieved in developed countries 
by the interruption of its life cycle at two points. The systematic 

Figure 87.5 CT image of the head showing calcifi ed and viable 
cerebral cysticerci, some with the protoscolex visible as a central 
opacity.

Cysticercosis
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inspection of pork meat and the removal of infected carcasses 
from the food chain effectively prevent human tapeworm infec-
tion. In addition, improvements in public health have ensured the 
sanitary disposal of human faeces, and eliminated the source of 
infection for both human and porcine cysticercosis. In contrast, 
in developing countries pigs often live in close association with 
man, rooting around for food within village compounds, and in 
some areas are deliberately fed human faeces (Figure 87.6). 
Animals are likely to be slaughtered within the village and there 
may be no understanding of the health signifi cance of ‘measely’ 
pig meat. The diffi culties of introducing good sanitation and 
modern abattoir practices into poor communities are consider-
able. An alternative strategy has been to reduce tapeworm carriage 
by mass chemotherapy and this has been shown to reduce both 
human taeniasis and porcine cysticercosis.26 In Africa there is hope 
that transmission could be reduced as a by-product of mass treat-
ment campaigns using praziquantel directed against schistoso-
miasis. Vaccines have been developed to prevent porcine 
cysticercosis but it is not yet clear whether this will prove an effec-
tive control strategy.27

Racemose cysticercosis

Occasionally cestode larvae that are not easily ascribed to any 
particular parasite are found in the human brain. One character-
istic appearance is of a cluster of interconnected grape-like cysts 
with no identifi able protoscolex, usually situated in the cisterna 
magna or the ventricles, and often of considerable bulk. This is 
known as racemose cysticercus. Since it is the protoscolex which 
provides much of the basis for the identifi cation of larval cestodes 
it has been diffi cult to be certain from which parasite racemose 
cysticerci are derived. Some appear to resemble cases of proven 
human coenurosis due to T. multiceps,28 except for the absence of 
scolices. A similar sterile budding coenurus has been observed in 
an immunosuppressed mouse deliberately infected with T. seria-
lis.29 However, circumstantial evidence suggests that most cases of 
racemose cysticercosis are due to the aberrant development of T. 
solium cysticerci. Pathological series show that typical T. solium 
cysticerci and racemose cysticerci are often found in the same 

individual, and occasionally intermediate forms with a single bud 
and a degenerating scolex can be found.2

Racemose cysticercosis is a serious condition frequently leading 
to hydrocephalus, as well as producing local infl ammatory and 
mass effects. Accumulating evidence suggests that anticysticercot-
ics combined with steroids are of benefi t.22

OTHER LARVAL CESTODE INFECTIONS

Coenurosis

Taenia multiceps is a parasite of dogs, with sheep being the princi-
pal intermediate host. The larval metacestode takes the form of a 
coenurus, a single cyst with multiple invaginated protoscolices 
which may grow to be several centimetres in diameter. In sheep 
these often develop in the hindbrain, giving rise to the condition 
known as ‘staggers’. Other closely related Taenia species also give 
rise to a coenurus which may be morphologically indistinguish-
able. Human coenurosis is a rare but often serious condition. The 
parasite has a tropism for the brain and eye, though many extra-
cranial sites have also been described.

Prevalence and distribution

Cases have been reported from a wide geographical area but are 
nowhere other than rare. Most reports have been from Africa and 
South America but there have also been cases in Europe (notably 
Sardinia) and North America. Extracranial localization has been 
most frequent in reports from tropical Africa, whilst reports from 
South Africa and elsewhere have been almost entirely of central 
nervous system involvement, giving rise to the suspicion that there 
is some heterogeneity amongst the causative parasites.30

Clinical features

Neurological features are those of a substantial intracranial mass 
lesion accompanied by varying degrees of infl ammation. The cis-
terna magna is a particularly common site, and is associated with 
basal arachnoiditis and hydrocephalus. Untreated, there is usually 
progressive neurological disease and a poor outcome. Eye involve-
ment may result in loss of vision.

Diagnosis and treatment

Intracranial lesions appear on computerized tomography (CT) as 
clear cysts 2 cm or more in diameter without a discernable internal 
structure. Defi nitive diagnosis can only be made by histology; it 
is distinguished from cysticercosis and hydatidosis by the presence 
of both multiple protoscolices and a ridged cuticle. Occasionally 
the protoscolices may have degenerated, in which case the condi-
tion is diffi cult to distinguish from racemose cysticercosis. Surgical 
excision has been curative in some cases. Although praziquantel 
appears effective against the parasite, the clinical benefi ts are less 
clear.31

Taenia crassiceps cysticercosis

Rodents are the preferred host for the cysticerci of this parasite but 
rare human infections have been reported, most recently in asso-

Figure 87.6 Pigs scavenging for food in an African village. (Courtesy 
of Tropical Resources Unit, Wellcome Trust.)
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ciation with AIDS. A developing soft tissue mass is found 
to contain numerous cysticerci. Six months continuous praziqu-
antel and albendazole, both in high doses, gave clinical remission 
in one reported case, but relapse occurred on cessation of 
therapy.32

Sparganosis

Plerocercoid larvae of the Spirometra genus of pseudophyllidean 
cestodes are capable of infecting man. These organisms resemble 
Diphyllobothrium spp. in their life cycles, with canines or other 
terrestrial carnivores as defi nitive hosts, a procercoid larval stage 
in the water fl ea Cyclops and plerocercoids naturally infecting rep-
tiles, amphibians and small mammals. Human sparganosis has 
been attributed to several species, including S. mansoni, S. man-
sonoides and, in Africa, S. theileri. Human infection occurs either 
by the ingestion of procercoid-infected invertebrates in drinking 
water, by ingestion of plerocercoids through eating uncooked 
frogs or snakes or possibly by direct transfer of a plerocercoid from 
fresh frog or snake tissue applied to wounds or infl amed eyes, as 
is the custom in some parts of East Asia. The plerocercoid, or 
sparganum, is a motile worm of very variable size (between 1 and 
50 cm) but is more typically a few centimetres in length and 1–
2 mm in width. It excites a brisk infl ammatory response as it 
migrates through host tissues; in some instances it is found to be 
contained within a cyst or abscess cavity. Multiple infections 
occur.

Prevalence and distribution

This is an uncommon condition but has been recorded very widely 
in the tropics and subtropics. South-east Asia and East Africa are 
the areas of highest prevalence. Autochthonous cases are reported 
from North and South America.

Clinical features

The typical history is of infl ammatory, sometimes migratory, sub-
cutaneous swellings. These may break down to discharge the 
worm. Eosinophilia is common but not invariable (Figure 87.7). 
The most frequently described sites are the chest and legs. Involve-
ment of the periorbital tissues may cause damage to the eye. 
Penetration of larvae into the brain – where they cause an intense 
local infl ammatory lesion with invariably major neurological con-
sequences – is uncommon but well described.33

Diagnosis and treatment

The condition must be distinguished from that caused by other 
migratory helminths producing swellings, such as in gnathosto-
miasis and loiasis. Serological methods have been developed but 
they are not widely available. Excision and identifi cation of the 
worm remains necessary for a clear diagnosis. Excision is also the 
only effective treatment of the parasite, wherever situated, includ-
ing the brain. No drug therapy has been shown to be benefi cial 
and the killing of the worm within the tissues may not in any case 
be a desirable goal as it is likely to lead to much more intense 
infl ammation in the short term.

Proliferative sparganosis

A very rare variant of sparganosis has been described, from both 
Asia and the Americas, in which the parasite buds and proliferates, 
either as an expanding mass or as multiple small disseminated 
lesions. Clinically, there may be numerous small cutaneous 
nodules or larger painful tumours. The lesions contain worm-
derived structures, some clearly resembling a typical sparganum 
but of very variable morphology. The condition is slowly progres-
sive, with death resulting from deep organ involvement. There is 
no known treatment; praziquantel and mebendazole have failed 
in one case.34

INTESTINAL CESTODES: THE TAPEWORMS 
OF HUMANS

Taenia saginata

T. saginata is the beef tapeworm (Figure 87.8). Man is the only 
defi nitive host, and cattle are the signifi cant intermediate hosts 
(Figure 87.9), though a variety of ungulates have been reported 
as being infected. The larval stage is a translucent fl uid-fi lled 
bladder or cysticercus between 5 and 10 mm in diameter but, 
unlike the T. solium cysticercus, it has never been reliably described 
in a human. The adult is a large, white tapeworm that can reach 
10 m in length, though more typically 2–5 m, weighing around 
20–30 g. The scolex is equipped with suckers but not hooks 
(Figures 87.10). Mature proglottids detached from the distal end 
of the worm are highly motile and their independent emergence 
from the anus is the principal cause of symptomatology. An 
infected individual commonly harbours more than one worm. 
Human infection is acquired by eating undercooked beef. Cattle 
are infected when their feed or grazing is contaminated by human 
faeces.

Figure 87.7 Sparganosis. Cross-section showing typical tapeworm 
morphology. A dense eosinophilic infi ltration is present in the adjacent 
muscle. (Courtesy of H. Zaiman.)

Intestinal Cestodes: The Tapeworms of Humans
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may be vomited. Eosinophilia is not a feature of established 
infection.

Diagnosis and treatment

Taenia eggs have a characteristic appearance (Figure 87.11) and 
can be detected by faecal microscopy. Since all Taenia ova are very 
similar they are not easily speciated, although they can be distin-
guished on Ziehl–Neelson staining, or by the use of monoclonal 
antibodies35 or molecular techniques. Soluble Taenia antigens can 
be detected in faeces but present methods tend to be cross-reactive 
between species and the value of this is principally for epidemio-
logical surveillance.36 Intact proglottids in reasonable condition 
can be speciated by the number of uterine branches. A single dose 
of praziquantel at 10 mg/kg is effective therapy. Niclosamide has 
also been used extensively.

Taenia saginata asiatica

An adult Taenia morphologically identical to T. saginata was dis-
covered in indigenous highland people in Taiwan in areas where 
there are no cattle. The cysticerci, a little smaller than those of T. 
solium or T. saginata, are found in a number of mammalian species, 
including pigs, in which they have a strong tropism for the liver.37 
Molecular genetic studies show the parasite to be closely related 
to, but distinct from, T. saginata.38 It has now been identifi ed in 
other parts of East Asia including Korea and Indonesia. It does not 
appear to cause human cysticercosis.

Taenia Solium

Man is the only known defi nitive host for the pork tapeworm, T. 
solium – with pigs serving as intermediate host. The adult tape-
worm is somewhat smaller than T. saginata and the scolex is mark-
edly different, being armed with two encircling rows of curved 
hooklets (Figure 87.12) which can also be identifi ed on the pro-
toscolex of the cysticercus. Detached proglottids are much less 
motile and consequently less likely to be noticed than are those 
of T. saginata. The chief signifi cance of the parasite is that humans 
are readily infected by the larval cysticerci as well as the adult 
worm, giving rise to human cysticercosis. This is discussed above, 
together with the transmission, prevalence and control of the 
parasite.

Clinical features

The great majority of T. solium carriers are unaware of their infec-
tion and it is detected only by screening. Minor abdominal symp-
toms may occur, as with T. saginata. However, carriers carry a 
substantial risk of acquiring cysticercosis by faeco–oral autoinfec-
tion and members of their household are also at increased 
risk.39

Diagnosis and treatment

The detection and speciation of Taenia infections has been dis-
cussed above – under T. saginata. Treatment is also similar for the 
two infections, with praziquantel 10 mg/kg being the drug of 
choice. It has previously been common practice to combine anti-
helmintic therapy for T. solium with a purgative since eggs of the 

Figure 87.8 Adult beef tapeworm (T. saginata). (Courtesy of 
G. S. Nelson.)

Prevalence and distribution

Originally a ubiquitous parasite, transmission has been prevented 
in developed countries by the sanitary disposal of human faeces 
and the detection of infected meat at abattoirs. It remains common 
elsewhere, especially in poorer communities where raw or under-
cooked beef is traditionally eaten. Highland Ethiopia is an area of 
intense transmission.

Clinical features

T. saginata carriers are often aware of motile proglottids which can 
be felt emerging from the anus unbidden and may cause some 
distress. They are also conspicuous in the faeces because of their 
motility. Otherwise infection is largely asymptomatic. A number 
of ‘irritable bowel-type’ symptoms, particularly abdominal pain 
but also nausea, distension and anorexia, have been attributed to 
the parasite but these are so common in the general population 
that causality is diffi cult to prove. Occasionally segments of worm 
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Person infested by ingesting raw beef
containing cysticercus. Larva is liberated

and attaches to intestinal mucosa
by eversion of scolex

Cysticercus
in beef

Oncosphere Cysticercus

Adult worm in intestine buds
off chain of proglottides which
detach and are shed in faeces

Gravid
proglottid
containing
eggs

Oncosphere liberated in gut of cattle
and bores through inestinal wall to reach striated

muscle via lymphatic system or blood vessels.
In muscle, larva develops into cysticercus

within 2–3 months

Egg
ingested
by cattle

Figure 87.9 Life cycle of T. saginata. (Courtesy 
of Tropical Resources Unit, Wellcome Trust.)

A

B

Figure 87.10 (A) T. saginata (unarmed tapeworm) scolex. Suckers without hooklets. (Courtesy of Tropical Resources Unit, Wellcome Trust.) 
(B) Taenia saginata head, showing suckers.
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A

B

Figure 87.11 Taenia ova. (Courtesy of Tropical Resources Unit, 
Wellcome Trust.)

Figure 87.12 (A) T. solium (pig tapeworm) (armed tapeworm) 
scolex showing hooklets. (Courtesy of Tropical Resources Unit, 
Wellcome Trust.) (B) T. solium head, showing suckers and the 
arrangement of the hooklet.

dying worm were believed to constitute a risk of cysticercosis 
through internal autoinfection. No evidence has ever emerged to 
support this hypothesis and purgation is no longer regarded as 
necessary.

Hymenolepis nana

The dwarf tapeworm H. nana (Figure 87.13) is unique among 
cestodes in that the life cycle is maintained between humans 
without the necessity for any other host species; indeed, the same 
individual acts as intermediate and defi nitive host. Ingested ova 
(Figure 87.14) are activated by the gut and invade the small intes-
tinal mucosa where they encyst within a villus. Within 3–4 days 
the protoscolex of this cercocyst evaginates to become the scolex 
of an adult worm. This attaches to the intestinal wall, the remain-
der of the worm developing to a mature length of 3–4 cm over 
about a month, after which egg production begins. Detached 
proglottids degenerate during passage through the intestine, 
releasing their cargo of ova, and are not seen in the faeces. Infec-
tions involving several hundred worms are common. Spread is by 
faecal–oral transmission with autoinfection, particularly amongst 
children, amplifying the intensity of infection. Rodents may act 
as an alternative defi nitive host and insects are capable of infec-
tion with the larval stage but neither of these appear to be impor-
tant in parasite transmission.

Prevalence and distribution

H. nana is a very common parasite in warm climates where sani-
tation is poor, particularly in children, amongst whom the preva-
lence is often in the region of 2–3%.

Clinical features

A variety of symptoms have been attributed to H. nana infection, 
including abdominal pain and anorexia as well as systemic com-
plaints such as irritability and headache. Eosinophilia is common. 
Several reports have associated infection with growth retarda-
tion.40 It is diffi cult to be certain whether these features are truly 
a direct result of the parasite or whether it is acting as a marker of 
faecal–oral infection, insanitation and poverty, but heavy infec-
tions probably do have signifi cant clinical consequences.

Diagnosis and treatment

Diagnosis is by detecting the characteristic ova on faecal micros-
copy. The cercocyst stage is in contact with the host immune 
system and consequently, unlike other tapeworm infections, there 
is a suffi ciently predictable humoral response for serology to be 
of some diagnostic value. An enzyme linked immunosorbent 
assay (ELISA) has been developed with sensitivity of about 80%.41 
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Figure 87.13 H. nana (dwarf tapeworm). (Courtesy of Tropical 
Resources Unit, Wellcome Trust.)

Figure 87.14 H. nana (dwarf tapeworm). Ovum. (Courtesy of 
Tropical Resources Unit.)

There is extensive cross-reaction with other cestode infections. A 
single dose of praziquantel is effective therapy. At least 20 mg/kg 
is recommended. Niclosamide has also been widely used. Meben-
dazole only gives cure rates around 50%.

Control

As with other faecal–oral infections, control depends on sanita-
tion and education.

Diphyllobothrium latum

Man can act as defi nitive host for a variety of pseudophyllidean 
tapeworms of the genus Diphyllobothrium (Table 87.1). Various 
tiny aquatic invertebrates, especially Cyclops water fl eas, are the 
fi rst intermediate host for these parasites (Figure 87.15). The ple-
rocercoid larvae ascend to the apex of the aquatic food chain, with 
species specifi city in their adaptation to particular larger fi sh. 
Defi nitive hosts include birds and marine and terrestrial mammals. 

Table 87.1 Species of Diphyllobothrium infecting humans

Species Second intermediate host Principal defi nitive host Geographical range
D. latum Pike, perch, etc. Man Widespread

D. cordatum ? Bearded seals Greenland, Alaska

D. dalliae Blackfi sh Canines? Alaska, Eastern Siberia

D. dendriticum Char, salmon, trout Gulls Throughout sub-Arctic

D. klebanovskii Pacifi c salmon Marine mammals Eastern Siberia

D. nihonkaiense Pacifi c salmon Marine mammals? Japan

D. pacifi cum Var. marine fi sh Sea lions Pacifi c South America

D. ursi Pacifi c salmon Bears Alaska, Canada

D. latum, the fi sh tapeworm, is the species adapted to humans; 
bears and other terrestrial carnivores may act as paratenic hosts 
but man is generally the host that is signifi cant in transmission. 
It is a large (up to 10 m), slightly translucent tapeworm (Figure 
87.16) inhabiting the small intestine where it attaches by means 
of two longitudinal slit-like suckers or bothria. Infections are com-
monly multiple and occasionally there may be more than a 
hundred individual worms. The largest recorded total length of 
D. latum tapeworm(s) expelled from one patient is 330 m.42 
The preferred second intermediate hosts are temperate freshwater 
fi sh, especially pike, perch and burbot.43 Human infection is 
acquired by eating undercooked fi sh. Both freezing and cooking 
effectively destroy the parasite.

Prevalence and distribution

Although the disease is reported from many parts of the world, 
most transmission occurs in Russia. The original heartland of 
D. latum infection extended from eastern Scandinavia across 
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Humans and other hosts (cat, dog) infested by
ingesting fish containing plerocercoid larva,

which, in intestine, everts scolex and becomes adult.
Eggs are discharged from gravid proglottides

every 3 days

Procercoid larva
migrates to

muscle of fish
where it

becomes a
plerocercoid

larva
Plerocercoid

larva

Eggs passed in faeces
reach freshwater where they

embryonate in 2 weeks

Coracidium
hatches from egg 

and is ingested
by cyclops

Cycle in a
freshwater fish

Procercoid
larva

Coracidium
sheds cilia

Cyclops
ingested
by fish

Cycle in
cyclops

Eggs

Figure 87.15 Life cycle of 
D. latum. (Courtesy of 
Tropical Resources Unit, 
Wellcome Trust.)

Figure 87.16 D. latum (fi sh tapeworm). Adult. (Courtesy of Tropical 
Resources Unit, Wellcome Trust.)

northern Russia and into western Siberia. In Finland, >20% of the 
entire nation was infected as recently as 1950.44 There have also 
been intense foci of transmission in the Danube delta in Romania 
and in the lakes of northern Italy and western Switzerland. Trans-
mission is now uncommon in Western Europe but continues to 
be reported, particularly in Sweden, Finland, Switzerland and 
northern Italy.45 In Russia, there have been control programmes 

but also setbacks so that transmission continues to be common, 
with some extension of the range of the parasite resulting from 
changes to the river systems by engineering projects. The parasite 
has also been spread very widely by human migration so that 
low-intensity transmission has been recorded from many parts of 
the world, including the smaller lakes of central North America, 
several parts of South America and East Asia.

Clinical features

As with other tapeworm infections, carriers experience few, if any, 
symptoms. A controlled study in Finland showed that some of the 
minor symptoms traditionally attributed to infection, including 
abdominal pain, were not signifi cantly associated with carriage, 
although diarrhoea, headache and non-specifi c malaise all 
appeared to be somewhat more common.44 Proglottids are seldom 
noticed in the faeces but occasionally carriers may become aware 
of their infection through the spontaneous expulsion of a whole 
worm.

Tapeworm anaemia

In the nineteenth century, a condition was fi rst described in which 
pernicious anaemia, at that time a fatal disease, was associated 
with D. latum infection and in some instances improved dra-
matically after eradication of the worm. In the twentieth century 
the condition has been described exclusively from Finland and by 
the time that the modern understanding of the pathogenesis of 
megaloblastic anaemias had become established, tapeworm 
anaemia was already rapidly disappearing there. Our understand-
ing of this disease is therefore tentative and, since there has been 
no recognized case for many years, will probably remain so. It 
seems clear that tapeworm anaemia was caused by vitamin B12 
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defi ciency. It was strongly associated with gastritis and achlorhy-
dria but neither of these were necessary conditions for its devel-
opment, and intrinsic factor, as demonstrated by the earliest 
physiological methods, does not seem to have been defi cient.44 It 
is most probable that worms were simply competing with the host 
for vitamin B12, with clinical consequences most likely to follow 
when absorption was already marginal. There is also some evi-
dence of a familial predisposition.

Diagnosis and treatment

Ova (Figure 87.17) are detected by faecal microscopy with an 
estimated sensitivity of 95% for a single examination. Diphyllo-
bothrium ova are morphologically similar and cannot be speciated 
by microscopy. Praziquantel is the preferred therapy, a single dose 
of 10 mg/kg being effective. Niclosamide has been extensively 
used in the past.

Control

Control has been effectively achieved in many areas by the detec-
tion and treatment of human cases, improved sanitation and 
education with regard to dietary habits.

ZOONOTIC TAPEWORMS

Hymenolepis diminuta

Rats are the defi nitive host for this parasite, with insects, princi-
pally fl eas, acting as intermediate hosts. Humans, usually chil-
dren, are infected by accidentally ingesting infected fl eas. Adult 
worms can then develop to egg-producing maturity in the human 
gut, reaching a length of up to 6 cm. Human infection is uncom-
mon but probably worldwide. Known clinical consequences are 

limited to eosinophilia and minor abdominal pain. Diagnosis is 
by stool microscopy, the ova (Figure 87.18) differing slightly from 
those of H. nana. Praziquantel is said to be effective.

Dipylidium caninum

A ubiquitous tapeworm of dogs, with their fl eas acting as the 
intermediate host, this parasite is very similar to H. diminuta, as 
an uncommon zoonotic infection of children who have accidently 
ingested dog fl eas. A medium-sized tapeworm, up to 40 cm, can 
develop to maturity in the human gut (Figure 87.19). Motile 

Figure 87.17 D. latum (fi sh tapeworm). Ovum. (Courtesy of 
D. S. Ridley.)

Figure 87.18 H. diminuta (rat tapeworm). Ova. (Courtesy of 
H. Zaiman.)

Figure 87.19 Dipylidium caninum (dog tapeworm). Adult. (Courtesy 
of Tropical Resources Unit, Wellcome Trust.)

Zoonotic Tapeworms
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Figure 87.20 Egg of Dipylidium caninum.

proglottids the size of rice grains are passed intact in the stool; 
free ova (Figure 87.20) are diffi cult to detect. Infection is most 
often asymptomatic and there are no known serious consequences. 
Treatment is with praziquantel.

Diphyllobothrium spp

A number of species of Diphyllobothrium other than D. latum have 
been reported as infecting man (Table 87.1). D. dendriticum is the 
cause of human diphyllobothriasis among the indigenous people 
of the subarctic region where it infects salmonid fi sh, especially 
Arctic char.43 Gulls are the most signifi cant defi nitive hosts. Prev-
alences of 30% and more have been recorded in Canadian Inuit 
communities. Several other parasites infect humans around the 
northern Pacifi c, through Pacifi c salmon, including D. klebanovskii 
which is the principal parasite in the Russian Far East and D. 
nihonkaiense in Japan. D. pacifi cum occurs in Chile and Peru and 
is acquired through the consumption of the traditional dishes of 
marinated raw fi sh known as ‘ceviche’. The clinical consequences 
of all these infections have not been well studied but are con-
sidered to be minor.
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Section 12 Ectoparasites

Chapter 88 Graham B. White

Ectoparasites: Leeches and Leech 
Infestation, Myiasis, Jigger Fleas, 
Scabies, Louse Infestation

LEECHES AND LEECH INFESTATION

Geographical distribution

Land leeches are common in South-east Asia, the Pacifi c islands, 
the Indian subcontinent and South America. Aquatic leeches have 
a worldwide distribution.

Aetiology

Leeches that attack humans have the following position in the 
animal kingdom:
Phylum Annelida
Class Hirudinea
Order Gnathobdellida
Family Hirudinidae
Gnathobdellida leeches are invertebrates, having a smooth cuticle, 
a mouth lacking a proboscis but with three jaws, two suckers (one 
surrounding the mouth, the other at the posterior end) and pow-
erful muscles, circular and longitudinal. They attach themselves 
by the posterior sucker, the anterior end moving about freely. 
When unfed, they are usually about 2.5 cm long and 5 mm thick; 
some are bigger. When full of blood they are dark, bloated 
objects.

The muscular jaws are covered with chitin and produce a char-
acteristic triradiate wound in the skin of the victim. The mouth 
leads to a pharynx, with salivary glands that secrete the antico-
agulant hirudin, a crop in which ingested blood can be stored, a 
stomach, intestine, rectum and anal pore near the posterior sucker. 
The excretory system consists of 17 pairs of nephridia. There is a 
vascular system and a nervous system.

Leeches are hermaphrodites, each one possessing testes and 
ovaries. The spermatozoa of one individual are deposited during 
copulation on the cuticle (to migrate through the tissues to reach 
the ovary) or into the vagina of the other member of the copulat-
ing pair. Some leeches deposit egg masses on objects submerged 
in water; others form a cocoon to be deposited in water or mud, 
from which the young hatch and attach themselves to water plants. 
Others carry their young until they are able to suck.

Leeches that attack humans may be divided into two classes: 
land leeches, which have powerful jaws that can penetrate the skin 
so that they can attach anywhere on the external surface of the 

body, and aquatic leeches, which have weak jaws and require soft 
tissues to feed on. They gain entrance to orifi ces such as the 
pharynx and vagina.

Land leeches

Land leeches live in the vegetation of tropical rainforests and tend 
to breed near springs, streams and wells frequented by cattle, 
horses and other vertebrates. The species noted for attacks on 
humans include Haemadipsa zelanica, H. sylvestris and H. picta. 
Land leeches attach themselves to the skin and feed; when fed, 
they fall off on to the ground, having remained attached for a 
comparatively short time.

Clinical features

The punctures made in the skin by land leeches are painless, and 
remain open and bleeding after the leech has gone; healing is 
slow. Leeches take much more blood than they need and if they 
remain attached, or are numerous, they can take so much that the 
person becomes seriously anaemic and may die from loss of 
blood.

Management

Leeches that attach themselves to the skin must be induced to 
detach; however, they must not be simply pulled off because they 
may then leave behind their jaws, which could become the starting 
point of destructive ulceration. Drops of strong salt solution, 
alcohol or strong vinegar applied around the mouth, or heat from 
a lighted match or cigarette applied to the body, will cause the 
leech to release its hold. The wound can then be treated with a 
styptic and an antiseptic agent.

Prevention

People in countries where land leeches are common should, when 
travelling in infested country, wear boots and trousers thick enough 
to prevent access by the leeches to the skin. Additional protection 
is afforded if the garments or the skin are treated with repellents, 
such as diethyl toluamide (DEET), dimethyl or dibutyl phthalate 
(DMP, DBP) or indalone. DEET and DBP last longer on clothing 
and, if applied about once every 2 weeks at the rate of 28 mL/set 
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of garments, or about 4 mL/30 cm2, are good repellents. On the 
skin, repellents are effective for only 3–5 h – less if sweating is 
excessive. These repellents should not be used on synthetic fabrics, 
which they can dissolve.

Aquatic leeches

Aquatic leeches live exclusively in fresh water. Species that feed on 
humans include Limnatis nilotica, which is large and haunts quiet 
water and ponds, and L. maculosa. Phytobdella catenifera, Dinobdella 
ferox and Myxobdella africana occur in sub-Saharan Africa.1 Aquatic 
leeches deposit their eggs on water plants, and the young may be 
seen in the water. They do not all require a mammalian host, and 
can exist on amphibians. Young leeches enter orifi ces such as the 
nose and pharynx where they attach themselves for prolonged 
periods until they become adult, when they drop off into the 
water. They are more dangerous than land leeches because they 
are more likely to cause severe anaemia.

Clinical features

Aquatic leech infestation is less common than land leech infesta-
tion, but may be much more harmful. Aquatic leeches can enter 
the mouth or nostrils during drinking or washing, and may also 
attack the conjunctiva, vulva, vagina and urethra in persons 
bathing in infested water.

Having entered the mouth or nostrils, the leech can quickly 
pass to the nasopharynx, epiglottis or oesophagus, and even to the 
trachea and bronchi. When attached to the mucous membrane, 
the leech secretes anticoagulant and engorges. The result is bleed-
ing, according to the site of attachment – epistaxis, haemoptysis 
or haematemesis – which may lead to severe anaemia. A leech in 
the nares may also give prolonged headache; if in the larynx, there 
is a cough with bloody discharge, hoarseness, dyspnoea, pain and 
even suffocation. Leeches in the pharynx or oesophagus may cause 
diffi culty in swallowing.

Management

In treating leech infestation of the upper respiratory passages, an 
attempt should be made to see the leech. If it is in the posterior 
pharynx, larynx, trachea or bronchus, the patient should be posi-
tioned so that the leech cannot fall back and block the lower 
passages. If it is in the nares or upper pharynx, it can be paralysed 
with cocaine and extracted directly. If lower down, a pair of long 
hooked forceps can be introduced through a laryngoscope and the 
leech pulled out gently, although tracheostomy may be necessary. 
If in the oesophagus, the leech should be visualized through an 
oesophagoscope and treated with cocaine; it will then fall into the 
stomach where the gastric juice will kill it. For a leech in the 
genitourinary tract, irrigation with strong salt solution may make 
it release its hold.

Prevention

To avoid attack by aquatic leeches, it is necessary to wear appropri-
ate clothing and apply repellents, and to drink only water that has 
been fi ltered, strained through fi ne gauze or boiled.

Although they suck blood, leeches have not been incriminated 
in transmitting infection.

MYIASIS

Myiasis is caused when fl y maggots (larvae of Diptera) invade 
living tissue or when they are harboured in the intestine or 
bladder.

Clinically, maggots that cause myiasis may attack three parts of 
the body.
1. Cutaneous tissue. Some species of maggots cause furuncles 

(subcutaneous myiasis), invade sores and wounds (wound 
myiasis), burrow under the skin (dermal myiasis, a cause of 
creeping eruption) or suck blood.

2. Body cavities. Other species invade the nasal passages (nasal 
myiasis), mouth, ears and accessory passages, enter the orbit 
of the eye (ocular myiasis), or penetrate the anus or vagina.

3. Gut lumen. If accidentally ingested, fl y eggs or larvae may 
survive passage through the stomach and bowel to emerge in 
the stool (intestinal myiasis).

Parasitologically, myiasis-producing fl ies can be divided into three 
categories (see also Appendix IV):
1. Obligatory myiasis producers. For some fl y species, it is essen-

tial for the larvae to develop in living tissue because they are 
unable to develop elsewhere. These obligate parasites are 
highly specialized insects, the larvae of which have developed 
highly sophisticated mechanisms to avoid the host’s immune 
system.

2. Facultative myiasis producers. These larvae usually develop 
on carrion but may invade wounds. They may be primary 
invaders which initiate myiasis; secondary invaders, entering 
tissue only when the animal has become infested; or tertiary, 
which become involved later, only once decomposition is 
advanced.

3. Accidental myiasis producers. These eggs or larvae are acciden-
tally ingested and are not killed in the intestine.

Cutaneous tissue myiasis

Blood suckers (Congo fl oor maggot)

Geographical distribution

The adult fl y Auchmeromyia luteola (see Appendix IV) is widely 
distributed throughout tropical Africa from 18°N to 26°S, from 
northern Nigeria and southern Sudan to Natal, from sea level to 
2250 m in both dry and wet climates.

Aetiology

The Congo fl oor maggot is the larval stage of A. luteola (see Appen-
dix IV), an orange-buff coloured ‘blowfl y’ covered with numerous 
small hairs which give it a smoky look. It has a stoutly built body, 
10–12 mm long.

Life cycle

The adult fl y sits motionless among the thatch, beams and 
cobwebs of the roof of huts where it is protected by its colour and 
is diffi cult to see. Human faeces are its most important source 
of food. It lays eggs in the crevices of mud fl oors, favouring 
those contaminated by urine, 3 weeks after its emergence from 
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the pupa. The larva that emerges from the egg is dirty white, 
semi-transparent, 15 mm long and composed of 11 segments. This 
stage is known as the Congo fl oor maggot (see Appendix IV). 
The larva is mobile and emerges from its hiding place to take 
blood meals from the host, which must be hairless and immobile, 
such as a sleeping human, aardvark or nestling bird. It feeds by 
scraping with its mouth hooks until it reaches a blood vessel. 
The fi rst segment then retracts and its sucker is applied. After 
feeding, it becomes conspicuously red as it is fi lled with blood, 
and retreats into a crack in the fl oor, under the mats on which 
people sleep, or burrows in the earth to a depth of up to 8 cm. 
Congo fl oor maggots feed mainly at night and drop off at once if 
disturbed. They can be recognized by the characteristic shape of 
the spiracles (see Figure IV.17A). When ready to pupate, the larva 
selects a suitable place and lies dormant. The pupa is dark reddish-
brown with an oblong body 9–10 × 4.5 mm; this stage lasts for 
2–3 weeks.

Clinical features

The bite is painless. Blood loss has never been found suffi cient to 
cause anaemia. No infections are known to be transmitted by its 
bite.

Prevention

Sleeping on a bed raised above the fl oor is suffi cient to prevent 
attack. House-spraying with residual insecticide should be applied 
to eliminate infestations.

Subcutaneous myiasis

The maggot penetrates the skin; no previous lesion is necessary. 
Two species of fl y are the cause; both are obligatory myiasis pro-
ducers: Cordylobia anthropophaga (family Calliphoridae) in Africa 
and Dermatobia hominis (family Cuterebridae) in South America.

Cordylobia Anthropophaga (tumbu fl y, putsi fl y, 
ver du cayor) (see also Appendix IV)

Geographical distribution

The tumbu fl y occurs throughout sub-Saharan Africa, and has 
been recorded from southern Spain.

Aetiology

C. anthropophaga (see Appendix IV) is a large, robust, yellow-
brown fl y, 7–12 mm long, resembling the adult of the Congo fl oor 
maggot (A. luteola) and diffi cult to distinguish from numerous 
other species of fl ies. C. anthropophaga is an obligate parasite. 
Adults are active in the early morning and late afternoon, laying 
eggs on sandy ground or contaminated clothing. The eggs hatch 
and the larvae that emerge invade the subcutaneous tissue and 
undergo three moults or instars (see Appendix IV); complete 
development in the subcutaneous tissues takes 8–12 days. The 
larvae emerge and fall to the ground, where they pupate in 24 h, 
and the adult hatches after 10–20 days, according to temperature. 
The pupa has a characteristic shape with a truncated end. Rodents 
and dogs are the usual larval hosts, and humans are infected only 
accidentally.

Transmission

The female fl y lays its eggs in two batches on sandy ground con-
taminated with urine or faeces, and also on clothing (although 
such clothing may appear clean). Clothing laid on the ground to 
dry is affected, but not clothing hanging in bright sunlight, because 
the eggs are laid only in shaded areas. The eggs are not laid directly 
on the skin.

On hatching, the small fi rst-stage larvae hold themselves erect 
and can remain alive without food for about 9 days. The larvae, 
which are sensitive to both heat and vibration, become attached 
to a host and immediately begin to penetrate the unbroken skin, 
taking about 1 min. Penetration, which is painless, may involve 
any part of the body but most commonly occurs on the back, head 
and neck in humans. Larvae are acquired from lying on the ground 
or from clothing, and infection is more common in children. 
Dogs are an important domestic reservoir.

Immunity

There is a localized degree of immunity which has been produced 
experimentally in guinea pigs. There are no antibodies and no 
general immunity. Larvae penetrating the immune area die in 
40 h, and grafted skin retains its immunity.

Clinical features

Initially, the lesion starts as a small papule containing the larva, 
and which may be itchy or pricking at intervals. As the papule 
increases in size, the symptoms recur and may keep the person 
awake at night. Serous fl uid may be exuded and local lymphade-
nopathy may occur. There may be fever and general malaise. The 
lesion, which resembles a boil, grows over a period of 6 days, the 
larva being noticed by the time the third stage has been reached. 
While in the host (8–12 days), the larva has its posterior segment 
(bearing the respiratory spiracles) protruding from the aperture, 
but this may be withdrawn when touched. There may be numer-
ous lesions resembling boils situated on the arms, scrotum and 
other parts of the body, coinciding with areas of contact with 
contaminated clothing. Close inspection of the lesions will reveal 
that, instead of a pustular head, the lesions terminate in a 1–3-mm 
dark line, the site of the respiratory spiracles of the larva 
(Figure 88.1).

Diagnosis

C. anthropophaga causes less pain than an ordinary boil, and the 
appearance of the spiracles is diagnostic. In case of doubt, the 
surface of the lesion should be covered with petroleum jelly 
(Vaseline), glycerine or oil. The appearance of bubbles clinches 
the diagnosis.

Management

The larvae can be removed by squeezing the boil, assisted by fi rst 
covering the spiracles with a layer of paraffi n oil to stop the oxygen 
supply. Mature larvae will then wriggle partly out, and can fi nally 
be removed by exerting fi rm digital pressure on each side. Early 
lesions are best left to develop for a few days, as immature larvae 
are reluctant to emerge. Rupture of the larvae by injudicious 
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attempts at extraction may cause a severe infl ammatory 
response.

Prevention

All clothing and towels should be ironed on both sides, and drip-
dry clothes should be hung indoors with the windows closed2 to 
prevent contact with the fl ies.

Dermatobia Hominis (ver macaque, berne, el tórsalo, 
beefworm, human bot fl y) (see Appendix IV)

Geographical distribution

D. hominis is widely distributed throughout Central and South 
America, from Mexico to Argentina and Chile. It is especially 
common on the forested eastern slopes of the Andes in Colombia. 
It attacks a wide range of hosts and is a devastating pest of live-
stock in some areas.

Aetiology

The adult fl y is a large bluish-grey fl y, 1.5 cm long (see Appendix 
IV), with a strong fl ight, found primarily on the edge of tropical 
forests, particularly hilly areas of secondary forest between 160 
and 3000 m. The adult D. hominis, on attaining maturity, lays its 
eggs directly on other insects or foliage, but especially on day-
fl ying mosquitoes such as Psorophora, fl ies (Sarcophaga, Musca and 
Stomoxys) and ticks (Amblyoma). The packets of eggs adhere to the 
insect’s thorax and are thus conveyed to the new host (usually 
cattle, dogs or humans). This characteristic is called phoresis or 
‘hitch-hiking’.

The larva remains in the egg until it senses warmth, whereupon 
it rapidly ‘hatches’ and penetrates the host’s skin in 5–10 min, 
remaining at the site of penetration. Each larva penetrates indi-
vidually and a small nodule develops around it with a central pore 
through which the larva breathes. The second-stage larva has a 
characteristic shape which makes it diffi cult to remove. The dura-
tion of larval development is uncertain but probably lasts from 6 
to 12 weeks in humans, during which it grows slowly, feeding 
on tissue exudate. It then emerges, drops to the ground and 
pupates.

Clinical features

Cutaneous swellings, each harbouring one larva, usually occur on 
exposed areas (although the fl ies can penetrate clothing), and are 
found most commonly on the head but also elsewhere on the 
body. In the orbit the larva can cause serious pathology and is a 
cause of ophthalmomyiasis (see Chapter 18). Lesions can be mul-
tiple, and 12 have been reported on one individual. The lesion is 
an infl amed swelling 2–3 cm in diameter, at the apex of which 
can be seen the small black spiracles from which exudes a sero-
purulent fl uid containing the dark faeces of the larva. The lesions 
are very painful and itchy, but do not suppurate because the bac-
teriostatic activity of the gut of the larva prevents undesirable 
overgrowth of pyogenic bacteria.

Diagnosis

Diagnosis is made by examining the lesion for the characteristic 
spiracles and the faecal-stained serous exudate.

Complications

Loss of the eye can occur in ophthalmomyiasis. A fatal cerebral 
myiasis can occur in children, but is rare.

Management

Occasionally, the fi rst-stage larva can be removed (as in Cordylo-
bia), but more often surgical removal is necessary with second- 
and third-stage larvae. The larvae are best removed by means of a 
cruciate incision, and care must be taken not to go through the 
central hole and damage the larva, portions of which must not be 
left in the wound.

Control

In Brazil, D. hominis has been controlled with insecticides includ-
ing DDT, pyrethroids and Toxaphene. In Curaçao, males sterilized 
by radiation were released to render the females sterile after mating 
(females mate only once). After 2 years of the sterile male release 
programme, the fl y was exterminated in a similar manner to the 
cattle screw-worm, Callitroga hominivorax, which has been eradi-
cated from North America by this method.

Dermal myiasis or creeping eruption

Dermal myiasis is caused by the maggots of horse and cattle bot 
fl ies which are obligatory myiasis producers (whereas in humans 
the maggots cannot develop further), producing tunnels in the 
epidermis in which they may wander for some time.

Aetiology

Gasterophilus spp. (horse bots, warble fl ies) 
(see also Appendix IV)

Gasterophilidae are common parasites of horses, and sometimes 
of humans, especially people who look after horses. The eggs are 
laid on the hair of the host or on grasses. On contact with skin, 
the larvae promptly penetrate, but do not develop beyond the fi rst 
instar, causing a swelling and a wandering tunnel in the lower 
epidermis in which they may wander for a long time.

Figure 88.1 Lesions of tumbu fl y (Cordylobia anthropophaga).
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Hypoderma spp. (cattle bots) (see also Appendix IV)

Hypoderma ovis and H. lineatum (Oestridae) are parasites of cattle 
and cause creeping eruption in persons connected with cattle. The 
eggs are deposited on the hair of cattle and hatch within a week. 
The larvae penetrate more deeply into the subcutaneous tissues 
than those of Gasterophilus spp., and have been reported to have 
invaded the nervous system.

Clinical features

The tunnels caused by Gasterophilus spp. maggots resemble the 
lesions caused by Ancylostoma braziliense (cutaneous larva migrans).
They itch but do not discharge unless infected. Lesions caused by 
Hypoderma are deeper, producing a swelling that resembles a 
boil. The maggots migrate slowly for considerable distances. 
H. ovis has been reported to invade the central nervous system.

Differential diagnosis

Other causes of a creeping eruption are cutaneous larva migrans 
caused by Ancylostoma, Strongyloides (see Chapter 85), Gnathostoma 
(see Chapter 16) and Fasciola hepatica (see Chapter 83). Strongy-
loides is transient and very fast moving (hence ‘larva currens’), 
whereas Gnathostoma and Fasciola larvae do not usually tarry in 
the skin for long before moving deeper.

For veterinary diagnosis, an increasing number of specifi c 
enzyme-linked immunosorbent assay (ELISA) tests are becoming 
available for identifi cation of the presence and identity of bot and 
warble fl ies causing myiasis.

Gasterophilus larvae may be identifi ed by smearing a small 
amount of clear mineral oil over the lesion. The larva can then be 
seen and identifi ed by the black transverse bands of spines on its 
body.

Management

Gasterophilus larvae, when identifi ed, may be removed with a 
needle. Hypoderma larvae may be removed through a cruciform 
incision.

Body cavity myiasis

Nasal myiasis

Geographical distribution

Nasal myiasis occurs most commonly in Asia, less commonly in 
Africa.

Aetiology

Chrysomyia beziana (Old World screw fl y) is the most common 
cause, but Oestrus ovis (sheep nasal bot fl y), Rhinoestrus purpureus 
(Russian gadfl y), Callitroga hominivorax and C. Americana (New 
World screw fl y) are other causes (see Appendix IV).

Pathology

The fl ies are obligatory myiasis producers. The female fl ies lay eggs 
in the nasal cavity, especially where there is a chronic nasal dis-
charge. The larvae require living tissue in which to develop. After 

the eggs have hatched, the larvae burrow into the tissue – even to 
the nasal bone – within a few hours.

Clinical features

The initial symptoms are tickling, sneezing, pain and nasal obstruc-
tion. Epistaxis is common, but the discharge soon becomes puru-
lent and fetid. Destruction and erosion of the nose or mouth may 
facilitate larval migration to the brain, with meningitis and death. 
A mortality rate of 8% has been recorded in cases of C. hominivo-
rax nasal infection.

Diagnosis

The maggots can be seen with a nasal speculum and extracted for 
examination. They should be preserved in 70% alcohol and sent 
to a laboratory to be identifi ed by their spiracles (see Appendix 
IV), or kept alive and hatched to permit identifi cation. Precise 
identifi cation is academic unless control measures are intended, 
and is of no practical importance to the patients.

Management

A few drops of 15% chloroform in light vegetable oil applied to 
the nasal passages will cause the larvae to appear, when they can 
be removed with forceps. In advanced cases the nasal sinuses may 
have to be opened surgically.

Control

C. hominivorax has been eradicated from some areas by means of 
the large-scale release of male fl ies sterilized by γ radiation.

Myiasis of the ear

The same species may invade the ear, causing pain and discomfort 
accompanied by deafness and tinnitus, and the drum may be 
perforated.

Ocular myiasis (ophthalmomyiasis) 
(see also Chapter 18)

External ophthalmomyiasis, which involves only conjunctivitis, is 
caused by Oestrus spp. (sheep bots) or Wohlfahrtia spp.

Internal ophthalmomyiasis may be caused by Dermatobia 
hominis, Oestrus ovis (sheep bots), Gasterophilus spp., Rhinoestrus 
spp. (horse bots) and Hypoderma spp. (cattle bots). However, O. 
ovis mainly attacks the conjunctivae (external ophthalmomyiasis). 
The female fl y strikes the eye, depositing eggs almost instanta-
neously while on the wing. Larvae are deposited on the conjunc-
tiva at the inner canthus of the eye, the nasal openings or the lips. 
The larvae, which do not survive for more than 10 days, develop-
ing no further, are actively motile and possess characteristic hooks 
which cause conjunctival irritation. They may be removed under 
direct vision after applying topical anaesthetic.

Internal ophthalmomyiasis involving the orbit and eye can be 
very destructive, leading to the loss of the eye (see Chapter 18).

Myiasis of the anus and vagina

Wohlfahrtia spp. (fl esh fl y) (see Appendix IV) can lay their eggs in 
large numbers around the anus and vagina of adults and children 
in poor hygienic circumstances where there are soiling and sores 
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in the anogenital region. Large numbers of maggots may develop 
within a few hours.

Wound myiasis

Aetiology

This includes myiasis produced by both obligatory and facultative 
myiasis producers. Larvae of several groups of fl ies usually associ-
ated with carrion have been found in wounds and gangrenous 
tissues, where they act as facultative parasites feeding on necrotic 
tissue, although occasionally they may attack living tissues.

Larvae of the facultative parasites Calliphora, Lucilia, Phormia, 
Musca and Fannia spp. are found living in moist folds of skin and 
enter sores and wounds. At one time the larvae of carefully culti-
vated Lucilia were used to cleanse wounds by removal of infected 
tissue, and this practice may still be appropriate for cases where 
antibiotics are ineffective and surgery impractical.3

In southern Europe, Russia, the Middle East and Africa, Wohlfahr-
tia magnifi ca (Old World fl esh fl y or sheep maggot) is the common 
species, and W. vigil (New World fl esh fl y) in the New World. In 
India, the Far East and sub-Saharan Africa Chrysomyia bezziana, and 
in the New World Callitroga hominivorax (see above), are the most 
frequent agents of wound myiasis. These fl ies are obligatory myiasis 
producers, relying on living tissue for their survival.

Urogenital myiasis

Mistaken diagnosis of urinary myiasis is not uncommon, due to 
a larva from a contaminated vessel in which urine has been col-
lected, or which has been introduced into the urine after it was 
passed; however, there have been genuine cases in which larvae 
have been passed via the urethra from the bladder. If the vulva or 
vaginal area in women is infested, there are obvious opportunities 
for larvae to enter the bladder. The fl ies concerned are usually of 
the genera Psychoda, Musca, Calliphora and Sarcophaga.4

Intestinal myiasis

Eggs, and sometimes larvae, of many species of fl ies are deposited 
on foodstuffs, and sometimes survive the journey down the intes-
tinal tract. They may then develop in the folds of mucous mem-
brane, even causing some irritation (pain, vomiting, diarrhoea) or 
even ulceration before being evacuated. If deposited around the 
anus, such larvae may crawl into the rectum to complete their 
feeding inside the body. This kind of infestation may persist for 
months, producing severe anxiety as well as internal irritation. The 
larvae can be recognized in the faeces, sometimes in vomit.

The fl ies that are usually implicated include species of Musca, 
Fannia, Chrysomyia, Calliphora and Lucilia. Prevention entails the 
careful covering of food. Treatment with purgatives will aid elim-
ination, and ivermectin is worth a trial.

JIGGER FLEAS

Geographical distribution

Originally found in Central and South America, the jigger has now 
spread to West and East Africa and to parts of the Indian subcon-
tinent.

Aetiology (see Appendix IV)

Tunga penetrans (the sand fl ea, jigger fl ea, chigoe, chique)is the 
cause, the female being adapted for an intracutaneous permanent 
attachment to the host (human, pig, poultry and other animals). 
As with other fl eas, the larvae are free living, dusty or sandy soil 
being best for T. penetrans. Adults are also free living at fi rst, when 
copulation occurs. The fertilized female then fi nds a suitable host 
and tries to penetrate crevices in the skin, such as cracks in the 
soles of the feet (Figure 88.2), between the toes and especially 
around the toenails. Any part of the human anatomy can be 
affected. By means of the mouthparts, the female Tunga becomes 
fi rmly attached and soon swells to the size and shape of a small 
white pea. Somehow, the host skin envelops the jigger, which lies 
below the stratum corneum but above the stratum granulosum, 
leaving only the posterior spiracles exposed to the air. Only when 
the jigger is almost mature and distended, after 8–12 days, does 
the infection begin to irritate. Severe infl ammation and ulceration 
ensues, so that scratching helps to expel large numbers of white 
eggs from the jigger (see also Appendix IV).

Clinical features

The jigger seldom attacks the leg above the dorsum of the foot, 
but no part of the body escapes. The soles (Figure 88.3), the skin 
between the toes and that of the roots of the nails are favourite 
situations. Usually only one or two jiggers are found at a time, but 

Figure 88.2 The sand fl ea or jigger.
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occasionally they are present in hundreds, the little pits left after 
extraction or expulsion being sometimes so closely set that parts 
of the surface may look like a honeycomb. During her gestation, 
the jigger causes a considerable amount of irritation. Pus may 
form around her distended abdomen, which now raises the integ-
ument into a pea-like elevation. After the eggs have been laid, the 
skin ulcerates and the jigger is expelled, leaving a small sore which 
may become seriously infected or lead to tetanus. Ulceration is 
common and may follow removal of the jigger or natural extru-
sion of the egg sac. The ulcer commences as a tiny pit and, as it 
extends, the sloping edge may develop into a septic ulcer. It 
remains more or less circular in outline, except under the nail or 
nail margin, where the outline is more irregular and a pocket of 
pus forms beneath it.

Management

The mature female jigger should be removed carefully using a 
sterile needle, so as to pick out the jigger without bursting it. 
Inexpert attempts at removal may lead to severe secondary 
infection.

Prevention (see Appendix IV)

Affected areas of soil may be burnt off in an effort to kill the fl eas, 
or residual insecticide applied to infested areas. As female jiggers 

are not good jumpers, human infestation is normally confi ned to 
the feet. Daily inspection of the interdigital clefts, roots of nails 
and soles of feet should cause freshly burrowing female jiggers to 
be detected and removed before they have grown much. To prevent 
attack, foot-enveloping shoes (not ‘fl ip-fl ops’ or sandals) are effec-
tive – and a more sensible solution than repellents.

SCABIES

Geographical distribution

Scabies is a worldwide infection generally associated with an 
unhygienic lifestyle, owing to shortage of washing water, irrespec-
tive of climate.

Aetiology

Sarcoptes scabiei, the itch or scabies mite (Acari: Sarcoptidae), 
causes human scabies. The same species is the aetiological agent 
of sarcoptic mange in dogs, horses and other animals.5

The female S. scabiei (0.3–0.4 mm) is twice the size of the male 
(0.2 mm) (see Appendix IV). The gravid female lays her oval eggs 
(15 × 100 μm) in a burrow in the skin. The eggs give rise to adults 
10–14 days later, after passing through the larval and one or two 
nymphal stages. The nymphs moult, become sexually mature, and 
pair off on the surface of the skin. The adults live for 4–5 weeks.

Transmission

Transmission is from person-to-person by direct skin contact and 
through bedding and clothing. Scabies is often transmitted sexu-
ally. The newly fertilized female is the infective agent.

Pathology

Both males and females of S. scabiei make short burrows, but it is 
only the fertilized female that makes a permanent burrow in the 
horny layers of the skin, with the female at the end (see Appendix 
IV). Pathology is the result of sensitization of the host to the mites 
and their excretions.

A vesicle is present at the entry point of the tunnel in which eggs 
and faeces are deposited. The larvae hatch out after 3–4 days, when 
they leave the burrow for the skin surface for food and shelter in 
the hair follicles. After 4–5 days the adults mate and the female 
burrows into the cuticle of the skin to complete the cycle.

The population of mites builds up over 2–4 months and a fully 
developed case of scabies may have no more than 20 adult mites, 
often less. When sensitization of the host occurs, a generalized 
rash develops. Infi ltration with eosinophils is found round the 
burrows, and foci of lymphocytes and histiocytes can be found 
deep in the corium after cure.

Clinical features (see also Chapter 19)

Incubation period

There is an incubation period of 6–8 weeks before symptoms 
appear.

Symptoms and signs

The fi rst stage is a small (1–3 mm), slightly raised, itchy papule 
which develops at the site of each mite. Scratching may destroy 

Figure 88.3 Jiggers in the sole of the foot.
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the mote and convert the papule into a pustule. Local sensitization 
is followed by the appearance of a rash.

The generalized rash of scabies is an itchy erythematous rash, 
the distribution of which does not correspond to the site of the 
mites. It is a phenomenon of hypersensitivity in which it may be 
impossible to demonstrate mites. The eruption occurs most com-
monly in the axillae, around the waist, at the inner aspect of the 
thighs and at the back of the legs, from which it may spread all 
over the body. It commonly occurs in reinfection, and the number 
of mites present may be small.

Immunosuppression and crusted scabies

Evidence for acquired immunity to scabies comes from the fi nding 
that, in immunosuppressed persons, the mites escape control and 
multiply considerably, leading to encrustation of the skin, a con-
dition known as crusted or Norwegian scabies. Steroid therapy to 
control undiagnosed itching may change ordinary into crusted 
scabies.

This is a severe type of scabies accompanied by profuse crusting 
and hyperkeratotic plaques (Figure 88.4). It is common in the 
tropics and used to be common in leprosy. Burrows are not formed 
and a large number of scabies mites may be present on the surface 
of the skin.

Scabies in children

Scabies in children is atypical. During the fi rst year of life the 
lesions are general and resemble pemphigus, the buttocks and 
perineum being most often severely affected. Burrows are often 
impossible to fi nd, and secondarily infected excoriations and scat-
tered pustules are the most characteristic lesion (Figure 88.5).

Sarcoptic mange (animal scabies)

This is sometimes contracted by people following contact with 
dogs, cats and cattle infested with zoonotic races of Sarcoptes. It 
may be distinguished from human scabies by the distribution of 
papules and vesicles on the arms, shoulders, trunks and thighs, 
and by the absence of burrows on the hands. Sarcoptic mange 
responds rapidly to treatment with ivermectin or sulphur.

Important complication: nephritis

Secondary infection of scabies lesions is very common, especially 
in children. Scabies infected with nephritogenic strains of β-
haemolytic streptococci is an important cause of glomerulone-
phritis, and in some parts of the world may be a more frequent 
cause of nephritis than streptococcal throat infection. Secondarily 
infected scabies should always be treated with a course of antibi-
otics at the same time as antiscabetic treatment.

Differential diagnosis

Scabies in the tropics is atypical in appearance, especially in chil-
dren, in whom crusted scabies may be diffi cult to distinguish from 
eczema and pyoderma. Itching is severe in scabies, in which it may 
be possible to identify burrows. In adults, onchocerciasis (also 
intensely pruritic) and lepromatous leprosy (with which scabies 
may co-exist) must be thought of.

Diagnosis

Scabies burrows between the fi ngers may be seen with a magnify-
ing glass. After opening a burrow, the mite at the end can be 
extracted with a needle and examined under mineral oil. Scrapings 
from ulcers may reveal mites or eggs.

Management (see also Chapter 19)

All members of the family in contact with the patient should be 
treated at the same time. In addition to affected areas of the head, 
it is important to treat the whole body from the neck down. Mites 
are found only above the neck in infants.

Benzyl benzoate 20% emulsion should be applied from the 
neck down after a bath and allowed to dry, when the clothes may 
be put on again. After 24 h a second bath should be taken, and 
the clothes and bedclothes washed in the meantime. A second 
treatment should be given 1 week later. Crusted lesions should 
fi rst be removed with a mixture of sulphur and salicylic acid. 
Secondary infection is treated with a 5-day course of penicillin.

Figure 88.4 Crusted scabies. (Courtesy of P. Rotmil.)

Figure 88.5 The second leg of Pediculus, showing the length of the 
tibia (TL). In P. capitis TL = approximately 0.3 mm, and in P. humanus 
TL = approximately 0.4 mm.
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NBIN emulsion concentrate consists of 68% benzyl benzoate, 
6% DDT, 12% benzocaine and 14% polysorbate 80. This requires 
a dilution of 1 : 15 in water before use.

Tetmosol (tetraethylthiuram monosulphide) in a 5% solution 
can be used as benzyl benzoate. In soap form, it is of little value.

Crotamiton (Eurax) is applied daily for 5 days and is suitable 
for infants. It is more expensive but has powerful antipruritic 
properties.

Lotions of 0.5% malathion or 1% BHC are also effective, and 
sting less than benzyl benzoate.

Epidemiology and control

Human scabies waxes and wanes in incidence over 15–20-year 
cycles, probably as a result of changing immunity patterns. Scabies 
is widespread in the tropics, especially among children. Infection 
is associated with poor hygiene – the result of inadequate water 
supply.

Good personal hygiene, plus the search for and treatment of 
infected families, is the best form of control in the community.

Prevention is by avoidance of skin contact with infected persons 
and clothing. People able to wash themselves frequently do not 
suffer much from scabies.

LOUSE INFESTATION

Three species of louse are parasitic to humans:
• Pediculus humanus (body louse)
• Pediculus capitis (head louse)
• Phthirus pubis (crab louse).
Pediculus humanus and P. capitis are morphologically similar but 
have different habits. Although experimental interbreeding is pos-
sible, this does not happen in nature. The majority of lice are host 
specifi c, and although lice from domestic animals may be found 
on humans they do not persist. Most lice do not survive for long 
when removed from the host.

Pediculus humanus (body louse)

Aetiology

P. humanus is larger (0.4 mm) than P. capitis (0.3 mm) and there 
are minor morphological differences (Figures 88.5, 88.6). The 
female P. humanus sometimes attaches her eggs (nits) to body hair, 
but more often cements them to clothing fi bres, usually along 
seams and folds in garments. The female lice produce an average 
of four to fi ve eggs per day during their life of up to 1 month. The 

nymphs hatch in 8 days, becoming adult after three moults in 18 
days. Nymphs and adults take blood meals two to fi ve times a day 
throughout life.

Transmission

Pediculus infestation is usually acquired through close contact 
with lousy persons, shared clothes and bedding. Lice tend to leave 
patients with fever and sweating, thus promoting the spread of 
disease. They avoid light and leave a corpse as it becomes cold.

Clinical features

Body lice cause itching and a generalized red maculopapular rash. 
Scratching may cause secondary infection and impetigo may 
result. P. humanus is the sole transmitter of louse-borne typhus 
(Rickettsia prowazeki), trench fever (Bartonella quintana) (see 
Chapter 49) and louse-borne relapsing fever (Borrelia recurrentis) 
(see Chapter 69).

Diagnosis

Eggs (nits) should be searched for on body hair. Adults, nymphs 
and eggs should be looked for in the seams and folds of 
clothing.

Pediculus capitis (head louse)

P. capitis females cement their eggs (nits) to the base of head hairs, 
and growth of the hair eventually brings the empty egg cases into 
view after the eggs have hatched. They are confi ned to the scalp.

Transmission

This is by close contact, usually head-to-head transfer.

Clinical features

Head lice seldom cause noticeable signs or symptoms, and infes-
tation is principally a hygienic and aesthetic nuisance. In heavy 
infections, some dermatitis of the scalp can result from scratching. 
P. capitis is not known to be a vector for any disease.

Diagnosis

Diagnosis is by searching for the presence of ‘nits’ in the hair or 
observing the lice themselves.

Phthirus pubis (crab louse)

Crab lice occur worldwide, and are found exclusively on 
humans.

Aetiology

Phthirus is shorter and broader then Pediculus and has massive 
claws on the second and third legs by which it clings to hair 
(Figure 88.7). It is found most commonly in the genital and 
inguinal regions, but may be found on any of the body hair except 
that of the scalp, including the beard, chest hair and eyelashes. It 
cannot survive off the host for more than 24 h.

Figure 88.6 (A) Female Pediculus humanus. (B) Female Pediculus 
capitis.

Louse Infestation
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Transmission

This is by sexual and close personal contact.

Clinical features

Infection is normally noticed following irritation caused by the 
bite. Sometimes a characteristic small ‘blue spot’ (2–3 mm across) 
may result from the bite, different from the red spot caused by 
pediculid lice. P. pubis is not known to be the vector of any 
disease.

Control of lice and the treatment of 
lousy patients

Pediculus

Destruction of the lice and eggs on clothes is achieved most effi -
ciently by heating to 60°C for 30–40 min. For practical purposes, 
70°C for 30 min is recommended. Particular attention should be 
paid to folds and pleats, and the application of a hot iron to these 

Figure 88.7 Female Phthirus pubis, showing the contained ovum 
(×12).

is useful. Head lice may be removed by combing with a fi ne louse-
comb, used with soft soap to remove nits. The most effi cient comb 
of this type (Sacker patent) is now in short supply, but others are 
available, although for best effect they should be used in conjunc-
tion with chemical treatments. Chemical methods of control 
(both species) include the application of DDT or permethrin 
dusts, or malathion, carbaryl and other insecticides prepared as 
suitable lotions or shampoos that are commercially available. As 
insecticide resistance is becoming a problem in many areas, World 
Health Organization susceptibility tests should be made before 
widespread application of an insecticide. Such tests should be 
made on the target population. Resistance in one of the pediculids 
in a given area does not imply similar resistance in the other.

Phthirus

Chemical methods, as outlined above, are normally used for this 
species. Resistance to insecticides is rare.
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Section 12 Ectoparasites

Chapter 89 Graham B. White

Arthropod Dermatoses, Stings, Bites, 
Allergies and Neuroses

ACARINE DERMATOSIS

Intense irritation and dermatitis, somewhat resembling that pro-
duced by scabies, can result from various mites (Acari) living as 
temporary ectoparasites on the skin of humans. The most common 
occurrence of such infestation is among workers associated with 
stored food products in which the mites occur as pests. The more 
familiar of these are grocer’s itch caused by Glycyphagus domesticus, 
baker’s itch (Acarus siro) and copra itch (Tyrophagus putrescentiae). 
Pyemotes tritici (= ventricosus), the grain or straw itch mite (Figure 
89.1), causes an urticarial and papular eruption of exposed parts 
of the body in those who handle grain, cottonseeds, beans and 
especially straw.

These mites give rise to a severe pruritus, especially on the 
trunk. A lotion of warm water and vinegar or a saturated solution 
of picric acid in 90% alcohol will relieve the irritation. An applica-
tion of 5% betanaphthol ointment is a preventive treatment, and 
a dilute phenol solution will kill the mites. Dermatophagoides 
mites have been recorded as causing an unusually severe derma-
titis in humans. In one case, infestation of the scalp persisted for 
7 years. Among the constituents of house dust, it has been found 
that Dermatophagoides produces the most potent allergen. Bites 
of thrombiculid mites, or chiggers, cause a parasitic dermatitis 
known as trombidiosis or scrub-itch. This condition is an allergic 
reaction to the saliva of the mite and can be caused by about 15 
species, mostly belonging to the genera Eutrombicula, Schoengastia 
and Neoschoengastia. Trombiculid bites can be prevented by mite 
repellents, such as diethyltoluamide (see also Chapter 19).

TICKS

Extensive subcutaneous haemorrhages can be caused by the anti-
coagulant inoculated with the saliva of ticks.

BUTTERFLY AND MOTH DERMATOSES

Various moth and butterfl y caterpillars, usually of the families 
Arctiidae, Lymantriidae, Saturniidae, Megalopygidae, Notodonti-
dae and Nymphalidae, possess urticating hairs that can cause 
dermatitis. These hairs penetrate the skin, and poison may be 

injected through them from attached glands. The poisons include 
histamine and cause irritation, which can be severe if mucous 
membranes are affected, for example when detached hairs enter 
the eye and give rise to nodular conjunctivitis.1 Both larvae and 
adults can be involved.

In Papua New Guinea and northern Australia, the moth Ochro-
gaster lunifer has caused epidemics of urticaria among troops. In 
Brazil, fl annel moths (Megalopygidae) are well known urticators. 
In the Panama Canal zone, the urticating caterpillars of Megalopyge 
lanata produce rapidly developing eosinophilia (8–22%), numb-
ness and vesication. The ‘puss caterpillar’, Megalopyge opercularis, 
causes thousands of cases of dermatitis in children in Texas, neces-
sitating the closure of schools. In Japan, some 300 000 people 
were affected by the moth Euproctis fl ava. In Israel, Thaumetopoea 
pinivora causes trouble every year in February and May, and 
caterpillar dermatitis is also common in northern Kenya (Figure 
89.2).

Urticating hairs may become detached from the caterpillar and 
the cocoon spun by the caterpillar before pupation. Such detached 
hairs may retain their urticating properties for a long time. If 
inhaled, these hairs may cause dyspnoea, and if ingested they may 
give rise to stomatitis. In Africa, Anaphe renata (Notodontidae) and 
related moths have both imago and larva clothed with detachable 
irritating hairs.

Caterpillars of the Venezuelan saturniid moth Lonomia achelous 
inject, through their hairs, a powerful anticoagulant if handled or 
even brushed against, and long-lasting fi brinolytic bleeding 
results.2

In Africa and Asia some adult moths of the families Pyralidae, 
Geometridae and Noctuidae feed upon the eye discharges of 
various mammals, including humans. Although their probosces 
cannot penetrate living tissue, they may well be vectors of mam-
malian epidemic keratoconjunctivitis and other eye diseases. In 
Malaya, one noctuid fruit-piercing moth Calyptra eustrigata can 
penetrate mammalian skin and suck blood, and must therefore 
be considered a potential vector of disease or producer of allergic 
reactions.3

BEETLE DERMATITIS

Beetle larvae of the family Dermestidae have urticating hairs that 
produce a dermatitis. As these beetles are pests of stored products, 
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dockers unloading ships’ cargoes have developed dyspnoea and 
erucic stomatitis from the inhalation and ingestion of detached 
hairs.

The family Meloidae contains some species known as blister 
beetles because their body fl uids contain cantharidin, a cytotoxic 
principle that causes vesicular dermatitis when applied to the 
skin. The best known species is the so-called Spanish fl y Lytta 
vesicatoria, and in India Mylabris cichorii and Epicauta hirticornis 
are troublesome. In the Gilbert Islands, severe blistering is 
caused by the coconut beetles Sessinia collaris and Ananca decolor 
of the family Oedemeridae. The bushmen of South Africa use 
body fl uids from the larvae of the chrysomelid beetle Diamphidia 
nigroornata as a lethal arrow poison, which causes death from a 
general paralysis. Staphylinid beetles of the genus Paederus cause 
urticaria and blistering, and minute species of the genera Atheta 
and Oxytelus fl y in numbers and may enter the eye, causing a 
burning sensation.

OTHER INSECTS

Other insects that cause dermatitis are ceratopogonid fl ies (biting 
midges) of the genus Culicoides. In Brazil C. paraensis is a public 

health problem in this way, and in El Salvador an increase in 
biting Culicoides was correlated with decreasing standards of sani-
tation and the cessation of a control campaign against the breed-
ing sites of the mosquito Aedes aegypti. In Japan there are records 
of eczema following the bites of C. erairai, and long-lasting sores 
(3–4 months) following bites by C. obsoletus. Mosquito bites in 
persons sensitized to their saliva can cause troublesome chronic 
ulcers which will respond dramatically to topical steroids. Sand-
fl ies and black fl ies can similarly cause quite severe reactions in 
sensitized persons which will respond fairly readily to steroid 
ointment such as betamethasone valerate. An irritant vesicular 
rash, superfi cially resembling scabies, can be caused by Thysanop-
tera (see also Appendix IV).

BEE AND WASP STINGS

The stings of bees, wasps and hornets may produce a mild reaction 
that is easily soothed with an ice-pack, diluted vinegar or antihis-
tamine ointment. They may be very serious in the case of multiple 
stinging or stings in the mouth. Some people react violently to 
bee stings and may become increasingly hypersensitive with each 
successive sting. In such cases anaphylaxis may result, which can 
be fatal. Massive anaphylaxis causes muscular paralysis and sug-
gests a curare-like action on synapses of muscle end-plates. The 
antidote is an injection of adrenaline (epinephrine).

People who are extremely sensitive to bee stings should always 
have access to a pressurized bronchodilator spray and use two 
puffs while breathing in; this procedure can be repeated in 15 min. 
Such patients, however, may quickly become faint and lose 
consciousness, and should be taken immediately into medical 
care.4,5

Bee and wasp venoms contain histamine, acetylcholine and 
enzymes (phospholipase A and hyaluronidase); the more super-
fi cial aspects of a sting are due to the histamine. The Africa honey 
bee Apis mellifi ca adansonii is abundant in equatorial and warm 
temperate southern Africa, and is a fairly aggressive species. In 
1956 this species was introduced into South America and hybrid-
ization with local bees has produced an extremely aggressive race 
of Brazilian honey bees. The spread of these bees has been very 
rapid from South America to the USA. A number of fatalities has 
resulted from the abundance and special behavioural characteris-
tics of the bee. The slightest disturbance near the hive can cause 
hundreds of bees to become air-borne; they may then sting any 
animal or human within 100 m of the apiary and may pursue 
fl eeing victims for over 1 km.6,7

Figure 89.1 Pyemotes tritici. (A) Male. (B) Female. 
(C) Pregnant female with brood sac (×80).

Figure 89.2 Urticating dermatitis caused by contact with a 
processionary caterpillar of the moth Thaumetopoea wilkinsoni.
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In the honey bee, the sting is torn out by the act of stinging, 
but the poison gland (which is attached to the sting) continues to 
inject venom into the wound. For this reason, the sting should be 
carefully removed as soon as possible and the remaining venom 
expressed from the gland with forceps.

Sometimes, stingless social bees (Melipona, etc.) are prone to 
aggressive mass biting, and some neotropical species squirt caustic 
fl uid, but these insects are rarely more than a nuisance. Some tiny 
stingless sweat bees (Trigona) can be annoying in the African 
savannah regions and, because of their numbers and persistence, 
are sometimes mistaken for Simulium (black fl ies).

Wasps (Vespula) and hornets (Vespa) can sting repeatedly 
because, unlike the honey bee, the sting is not torn out by the 
action of stinging. Wasp venom contains a higher proportion of 
histamine and 5-hydroxytryptamine (serotonin), which is dis-
tinctly more active than that of the honey bee. Scleroderma nippo-
nensis (Bethylidae), in one incident in Japan, attacked 340 people, 
who were left with reddish swellings and injuries leading to sup-
puration and lymphangitis. Some parasitic wasps of the family 
Ichneumonidae, such as Ophion, Netelia and Ichneumon, can infl ict 
painful stings. Sensitive patients may be ill for some weeks follow-
ing these stings.

Paper-wasps of the genus Polistes also cause many fatalities in 
the New World. These wasps build their nests under the eaves of 
houses or in ornamental shrubs and trees where people are likely 
to be exposed to their stings.

Arthropod venoms are considered in Chapter 31, and by Beard8 
and Bucherl and Buckley.9

POISONOUS HONEY

Occasionally, the honey produced by hive bees, wild honey bees, 
bumble-bees and stingless bees may be toxic if particular plants 
are foraged or if polluted liquid resources are used in the absence 
of clean drinking water (which should be provided in the case of 
honey bees).

ANTS

Ants can bite, sting and squirt formic acid. Mostly, the attacks of 
ants produce only mild effects, but, as in wasps, the stinging 
apparatus is a modifi ed ovipositor that can be extracted after each 
sting and used repeatedly; multiple stinging may induce an ana-
phylactic response. Some ants may also be mechanical transmit-
ters of disease; for example, Pharaoh’s ants (Monomorium pharaonis) 
have been found to carry Salmonella, Pseudomonas, Staphylococcus, 
Streptococcus and Clostridium spp.10

The venom of ants is largely proteinaceous but in the south-
eastern USA, Solenopsis richteri is a dangerous fi re ant in which the 
venom is non-proteinaceous and exhibits necrotic activity resem-
bling the bites of Loxosceles spiders. When a colony is disturbed, 
the ants erupt in thousands and 3000–5000 stings may be admin-
istered in a matter of seconds. Allergic reactions to such stings, 
and anaphylactic shock, may sometimes result in the death of 
sensitive individual. This subject is reviewed elsewhere, by 
Gurney.11

OTHER BITES AND ALLERGIES

Skin reactions of both immediate and delayed hypersensitivity 
type were common following the bite of Triatoma infestans and 
T. maxima in Brazil, where the former was the major human-biting 
triatomid (Hemiptera). The reactions were suffi ciently severe to 
prevent the use of these bugs for xenodiagnosis.12

Other orders that contain insects capable of infl icting bites or 
stings include other Hemiptera (plant bugs) and some Orthoptera. 
Chicken bugs in Mexico (Haematosiphon inodorus) and Brazil 
(Ornithocoris toledo) attack poultry, but may incidentally bite 
humans and may produce a polymorphous dermatitis with pus-
tules, scabs and linear scars. The bite of the giant water-bugs 
(Belostomatidae) may be nearly as severe as a bee sting. Many other 
bugs will bite if handled incautiously. The larger coreid and pen-
tatomid bugs can squirt a jet of irritant fl uid from the metathoracic 
glands into the eye of the beholder, which may cause a very 
painful reaction for a day or two.

The bites of several insects not mentioned above may also 
produce allergic reactions. Recorded cases involve adult fl ies of the 
rhagionid genus Symphoromyia and larvae of Therevidae13 and 
Tabanidae14 (Diptera), and the possibility of such reactions follow-
ing the bite of almost any insect must be considered; if possible, 
suspected specimens should be collected and identifi ed by a 
specialist.

In addition to bites, other allergic reactions are not uncommon. 
Inhalant allergens may be acquired from acarine sources in house 
dust (especially from Dermatophagoides pteronyssinus) or among 
stored products from the grain weevil Sitophilus granarius or the 
Mexican bean weevil Zabrotes subfasciatus.

Some aquatic insects such as Ephemeroptera and Trichoptera 
emerge in vast numbers, and their cast exuviae are fragmented and 
wind-borne and become inhalant allergens. Chironomidae (‘green 
nimitti’) have also been associated with asthma and other allergic 
symptoms along the Nile.15 Terrestrial counterparts that cause 
similar allergies are the prolifi c aphids.

Allergic reactions to the bites and stings of insects and other 
arthropods have been considered by Frazier16 and Frazier and 
Brown.17 Tu18 has surveyed the whole fi eld of arthropod poisons, 
allergens and venoms.

For the identifi cation of arthropods of medical importance, 
Lane and Crosskey19 should be consulted.

NEUROSES

Many people have a morbid fear of insects. The extreme manifes-
tation of this is in delusory parasitosis (Ekbom’s syndrome), also 
loosely referred to as parasitophobia, acarophobia or entomopho-
bia. In these cases, patients suffering from dermatitis artefacta, 
usually of emotional origin, believe that they are infested with 
insects or other parasites which cause the itching. They then 
scratch the affected parts until the skin breaks down. Further skin 
damage may be caused by the overuse of disinfectants or insecti-
cides. Such cases are diffi cult, and best treated by a psychiatrist, 
but every effort should be made to establish that there are in fact 
no minute biting insects such as Culicoides or allergen-producing 
mites or insects, particularly of the type bearing or shedding 

Neuroses
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urticating hairs. The possibility of inanimate allergens such as 
paint should also be investigated carefully. Cases of delusory par-
asitosis may follow an actual infestation by fl eas or other arthro-
pods, by seeing or reading about ectoparasites in the popular 
media,20,21 or as a result of emotional disturbances.22 Some success 
in treating this diffi cult condition has recently been claimed from 
use of the drug pimozide. A common feature of these cases is that 
the persistence of the sufferer often results in a second member of 
the household presenting with similar symptoms, which adds 
credence to their claims.

Sometimes there are group outbreaks of imagined biting 
insects, a phenomenon that has only received attention in the 
1980s.22 In these cases ‘phantom biters’ may persist for 2–3 years 
in offi ces or small factories where several people work together. 
The causative agent may be carpet fi bres, fragments of glass-fi bre 
lampshades, or the coverings of wires on telephone switchboards. 
Spraying during working hours (even with water) has sometimes 
proved effective in these cases. Here again, extreme care should be 
taken that an actual infestation of mites or minute insects is not 
the cause.
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Appendix I Anthony Moody

Clinical Laboratory Diagnosis

HEALTH AND SAFETY

Good laboratory practice: general rules

Overall safety in the laboratory remains the responsibility of the 
head of department and the laboratory supervisor. The prevention 
of exposure to hazardous substances must be the main aim. This 
can be achieved by avoidance of hazards, use of protective equip-
ment, use of personal protective clothing and adequate training 
and good laboratory practice (GLP). A health and safety statement, 
and procedures to implement it, are required to ensure a safe envi-
ronment in the laboratory for staff, patients and visitors.1

Safety matters

All staff should be aware of their responsibilities relating to health 
and safety.

Health and safety procedure(s) which should be  
in place

Action in the event of fire, action in the event of a major spillage 
of dangerous chemicals or clinical material, action in the event of 
inoculation accident, reporting and monitoring of accidents and 
incidents.

Other essential procedures for documentation: (a) COSHH/
risk assessments (b) disinfection processes (c) decontamination 
of equipment (d) chemical handling (e) storage and disposal of 
waste.

Pay attention to laboratory discard procedures for the follow-
ing material: Biological material, paper, contaminated or uncon-
taminated glassware, broken glassware, disposable pipettes or 
plastic ware, solvents, toxic chemicals, sharps, radioactive material. 
Take care what you pour down the sink.

SOME GENERAL POINTS FOR GOOD 
LABORATORY PRACTICE (GLP)

Laboratory training

Technical staff should be well trained for the tasks they are to 
perform and supervised before being allowed to handle clinical 

samples. Training should include knowledge of potential hazards 
that various clinical samples present including the risk of aerosols 
and droplet formation. Microbiological samples should be pro-
cessed away from other laboratory areas, particularly samples that 
carry a risk of viral transmission or tuberculosis.

All staff should possess a personal authenticated log of proce-
dural competence.

Standard operating procedures (SOPs)

Each method used in the laboratory should be written into an 
SOP with additional information on interpretation of the results 
obtained and any special precautions necessary for handling the 
reagents or chemicals made available.

Written instructions on how to deal with breakage or spillage 
involving specimens should be clearly available and a suitable 
laboratory disinfection procedure followed.

Apparatus used in the laboratory should have clear written 
instructions for proper use and maintenance.

Instructions for disinfection and disposal of clinical specimens 
by incineration should be available.

A procedure for disposing of needles and other ‘sharps’ into a 
suitable impervious pot, with appropriate provision for incinera-
tion, should be in place.

USING THE LABORATORY

The laboratory is an essential tool for the diagnosis of infectious 
diseases in most countries and much of the work is still performed 
manually, requiring good observation skills. Bacteria, blood cells 
and parasitic organisms are recognized by their size, colour and 
morphological appearance, often with the assistance of stains and 
in the case of scanty infections, after concentration.

Diagnosis may be made more appropriately by serological 
means, particularly for viral infections and chronic bacteriological 
or parasitological infections. In a few cases, the diagnosis may be 
made by only histological examination. Molecular techniques, 
notably using the polymerase chain reaction (PCR), are becoming 
important tools for diagnosis of viral (human immunodeficiency 
virus; HIV), microbiological (Mycobacterium tuberculosis)2 infec-
tions and some parasitic infections such as malaria and leish-
maniasis. The introduction of rapid diagnostic tests using labelled 
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monoclonal antibody tests based on immunochromatography 
has improved the ability to screen for several important infections 
at clinic or small laboratory level.

Clinical parasitology diagnosis

Essential equipment

For routine diagnosis of intestinal and blood parasites a micro-
scope, preferably equipped with a binocular head and 10 eye-
piece is required, a good quality substage Abbe condenser with a 
diaphragm to control the entry of light and objectives with 10, 

40 and 100 magnification are most suitable. Substage illumina-
tion using electric lighting is the better option, although several 
microscopes are available with a substage plano-convex mirror 
that gives the alternative option of using reflected sunlight. A 
calibrated graticule should be available for one of the eyepieces. 
The graticule can be left in situ or inserted as required. It should 
be calibrated for each objective using a slide micrometer.

Laboratory investigation of diarrhoea

Diarrhoea may be defined as a change in bowel habits different 
to that normally experienced. Faecal appearance can be catego-
rized as solid, unformed or liquid, depending on its consistency. 

Causes of diarrhoea may be bacterial, parasitic,3 viral or dietary, 
and specific procedures may be needed to determine the cause, 
including microscopic examination, enzyme-linked immunosor-
bent assay (ELISA)4 and molecular methods.5

Intestinal parasites

Investigation of the causes of diarrhoea (Figure I.1).

Direct microscopic examination of faeces

Direct examination of a suspension of fresh faeces in warm saline 
enables the presence of motile trophozoites of protozoa to be seen 
(Entamoeba histolytica, Giardia lamblia, Chilomastix mesnili, Tricho-
monas hominis). It will also show protozoan cysts and helminth 
larvae and ova when present in sufficient numbers. The presence 
of cellular exudate, white blood cells, red blood cells and macro-
phages may help to confirm a diagnosis of amoebic or bacillary 
dysentery. Excess fat globules may be apparent in cases of malab-
sorption seen in parasitic or viral infections of the small bowel 
(G. lamblia, Cyclospora cayetanensis, Isospora belli, Cryptosporidium 
parvum, Rotavirus, etc.). Faecal smears may be prepared and 
stained to show the characteristic morphological features of tro-
phozoites6 or spores of Microsporidia spp.7 and to describe the 
exudate content.

Faecal specimen

Refer back

No

No

Diarrhoea
No blood, possibly
'fatty'/malodorous

Direct smear with
warm saline

Wet fixed smear or
PVA sample

Trichrome stain
for troph. i.d

NB. not routinely
required. Use for

difficult diagnoses
only

Direct smear with
saline

Zn stain or phenol
auramine

Formed/
semi-formed
'OPC' request

History of foreign
travel or other

predisposing criteria

F/E concentration
Enterotest

(string test) for
Giardia Strongyloides

Haematophagous
trophozoites of

Entamoeba histolytica
(Balantidium coli)

Bacterial culture

Shigella
Campylobacter

ETEC
EPEC

Fresh sample of
sufficient volume

Formol-ether
concentration for all
cysts, ova and larvae

Cryptosporidia spp.
Isospora spp.

Cyclospora spp.

Bloody diarrhoea
or semi-formed with
blood and/or mucus

Giardia trophozoites
and other flagellates

Hot stool

Figure I.1 Flow diagram for the laboratory investigation of causes of diarrhoea. OPC, ova, parasites, cysts; Zn, Ziehl–Neelsen;  
Troph, trophozoite; i.d. identification; ETEC, enterotoxigenic Escherichia coli; EPEC, enteropathogenic E. coli.
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Preparation of direct faecal smear

Materials

• Physiological saline (0.9% sodium chloride)
• Lugol’s iodine.

Method

1. Take a microscope slide and label one end with the patient’s 
name.

2. Place a drop of warm saline (37°C) at each end of the slide.
3. Using an applicator stick, select a small piece of faecal material 

and emulsify the faeces into the two drops of saline on the 
slide. If the faeces contains any blood or mucus, prepare a 
separate slide for this. Add one drop of Lugol’s iodine solution 
to the right-hand suspension. Correct thickness allows printed 
material to be seen through the preparation.

4. Place a 22-mm2 coverslip on to each preparation and scan the 
coverslip areas using the 10 and 40 objectives.

Motile organisms seen in the saline preparation will be identified 
by characteristic movement and morphology. Confirmation can 

be made with one of the staining methods described. Larger hel-
minthic stages may be seen at lower power. Staining with Lugol’s 
iodine solution enhances the internal structure of protozoan cysts 
but will kill active trophozoites. Cells present can be stained and 
identified by running a little 1% methylene blue stain beneath the 
saline suspension coverslip.

Faecal concentration methods

Concentration methods are necessary when cysts or ova are present 
in low numbers; these methods will not show motile trophozoites 
(Figures I.2–I.9) as the use of 10% formalin to suspend and fix 
the faeces will kill vegetative forms.

Standard protocols

1. Direct impression
2. Flotation methods

Figure I.2 Oocysts of Cryptosporidium parvum.

Figure I.3 Oocyst of Isospora belli.

Figure I.4 Oocyst of Cyclospora cayetanensis.

Figure I.5 Ovum of hookworm.

Using the Laboratory
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3. Sedimentation. This technique is currently the method of 
choice and can be illustrated with the formol-ethyl acetate 
method.

Formol-ether/ethyl acetate concentration for ova  
and cysts

Materials

• Parasep midi or mini faecal concentrators (Fig I.10) (other  
commercial varieties are available) are filters that provide  
an enclosed system, adding safety to the use of flammable  
solvents

Figure I.6 Ovum of Schistosoma mansoni.

Figure I.7 Ovum of Fasciola hepatica.

Figure I.8 Larva of Strongyloides stercoralis.

Figure I.9 Protoscolice of Echinococcus granulosus.

Figure 1.10 Parasep Midi faecal concentrator.
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• 10% v/v formalin (100 mL formaldehyde  900 mL distilled 
water) or SAF fixative

• Diethyl ether or ethyl acetate
• A vortex mixer and electric or battery-powered centrifuge 

capable of receiving 15-cm centrifuge tubes and operating at 
1000 g also required (2000 r.p.m. for bench centrifuge)

Method for Parasep midi concentrator

1. Using applicator sticks, select a quantity of faeces (approxi-
mately 1 g for midi and 1/2 g for mini) to include external and 
internal portions of the faeces.

2. Emulsify the faeces in 7 mL of formalin or SAF in the bottom 
conical half of the device, add 3 mL of ether or ethyl acetate 
to the suspension.

4. Screw the conical top half containing the filter tightly onto  
the bottom half.

5. Vortex the tube vigorously for 15 s or by hand for 1 min.
6. Invert the tube and centrifuge at 2000 r.p.m. for 1 min.
7. Separate the two halves, discard the top part containing the 

filter and pour the supernatant away by quickly inverting the 
tube. It is necessary to dispose of ether/ethyl-acetate safely, as 
these are flammable substances.

8. Allow the fluid on the side of the tube to drain on to the 
deposit; mix well, and transfer a drop to a slide for examina-
tion under a coverslip.

9. Use the 10 and 40 objectives to examine the whole of the 
deposit for ova and cysts.

Parasep SF (Diasys Europe), a modified version of the device 
which has a secondary filter and does not require a solvent extrac-
tion step is available.

Small bowel parasites, such as Giardia or Strongyloides can be 
specifically recovered using a procedure known as the ‘Enterotest’ capsule 
(the string test).

This procedure utilises a length of thread in a weighted gelatin 
capsule. The end of the string is taped to the patient’s face and the 
capsule is swallowed. The patient lies on the right side so that the 
capsule will travel to the duodenum. After 4 h the string is pulled 
up (the weight is passed out in the faeces). The string will be 
stained yellow with bile and mucus where it has been in the duo-
denum. If no part of the string is yellow, the test should be 
repeated.

1. The string is placed in a pot and covered with 5 mL of 
saline.

2. Agitate the string and saline, preferably using a vortex mixer, 
to remove mucus from the string.

3. Wind the string around an applicator stick, pressing it against 
the side of the container to remove mucus and excess saline, 
and then discard it.

4. Centrifuge the saline at 2000 r.p.m. for 2 min.
5. Discard the supernatant and transfer the deposit to a  

microscope slide and examine using the 10 and 40 objec-
tives for trophozoites of G. lamblia and active larvae of  
Strongyloides spp. Ova from flukes in the biliary tract may  
also be found.

STAINING METHODS FOR  
INTESTINAL PROTOZOA

Table I.1 lists the identifying features of common protozoan cysts. 
Particular stains can be used to identify these features, the stains 
may be applied to the wet suspension or to an air-dried, fixed 
faecal smear.

Temporary stains

These stains are applied to wet preparations from concentra- 
tions or direct faecal suspensions; their purpose is to enhance  
diagnostic features within the cysts such as glycogen or refractile 
components.

Lugol’s iodine solution (double strength)

Reagent 1

• Potassium iodide 20 g
• Iodine 10 g
• Distilled water 100 mL.
Add potassium iodide to the distilled water; when dissolved, add 
the iodine crystals.

Reagent 2

• 25% glacial acetic acid.

Table I.1 Identification of cysts of common protozoa

Protozoan cyst Size Nuclear pattern Inclusions
Entamoeba histolytica/dispar 1–4 nuclei, 9–14 m Fine chromatin, central karyosome Diffuse glycogen, chromidial body

Entamoeba hartmanni 1–4 nuclei, 7–9 m Fine chromatin, central karyosome Diffuse glycogen, chromidial body

Entamoeba coli 1–8 nuclei, 14–30 m Fine chromatin, eccentric karyosome Diffuse glycogen, chromidial body rare

Iodamoeba bütschlii 1 nucleus, 9–15 m Coarse chromatin, no karyosome Compact glycogen vacuole

Endolimax nana 3–4 nuclei, 6–9 m 3–4 granules forming refractile nuclei Nil

Giardia lamblia Oval, 4 nuclei, 8–12 m (not 
obvious unless stained)

No diagnostic significance Refractile axoneme and flagellar 
remnants

Chilomastix mesnilii Lemon-shaped, 1 nucleus,  
5–6 m

Fine chromatin Refractile axoneme

Staining Methods for Intestinal Protozoa
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For use, mix equal parts of reagents 1 and 2. Store in a brown 
bottle. Remains stable for many weeks.

Iodine stains glycogen brown and the nuclear chromatin of amoebic 
cysts brown/black.

Burrows’ stain for chromatoid inclusion of 
Entamoeba cysts

• Thionin 20 mg
• Acetic acid 3 mL
• Ethanol 3 mL
• Distilled water 94 mL.
Add an equal volume of the stain to the faecal concentrate and 
allow to stand for 12–18 h. After this period, examine one drop 
of the stained deposit under the microscope.
Chromidial bars within the cysts of Entamoeba spp. stain deep blue.

Permanent stains

Trichrome stain

The trichrome method for staining protozoa is especially  
recommended for identifying features of amoebic cysts and  
trophozoites.

Formula: Trichrome stain (modified)

• Chromotrope 2R 1 g
• Analine blue 0.5 g
• Phosphotungstic acid 0.7 g.
Mix the components together with 3 mL glacial acetic acid in a 
flask and allow to stand for 30 min.

Add 100 mL distilled water and mix well.

Acid/alcohol decolourizer

• 4.5 mL glacial acetic acid in 995.5 mL 95% industrial methyl-
ated spirit.

Fixation

Most smears from faeces or pus can be fixed by placing immedi-
ately into methanol for 5 min.

Staining

 1. Methanol 5 min
 2. Wheatley’s formula trichrome stain 30 min
 3. Rinse in tap water
 4. Acid alcohol decolourizer 2–3 s
 5. 95% Ethanol dip twice
 6. 95% Ethanol 5 min
 7. 95% Ethanol 5 min
 8. 100% Ethanol 3 min
 9. Xylene or substitute 5 min
 10. Mount with DPX mountant – do not allow xylene to dry on 

the slide.
Nuclei, chromidial bars, chromatin, red cells and bacteria stain red. 
Cytoplasm stains blue-green. Background and yeasts stain green.

Modified trichrome formulation for spores  
of microsporidia

• Chromotrope 2R 6 g
• Analine blue 0.5 g
• Phosphotungstic acid 0.7 g.
Mix the components together with 3 mL glacial acetic acid in a 
flask and allow to stand for 30 min.

Add 100 mL distilled water and mix well. (A pink/red granular 
aggregate may be found; this is not important.)

Method

1. Suspend approximately 1 mg of faecal material in a drop of 
10% formalin at a ratio of 1 : 3.

2. Using an applicator stick in a rolling motion, spread a drop of 
the faecal suspension very thinly over two-thirds of the slide 
surface.

3. Dry the smear and fix in methanol for 5 min.
4. Stain with modified trichrome stain for 90 min at room tem-

perature, or for 30 min at 50°C in a waterbath.
5. Rinse in acid alcohol decolourizer for 3–5 s.
6. Rinse in 95% ethanol until excess stain has washed off the 

slide.
7. Dehydrate in two changes of 99% ethanol.
8. Clear in xylene or substitute for 10 min and mount in DPX 

mountant.
9. Examine with the oil immersion objective.
Spores of microsporidia species appear pinkish red and are 0.5–1.0 mm, 
and oval in appearance. They frequently exhibit a central band-like 
structure flanked on either side by non-staining areas (polar vacuoles).

Modified Field’s stain

This is a useful rapid stain for identifying protozoa in faecal 
smears.
• Field’s stain A
• Field’s stain B (diluted 1 : 4 with distilled water).

Method

1. Prepare thin faecal smears and air dry.
2. Fix with methanol for several minutes.
3. Remove the methanol and flood the slide with 1 mL of diluted 

Field’s stain B.
4. Immediately add 1 mL of undiluted Field’s stain A and mix 

the two stains.
5. Stain for 1–2 min before rinsing in water and allowing to 

drain dry.
Nuclei and flagella stain red, cytoplasm stains blue.

Morphological features of inflammatory cells can be seen by means 
of this method.

LABORATORY INVESTIGATION FOR BLOOD 
AND TISSUE PARASITES

The blood or tissue parasites are transmitted during vector insect 
blood feeds and usually continue their life cycle in the human 
host. The common blood or tissue parasites found belong to the 
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Table I.2 Identification of malaria parasites

Plasmodium falciparum Plasmodium vivax Plasmodium ovale Plasmodium malariae
Red blood cell Normal size and shape Enlarged Enlarged, fimbriate, oval Small, older

Inclusions Maurer’s clefts in mature 
trophozoite

Schüffner dots, fine 
stippling

James’ dots, coarse 
stippling

Ziemann dots, not seen 
unless overstained

Trophozoite Delicate fine rings, accolé forms Larger, thicker rings Thick compact rings Small compact rings

Developing  
trophozoites

Compact ring, cytoplasm 
vacuolated

Large amoeboid parasite 
with central vacuole

Slightly amoeboid but 
smaller than P. vivax

Sometimes seen as a band 
across red cell

Schizont 2–24 merozoites; single, large, 
brown pigment clump

12–24 merozoites almost 
filling red blood cell

8–12 merozoites fill three-
quarters of red blood cell

6–12 merozoites around 
central pigment mass

Gametocyte Crescent-shaped aggregated 
chromatin and pigment in 
centre

Large, round, almost fills 
red blood cell

Smaller, round, fills half red 
blood cell

Round, may fill between 
one-half and two-thirds of 
red blood cell

Pigment Single clump in schizont Several fine clumps from 
late trophozoites

Coarse granules from late 
trophozoites

Dark fine granules at all 
stages

genus of Plasmodium (Table I.2), Trypanosoma (African and 
South American trypanosomes), Babesia and the Leishmania 
complex and a few blood spirochaetes.

Blood parasites can be identified from peripheral blood, bone 
marrow aspirate, splenic aspirate and gland aspirate, or from 
tissue biopsy material (Figures I.11–I.14).

Routine procedures for identification include:
• Direct staining of blood or impression smears
• Concentration methods
• Culture of appropriate sample
• Detection of parasite DNA using PCR8

• Immunochromatographic rapid tests for the detection of para-
site antigen.9–11

Staining of blood films

Giemsa stain

Giemsa stain is a Romanowsky stain and stains chromatin mate-
rial red and cytoplasm blue. Inclusion bodies within the cell stain 
red or blue according to their origin.

Materials

• Giemsa stain: a good quality stain is necessary (e.g. Gurr’s R66 
formulation, E. Merck/BDH, Poole, UK)

• Solvent methanol
• Buffered water pH 6.8 and pH 7.2; tablets are available for the 

preparation of 1-L volumes.

Method

Allow thin smears prepared from blood, aspirates or cerebrospinal 
fluid (CSF) deposits to dry thoroughly before staining.
1. Flood the dry smear with solvent methanol and allow fixing 

for 1 min.
2. Tip off the alcohol.
3. Prepare a 1 : 10 dilution of Giemsa stain (5 drops of stain and 

45 drops of appropriately buffered water). Use buffered water 

pH 7.2 for staining for malaria and pH 6.8 for the other blood 
parasites.

4. Flood the fixed slide with diluted stain and allow to stain for 
30 min.

5. At the end of this time, rinse the stain from the slide with 
buffered water and allow the slide to drain dry.

6. Slides are examined using the oil immersion objective of the 
microscope

Parasite nuclear chromatin stains red, cytoplasm stains blue, and 
cellular inclusions stain red. Red cell nuclear remnants (Howell–
Jolly bodies) stain deep blue, the nucleus of white blood cells 
stains purple, and the granules red.

Concentration of parasites from blood

Parasites that are scanty can be concentrated before staining by 
several methods.
• Thick blood film, suitable for concentrating malaria parasites, 

trypomastigotes and spirochaetes
• ’Buffy coat’, suitable for concentrating malaria parasites,  

trypomastigotes and spirochaetes
• Mini anion exchange column, suitable for concentrating  

trypomastigotes.

Thick blood films

Preparation

Using an applicator stick to remove blood from an anticoagulated 
tube or directly from a finger prick, place two or three drops of 
blood on to one end of a slide. Using the applicator stick or the 
edge of a glass slide, spread the blood over an area of 1 cm2 and 
allow to dry thoroughly. Appropriate thickness is judged by seeing 
printed material through the slide

Do not fix the slide with methanol.

Field’s stain for thick blood films

Field’s stain consists of the two components of the Romanowsky 
stains in separate solutions. These are called Field’s stain A and 
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Field’s stain B. Used to stain unfixed thick blood films, the proce-
dure will stain white blood cells, platelets and parasites but will 
haemolyse the red blood cells. It is a useful method for the concen-
tration of malaria parasites, Trypanosoma spp. and Borrelia spp.

Materials

• Field’s stain A solution (purchased as prepared stain or pre-
pared as 2.5 g% (25 g/L) in distilled or filtered water, from the 
powder form)

• Field’s stain B solution (prepared as for Field’s stain A).

Method

1. Dip the dried, unfixed, thick blood film in Field’s stain A  
for 3–5 s.

2. Carefully rinse the slide in a beaker of tap or buffered water 
for 3 s.

3. Dip the slide in Field’s stain B for 3 s.
4. Rinse the slide in water again and then stand vertically to 

thoroughly dry.

Erythrocytes will be haemolysed, parasite chromatin stains red 
and cytoplasm blue; inclusion dots (Schuffner or James), if seen, 
stain red.

Buffy coat examination

Parasites are concentrated near to the band of WBC/platelets 
(buffy coat).

Method

1. Collect peripheral blood into capillary tubes containing ethyl-
enediamine tetra-acetic acid (EDTA) anticoagulant, filling the 
tube three-quarters full with blood and rotating to mix the 
anticoagulant. Seal the end with plasticine and place the tube 
into a microhaematocrit centrifuge with a corresponding 
balance tube opposite.

2. Secure the lid and centrifuge the blood at 10 000 r.p.m. for 
5 min.

3. Remove the tube and using an ampoule blade or a diamond 
marker, score the tube just below the layer of white cells and 

Figure I.11 Amastigotes of Leishmania in the bone marrow aspirate.

Figure I.12 Schizont of Plasmodium falciparum in peripheral blood.

Figure I.13 Gametocyte of Plasmodium vivax.

Figure I.14 Microfilaria of Loa loa.
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platelets (buffy coat) at the junction of the plasma layer. Break 
the tube at this point and expel the buffy coat by tapping on 
to the end of several slides.

4. Prepare a thin slide from the buffy coat.
5. When dry, fix the slide in methanol for 5 min and stain with 

Giemsa stain, as described previously.
Malaria parasites, spirochaetes and trypanosomes may be concen-
trated at the buffy coat and may demonstrate parasites when none 
can be seen in the thick or thin film. It may also concentrate 
abnormal white blood cells which are too few to see in the periph-
eral blood. When applied to the peripheral blood of immunocom-
promised patients, amastigotes of Leishmania spp. can sometimes 
be found.

Mini anion exchange column technique

This is a useful concentration technique where other investiga-
tions for trypanosomes in the blood have proved negative. Blood 
is passed through a column of cellulose, erythrocytes are retained 
in the column and trypanosomes pass out into a collecting tube.

Method

 1. Place a piece of dry sponge into a 2-mL syringe barrel. (This 
is now termed the column.)

 2. Add four drops of phosphate-buffered saline (PBS) to dampen 
the sponge and allow to drain out of the column.

 3. Shake the cellulose (DEAE 52-diethylaminoethyl cellulose) 
thoroughly to resuspend, and pour into the column up to the 
2-mL mark. Allow to stand so that excess PBS will drain out.

 4. Add a few millilitres of PBS plus glucose (PBSG) to the top 
of the column and allow it to drain through.

 5. Take 150–200 L of blood (from a finger prick) and drop on 
to the top of the column. Allow the blood to soak into the 
column. Attach a collecting pipette to the base of the 
column.

 6. Pipette a few drops of PBSG on top of the blood and imme-
diately attach the reservoir and fill with PBSG (approximately 
1.5 mL). This will drip slowly on to the column.

 7. Leave until all the PBSG has washed through the column. 
(This should take approximately 4 min.)

 8. The collecting pipette will now be full of PBSG plus any 
trypanosomes that were present in the blood.

 9. Centrifuge the collecting pipette (in its plastic cover) at 2000 
r.p.m. for 10 min.

10. Place the pipette on a slide or viewing chamber and, using 
the 20 objective, examine its tip within 20 min for motile 
trypanosomes.

Rapid diagnostic tests (RDT) for parasite  
antigen detection

Rapid diagnostic tests utilise gold-labelled monoclonal antibodies 
to capture parasite antigen from blood, transport it along cellulose 
nitrate membranes by immunochromatography where it is cap-
tured again by immobilized stripes of monoclonal antibody and 
can be visualized. These tests are now widely used for malaria and 
viral infection detection.

Devices are available that detect Histidine Rich Protein (HRP 
2) (Figure I.15) from P falciparum or parasite specific lactate dehy-
drogenase (pLDH) or aldolase from all four malaria species.

Laboratory diagnosis of the filaria parasites

Filariasis is diagnosed either serologically12 or by finding the L3 
microfilariae in peripheral blood, urine, hydrocele fluid or skin 
snips. Occasionally, adult worms can be removed as they cross  
the eye (Loa loa) or from a subcutaneous nodule (Onchocerca 
volvulus).

Because of the periodic appearance of microfilariae, peripheral 
blood samples are collected between 1000 and 1400 hours (day 
blood) and between 2200 and 0200 hours (night blood). An early 
morning sample of urine is most suitable for examination. Urine 
may show a milky appearance, called chyluria, if filariasis is 
present.

Examination of blood for microfilariae

Membrane filtration method

1. Collect 20 mL blood into sodium citrate anticoagulant at the 
appropriate time.

2. Draw the blood up into a syringe and connect it to a Swinnex 
holder containing a 5 m pore size Nuclepore® polycarbonate 
membrane (Figure I.16).

Figure I.15 Dipstick used as a rapid diagnostic test (RDT) for 
detection of the malaria antigen HRP 2.
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3. Gently push the blood through the membrane, collecting the 
filtrate into a container of disinfectant.

4. Draw up 10 mL normal saline into the syringe and push this 
through the membrane in a similar manner.

5. Draw several millilitres of air into the syringe and push this 
through to clear the membrane.

6. Carefully dismantle the holder and, using forceps, remove the 
membrane and place it on to a slide.

7. Add a drop of normal saline to the membrane and cover with 
a coverslip.

8. Scan the whole area of the coverslip using the 10 objective to 
search for the motile microfilariae.

9. Closer inspection using the 40 objective and by allowing a 
drop of 1% methylene blue dye to run under the coverslip will 
help to show whether the microfilariae possess a sheath.

Modification of Knott’s method for examining blood  
for microfilariae

1. Collect 20 mL blood into sodium citrate anticoagulant, as 
described above.

2. Add the blood to an equal volume of 1% saponin in saline 
(or 2% formalin if saponin is not available).

3. Mix well and allow to stand for 15 min before transferring  
to centrifuge tubes and centrifuging for 20 min at 2000  
r.p.m.

4. Pour off the supernatant into a container of disinfectant and 
mix the deposit well before transferring a drop to a slide, 
covering with a coverslip, and scanning for microfilariae. The 
saponin preparation will show actively moving larvae; those 
in the formalin preparation will not be moving.

Examination of urine and hydrocele fluid

Urine and hydrocele fluid can be filtered in a similar manner to 
blood to show any microfilariae present. Alternatively, they can 
be put into a clean centrifuge tube and centrifuged at 2000 r.p.m. 
for 5 min, the supernatant discarded and a drop of the deposit 
transferred to a slide. Cover with a coverslip and examine in the 
same way as for blood above.

Identification of microfilariae

Staining of microfilariae

Reagents

• Giemsa stain
• Delafield’s haematoxylin.
If sufficient microfilariae (Table I.3) are present, films prepared 
directly from peripheral blood can be used. If not, the blood can 
be prepared as a thick film or microfilariae can be washed from 
the membrane filter by placing it into a small pot of saline and 
agitating. The saline can then be centrifuged at 2000 r.p.m. for 
5 min and the deposit pipetted on to a slide and dried.

Method

Fix the thin blood film or the film prepared from the deposit with 
methanol for 5 min. If a thick blood film is used, it is necessary 
first to haemolyse the dried slide by placing it vertically in water 
for 5 min. Dry the slide well before fixing in methanol for 
5 min.
1. Stain the slides with Giemsa stain diluted 1 : 10 with buffered 

water pH 6.8 for 20 min.
2. Wash the stain from the slide with the buffered water, then 

‘differentiate’ the stain by leaving the water on the slide for 
5 min. At the end of this period look at the slide to see whether 
the nuclei of the microfilariae are clear and discrete. If not, 
repeat the process, reducing the time of ‘differentiation’ until 
nuclei are clearly seen.

Figure I.16 Swinnex filter for membrane filtration.

Table I.3 Identification of microfilariae

Microfilariae Sheath Tail Other features
Loa loa Yes, stains pale blue Blunt, large nuclei to tip Found in peripheral blood 1000–1200 h

Wuchereria bancrofti Yes, stains pink, lies in gentle curves Pointed, nuclei small, discrete; 
stop short of tail

Nocturnal, found in peripheral blood 
2200–0200 h

Brugia malayi Yes, stains deep pink, lies in sharp angles Blunt, with two large discrete 
nuclei in tail

Nocturnal

Mansonella perstans No Blunt, one large nucleus in tail

Mansonella ozzardi No Pointed, nuclei stop short of tail
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3. Tip the buffer from the slide and flood the slide with undiluted 
Delafield’s haematoxylin for 15 min.

4. Wash the stain from the slide using buffered water and allow 
the slide to remain in the water for 5 min to reach the maximum 
intensity of staining (called ‘blueing’ the slide).

Giemsa stain will stain the nuclei of the microfilariae purple and the 
haematoxylin will stain the sheath grey.

Examination of skin snips for microfilariae of  
Onchocerca volvulus

Onchocerca volvulus is a filaria worm found in subcutaneous tissue 
nodules. The discharge of microfilariae into the surrounding tissue 
occurs. Laboratory diagnosis is made by examining small pieces 
of skin tissue taken from various parts of the body which contain 
the migrating larvae.

Method

1. Using a corneal punch, collect small pieces of skin and subcu-
taneous tissue to a depth of 1 mm. Alternatively use a needle 
point to lift the skin and cut it using a sharp scalpel blade.

2. Place the skin snips into a microtitre tray containing a few 
drops of saline. Alternatively, place them individually on to a 
slide with a drop of saline and cover with a coverslip.

3. Leave the snips in the saline for at least 4 h and examine under 
the microscope using the low-power ( 10) objective or by 
using an inversion or dissecting microscope, looking for 
microfilariae that swim out from the snips.

4. Areas of the body that can be ‘snipped’ are usually the back, 
buttocks and calves of the legs, but any area exhibiting urti-
caria or itching should be included.

Laboratory diagnosis of leishmaniasis

The Leishmania genus comprises intracellular organisms that 
include a wide range of species responsible for a variety of clinical 
responses from self-healing ulcers to deep cutaneous or mucocu-
taneous invasion and visceral infection. Laboratory diagnosis is 
made by identifying the organism in tissue or from cells of the 
reticuloendothelial system. Leishmania is categorized into com-
plex groups of organisms. L. donovani complex and L. brazilienses 
complex are the biggest groups. Other groups include L. tropica, 
L. major and L. aethiopica, and L. mexicana in South America.13 An 
important subgroup of organisms called the Viannia subgroup  
are found in South America and are primarily responsible for 
mucocutaneous leishmaniasis.

Confirmation of the diagnosis is made in the laboratory by 
demonstrating the amastigote stage using direct smear examina-
tion from material obtained from bone marrow or spleen, or from 
a cutaneous ulcer or by culture or molecular identification of 
specific DNA using the PCR.14

Serology is applicable only to the widely disseminated visceral 
infection15,16 as insufficient antibodies are produced by the local-
ized ulcers. Specific antibodies when high titres of antibody are 
present can be detected using the direct agglutination test (DAT) 
or an RDT using recombinant rK39.

Culture is an important diagnostic aid; culture media are varied 
but NNN media, a rabbit blood-agar base using a salt-based (e.g. 

Locke’s solution) or water overlay and a liquid tissue culture 
medium (e.g. Schneider’s Drosophila medium) with added fetal calf 
serum, are useful. Cultures are incubated at 23°C for up to 28 
days with weekly subculture. On examination they will show a 
conversion from amastigote stage to motile promastigote stage.

Methods of identification

Cutaneous leishmaniasis

• Slit-skin smears from an ulcer edge: the edge of the ulcer is 
compressed to provide a blood-free area, then, using a fine 
point (no. 15) scalpel blade, a slit is made into the subcutane-
ous tissue and the base is gently scraped. The tissue juice and 
cells are transferred to a slide and smeared over an area of 
1 cm2. The preparation is allowed to dry before being fixed in 
methanol and stained with Giemsa stain (see above). Cultures 
can also be made from the slit-skin smear material.

• Biopsies of the ulcer edge may provide a more satisfactory 
sample: impression smears are made by dabbing the tissue 
several times on to a slide to deposit the cells. These are then 
dried and fixed in methanol before staining with Giemsa stain. 
Other portions of the biopsy can be used for diagnosis by 
histological or molecular examination.

Visceral leishmaniasis

• Smears are made from bone marrow, splenic aspirate or lymph 
node aspirations and fixed in methanol before being stained 
with Giemsa stain.

• Cultures are prepared by inoculation of material into NNN 
medium and incubated at 24°C for up to 21 days.

Identifying the species of Leishmania

Identification of specific species of Leishmania can be made using 
two principal techniques:
1. Zymodeme: using the isoenzyme pattern.
2. Polymerase chain reaction (PCR) using complex specific 

primer sets for the organism’s minicircle DNA.

Laboratory examination of cerebrospinal fluid

CSF collected by lumbar puncture can be used to search for para-
sites or bacteria causing meningitis. The procedures attempt to 
identify the causative organisms of cerebral malaria or trypanoso-
miasis, or to demonstrate bacteria causing meningitis. CSF is col-
lected into two clean sterile containers; one sample is sent for 
bacteriological culture, the second sample is used for (a) cell 
count, (b) examination of stained deposit after centrifugation, and 
(c) biochemical tests on the supernatant, if possible.

Method

1. Examine the CSF visually and report one of the following 
appearances:
a. Clear
b. Opalescent or cloudy – this specimen is likely to have a 

raised cell count
c. Blood-stained-red blood cells that have disintegrated as a 

result of age may give a yellow tinge to the fluid, known 
as xanthochromia.
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2. Note any fibrin clot that may form on standing.
3. Remove the clot carefully using a small wire loop and spread 

it over a small area of a slide. Allow to dry and, after fixation, 
stain the slide by the Ziehl–Neelsen method for  
Mycobacterium.

4. Transfer the CSF to a centrifuge tube and centrifuge at 2000 
r.p.m. for 5 min.

5. Carefully tip off the supernatant into a second tube for bio-
chemical analysis (glucose, protein).

6. Mix the deposit well by tapping the tube and use a clean 
Pasteur pipette to transfer a drop to each of three slides.

 (At this point, larval stages of helminths (Strongyloides) or 
motile amoeba should be looked for by direct microscopy if 
suspected, or for preparations to look for opportunistic infec-
tions with Cryptococcus neoformans.)

7. Spread the drops over a small area and allow the slides to dry 
well before staining.

Staining procedures

Stain one slide with Giemsa stain in order to differentiate any 
blood cells or haemoflagellated parasites present.

Stain the second slide with Gram stain to detect any microor-
ganisms present.

Stain the third slide with Ziehl–Neelsen stain for Mycobacterium 
tuberculosis.

Giemsa stain

Normally the CSF has no more than five white blood cells per 
microlitre; these are usually lymphocytes. Increased numbers of 
white blood cells are seen in bacterial infections. Pyogenic men-
ingitis will give an increase in polymorphonuclear cells, and tuber-
cular meningitis gives an increase in lymphocytes. Red blood cells 
are not a normal finding and indicate an accidental traumatic tap 
or bleeding into the subarachnoid space.

Malaria parasites or Trypanosoma may also be found in 
Giemsa-stained preparation.

Gram stain

Materials

• Gram stain – 1 g gentian or crystal violet dissolved in 100 mL 
distilled water

• Lugol’s iodine (see above)
• Acetone or methylated spirit
• Neutral red – 0.5 g neutral red dissolved in 100 mL distilled 

water.

Method

1. Fix the slide by passing it quickly through the flame of a spirit 
lamp.

2. Place the slide on a rack and flood with Gram stain for 
1 min.

3. Wash the stain from the slide.
4. Flood the slide with Lugol’s iodine for 1 min.
5. Tilt the slide and pour on acetone or alcohol to decolourize; 

allow the decolourizing agent to stay on the slide for a short 
time only (3–5 s) before washing off with tap water.

6. Flood the slide with the neutral red counterstain for 30 s.
7. Wash the stain carefully from the slide with water and stand 

the slide vertically to dry.
Although almost any group of bacteria can be responsible for 
meningitis, some are seen more commonly:
• Pneumococci – Gram-positive cocci in pairs (diplococci)
• Haemophilus influenzae – small, slender, Gram-negative  

bacilli
• Meningococci – Gram-negative intracellular diplococci seen 

inside the polymorphonuclear cells.
Other bacteria will vary in morphological shape and Gram-stained 
appearance. Cryptococcus neoformans, a capsulated yeast organism 
seen frequently as an opportunistic organism in the immunocom-
promised patient, may also be seen.

Ziehl–Neelsen stain for Mycobacteria

Materials

• Strong carbol fuchsin stain.
• 1% acid alcohol (1 mL concentrated hydrochloric acid in 

99 mL methylated spirit).
• 0.5% malachite green (0.5 g malachite green dissolved in 

100 mL distilled water).

Method

1. Fix the smear by passing it through the flame of a spirit 
lamp.

2. Flood the slide with carbol fuchsin and, using the spirit lamp, 
gently warm the slide until the surface begins to steam.

3. Stain for 15 min.
4. Wash the slide with water.
5. Flood the slide with 1% acid alcohol and gently rock until no 

more colour will come out.
6. Wash the slide with water.
7. Flood the slide with malachite green counterstain for 1 min.
8. Wash the slide with water and drain dry.
Mycobacteria are acid-fast bacilli and stain as red bacilli against a green 
background. (This stain can also be used to demonstrate Cryptospo-
ridia oocysts in faecal smears.)

EXAMINATION OF SPUTUM

Sputum is commonly examined for parasites of the respiratory 
tract and for bacteria causing pulmonary infections such as tuber-
culosis or pneumonia. Sputum is usually described by its appear-
ance as:
• Salivary: frothy, white and watery.
• Purulent: thicker consistency, often with a greenish colour.
• Mucopurulent: thick, sticky consistency, containing pus; may 

be blood stained.

Examination for parasites

Paragonimus westermani and other Paragonimus species discharge 
ova with the sputum and usually cause ‘rusty’ blood-stained 
sputum.

Ova can be recovered after dissolving mucus in the sputum by 
mixing a portion with an equal portion of 10% potassium hydrox-
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ide or other mucus-dissolving reagent, and, after mixing thor-
oughly, standing for 15 min before centrifuging at 2500 r.p.m. for 
5 min. The deposit is examined for ova under the microscope 
using the 10 objective.

The sputum can also be concentrated after dissolving the 
mucus, using the formol-ether method as described.

Pneumocystis carinii: although now reclassified as a fungal 
organism, demonstration of this parasitic organism of the immu-
nocompromised host requires specialized laboratory techniques. 
Grocott’s silver stain or PAP stains are commonly used, but a 
fluorescent method using specific labelled monoclonal antibodies 
is available.

Strongyloides stercoralis larvae (seen in wet preparation) and 
oocysts of Cryptosporidium parvum (seen by Ziehl–Neelsen  
stain) may be found in sputum in patients with severe  
immunosuppression.

Examination for bacteria

Many alternative techniques are now entering the diagnostic field 
and these may be reviewed for further information.17 Microscopic 
examination remains a primary diagnostic method for many 
areas.

Two thin smears of sputum are made using a wire loop that 
can be sterilized in a flame afterwards, or an applicator stick that 
can be burned. The smears can then be fixed when dry by passing 
the back of the slide through a flame twice.

One smear is stained for acid-fast bacilli using the Ziehl–
Neelsen method (see above). The second is stained for other 
bacteria using the Gram stain (see above).

Concentration of sputum using a mucus solvent such as KOH 
or dilute sodium hypochlorite solution and centrifugation is often 
helpful for concentrating tubercle bacilli. Smears are made from 
the neutralized deposit and stained in a similar way.

Sputum should be sent for routine culture if available, and for 
culture for Mycobacterium tuberculosis if required.

EXAMINATION OF BLOOD FOR 
HAEMATOLOGICAL ASSESSMENT

Haematological values are necessary in the diagnosis of infection 
or anaemia. The most useful criteria include:
• Total white cell count, differential white blood cell count,  

haemoglobin
• Haematocrit, mean corpuscular haemoglobin concentration 

(MCHC) and mean corpuscular volume (MCV)
• Platelet count
• Examination of the blood film picture can give much useful 

information even when other parameters are not available.

Method

1. Fix thin blood films in methanol and stain with Giemsa 
stain.

2. Examine the slide under the microscope using the oil immer-
sion objective ( 100).

Observations

Red blood cells:
1. Note the size: a normal erythrocyte measures 7 m in diam-

eter. The cell may be enlarged (macrocyte), or appear smaller 
(microcyte).

2. Note the colour; in a normal erythrocyte the haemoglobin is 
stained pink with a small area of pallor in the centre. An 
enlarged area of central pallor (hypochromia) indicates an 
iron deficiency.

3. Note the presence of any abnormal erythrocytes; target  
cells or sickle cells may indicate an abnormal haemoglobin 
type.

4. Note any inclusions of the erythrocytes; basophilic stippling 
and nucleated cells, or spherocytes may indicate a haemolytic 
process.

5. Note any intracellular or extracellular parasites which may be 
present; malaria, Trypanosoma, Babesia, Borrelia, microfilariae.

White blood cells
An impression of the number of white cells present can be gained 
from the thin blood film; an average of 1–2 cells in each field is 
normally seen. A differential count will indicate the types of cells 
present.

Note the morphological appearance of the cells. Neutrophils 
may show a shift to the left or to the right. Mononuclear cells may 
be ‘atypical’, and any primitive cells must be recorded.
Platelets
These are normally seen in every field, either singly or in small 
clumps. A decrease in platelets (thrombocytopenia) is noted when 
platelets are scanty and only seen in every 3–5 fields.
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Appendix II John R. Baker

Parasitic Protozoa

Protozoa can be broadly defined as single-celled organisms which 
have animal-like nutrition (i.e. they do not contain photosyn-
thetic pigment). Structurally, protozoa are equivalent to a single 
animal cell; functionally, they are equivalent to a whole animal. 
Each protozoan cell potentially possesses all the normal metazoan 
cellular organelles: nucleus, mitochondria, ribosomes, Golgi 
apparatus, etc. although some may have been lost in certain spe-
cialized organisms. Many protozoa also possess unique organelles 
not found in metazoa.

Parasites can, equally broadly, be defined as organisms which 
live within organs or tissues of other organisms during some or 
all stages of their life cycle, and obtain nutrients either from the 
host organism’s food supply or from its tissues. The processes by 
which these nutrients are digested, and the processes of respira-
tion by which protozoa obtain their energy, do not differ funda-
mentally from those operating in other animal cells.

All protozoa reproduce asexually, by various forms of division 
– binary or multiple – or by budding; some also reproduce sexu-
ally, usually by division after some form of genetic exchange. 
Some parasitic protozoa utilize only one species of host in their 
life cycle; others require two. If only asexual reproduction occurs 
in one host, and sexual reproduction in the other, the former is 
termed the intermediate host and the latter is called the definitive 
host. Irrespective of this terminology, if one host is much smaller 
than the other it is often referred to as the vector. This is especially 
true, anthropocentrically, in human medicine, when the mos-
quito (for example) which infects a human being with malaria is 
referred to as the vector even though, on the preceding definition, 
it is also the definitive host. Non-human (usually mammalian) 
hosts which may be infected with the same stages of a parasite as 
the human, and from which the latter may acquire infection either 
directly or via a vector, are termed reservoir hosts.

The attractively simple taxonomic scheme for parasitic proto-
zoa devised by Cox1 (Table II.1) will be used in this appendix, 
although other more complex classifications have been published 
subsequently.

Most parasites are rarely, if ever, significantly harmful to their 
hosts. These are of marginal importance in human medicine, 
except in so far as they may be mistaken for potentially more 
harmful forms. Even those which are capable of causing severe 
illness or death of the host do not necessarily always do so. The 
host–parasite relationship can be thought of as a delicate  

balance which may easily be tipped in favour of one partner or 
the other.

Throughout this appendix, references have been restricted, 
when possible, to recent books containing comprehensive 
accounts of the organisms concerned. These organisms are not 
always the only subject of the books referred to, so it may be 
necessary to consult the contents list or index to find the rele- 
vant contribution(s). Further references will be found in these 
contributions.

MALARIA PARASITES

Four species of the genus Plasmodium infect humans: P. falciparum, 
P. malariae, P. ovale and P. vivax; the diseases they cause are 
known, respectively, as malignant tertian malaria, quartan malaria, 
ovale tertian malaria and benign tertian malaria2,3 (see also 
Chapter 73). Plasmodium falciparum has the distinction of being 
the first parasitic protozoon to have its genome fully sequenced 
(in 2002). The genome of its major vector, Anopheles gambiae, has 
also been fully sequenced.

Life cycle and morphology

The life cycle of P. vivax is shown in Figures II.1 and II.2. When 
an infected mosquito bites a human, malaria sporozoites are 
injected with the insect’s saliva. Within 30 min they have entered 
liver parenchyma cells (possibly via the Kupffer cells). P. vivax and 
P. ovale produce two kinds of sporozoites: those which continue 
their development inside the hepatic cells immediately, and others 
(hypnozoites) which remain dormant for some time before doing 
so (see below). Sooner or later the sporozoites commence nuclear 
division, and are then known as meronts (or schizonts). After 
producing several thousand nuclei, the meront undergoes cyto-
plasmic division to form a large number of small, uninucleate 
merozoites. Mature liver (exoerythrocytic) meronts may be as 
large as 50–60 m in diameter. The merozoites are freed by the 
rupture of the meront and enter the circulation, where they 
become attached to the membranes of erythrocytes and penetrate 
them. They are now known as trophozoites. Very young tropho-
zoites consist of a small hollow sphere of cytoplasm with a central 
vacuole and one small nucleus; when viewed through a micro-
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(Ziemann’s stippling), fine but more distinct (Schüffner’s dots), 
or relatively large and coarse and fewer in number (Maurer’s 
clefts) (Table II.2).

Not all the merozoites develop into another generation of 
meronts. Some grow into the sexual cells or gametocytes. The male 
or microgametocyte has paler cytoplasm and a larger, less intensely 
staining nucleus than the female macrogametocyte. The latter 
(Figure II.3B) has cytoplasm, which stains more intensely blue with 
Romanowsky stains (Field’s, Giemsa’s, Leishman’s) because it con-
tains a much larger number of ribosomes than does the male. The 
gametocytes do not develop any further in the human host; under 
natural conditions their continued development depends on  
their being ingested by a feeding female mosquito of the genus 
Anopheles (male mosquitoes do not feed on blood).

In the mosquito’s stomach the mature gametocytes leave their 
host red cells and become gametes. This process is imperceptible 
in the female, but the male gametocyte produces eight long motile 
male gametes (microgametes) by a rapid process known as ‘exflag-
ellation’. Within a few minutes at most, the male nucleus has 
divided into eight, and eight lashing flagella erupt from the  
gametocyte’s surface. One nucleus enters each flagellum, which 
possibly also possesses a mitochondrion, and the ‘flagella’ (now 
uninucleate microgametes) break free and swim through the 
blood meal in search of a female. All stages of Plasmodium within 
the vertebrate host are haploid, as are the gametes. After fertiliza-
tion of a macrogamete by one microgamete, within the mosqui-
to’s midgut, a diploid zygote is formed. This zygote elongates and 
glides (in a fashion not fully understood) through the blood meal 
and into one of the cells of the midgut wall, in which it rounds 
up and secretes a thin cyst wall around itself. The motile zygote 
is called an ookinete, but once it has encysted it becomes an 
oocyst. The oocyst enlarges considerably, bulging outwards into 
the mosquito’s haemocoel but still remaining within the base-
ment membrane of the midgut wall. At the same time it undergoes 
a series of nuclear divisions, the first of which is a reduction 
(meiotic) division, followed by cytoplasmic cleavage in a fashion 
similar to that undergone by the exoerythrocytic meront. The 
process within the oocyst, however, is termed sporogony and the 
resulting small, elongate, uninucleate cells are the sporozoites; 
several thousand are produced within each oocyst.

The sporozoites are then liberated from the rupturing oocyst 
into the mosquito’s haemocoel, from where some, at least, find 
their way to the salivary glands in the insect’s thorax. They pene-
trate the salivary gland lumen, and are injected into the blood-
stream of the next vertebrate on which the mosquito feeds. The 
developmental cycle in the mosquito takes between about 1 and 
4 weeks, depending on the ambient temperature (the higher the 
temperature, the shorter the cycle).

Geographical distribution

P. falciparum is the most common species in tropical and sub-
tropical areas, and may sometimes be found in warmer temperate 
regions. P. malariae is also distributed in the tropics and subtrop-
ics, but is less common than P. falciparum and its distribution 
tends to be patchy. P. ovale, the least common malaria parasite of 
humans, is probably restricted to Africa; the few cases reported 
from the western Pacific region may have been introduced or the 
result of chance transmission from an imported case.

Table II.1 Classification of protozoan parasites of humans 
(based on that of Cox1)

FLAGELLATES (LOCOMOTION BY FLAGELLA)

Phylum Metamonada: Giardia, Trichomonas

Phylum Kinetoplasta: Leishmania, Trypanosoma 
Incertae sedis:a Naegleria

AMOEBAE (LOCOMOTION BY PSEUDOPODIA)

Phylum Rhizopoda: Acanthamoeba, Balamutha, Entamoeba

SPOROZOA (LOCOMOTION BY ‘GLIDING’ – NO OBVIOUS 
LOCOMOTORY ORGANELLE)

Phylum Apicomplexa (or Sporozoa)

 Class Coccidea: Cryptosporidium, Cyclospora, Isospora,  
 Sarcocystis,Toxoplasma

 Class Haemosporidea: Plasmodium

 Class Piroplasmea: Babesia

MICROSPORIDIA (WITH UNICELLULAR RESISTANT SPORES)

Phylum Microsporea: Encephalitozoon, Enterocytozoon, Brachiola  
(  Nosema in part), [Pleistophora, Thelohania, Trachipleistophora, 
Vittaforma (  Nosema in part)]b

CILIATES (LOCOMOTION BY CILIA)

Phylum Ciliophora: Balantidium

a Of uncertain taxonomic position.
b Rarely infect humans.

scope in optical section they resemble a tiny signet ring, and hence 
are often referred to as ‘ring forms’ (Figure II.3A). Electron micros-
copy has shown that the trophozoites are contained within a 
parasitophorous vacuole, the limiting membrane of which is 
formed, at least in part, by the erythrocyte’s surface membrane, 
which is invaginated by the entering merozoite and then becomes 
separated from the cell surface. As the trophozoite grows, the 
central vacuole disappears and the characteristic black or brown 
malarial pigment begins to appear. This pigment is formed by the 
insoluble iron-containing part of the haemoglobin molecule, 
ingested by the parasite as it feeds on its host cell’s cytoplasm.

As the trophozoite continues to grow, its nucleus begins to 
divide: it, too, becomes a meront but this time the division process 
(merogony or schizogony) produces only 24 (or fewer) merozo-
ites. The number depends on the species (Table II.2, which also 
lists other characteristics of the exo- and intra-erythrocytic forms 
of the four species). When these intra-erythrocytic merozoites are 
released by the rupture of the containing erythrocyte, they rapidly 
enter other erythrocytes and the cycle of erythrocytic merogony is 
repeated, unless terminated by the host’s immune response or its 
death, or by chemotherapy. P. vivax and, to a lesser extent, P. ovale 
cause the host red blood cell to enlarge and, in the case of P. ovale, 
it seems to become easily deformed; during the making of a thin 
blood film, the host cell may be drawn out into an irregular oval, 
hence the parasite’s specific name. Other changes may become 
apparent in the host cell: marks (visible when stained) appear on 
the surface membrane. These may be very fine and faint  
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Figure II.1 Life cycle of the malaria parasite. (A) Female Anopheles ingests gametocytes while feeding on the blood of an infected person. (B) 
Gametogony and sporogony occur within and on the stomach of the mosquito, culminating in the appearance of sporozoites in the salivary 
glands 1 week or more later (Figure II.2). (C) The infective mosquito injects sporozoites into the blood of the next person on whom it feeds. The 
sporozoites then enter the liver cells, within 30 min or so, to commence exoerythrocytic merogony (schizogony), unless they are dormant 
hypnozoites of P. vivax or P. ovale (see text). Depending on the species, exoerythrocytic merogony is completed in 5½–15 days (Table II.2), and 
the emerging merozoites enter erythrocytes to initiate the erythrocytic phase of the life cycle; in non-immune subjects, a clinical attack of malaria 
usually develops within 2–5 days. (The diagrams of mosquitoes and parasites are not to scale.) (Adapted from J. Hull Grundy.)

P. malariae is the only human malaria parasite to have another 
natural vertebrate host, the chimpanzee (Pan troglodytes), but this 
is of little, if any, epidemiological significance. The other species 
can experimentally infect splenectomized chimpanzees and 
monkeys (e.g. Aotus and Macaca).

Pathogenesis

The characteristic fever peaks of malaria result from synchroniza-
tion of the intra-erythrocytic merogony cycle. Simultaneous 
rupture of many erythrocytes, with the concomitant release of 
parasite debris and malarial pigment, causes a rise in fever. 
Destruction of the erythrocytes also leads to anaemia. Hepatic 
meronts do not seem to be pathogenic.

Erythrocytes infected with P. falciparum adhere to the walls of 
capillaries and also to other, uninfected erythrocytes (rosetting), 
possibly due to their developing knoblike protrusions (visible by 
electron microscopy only). This can lead to capillary blockage and 
rupture, with haemorrhage into the surrounding tissue. Another 
consequence of this adhesion of infected cells is that it is rare for 
stages of P. falciparum other than ring-form trophozoites and 
gametocytes to be seen in films of peripheral blood, as the older 
trophozoites and meronts are sequestered in the small blood 
vessels.

Cerebral malaria, the most severe complication of P. falciparum 
infection, is a consequence, at least in part, of hypoxia resulting 
from capillary occlusion in the brain due to this adhesion and 
rosetting. However, evidence has been accumulating of the 
involvement also of inflammatory cytokines and nitric oxide.

Untreated malaria (if not fatal) is notoriously persistent, with 
recurring bouts of fever sometimes lasting for many years. In infec-
tions with P. vivax or P. ovale these recurrences may result from 
the reactivation of dormant hypnozoites lying within the hepato-
cytes, even when parasites have been eliminated from the blood 
by chemotherapy or the host’s immune response. In a subspecies 
of P. vivax, P. v. hibernans, all the sporozoites are hypnozoites. The 
first clinical attack of malaria therefore does not occur until several 
months after the infective mosquito bite. This was an adaptation 
for survival of the parasite in a cooler climate, in which adult 
mosquitoes did not survive through the winter and so the parasite 
could not be transmitted to another host. P. v. hibernans is now 
restricted to temperate zones around the Mediterranean Sea, in 
the Middle East and parts of China, but its range used to extend 
as far north as the Netherlands and southern England (the malaria 
parasite which existed in England was certainly P. vivax; it is 
assumed that it was P. v. hibernans).

Hypnozoites do not exist in P. falciparum or P. malariae. Recur-
rences of clinical malaria in patients infected with these species 
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cence (IFAT), enzyme-linked immunosorbent assay (ELISA) and 
indirect haemagglutination (IHA). Several commercial ‘dipstick’ 
antigen capture test kits are available.

TRYPANOSOMES

Trypanosomes4 (genus Trypanosoma) (see also Chapters 75 and 
76) are elongated protozoa with a single flagellum. They share 
with the leishmanial parasites (see below) the possession of an 
unusually large amount of mitochondrial DNA, which forms a 
structure called the kinetoplast lying within the mitochondrion 
and, measuring from one to several micrometres in diameter, 
easily visible by light microscopy. The ordinal name, ‘Kinetoplas-
tida’, is derived from the name of this organelle.

Life cycle and morphology

Like malaria parasites, trypanosomes have two hosts in the course 
of their life cycle: a vertebrate and an invertebrate vector. In the 

A

B

Figure II.3 Plasmodium falciparum. (A) Ring forms and (B) female 
(macro-) gametocyte in Giemsa-stained blood films. (From Muller R, 
Baker JR. Medical Parasitology. London: Gower Medical; 1990.)

Figure II.2 Diagrammatic representation of the life cycle of a 
malaria parasite (Plasmodium vivax). 1, Normal erythrocytes; 2–5, 
erythrocytes containing young parasites (trophozoites); 6–8, 
erythrocytic merogony (schizogony); 9, rupture of cell containing 
mature meront (schizont) with release of merozoites into the plasma 
and subsequent reinvasion of other erythrocytes; 10, 11, 
microgametocyte (male) and macrogametocyte (female) within 
erythrocytes; 12, 13, extracellular gametocytes in the stomach of a 
female Anopheles; 14, production of eight male microgametes by the 
microgametocyte (‘exflagellation’); 15, the macrogametocyte matures 
into a macrogamete; 16, one microgamete fertilizes the macrogamete; 
17, the resulting motile zygote (ookinete) penetrates the wall of the 
mosquito’s stomach; 18–21, the ookinete encysts on the outer surface 
of the stomach to form an oocyst, which undergoes sporogony to 
produce hundreds of sporozoites; 22, the mature oocyst ruptures, 
releasing the sporozoites into the mosquito’s haemocoel, where they 
enter the cells and ducts of the salivary glands; when the mosquito 
next feeds, sporozoites are injected with the saliva into the host’s 
bloodstream; 23–27, the sporozoites enter hepatocytes and 
commence exoerythrocytic merogony, culminating in the release of 
merozoites back into the bloodstream, where they enter erythrocytes 
(1,2) to start the erythrocytic merogony cycle (P. vivax and P. ovale 
have some sporozoites of a special type, hypnozoites, which remain 
dormant as unicellular bodies within hepatocytes for up to many 
months); 28, liver cell containing a hypnozoite; 29–31, subsequent 
exoerythrocytic merogony of the hypnozoite, with release of 
merozoites into the blood to initiate a relapse.

are due to the survival of small numbers of erythrocytic parasites, 
which persist at a low level until the host’s immune response 
wanes sufficiently to permit their multiplication to a level suffi-
cient to cause clinical illness once more. At least some species of 
Plasmodium can undergo antigenic variation – a structural change 
in their surface protein – rather like the process in trypanosomes 
(see below), but it is less well understood in malaria parasites.

Diagnosis

A clinical diagnosis, based on recurrent fever and splenomegaly, 
needs confirmation by the finding of parasites in stained thin or 
(usually) thick blood films. Serodiagnosis is also used, especially 
in surveys, but again needs confirmation by blood film examina-
tion as a positive serological test does not necessarily indicate 
active infection. The tests used include indirect immunofluores-

2
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vertebrate host some trypanosomes can exist in two forms (Figure 
II.4). The first is elongate, motile and extracellular; the origin of 
the flagellum is near the posterior end of the cell and the flagellum 
emerges through the flagellar pocket to run forwards along the 
margin of the cell, to which it is attached by a series of hemides-
mosomes. As the flagellum undulates, it pulls out the surface 
membrane of the cell into a thin membrane-like structure called 
the undulating membrane. At the anterior end of the cell the 
flagellum may terminate or it may extend further forward. This 
form is called a trypomastigote. The second form is a non-motile, 
intracellular, more or less spherical cell called an amastigote (or 
micromastigote), which has at the most a very short, rudimentary 
flagellum.

Other stages may develop in the invertebrate host (Figure II.4). 
These include epimastigotes, in which the flagellar origin is close 
to the nucleus near the centre of the elongate cell, from whence 
it extends forward to form, as in the trypomastigote, an undulat-
ing membrane, and promastigotes, in which the flagellar origin is 
anterior and there is consequently no undulating membrane. In 
some species sphaeromastigotes also develop; these are small and 
spherical, but differ from amastigotes in having a flagellum coiled 
around the outside of the cell.

As far as is known, trypanosomes reproduce only by binary 
fission; they are uninucleate except when in the process of divi-
sion. There is good evidence that some form of genetic exchange 
occurs, at least in the species T. brucei, during the course of devel-
opment in the vector, but this appears to be an occasional process 
and details are completely unknown. The genomes of T. brucei 
and T. cruzi have been fully sequenced.5,6

Three species of Trypanosoma can infect humans: T. brucei, T. 
cruzi and T. rangeli; the first two are classified in distinct subgenera: 
Trypanozoon and Schizotrypanum, respectively. The subgeneric 

assignment of T. rangeli is uncertain, but recent molecular studies 
align it with T. cruzi in the subgenus Schizotrypanum.

TRYPANOSOMA BRUCEI

Life cycle and morphology

In the vertebrate host (humans and other mammals), only trypo-
mastigotes occur. These are variable in form (pleomorphic) (Figure 
II.5); long, slender cells with a considerable length of free anterior 
flagellum which undergo longitudinal binary fission in the blood 
and tissue fluids of the host, while shorter, broader (‘stumpy’) 
forms, with little or no free anterior flagellum, do not divide while 
in the vertebrate but remain in the G0 phase of the cell cycle until 
ingested by the vector, a large blood-sucking dipteran fly of the 
genus Glossina (tsetse fly). There are intermediate forms between 
these two extremes, although it is probable that, while slender 
forms transform into the broader forms, the reverse does not 
occur.

Once ingested with its blood meal by a Glossina, both sexes of 
which feed exclusively on blood, the ‘stumpy’ trypomastigotes 
elongate to form the so-called procyclic trypomastigotes. These 
forms undergo binary fission, and have a fully active, large single 
mitochondrion and a functional Krebs cycle, as do the subsequent 
stages which develop in the vector, apart from the final, metacyclic 
forms. The stages occurring in the mammal, however, possess only 
an inactive mitochondrion and their respiration, though aerobic, 
is glycolytic and proceeds only as far as the production of  
pyruvate.

The procyclic trypomastigotes are at first confined within the 
peritrophic membrane, a chitinous tube which lines the tsetse’s 
midgut and surrounds its blood meal, but they later appear outside 
this membrane but still within the midgut, presumably to prevent 
their being expelled with the fly’s faeces. They move to the anterior 
portion of the midgut (the proventriculus), elongate to produce 
mesocyclic forms and migrate via the lumen of the alimentary 

(A) (B) (C) (D)

Figure II.4 The various forms which may develop in the life cycle 
of species of Leishmania and Trypanosoma. (A) Amastigote 
(micromastigote), (B) promastigote, (C) epimastigote, (D) 
trypomastigote (only the first two occur in Leishmania). B, basal 
body; F, flagellum; FP, flagellar pocket; K, kinetoplast; N, nucleus. 
(Slightly modified from Baker JR. In: Bull AT, Meadow PM, eds. 
Companion to Microbiology. London: Longman; 1987:431–457.)

Figure II.5 Trypanosoma brucei in peripheral blood of an 
experimentally infected mouse; long slender form on the right and 
short stumpy forms on the left (Giemsa stain). (From Muller R, Baker 
JR. Medical Parasitology. London: Gower Medical; 1990.)
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tract to the salivary glands. In the lumen of the salivary glands, 
they develop into epimastigotes, attached by their flagella to the 
wall of the glands. The epimastigotes eventually change again into 
short trypomastigotes, with at most a very short, free flagellum – 
the infective metacyclic trypomastigotes. These are also in the G0 
phase and do not divide until they have been injected with the 
fly’s saliva into the next mammal on which it feeds. Metacyclic 
trypomastigotes respire in a similar fashion to the forms which 
live in the mammal, without participation of the single mitochon-
drion. Another way in which the metacyclic forms resemble those 
in the vertebrate is in their possession of the variable surface gly-
coprotein (VSG) coat on the outer surface of the cell membrane 
(which is not present on procyclic trypomastigotes or epimasti-
gotes). The life cycle in the tsetse fly takes about 2–3 weeks from 
ingestion of trypomastigotes to the appearance of metacyclic 
forms in the salivary glands.

Under natural conditions, for reasons not fully understood, the 
life cycle is completed in fewer than 1% of flies which ingest try-
panosomes. Flies ingesting trypanosomes with their first blood 
meal are more susceptible. However, once a fly does become infec-
tive (with trypomastigotes in its salivary glands), it appears to 
remain so for the rest of its life.

After injection into a susceptible mammal by the feeding fly, 
the metacyclic trypomastigotes transform into slender forms and 
commence division. At first they are more or less restricted to the 
tissue fluid around the site of the bite, where they cause the devel-
opment of an inflamed trypanosomal chancre, but after a few days 
they spread throughout the body via the bloodstream and ulti-
mately penetrate the central nervous system (CNS) and appear in 
the cerebrospinal fluid (CSF).

In the vertebrate host’s bloodstream, antibodies are produced 
against the trypanosomes’ VSG coat and these antibodies, in the 
presence of complement, lyse the parasites. However, the molecu-
lar architecture of the coat is genetically controlled and, by complex 
processes of gene rearrangement and deregulation, it is repeatedly 
changed. The ‘new’ coat is not recognized by the host’s antibodies, 
and parasites bearing it can continue to multiply until fresh anti-
body specific for the restructured coat appears. Parasitaemia thus 
occurs in a series of waves, each consisting of a different variant 
antigenic type (VAT) of trypanosome. The process of changing the 
VSG can occur at least 100 times, but it is probably not limitless. 
This antigenic variation does not occur in a rigidly fixed sequence, 
but neither is it entirely random; much has been learned about 
the details of the process, but much remains to be elucidated. Its 
occurrence bedevils attempts to develop an effective antitrypano-
some vaccine.

Geographical distribution

T. brucei is restricted to tropical Africa because its vectors, Glossina 
species, are similarly restricted. Within these limits, however, it is 
by no means evenly distributed. Glossina and, therefore, T. brucei, 
do not occur at altitudes above about 1800 m, almost certainly 
due to the temperature.

The infraspecific taxonomy of T. brucei has been the subject of 
much debate. The ‘classical’ view was that there were three species 
of tsetse-transmitted trypanosomes in Africa: T. brucei, T. rhode-
siense and T. gambiense (with only the latter two infecting humans). 
This has long been discarded, the three categories being reduced 

to subspecies of T. brucei. The most homogeneous of these appears 
to be T. brucei gambiense, a subspecies essentially confined to west 
and central Africa. Infective to humans and other mammals, it 
produces in the former a relatively chronic disease that (if 
untreated) results in death only after many months or even years. 
Occasional reports of self-curing infections are not generally 
thought to have been fully substantiated. There is some evidence 
for the existence of two ‘groups’ within the subspecies, one more 
virulent than the other. T. b. gambiense is transmitted by tsetse flies 
of the G. palpalis group mainly from human to human, though 
reservoirs of infection exist among domestic animals (e.g. pigs) 
and wild ungulates. Since G. palpalis usually inhabits vegetation 
fringing rivers, transmission of the trypanosomes to humans com-
monly occurs at places where they come into frequent contact 
with the tsetse, i.e. at village watering places, fords, etc. Because 
of this, infection tends to be equally common in men, women 
and children.

In east Africa, T. b. rhodesiense causes a more acute disease in 
humans who, unlike the situation in West Africa, are only ‘acci-
dental’ hosts of a parasite which predominantly infects wild and 
domestic ungulates. The subspecies is sympatric with T. b.brucei 
which is, by definition, infective to wild mammals but not to 
humans (and occurs throughout the range of Glossina). Infectivity 
to humans, and therefore presumably the distinction between  
T. b. brucei and T. b. rhodesiense, appears to be controlled by a 
single gene which determines resistance or sensitivity to a lytic 
factor in human serum associated with high-density lipoprotein. 
It is likely that there is considerable gene flow between these two 
subspecies, which is probably responsible for their considerably 
greater heterogeneity compared with T. b. gambiense.

T. b. rhodesiense is therefore less focally distributed than T. b. 
gambiense, and may be found across wide areas of the east African 
savanna; it is predominantly associated with tsetse of the G. mor-
sitans group, which can survive under much drier conditions than 
can G. palpalis. Transmission of T. b. rhodesiense to humans is less 
‘domestic’ than that of T. b. gambiense, and infection is usually 
commoner in men than in women and children.

Strains of the T. b. gambiense type seem to have spread eastward 
across Africa and there is an area of overlap between them and 
those of the T. b. rhodesiense type around the northern and eastern 
shores of Lake Victoria.

Pathogenesis

The types of disease produced in humans by T. b. gambiense and 
T. b. rhodesiense are essentially very similar, although the latter 
produces a much more acute disease, and both can be described 
together.

After initial restriction to the chancre, the trypanosomes spread 
throughout the blood and lymph systems and give rise to a more 
or less acute febrile illness. Lymphadenopathy is common, and 
swollen cervical lymph glands constitute ‘Winterbottom’s sign’, a 
classic indication of T. b. gambiense infection. After a period of 
weeks (T. b. rhodesiense), months or even years (T. b. gambiense), 
the parasites penetrate the CNS and multiply there in the capillar-
ies, tissue fluid and CSF. At no stage of the infection do they enter 
cells of the host (except when ingested by phagocytes, in which 
they do not survive). Presumably in response to the repeated 
antigenic challenge resulting from the parasites’ antigenic varia-

Trypanosoma Brucei
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tion, large amounts of IgM are secreted into the blood plasma in 
the early stage of infection and, after invasion of the CNS, IgM 
also appears in the CSF. In the brain tissue there is massive lym-
phocytic infiltration in the arachnoid membrane and the pia 
mater which, in section, appears as a characteristic perivascular 
‘cuff’ around the brain capillaries. In addition to small round cells, 
the cuff often contains large plasma cells in the final stage of 
immunoglobulin secretion, the so-called morula (  mulberry) or 
Mott cells.

It is this meningoencephalitis which is responsible for the som-
nolence and coma which gave the disease its name ‘sleeping  
sickness’, and which is ultimately responsible for the death  
of the untreated patient. Human African trypanosomiasis (HAT) 
is a better term.

Diagnosis

Clinical diagnosis may be supported by a range of immunological 
tests, including IFATs, complement fixation tests, ELISAs and 
agglutination procedures. Several commercial ‘card’ and ‘dipstick’ 
tests for trypanosomal antigens and antibodies are available.

Final confirmation of active infection, however, depends on 
demonstration of the parasites, either microscopically or by isola-
tion in laboratory rats or mice. In the early infection, blood or 
lymph gland exudate is examined; the latter is likely to be more 
helpful in the chronic disease caused by T. b. gambiense. If the later 
stage is suspected, CSF obtained by lumbar puncture should be 
examined; if the CNS has been invaded, the CSF will contain 
scanty trypanosomes (which can sometimes be visualized by cen-
trifugation), an increased number of lymphocytes ( 5 cells/mm3), 
morula cells and IgM.

Motile trypanosomes can be seen at magnifications of 400 or 
more in fresh preparations of blood, lymph or CSF, or stained 
preparations (thick blood films are better than thin films) may be 
examined at a magnification of 1000. Isolation by inoculation 
of blood, lymph or CSF into laboratory rats or mice is reliable for 
T. b. rhodesiense, but less so for T. b. gambiense, which does not 
readily infect rodents; unweaned rats should be used, if possible, 
if isolation of T. b. gambiense is attempted.

A micro-anion exchange centrifugation technique for isolation 
of T brucei subspecies from blood and a kit for the cultivation  
in vitro of T. b. gambiense directly from blood or CSF have been 
developed for use in the field.

TRYPANOSOMA CRUZI

Life cycle and morphology

Both trypomastigotes and intracellular amastigotes develop in 
infected mammals, the former in the bloodstream and the latter 
mainly in macrophages and muscle cells. The trypomastigotes do 
not multiply but disseminate the infection around the body of the 
mammalian host and also serve to infect the vectors (large blood-
sucking bugs of the subfamily Triatominae, family Reduviidae 
(Hemiptera); both sexes feed exclusively on blood). Trypomasti-
gotes ingested by a feeding bug change into epimastigotes in the 
midgut, undergo division, and are moved back along the bug’s 
gut as the blood meal is digested. In the hindgut they transform 
into small metacyclic trypomastigotes (which do not divide); 

these forms are expelled when the bug defecates while, or just 
after, feeding, and enter through the wound made by the bug’s 
proboscis. The insects often feed on sleeping persons, and faecal 
matter may be transferred by the scratching or rubbing fingers of 
a sleepy child (or adult) to the eye; the trypomastigotes may then 
penetrate the conjunctiva.

T. cruzi can infect many mammals in addition to humans; dogs 
and cats, and wild animals living in or near houses such as rodents, 
armadillos, raccoons, opossums and vampire bats may serve as 
reservoirs of human infection.

A range of molecular techniques, culminating in random 
amplification of polymorphic DNA (RAPD), has indicated the 
existence of two major groups within T. cruzi: T. cruzi 1 and T. 
cruzi 2 (sometimes roman numerals, I and II, are used; unfortu-
nately, in an earlier attempt to delineate these groupings, the 
terms ‘lineage 1’ and ‘lineage 2’ were used for what are now known 
as group 2 and group 1, respectively). Both groups infect humans, 
but the reservoir hosts of the former are primarily opossums, 
unlike those of the latter which are mainly rodents.

Once within a mammal the metacyclic trypomastigotes enter 
the host’s cells, either actively or by being phagocytosed. If they 
are phagocytosed, the phagosome membrane seems to disinte-
grate, freeing the trypanosome, which thus evades digestion within 
a phagolysosome. The trypomastigotes then become rounded 
amastigotes (sometimes, perhaps more correctly, called micro-
mastigotes, as they do possess a rudimentary intracellular flagel-
lum) and divide by repeated binary fission until they fill the host 
cell. The sac-like filled cell, or pseudocyst, finally ruptures. Before 
its rupture, however, the contained parasites have retransformed 
into small trypomastigotes, which elongate after their liberation 
into trypomastigotes which are about 20 m long and have a 
sharply pointed posterior end and an anterior extension of the 
flagellum beyond the end of the cell (Figure II.6). On stained 
blood films these trypomastigotes often adopt a curved C shape. 
Marked pleomorphism, as in T. brucei, is not seen, though some 
workers believe that two forms can be distinguished: slender 
forms destined to reinvade host cells and broader forms which 

Figure II.6 Bloodstream form of Trypanosoma cruzi (Giemsa stain). 
(From Muller R, Baker JR. Medical Parasitology. London: Gower 
Medical; 1990.)
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infect the vectors. There is as yet no firm evidence of genetic 
exchange in T. cruzi.

Geographical distribution

T. cruzi is widely distributed throughout continental South America 
and in Central America and the southern USA, between about 
latitudes 25°N and 38°S, although progress is being made in its 
eradication from many of the ‘southern cone’ countries of South 
America. The parasite has been isolated from wild mammals in 
the southern USA but few, if any, indigenous human cases have 
been reported. The disease is essentially one of poverty, poor-
quality housing being associated with bug infestation and, there-
fore, the risk of infection.

Pathogenesis

The initial sign of infection is often a swelling (chagoma) at the 
portal of entry of the trypanosomes. When this is the conjunctiva, 
and the swelling involves the eye, it is known as Romaña’s sign. 
A more or less acute, rarely fatal, febrile illness is followed by the 
chronic phase, during which repeated intracellular multiplication 
cycles continually destroy the host’s cells. Not only cells contain-
ing amastigotes are destroyed, but also neighbouring cells, prob-
ably as part of an autoimmune phenomenon; neurones are 
particularly vulnerable. If the intracellular groups of amastigotes 
(pseudocysts) are concentrated in the oesophagus or colon, peri-
stalsis may be interfered with and gross distension of the organ 
ensues; the condition is known as megaoesophagus or megacolon. 
The pseudocysts of some strains of T. cruzi are particularly prone 
to congregate in the heart muscle, when the resulting neuronal 
and muscle cell destruction may lead to thinning and weakening 
of the wall of the heart.

Diagnosis

Clinical signs are inconclusive. Various immunological tests (IFAT, 
ELISA and complement fixation) are used. Confirmatory diagnosis 
by parasite isolation can be attempted in three ways. (1) Blood 
films: however as parasitaemia is intermittent and the organisms 
may be scanty, this is not a reliable method. (2) Cultivation in 
vitro: T. cruzi grows readily in many nutrient media, including 
blood-agar media. (3) Cultivation in vivo: the parasites readily 
infect laboratory mice. An often used, simple diagnostic procedure 
is to allow uninfected reduviid bugs, laboratory reared, to feed on 
the patient and then to examine the bugs’ faeces or gut contents 
for the presence of trypanosomes 3–4 weeks later; this procedure 
is known as xenodiagnosis. The possibility of infection (or double 
infection) with T. rangeli should be borne in mind when using 
any of these techniques.

TRYPANOSOMA RANGELI

T. rangeli occurs in South America but its distribution is more 
patchy than that of T. cruzi. Although it infects humans, it is appar-
ently entirely non-pathogenic and its only medical importance 
lies in the possibility of its being mistakenly diagnosed as T. cruzi, 
either in human or insect hosts, as it also shares reduviid bugs as 
vectors. The forms seen in humans are trypomastigotes only; they 

are longer than those of T. cruzi, measuring about 30 m (Figure 
II.7). In bugs, the parasite differs from T. cruzi by completing its 
development into metacyclic trypomastigotes in the haemolymph 
and salivary glands, from whence it is transmitted to mammals 
by direct inoculation in the insect’s saliva, as well as in the hind 
gut. The infective metacyclic trypomastigotes are longer than those 
of T. cruzi. Unusually amongst trypanosomes, T. rangeli is patho-
genic to its invertebrate host.

T. rangeli can also be distinguished from T. cruzi with the aid 
of monoclonal antibodies (although the two species have some 
common antigens), differential complement-mediated lysis, iso-
enzyme electrophoresis and polymerase chain reaction amplifica-
tion of kinetoplast DNA.

LEISHMANIAL PARASITES

These parasites7 (see also Chapter 77), species of the genus Leish-
mania, are classified in the same family (Trypanosomatidae) as the 
trypanosomes. Like them, they alternate between two hosts: a 
vertebrate and an invertebrate; however, the only forms which 
develop in the former are intracellular amastigotes, and those 
which develop in the invertebrate (insect) vector are promasti-
gotes (Figure II.8). Promastigotes are elongate, motile flagellates 
with the flagellar origin and kinetoplast at the anterior end of the 
cell and the nucleus more or less in the middle. Both forms divide 
by binary fission and there is no firm evidence yet of sexual repro-
duction, although naturally occurring apparently ‘hybrid’ popula-
tions have been reported.

The vectors of all the species of Leishmania which infect humans 
are small insects (sand flies) of the genera Phlebotomus (in Africa, 
Asia and Europe) and Lutzomyia and Psychodopygus (in South and 
Central America); as with mosquitoes, only female sand flies feed 
on blood. The species of Leishmania which infect humans can be 
divided into two major groups on the basis of their pathological 
behaviour: those which infect internal organs (liver, spleen, bone 
marrow) and cause visceral leishmaniasis (the L. donovani 
complex) and those which are restricted to the skin (dermis), 

Figure II.7 Giemsa-stained bloodstream form of Trypanosoma 
rangeli. (Photograph by Nester Añez, Imperial College of Science, 
Technology and Medicine, University of London.)

Leishmanial Parasites
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causing cutaneous leishmaniasis (the L. mexicana and L. brazilien-
sis complexes and three ungrouped species, L. tropica, L. major and 
L. aethiopica).

Analysis of ribosomal RNA genes has suggested a neotropical 
origin for the genus, but this is not universally accepted.

Life cycle and morphology

All the species infecting humans are very similar morphologically. 
The rounded or oval amastigotes are smaller than those of T. cruzi, 
about 2–4 m in diameter, and the promastigotes vary consider-
ably in length from about 15 m to 30 m (Figure II.9). After a 
feeding sand fly ingests amastigotes (presumably within mono-
cytes or macrophages), the parasites escape from the cell and 
transform into promastigotes, which colonize the insect’s midgut. 
In one subgenus of Leishmania, Viannia, there is also a phase of 
promastigote development in the sand fly’s hindgut. Finally, the 
promastigotes spread forward into the foregut and proboscis of 
the vector, where the so-called metacyclic promastigotes are 
formed. These are injected with the fly’s saliva when it next feeds 
on a mammal.

In the mammalian host the promastigotes enter phagocytes, 
either actively or passively, and transform into amastigotes. Unlike 

Figure II.8 Life cycle of Leishmania species. (A) Feeding female sand fly ingests amastigotes from an infected vertebrate. (B) The amastigotes 
develop into promastigotes, undergo division and migrate forwards to the pharynx of the sand fly. (C) When the sand fly next feeds on blood it 
injects promastigotes into the wound; the developmental cycle in the sand fly takes about 10 days. (The diagrams of sand flies and parasites are 
not to scale.) (Adapted from J. Hull Grundy.)

those of T. cruzi, the amastigotes remain enclosed within a phago-
some which fuses with a lysosome but they somehow resist diges-
tion by the lysosomal enzymes (or inhibit their production) and 
survive and multiply within the phagolysosome. When the host 
cell is full, it ruptures and the released amastigotes re-enter other 
phagocytes to continue the process. In the L. donovani complex 
the fixed liver phagocytes known as Kupffer cells also become 
infected.

Visceral leishmaniasis

Geographical distribution

Visceral leishmaniasis (sometimes known, particularly in India 
and Africa, as kala-azar) occurs in South America in the southern 
tropical zone, in tropical east Africa, the north African littoral and 
the Mediterranean coastal region of southern Europe, and in parts 
of India and central Asia. In South America, it is caused by L. 
chagasi, which also infects dogs and wild Canidae, which may act 
as reservoir hosts; the vectors are sand flies of the genus Phleboto-
mus. In Asia and sub-Saharan Africa the causative species is L. 
donovani and the vectors are species of Phlebotomus; in parts of 
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Africa the parasite also infects dogs and certain rodents, while in 
India it seems that humans are the only vertebrate hosts. In coun-
tries bordering the Mediterranean Sea, visceral leishmaniasis is 
caused by another, closely related species, L. infantum; this species 
is also transmitted by Phlebotomus species, and dogs are important 
reservoirs of infection. All these species of Leishmania belong to 
the subgenus Leishmania.

Pathogenesis

Infection of cells of the monocyte/phagocyte system leads to 
extensive hyperplasia of the system, with gross enlargement of the 

liver and spleen and progressive interference with their function 
and with the haematopoietic functions of the bone marrow 
(Figure II.9A).

Diagnosis

Confirmatory diagnosis depends on parasite isolation by micro-
scopical examination of Giemsa-stained smears, or by cultivation 
in vitro of biopsy material obtained by puncture of the spleen or, 
more safely, the bone marrow (usually of the sternum). Most of 
the common blood-agar diphasic culture media are satisfactory, 
and the parasites grow as promastigotes.

Cutaneous leishmaniasis

Geographical distribution

Leishmania major causes cutaneous leishmaniasis in Asia and trop-
ical Africa, and possibly also in parts of North Africa; its vectors 
are Phlebotomus species and its reservoir hosts are rodents of 
various species (usually the gerbil Rhombomys opimus in Asia). The 
genome of L. major has been sequenced.8 L. aethiopica occurs only 
in east and north-east Africa, with hyraxes (Procavia and Heterohy-
rax species) as the main reservoir hosts and Phlebotomus species as 
vectors. L. tropica infects humans (and possibly dogs) in parts of 
Asia (the Middle East and north-eastern India), and probably also 
in parts of north Africa and southern Europe (including Greece) 
around the Mediterranean Sea; it is transmitted by Phlebotomus.

In Central and South America cutaneous leishmaniasis is 
caused by a range of species, some as yet ill defined and unnamed; 
the more important species are listed in Table II.3.

The African and Asian species, and all those in South America, 
which cause cutaneous leishmaniasis are members of the subgenus 
Leishmania except for the L. braziliensis complex of species (Table 
II.3), which are classified in the subgenus Viannia. All the South 
American species except L. braziliensis are transmitted by species of 
Phlebotomus; L. braziliensis is transmitted by Psychodopygus.

Pathogenesis

In the cutaneous leishmaniases, parasitized macrophages are nor-
mally restricted to the dermis and mucous membranes. Lesions 
may range from a single, self-healing ulcer to widespread ulcer-
ation over much of the body surface (diffuse cutaneous leish-
maniasis or DCL), which sometimes results from infection with 
L. aethiopica or L. pifanoi (the latter having been isolated only from 
cases of DCL, although it presumably causes ordinary cutaneous 
leishmaniasis as well). L. braziliensis has a tendency to invade 
mucocutaneous junctions, particularly those of the nasopharynx 
and palate, where it causes the disfiguring lesions of mucocutane-
ous leishmaniasis or espundia. L. peruviana occurs at high altitudes 
in the Peruvian Andes; it causes cutaneous leishmaniasis or uta, 
with a characteristic dry sore on the skin.

Infection with human immunodeficiency virus (HIV) and the 
ensuing development of the acquired immune deficiency syn-
drome (AIDS) markedly reduces or destroys the immunological 
response to infection with Leishmania, leading to widespread dis-
semination of skin lesions and even invasion of the viscera by 
Leishmania species which have hitherto caused inapparent or 
localized infections.

A

B

Figure II.9 Leishmania. (A) Amastigotes of L. donovani in a bone 
marrow macrophage and (B) promastigotes from a culture in vitro. 
(From Muller R, Baker JR. Medical Parasitology. London: Gower 
Medical; 1990.)

Leishmanial Parasites
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Diagnosis

As with visceral leishmaniasis, confirmatory diagnosis depends on 
detection of the parasites either by microscopical examination of 
Giemsa-stained slides or by cultivation in vitro. Suitable material 
can be obtained by puncture of the margin of a suspect lesion with 
a hypodermic needle attached to a syringe containing a small 
amount of physiological saline. The aspirate contained in the 
needle is then expelled on to a microscope slide or into a tube of 
culture medium (usually blood-agar).

ENTAMOEBA HISTOLYTICA

Life cycle and morphology

E. histolytica9 (see also Chapter 79) inhabits the lumen of the large 
intestine of humans (and other primates, dogs, cats, pigs and 
rodents), where it may cause amoebic dysentery. The parasite also 
sometimes invades the mucosa and other viscera. The trophozoite 
(Figure II.10A) is motile, irregular in shape, measures about 10–
40 m in diameter, and reproduces by binary fission. Sexual 
reproduction is unknown, but there is some evidence of genetic 
exchange. The trophozoites may contain red blood cells in food 
vacuoles. Transmission is by ingestion of the resistant cyst, which 

Table II.3 Main species of Leishmania causing human 
cutaneous leishmaniasis in Central and South America

Parasite Locality Reservoir hosts

SUBGENUS LEISHMANIA

L. mexicana complex

 L. mexicana Central America Rodents

 L. amazonensis Northern Brazil Rodents

 L. venezuelensis Venezuela –

 L. pifanoia Venezuela –

SUBGENUS VIANNIA

L. braziliensis complex

 L. braziliensisb Brazil, Venezuela ?Rodents, opossumc,  
slothd

 L. guyanensis South America, 
north of the 
Amazon river

Slothd, anteatere

 L. panamensis Panama, Costa  
Rica, Colombia

Slothf

 L. peruviana Peru, Argentina Dog

Based on Lainson R, Shaw JJ. In: Peters W, Killick-Kendrick R, eds. 
1987:1–120.7

a  So far known only from cases of diffuse cutaneous leishmaniasis; identity 
uncertain.

b Causes cutaneous and mucocutaneous leishmaniasis.
c Dipelphis marsupialis.
d Choloepus didactylus.
e Tamandua tetradactylus.
f Choloepus hoffmanni.
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Figure II.10 Entamoeba histolytica. (A) Trophozoite with ingested 
erythrocytes (Er) and bacterium (B); the nucleus (N) is also visible.  
(B) cysts with two and four nuclei (N) and chromatoid bodies (Ch, 
semicrystalline ribosomal masses). (Human faecal smear; iron 
haematoxylin stain.) (From Baker JR. Parasitic Protozoa. London: 
Hutchinson; 1969.)

is excreted in the host’s faeces, with contaminated food or water. 
The mature cyst (Figure II.10B) is 9.5–15.5 m in diameter, spher-
ical, and contains four nuclei; often, but not always, it also con-
tains paracrystalline aggregations of ribosomes, the ‘chromatoid 
bodies’, which appear as rods with blunt, rounded ends. They 
stain with iodine or haematoxylin stains, but appear glass-like in 
fresh specimens. Cysts develop only in the intestinal lumen, not 
within the tissues.

It has long been suspected, and now conclusively demon-
strated, that two morphologically identical parasites exist: E. his-
tolytica, which can invade tissues and hence become pathogenic; 
and E. dispar, which cannot. Infection with E. dispar is commoner 
than that with E. histolytica. Therefore many persons with intesti-
nal amoebae which are morphologically indistinguishable from 
E. histolytica may show no sign or symptom of amoebiasis. Such 
persons may be found in all countries, tropical and temperate, 
while clinical amoebiasis is more or less restricted to the tropics.

Pathogenesis

Amoebae in the gut lumen are not significantly harmful, but if, 
for reasons unknown, they penetrate the intestinal mucosa they 
multiply within flask-shaped ulcers and lead to haemorrhage and 
mucosal damage. When this occurs, the amoebae feed on red 
blood cells, which may be seen within the organisms. Bloody 
dysentery (amoebic dysentery) ensues, which can be differentiated 
from the bloody dysentery resulting from bacterial infection by 
the absence of the large numbers of pus cells characteristic of  
the latter.

The amoebic ulcers erode blood vessels (hence the haemor-
rhage), and thus amoebae may enter the circulation and be carried 
to other organs. Here they may become established, and form 
so-called amoebic ‘abscesses’, which are not true abscesses since 
they are bacteriologically sterile. The liver is the organ most com-
monly affected in this way, but the lungs and (rarely) brain may 
also be invaded.

Diagnosis

Confirmatory diagnosis by identification of amoebae may be 
made either by direct microscopical examination of faecal speci-
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mens (fresh or concentrated) or by cultivation of the organisms 
in suitable media. Serological techniques can be used to detect 
tissue invasion, but rarely if ever detect infection with parasites 
living in the gut lumen only. Diagnostic tests based on the poly-
merase chain reaction can apparently distinguish between E. his-
tolytica and E. dispar.

NON-PATHOGENIC INTESTINAL AMOEBAE

In addition to E. dispar, five other well-defined species of amoebae 
(see also Chapter 79), none of which is pathogenic, may inhabit 
the human alimentary canal. Their only medical significance is 
that they may be mistaken for E. histolytica; these five species are 
listed below (Figure II.11):
• E. coli: cysts larger than those of E. histolytica, with eight nuclei 

when mature; chromatoid bars are rarely present but, when 
they are, they are thin and splinter-like, with pointed ends

• E. hartmanni: cysts smaller than those of E. histolytica, but with 
four nuclei and chromatoid bodies of the E. histolytica type

• Endolimax nana: small, oval cysts with four nuclei but no chro-
matoid bars

• Iodamoeba buetschlii: uninucleate cyst, often containing a large 
glycogen vacuole which stains dark brown with iodine but 
appears clear in fresh specimens

• Entamoeba gingivalis: unlike all the above-mentioned species, 
this amoeba inhabits the mouth (and so should not be con-
fused with E. histolytica); it forms no cyst, transmission presum-
ably being by direct contact or by the sharing of drinking 
vessels, etc.

The aberrant flagellate Dientamoeba fragilis (see p. 1626) resembles 
an amoeba as it lacks a flagellum, but it is binucleate and does 
not produce a cyst.

GIARDIA DUODENALIS

Life cycle and morphology

This motile trophozoite9 (see also Chapters 79 and 80) has two 
nuclei, four pairs of flagella, and one or two curved median bodies 

of unknown function (sometimes incorrectly called parabasal 
bodies) (Figure II.12A); it is 10–20 m long, 5–10 m broad and 
2–4 m thick. Reproduction is by binary fission; no sexual process 
is known.

The infective stage is an oval cyst, 6–10  8–14 m (Figure 
II.12B), which is excreted in the faeces and ingested with con-
taminated food or water. The cyst contains four small nuclei, 
grouped at one end, and a confused jumble of flagella, median 
bodies etc. in the centre.

Giardia is found worldwide in many species of mammals, 
including humans. Using conventional criteria, only a single 
species infects humans, G. duodenalis (sometimes known as G. 
intestinalis or G. lamblia). However, G. duodenalis consists of two 
major genetic assemblages which are separated by distances greater 
than those used to differentiate some other species of protozoa.

Pathogenesis

Trophozoites are attached to the mucosal surface of the duode-
num or upper ileum by an oval, ventral anterior disc or ‘sucker’; 
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Figure II.11 Cysts of non-pathogenic intestinal amoebae. (A) 
Entamoeba coli; the cyst on the left contains chromatoid bodies (Ch). 
(B) Endolimax nana. (C), Iodamoeba buetschlii; the glycogen vacuole 
(G) is visible. N, nuclei (human faecal smear; iron haematoxylin stain). 
(From Baker JR. Parasitic Protozoa. London: Hutchinson; 1969.)
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Figure II.12 Giardia duodenalis. (A) Trophozoite (human faecal 
smear; Giemsa stain). (B) cyst (human faecal smear; iron haematoxylin 
stain). (From Muller R, Baker JR. Medical Parasitology. London: Gower 
Medical; 1990.)

Giardia Duodenalis
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they do not penetrate the mucosa but may damage it if they are 
numerous, leading to villous atrophy and acute watery (not 
bloody) diarrhoea.

Diagnosis

Giardiasis can be confirmed by demonstrating cysts in faecal spec-
imens; they are often numerous, and usually easily recognizable 
even in unstained saline preparations, but iodine staining makes 
the internal structure more easily visible.

TRICHOMONAS VAGINALIS

Life cycle and morphology

The trophozoites are oval, 14–17  5–15 m, and have a single 
nucleus, four anterior flagella and a single lateral flagellum which 
runs back along the surface of the cell, to which it is attached to 
form a conspicuous undulating membrane supported by a mar-
ginal filament (Figure II.13). The lateral flagellum ends about 
halfway along the cell, which also contains a prominent central 
rod or axostyle. Multiplication is by binary fission, with no sexual 
process (see also Chapter 81).

No cyst is formed, the trophozoite being transmitted directly 
during sexual intercourse.

Pathogenesis

T. vaginalis inhabits the vagina and urethra. It is more commonly 
pathogenic in women than in men, though it may cause mild 
urethritis or prostatitis.

Diagnosis

Clinical diagnosis may be confirmed by demonstration of the 
trophozoites in Giemsa-stained smears made from swabs of 
vaginal (or urethral) discharge. If they are not readily found, the 

swab can be placed in a tube of medium for cultivation of the 
parasites in vitro.

NON-PATHOGENIC INTESTINAL FLAGELLATES

As with the amoebae, there are other, non-pathogenic flagellates 
(see also Chapter 80) which may inhabit the human alimentary 
tract and which may be confused with Giardia duodenalis.

One of these species, Trichomonas tenax, inhabits the buccal 
cavity, but the others all live in the intestine. Dientamoeba fragilis 
is an aberrant flagellate which looks like an amoeba; it is binucle-
ate but lacks a flagellum and median bodies. The other non-patho-
genic flagellates (Chilomastix mesnili, Enteromonas hominis, 
Retortamonas intestinalis and Pentatrichomonas hominis) all have 
between one and six flagella and a single nucleus; P. hominis looks 
rather like T. vaginalis but can be distinguished from it by the dif-
ference in habitat.

All these species except T. tenax, P. hominis and D. fragilis form 
cysts, which can be distinguished from those of G. duodenalis by 
their round shape and lack of the remains of flagella, etc., which 
are so characteristic of the cyst of G. duodenalis. The cysts of all 
except E. hominis have only one nucleus; E. hominis, like G. duo-
denalis, has four, but, unlike G. duodenalis, these are not usually 
grouped at one end of the cyst.

TOXOPLASMA GONDII

T. gondii10,11 (see also Chapter 78) has two distinct life cycles which 
usually take place in vertebrate hosts belonging to different genera. 
The ‘normal’ Apicomplexan life cycle of merogony, gametogony 
and sporogony occurs only in domestic cats and a few closely 
related species, within epithelial cells of the small intestine; the 
cat is therefore the ‘definitive’ host. Oocysts, measuring about 11 

 13 m, are voided in the cat’s faeces and, when mature, contain 
two spherical sporocysts, each with four elongate sporozoites.

If a mature oocyst is swallowed by another susceptible animal 
(the ‘intermediate’ host), which can be any warm-blooded verte-
brate (mammal or bird), the sporozoites are liberated by the 
action of the host’s digestive juices and the secondary life cycle 
commences. (This also can occur in cats; see below.)

The sporozoites emerge from the oocyst in the intermediate 
host’s small intestine, pass through the mucosa and enter macro-
phages (either actively or passively). The macrophage’s lysosomes 
are inhibited from fusing with the phagosomes containing the 
parasites, which thus survive and begin to divide rapidly until the 
host cell is filled with small, crescentic, uninucleate parasites 
known as tachyzoites or endozoites, each measuring about 5  
1–2 m (Figure II.14A). The infected macrophage, referred to as 
a pseudocyst, eventually disintegrates and the liberated tachyzo-
ites enter other macrophages and repeat the process. This consti-
tutes the acute phase of the infection. Unless the host dies or is 
treated, the acute phase is immunologically controlled and the 
infection moves into the chronic phase. The parasites invade cells 
other than macrophages (including muscle cells and neurones) 
and secrete a thin but tough cyst wall, within which they continue 
to divide, though more slowly; the organisms within this cyst are 

Figure II.13 Trophozoite of Trichomonas muris (Giemsa stain). In the 
human parasite T. vaginalis, the conspicuous lateral flagellum ends 
about halfway along the cell. (From Muller R, Baker JR. Medical 
Parasitology. London: Gower Medical; 1990.)
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called bradyzoites or cystozoites; the cyst may attain a diameter 
of 60 m (Figure II.14B).

If a non-feline host eats uncooked meat or prey containing 
these tissue cysts, the bradyzoites are liberated in the duodenum 
and repeat the extraintestinal cycle after passing through the 
mucosal wall. However, if a cat ingests tissue cysts in its prey, or 
if infected raw meat or offal is fed to it, the cystozoites enter duo-
denal cells and begin the ‘normal’ Apicomplexan life cycle. This 
intestinal cycle consists of a limited number of merogony cycles, 
with each batch of merozoites entering other duodenal cells to 
repeat the process, until the final generation of merozoites com-
mences the sexual cycle of gametogony and fertilization within 
the duodenal cells, culminating with sporogony within the devel-
oping oocyst (which is secreted around the fertilized zygote). 
Sporogony is completed, with the production of two sporocysts 
each containing four sporozoites, as the oocyst passes down the 
cat’s gut and in the expelled faeces. Oocysts can survive in the 
external environment for at least 1 year.

Pathogenesis

Infected cats show no obvious sign of illness. In humans the acute 
phase of infection (tachyzoites multiplying in macrophages) 
usually results in mild to moderate febrile illness with lymphade-
nopathy, except in immunocompromised persons (e.g. those with 
AIDS), in whom the infection may become generalized and fatal. 
The chronic phase is symptomless and, unless the patient becomes 
subsequently immunocompromised, appears to remain active but 
quiescent for the rest of the individual’s life.

T. gondii is one of the few parasites that can cross the placenta, 
though only if the pregnant woman has an acute infection. Infec-
tion in utero is uncommon (probably fewer than 1/1000 live 
births), but its effects on the fetus may be severe, with gross brain 
damage resulting from uncontrolled proliferation of the tachyzo-
ites, leading to hydrocephaly and, often, death. If infection occurs 
later in pregnancy its effect may be mild, with retinopathy the 
only sign in the baby (often discovered by accident when the 
adult has an ophthalmological examination for some other 
reason).

Diagnosis

Parasites may be isolated by inoculation of biopsy material (e.g. 
tonsil or an enlarged lymph gland) into mice, with microscopical 
examination of the murine peritoneal fluid as a Giemsa-stained 
smear after 3–4 weeks (unless the mice sicken and die earlier). 
Pseudocysts and artificially liberated tachyzoites will be seen. 
There are several serological tests for anti-Toxoplasma antibodies, 
but these remain positive throughout the chronic phase of infec-
tion and so do not necessarily indicate acute infection unless two 
similar tests, performed a few weeks apart, reveal a sharply rising 
titre. The tests used include complement fixation, agglutination 
(of killed tachyzoites), and IFAT.

Serological evidence indicates that between 25% and 35% of 
the population of so-called ‘developed’ countries have anti- 
Toxoplasma antibodies, indicative of past infection. Reactivated 
acute toxoplasmosis is one of the more common, often fatal, com-
plications of AIDS.

SARCOCYSTIS

Sarcocystis species11 (see also Chapter 79), though common para-
sites of herbivores and rodents, are not significant as parasites of 
humans. Sarcocystis is related to Toxoplasma and has a similar life 
cycle, though it differs in that each species has only a very limited 
range of intermediate hosts and extraintestinal development  
does not occur in the definitive host. The zooites are larger than 
those of T. gondii, being 10–15 m long, and the tissue cysts, which 
occur only in muscle cells, may be very long – even visible mac-
roscopically.

Humans are definitive hosts of S. bovihominis and S. suihominis, 
the intermediate hosts of which are oxen and pigs, respectively (as 
the specific names indicate). A few early records of human infec-
tion with tissue cysts (sarcocysts) suggest that humans can rarely, 
perhaps accidentally, act as intermediate hosts for one or more 
other species of Sarcocystis.

A

B

Figure II.14 (A) Toxoplasma gondii: intracellular groups 
(pseudocysts) of parasites in macrophages in a smear of mouse 
peritoneal fluid (Giemsa stain). (B) tissue cysts in emulsified brain of 
mouse (phase contrast illumination). (From Muller R, Baker JR. Medical 
Parasitology. London: Gower Medical; 1990.)

Sarcocystis
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Pathogenesis

Infection of the human intestine with S. bovihominis or S. sui-
hominis may cause moderately severe diarrhoea, which is, how-
ever, self-limiting. Infection of the muscle with sarcocysts is  
usually symptomless but may, if intense, lead to some muscular 
weakness.

BABESIA

Species of Babesia (see also Chapter 74), commonly known as 
piroplasms, are small intraerythrocytic Apicomplexan parasites 
which often occur in cattle, sheep, horses, insectivores and rodents 
in many parts of the world but do not normally infect humans; 
they are transmitted by ticks (Arthropoda, Acarina), usually 
members of the family Ixodidae (‘hard’ ticks).

The small parasites (1–2 m) multiply within red blood cells 
by binary fission, and some species (e.g. B. microti of voles) may 
also invade lymphocytes for one merogonic cycle before entering 
red cells.

A very few (perhaps 100 or so) cases of Babesia infection have 
been reported in humans in North America and Europe. North 
American infections have all been due to B. microti of voles (insec-
tivores of the genus Microtus), and the patients have recovered. In 
Europe, all the (few) infected persons had previously undergone 
splenectomy at some time, and most of them died; some (perhaps 
all) of the infections acquired in Europe were due to the cattle 
parasite B. divergens. No successful treatment is known for human 
babesiosis.

Diagnosis depends on recognizing the parasites in stained 
blood films, where they may be difficult to distinguish from young 
trophozoites of Plasmodium, though Babesia never contains 
pigment. Serological tests can differentiate the two genera.

PNEUMOCYSTIS CARINII

Pneumocystis was thought probably to be protozoal in nature. 
However, study of its large subunit ribosomal RNA gene has 
shown it to be most closely related to the fungi. It has been 
recorded in humans, dogs and rodents in all continents (except 
Antarctica); in Africa it appears to be uncommon. Although only 
one ‘species’, P. carinii,9 (see also Chapter 72)is recognized at 
present, this consists of several ‘special forms’ (f. sp.) (as defined 
in the International Code of Botanical Nomenclature), each associ-
ated with a particular mammalian host (human, rat, mouse, 
ferret). Some of these have been subdivided further. The form 
infecting humans is known as P. carinii f. sp. hominis.

The parasites are about 5–6 m in diameter, uninucleate and 
spherical; they live extracellularly in lung alveolae (Figure II.15). 
Binary fission has been described, though details of the life cycle 
are sparse and somewhat conflicting. Cyst-like, spherical bodies 
about 10 m in diameter are formed in the lung alveolae, and are 
thought to be the infective phase. Transmission presumably occurs 
by droplet infection.

Infection is probably common but symptomless, unless the 
parasites become sufficiently numerous to block the alveolae with 
a foamy mass composed of plasma cells, parasites and mucus. This 
may occur in immunologically incompetent or immunocompro-

mised persons, such as sickly or premature babies, persons receiv-
ing immunosuppressive therapy or those afflicted with AIDS; 
Pneumocystis carinii pneumonia (PCP) is perhaps the commonest 
cause of death of patients with AIDS.

FACULTATIVELY PARASITIC AMOEBAE

Three species of amoebae which normally live in water or mud 
occasionally infect human patients, and a fourth species is sus-
pected of doing so (see also Chapter 80).

Naegleria fowleri inhabits warm, fresh water, and has three 
stages in its life cycle: amoeboid form, flagellate form and cyst. 
Human infections with N. fowleri are due, apparently, to amoebae 
being forced up the patient’s nose while he or she is swimming 
in or jumping into infected water, and then penetrating the nasal 
mucosa and migrating up the olfactory nerve to the brain. In the 
brain they multiply extensively (as amoeboid trophozoites only) 
and cause considerable damage, which is usually fatal. The condi-
tion is known as primary amoebic encephalitis (PAM). PAM is 
more common in tropical and subtropical areas, but infection can 
occur in artificially (or naturally) heated waters in colder coun-
tries; overall, however, it is rare (probably fewer than 200 cases 
are known). A related species, N. australiensis, can cause experi-
mental PAM in mice and is therefore also suspected of being a 
potential, if not actual, facultative parasite of humans. Another 
amoeba, Balamuthia mandrillaris, has been isolated from some 
human cases of PAM.

Acanthamoeba culbertsoni rarely causes infection of the brain in 
humans. The parasite has no flagellated stage, and normally lives 
in damp soil or, as the cyst, in dry and dusty soil. Infection prob-
ably occurs when trophozoites in mud, or perhaps cysts in dry, 
dusty soil, are ingested or inhaled through the mouth. The most 
common manifestation of Acanthamoeba infection is relatively 
mild pharyngitis, which has been reported in a limited number 
of young children and even fewer adults in the USA. It is thought 
the children may have acquired the infection while crawling or 
playing with soil. In a very few individuals, Acanthamoeba infec-

Figure II.15 Pneumocystis carinii within alveolae of a section of 
human lung (Grocott’s silver stain, methyl green counterstaining). 
(From Muller R, Baker JR. Medical Parasitology. London: Gower 
Medical; 1990.)
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tion of the brain has been reported postmortem; most of these 
persons were immunocompromised in some way, and probably 
amoebae from an initial pharyngeal infection were able to pene-
trate the mucosa and find their way to the brain; the resulting 
condition is known as granulomatous amoebic encephalitis 
(GAE).

Acanthamoeba species can infect the cornea of persons using 
soft contact lenses, presumably as a result of contamination of the 
wash solutions. There have also been a few cases of keratitis due 
to Acanthamoeba infection apparently unassociated with the use 
of contact lenses.

BALANTIDIUM COLI

Life cycle and morphology

B. coli (see also Chapter 79) is the only known ciliate parasite of 
humans. Its natural habitat is the large intestine of domestic pigs 
and its distribution is worldwide. The large, oval, flattened tro-
phozoites (60–70  40–60 m; Figure II.16) are covered with 
short, hair-like cilia, by means of which they swim; they reproduce 
both asexually by transverse binary fission and sexually by the 
complicated process known as conjugation (unique to ciliates). 
Like almost all ciliates, B. coli has two nuclei: a large, polyploid 
macronucleus and a small, haploid micronucleus which is 
involved in sexual reproduction (during which process the mac-
ronucleus degenerates, to be reformed by one of the progeny of 
the micronuclear fusion and subsequent fission which occurs 
during conjugation). Large, spherical cysts (50–60 m in diame-
ter) are formed and excreted in the faeces. Human infection pre-
sumably usually results from ingestion of cysts with contaminated 
food or water; person-to-person transmission has never been  
conclusively demonstrated.

Pathogenesis

Normally the ciliate lives harmlessly in the lumen of the pig’s large 
intestine. Sometimes, however, perhaps as a result of concomitant 
infection with some other pathogen such as Salmonella, the tro-
phozoites penetrate the submucosa and form large, flask-shaped 

ulcers like those caused by E. histolytica. Bloody dysentery then 
ensues. A similar sequence of events probably occurs in humans, 
although symptomless infections of the gut lumen only have not 
yet been reported from humans (perhaps because no one has 
looked for them).

Diagnosis

The large cysts, with their correspondingly large macronucleus, are 
easily recognized in fresh or stained faecal preparations. B. coli 
grows in most of the common culture media used for Entamoeba, 
but recourse to this technique is seldom necessary.

CRYPTOSPORIDIUM SPECIES

Life cycle and morphology

Cryptosporidium9 (see also Chapter 79) is an Apicomplexan para-
site of the group known as coccidia. It was thought to be restricted 
to non-human mammals, but is now recognized to be one of the 
commonest worldwide human enteric infections, especially in 
children and immunocompromised adults; symptomless infec-
tions are common. At least eight species have been described, but 
it appears that these may comprise a dozen or more distinct 
genotypes, each of which may or may not represent a distinct 
species. Humans are susceptible to at least two genotypes, the 
‘human’ and ‘cattle’ genotypes, the former of which appears to be 
restricted to humans.

Cryptosporidium is transmitted by a resistant oocyst in the faeces 
of infected persons or other animals, ingested with contaminated 
food or water. Four sporozoites emerge from the oocyst in the 
small intestine, enter cells of the microvillous border, and undergo 
merogony. The parasites remain intracellular, though they lie very 
superficially just below the host cell’s plasmalemma. Sexual forms 
(gametocytes) also develop and form male and female gametes. 
The gametes fuse to form a diploid zygote, which encysts to 
become an oocyst, only 4–6 m in diameter, the contents of 
which divide to form four sporozoites. Unlike many coccidia, 
sporocysts are not formed within the oocyst.

Some oocysts, with thin walls, apparently mature and ‘hatch’ 
while still within the first host’s intestine, which the emergent 
sporozoites then reinfect, enabling the infection to build up to a 
very high level unless it is controlled immunologically. Other 
oocysts, with thicker walls, are excreted (Figure II.17) and serve to 
transmit the infection orally to a fresh host. Human infections 
usually result from person-to-person transmission, but domestic 
animals and rodents may sometimes act as reservoir hosts.

Pathogenesis

Damage to the small intestinal mucosa, resulting from the succes-
sive cycles of merogony, leads to diarrhoea which, in immuno-
logically competent persons, is usually self-limiting; neither blood 
nor pus cells are present in the stool. In immunodeficient persons 
(including patients with AIDS), the infection may progress 
unchecked, and severe, intractable and even life-threatening diar-
rhoea may result, with stool volumes up to 25 L/day. Pulmonary 
cryptosporidiosis has occasionally been recorded, possibly as a 
result of inhalation of oocysts in vomit.

Figure II.16 Balantidium coli: trophozoite from a culture in vitro (the 
micronucleus is not visible in this specimen). Ci, cilia; Ct, cytosome 
(mouth); CV, contractile vacuole; N, macronucleus; V, vestibule. (From 
Baker JR. Parasitic Protozoa. London: Hutchinson; 1969.)

Cryptosporidium Species
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Diagnosis

Confirmation of diagnosis usually depends on recognition of 
oocysts in faeces, which may be more readily found after concen-
tration by flotation techniques followed by staining with acid-fast 
stains such as Ziehl–Neelsen. Diagnostic tests based on the poly-
merase chain reaction seem to be more sensitive but their validity 
remains to be confirmed.

CYCLOSPORA CAYETANENSIS

Cyclospora cayetanensis9 is a coccidian parasite of humans which 
may cause protracted watery diarrhoea and other intestinal distur-
bances, especially in AIDS patients. It, or similar organisms (some-
times referred to as CLBs-originally ‘cyanobacter- or ‘coccidia-like’ 
bodies, now ‘cyclospora-like’ bodies) have been reported from 
tropical and temperate zones of all continents. The parasites 
inhabit the intestinal enterocytes and undergo a life cycle similar 
to that of Cryptosporidium. The small spheroidal oocysts (8–10 m 
in diameter) contain two sporocysts, each with two sporozoites. 
Transmission depends on ingestion of the oocysts, which are 
passed out in faeces. The sporozoites emerge in the intestine of 
the new host, and invade enterocytes. Diagnosis depends on 
detection of the oocysts in stool.

ISOSPORA BELLI

Isospora belli is another coccidian parasite which inhabits entero-
cytes of the human small intestine. The oocyst is ovoid and larger 
(mean diameters 30  12 m) than those of the two previous 
species and contains two sporocysts, each with four sporozoites. 
The life cycle is similar. In immunocompetent hosts, I. belli causes 
relatively mild, self-limiting diarrhoea. In immunosuppressed 
persons, the diarrhoea may be very severe and long-lasting. Diag-
nosis again depends on recognizing the oocysts in faeces.

MICROSPORIDIA11

Microsporidia (see also Chapter 79) are predominantly parasites 
of fish and insects, to which they may be very pathogenic; a few 
species are known to infect mammals. The group appears to be 
more closely related to fungi than to protozoa.

The number of reports of microsporidial infection in humans, 
usually in those who are immunocompromised (e.g. by HIV), and 
the number of species involved is increasing. Seven genera are 
known to infect mammals (Encephalitozoon, Enterocytozoon, Bra-
chiola ( Nosema in part), Pleistophora, Thelohania, Trachipleistophora 
and Vittaforma (  Nosema in part)); human infections with the 
latter four genera are rare, V. corneae being known only from the 
cornea of one immunocompetent individual, but all seven can 
probably infect immunodeficient humans and, in at least some 
cases, those who are immunocompetent also.

Life cycle and morphology

The infective stages of microsporidia are small spores, about 5  
2 m in size, which are usually ingested orally. The ingested spore 
ejects a hollow, tubular polar filament which introduces (rather 
in the manner of a hypodermic syringe) the infective contents of 
the spore, the sporoplasm (which is believed to be uninucleate, 
although this has not been conclusively demonstrated), into the 
cytoplasm of a host cell. Within the host cells (which may be of 
many different types), successive cycles of merogony, followed by 
sporogony, occur, resulting in the production of many more 
spores.

Pathogenesis

Human infection with Encephalitozoon and Enterocytozoon involves 
the intestine, as the parasites invade enterocytes, and villus loss 
may result. Invasion of the bile duct may cause hepatobiliary 
disease. Enterocytozoon may disseminate more widely. Asymptom-
atic infection probably occurs, particularly in immunocompetent 
persons. Many human infections may be ‘accidental’, with species 
normally resident in other mammals, although Enterocytozoon, of 
which only one species, E. bieneusi, is known, may be a ‘genuine’ 
parasite of humans.

Serological surveys have revealed up to about 40% of positive 
reactions to Encephalitozoon cuniculi antigen among persons with 
tropical experience, and particularly those with malaria or tuber-
culosis. The significance of this is not clear (E. cuniculi commonly 
infects rodents and lagomorphs, rabbits).

Diagnosis

Diagnosis of infection with microsporidia is, at present, based on 
detection of the parasites in biopsy material.
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Appendix III Vaughan R. Southgate and Rodney A. Bray

Medical Helminthology

TREMATODES

Subclass Digenea Carus, 1863

See also Chapters 82 and 83.

Fasciola hepatica

Fasciola hepatica (Linnaeus, 1758) is a parasite of sheep and cattle 
causing liver disease. It is also found in various species of domes-
ticated and wild herbivores. Furthermore, human cases have been 
increasing in 51 countries on five continents, and major human 
health problems occur in Andean countries (Bolivia, Peru, Chile, 
Ecuador), the Caribbean (Cuba), Northern Africa (Egypt), the 
Near East (Iran and neighbouring countries) and western Europe 
(France, Spain and Portugal).1

Distribution

Europe, Africa, Asia, the Americas and Oceania.

Parasitology

Pale grey with dark borders, it measures 20–50  6–13 mm. The 
anterior extremity is narrow, containing the oral sucker; the ventral 
sucker is larger than the oral and situated about 3 mm from the 
anterior extremity. Branched intestinal caeca with diverticula are 
present. The ovary is racemose, placed anterior to the testes in the 
posterior end of the body. The uterus is short and anterior to the 
ovary. An exsertile cirrus is present and the genital pore is median 
(Figure III.1).

The egg (Figure III.2) is operculated, 130–140  63–90 m, 
ovoid, brown and tanned and contains the ovum and yolk cells. 
A ciliated eye-spotted miracidium develops in 2–3 weeks at tem-
peratures of 23–26 C and enters freshwater amphibious lymnaeid 
snails (see below).

Life cycle (Figure III.3)

Snail hosts

Galba truncatula (Europe, western Asia, Bolivian Altiplano and 
parts of Africa including the tropical highlands of Ethiopia, Kenya 

and Zimbabwe to South Africa), Fossaria viatrix, Lymnaea diaphana 
(South America), Fossaria bulimoides, F. humilis (North America), 
Pseudosuccinea columella (Africa, also occasionally North and South 
America, Australia), Fossaria cubensis (Caribbean) and L. tomentosa 
(Australasia). P. columella is a proven host for both F. hepatica and 
F. gigantica and, in recent years, P. columella has become established 
in South Africa, Australia, New Zealand and Hawaii. After the 
miracidium penetrates the snail it becomes a sporocyst, giving rise 
to rediae, which subsequently produce cercariae. Development 
takes 1–2 months, depending upon temperature. The cercaria is 
leptocercous (simple-tailed) and gymnocephalous. The cercaria is 
positively phototactic and negatively geotactic, and encysts on 
aquatic vegetation to form the metacercaria. The outer cyst is com-
posed of an external layer of tanned protein with an underlying 
fibrous layer of mucoprotein, the inner cyst has a complex muco-
polysaccharide layer subdivided into three, and an additional layer 
of keratinized protein. A region of the innermost keratinized layer 
forms the ventral plug. Survival of metacercariae for long periods 
depends upon temperature and sufficient moisture. When meta-
cercariae are eaten by the mammalian host excystation occurs in 
two phases: a passive activation phase in the stomach or rumen is 
followed by an active emergence phase in the small intestine, 
migration through the intestinal wall into the body cavity, then to 
the liver. The young fluke burrows through the liver in about 6–7 
weeks to reach the bile ducts, where it grows to maturity. From 
about 8 weeks following infection, eggs are found in the faeces.

F. gigantica, a liver fluke, similar but larger (24–76/5–13 mm), 
is now known to cause human infections in Africa, South-east Asia 
and the Indian subcontinent. It develops in fully aquatic lymnaeid 
snails, such as Radix auricularia, R. natalensis and R. rufescens and 
R. rubiginosa.

Fasciolopsis buski (Lankester, 1857)  
Odhner, 1902

Fasciolopsis buski (Figure III.4) is a parasite of the pig and dog; they 
constitute a reservoir for humans.

Parasitology

F. buski inhabits the small intestine, rarely the stomach; only a 
small number of those infected show symptoms. This is the largest 
human trematode, measuring 3 cm  12 mm, and 2 mm thick. It 
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is flesh coloured, elongated and oval, with transverse rows of 
spines, especially numerous near the ventral sucker. The oral 
sucker is subterminal but ventral in position, and is only a quarter 
of the size of the ventral sucker, which is placed close to the oral, 
and prolonged into the cavity dorsally and backwards, a feature 
peculiar to this species. (For details of the anatomy see Figures 
III.4, III.6A). The intestinal caeca are simple with two characteris-
tic curves towards the midline. The genital pore is median, placed 
anterior to the ventral sucker. Branched testes are found in the 
posterior half of the body; there is a branched ovary and a fine, 
tortuous, Laurer’s canal.

Development in the freshwater snail resembles that of F.  
hepatica.

The egg is operculated and yellow, measuring 130–140  80–
85 m (Figures III.5,1 and III.6B). Eggs are found in large numbers 
in the faeces, the egg capacity of each fluke being about 25 000 
per day.

Life cycle (Figure III.7)

After 3–7 weeks in water, the egg hatches a ciliated miracidium 
which develops in freshwater snails – Segmentina hemisphaerula, 
Hippeutis umbilicalis (Far East), Hippeutis cantori (Far East) and 
Segmentina trochoidens (India) (Figure III.8). A sporocyst is formed, 
followed by the rediae and daughter rediae, which eventually 
produce cercariae (the whole cycle takes about 2 months depend-
ing upon temperature).

The cercariae, resembling those of F. hepatica, are oval, short 
lived and lophocercous, and measure 0.7 mm; they have a well 
developed digestive tract with a muscular bladder and collecting 
tubules. They encyst, as metacercariae, on freshwater plants such 
as water calthrop, Trapa (Salvinia) natans in China, T. bicornis in 
India, T. bisponosa in Taiwan. The most important plant in south 
China is the water chestnut, Eliocharis tuberosa; metacercariae are 
also found on the water bamboo, Zigania aquatica, in Chekiang 
and Canton, and the water hyacinth, Eichornia crassipes, in Taiwan. 
All the plants are grown in ponds in China and fertilized by 
human faeces possibly contaminated with parasite eggs, thus 
affording an opportunity for infection of intermediate snail hosts. 
The cysts when taken into the mouth pass through the stomach, 
excyst in the duodenum and the parasite attaches to the intestinal 
wall.

Superfamily: Opisthorchioidea

Genus: Clonorchis

Clonorchis sinensis (Cobbold, 1875) Looss, 1907 
(Figures III.9, III.10)

Distribution

Far East (China, Hong Kong, North Korea, Taiwan, Japan, Russia 
(Siberia) and Vietnam).2

Figure III.1 Adult Fasciola hepatica.

Figure III.2 Egg of Fasciola hepatica.
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Parasitology

This is a common parasite of humans and also of the biliary pas-
sages of the dog, cat, pig, rat, mouse, camel and badger. It is found 
rarely in the gall bladder of humans, but often in the bile ducts, 
pancreas, pancreatic ducts and duodenum. It is spatulate, tapering 
anteriorly, reddish, semitransparent and measures 10–25  2–
5 mm. The tegument is smooth; the oral sucker is larger than the 
ventral; the intestinal caeca are simple.

The genital pore is median and placed anterior to the ventral 
sucker. The testes are branched and situated posteriorly one 
behind the other. The ovary is trilobate with coils anterior to the 
genital glands. Vitelline glands are moderately developed in the 
mid-third of the body. Cross-fertilization occurs; the spermato-
zoa develop before the ova; the sperms enter the female genital 
pore, pass into the immature uterus and thence to the sperma-
theca (Figure III.10) where they are stored; the ova are fertilized 
in the spermatheca.

The egg measures 20–30  14–17 m; it is operculated, yellow-
brown and one of the smallest trematode eggs found in humans 
(Figure III.5,5 and Figure III.11). It has an operculum at one end 
and a small knob at the other. It is fully embryonated when  
discharged.

Life cycle (Figure III.12)

The egg can remain viable in water for up to 5 weeks, and when 
ingested by the operculate snail host the egg hatches, releasing the 
miracidium. The miracidium pierces the intestine of the mollusc, 
casts its ciliated plates and soon becomes a sporocyst; later, the 

Cercariae shed their tails
and encyst as metacercariae
in water or on water plant

Cow: host for Fasciola
gigantica

Sheep: host for Fasciola hepatica Eggs passed in faeces

Miracidia enter
freshwater snail

Sporocysts

           Sporocysts
             with
developing rediae

Eggs

Cercariae liberated
from snail

Rediae with develping
cercariae

Human: host for Fasciola
gigantica and
Fasciola hepatica

Human and reservoir host (cow, sheep)
infested by ingesting metacercariae
which migrate to the liver where the
adult develops

C
Y

C
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Figure III.3 Life cycle of Fasciola hepatica and F. gigantica. (Courtesy of Tropical Resources Unit.)

Figure III.4 Fasciolopsis buski. The following key is used for the 
terminology of the anatomy of the trematodes in this and subsequent 
illustrations.
ac acetabulum or ventral sucker ov ovary
as oral sucker ovd oviduct
exp excretory pore p pharynx
go genital opening pb pharyngeal bulb
gp genital pore rs receptaculum seminalis
i intestine sg shell gland
ic branch intestine t testis
lc Laurer’s canal ut uterus
m mouth va vagina
nc nerve cord vd vas deferens
oes oesophagus vg vitelline glands
oo ootype vs vesicula seminalis
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elongated rediae grow within the sporocysts and burst into the 
peri-oesophageal sinus and move to the blood sinuses of the 
hepatopancreas, the whole process taking 3–4 weeks.

The cercariae (Figure III.10B), 450–550  100–120 m, escape 
from the birthpore of the rediae; they have two pigmented eye-
spots and a lophocercous blunt-ending tail, and burst through the 

space between the upper body surface and the shell, emerging into 
water. Within 24–48 h they encyst as metacercariae in the muscles 
and underscales of freshwater fish of families Cyprinidae and 
Anabantidae. Cercarial glands secrete a histolytic substance which 
dissolves the skin of the fish, thus admitting percolating water. The 
metacercariae secrete a viscous fluid which forms an inner true 

Figure III.5 1, Fasciolopsis buski.  
2, Paragonimus westermani. 3, Heterophyes 
heterophyes. 4, Opisthorchis felineus.  
5, Clonorchis sinensis. 6, Metagonimus 
yokogawai. 7, 8, Ascaris lumbricoides, external 
aspect. 9, Ascaris lumbricoides, unfertilized 
egg. 10, Ascaris lumbricoides, decorticated 
egg. 11, Schistosoma haematobium.  
12, Schistosoma mansoni. 13, Schistosoma 
japonicum. 14, Ancylostoma duodenale.  
15, Trichostrongylus colubriformis. 16, Taenia 
solium. 17, Taenia saginata. 18, Trichuris 
trichiura. 19, Enterobius vermicularis.  
20, Vampirolepis nana. 21, Diphyllobothrium 
latum. 22, Heterodera radicicola, non-parasitic, 
ingested with vegetables. (Courtesy of 
Tropical Resources Unit.)
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cyst, which in turn is encapsulated by a fibrous layer formed by 
the tissues of the fish. These are eaten half raw, or pickled in soy 
sauce by the Chinese. The adolescercaria, the fully developed cyst, 
possesses a capsule protective against the gastric juice. In some 
species of fish – Carassius auratus (golden carp) – the parasite is 
found under the scales; in others it is in the flesh so that domestic 
animals which eat the offal may become heavily infected. About 
50% of the cysts remain viable after 60 days between 3–6 C, but 
they die after 3 min at 65 C. The cyst wall is digested by the succus 
entericus in the duodenum near the ampulla of Vater, and the 
adolescercariae escape and attach themselves to the mucosa. The 
young distomes at first have spines but these are soon lost. They 
attain maturity in 26 days. Attracted by positive chemotaxis, a 
proportion of them reach the bile ducts. As many as 9400 adults 
have been found at autopsy. Lifespan may be up to 25–30 years, 
but on average is about 10 years. Adult men are infected more than 
women.

The following is a list of the molluscs and fishes that may be 
first and second intermediate hosts, respectively.

A

B

Figure III.6 (A) Adult Fasciolopsis buski. 
(B) Egg of F. buski. (Courtesy of Tropical 
Resources Unit.)

Hosts

First intermediate hosts (molluscs) (Figure III.1)

The most important first intermediate (snail) hosts are: Parafossa-
rulus manchouricus and Bulimus fuchsiana. Additional first interme-
diate hosts include Bythinia longicornis, Assiminea lutea, Alocinma 
longicornis and Melanoides tuberculata.

Second intermediate hosts (fish)

Over 100 species of fish have been incriminated: 71 species of 
Cyprinidae; and species of Eleotridae, Bagridae, Cyprinodontidae, 
Clupeidae, Osmeripae, Cichlidae, Ophiocephalidae and Gobiidae. 
The most important cyprinoid fish are Mylopharyngodon aethiops, 
Ctenopharyngodon idella (Canton), Cultur recurviceps (Peking) and 
Carassius auratus (golden carp).

Major additional fish hosts are: Tribolodon hakonensis, Hemibar-
bus labes, Acanthorhodeus asmussi, Pungtungia herzi, Pseudogobio  

Trematodes
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esocinus, Gnathopogon atromaculatus, Cultriculus kneri, Macropodus 
chinensis and Opsariichthydis bidens.

In addition, in Fukien, China, freshwater shrimps (Caridinia 
nilotica, Macrobrachium superboum, Palaeomonetes sinensis) are 
incriminated as sources of infection in children.

Other fish hosts are: Hemicultur leucisculus, H. leekeri, Acantho-
rhodeus chankaensis, A. gracilis, Abbotina rivularis, Pseudorasbora 
parva, Hyspeleotris swinhoensis, Philypus potamophilus, Rhodeus sinen-
sis, Sarcocheilichthys nigripennis, S. sinensis, S. variegatus, Macropodus 
opercularis, Biwia zezera, Xenocypris davidi, Pseudiperilampus typus, 
Abbotina psegma, Paraleucogobio strigatus, Acheilognathus rhombea, A. 
lanceolata, A. limbata, A. cyanostigma, Lakeo jordani and Hypophal-
michthys nobilis.

Genus: Opisthorchis (cat liver fluke)

There are two species of cat liver fluke: Opisthorchis felineus (Rivolta 
1884), eastern Europe and CIS and O. viverrini (Poirier, 1886) 
Stiles and Hassall, 1896, Thailand, Cambodia and Laos.2

Parasitology (Opisthorchis felineus)

Cat liver fluke inhabits the liver, pancreas, bile ducts and lungs (in 
Russia). It is lanceolate and measures 8–11  1.5–2 mm. The tegu-
ment is smooth; the suckers are equal in size and separated by 
2 mm (Figure III.14). The egg measures 30  12 m and is yellow-
ish-brown with an operculum. At the posterior end there is a 
minute tubercular thickening (Figure III.5,4).

Life cycle (similar to C. sinensis, Figure III.12)

The definitive hosts are the human and wild and domestic felines. 
The intermediate host is a snail, Bythinia leachi (Figure III.15); and 
other species of Bythinia. The miracidium is fully formed in the 
egg and hatches in the snail, forming a sporocyst measuring 1.2–
1.85 mm after penetrating the intestine. Rediae are formed in 1 
month, and then cercariae within the rediae, and these mature in 
about 4 months post-infection.

Cercariae, 430–670  40–50 m, which leave the snail in day-
light, are phototactic and stimulated by agitation.

The second intermediate hosts are fish: tench (Tinca tinca), ide 
(Leuciscus idus), barbel (Barbus barbus) and roach (Rutilus rutilus). 
Additional second intermediate hosts include Idus melanotus, 
Abramis brama, A. sapa, Cyprinus carpio, Blicca bjorkna, Alburnus 
lucidus, Aspilus aspilus, Scardinus erythrophthalmus. The cercariae 
penetrate in 15 min and grow to three or four times their original 
size, forming metacercariae 220  160 m. When ingested by a 
person, they pass through the stomach, are freed by the succus 
entericus, attracted by the bile and travel up the bile duct in 5 h. 
Infection is therefore contracted by eating raw fish. The entire life 

Third-generation redia
with developing cercariae

Second-generation redia with
more rediae developing

Sporocyst with developing redia

Miracidium develops
into sporocyst

Miracidium hatches and
enters snail

Embryonated eggEggs passed in faeces

Eggs

Immature egg requires
period in quiet, warm

water to incubate

Human and reservoir host (pig) infested by
ingesting metacercariae encysted on water plants.
Metacercariae excyst in duodenum where the adult
Fasciolopsis buski develops

Cercaria leaves snail, sheds
its tail, and encysts on
water plant

Water plant C
Y

C
LE

 IN
 FRESHWATER SNAIL 

Figure III.7 Life cycle of Fasciolopsis buski. (Courtesy of Tropical Resources Unit.)

Figure III.8 Molluscan hosts of Fasciolopsis buski. (A) Segmentina 
hemisphaerula. (B) Hippeutis cantori.



1639

cycle requires a minimum of 4 months. This fluke is not especially 
pathogenic, although 200 or more have been found in the body 
at autopsy.

Opisthorchis viverrini is the other species and is of importance 
in Thailand. It is morphologically similar.

Life cycle of O. viverrini (similar to C. sinensis,  
Figure III.12)

The normal definitive hosts are the dog and civet cat. First inter-
mediate hosts are snails: Bythinia funiculata, B. siamensis, B. goni-
omphales and B. laevis. Second intermediate hosts are fish, 

Cyclocheilichthys siaja, Hampala dispar, Puntius orphoides, P. goni-
onotus, P. poctozyron, Labiobarbus lineatus and Osteochilus spp.

Genus: Heterophyes

Heterophyes heterophyes (von Siebold, 1852) Stiles 
and Hassall, 1900

Distribution

Egypt, China, Japan, Indonesia, the Philippines, Middle East, 
Korea, Romania and Greece.

Figure III.9 Adult Clonorchis sinensis.

Figure III.10 (A) Clonorchis sinensis, magnified and natural size.  
(B) Cercaria of C. sinensis.
cg cephalic secretory gland ph pharynx
os oral sucker vs ventral sucker

Figure III.11 Egg of Clonorchis sinensis.
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Characteristics

Heterophyes heterophyes (Figures III.16, III.17) inhabits the small 
intestine of the human in large numbers and also that of the rat, 
fox, dog, wolf, jackal and cat; it also lives in the black kite (Milvus 
migrans aegyptius) and a bat (Rhinolophus divosus acrotis) in the 
Yemen. It imparts a ‘coffee grounds’ appearance to the intestinal 
wall. It is pyriform, grey and very small, measuring 1–1.7  0.3–
0.7 mm. The uterus forms a brown patch in the centre. The oral 
sucker is subterminal and the ventral sucker is three times the size 
of the oral sucker. The tegument is thickly set with quadrate scales 
measuring 5  4 m. There is a short prepharynx and long oesoph-

Cercariae leave snail, shed
their tails and encyst on head
and tail of freshwater fish

Eggs passed in faeces

Redia with developing cercariae

Second-generation
sporocyst with
developing redia

Sporocyst

Miracidia hatch inside snail
Human and reservoir host (cat, dog) infested by
ingesting freshwater fish containing metacercaria.
This migrates to the liver where the adult
Clonorchis sinensis develops

C
Y

C
LE

 IN
 FRESHWATER SNAIL 

Figure III.12 Life cycle of Clonorchis sinensis. (Courtesy of Tropical Resources Unit.)

Figure III.13 Molluscan hosts of Clonorchis sinensis.  
(A) Parafossarulus manchouricus. (B) Bythinia fuschiana.  
(C) Bythinia longicornis.

Figure III.14 Opisthorchis felineus ( 9).



1641

agus. The intestinal caeca extend to the posterior extremity, con-
verging close to the excretory vesicle. The vitelline glands are 
posterior, situated in two clumps; the genital pore is posterolateral 
in the vicinity of the ventral sucker and consists of a muscular ring 
armed with 70 chitinous cuticular teeth. The testes are oval and 
posterior, the ovary globular and median. There is a receptaculum 
seminis as large as the ovary; uterine coils are not numerous. A 
seminal vesicle and Laurer’s canal are present.

The egg measures 20–30  15–17 m, being the same size as 
that of C. sinensis (Figure III.5,3). Its greatest breadth is across the 
centre. There is no special ring to the operculum, the egg is light-
brown and contains a ciliated miracidium when deposited. It 
hatches after ingestion by the appropriate snail.

Life cycle

H. heterophyes develops in brackish water snails. The proven  
hosts are Pirinella conica in the Middle East (Figure III.18A),  
Cerithidea cingulata and Tympanotomus micropterus in the Far East. 
Additional recorded hosts include Melanoides tuberculata and 
Cleopatra bulimoides. The cercaria, which is eyed and has a mem-
branous tail, enters the second intermediate host – a brackish 
water fish, the mullet (Mugil cephalus), Tilapia nilotica in Egypt  
or in Japan a species of Acanthogobius in which metacercariae 
develop and encyst under the scales. Infection is acquired from 
eating raw fish.

Related species include: Heterophyes continua, Haplorchis pumilio, 
H. vanissimus and Procerovum calderon. In Japan in the vicinity of 
Kobe a closely related species (or synonym of Heterophyes hetero-
phyes), H. katsuradai, is recognized which is stouter and has a 
relatively enormous acetabulum. The eggs are smaller, measuring 
25–26  14–15 m.

Genus: Metagonimus

Metagonimus yokogawai (Katsurada, 1912)

Distribution

Korea, Taiwan, China, Japan, Philippines and Ukraine. Very 
common in the Far East.

Figure III.15 Bythinia leachi, the molluscan host of Opisthorchis 
felineus.

Figure III.16 Heterophyes heterophyes (greatly magnified).

Figure III.17 Adult Heterophyes heterophyes. Tegument covered by 
fine spines and oral sucker less conspicuous than ventral sucker. 
(Courtesy of Tropical Resources Unit.)

Figure III.18 (A) Pirinella conica, the molluscan host of Heterophyes 
heterophyes. (B) Semisulcospira libertina, the molluscan host of 
Metagonimus yokogawai.

Trematodes
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Parasitology

Metagonimus yokogawai (Figure III.19) is found in the small intes-
tine of humans, higher up than H. heterophyes, and also in the cat, 
dog, pig and fish-eating birds, such as the pelican. It is the small-
est fluke parasitic in man with a mean size of 1.4  0.6 mm. The 
tegument is covered with small spines; the ventral sucker is 
deflected to the right with its long axis in the diagonal phase. There 
is a genital pore in front; the ovoid testes are posterior; the ovary 
and receptaculum seminis are situated medianly in front of the 
testes. The yolk glands are found in clumps in the posterior third. 
The uterus lies between the testes and the ventral sucker, and the 
seminal vesicle in front of the ovary (Figure III.19).

The egg measures 27–28  16–17 m and resembles that of  
C. sinensis but is more regularly ovoid (Figure III.5,6).

Life cycle

The first intermediate hosts are molluscs – Semisulcospira libertina 
(Figure III.18B) and S. coreana. Sporocysts, rediae and cercariae are 
formed; the last have an anterior end provided with armament. 
The tail is long and membranous with lateral flutings and is dis-
carded on entering the fish host. Plecoglossus altivelis is regarded as 
the most important source of infection of M. yokogawai in Japan. 
Other freshwater fish hosts recorded include: Carassius auratus, 
Cyprinus carpio, Zacco temminckii, Photimus steindachneri, Acheilo-
gnathus lanceolata and Pseudorasbora parva. The metacercariae 
measure about 150  100 m and encyst under the scales; infec-
tion results from eating raw fish.

Superfamily: Plagiorchidea

Genus: Paragonimus

Many species of Paragonimus are found in nature and can be 
divided into four main groups by the nature of the cuticular spines 
and the ovary.
1. Westermani: P. westermani, P. pulmonalis.
2. Compactus: P. compactus, P. siamensis.
3. Kellicotti-miyazaki: P. kellicotti, P. miyazakii, P. heterotremus,  

P. caliensis, P. amazonicus, P. mexicanus (peruvianus).
4. Ohirai-ilokstuenensis: P. ohirai, P. ilokstuenensis.

Other species include: P. tuanshenensis, P. szechuanensis, P. hueitun-
gensis, P. bangkokensis, P. philippinensis, P. sadoensis, P. skrjabini and 
the African species P. africanus and P. uterobilateralis.

Distribution

The Far East from Japan to India, Malaysia, Indonesia, the Pacific 
Islands, West and Central Africa, and central South America.

Parasitology

P. westermani measures 8–20  5–9 mm and is oval (almost round 
in section), reddish-brown and translucent. The anterior extremity 
is rounded. The oral sucker is subterminal; the ventral sucker 
larger and placed anterior to the centre of the body. The pharynx 
and oesophagus are short and the bifurcation of the intestine is 
anterior to the ventral sucker (Figures III.20, III.21). The intestinal 
caeca run a zigzag course; the common genital pore lies close to 
the posterior margin of the ventral sucker. The body is bisected by 
a large excretory vesicle. The testes are tubular and racemose; the 
branched ovary may be to either the right or the left of the midline 
and posterior to the ventral sucker. The uterus is short, sac-like 
and lies opposite the ovary. The vitellaria are well developed, 
extending through the whole body. Laurer’s canal and shell gland 
are present. The tegument is studded with wedge-shape spines 
which with the ovary are used to differentiate the four main 
types:
1. Westermani: tegumentary spines singly spaced and ovary simply 

branched into four to six lobes.
2. Compactus: tegumentary spines in groups and ovary simply 

branched into four to six lobes.
3. Kellicotti-miyazaki: tegumentary spines singly spaced, ovary 

profusely branched.
4. Ohirai-ilokstuenensis: tegumentary spines in groups, ovary pro-

fusely branched.
The egg is yellowish-brown and operculated, measuring 80–
110  50–60 m. It shows a thickening at the pole opposite the 
operculum. The egg of P. compactus is smaller, 70–90  40–50 m 
(Figure III.5,2 and Figure III.22).

Figure III.19 Metagonimus yokogawai ( 45).

Figure III.20 Paragonimus westermani (ringeri), magnified and  
(A) natural size.
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Life cycle (Figures III.23, III.24)

The lung fluke can remain viable in the human body for up to 20 
years. The eggs are first voided into cystic pockets in the lungs and 
then escape into water in the sputum and also in faeces from 
swallowed sputum. A ciliated miracidium hatches in 16 days to 7 
weeks depending upon temperature. It penetrates the snail hosts 
(Table III.1). It develops in about 60 days into sporocysts and 
rediae, each redia containing about 20 cercariae; the latter, ellip-
soid and microcercous, have a short knob-like tail and measure 
200  70–80 m with an anterior stylet and body covered with 
spines. The cercariae bore into freshwater crabs and become meta-
cercariae in the crabs and crayfish shown in Table III.1.

In the crustacean (the second intermediate host) the metacer-
cariae encyst in the liver, muscles and gills. In Japan, crabs are 
eaten, but in Korea and Taiwan they are not eaten; the supposition 
is that the crustacean phase is not always a biological necessity. In 

Figure III.21 Adult Paragonimus westermani.

Figure III.22 Egg of Paragonimus westermani. (Courtesy of Tropical 
Resources Unit.)

Figure III.23 Life cycle of Paragonimus westermani (1–9, 15; 10 
and 11, half natural size). 1, Egg showing yolk cells and germinal area. 
2, Miracidium with excretory system and flame cells. 3, Miracidium 
with ganglionic mass and germ cells. 4, Mature sporocyst in snail 
containing well developed first-generation rediae. 5, Mature second-
generation rediae. 6 and 7, Stages of microcercous cercariae after 
emergence from the snail. 8, Metacercariae from the crab; the cyst 
wall is not shown. 9, Mature encysted metacercaria. 10, Semisulcospira 
libertina. 11, Thiara granifera.
bp birth pore n nervous system
c caeca o operculum
cer cercaria os oral sucker
eb excretory bladder p pharynx
fc flame cell pg pre-acetabular glands
g gut s stylet
ga germinal area tl tail
gc genital cells
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Venezuela, the appropriate snails and crustacea are present and 
30% of dogs are infected, but humans are not. When the meta-
cercariae enter the stomach of the human their cyst wall is digested 
and the adolescent flukes emerge, pass through the jejunum, tra-
verse the abdominal cavity, penetrate the diaphragm, pleura and 
lungs, and reach the bronchioles forming cystic cavities. The first 
eggs are passed 8–9 weeks after infection.

Genus: Dicrocoelium

Dicrocoeliosis is caused by two species of the genus: D. dentriticum 
(Rudolphi, 1818) Loss, 1899 and D. hospes Looss, 1907.2 D.  
dendriticum is a widely distributed parasite, mainly of ruminants 
but also of humans, occurring in all the European countries, Euro-
pean and Asian parts of the former Soviet Union, China, Japan, 
Indo-Malayan region, USA and Canada, Cuba and parts of South 
America (e.g. Brazil, Colombia). D. hospes has been recorded from 
many African countries, including Tanzania, Uganda, Sudan, 
Chad, Ghana and Sierra Leone. The eggs passed in faeces are fully 
embryonated, resist desiccation and do not hatch in water. They 
are ingested by land snails. Over 50 species have been recorded as 
hosts for D. dendriticum, including Theba carthusiana, Zebrina 
detrita, Helicella candidula, H. itala, Cepaea memoralis, Helix vulgaris, 
Eulota lantzi, E. ruben and others (Table III.1).

Life cycle (Figure III.25)

The miracidium is released in the digestive tract of the snail host, 
penetrates the glandular intestinal epithelium and then develops 

into a mother sporocyst. This gives rise to daughter sporocysts 
which migrate to the hepatopancreas and give rise to cercariae, the 
whole process taking 3–5 months. The cercariae leave the sporo-
cyst and migrate to the respiratory chamber of the snail. They leave 
the host via the respiratory opening in the form of slime balls, 
cemented by mucus originating from glands located in the poste-
rior region of the cercariae. The slime balls are released from the 
snails individually or in clusters of 4–16; for the life cycle to con-
tinue the slime balls must be eaten fairly quickly by an ant, e.g. 
Formica fusca (17 species have been recorded as secondary inter-
mediate hosts, 14 species belonging to the genus Formica, plus 
Proformica nasuta, Catagliphis bicolor and C. aenescens). Penetration 
of the intestine occurs and metacercariae are formed in the 
abdominal cavity. If the infected ant is swallowed by a human the 
cyst wall is disrupted and the young flukes migrate to the bile 
system and the flukes mature in about 50 days.

Superfamily: Echinostomatoidea

Genus: Echinostoma

A trematode of minor importance is Echinostoma lindoensis.  
Until recently it was quite commonly found in humans in the 
environs of Lake Lindoe, Celebes, but not now as a result of 
changes in diet. Mice, rats, ducks and pigeons have been infected 
experimentally. E. lindoensis causes diarrhoea, abdominal pains 
and eosinophilia.

Cercariae become encysted
metacercariae

Cercariae leave snail and seek suitable
crustacean

Eggs returned to freshwater in faeces
or sputuma

Human and reservoir host infested by eating
uncooked crustacean containing metacercariae.
These migrate to the lung where the adult
Paragonimus westermani develops

Miracidia hatch and
enter freshwater snail

Sporocyst with
developing redia

Redia with developing
cercariae

Sporocyst

Eggs

C
Y

C
LE

 IN
 F

RESHWATER SNAIL 

C
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Figure III.24 Life cycle of Paragonimus westermani. (Courtesy of Tropical Resources Unit.)

Text continued on p 1652
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Life cycle

The first intermediate hosts are planorbid snails (Anisus sarasino-
rum and Gyraulus convexiusculus); second intermediate hosts 
(metacercariae) are the snail Vivipara javanica rudipellis and four 
species of mussel (Corbicula lindoensis, C. subplanta, C. celebensis 
and C. javanica) (Table III.1). Additional secondary intermediate 
hosts experimentally are snails and frogs, and E. lindoensis has 
been reported in Biomphalaria glabrata in Brazil. The cercariae have 
simple tails and a body resembling in miniature that of the adult 
worm. The eggs are straw coloured, operculate and measure  
92–124  65–76 m (Figure III.26). Immature when passed in  
the faeces, they mature in 6–15 days.

Euparyphium ilocanum is found in humans in the Philippines, 
Celebes and Indonesia. The first intermediate hosts are Gyraulus 
convexiusculus in the Philippines and Indonesia, and G. prashadi 
and Hippeutis umbilicalis in the Philippines. Fourteen species of 
snail act as second intermediate hosts, e.g. G. prashadi, Vivipara 
burranghina, Planorbis umbilicatus and V. rudipellis (Table III.1). 
Human cases arise from people eating snails.

Echinostoma malayanum is found in Malaysia, Thailand, India 
and the Sino-Tibetan border. The natural hosts are pigs and rats. 
The first intermediate host is the snail Lymnaea luteola. The second 
intermediate hosts are snails (e.g. L. luteola, G. convexiusculus and 
Indoplanorbis exustus) or the fish Barbus stigma (Table III.1).

Slime balls adhere to wet
vegetation and are ingested
       by an ant

PATHOLOGYRaw crabs and crayfish

Metacercaria leaves snail in
agglomeration (slime ball)

Sporocyst

Sporocyst with
developing cercariae

Miracidium

Cercaria

Metacercaria develops
    into metacercarial
           cyst

Eggs passed in faeces

EggsHuman and reservoir host (sheep) infested by ingesting
ant containing metacercariae. These migrate to the
liver where the adult Dicrocoelium dendriticum develops

CYCLE IN ANT 
CYCLE IN LAND SNAIL 

Figure III.25 Life cycle of Dicrocoelium dendriticum.

Figure III.26 Egg of Echinostoma malayanum containing a fully 
grown miracidium. (Courtesy of Lie Kan Joe.)
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Euparyphium jassyense is found in Romania and has been 
reported from the USA. The first intermediate host is Stagnicola 
emargilatus and the second intermediate host is a tadpole in 
Romania and China. Normally, trout are the second intermediate 
hosts and mink are the definitive hosts.

Echinoparyphium recurvatum was once found in a Japanese 
person who had lived in Taiwan. The natural hosts are ducks, etc.

Echinostoma revolutum is found in people in Taiwan, Thailand 
with reports from China and Indonesia. The natural hosts are 
ducks and geese. At least 14 species of snail are known to act as 
first intermediate hosts (e.g. Indoplanorbis exustus, Lymnaea rubigi-
nosa and L. stagnalis). Numerous snails of the same species and 
others (including Vivipara vivipara, Sphaerium corneum and Corbi-
zula fluminea), along with bivalves and tadpoles, are the second 
intermediate hosts. It is cosmopolitan in distribution in nature 
and is found in people in Taiwan and Indonesia where human 
infections result from eating salted or inadequately cooked 
clams.

The natural hosts of Echinostoma hortense are rats, dogs and mice 
in China, Korea and Japan. About 20 cases have been recorded in 
humans in Japan and Manchuria. The first intermediate hosts are 
lymnaeid snails (L. japonica, L. pervia and L. ollula). Second inter-
mediate hosts are tadpoles (frogs and newts) and fish (e.g.  
Carassius and Cyprinus).

Other human echinostomes are:
E. cinetorchis – in Japan (syn. of revolutum)
E. macrorchis – in Japan (normally rats, Capella)
Echinochasmus perfoliatus – in Japan, Taiwan (normally cats, dogs)
E. japonicus – in Japan, China, Taiwan (normally birds)
E. jiufoensis – in China
Himasthla muehlensis – a German who had lived 6 years in Colom-

bia picked up this worm, probably from raw clams (Vems  
merceneria) consumed in New York

Episthmium caninum – in Thailand (normally dogs)
Euparyphium melis – in China, Romania
Hypoderaeum conoideum – in Thailand, Taiwan (normally birds)

Superfamily: Schistosomatoidea (Stiles and 
Hassal, 1898)

Family: Schistosomatidae (Stiles and  
Hassal, 1898)

Genus: Schistosoma (Weinland, 1858)

The schistosomes commonly infecting humans are:
Schistosoma haematobium (Bilharz, 1852) Weinland, 1858
Schistosoma mansoni Sambon, 1907
Schistosoma japonicum Katsurada, 1904
Schistosoma intercalatum Fisher, 1934
Schistosoma mekongi Voge, Bruckner and Bruce, 1978
Schistosoma guineensis Pagès, Jourdane, Southgate and Tchuem 

Tchuenté, 2003.
Differentiation of these six species is shown in Table III.2. Human 

infections have also been reported with:
Schistosoma mattheei Veglia and Le Roux, 1929
Schistosoma bovis (Sonsino, 1876) Blanchard, 1895

Schistosoma curassoni Brumpt, 1931
Schistosoma malayensis Greer, Ow Yang and Hoi-Sen Yong, 1988.
Schistosoma intercalatum is found only in the Democratic Republic 
of Congo. Another strain of S. intercalatum occurring in Camer-
oon, Equatorial Guinea, Gabon, Nigeria and São Tomé was 
recently redescribed as a new species of schistosome, Schistosoma 
guineensis, based upon a number of features including different 
pre-patent periods in the intermediate and definitive hosts, egg 
morphology, intermediate host-parasite specificity, and inability 
of the two strains of S. intercalatum to interbreed beyond the F2 
generation and robust phylogenetic evidence.3

Natural hybrids of S. haematobium and S. guineensis and of S. 
haematobium and S. mattheei are known to occur in humans in 
Cameroon and South Africa, respectively.4 Although unequivocal 
evidence exists of S. mattheei in humans, the evidence for human 
infection with S. bovis and S. curassoni is less convincing and may 
be the result of infected tissues being digested and eggs being 
passed. More work is required to clarify the situation.

The schistosomes are digenetic trematodes, their life histories 
consisting of alternating generations, each with its own range of 
hosts. The adult worms inhabit vertebrates; the larval stages inhabit 
snails which, in the case of schistosomes pathogenic to humans, 
are freshwater and amphibious snails.

The schistosomes are dioecious organisms (i.e. the sexes are 
separate). Adult schistosomes live in the veins of vertebrates; there 
is an oral cavity but no muscular pharynx; the eggs have no oper-
culum; there is no encysted or metacercarial stage; the cercariae 
enter the definitive hosts through the skin.

Parasitology

Like other digenetic trematodes, the schistosomes are equipped 
with suckers. The oral sucker surrounds the mouth and is prehen-
sile; the ventral sucker (acetabulum) is more posterior, on the 
ventral surface. With these suckers the worms can attach them-
selves to the walls of the vessels in which they live. The mouth 
itself is usually near the anterior extremity. The alimentary system 
consists of an oral cavity leading to the oesophagus and thence to 
the gut, which soon divides into two caeca that reunite more 
posteriorly to form the single posterior caecum which ends blindly; 
there is no anus (Figures III.27–III.29).

Nutrition is derived from blood in which the worms live; schis-
tosomes consume large amounts of glucose; unused material is 
rejected through the mouth as adult worms do not possess an 
anus. Despite having access to relatively unlimited supplies of 
oxygen, the metabolism is primarily anaerobic with lactate as the 
major end-product.

The excretory system consists of two longitudinal canals 
opening posteriorly and fed by collecting tubules. There are flame 
cells whose function is to fan fluid wastes into the tubules by 
means of the vibratile cilia with which they are equipped.

There is a rudimentary nervous system with an oesophageal 
ganglion and commissure encircling the oesophagus, and two 
longitudinal nerve cords running to the posterior end and inter-
communicating by lateral branches.

The male reproductive organs consist of testes dorsal to and 
posterior to the ventral sucker. Each testis discharges via a vas 
efferens; these unite to form the vesicula seminalis at the genital 
pore situated in the midline posterior to the ventral sucker.

Trematodes
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Figure III.27 Schistosoma haematobium ( 10). (A) SEM of tubercles of male S. haematobium. (B) pair of adult schistosomes. (C) 1. Male and  
2. female S. guineensis
al bifurcation of the alimentary canal ov ovary
ac acetabulum ovi oviduct
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The male worm is flat and leaf-like but is folded to form the 
gynaecophoric canal, enfolding the very slender female for almost 
its entire length (Figure III.27).

The female reproductive organs consist of an elongated ovary 
in the posterior half, from which the oviduct passes forward, to 
be joined by the vitelline duct from the vitellaria (yolk glands) to 
form the common reproductive duct. The common reproductive 
duct passes forward, entering the ootype, a large egg-shaped 
chamber which receives the ducts of the Mehlis gland (shell 
gland), at its posterior end. Anteriorly the ootype opens into the 
uterus which passes forward and opens at the genital pore on the 
median surface posterior to the ventral sucker.

Life cycle

The eggs of the schistosomes are passed by the definitive hosts 
(vertebrates) in urine (S. haematobium; Figure III.30C) or faeces 
(S. mansoni (Figure III.30A), S. japonicum (Figure III.30B), S. 
mekongi (Figure III.30F), S. intercalatum (Figure III, 30D) and  
S. guineensis (Figure III.30E)) but this is not an absolute rule as 
eggs of S. haematobium may occasionally be found in faeces and 

commonly in biopsy specimens of rectal mucosa, and eggs of S. 
mansoni may be found in urine samples, especially in heavy infec-
tions. S. mattheei (Figure III.30G) is a parasite of sheep and cattle, 
but S. mattheei-shaped eggs have been recorded from the urine of 
humans in South Africa. Subsequent analyses have demonstrated 
these eggs to result from hybrid crosses, S. haematobium male  S. 
mattheei female.

Egg shells of S. mansoni, S. japonicum, S. intercalatum and S. 
guineensis (but not S. haematobium or S. mattheei) are acid fast 
when stained by means of the Ziehl–Neelsen method.

When an egg reaches fresh water it contains a fully embryo-
nated miracidium which hatches within a few minutes, partly as 
a result of osmosis, partly owing to its own movements. The 
miracidium swims actively by means of its ciliated epidermis for 
8–12 h, searching for a snail host. Miracidia tend to move to the 
upper layers of water where many of their snail hosts live, but in 
some circumstances they can infect snails inhabiting the bottom 
of canals or lakes (e.g. Lake Victoria, Lake Malawi). These snails, 
however, frequently move up and down from the depths to the 
surface of such waters and miracidia have the opportunity of 
infecting them in the upper reaches.

The miracidium (Figure III.31) has a complex array of sensory 
receptors which are considered to aid it in locating a snail host. 
Also the miracidium is endowed with a muscular apical papilla, 
apical gland and a pair of lateral glands, all of which are consid-
ered to play a role in effecting penetration of the snail’s epidermis. 
Miracidia do not appear to discriminate between species of snail 
and will sometimes enter the incorrect host, thereby preventing 
further development. However, if a miracidium enters a compat-
ible intermediate host, metamorphosis into the next stage – the 
mother sporocyst – takes place: the ciliated epidermis is cast  
off and is replaced by a syncytial tegument with numerous  
microvilli.

Within the elongated sac of the mother sporocyst germinal cells 
develop into daughter sporocysts. These leave the mother sporo-
cyst after about 8 days and migrate to the digestive gland (liver) 
of the snail host, and within them further germinal cells develop 
into the next stage, the cercaria. Thousands of cercariae may result 
from one miracidium and all of these will be of the same sex. 
Studies5 have shown that the total production of cercariae per 
snail of Biomphalaria pfeifferi Senegal exposed to one miracidium 
of S. mansoni Senegal ranged from 18 703 to 73 446 with a mean 
of 51 692. The cycle from penetration by the miracidium to the 
production of mature cercariae takes about 3–4 weeks for  
S. guineensis, about 4–5 weeks for S. mansoni, 5–6 weeks for S. 
haematobium, S.intercalatum and S. mekongi, and 7 weeks or more 
for S. japonicum. The snails are damaged in the process and their 
lifespan is shortened. In laboratory experiments it was demon-
strated that Biomphalaria pfeifferi Senegal exposed to one mira-
cidium of S. mansoni Senegal showed no mortality up to 57 days 
post-infection, after which mortality gradually evolved. The 
maximum lifespan of an infected snail was 239 days following 
infection.5

The mature cercaria (Figure III.32) escapes from the daughter 
sporocyst, migrates through the tissues of the snail, and finally 
emerges to swim free in the water by means of its muscular, bifur-
cated tail, usually tail first. The data from chronobiology experi-
ments show that, for schistosomes that infect humans, there is 
usually one peak of cercarial emission, around mid-day. Cercarial 

Figure III.28 Schistosoma mansoni ( 10). Key as for Figure III.27. lse, 
lateral spined egg.

A

Figure III.29 Male and female Schistosoma japonicum ( 10). Key as 
for Figure III.27. (A) SEM of oral sucker of female S. japonicum.
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emergence rhythms are considered as adaptive behaviours of the 
parasite, under genetic control, shaped under the selective pres-
sures exerted by the behaviours of the definitive host. The cercaria 
is approximately 0.5 mm in length, with an oral organ and a 
smaller ventral sucker, a mouth, oesophagus and a pair of short 
caeca, and an excretory system of flame cells, tubules and excretory 
ducts leading into an excretory bladder at the posterior end of the 
body. It has three types of gland: head glands, four preacetabular 
and six postacetabular glands. The secretion from the postacetab-
ular glands is thought to help the cercaria attach itself to the skin 
of the vertebrate host, and the secretion of the preacetabular 
glands together with that of the postacetabular glands helps to 
break down the skin barrier.

A snail may shed up to 3000 cercariae per day when in peak 
production (e.g. Biomphalaria glabrata shedding S. mansoni). 
However, the number does vary from day to day and some host–
parasite relationships are less productive: Oncomelania hupensis 
produces 15–160 cercariae per day of S. japonicum. Cercariae tend 
to swim up to the surface of water, sinking from time to time, and 
returning. They are influenced by the effect of light, gravity, agita-
tion and touch. They are non-feeding and depend entirely upon 

A

B

C

D E

F

G
H

Figure III.30 Eggs of Schistosoma spp.  
(A) S. mansoni. (B) S. japonicum. (C) S. 
haematobium. (D) S. intercalatum. (E) S. 
guineensis. (F) S. mekongi. (G) S. mattheei  
(H) S. bovis.

A

Figure III.31 Miracidium of Schistosoma haematobium. 1, Cilia. 2, 
Apical papilla. 3, Lateral gland. 4, Neural mass. 5, Excretory tubules. 6, 
Germinal cells. (A) Miracidium of Schistosoma haematobium
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their glycogen reserves when free-swimming; consequently their 
lifespan is short, up to 48 h, although this depends upon external 
factors such as turbulence and temperature. In some transmission 
areas the lifespan may be only 8–12 h.

A cercaria can penetrate the skin of a definitive host within a 
few minutes. In doing so it sheds its tail and in the tissues becomes 
a schistosomulum. The trilaminate surface of the cercaria is 
replaced by a multilaminate surface of the schistosomulum and 
adult. The schistosomulum leaves the skin after about 2–4 days 
by the venous or lymphatic systems, to be transported to the lungs. 
In the lungs the schistosomulum becomes longer and thinner, and 
then leaves the lungs via the pulmonary veins and passes through 
the heart to the systemic circulation. An individual schistosomu-
lum may make several circuits of the pulmonary-systemic circula-
tion before finding its way to the hepatic portal system. Growth 
takes place in the liver and paired worms may be found after about 
26 days. Most worms leave the liver when they are sexually mature 

and have mated, and migrate to the veins of the vesical plexus  
(S. haematobium) or the mesenteric veins (S. mansoni, S. japonicum, 
S. mekongi, S. guineensis and S. intercalatum) where they begin to 
lay eggs. The period between penetration by the cercariae and  
egg-laying may be 30–50 days or more, depending upon  
species.

The mated worms move as far as possible towards the fine 
terminal vessels and the female then leaves the male, progressing 
to the finest vessels where she deposits her eggs, retracting after 
having done so (Figure III.33). The eggs escape from the venules 
into the tissues – those of S. haematobium largely into the wall of 
the bladder but occasionally into the wall of the colorectum; those 
of S. mansoni, S. japonicum, S. mekongi, S. guineensis and S. inter-
calatum largely into the wall of the colorectum. Many pass through 
the mucosa to be excreted in urine or faeces but some remain 
trapped in the tissues where they give rise to tissue reactions. Some 
eggs of all species are usually also found in the liver, genital tract, 
lungs, central nervous system and other organs. Eggs are respon-
sible for most of the pathological effects of the infection (see 
Chapter 82).

Intermediate hosts (snails)

Strains of schistosomes that infect humans vary in their ability to 
infect snail hosts. Usually this variation is associated with geo-
graphical area, but the subject is complex. The following lists of 
proved and potential snails hosts have been constructed from 
Jordan et al.6 and Brown.7

Snail hosts of S. haematobium

S. haematobium (Figure III.34) is a species complex and is transmit-
ted throughout most of its range by species of the genus Bulinus. 
There are two possible exceptions: at Gimvi about 250 km south 
of Bombay, a schistosome considered to be S. haematobium is 
transmitted by Ferrissia tenuis, but further studies are required on 
this particular focus to establish whether it is extant and if so to 
characterize fully the parasite; laboratory studies have demon-
strated that Planorbarius metidjensis is compatible with an isolate 
of S. haematobium, but as yet the epidemiological significance of 
this observation remains enigmatic. The limited distribution of P. 
metidjensis to north-west Africa and the Iberian peninsula reduces 
the significance of this observation from a practical point of view; 
furthermore, S. haematobium is on the point of elimination in 
Morocco as a result of the implementation of control measures 
over a prolonged period. A list of hosts and their distribution is 
given in Table III.3.

Figure III.32 Cercaria of Schistosoma japonicum, ventral view ( 240).
as anterior spines hg head gland
b excretory bladder i island excretory bladder
cg cephalic glands lt lobe of tail
cm circular muscles m mouth
dcg ducts of cephalic glands n nervous system
ds digestive system r rudimentary genital cells
exp excretory pore t tail
f flame cell s ventral sucker

Figure III.33 The deposition of eggs by (A) Schistosoma mansoni 
and (B) S. haematobium in the blood vessels and their passage to the 
exterior. 1, Anterior sucker. 2, Posterior sucker. 3, Vaginal orifice.  
4, Uterus containing eggs.
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Snail hosts of S. intercalatum

These are shown in Table III.4.

Snail hosts of S. guineensis

Most species of the Bulinus forskallii and B. reticulatus groups are 
capable of acting as hosts for S. guineensis, but none has been 
implicated as a natural host apart from B. forskalii in Cameroon, 
Equatorial Guinea, Gabon, Nigeria and São Tomé.

Snail hosts of S. mansoni (Figure III.35)

These are shown in Table III.5.

Snail hosts of S. japonicum (Figure III.36)

Breeding experiments and detailed cytogenetic and biochemical 
studies in recent years have indicated that all of the proven hosts 
for S. japonicum should now be regarded as subspecies of a single 
widespread species, Oncomelania hupensis. A distinctive species in 

Japan, O. minima, appears to be resistant to infection. The hosts 
are listed in Table III.6.

Snail host of S. mekongi

The only recorded host is Neotricula aperta, which is endemic in 
the Mekong River, Laos and Cambodia. Three races of N. aperta 
are known: ,  and , and the latter is considered to be the most 
important in transmission. The -strain of N. aperta is responsible 
for endemic transmission of S. mekongi in southern Laos and at 
Kratié.8

Interspecific interaction between  
trematodes in snails

It has been reported that, if albino Biomphalaria glabrata is infected 
with S. mansoni and also with Paryphostomum segregatum (an echi-
nostome from Brazil), the rediae of P. segregatum will attack and 
breach the thin wall of the early mother sporocyst of S. mansoni 
and ingest and destroy the daughter sporocysts within it. They fail, 

DC

BA 

Figure III.34 Molluscan hosts of Schistosoma guineensis (A) (C).  
(A) S. haematobium (B,D), and S. mansoni Bulinus forskalii (B) B. 
truncatus (C) Blomphalaria pfeifferi (D) B. globosus.

Table III.3 Snail hosts of S. haematobium

Snail species Locality
Truncatus/tropicus complex

 Bulinus truncatus Iran, Iraq, Near East, Yemen, North 
Africa, West Africa, (East Africa, 
potential) Egypt

 B. coulboisi (potential) East Africa

Reticulatus group

 B. reticulatus (potential) East, central and southern Africa

 B. wrighti Saudi Arabia, South Yemen

Forskalii group

 B. forskalii Malagasy Republic

 B. bavayi (potential) Malagasy Republic

 B. beccarii North and South Yemen,  
Saudi Arabia

 B. camerunensis Cameroon

 B. cernicus Mauritius

 B. senegalensis Senegal, Gambia, Nigeria

Africanus group

 B. africanus South and east Africa

 B. globosus Afro-tropical region

 B. abyssinicus Ethiopia, Somalia

 B. obtusispira Malagasy Republic

 B. hightoni (potential) North-east Kenya

 B. umbilicatus Senegal

 Ferrissia tenuis India

Table III.4 Snail hosts of S. intercalatum

Snail species Locality
Bulinus globosus Democratic Republic of Congo

Trematodes
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not be achieved because of parasite overdispersion. Repeated 
release of echinostome eggs would be required and the costs of 
such operations and their evaluation would be high.

Both field data and laboratory experiments have shown that 
Bulinus tropicus, which is incompatible with S. bovis, becomes 
compatible when infected with an amphistome parasite, Cali-
cophoron microbothrium. The recognition of non-self by the snail is 
suspected to be mediated by lectins or other humoral factors 
which potentially function as opsonins that promote encapsula-
tion by haemocytes. Therefore, it is possible that the amphistome 
parasites secrete factor(s) that somehow alter the behaviour of the 
Bulinus haemocytes, preventing them from recognizing and encap-
sulating the S. bovis sporocysts.

Superfamily: Paramphistomatoidea  
(Amphistome trematodes)

Genus: Gastrodiscoides

Gastrodiscoides hominis (Lewis and McConnell, 
1876) Leiper, 1913

Distribution

Malaysia, India (Assam, Bihar and Orissa), Pakistan, Philippines, 
Myanmar, Thailand, Vietnam, Guyana and CIS. In Kamrup district, 
Assam, 41% of the population is infected; in Burma 5%. Natural 
hosts include pigs, the mouse deer, rhesus monkeys and apes.

Characteristics

The fluke is reddish from haemoglobin pigment. When alive, it is 
very expansile and can elongate to 1 cm. Preserved specimens 

Table III.5 Snail hosts of S. mansoni

Snail (Biomphalaria) 
species

Locality

Biomphalaria pfeifferi West, east and southern Africa, 
Arabian Peninsula, Malagasy Republic

B. choanomphala Great lakes of east Africa

B. smithia Great lakes of east Africa

B. stanleyia Great lakes of east Africa

B. alexandrina Egypt

B. angulosa East and central Africa

B. sudanica East and central Africa

B. camerunensis West and central Africa

B. salinaruma South-western Africa

B. glabrata West Indies, Venezuela, Surinam, 
French Guyana, Brazil

B. tenagophila Brazil, Bolivia, Peru, Paraguay, 
Uruguay, Argentina

B. straminea Venezuela, Surinam, French Guyana, 
Brazil

The following neo-tropical species have been successfully infected 
with S. mansoni in the laboratory and must, therefore, be regarded 
as potential hosts

B. chilensis Chile

B. havanensis Antilles, Mexico, Central America, 
northern South America

B. helphila Puerto Rico, Cuba, Peru

B. peregrina Ecuador, Bolivia, Chile, Paraguay, 
Argentina, Uruguay, Brazil

B. sericea Ecuador

a Successfully infected in the laboratory with S. mansoni.

Table III.6 Snail hosts of S. japonicum

Snail species Locality
Oncomelania hupensis hupensis China

O. h. formosana Taiwana

O. h. chiui Taiwan

O. h. nosophora Japan

O. h. quadrasi Philippines

O. h. lindoensis Celebes

aThe Taiwanese strain is not pathogenic to humans.

A B

Figure III.35 Molluscan hosts of Schistosoma mansoni.  
(A) B. glabrata. (B) Biomphalaria alexandrina.

Figure III.36 Molluscan hosts of Schistosoma japonicum.  
(A) Oncomelania hupensis nosophora. (B) O. h. hupensis.

however, to destroy mature daughter sporocysts, but may cause 
degeneration of the schistosome sporocysts by other means. They 
can ingest whole cercariae. However, the use of echinostomes as 
a form of biological control for schistosomiasis is not considered 
practical for field use: the necessarily high infection rates would 
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measure 5–7  3–4 mm at the widest point. The anterior end is 
conical, and the posterior discoidal, flattened ventrally to form a 
concave disc. Prominent genital papillae are seen and the common 
genital pore is 2.5 mm from the oral sucker. The ventral sucker 
(acetabulum) is ventrally situated in the caudal portion and mea-
sures 2 mm in diameter. The tegument is smooth. The alimentary 
canal consists of a pharynx with two pear-shaped pharyngeal 
pouches. The oesophagus is 1 mm in length and ends in a muscu-
lar bulb, where the bifurcation of the intestine takes place and 
caeca run back to the edge of the acetabulum. There are two lobu-
lated testes placed diagonally between the intestinal caeca. A 
seminal vesicle is present but no cirrus. The ovary lies in the 
midline, posterior to the testes. An ovoid shell gland is placed near 
the ovary with a receptaculum seminis anterior to it. The uterus is 
short. Laurer’s canal is present. The vitellaria lie in the middle third. 
The ovoid egg measures 152  60 m and has an operculum.

Life cycle (Figure III.37)

The adult lives in the caecum and colon of the definitive host (pig, 
deer, human). Eggs are passed in the stool and hatch into mira-
cidia. These enter a freshwater snail, Helicorbis coenosus, where they 
develop into sporocysts, and rediae are subsequently formed. Cer-
cariae form within the rediae, and when mature leave the rediae 
and then the snail host to encyst on vegetation as metacercariae, 
which are then eaten by the definitive host.

Genus: Watsonius

Watsonius watsoni has been found in large numbers at autopsy in 
a patient from northern Nigeria. Its natural hosts belong to the 
genera Cercopithecus and Papio (baboon).

CESTODES

Class Eucestoda or segmented tapeworms

The name cestode (see also Chapters 86 and 87) is derived  
from ‘kestos’ (Greek meaning ‘a girdle’). The anterior attachment 
organ is known as the scolex, and the ‘tape’ is known as the  
strobila, which is usually divided into segments, or proglottids. 
The worms can live for several years and absorb nutriment  
through the tegument. They are hermaphroditic, normally with 
both male and female gonads in each segment. Male organs  
often develop before the female. Human cestodes occur in two 
orders.
1. Pseudophyllidea with slit-like bothria, oval scolex (two long 

grooves with muscular walls), no hooks and the genital pore 
on the flat surface.

2. Cyclophyllidea, cup-like or round suckers on the scolex; genital 
pore marginal.

Cercariae leave snail,
shed their tails, and
encyst on grass

Grass 

Pig

Cercariae

Redia with developing
cercariae

Redia

Sporocyst

Miracidium

Eggs

Eggs passed in faeces

Human and reservoir host (pig) infested by
ingesting grass containing metacercarial
cysts. These migrate to the large intestine where
the adult Gastrodiscoides hominis develops

C
Y

C
LE

 IN
 FRESHWATER SNAIL 

Figure III.37 Life cycle of Gastrodiscoides hominis.

Cestodes
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Order: Pseudophyllidea

Genus: Diphyllobothrium

Diphyllobothrium latum (Linnaeus, 1785)

D. latum is greyish and more translucent and less fleshy than 
Taenia and may attain a length of 3–10 m, lying coiled up in the 
small intestine. Multiple infections are common. The scolex 
(3 mm) has no rostellum or hooklets but two slit-like suckers with 
longitudinal grooves (bothria). The neck is thin; the proglottids 
number 3000–4000. The number of worms corresponds to the 
individual plerocercoids swallowed. Mature segments are broader 
than long. A single worm may shed as many as 36 000 to 1 million 
eggs each day. The worm may be discharged from the bowel natu-

Figure III.38 Mature segment of Diphyllobothrium latum. (A) Dorsal or male aspect. (B) Ventral or female aspect.
cp cirrus pouch ov ovary sg shell gland t testes
ut uterus va vagina vd vas deferens vg vitelline glands

Figure III.39 Diphyllobothrium latum (fish tapeworm). Ovum. 
(Courtesy of DS Ridley.)

rally without treatment. (For details of the anatomy of the her-
maphroditic proglottid, see Figure III.38.)

The egg is operculated with a brown shell measuring 70  45 mm 
(Figure III.5 and Figure III.39). No segments are passed in faeces 
(unlike Taenia).

Life cycle (Figures III.40, III.41)

If the egg is passed in water the operculum opens and the ciliated 
six-hooked coracidium emerges (Figure III.40C); spherical  
(40–50 m), it swims by means of its cilia but dies after 12 h to 
5 days depending on temperature. Normally it is swallowed by 
freshwater crustaceans (first intermediate host) of the genera Arc-
todiaptomus, Cyclops, Diaptomus, Ectocyclops, Hemidiaptoms, and 
Mesocyclops. The outer layer is then digested. The hooks tear a hole 
in the gut wall; the larva passes into the body cavity and may kill 
the copepod. Lying outside the gut wall it becomes the proceroid 
(Figure III.40D–G) which is ovoid, 50–60 m long, with a termi-
nal spherical appendix (cercomer) bearing six hooklets. At most 
two of these are found in one copepod, which is then swallowed 
by freshwater fishes (second intermediate host) of many species 
such as pike, perch, salmon, trout and grayling – in Africa, the 
barbel; in the USA the pike, wall-eye and burbot. Reaching the 
stomach of the fish, the procercoid penetrates to the body cavity 
and after 3–4 days there encysts as a plerocercoid (6 mm) in the 
muscular and connective tissues (Figure III.40H). Bothria and 
nervous and excretory systems are developed. It is then ingested 
by a human with raw roe (caviar) or insufficiently cooked  
fish, and the plerocercoid develops in 5–6 weeks into an adult 
Diphyllobothrium.

Freshwater fishes harbour other Diphyllobothrium larvae which 
are difficult to differentiate at this stage. The process of ‘kippering’ 
does not kill the plerocercoids and ordinary smoking is ineffec-
tual, but brine saturation is effective. The adult tapeworm can live 
as long as 29 years. Diphyllobothrium nihonkaiense and D. yona-
goense, mainly in Japan, D. pacificum, from South America, and D. 
dendriticum (minus), a small variety found in Lake Baikal, have a 
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similar life cycle to D. latum. In the latter case the second inter-
mediate hosts are various species of salmon and grayling which 
are eaten frozen or salted by Mongolian peoples. D. alascense is a 
species found in Eskimos; the plerocercoids occur in fish of the 
genera Dallia, Lota and Pungitus.

Spirometra erinaceieuropaei (Rudolphi, 1819) 
(Diphyllobothrium, Dibothriocephalus, Spirometra 
mansoni, S. erinacei )

This organism resembles D. latum, is 6–10 m long and has a more 
delicate structure with a narrower and more ellipsoid egg than D. 
latum.

Life cycle

The adult stage occurs in the dog and other animals, the  
plerocercoid (sparganum) under natural conditions in frogs or 
snakes. The procercoid in copepods shows the same stages as in 
D. latum.

The human is infected by accidentally swallowing an infected 
copepod while drinking or by consuming uncooked frogs or 
snakes, thus becoming a second intermediate host. The Chinese 
custom of applying raw split frogs to sores on the hands or to 
inflamed eyes may afford entry. The sparganum in humans  
measures 8–36 cm  0.1–12 mm  0.5–1.75 mm thick (Figure 
III.42). Its body is flat and transversely wrinkled with a longitudi-
nal median groove. It is found in many parts of the body: kidneys 
and iliac fossae, pleural cavities, urethra and subcutaneous 
tissues.

Figure III.40 Life cycle of Diphylobothrium latum (not to scale).  
(A) Egg of D. latum. (B) Hexacanth embryo. (C) Ciliated oncosphere or 
coracidium. (D, E and F) Development of larvae or procercoids in 
cyclops. (G) Procercoid in the body cavity of cyclops. (H) Development 
of plerocercoids in fishes. (J) Plerocercoids of different shapes ingested 
by a human, dog or cat.
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Figure III.41 Life cycle of Diphyllobothrium latum. (Courtesy of Tropical Resources Unit.)
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S. mansonoides (probably  erinaceieuropaei) was formerly 
thought to be the parent form of Sparganum proliferum. It is found 
in the intestine of the cat in the southern USA and is separable 
from D. latum by the scolex, uterine characteristics and smaller 
size. Specimens vary from 20 to 60 cm in length. Immature pro-
glottids number 200–300. The egg is pointed, 65  37 m, with a 
conical operculum. The life cycle is as for S. erinaceieuropaei.

The plerocercoids (spargana) measure 3–12  2.5 mm (Figure 
III.42 and Figure III.43) and are contained in cysts which are 
found in humans. The body contains calcareous corpuscles. The 
cysts may be disseminated throughout the body in subcutaneous 
tissues, intramuscular fasciae, walls of the alimentary canal, mes-
entery, kidney, lung, heart and brain. The prognosis in the human 
is grave. Similar plerocercoids have been reproduced in macaque 
monkeys.

Sparganosis has been found in Korea and spargana, 23–50 cm 
in length, were removed from the muscles of the abdomen and 
chest. All patients had eaten raw snakes, Dinodon rufozonatum. It 
has also been found in abscesses of the leg. Spargana are found 
near the central African lakes (generally in swellings in the chest), 
and also in Rwanda and Burundi. The adults are probably S.  
theileri or S. pretoriensis.

Order: Cyclophyllidea

Genus: Taenia

Taenia solium (Linnaeus 1758) (pork tapeworm)

T. solium (Figure III.44) lives in the upper third of the small intes-
tine. It attains a length of 2–3 m (exceptionally 8 m), having 

800–1000 segments. The scolex is about 1 mm in diameter, and 
the rostellum is short and pigmented, with 22–36 hooks in two 
rows (Figure III.45C). The four circular suckers project slightly, 
measuring about 0.5 mm in diameter. The anterior proglottids are 
small, broader than they are long, the more mature ones measur-
ing about 12  6 mm. Each proglottis has a marginal genital pore 
with thick lips; its situation alternates irregularly between the right 
and left margins. The uterus is median with seven to 13 diverticula 
(Figure III.44A). There are 150–200 testes distributed throughout 
the dorsal plane. Terminal ripe segments pass out in the faeces 
and move independently enabling them to migrate outside the 
anus. Each gravid segment contains 30 000–50 000 eggs.

The egg measures 31–56 m in diameter and is round with no 
operculum (Figure III.5 and Figure III.46B). It has two radially 

Figure III.42 Diphyllobothrium mansoni plerocercoid, extracted from 
an abscess in a Masai. (A) Natural size. (B) Anterior extremity.  
(C) Posterior extremity.

Figure III.43 Different forms of Sparganum proliferum.

Figure III.44 Segments of tapeworms, showing the characteristic 
branching of the uterus as seen in mature segments. (A) Taenia solium. 
(B) T. saginata. go, genital opening; ut, uterus.
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striated shells, the inner formed by the embryo (thus differing 
from Pseudophyllidea), and a vitelline membrane which is  
lost when in the faeces. Small numbers of eggs are found in the 
faeces when the segments break. Each contains the six-hooked 
oncosphere.

Life cycle (Figure III.47)

Mature segments are detached and pass out with the faeces; they 
disintegrate and the eggs are set free and eaten by the intermediate 
host (the pig). Humans are occasionally infected by cysticerci 
(cysticercosis), as are other primates, sheep and dogs. The onco-
sphere penetrates the gut wall and enters the bloodstream, settling 
in the muscles, especially the heart, and becomes a cysticercus 
(5–20 mm) known as cysticercus cellulosae. Infected pork is pop-
ularly known as ‘measly pork’. At 0 C the cysticerci can persist for 
70 days.

In the alimentary tract of the human or other definitive host, 
the bladder of the cysticercus is absorbed by the digestive juices; 
the scolex and head are evaginated and then pass to the small 
intestine, where the scolex fixes itself to the gut wall and strobi-
lates, i.e. forms proglottides.

Taenia saginata Goeze (1782) (beef tapeworm)

In south-eastern Asia a related form T. asiatica Eom and Rim, 
1993, has recently been recognized. It is distinguishable by both 
morphological and by molecular methods, but is considered a 
subspecies of T. saginata by some authors. The life cycle is quite 
distinct from T. saginata in using the pig as intermediate host and 
parasitizing visceral organs such as liver, lung and omentum.9

Parasitology

T. saginata (Figure III.44B, III.45D and Figure III.48) is whitish and 
semitransparent, measuring 4–10 m; when fully adult it may 
contain 20–2000 segments. The scolex is about 1–2 mm in diam-
eter, with four lateral suckers and a rostellum with no hooks (or 
rudimentary hooklets in T. asiatica). The suckers and rostellum 
(Figure III.45D) at the apex are frequently pigmented. The neck is 
long and half the width of the scolex. The older proglottides are 
elongated; gravid individuals are three to four times longer than 
they are broad. The marginal genital pores alternate regularly 
between the right and left margins. There are 20–35 lateral 
branches on each side of the uterus, which may ramify (Figure 
III.44B). The genital organs in the mature proglottid differ from 
those of T. solium in having about twice the number of testes 
(300–400). Each gravid segment contains about 97 000 eggs. The 
total output per year is reckoned at 594 million.

T. saginata oviposits on the perianal skin. The ova are expelled 
when the proglottid has detached itself from the strobila. The 
gravid uterus carries lateral branches terminating in blind club-
shaped sacs. There they form a separate organ resembling a tassel 
(thysanus) which, when it disintegrates, leaves behind a mass of 
ova. The thysanus then becomes an aperture for oviposition (pro-
tocostoma). The stimulus is provided by thousands of eggs com-
pressed within the uterus. The yolk mass that envelops the 
embryophores of the ova causes them to adhere to the perianal 
skin.

The egg is globular, 30–40  20–30 m, with a double-shelled 
striated embryophore, which contains the oncosphere consisting 
of an outer shell, chorionic membrane and two oncospheral 
membranes (Figures III.5, and III.46A). T. saginata embryophores 
stain well with Ziehl–Neelsen stain, whereas those of T. solium  
do not.

Life cycle (Figure III.49)

Gravid proglottids emerge in faeces or pass to the exterior inde-
pendently; they then creep into grass or herbage, where they dis-
integrate. When the eggs are eaten by the ox, the oncospheres are 
set free and pass into the small intestine, where they bore through 
the wall and are carried to the muscles, especially the pterygoids 

Figure III.45 Heads of human cestodes, showing suckers and, when present, the arrangement of the hooklets. (A) Hymenolepis nana.  
(B) Dipylidium caninum. (C) Taenia solium. (D) T. saginata.

Figure III.46 Eggs of Taenia saginata (A) and T. solium (B) showing 
hooklets.

Cestodes
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and the fatty tissues round heart, diaphragm and tongue. Then 
cysticerci (cysticercus bovis) are formed, measuring 7.5–9  5.5 mm. 
They can be distinguished from other cysticerci by the absence of 
hooks on the scolices, other cysticerci having large hooks. They live 
for 8 months in the ox and develop further in the human, who 
constitutes the normal definitive host. The bladder is digested and 
the liberated scolex, passing to the small intestine, affixes itself by 
suckers to the gut wall. The cysts die at 48 C. Infected meat is 
known to inspectors as ‘measly beef ’. In Egypt and Morocco the 
camel is the most important intermediate host.

Cysticercus

The cysticercus has a small invaginated scolex (and a neck resem-
bling that of an adult Taenia). The external tissue consists of hair-
like processes, a peripheral collagenous fibrous layer, two muscle 
layers, peripheral cells, calcareous corpuscles, flame cells, a duct 
system embedded in a loose fibrous net and a central band of 
muscles. The different cestode larvae can be distinguished in 
human tissues by variations in these structures (Table III.7).10

Several forms of Taenia usually found in canids occasionally 
occur in man, including Taenia multiceps Leske, 1780, T. serialis 
brauni Setti, 1897 and T. serialis serialis (Gervais, 1847). These 
species, sometimes considered to belong in the genus Multiceps, 
utilise sheep and other herbivorous animals as intermediate hosts.

Genus: Echinococcus

Echinococcus granulosus (Goeze, 1782), E. multilocularis (Leuckart, 
1863), E. oligarthrus (Diesing, 1863), E. vogeli Rausch and  

Bernstein, 1972, E. equinus Williams and Sweatman, 1966, E. 
ortleppi López-Neyra and Soler Planas, 1943 (see also Chapter 
86).

Parasitology

E. granulosus is very small, 3–8.5 mm long, with a pyriform scolex, 
0.3 mm in diameter, provided at the apex with a projecting rostel-
lum, four suckers and two circular rows of hooks, varying in size 
and number (Figure III.50). The neck is short and thick; the pro-
glottids usually four in number. The last one is the longest (2–
3 mm); only one is sexually mature and this contains up to 5000 
eggs. The genital apertures are marginal, one to each proglottis, in 
an alternating arrangement. The testes are spherical and numer-
ous. The cirrus pouch is large and pyriform. The uterus is tubular 
and median with short unbranched lateral diverticula. It is diffi-
cult to remove from the small intestine of the dog still bearing the 
scolex. Eggs appear in dog faeces. Sometimes the fourth segment 
also comes away.

The egg is spherical, 21–38 m diameter, and is double-shelled, 
the inner shell being thick. The egg cannot be distinguished from 
other related tapeworms. The oncosphere bears three pairs of 
embryonal hooklets.

Ten genotypes or strains of E. granulosus are recognized, two of 
which have been considered separate species, on the basis of life-
cycle type and DNA characteristics.11 The common sheep strain 
(G1) is cosmopolitan and the major human pathogen, the Tas-
manian sheep strain (G2) is found in sheep and man in Tasmania 
and Argentina, G3 is found only in buffalo in India, the horse 
strain (G4, also known as E. equinus) is found in equids in north-

Human infested by ingesting pork containing
cysticerci. Head of worm evaginates, attaches
to bowel wall and buds off proglottides

Cysticerci in pork

Oncosphere

Proglottid passed in faeces
and releases oncospheres

Embryophore containing
hexacanth larva

Larva develops into
cysticercus Cysticercus

Larva

Larvae liberated and
disseminated to
muscles, organs and
skin to become
cysticerci

Figure III.47 Life cycle of Taenia solium. (Courtesy of Tropical Resources Unit.)
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western Europe and has not been found in man, the cattle strain 
(G5, also known as E. ortleppi) has been found in man in the 
Netherlands and Argentina, but from a much wider distribution 
in various other herbivores, mainly cattle, the camel strain (G6) 
is reported in man in Argentina, Africa and Asia, and occurs in 
several herbivores, mainly camels and cattle, the pig strain (G7) 
is found in man in eastern Europe, with a wider distribution in 
herbivores, mainly pigs, the cervid strain (G8) is found in man 
and moose in the USA, strain G9 is reported only in man in 
Poland and the Fennoscandian cervid strain (G10) is found in 
moose and reindeer in Finland.

Life cycle

The egg is passed out in the dog’s faeces and is ingested  
by the intermediate host (e.g. sheep or human), by eating  
contaminated food. In the stomach the shell of the egg is  
digested and the oncosphere escapes. After 8 h embryos can be 

found in the portal vein and liver, whence they are filtered out. 
The next filter is the lung, where a small number lodge. In 3 weeks, 
the larval worm becomes vesicular and visible to the naked eye; 
in 3 months it attains a diameter of 5 cm and 5 weeks later has 
doubled that size. The hydatid cyst wall is composed of a fibrous 
laminated layer formed by the host, a thick median striated  
layer secreted by the cyst, and an inner ‘germinal’ layer from which 
the brood capsules and daughter cysts arise. There are two types 
of proliferation: endogenous and exogenous. In the former, pro-
liferation is inwards towards the cyst cavity; in the latter it is 
outwards.

The brood capsules are formed from small nuclear masses of 
the parenchymatous germinal layer; later, they become vacuolated 
to form vesicles. Larval scolices arise from a local thickening of 
the wall of the brood capsule; the wall evaginates to form a protec-
tive cup for the growing scolex. Near the head end the cuticle 
thickens and a circle of hooklets develops. The contractile part of 
the body of the scolex is capable of invaginating the head so that 
in the typical resting position the scolex has the hooklets inside. 
These hooklets may be strongly acid fast, a characteristic that can 
be recognized in histological sections and reveals that the structure 
is a dead hydatid cyst. Free brood capsules and free scolices in the 
hydatid cyst cavity are known as ‘hydatid sand’. In other cysts  
the brood capsules never produce scolices and are known as 
acephalocysts.

Daughter cysts may be produced by injury or by mechanical 
interference with the mother cyst, inside which they arise from the 
detached germinal layer and also from the brood-capsule cells, 
rarely by vesicular changes from the detached scolices. In the liver 
the daughter cysts are bile stained. Intramuscular injection of 
scolices causes formation of new cysts and this accounts for the 
dissemination of hydatid cysts throughout the body, which some-
times occurs after an operation.

Exogenous daughter cysts in the omentum and bones are sec-
ondary, caused by herniation or rupture of both germinal and 
laminated layers through weakened parts of the adventitia from 
intracystic pressure. By final exclusion of these herniations new 
cysts form.

Alveolar hydatid (Echinococcus multilocularis)

In the adult worm the differences are the position of the genital 
pore in front of the middle of the proglottis. The number of testes 
is 21–29 (compared with 45–65). These lie behind the posterior 
end of the proglottis in the region of the cirrus sac. The uterus has 
no lateral branches. The length of the mature worm is 1.4–3.4 mm 
(vs 5–8 mm). The alveolar cyst grows by exogenous proliferation, 
invading the surrounding tissues and metastasizing. The cyst is 
solid with small irregular vesicles containing fluid and, very rarely, 
scolices (see Chapter 86).

Life cycle

The definitive hosts of E. multilocularis are foxes and dogs, and  
the intermediate hosts rodents, commonly of the family  
Arvicolidae.

E. oligarthrus and E. vogeli are about half the size of the other 
echinococci and the rostellar hooks are a means of identification 
of the protoscolices.

Figure III.48 Adult beef tapeworm (Taenia saginata). (Courtesy of 
G. S. Nelson.)
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Genus: Rodentolepis

Rodentolepis nana (Siebold 1852) (Hymenolepis 
nana, Vampirolepis nana, dwarf tapeworm)

Distribution

This organism is found more commonly in warm countries: Egypt, 
Sudan, Thailand, India, Japan, South America (Brazil, Argentina 
and especially Cuba) and southern Europe (Portugal, Spain and 

Sicily, where it affects 10% of the children). It lives in the small 
intestine (Figure III.51).

Parasitology

R. nana is 25–45 mm long by 0.5–0.9 mm and has 100–200 pro-
glottids. The scolex measures 139–480 m, is subglobular with a 
well developed rostellum, a single crown with 20–30 hooks (14–
18 mm) and four globular suckers (80–150 m) (Figures III.45A 
and III.51). The neck is long; the proglottids are short anteriorly 
but the posterior ones increase in size and are broader than they 

Human infested by ingesting raw beef
containing cysticercus. Larva is
liberated and attaches to intestinal
mucosa by eversion of scolex

Adult worm in intestine
buds off chain of proglottides
which detach and are shed
in faeces Gravid proglottid containing eggs

Oncosphere Cysticercus

Cysticercus in beef

Oncosphere liberated in gut of cattle and bores through
intestinal wall to reach striated muscle via lymphatic system
or blood vessels. In muscle, larva develops into
cysticercus within 2–3 months

Egg ingested by cattle

Figure III.49 Life cycle of Taenia saginata. (Courtesy of Tropical Resources Unit.)

Table III.7 Diagnostic characteristics of cestode larvae found in humans

Cysticercus cellulosae Cysticercus  
bovis

Cysticercus cerebralis Echinococcus 
granulosus

Scolex One One Several Many

Hooks Present Absent Present Present

Bladder surface Cuticle Cuticle Cuticle Stratified hyaloidine 
material

Superficial hair-like extensions Ranging from 1 m to 2.5 μm 3–6 m 1–2 m None

Subcuticular groups of muscles Present Absent Absent Absent

Make-up of wall Wart-like processes Rugae Smooth and also rugose Smooth

Base of superficial protuberances 27–38 m 50–70 m 28–46 m None

Height of superficial protuberances 15–27 m 23–27 m 15–22 m None

After Slais 1972.10
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are long. The genital pores are marginal and placed near the ante-
rior border. There are three testes. The vas deferens widens into 
the seminal vesicle and the gravid uterus occupies the entire 
segment.

The egg is oval and there are up to 180 in each segment. It  
has two membranes: outer (vitelline) 40–60 mm, and inner  
20–30 m. There is a conspicuous mammillate projection at  

each pole, enclosing an oncospere there with three pairs of  
hooklets.

The segments, when freed, are partially digested and the eggs, 
set free in the faeces, are easily detected.

Life cycle (Figure III.52)

This worm forms an exception to other members of the group and 
does not necessarily have an intermediate host; the larva enters 
the villus of the intestine to become a cercocyst. In 40–70 h after 
infestation the scolex appears; in 80–90 h the rostellum has hook-
lets and then passes into the lumen of the intestine attached to 
the epithelium of the villus by a short neck. The rapidity of devel-
opment varies greatly. Strobilization is rapid; the proglottids 
mature in 10–12 days and after 30 days eggs appear in the faeces 
to be ingested by another human host. H. fraterna of the rat is 
morphologically identical but its intermediate hosts are beetles 
and fleas (Nosopsyllus fasciatus and Xenopsylla spp).

Genus: Hymenolepis

Hymenolepis diminuta (Rudolphi, 1819)

This is a parasite of rats (mainly Rattus norvegicus, R. rattus) and 
mice (mainly Mus musculus and Apodemus spp) and a wide variety 
of other rodents; it is found as an occasional parasite of humans 
throughout the world.

It measures 20–60  3.5 mm. The head is small and cuboidal. 
At the apex is a rudimentary rostellum with four small, unarmed 
suckers. The neck is shorter than the head. The proglottides 
increase in size as the tail is approached and are broader than they 
are long. The egg is circular or ovoid, measuring 60–80 m; its 
outer shell is yellowish and thickened with indistinct radiations 
with a thin colourless, inner membrane, a granular intermediate 
layer, containing a hexanth oncosphere.

Life cycle (Figure III.53)

The cysticercus stages occur in the body cavity of insects during 
their larval stages: Tenebrio molitor, Tribolium spp. Nosopsyllus (Cer-
atophyllus) fasciatus; Xenopsylla cheopis; Leptopsylla segnis (mouse 
flea); Pulex irritans; in coleoptera and lepidoptera, such as Asopia 
farinalis, Anisolabis annulipes, Tinea pellionella, Akis spinosa and 
Scaurus striatus; also in South America, in Dermestes vulpinus, D. 
peruvianus, Ulosonia parvicornis and Embia argentina, etc.

The rat becomes parasitized by eating infected insects. The 
cysticercoids, when ingested by the definitive host, become adult 
in 17 days.

Genus: Dipylidium

Dipylidium caninum (Linnaeus, 1758)

This is a common parasite of the dog, cat and jackal. There are 
many records of its occurrence in humans worldwide, especially 
in children in European countries.

It lives in the small intestine and measures 15–40 cm  2–
3 mm. The scolex is small and globular, 0.55 mm in diameter. The 

Figure III.50 Echinococcus granulosis ( 15).

Figure III.51 Hymenolepis nana (Magnified).
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Hymenolepis nana

Eggs passed in faeces

Oncosphere

Cercocyst

Adult
tapeworm

Eggs  

Alternative rodent host
(rat, mouse) of minor
importance

Human infested by ingesting fertile
egg. Oncosphere hatches and
penetrates wall of jejunum. It
becomes a cercocyst and re-enters
lumen where it evaginates scolex,
attaches to wall of intestine, and
develops into adult tapeworm

Figure III.52 Life cycle of Hymenolepis nana.

Arthropod ingested by host (rodent; more
rarely human). Cysticercoid liberated by
digestion. It everts scolex, attaches to
intestinal mucosa and develops into
adult tapeworm

Fertile eggs passed in
faeces but hatch only when
ingested by adult or larval

arthropod (flea, beetle)

Within gut of arthropod, egg hatches
into oncosphere which penetrates
gut wall, enters body cavity and

becomes cysticercoid

Rat, mouse

Eggs

CYCLE IN 

ADULT OR LARVAL ARTHROPOD 

Figure III.53 Life cycle of Hymenolepis diminuta.



1669

rostellum has three or four circles consisting of 28–30 hooks 
(14–18 mm) of ‘rose-thorn’ shape and four elliptical suckers 
(Figure III.45B). The proglottides are narrow; there are 200 or 
more of them. The segments measure 6–7  2.3 mm. Two sets of 
genital apparatus are found in each segment; the genital pores are 
placed symmetrically at the lateral margins. The uterine cavities 
contain egg nests, each consisting of 8–15 eggs. Mature proglot-
tides leave the intestine. The egg is round, 35–40 m across.

The cysticercoid stage is passed through in the dog louse (Trich-
odectes canis), dog flea (Ctenocephalides canis), cat flea (C. felis) and 
human flea (Pulex irritans). Eggs are eaten by the larval flea and 
the hexacanth embryo develops in the adipose tissue and muscles, 
first appearing as a procercoid and later as a cysticercoid larva. 
Infection of humans is accidental, as a result of swallowing 
infected fleas.

Genus: Raillietina

Raillietina asiatica (von Linstow, 1901), R. celebensis (Janicki, 1902) 
and R. demerariensis (Daniels, 1895) have been reported in man. 
They are characterized by numerous hooks of ‘coal-hammer’ shape 
on the suckers and rostellum, and by unilateral genital pores on 
the proglottides. Ripe segments contain egg capsules. The ovoid 
eggs possess conspicuously large hooklets. Usually they are para-
sites of birds, more rarely of rats. Their intermediate hosts are 
probably ants, cockroaches or flies.

Genus: Bertiella

Bertiella studeri (Blanchard, 1891) has often been found in humans, 
and cases of infection with B. mucronata (Meyner, 1895), a tape-
worm of monkeys, in Central and South America have been 
reported.8

Genus: Inermicapsifer

This genus closely resembles the foregoing and cannot be distin-
guished from it by the ripe proglottides, and, like Bertiella, the 
scolex and suckers are unarmed. Inermicapsifer madagascariensis 
(Davaine, 1869) (Raillietina madagascariensis; I. arvicanthidis 
(Kofend 1915)), a parasite normally of the field rat, was found in 
a European child from Kenya; since then others have been reported 
in Ruanda, Burundi and Tanzania. It is suggested that it is more 
common than has been supposed. No fewer than 12 species of 
Inermicapsifer are parasites of hyraxes and rodents in Africa. I. 
cubensis (Kouri, 1938), (which may be a synonym of I. madagas-
cariensis) appears to be common in Cuba, where 76 cases in 
humans have been described.

NEMATODES PHYLUM

NEMATHELMINTHES CLASS: NEMATODA  
OR ROUNDWORMS

The sexes of these worms are separate. They are cylindrical, non-
segmented, and taper at both ends. They are white or yellow, 
sometimes semitransparent, and their eggs are characteristic.

Superfamily: Ascaridoidea

Genus: Ascaris

Ascaris lumbricoides (Linnaeus, 1758) 
(roundworm)

Characteristics

Ascaris lumbricoides inhabits the intestine of humans, and allied 
species are found in the pig, cat, dog and horse.

The adult female worm measures 20–35 cm  3–6 mm, the 
male 15–31 cm  2–4 mm (Figure 85.8). Both are pale brown 
with whitish longitudinal lines and round tapering ends. The 
mouth is at the anterior end and is guarded by thin lips with finely 
denticulated ridges (Figure III.54). The anus is subterminal. In the 
female the vulva is anterior to the middle of the body. The vagina 
is directed backward and there are paired genital tubes each con-
taining the uterus, receptaculum seminis, oviduct and ovary. The 
tubules and ducts attain a length of 12 cm and the capacity at any 
one time is 27 million eggs, the average daily output being 200 000. 
The male tail is conical without caudal alae and is curved in a 
semicircle with two rows of tactile papillae, mostly preanal but  
a few postanal. There are two chitinous spicules. The adults have 
a life span of 10–12 months.

The egg measures 50–70  40–50 m and is elliptical; it is 
encased in a rough albuminous coat, giving it a mamillated appear-
ance. It is usually stained by faecal pigments (Figure III.5).

Life cycle

When the eggs are passed in the faeces there is no segmentation 
or differentiated embryo. In water or in moist earth at 36–40 C 
within 2–4 months the embryo is seen coiled up and moving 
inside the eggshell. The larva undergoes a moult before hatching 
and must be transformed into a second-stage larva of the ‘rhab-
ditoid’ type before it is infective. The embryo does not emerge from 
the egg until it is swallowed. The eggshell is then softened by the 
digestive juice and hatches in the small intestine. The rhabditiform 
larva penetrates the mucous membrane, enters the blood via the 
heart and lungs, and reaches the alveolar capillaries where it has a 

Figure III.54 Head of Ascaris lumbricoides. (A) Ventral view.  
(B) Anterior view, showing the oral labia.

Nematodes Phylum
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‘bloodbath’. As the larvae cannot pass through they burrow through 
the wall of the alveolus and enter the respiratory tree, finally being 
carried up the trachea by ciliary action. Eventually, on reaching the 
vocal cords, the majority of the larvae are swallowed for the second 
time and reach the small intestine. The second invasion is often 
accompanied by severe allergic phenomena, urticarial reactions 
and a fall in blood pressure. The whole process occupies 10–14 
days. During this time the larva moults twice (once after 5 or 6 
days and the second time after the 10th day). The larvae measure 
1.3–2 mm on the 10th day (Figure III.55) and 1.75–2.37 mm on 
the 15th day. Larvae may reach the intestine as early as the 5th day. 
The fourth ecdysis takes place in the intestine between days 25 and 
29. In humans the incubation period (to time of first oviposition) 
occupies a period of 60–70 days. The diameter of the migrating 
larvae from the pulmonary capillaries to the terminal airspaces is 
considerably larger than that of the capillaries.12

Ascaris suum (Goeze, 1782)

Ascaris suum of the pig is almost morphologically identical with 
A. lumbricoides except that the denticular ridges in the mouth are 
larger and have straight edges, but these differences are not con-
stant. It has occasionally been reported in humans, but has been 
shown to be a distinct species.13

Genus: Toxocara

Toxocara canis (Werner, 1782) (dog ascarid)

Toxocariasis canis is a cosmopolitan infection of dogs. The mor-
phology is similar to that of Ascaris. The male worms are 4–6 cm 
long and the females 6.5–10 cm. In addition to the three charac-
teristic lips of ascarids, there are distinct cervical alae or wings that 
are much longer than they are broad and extend some distance 
from the anterior extremity along the lateral margins. The perianal 
papillae of the male worms are characteristic. The ova are pitted 
superficially and measure 85  75 m. They are dark or greyish 
brown and unembryonated when passed.

The life cycle is similar to that of A. lumbricoides with four larval 
stages. In pregnant bitches the pups are infected transplacentally 
and are born infected with adult worms laying eggs. They may die 
within the first few weeks of life, but, if they survive, acquire some 
immunity. Puppies are the main source of infection for children 
who develop toxocariasis.

Toxocara cati (Schrank, 1788)

This worm is the common ascarid of the domestic cat and some 
of its wild relatives. The male worms are 4–6 cm long and the 
females 4–12 cm. The anterior end has characteristic ascarid lips 
and is provided with a pair of broad lateral cervical alae or wings 
which give a pyriform outline to the anterior end of the body. The 
eggs are similar to those of T. canis, as is the life cycle.

Genus: Lagochilascaris

Lagochilascaris minor (Leiper, 1909)

Adult males measure 5–17  0.19–0.6 mm, females measure 20–
60  0.2–0.81 mm. They are ascarid in morphology but the lips 
bear no denticles and they have a keel–like cuticular ledge along 
the entire extent of the lateral line. The eggs are spherical or 
slightly ovoid and measure 50  65 m.

Life cycle

Adult worms live in cavities in the submucosa of the small intes-
tine of carnivores, and eggs are passed out in the stool containing 
infective larvae, which wait until they are ingested by rodents 
when they hatch in the intestine and migrate to skeletal muscle 
to wait until the definitive host eats its prey.

Superfamily: Spiruroidea

Genus: Gnathostoma

Gnathostoma spinigerum (Owen, 1838)

The adult worms are parasites of both wild and domestic felines 
and canines. Cats and dogs are important reservoirs. It is wide-
spread in the Oriental, Palaearctic and Nearctic regions. Five other 
species of Gnathostoma have occasionally been reported in humans.

Parasitology

The adult worms in the feline host vary in length from 11 to 
25 mm for males and 25–54 mm for females. They are stout, 
reddish-coloured, slightly transparent nematodes with a subglo-
bose cephalic swelling separated from the remainder of the worm 
by a cervical constriction. The anterior half of the nematode is 
covered with leaf-like spines which are broader and tridented just 
behind the cervix, and narrower and single-pointed more equato-
rially. These spines are characteristic of the species.

The cephalic portion of the body is covered with four to eight 
transverse rows of sharp recurved hooks. Four conspicuous cervi-
cal glands, arranged symmetrically around the oesophagus, fuse 
in pairs and open through two ducts which perforate the lips. The 
male has a pseudobursa which is provided with four pairs of 
perianal papillae. The copulatory spicules are chitinoid rods mea-
suring 1.1 and 0.4 mm, respectively. The vulva of the female is 
slightly postequatorial in position. The vagina is long and anteri-
orly directed. The other genital tubes are paired.

Figure III.55 Larva of Ascaris lumbricoides recovered from the 
trachea of a rat 8 days after ingestion of the eggs.
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The eggs (Figure III.56F) are ovoid and 65–70  38–40 mm in 
size. They are transparent, superficially pitted, have a mucoid plug 
at one end and are unembryonated when laid.

The adult lives in tumours in the stomach wall of cats and dogs. 
Eggs are extruded from lesions and evacuated via the faeces into 
water, where they embryonate and hatch.

A motile first-stage larva, measuring 223–275  13.4–17.4 m 
and having a rounded anterior end provided with spines, emerges 
from the shell and actively enters a species of freshwater copepods, 
bores its way into the haemocoel and metamorphoses in 10–14 
days into a second-stage larva (350–450  60–65 mm), which is 
provided with a head bulb armed with four rings of spines and 
two pairs of cervical glands.

The third-stage larva (Figure III.56) develops in a second  
intermediate host which can be a snake, freshwater fish or frog, 
crayfish, crabs, amphibia, reptiles, mammals and chickens as  
well as humans, in whom complete maturation does not take 
place, the larva wandering around the body causing pathological 
damage. Complete maturation to the felines is in about 6.5 
months.

Four species of Cyclops can act as the first intermediate host and 
many species of freshwater fish, amphibians, reptiles, birds, crabs 
and.

Genus: Physaloptera

Physaloptera caucasica (von Linstow, 1902)

Normal hosts are primates. In humans it has been found in central 
and eastern Africa, Saudi Arabia and Chile. It lives in the oesoph-
agus, stomach, small intestine and occasionally the liver.

The female (2.4–10 cm  1.14–2.8 mm) has a posterior end 
tapering to a sharp point, two ovaries, a single uterine tube, and 
a vulva in the anterior part of the body. The male (1.4–5 cm  0.7–
1 mm) has two lateral alae on the tail, formed by expansion of 
the cuticle, four pairs of pedunculated papillae – six pairs sessile 
– one unpaired postanal papilla, and two spicules of unequal 
length. In both sexes the mouth is guarded by two large lips, 
armed with two papillae and rows of teeth, which serve to grip 
the mucous membrane (Figure III.57). The egg (45  35 m) has 
a double contour, smooth, thick, colourless shell.

The life cycle is unknown; beetles or cockroaches possibly act 
as intermediate hosts. The clinical symptoms are indeterminate. 
The worms live with heads embedded in the digestive tract from 
the oesophagus to the ileum. P. transfuga Marits and Grinberg, 
1970 has been reported in man in Moldova.

Genus: Anisakis

Anisakis simplex (Rudolphi, 1809)

Larval stages have caused symptoms in humans. Nine related 
species, A. pegreffii, A. simplex s.s., A. simplex C, A. typica, A. ziphi-
darum, Anisakis sp., A. physeteris, A. brevispiculata and A. paggiae, 
have been distinguished in the A. simplex complex. The disease 
anisakiasis can also be caused by the related worm Pseudoterranova 
decipiens.

The adult form inhabits the intestine of marine mammals and 
the larval stages are found in a huge variety of fishes and squid.

The infective larva, as seen in the infective stage, is slender and 
thread-like, measuring 1.5–2.6 cm long and 0.1 cm in diameter. 
Its outer surface is somewhat striated and there is a ventriculus 
between the oesophagus and the intestine, with the latter two 
structures meeting on an oblique plane. There is an excretory pore 
in the anterior part of the head, ventral to a small larval tooth, 
and there are three anal glands near the rectum. Transverse section 
shows the lateral cords arranged in a Y-shaped structure along the 
upper intestine or oesophagus. The cuticle consists of three layers 
and shows no alae.

Genus: Gonglyonema

Gonglyonema pulchrum (Molin, 1857)

This spirurate nematode occasionally infects humans and pigs, but 
its optimum hosts are ruminants.

The worm lives most commonly in the upper portion of the 
digestive tract where it forms sinuous galleries in the mucosa and 
submucosa of the oesophagus, buccal cavity and tongue.

The male is 62  0.15–0.3 mm and the female much larger, 
145  0.2–0.5 mm. The anterior extremity is covered with a vari-
able number of bosses or scutes arranged in eight longitudinal 
series.

The transparent thick-shelled oval eggs are embryonated when 
laid and are 50–70 m in length by 25–37 m. Development 
takes place in dung beetles of genera Apodius and Onthophagus, as 
well as in a small cockroach.

Superfamily: Strongyloidea

Genus: Ancylostoma

Ancylostoma duodenale (Dubini, 1843) (Old World 
hookworm, Miner’s worm) (Figure III.58)

Both sexes are cylindrical, white, grey or reddish-brown (from 
ingested blood). The female (1–1.3 cm  0.6 mm) is cylindrical 
and slightly expanded posteriorly. The vagina is in the posterior 
third. The body cavity is occupied by the ovary and coiled uterine 
tubes packed with eggs. The maximum egg output occurs 15–18 
months after infection. The male (0.8–1.1 cm  0.4–0.5 mm) has 
a copulatory bursa consisting of an umbrella-like expansion of the 
cuticle; the dorsal ray is divided towards the distal end into smaller 
rays, which again divide into three unequal portions (Figure 
III.59). There are two long delicate spicules. The genital papillae 
are tactile, finger-like projections near the anogenital opening. 
Owing to the situation of the genital openings in both sexes, the 
worms in copulation assume a Y-shaped figure.

Two well marked cephalic glands occupy the anterior third  
in both sexes and secrete an anticoagulating agent. The mouth  
end is bent dorsally. The excretory pore is ventral, placed at  
the level of the oesophagus. The buccal capsule is lined with  
chitin and contains two pairs of sharp teeth on its ventral aspect 
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Figure III.56 Gnathostoma spinigerum. (A) Lateral view of third-stage larva. (B) Head bulb of third-stage larva with four rows of hooklets. 
 (C) Posterior end of male, ventral view, with minute cuticular spines omitted. (D) Diagram of the types of spines at different levels of the body. 
(E) Detail of the spines on the head bulb. (F) Fertilized egg.
a anus cs cervical sac (gland?) es oesophagus i intestine
cp cervical papilla ep excretory pore hb head bulb vu vulva
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(Figure III.60). The worm lives mostly in the jejunum and to a 
lesser extent in the duodenum, but not in the ileum. The egg is 
ovoid (Figure III.5,14 and Figure III.61) measuring 60  40 m; 
the shell is thin and hyaline and is passed in the early cleavage 
stage (Figure III.61A–C). Outside the body it rapidly develops to 
the morula stage (Figure III.61D) and hatches in 1–2 days.

At autopsy 500–1000 or more worms may be found. They have 
a lifespan of 4–7 years. The interval between active infection and 

the final disappearance of eggs from the faeces may be 76 months. 
The female produces 25 000–35 000 eggs each day and some 18–
54 million eggs during its lifetime.

Ancylostoma braziliense (de Faria, 1910)

This organism is cosmopolitan, but difficult to identify. It is rarely 
found in the small intestine and then is part of a mixed hookworm 
infection in people in India, Malaysia and Thailand. It is smaller 
than A. duodenale and the internal pair of ventral teeth are smaller 
than the corresponding teeth of that species. The female is 1 cm 
long and the male 8.5 mm. The rays in the copulatory bursa 
(Figure III.62) differ from those of A. duodenale and are distinctive. 
The egg is indistinguishable from that of A. duodenale. The life 

Figure III.57 The head of Physaloptera caucasica.

Figure III.58 Male and female Ancylostoma duodenale ( 14).
an anus
co ceph cephalic nerve commissure
d ej ejaculatory duct
gl cervical gland
int intestine
nu gl cerv nucleus of cervical gland
ov ovary
ovj ovejector
ov tub ovarian tubules
p ex excretory pore
pap cerv cervical papilla
spic spicules
te testes
ut uterus
vag vagina
vs vesicula seminalis
vulv vaginal opening

Figure III.59 (A) Bursa and (B) head of male Ancylostoma duodenale.

Figure III.60 Head of Ancylostoma duodenale, showing the hook-like 
teeth ( 50).
cg cephalic gland ptpharyngeal teeth
hp head papillae vtventral teeth

Figure III.61 Development stages of Ancylostoma duodenale of the 
larva in eggs; (A–C) are seen in fresh stools, and (D–F) when the stools 
are stale ( 300).
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cycle is the same as that of A. duodenale. The human is apparently 
an unsuitable host. The larva does not penetrate into the blood-
stream easily but wanders under the skin causing irritation (larva 
migrans; see Chapter 19).

Ancylostoma caninum, A. ceylanicum and A. malayanum are also 
reported in man.

Genus: Necator

Necator americanus (Stiles, 1902), New World 
hookworm (Figure III.63)

This is found in the small intestine of humans and also develops 
in puppies. N. americanus is a shorter and more slender worm than 
A. duodenale. The female (0.9–1.1 cm  0.4 mm) has the vulva 
placed slightly in front of the middle of the body so that it copu-
lates at a Y-shaped angle, as in A. duodenale. The male  

(7–9  0.3 mm) has the copulatory bursa closed and blunt, and a 
short dorsomedian lobe which appears as if divided. The dorsal 
ray branches at the base into divergent arms with bipartite tips 
(tridigitate in A. duodenale). The base of the dorsal and dorsolat-
eral rays is short (Figure III.64). Two separate spicules unite to 
form a single terminal ‘fish-hook’ barb. The living worms are 
greyish-yellow, at times reddish. The sudden dorsal bend of the 
head, especially in the female, is distinctive (Figure III.64B). The 
buccal capsule is smaller than in A. duodenale, with an irregular 
border. In place of four hook-like teeth there is a ventral pair of 
cutting plates (Figure III.65). The first pair of dorsal teeth are 
represented by chitinous plates, The outlet of the dorsal gland 
constitutes a ‘dorsal rib’ or tooth which projects into the oral 
cavity. Deeply placed in the capsule are one pair of dorsal and one 
pair of submedian lancets.

The egg is slightly larger than that of A. duodenale (64–75  36–
40 m), but otherwise similar. The infective (third-stage) larva can 
be differentiated from that of Strongyloides stercoralis by the larger 
buccal vestibule and the intervening space between the oesopha-
gus and midgut, and from A. duodenale as shown in Table III.8. 
The presence of 44 eggs per gram of faeces is reckoned to represent 
one female worm. The female lays from 6000 to 20 000 eggs per 
day. The estimated duration of life is about 5 years.

The life cycle is identical to that of A. duodenale except that 
Necator infective larvae enter through the skin only, whereas Ancy-
lostoma can enter through the buccal mucous membrane as well, 
and that the migrating larvae of Necator grow and develop in the 
lungs in contrast to those of Ancylostoma.

Life cycle of hookworms

The eggs are deposited in the lumen of the intestine with two, four 
or eight blastomeres. They develop and hatch after expulsion in 
the faeces if they are deposited in damp, shaded soil.Figure III.62 Dorsal ray of Ancylostoma braziliense.

Figure III.63 Necator americanus. ( 12.) Key as for Figure III.58.

Figure III.64 (A) Bursa and (B) head of Necator americanus.

Figure III.65 The head of Necator americanus, showing the 
pharyngeal teeth (pt) and ventral plates (vp) ( 50).
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The embryo moves about inside the shell and alters its shape, 
then escapes and gives rise to the rhabditiform larva which burrows 
into the faeces and feeds, especially on bacteria. At first it has a 
double-bulbous oesophagus (Figure III.66B). Feeding voraciously, 
it stores oil globules in its intestinal wall. It moults on the 3rd 
day; on the 5th the oesophageal bulb disappears and the larva 
becomes elongated and fully developed at 20–30 C; the larva on 
the 3rd day is 4 cm and on the 5th it is 5–7 cm long. It then moves 
away from the faeces into the earth, moults again and becomes 
the infective filariform, or third-stage larva, with a well developed 
mouth capsule, a simple muscular oesophagus and protective 
sheath, the walls of which are seen as two bright lines in the living 
specimen. It moves towards the oxygen supply but cannot swim 
in water. The larvae are most numerous in the upper 2.5 cm of 
the soil. They can ascend from deeper layers but lateral move-
ments are limited. Attracted by warmth, the larva is quiescent in 
the cold; it moves along a thin film of water as well as in the earth. 
Enabled by the sheath to withstand a certain degree of desiccation, 

the infective stage can live in warm damp soil under optimum 
conditions for 2 years (Figure III.66A). Direct sunlight, drying, 
flooding or salt water are fatal.

On penetrating the skin of the host, the sheath is left behind 
and the larva enters the lymphatics, then the bloodstream, and 
reaches the lungs on the third day. If pyogenic bacteria enter the 
skin with the larvae, an open lesion may develop, producing 
‘ground itch’. A. duodenale can infect via the mucous membrane 
of the mouth, as well as the skin, whereas N. americanus infects 
via the skin. Breaking through the alveoli of the lungs, it enters 
the bronchioles and travels via trachea and oesophagus to the 
stomach. During this migration the third moult takes place and 
the buccal capsule is formed. Migrating larvae of Necator grow and 
develop in the lungs, whereas those of Ancylostoma do not. On 
arrival in the intestine on the seventh day it undergoes its fourth 
moult; the terminal buccal capsule is changed into the ‘provi-
sional buccal capsule’ with the mouth opening directed dorsally, 
as in the adult, but without teeth. On the fifteenth day the ‘provi-
sional buccal capsule’ is cast off and it then assumes the adult 
form with adult buccal capsule and bursa in the male. In 3–5 
weeks it becomes sexually mature, copulates and produces fertile 
eggs. Adult worms live for 1–9 years and a female Necator lays 
9000 eggs/day, and Ancylostoma 30 000.

Hypobiosis

A phenomenon known as hypobiosis has been observed14 in 
which there is arrested development of migrating A. duodenale 
larvae, which migrate to the mammary gland, are secreted in milk 
and infect the child. This is similar to that seen in A. caninum, 
which infects puppies in the same way.

Cultivation of hookworm larvae

A small portion of faeces is rubbed over a Petri dish with warm 
water, making a uniform layer like pea soup. Inside the cover is 
placed a circle of wet blotting paper. This is kept moist and incu-
bated at 23.9 C under a shade. If there is too much water, the eggs 
will not develop. The larvae climb up the sides of the dish on to 
the blotting paper, where they can be studied.

Differentiation of hookworms

The striation of the sheath is indistinct in A. duodenale but very 
clear in A. braziliense. Rhabditiform ancylostome larvae are similar 
to those of S. stercoralis but are slightly more attenuated posteriorly 
and possess a much longer buccal vestibule. Infective (third-stage) 
A. duodenale larvae are differentiated from Necator by the oesoph-
ageal shears, which are unequal in thickness in Ancylostoma but 
equal in Necator, and by the features shown in Table III.8.

Table III.8 Differentiation of third-stage larvae of Necator and Ancylostoma

Necator Ancylostoma
Oral capsule Sharply defined; visible dorsally and ventrally Hardly visible; more marked dorsally than ventrally

Tail Rather blunt Pointed

Zone of closing cells Leaves only small space between oesophagus and intestine Leaves considerable space

Figure III.66 Ancylostoma duodenale. (A) Mature infective larva.  
(B) Rhabditiform larva ( 120). (C) Head of larva.
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Genus: Oesophagostomum

Oesophagostomum apiostomum (Willach, 1891)

The female (1 cm  0.325 mm) terminates posteriorly in a sharp 
point and has a vulva in its anterior half. The male (0.8–
1 cm  0.35 mm) has a copulatory bursa with a dorsal ray bifur-
cating into branches and forming a horseshoe-shaped structure, 
each limb giving off a short lateral horn near its base (Figure 
III.67). The egg (60  40 m) closely resembles that of Ancylostoma 
but is passed in an advanced stage of development. The larvae 
hatch from the eggs in the soil. When mature, they are unsheathed. 
The rhabditiform stage is swallowed and passes through the 
stomach and intestine. Then it invades the wall of the caecum 
where it forms nodules and, on occasions, may penetrate the 
intestine and form intraperitoneal abscesses. The immature worms 
break out into the lumen, attach themselves to mucosa and 
become adult.

Oesophagostomum stephanostomum  
(Railliet and Henry, 1909)

This is a common parasite of monkeys (Cercopithecus callitrichus), 
gorillas and chimpanzees. The first case reported in humans was 
in Brazil; the patient died from dysenteric symptoms and perito-
nitis. It has also been reported in French Guiana and in northern 
Nigeria.

The morphology resembles that of O. apiostomum, but both 
sexes are larger and it is distinguished by a corona radiata with  
38 leaf-like spines. The eggs in the faeces resemble those of  
Ancylostoma. The life history is probably similar to that of O.  
apiostomum.

Genus: Ternidens

Ternidens diminutus (Railliet and Henry, 1905)

The female (14–16  0.73 mm) has a genital orifice posterior and 
subterminal, and a short vagina opening into two uterine tubes 
(Figure III.68). The male (9.5  0.56 mm) has the dorsal ray of 
the copulatory bursa dividing into two distal extremities and each 
branch bifurcates again (Figure III.69).

The worm resembles a female ancylostome; its anterior extrem-
ity is not bent and the mouth capsule is terminal with a corona 
of setae. At the base of the cup-like buccal capsule, three serrated 
teeth guard the entrance to the oesophagus; this is characteristic 
of the genus Ternidens (Figure III.68).

The egg (84  40 m) is delicate and transparent, and in  
an advanced stage of segmentation resembles that of an  
ancylostome.

Figure III.67 Oesophagostomum apiostomum (brumpti). (A) Head, 
showing cuticular expansion and the oral vestibule. (B) Tail of the 
female. (C) Tail of the male, showing copulatory bursa.
a anus
cl ventral cleft
or vaginal orifice
r characteristic rays of bursa
sp spicule

Figure III.68 Female Ternidens diminutus. (A) Anterior extremity.  
(B) Posterior extremity.
a anus oes oesophagus
bc buccal cavity r rectum
ch i chyle intestine ut uterus
ch p chitinous plates v vaginal opening
cr corona radiata vag vagina

Figure III.69 Bursa of male Ternidens diminutus.
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The rhabditiform larva (0.3 mm), with flagellar tail, hatches 
from the egg in soil, becomes sheathed and the infective filariform 
larva (0.6–0.7 mm) is formed. These can survive desiccation, 
reviving in water; thus they withstand drought.

The filariform infective larvae fail to penetrate human skin but 
gain entrance through the stomach and intestinal tract after the 
eggs are swallowed with soil-contaminated food or water.

Superfamily: Metastrongylidae

Genus: Parastrongylus

Parastrongylus cantonensis (Chen, 1935) 
(Angiostrongylus cantonensis)

The male is 15.5–22.0 mm in length by 0.25–0.35 mm in breadth. 
It is transparent and smooth with faint transverse striae. The head 
is smoothly rounded and the mouth is without lips. There are four 
pairs of minute, submedian papillae which are sometimes visible 
en face, and two clearly defined minute triangular teeth present at 
the base of the oral cavity. There may possibly be a third, which 
is difficult to distinguish. The oesophagus is 0.29–0.33 mm long 
by 0.05 mm at maximum breadth at the posterior end. The intes-
tine is a wide thin-walled tube. The excretory pore opens just 
posterior to the oesophageal-intestinal junction. The spicules are 
unequal, flexible and striated rods 1.2 mm in length. The bursa is 
well developed but the gubernaculum is absent and there is one 
pair of large adanal papillae.

The female is 18.5–33 mm long by 0.28–0.5 mm in maximum 
breadth. Cuticle, head, papillae, oesophagus and intestines are as 
in the male. In life, the spirally wound, milky white uterine tubules 
and the blood-filled intestine can be seen through the transparent 
cuticle and form a striking ‘barber’s pole’ pattern. The uterine 
tubules unite about 2 mm from the posterior end to form the 
thin-walled vagina. The vulva is a transverse slit. The tail is 
obliquely truncated. The anus is 0.06 mm and the vulva 0.25–
0.28 mm from the tip of the tail, which bears a minute terminal 
projection. The male:female length ratio is usually 2 : 3.

The eggs are ovoid with a thin hyaline shell measuring 46–
48  68–74 m. They are passed unembryonated.

The adult P. cantonensis lives in the pulmonary arteries of rats. 
Unsegmented ova are discharged into the bloodstream and lodge 
as emboli in the smaller vessels. The first-stage larvae, which hatch 
from these eggs, break through the respiratory tract, migrate up 
the trachea and eventually pass out of the body in the faeces. The 
molluscs Achatina, Agriolimax and Veronicella leydigi act as interme-
diate hosts. Two moults occur in the slug on about the 17th day. 
The slugs are then eaten by rats (R. rattus) and the larvae remain 
in their cast skins until freed in the stomach of the rat by digestion. 
They then pass quickly along the gut as far as the ileum, where 
they enter the bloodstream and congregate in the central nervous 
system some 17 h after ingestion. The anterior part of the cere-
brum is the favourite site and there the third moult takes place on 
the 6th or 7th days, with the final one on days 11–13. Young adults 
emerge on the surface of the brain from days 12–14 and spread 
during the next 2 weeks on the arachnoid surface. From days 
28–31 they migrate to the lungs via the venous system, passing 

through the right side of the heart to their definitive site in the 
pulmonary arteries. The prepatent period in the rat usually lies 
between days 42 and 45.

Parastrongylus costaricensis (Morera and Cespedes, 
1971) (Angiostrongylus costaricensis)

P. costaricensis is larger than P. cantonensis. The male measures 
22 mm  140 mm and the female 42 mm  350 mm, and the 
morphology is similar. The eggs are ovoid and measure 90 m 
long with a thin hyaline shell, and are passed unembryonated.

Superfamily: Trichostrongyloidea

Genus: Trichostrongylus

Trichostrongylus colubriformis (Giles, 1892)  
and allied species

Normally this is a parasite of the upper small intestine of the 
sheep and goat; it is not infrequently found in the duodenum and 
upper jejunum of people in agricultural districts of India, central 
Africa, Egypt, Java, Australia, Japan, Korea and especially in Abadan 
(Iran), where 70% of inhabitants are infected. It has been found 
in Java in scrapings from the duodenum where the adults live with 
head embedded in the mucosa. By a flotation technique the eggs 
of this species can be found in the faeces, together with ancylo-
stomes, fairly frequently in India and Assam.

The females (4–6.5 mm) (Figure III.70A) usually outnumber 
the males. They are very slender and pink with an attenuated 
anterior extremity and the vulva in the posterior quarter. The 
males (4–5  0.07 mm) have a bilobed copulatory bursa and two 
spicules (Figure III.70B). These parasites are found a third to a half 
buried in mucus. When scraped on to a slide they appear as deli-
cate red streaks. When the slide is shaken in saline in a Petri dish, 
they can be seen against a dark background. The adult worms are 
never found in faeces. The mouth is unarmed.

The egg (115  85 m) is relatively large, oval, thin shelled and 
contains a morula when deposited. It is apt to be mistaken for 

Figure III.70 Trichostrongylus colubriformis. (A) Female. (B) Male 
( 25).
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that of Ancylostoma duodenale; it is longer and narrower with more 
pointed ends.

The eggs hatch outside the body; the rhabditiform larvae  
metamorphose into infective filariform in 6 days at 22–25 C  
and can be distinguished from similar stages in Strongyloides and 
Ancylostoma by the bead-like swelling at the tip of the tail. The 
semifilariform third-stage larvae are very resistant to desiccation. 
These enter the body via the skin or mouth, undergoing two 
ecdyses.

T. orientalis (Jimbo, 1914), T. capricola (Ransom, 1907), T. 
probolurus (Railliet, 1896) and T. skrjabini (Kalantarian, 1928) are 
said to be common in man in parts of the world. Other Tricho-
strongylus spp. are occasionally reported in man.

Superfamily: Rhabditoidea

Genus: Strongyloides

Strongyloides stercoralis (Bavay, 1876)

Parasitology

Formerly it was thought that embryos were produced by a para-
sitic, parthenogenetic female, in the absence of a male, but it is 
now known that a parasitic male exists, shorter and broader than 
the female. The oesophagus is characteristic, with a club-shaped 
anterior part and a postcentral constriction and a posterior bulb 
(Figure III.71). Later, two copulatory spicules and a gubernacu-
lum are said to become apparent and, when developed, the adult 
male resembles the free-living form (Figure III.72C). Parasitic 
males are found in experimentally infected dogs but not in 
human infections owing to the fact that they do not invade the 
intestinal wall and so are eliminated from the intestine soon after 
the females begin to oviposit. Although adolescent parasitic 
females may be inseminated, probably the majority are parthe-
nogenetic. This is a process of reversive metamorphosis, in which 
the organism loses the ability of penetrating tissues and remains 
a lumen parasite.

The female (2.5  0.034 mm) (Figure III.72D) tapers anteriorly 
and ends in a conical tail. The mouth has three small lips and 
leads to an oesophagus occupying a quarter of the length of the 
body. The vulva lies in the posterior third. There is a prominent 
uterus containing 50 eggs (50–58  30–34 m), which are laid in 
the lumen of the bowel in an advanced stage of development and 
may occasionally be found in the faeces. They hatch immediately 
to embryos (0.2–0.3  0.013 mm), which have a double-bulb 
oesophagus, and are apt to be confused with the rhabditiform 
stage of Ancylostoma and Necator (Figure III.66B,C). They are 

passed active in faeces and in 3–5 days are converted into free-
living male and female forms, both of which have a rhabditiform, 
double-bulb muscular oesophagus (Figure III.72B). The male is a 
free-living form (0.7  0.035 mm) (Figure III.72C) with the tail 
curved ventrally, two spicules and an accessory piece. The free-
living form of the female measures 1.0  0.05 mm. The vulva lies 
behind the middle of the body. The uterus contains thin-shelled 
eggs, measuring 70  40 m (Figure III.72D).

Copulation between the sexes takes place in faeces. The rhab-
ditoid larvae produced are indistinguishable from those derived 
from the parasitic female. After 3 or 4 days they develop into host-
feeding, mature filariform larvae, which are the infective stage, and 
re-enter the definitive host via the skin or buccal mucosa, as in 
Ancylostoma or Necator, but remain alive in the soil for many 
weeks. The distinguishing feature is that the oesophagus in filari-
form larvae is half the length of the body (Figure III.72E); in 

Figure III.71 Strongyloides stercoralis. Anterior end of the parasitic 
male. b, buccal chamber; sp, buccal spears.

Figure III.72 Life history of Strongyloides stercoralis. (A) Parasitic 
female. (B) Rhabditiform larva. (C) Fully grown male. (D) Fully grown 
female. (E) Fully developed filariform larva ( 30). (After Looss.)
a anus
ago combined anus and genital pore
go genital opening
gp primitive genital organs
i intestine
nr nerve ring
oes oesophagus
ov ovary
rvs rudimentary vesicula seminalis
t testes
ut uterus
vd vas deferens
vs vesicula seminalis
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Ancylostoma and Necator it occupies about a quarter. Filariform 
larvae find their way into the small intestine and develop into 
female parasitic forms. Under unsuitable climatic conditions the 
sexual phase in the faeces may be omitted and rhabditiform 
embryos produced by the parasitic female may develop directly 
into filariform larvae capable of infecting the definitive host 
(Figure III.72E). The larvae of S. stercoralis may be confused with 
those of Rhabditis hominis, a free-living worm that may gain entry 
by accident to the human digestive tract. These larvae measure 
240–360 m in length by 12 mm in diameter and resemble the 
parent worm in shape and structure of the oesophagus and filari-
form larvae of Ancylostoma duodenale. The distinguishing features 
are given in Figure III.73.

Life cycle

There are two stages: parasitic and free-living in soil.

Parasitic stage

1. Filariform (infective) larvae from infective soil penetrate 
exposed skin or the mouth.

2. They may travel to the lungs via the intestine and copulate as 
male and female. Filariform larvae enter the human by pene-
trating the skin or through the mouth, and migrate through 
the lungs to the oesophagus; on arrival in the pulmonary 
capillaries the larvae produce haemorrhages, which form the 
avenue of escape into the alveoli, followed by cellular infiltra-
tion into the respiration passages with output of eosinophil 
cells. The changes result in Strongyloides pneumonitis. These 
develop in 2 weeks.

3. Females, with or without males, enter the mucosa (especially 
of the duodenum) and lay eggs.

4. Eggs hatch and larvae escape into the intestine. They may 
either (a) pass down and be evacuated or (b) become filari-

Figure III.73 Distinguishing features of nematode larvae in the faeces. (A) Strongyloides stercoralis. (B) Ancylostoma duodenale.  
(C) Trichostrongylus colubriformis. (D) Rhabditis hominis.
a anus
mg midgut
bc buccal cavity
nr nerve ring
c cardiac oesophageal bulb
oes oesophagus
cg genital cells
Characteristics Strongyloides Ancylostoma Trichostrongylus Rhabditis
Average size ( m) 225  16 275  17 275  15 240  12
Posterior tip Blunt Sharp Sharp with bead-like 

swelling
Sharp

Buccal chamber at 
tip of head

Shorter than width 
at tip of head

Longer than width 
at tip of head

Longer than width 
at tip of head

Longer than width

Genital primordia Fairly large Small Very small Very small
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form larvae (infective) and re-enter the mucosa or perianal 
skin (autoinfection) and pass to the organs (e.g. lungs).

Free-living stage

Larvae from faeces in soil are either rhabditoid or filariform (infec-
tive). Rhabditoid larvae can either become filariform and invade 
exposed skin, or become male and female and produce rhabditoid 
larvae which continue the cycle indefinitely.

Strongyloides fuelleborni (von Linstow, 1905)

S. fuelleborni is a common parasite of monkeys and apes widely 
spread in human populations in tropical Africa, common in the 
rainforest and sporadic in the savannah, and a similar form  
(S. fuelleborni kellyi) is found in Papua New Guinea. It may be 
identified by prominent vulvar lips and narrowing behind the 
vulva in the free-living females. The prominent oesophagus in the 
free-living stages is also characteristic. The eggs are passed in the 
stools, in contrast to S. stercoralis, and resemble hookworm ova, 
for which they are commonly mistaken.

Superfamily: Oxyuroidea

Genus: Enterobius

Enterobius vermicularis (Linnaeus, 1758) 
(threadworm or pinworm, Oxyuris vermicularis, 
Enterobius gregorii, Hugot, 1983)

This is the only nematode of humans with a double-bulb oesoph-
agus in the adult. It is small and white, its mouth surrounded by 
a cuticular expansion and its skin transversely striated. The male 
is seldom seen and does not migrate like the female. Much smaller 
than the female (2.5 mm), its posterior third is curved spirally and 
its caudal extremity blunt, with six sensory papillae and a single 
spicule, 70 mm (Figure III.74B,C). The female (9–12 mm) has a 
long pointed tail, the anus 2 mm from the posterior extremity, 
and a transverse, slit-like vulva in the anterior fourth of the body 
(Figure III.74A). The gravid female lays eggs in a stream of 10 000–
15 000 in a few minutes and dies when egg-laying is completed.

The egg (50–54  20–27 m) (Figure III.5) has a characteristic 
shape, flattened on one side, and is almost colourless, with a bean-
shaped double-contour shell, which contains a more or less fully 
formed embryo.

Life cycle (Figure III.75)

There is no multiplication of worms inside the body. The eggshell 
is weakened by the digestive juices and the larva breaks out of the 
shell. Soon afterwards it invades the glandular crypts and pene-
trates into the glands and stroma, where it coils up, causing some 
liquefaction of the tissues, but no cellular reaction.

The lifespan of E. vermicularis ranges from 37 to 93 days. As 
soon as the ovary becomes packed with eggs the female worm 
loosens her hold on the intestinal wall and lies passive in the 
faecal stream. The fertilized female migrates out of the anus to 
deposit her eggs in the perianal skin and perineum. The crawling 

of the gravid females produces intense pruritus. After a few hours 
the embryo develops rapidly and attains a length of 140–150 m. 
The egg is ingested, generally as a result of deposits of faeces under 
the fingernails, conveyed to the mouth, and hatches in the  
digestive juices. Liberated larvae after two moults pass from the 
small into the large intestine, where they become mature. The 
whole cycle takes 2–4 weeks. Eggs can be inhaled through the nose 
from infected garments at some distance, and embryonated eggs 
have been found in dust. Damp conditions with minimal ventila-
tion are necessary for survival. The eggs require a 6-h exposure to 
air before they can hatch. E. gregorii may be more abundant than 
E. vermicularis, but rarely looked for, or it may be a juvenile form 
of E. vermicularis.

Superfamily: Trichinelloidea

Genus: Trichuris

Trichuris trichiura (Linnaeus, 1771) (Trichocephalus 
dispar, whipworm)

The male (30–45 mm) (Figure III.76A) has an anterior attenuated 
portion, containing the cellular oesophagus, which is half as long 
again as the thicker posterior portion. The caudal extremity is 
curved ventrally through 360  and there is a single spicule in the 
sheath, studded with spines (Figure III.76C).

The female (30–35 mm) (Figure III.76B) has an anterior atten-
uated portion, twice as long as the posterior half, which is occu-

Figure III.74 Enterobius vermicularis. (A) Female. (B) Male,  
(C) Caudal extremity of male ( 12).
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Figure III.75 Life cycle of Enterobius vermicularis.

Figure III.76 Trichuris trichiura. (A), Male partly embedded in the 
mucous membrane of the intestine. (B) Female. (C) Copulatory 
apparatus, greatly magnified ( 3). a, posterior extremity of body; s, 
spicule; sh, sheath.

pied by a stout uterus, tightly packed with eggs. A sacculate tubular 
ovary runs forward from the posterior end for over half the thick 
part of the body. Females preponderate over males in a proportion 
of over 400 to 1.

The egg (50  22 m) is brown and has a characteristic barrel 
shape and a single shell with a plug at each end. It contains an 
unsegmented embryo (Figure III.5).

The worm is greyish-white or slightly pink and lives in the 
caecum where it maintains its position by transfixing a superficial 
fold of mucous membrane with its slender neck, and lying embed-
ded in mucus between the intestinal villi.

Life cycle (Figure III.77)

Infection is spread chiefly by stale faeces. The egg is unsegmented; 
embryonation takes at least 21 days. It can withstand a low tem-
perature owing to its thick shell. Moisture is necessary and it 
cannot withstand desiccation. Development is direct. The embryo 
hatches only when the egg is swallowed: the eggshell is digested 
by the digestive juices, the larva emerges in the small intestine, 

Trichuris trichiura
(Whipworm)

Human
infected by
ingesting

larvae

Adult worm
in caecum of human

Eggs
(non-infective

passed in faeces)

Eggs
develop into

infective
larvae

Larvae
contaminate

water vegetables
and other food

Figure III.77 Life cycle of Trichuris trichiura.
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penetrates the villi where it develops for a week and re-enters the 
lumen. It then passes to the caecum or colorectum, where it 
attaches itself to the mucosa and becomes adult.

Trichuris suis of the pig, with eggs that are indistinguishable 
from those of T. trichiura, has been transmitted to a human in an 
experiment in which 1000 infective eggs were swallowed. The 
volunteer had no symptoms, but eggs appeared in the faeces in 
about 60 days and continued to be excreted for at least 10 weeks 
after maturation. T. suis may therefore be a cause of trichuriasis in 
humans, especially if in contact with pigs.15

Genus: Calodium

Calodium hepaticum (Bancroft, 1893)  
(Capillaria hepatica, Trichocephalus hepaticus, 
Hepaticola hepatica)

Calodium hepaticum is a parasite of the liver of the rat. The adult 
worms are very similar to Trichuris; the female measures 2  10 mm, 
the male being half as long. The eggs resemble those of T. trichiura 
but have an outer shell that is distinctly pitted and measures 
51–67.5  30–35 m. It has a direct life cycle like that of  
Trichuris.

Genus: Paracapillaria

Paracapillaria (Crossicapillaria) philippinensis 
(Chitwood et al., 1968) (Capillaria philippinensis)

The adult worms resemble C. hepatica. The male worm measures 
2.1–3.7 mm in length and the female worm 2.6–4.9 mm. The eggs 
measure 45  21 m and are of two types: one typical biopercu-
late, with a thick shell resembling a Trichuris ovum which is passed 
out in the stool unembryonated, and the other atypical, with a 
thin shell and embryonated, resembling a Strongyloides ovum.

Life cycle

The typical eggs pass out in the stool where they are taken up by 
an intermediate host (small fish) in which they hatch and localize 
in the mucosa of the small intestine. The atypical eggs hatch in 
the host’s intestine and the larvae reinvade the intestine giving rise 
to intestinal autoinfection.

Genus: Trichinella

Trichinella spiralis (Owen, 1835)

Trichinella spiralis (Figure III.78) is a white worm, just visible to 
the naked eye, which inhabits the small intestine. The male 
(1.6  0.04 mm) has a cloaca situated posteriorly between two 
caudal appendages and two pairs of papillae. The female (3–
4  0.06 mm) has a vulva in the anterior fifth, an ovary in the 
posterior half, and an anterior portion occupied by a coiled uterine 
tube. The anus is terminal. Normally the female lives for 30 days 
and produces 1500 or more larvae which measure 100  6 m.

Life cycle (Figure III.79)

The egg (20 m in diameter) lies in the upper uterus, but the 
embryo soon breaks out from the shell and lives free in the uterine 
cavity.

The larvae are shed mainly into the lymphatics and blood-
stream, reaching all parts of the body and encysting.

The cyst (Figure III.80) is formed by a larva encapsulated by 
the host tissues. The capsule is an adventitious ellipsoidal sheath 
with blunt ends which results from round cell and eosinophilic 
infiltration round the tightly coiled larva. The long axis parallels 
that of the muscle fibres. Host amino acids can be transferred into 
the cyst and converted into larval protein so that an encysted larva 
remains viable for many years.

When consumed by a carnivorous host, the cysts are digested 
in the stomach and, after excysting, the larvae invade the duodenal 
and jejunal mucosa and develop through four ecdyses into adult 
males and females, which then enter the lumen of the bowel. Later 
they re-enter the mucosa and penetrate the villi, even reaching the 
mesenteric glands. Larviposition takes place over a period of 4–16 
weeks or more. The larvae are carried through the right heart and 
lungs to the arterial circulation which they reach between day 9 
and day 13, finally reaching the striated muscles where they 
encyst.

The number of recognized species of Trichinella has increased 
recently; they have been distinguished by morphological and 
molecular characteristics as well by geography and ecology, and 
include:

Figure III.78 Female and male Trichinella spiralis ( 45).
embr embryos ov ovary
go genital opening t testes
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1. T. spiralis (Owen 1835): cosmopolitan; involving wild and 
domestic pigs and predators-domestic dog, cat, also bear and 
racoon.

2. T. nelsoni Britov and Boev 1972: Africa; involving pig, bush-pig, 
wart-hog and predators – dog, fox, wolf, hyena, leopard, 
lion.

3. T. nativa Britov and Boev 1972: arctic and subarctic America, 
Asia and Europe; probably involving wild-boar and pigs and 
predators – walrus, seal, polar bear, fox.

4. T. pseudospiralis Garkavi 1972: cosmopolitan; infecting 
mammals (marsupials, raccoon-like dog, raccoon, pig, bandi-
coot rat) and birds.

5. T. britovi Pozio, La Rosa, Murrell and Lichtenfels 1992: Palaearc-
tic; involving rodents, insectivores, wild and domestic canids 
and felids, mustelids, bears, pigs, raccoon-like dog.

6. T. papuae Pozio, Owen, La Rosa, Sacchi, Rossi and Corona 
1999: Papua New Guinea; involving domestic and wild pigs 
and crocodiles, recently reported in humans.

7. T. murrelli Pozio and La Rosa 2000: Nearctic; involving bears, 
raccoon, fox, coyote and bobcat, fatal human infections in 
France due to imported horse.

8. T. zimbabwensis Pozio, Foggin, Marucci, Rosa, Sacchi, Corona, 
Rossi, and Mukaratirwa 2002: Zimbabwe, Mozambique,  
Ethiopia; involving crocodiles and monitor lizards, experi-
mentally in mammals, not yet in humans.

Superfamily: Filarioidea

This group includes spirurate filiform nematodes adapted to 
inhabit the deeper tissues, such as the circulatory, lymphatic and 
connective tissue layers. Some insect intermediate host is neces-
sary to complete their development.

Genus: Wuchereria

Wuchereria bancrofti (Cobbold, 1877)  
(Filaria bancrofti)

Parasitology

Adult filaria

This is a thread-like white worm found in lymphatic vessels and 
glands. The sexes are coiled together and can be separated with 
difficulty. The cuticle is adorned with small cuticular bosses.

The male (40  0.1 mm) is coiled with a corkscrew-like tail and 
two spicules, the larger of which measures 500 m. The smaller 
spicule (300 m) is grooved on its ventral aspect. There is a short, 
thick proximal and a whip-like distal portion, ending in a hook, 
and 15 pairs of minute sensory caudal papillae (Figure III.81A,B). 
A saddle-shaped thickening of the cuticle on the posterior wall of 
the cloaca forms a shield, and there is an accessory piece peculiar 
to W. bancrofti. There are 12 pairs of circumanal papillae of which 
eight are preanal and four postanal in position. There are also two 

Adult worm
in small intestine

of rat
liberates larvae

which encyst in muscle

Infested flesh of rat
and offal eaten by

pig, another rat
and occasionally

bear

Pork (occasionally bear meat)
eaten by human.

Larvae produced, enter
systemic circulation and
encyst only in muscle

Liberated rodent larvae
become adult worms in pig.
Fertilized female produces

larvae which encyst
in flesh of pig

Encysted
larva

Figure III.79 Life cycle of Trichinella spiralis.

Figure III.80 Encysted larva of Trichinella spiralis 15 days after 
entering muscle ( 300).

Figure III.81 Wuchereria bancrofti. Magnified. (A) Tail of male.  
(B) Head and neck. (C) Tail of female.
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pairs of large sessile papillae and at the tail a solitary pair of 
minute size. The female (80–100  0.2–2.8 mm) has a tapering 
anterior end with a rounded swelling (Figure III.82). There are 
sessile papillae on the head and an oral aperture leading to a 
cylindrical oesophagus. The mid-intestinal tube is one-third to 
one-fifth of the total diameter and opens into the rectum posteri-
orly. The caudal extremity is narrow and abruptly rounded (Figure 
III.81C). The vulva is 0.8 mm behind the anterior extremity. A 
swollen vagina (0.25 mm in length) leads into the uterus, which 
divides into two tubuli, which are much coiled, occupying the 
greater portion of the body with a diameter three times that of the 
mid-intestine (Figure III.82). Two ovaries and ducts extend to 
within 1 mm of the tail.

The eggs lie in the upper uterus enclosed in a chorionic mem-
brane, which becomes a sheath to the living embryos (microfi-
lariae) (Figure III.83). They are emitted by the viviparous female 
and travel via the lymphatics into the bloodstream, whence they 
are abstracted by various species of mosquito. Their size in the 
distal part of the uterus is 38  25 m, but as they are pushed to 
the vagina they become more elongated. The microfilaria develops 
from an oval egg and measures at first 216 m. The embryo often 
lies curled up in its shell which becomes lobed, resembling a 
Dutch twist or pretzel.

Microfilaria

The microfilaria (280  7 m) (Figures III.84, III.85 and III.93 
below) in the living state appears structureless. With higher mag-

nification the entire microfilaria is seen to be enclosed in a sheath 
that is longer than the enclosed microfilaria and stains pale mauve 
with Giemsa, in contrast to microfilaria of Loa loa, the sheath of 
which does not stain with Giemsa. In this sheath it can move 
backwards and forwards and the collapsed portion trails after the 
head or tail. The sheath has been the subject of controversy. It is 
generally held to be the outstretched vitelline membrane but in 
the microfilariae of Litomosoides sigmodontis of the cotton rat it has 
been found that a true larval sheath is developed during its sojourn 
in the blood. In the middle third is some granular material or 
primitive gut (Innenkörper). There is transverse striation of the 
muscular layer throughout. At one-seventh of the length from the 
head there is a break which denotes the nerve ring (nr) and at 
one-fifth of the length there is a triangular V-shaped patch, dem-
onstrated by light staining with dilute haematoxylin, known as 
the ‘anterior V spot’, or the excretory pore and excretory cell (ep 
and ec). A short distance from the tail a second pore represents 
the anus, cloaca or terminal part of the primitive alimentary canal 

Figure III.82 The head of Wuchereria bancrofti, female ( 50).
a mouth
b circumoral papillae
ex excretory pore
int intestine
n nerve ring
oes oesophagus
ov oviduct
ut uterus
v vulva

Figure III.83 Evolution of sheathed microfilaria from the ovum in 
the uterus of the parent worm. The later stages may occasionally take 
place after emission from the vagina.

Figure III.84 Sheathed microfilaria of Wuchereria bancrofti in a blood 
film. Sheath cannot be seen in this picture. (Courtesy of W. 
O’Connor.)
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and is known as the ‘posterior V spot’. Deeply staining cells are 
known as genital cells (g1-g4) (Figure III.85). When stained, the 
body of the embryo is seen to be composed of closely packed cells 
and, by focusing when the movements of the living microfilaria 
have subsided, the head appears to be covered by a delicate 
prepuce. A short fang is from time to time shot out from the 
uncovered cephalic end and suddenly retracted.

Microfilariae pass with difficulty through the peripheral capil-
laries and they are less active in day than in night blood. They are 
capable of movement and of transit from place to place.

Periodicity (Figure III.86)

Microfilariae of W. bancrofti exhibit a nocturnal periodicity in 
certain parts of the world – in India, the West Indies, South 
America, north, West and East Africa, China, Indonesia, Papua 

New Guinea and Melanesia, i.e. they are present in peripheral 
blood in larger numbers during the night than during the day. The 
maximum concentration is from 2200–0200 hours. It occurred to 
Manson that this nocturnal periodicity was an adaptation to the 
habits of night-biting mosquitoes – Culex quinquefasciatus, C. 
pipiens and certain Anophelines. The numbers of the microfilariae 
are influenced by sleeping, and respond to waking and bodily 
activity. By reversing the hours of sleeping and waking, the peri-
odicity is disturbed for 3 days and then reversed to diurnal peri-
odicity. Periodicity can be easily converted by a change in the 
rhythm of day and night, and was found in emigrants from 
Okinawa (127  40  E, 28  30  N) to Bolivia (63  30  W, 17  50  
S) to take 116 days.16 Observations on microfilariae of animals 
(Dirofilaria repens of dog, filaria of American crow and that of 
Malayan monkey, Macaca speciosa) show that they also maintain 
nocturnal periodicity and reversal is easily established. Periodicity 
is probably a quality inherent in the microfilaria itself and persists 
unchanged in transfused blood. This was demonstrated in a 
patient injected with blood containing microfilariae and in whom 
a nocturnal periodicity was maintained for 14 days.

In 1897, Manson had an opportunity of ascertaining that 
during their diurnal absence from the peripheral circulation the 
microfilariae retire principally to the larger arteries and to the 
lungs where, during the daytime, they may be found in enormous 
numbers. Two mechanisms for periodicity have been suggested: 
alteration in oxygen tension of the blood and phototaxis on the 
part of the microfilariae.

Considerable light has been shed upon the mechanism of peri-
odicity in general by the discovery of a non-sheathed microfilaria 
in a monkey (Macaca speciosa). In this animal, as in humans, the 
curve of microfilarial density in the venous blood follows closely 
that of the capillary blood. An increase of microfilariae in the 
blood at night is due to the periodic liberation from accumula-
tions in the small blood vessels of the lungs.

Hawking and McFadzean17 proved that the microfilariae of  
W. bancrofti are affected by the oxygen concentration in inspired 
air and by muscular exercise. The periodicity of W. bancrofti and 
Brugia malayi may depend on changes in the difference of oxygen 
tension between venous and arterial blood by day and night. 
During the daytime the microfilariae accumulate in the lungs 
where the oxygen tension is high. They manage to hold them-
selves in the pulmonary capillaries by some force that is increased 
by the rise in the oxygen tension and decreased by its fall. This 
force seems to be switched on and off every 12 h by an unknown 
mechanism inside the microfilariae.18 A curious agglutinative phe-
nomenon has been described following the injection of antico-
agulant (heparin) to the drawn blood. Intravenous injection of 
heparin during daytime releases microfilariae of W. bancrofti into 
the peripheral blood for a short period. It is presumed that micro-
filariae gather together in the capillaries and other vessels of the 
lung during their absence from the peripheral blood by the power 
of agglutination and thigmotaxis. A different mechanism for peri-
odicity has been suggested,16 in which the microfilariae possess a 
photosensitive substance containing a vitamin A-like carotenoid, 
similar to visual pigments in fluorescent granules in the epidermis, 
which causes them to leave the peripheral circulation in daylight 
and collect in the lungs. Periodic microfilariae possess numerous 
granules, in contrast to subperiodic and aperiodic forms, which 
have few or none.

Figure III.85 Morphology of microfilaria of Wuchereria bancrofti.
ap anal pore
cs cephalic space
cuts cuticular striations
cv central viscus
ec excretory cell
ep excretory pore
g1–g4 ‘genital cells’ of Rodenwaldt
nr nerve ring
sh sheath
sp spicule and prepuce
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A general anaesthetic does not affect the periodicity of W.  
bancrofti but markedly reduces the numbers of L. loa microfilariae 
in the peripheral blood.18

Formerly it was thought that nocturnal periodicity was uni-
formly observed by the microfilariae of W. bancrofti the world over, 
but in 1896 it was demonstrated that in Tonga and Fiji the micro-
filariae were abundant in the blood both by day and by night; 
those in the western Pacific, the Solomon Islands, Papua New 
Guinea and Bismarck Archipelago are nocturnally periodic, but in 
New Caledonia the microfilariae are non-periodic. The demarcat-
ing line between the two (Buxton’s line) lies in longitude 170 E 
and this also coincides with the distribution of malaria. To the 
west of this line there are Anopheles and malaria; to the east there 
is neither. It was originally demonstrated that in immigrants in 
Fiji from India and the Solomon Islands these microfilariae main-
tain their nocturnal periodicity among the non-periodic Fijians 
but, if they and the Europeans also contract the infection in Fiji, 
the microfilariae are non-periodic. An attempt was made to explain 
this anomaly by the day-biting habits of the mosquito’s interme-
diate hosts, Aedes scutellans pseudoscutellaris and Ae. s. polynesiensis, 
which have a regional distribution in the Pacific corresponding to 
that of the non-periodic filariae. As the microfilariae remain true 
to type after transfusion, it was suggested that they are the progeny 
of a parent distinct from W. bancrofti: this has been named W. 
bancrofti var. pacifica. The microfilariae of both varieties are mor-
phologically indistinguishable. The non-periodic Pacific type in 
Fiji differs from that of periodic African W. bancrofti in that 
increased oxygen content of the blood brings about a slight rise 
in the microfilarial count.

Periodicity is a biological rhythm inherent in the microfilariae 
but influenced by the rhythm of the host, which itself is influenced 
by the changes in body temperature that occur every 24 h.

The two forms of B. malayi from Malaysia exhibit different 
periodicities which correspond with the biting habits of their chief 
vectors. Therefore, attempts have been made to see whether it is 
possible to change periodicity by feeding mosquitoes by day on a 
nocturnal periodic infection and transmitting the few filarial 
larvae that develop in them to experimental animals. Thus, when 
a human infection was transmitted to a cat it was found that the 
nocturnally periodic microfilariae became semiperiodic. By alter-
ing the feeding time and selective breeding of mosquitoes, succes-
sive transmission experiments have shown that it is possible to 
change the periodicity of the mosquito-filarial complex in a rela-
tively small number of generations.

Life cycle (Figure III.87)

The life cycle was first worked out by Manson in Culex quinquefas-
ciatus in China in 1878. Within 1 h of entering the mosquito’s 
stomach the microfilariae cast the sheaths and bore through the 
stomach wall. At this stage the microfilariae may be damaged by 
the buccopharyngeal armature of the mosquito, which may 
explain the differing infection rates of these vectors.19 At the end 
of an infective feed the embryos collect at the anterior end of the 
stomach and then enter the anterior cylindrical portion of the 
midgut. Forward transportation is effected by reversed peristalsis 
until they are distributed over the whole of this cylinder. At the 
end of 16 h they form a writhing mass behind the valve, which 
prevents their progress into the foregut. The proboscis of the mos-
quito exerts positive chemotaxis upon microfilariae. Therefore 
vector female mosquitoes can abstract more embryos than would 
be present in a similar quantity of circulating blood. The mosquito 
abstracts 1 mm3 of blood at each feed and, in so doing, concen-
trates the embryos tenfold. They next enter the thorax, where they 

Figure III.86 Filariasis due to Wuchereria bancrofti, showing 
nocturnal periodicity.
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lie between the muscular fibres of the indirect or fibrillar flight 
muscle of the thorax and pharyngeal muscle of the head of the 
mosquito (Figure III.88).20 Within 2 days they increase in girth, 
the ‘posterior V spot’ (or anal pore) enlarges, and the excretory 
vesicle becomes more prominent. By rapid nuclear proliferation, 
the larval filaria now assumes a squat ‘sausage’ form, the tail 
shrinks and is then absorbed (Figure III.89). Mouth and oesoph-
agus are apparent from the fifth day onwards. The g2 and g3 cells 
(Figure III.85) divide several times and give rise to a column of 
cells which form the mid-intestine (large gut). The posterior intes-
tine (rectum) is formed from four cells derived from the g4 cell. 
The genital primordium is formed from the g1 cell.

When the larva is 0.5 mm in length, a bulbar oesophagus 
appears at the first and second fourths of the alimentary canal. 
Now elongated and worm-like, the larva moves sluggishly about. 
Three caudal papillae develop which function in progression and 
facilitate penetration of human skin (Figure III.90). About the 
10th day (in favourable circumstances) the larval filaria, 1.4 mm 

long, travels forward into the head of the mosquito where it coils 
up and enters the proboscis sheath (Figure III.91), but occasion-
ally it may penetrate into the abdominal cavity and legs. Two or 
more ecdyses take place. At high temperatures and in moisture, 
the complete cycle occupies 10–14 days but it is retarded to 6 
weeks by cold. Sometimes the larvae die in the thoracic muscles 
and are enclosed in chitin, producing a curious mummy-like struc-
ture. When an infected mosquito bites a human, the larvae, 
attracted by warmth, break through the terminal portion of the 
proboscis sheath in the ligula at the central point of ‘Dutton’s 
membrane’, wriggle out on to the skin, which they penetrate near 
the seat of the puncture caused by the stylets of the mosquito. A 
list of vectors is given in Appendix IV.

In the human host, the infective larvae pass through the periph-
eral blood vessels to the lymphatics where they become mature 
in an estimated period of 3 months to 1 year. The human is the 
only known definitive host.

In view of the fact that considerable confusion has been  
generated by the discovery of larval filariae in wild-caught mos-
quitoes, in the course of surveys upon the natural infection rate it 
has become necessary to differentiate between the larval charac-
teristics of human and allied species of animal origin. It has to be 
realized that the filariae of some animals, fruit bats and birds 
develop in species of mosquitoes that normally transmit human 
filariasis.

The infective larva of B. malayi is 1–2 mm in length and has 
three poorly defined caudal papillae; that of B. patei is about the 
same length and has a marked dorsal protuberance resembling a 
dog’s head, in lateral position. The larva of Dirofilaria corynodes of 
monkeys (Cercopithecus and Colobus) from Aedes pembaensis has 
the typical cigar-shaped tail but less pronounced narrowing 
between the anus and the extremity, with three small papillae. The 
larva of D. repens of the dog and cat resembles the foregoing but 
with only one terminal papilla: it develops in Aedes aegypti, Ae. 
pembaensis and Mansonia africanus; that of D. immitis of the dog, 
from Ae. aegypti and Culex quinquefasciatus, cannot be distinguished 
from that of D. repens. The larva of Setaria equina of the horse, 
mule and donkey in Ae. aegypti, Ae. pembaensis and Culex quinque-
fasciatus is about the same length but can easily be distinguished 
by one large terminal papilla and two subterminal ones, looking 
like little ears. Distinguishing features are illustrated in a key by 
Nelson.21

Adult worm
in lymph nodes

Larvae migrate
to lymphatics

Microfilariae leave mosquito
by penetrating Dutton’s membrance

and enter skin punctured by proboscis

Gravid female liberates
       larvae        which reach
peripheral       bloodstream

Mosquito bites human and ingests
blood with several
larval microfilariae Microfilariae undergo

         metamorphosis in
         mosquito (6–20 days)

Figure III.87 Life cycle of lymphatic filariasis (Wuchereria bancrofti).

Figure III.88 Section of the thoracic 
muscles of Aedes pseudoscutellaris. Left: The 
second day after feeding on a filaraemic 
patient. Right: The second week after feeding 
on a filaraemic patient.
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Wuchereria bancrofti var. pacifica (Manson-Bahr, 1941)

It has been suggested that the filaria found in the central and 
southern Pacific might be a separate species. As far as can be 
ascertained, embryos (microfilariae) are morphologically identical 
to those of W. bancrofti. Certain small differences have been noted 
in the adult morphology. The average length is smaller: females 
58 mm, males 27 mm. The tail of the female lacks the bulbous 
swelling that characterizes those from Guyana. The anterior end 
of the Fijian specimens is oval in outline.

Microfilariae in Polynesians (Fiji, Samoa, Tonga, Cook Islands, 
New Caledonia) are non-periodic. In these islands, as well as in 

Tokelau, Wallis, Ellice, Gilberts, Marquesas and those beyond 
‘Buxton’s line’ (longitude 170 E), they do not exhibit nocturnal 
periodicity but occur in equal numbers in the blood by day and 
night. Development of this filaria is confined to mosquitoes indig-
enous to the South Pacific islands of the Aedes kochi, Ae. vigilax and 
Ae. scutellaris groups which are adapted to coconut palms and bite 
by day (see Appendix IV). The non-periodic microfilaria does not 
develop readily in C. quinquefasciatus, which is the optimum host 
for the nocturnally periodic W. bancrofti.

Genus: Brugia Buckley, 1959

The genus Brugia contains seven representatives which may  
be found in man: B. malayi (Brug, 1927), B. pahangi (Buckley  
and Edeson, 1956), B. beaveri Ash and Little, 1964, B. ceylonensis 
(Jayawardene, 1962), B. guyanensis Orihel, 1964, B. tupaiae  
Orihel, 1966 and B. timori Partono et al., 1977.22

Brugia malayi (Brug, 1927)

Distribution

This is the common form in Malaysia, Indonesia, Timor, central 
India, Sri Lanka, south China, Korea, Indo-China and Koshima 
Island (Japan). It has not been found in Africa, America, Australia 
or the Pacific Islands. B. timori is found in Timor and islands in 
south-east Indonesia (Sunda group).

Parasitology

The adults are practically identical to W. bancrofti in nearly all 
characteristics; the females are indistinguishable. The female mea-
sures 80–100 mm in length by 0.25 mm. The vulva is situated 
0.92 mm from the anterior extremity. The caudal end is bluntly 
rounded. The male is 22–23 mm in length by 0.1 mm in diameter. 
The posterior extremity has about three turns and the anus is 
0.1–0.14 mm from the tip of the tail. One pair of large papillae 
are just in front of the cloaca and one behind. There are also two 
smaller pairs. There is a small naviculate gubernaculum and two 
spicules which are unlike in size and structure: the longer is 0.34–
0.36 mm, the shorter 0.11–0.12 mm in length. There are morpho-
logical differences in the microfilariae and the mosquito 
intermediate host is distinct – Mansonia annulifera. It is identical 
with the microfilaria of the ‘kra’ monkey (Macaca irus) which is 
transmitted by the same mosquitoes. It is common in domestic 
dogs and cats in Malaysia and has been found also in the slow 
loris (Nycticebus coucang), the banded leaf monkey (Presbytis 
melalophos) as well as in the pangolin (Manis javanica).

The microfilaria of B. malayi was first discovered by Lichtenstein 
in Celebes and studied further by Brug in 1927. Brug and de Rook 
found natural infection in the mosquitoes Mansonia longipalpis 
(also known as dives) and M. annulata.

Although the human form of B. malayi is common in dogs and 
cats in Malaysia and Indonesia, there is a species, B. pahangi, that 
is confined to these animals and has distinctive morphological 
characteristics.

The human form of B. malayi can be transmitted to cats by the 
bite of Mansonia longipalpis. The period of full development of the 
adult filaria in this animal is about 65 days before microfilariae 

Figure III.89 Stages of the larval forms of Wuchereria bancrofti from 
the thoracic muscles of Culex quinquefasciatus ( 150).

Figure III.90 Larval filaria from the proboscis sheath of Aedes 
pseudoscutellaris. (A) Terminal papilla. (B) Postanal papilla.

Figure III.91 Wuchereria bancrofti in the head and proboscis of the 
mosquito.
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appear in the blood. The adult forms recovered from the cat cor-
respond to the descriptions of B. malayi in humans. B. patei micro-
filariae have been found in cats in Orissa, India, and in dogs and 
genet cats in Pate Island, Kenya. The nocturnal periodic form in 
Malaysia does not develop well in cats and is transmitted by 
species of Anopheles and Mansonia. A semiperiodic form occurs in 
humans and commonly in cats, in freshwater swamps and forest. 
It is transmitted by Mansonia annulata and M. uniformis.

Microfilaria B. malayi has a nocturnal periodicity like that of W. 
bancrofti or may be semiperiodic. It is nocturnal on the west coast 
of the Malaysia peninsula but non-periodic in the Huantan district 
on the east coast. It measures 200–250  5–6 m. Its chief points 
of distinction are the elongated nucleus at the top of the tail and 
the absence of nuclei in the cephalic space (Figures III.92, 
III.93).

Table III.9 summarizes the main points of distinction between 
the microfilariae of B. malayi and W. bancrofti, and Figure III.93 
(with key) shows the differences in the microfilariae of medical 
importance.

Life cycle

The most favoured mosquito intermediate hosts belong to the 
genus Mansonia, which are crepuscular or nocturnal feeders. 
Development in the mosquito is similar to that of W. bancrofti but 
more rapid, in 6–8½ days. Difficulties have been encountered in 
Malaysia in distinguishing larval forms of ornithofilariae of birds 
from those of human B. malayi in the routine dissection of  
mosquitoes.

The larval forms of B. malayi in Mansonia undergo two ecdyses. 
The buccal cavity is formed from the cephalic space; the oesopha-
gus from the nuclei of the anterior part of the nuclear column; the 
rectum and anus from the four G cells of Rodenwaldt and the anal 
pore. The premature genital pore mass is derived from the nuclei 
of Innenkörper and the muscles of the body wall from the ‘sub-
cuticular cells’ of Rodenwaldt. The tail of the microfilaria, with its 

Figure III.92 Comparative morphology of the microfilariae of 
Wuchereria bancrofti (right) and Brugia malayi (left).

two nuclei (terminal nucleus in the tail; Figure III.94), is shed with 
the first moult. As in the case of W. bancrofti, the larva, when in 
the thoracic muscles, feeds by absorbing food through the cuticle. 
It does not feed at the expense of these muscles, as has been 
stated.

Brugia timori Partono, Purnomo, Dennis, 
Atmosoedjono, Oemijati and Cross, 1977

The adult male B. timori differs from other Brugia spp. (except B. 
malayi) in having a spicular ratio of 3 : 1; it differs from B. malayi 
in having greater numbers of subventral adanal papillae (up to 
five on each side) which are loosely spaced and irregularly posi-
tioned about the cloaca, a greater diameter of the capitulum of 
the left spicule and greater length of the proximal section of the 
right spicule. The adult female has an ovejector of greater length 
and width than that of B. malayi. Microfilariae typical of the B. 
timori are longer than other Brugia spp., length:width cephalic 
space ratio of 3 : 1 and a sheath that does not stain bright pink 
with Giemsa.23 The vector is Anopheles barbirostris.

Figure III.95 shows the differences between Wuchereria and 
Brugia forms of filaria.

Genus: Onchocerca

Onchocerca volvulus (Leuckart, 1893)

Parasitology

The body is white and filiform, tapering at both ends. The head 
is rounded. The cuticle is marked by transverse ridges and raised 
with prominent angular and oblique thickenings, more distinct 
posteriorly. It is usually found in nodules but can reproduce 
outside them (Figure III.96). The male (2–4 cm  0.2 mm) has a 
straight alimentary canal ending in a subterminal anus. The tail 
ends in a slight spiral and is bulbous at the tip. There are two pairs 
of preanal, two postanal, an intermediate large papilla and two 
unequal spicules (82 m, 77 m) protruding from the cloaca 
(Figure III.97); the former has a fluted end and the latter a narrow 
neck and knob. The female normally measures 60–70  0.4 mm 
but is often smaller, 35–40 mm. The head is round and truncated 
(0.04 mm), the vulva 0.85 mm from the anterior extremity, and 
the tail curved. Cuticular striations are not so marked as in the 
male and the presence of two striae in the inner layer of the cuticle 
is a distinguishing feature of Onchocerca in tissue sections.24 
Usually males outnumber females by two to one (four males and 
two females in each tumour). The female is ovoviviparous and the 
egg has a striated shell with a pointed process at each pole (like 
an orange wrapped in tissue paper) measuring 30–50 m in diam-
eter. The microfilariae (300  8 m) are sheathless and are found 
in the fluid of the nodule cavity and in the surrounding skin. The 
body tapers from the last fifth and ends in a sharply pointed, 
recurved tail (Figure III.93,1). In the anterior fifth is a marked 
anterior ‘V spot’. The cephalic cone is thickened at the commence-
ment of the nuclear column. This microfilaria is non-periodic; it 
is found in skin in the femoral, inguinal and cervical lymph 
glands, and in the expressed juice of ‘tumours’ but sometimes in 
blood (2%) and also in urine. It is also present in the skin of 
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Figure III.93 Microfilariae of medical importance. (Courtesy of D. A. Denham.)
Key to microfilariae found in human blood
Method 1. After staining with Mayer’s haemalum
1 (a) Sheath present – 2

(b) Sheath absent – 5

2 (a) Nuclei to tip of tail – 3
(b) Nuclei not in tip of tail – W. bancrofti

3 (a) Two isolated nuclei in tail – B. malayi
(b) Solid column of nuclei in tail – 4

4 (a) Sheath loosely applied, worm over 250 m long – Loa loa (5)
(b) Sheath very small, worm under 250 m long – Meningonema 

peruzzi

5 (a) More than 275 m in length – 6
(b) Less than 250 m in length – M. perstans

6 (a) Cephalic space longer than twice width of body – O. volvulus
(b) Cephalic space about width of body – W. bancrofti (with no 

sheath)

7 (a) Nuclei to tip of tail – 8
(b) Nuclei not to tip of tail – M. ozzardi

8 (a) Tail straight with prominent terminal nucleus – M. perstans

(b) Tail bent into crook shape – M. streptocerca

Notes:
1. The sheath of Loa loa does not stain with Giemsa.
2. Although O. volvulus is normally in the skin, appreciable numbers can be detected in the blood.
3. B. malayi periodic strain usually loses its sheath in blood smears.
4. Any sheathed microfilaria may lose its sheath.
5. The part of the tail of M. ozzardi that is free of nuclei is very fine and may not stain but there is no terminal nucleus as in  

M. perstans.

Method 2. After staining with Giemsa
1 (a) Sheath present – 2

(b) Sheath absent – 3

2 (a) Sheath stained red, nuclei in tip of tail – Brugia spp.
(b) Sheath stained pale mauve, no nuclei in tip of tail – W. 

bancrofti

3 (a) Nuclei not extending to tip of tail – 4
(b) Nuclei to tip of tail – 6

4 (a) Microfilariae about 300 m long – Loa loa (6)
(b) Microfilariae 200–225 m long – M. ozzardi

5 (a) Cephalic space more than 1½ times diameter of head – O. 
volvulus

(b) Cephalic space less than or equal to diameter of head – W. 
bancrofti (with no sheath)

6 (a) Microfilariae at least 260 m long – 7
(b) Microfilariae 200–225 m long – 8

7 (a) Tail with complete column of microfilariae – Loa loa
(b) Tail with two isolated nuclei – Brugia (with no sheath)

8 (a) Tail with prominent nucleus – M. perstans

(b) Tail with crook-shaped bend – M. streptocerca
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widely separated portions of the body in apparently healthy 
people, without producing any nodules or tumours. Microfilariae 
are easily demonstrated in the skin by biopsy. They are often 
associated with eye symptoms in the absence of tumours and, by 
aid of the slit lamp, may be seen in the cornea.

Life cycle

Development takes place in ‘black fly’ or ‘buffalo gnat’ of the 
Simulium damnosum complex in Africa and other Simulium species 
in South and Central America (see Appendix IV). The fly abstracts 
microfilariae from the deeper layers of the skin; they then enter 
the stomach, pierce its walls and pass to the thoracic muscles 
where they undergo further development. During growth two 
moults take place. At the 7th day the larva measures 0.65 mm. 
Development has been traced to the 10th day when the larva 
escapes from the proboscis; Simulium is a day-biting fly (0600–
1800 hours) and 2.6% may be naturally infected. They probably 
attract and then abstract microfilariae by scraping the skin with 
their prestomal teeth.

In the South American form, development is similar to that in 
central Africa, but occurs in Simulium metallicum (avidum), S. 
exiguum, S. ochraceum and S. callidum (mooseri), which are common 
in endemic areas in Central America and other vectors in South 
American foci. Developing larvae are frequently found in the 
abdomen and malpighian tubules of these flies. Two caudal papil-
lae are seen in fully developed larvae, which measure 0.45–
1.14 mm. In Guatemala 11% of Simulium are naturally infected. 
Non-human filariae can occur in Simulium, and a key to their 
identification and distinction from human Onchocerca is given by 
Nelson and Pester.25

Although there are no morphological differences in the various 
geographical forms of Onchocerca, there are at least six different 

Onchocerca-Simulium complexes which have their own clinical and 
biological attributes. Enzyme staining for the presence of acid 
phosphatase was found to show four distinct patterns in microfi-
lariae from West Africa, suggesting that a number of biological 
strains did exist in West Africa.26

Onchocerca gutturosa (Neumann, 1910)

O. gutturosa is a parasite of cattle and has occasionally been shown 
to cause skin nodules in humans.27

Genus: Mansonella

Mansonella ozzardi (Manson, 1897) 
(Tetrapetalonema ozzardi, Filaria ozzardi)

Morphology

The male is 24–28 mm long by 0.07–0.08 mm in diameter. It is 
coiled in one and a half to two turns and has two spicules and 
caudal alae. The female is twice as long, 32.2–61.5  0.13–0.16 mm 
in diameter and has a vulva 0.76 mm from the caudal extremity.28 
The vagina leads to paired uteri filling the body cavity with highly 
coiled ovaries in the posterior part of the body. The adult worms 
live in body cavities embedded in adipose tissues and in the mes-
entery. The microfilariae, which are unsheathed, are 207–232 m 
long by 3–4 m in diameter. The anterior end is round and they 
have an attenuated tail resembling M. perstans, but pointed and 
ending in a hook (Figure III.93,6).

Transfusion experiments have shown that they can live in the 
blood of the recipient for more than 2 years.

Life cycle

There are two forms of M. ozzardi, one in the Caribbean and the 
other in Brazil and Venezuela. The insect vectors are a midge and 
a Simulium. Microfilariae are ingested with blood from a blood 
meal and the larvae migrate within 24 h to the muscles of the 
thorax where two ecdyses occur, and the third-stage infective larva, 

Table III.9 Differentiation between microfilariae of B. malayi and W. bancrofti

Microfilaria malayi Microfilaria bancrofti
General Often found closely folded with head close to tail and 

irregularly disposed with, typically, major curves and 
minor kinks

Usually seen lying with head and tail well separated and 
commonly shows three or four major curves of graceful 
appearance

Nuclei Blurred and intermingled so that they cannot be 
counted easily

Well defined and spaced, and can be counted easily

Tail Tapers to a fine point; continues as a fine thread.
Typically one nucleus at the extremity of the tapered 

portion and two in the terminal thread

Tapers to a point and the terminal portion contains no 
nuclei

Cephalic space Twice as long as broad As long as broad

Excretory pore and cell Separated Close together. A thread of protoplasm runs posteriorly 
from the latter

Anal pore Clear space about 40 m from the tail end

Sheath Well stained Hardly visible

Figure III.94 Developmental stage of Brugia malayi showing the 
terminal nucleus in the tail.
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measuring 0.7 mm in length, migrates forward to the head to 
emerge from the proboscis in 8 days from the time of the infective 
blood meal.

Culicoides furens is a vector in St Vincent and Haiti, C. paraensis 
in Antigua and northern Argentina, and C. phlebotomus in  
Trinidad. In Brazil the main vector is Simulium amazonicum but 
Culicoides insinuatus may also play a part.

Microfilaria bolivarensis

Microfilaria of M. bolivarensis29 has been described in the blood of 
Amerindians in Bolivar state in Venezuela. The microfilaria mea-
sures 256–300  7–8 m and differs from M. ozzardi. It superfi-
cially resembles microfilaria volvulus but has a greater diameter 
and a straighter tail.

Mansonella (Esslingeria) perstans (Manson, 1891) 
(Dipetalonema perstans, Filaria perstans, 
Acanthocheilonema perstans, Tetrapetalonema 
perstans, Tetrapetalonema berghei,  
Dipetalonema berghei)

Parasitology

This organism has a long cylindrical, smooth body and a simple, 
unarmed mouth. The tail in both sexes is characteristic: incur-
vated, with a chitinous covering at the extreme tip split into two 
minute appendages, giving a mitred appearance. The female pos-
sesses four cuticular appendages at the posterior extremity, not 
two as hitherto believed. The male (4.5 cm  0.06 mm) is smaller 

Wuchereria
SILVA ARAUJO, 1877

Brugia
BUCKLEY, 1960

W. bancrofti
(COBBOLD, 1877)

B. malayi
(BRUG, 1927)

B. pahangi
(BUCKLEY & EDESON, 1956)

B. patei
(BUCKLEY, NELSON & HEISCH, 1958)

HUMAN
HUMAN, CAT, MONKEYS,

LORIS, “MUSANG”
CAT, DOG, TIGER, LORIS,

MUSANG, WILD CAT
DOG, CAT, GENET-CAT

EQUATORIAL BELT
INDONESIA, MALAYSIA, INDIA

SRI LANKA, CHINA
MALAYSIA AFRICA

A

B

C

D

E

F

G

0.05 mm

0.05 mm

0.05 mm

10 mm

Culex spp., Aedes spp., Anopheles spp. Mansonioides spp., Anopheles spp. Mansonioides spp., Armigeres sp. Aedes sp., Mansonioides sp.

Figure III.95 Morphological distinctions between 
the genera Wuchereria and Brugia. (A) Definitive hosts. 
(B) Intermediate hosts. (C) Geographical distribution. 
(D) Microfilariae and (inset) tail nuclei of microfilariae. 
(E) Spicules of male, lateral view. (F) Tails of males, 
ventral view. (G) Adult worms, actual size. *Indicates 
experimental infection only. (After Bradley with 
permission from Annals of Tropical Medicine and 
Parasitology.)
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than the female. The head is 0.04 mm in diameter and the cloaca 
has four pairs of preanal and one pair of postanal papillae,  
and two unequal spicules (Figure III.98). The female (7–
8 cm  0.12 mm) has a club-shaped head 0.07 mm in diameter, 
and a vulva situated 1.2 mm from the head. The anus opens at 
the apex of a papilla in the concavity of the curve formed by the 
tail; its diameter is 0.02 mm.

The microfilaria (200  4.5 m) is unsheathed (Figure III.93,7). 
It possesses to a remarkable degree the power of elongation and 
contraction. Therefore the measurements vary considerably. Long 
and short forms (110–90  4 m) have been described. It is 
smaller than that of W. bancrofti or L. loa and its caudal end is 
truncated and abruptly rounded (Figure III.99). The tapering tail 
extends two-thirds of the entire length. The anterior ‘V spot’ is 
30 m from the anterior extremity. There is no marked tail spot, 
no central granular mass, and no cephalic prepuce. It moves freely 
in the blood.

The embryos occur in equal numbers both by day and  
night; according to the self-inflicted experiment of Gönnert,  
this embryo can persist in the recipient for 3 years after blood 
transfusion.

Life cycle

The insect vectors are species of Culicoides. Microfilariae are 
ingested and the larvae penetrate the stomach to develop in the 
thoracic muscles. Within 6–9 days third-stage infective larvae 
0.7 mm long emerge from the proboscis. Prior to emerging 
they cause a globular expansion of the labrum which then  
collapses, allowing the larvae to escape. There is confusion over 
the identity of the vector in Africa; originally it was described 
as C. austeni but it is more likely that C. inornatipennis and  
possibly C. grahami are the vectors. Transmission takes place at 
night.

Mansonella (Esslingeria) streptocerca (Macfie  
and Corson, 1922) (Dipetalonema  
streptocerca, Agamofilaria streptocerca, 
Acanthocheilonema streptocerca)

This sheathless microfilaria is found commonly in the corium of 
the skin but not in the blood of people in Ghana (22 of 50 in 
Accra). It has a wide distribution especially in Cameroon and 
other West African countries.

The microfilaria (Figures III.93,8 and Figure III.100) is 215 m 
in length and is distinguished by the ‘walking stick handle’ of  
the tail extremity and an arrangement of nuclei in the head, and 
four prominent ones in the tail, which has a bifid end30 that  
distinguishes it from the microfilariae of O. volvulus and M.  
perstans.

Figure III.96 Adult Onchocerca volvulus: male on left; female on 
right.

Figure III.97 The caudal extremity of a male Onchocerca volvulus. 
an, anus; p, papillae; sp, spicules.

Figure III.98 The tail of Mansonella perstans, showing two unequal 
spicules and papillae. (After Leiper.)

Figure III.99 Structure of the head of (A,B) microfilaria perstansand 
(C,D) microfilaria bancrofti.
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Life cycle

The vector is Culicoides grahami in which development takes place 
similar to that in M. perstans. Transmission takes place during the 
day.

Microfilariae were found in the skin of 6 of 11 bonobos and 
chimpanzees (Pan paniscus and P. troglodytes) in Zaire. Two adult 
female worms found in the connective tissue were very similar to 
M. perstans. The microfilariae of this species, D. vanhoofi, closely 
resemble those of the latter. The incubation period of M. strepto-
cerca is 3–4 months.

Meningonema peruzzii (Orihel and  
Esslinger, 1972)

Adults are found in the subarachnoid space of Cercopithecus 
monkeys trapped in equatorial Guinea. The microfilariae resemble 
those of M. perstans but have an inconspicuous sheath. This worm 
is the same as that described by Peruzzi in 1928 in monkeys in 
Uganda and causes cerebral filariasis in Zimbabwe.

Genus: Loa (eye worm)

Loa loa (Cobbold, 1864)

Adult Loa loa worms inhabit the subcutaneous connective tissues. 
Diurnal periodic sheathed microfilariae are shed into the periph-
eral blood.

Parasitology

The body is filiform, cylindrical, whitish and semitransparent with 
numerous round, smooth, translucent protuberances of the 
cuticle, 12–16 m in diameter, and 9–11 m above the surface. 
These chitinous bosses are more numerous in females. Their dis-
tribution is irregular. In the male they are absent at the extremities; 
in the female they extend to the tail and also the cephalic end. 
The mouth is unarmed and destitute of papillae; there is no dis-
tinct neck, but a shoulder 0.15 mm from the mouth where there 
are two papillae, one dorsal, the other ventral. The alimentary 
canal commences at a funnel-shaped mouth as a slender straight 
oesophagus, going on to an intestine 65 m wide and a short 
attenuated rectum. The male (3–3.4 cm  0.35–0.43 mm) (Figure 
III.101) has its maximum breadth anteriorly; posteriorly it tapers 
to a tail which is curved ventrally with two lateral expansions of 
the cuticle (0.7  0.029 mm) (Figure III.102B). In the middle, 
0.08 mm from the tail-tip, is the opening of the anogenital orifice 
with two unequal spicules (123–176 m and 88–113 m) sur-
rounded by thick labia. There are four large globular, peduncu-
lated papillae, decreasing in size anteroposteriorly, and a fifth pair 
of small postanal papillae. The female (5–7 cm  0.5 mm) (Figure 
III.103) has a straight, attenuated, broadly rounded posterior 

Figure III.100 Microfilaria of Mansonella streptocerca, showing the 
characteristic curvature of the tail ( 200).

Figure III.101 Male Loa loa ( 10).

Figure III.102 Posterior extremity of Loa loa. (A) Female. (B) Male.

Figure III.103 Female Loa loa ( 10).
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extremity and a vulva 2.5 mm from the anterior extremity placed 
on a small eminence (Figure III.102A). The vagina, 9 m long, 
branches off into long uterine tubes extending through the length 
of the body. At the narrow end are the ovaries with eggs at all 
stages. Reproduction is ovoviviparous; the embryos develop within 
the egg envelope, and uncoil themselves on expulsion from the 
vagina. When dead the adult worm often becomes calcified.

The microfilaria (Figure III.93,4 and 5) is similar in size 
(298  7.5 m) and structure to that of W. bancrofti but its sheath 
does not stain with Giemsa. In fresh blood it may be impossible 
to distinguish them. In dried stained films it assumes a stiff angular 
attitude, the tail end is disposed in a series of sharp flexures, giving 
it a corkscrew appearance, with the extreme tip flexed; the nuclei 
of the central column of cells of microfilaria L. loa are larger and 
less deeply stained, and the cephalic end of the column is more 
abruptly terminated (Figure III.93,2 and 4). By special staining 
methods a large genital cell at the beginning of the posterior third 
constitutes a marked feature. Microfilaria L. loa takes up methylene 
blue (1 in 5000) in 10 min. In microfilaria of W. bancrofti, absorp-
tion it is much slower but it shows up the excretory pore. Micro-
filaria of L. loa may not be found in the peripheral blood early 
after infection. It is strictly diurnal, from 0800 to 2000 hours – the 
reverse of microfilaria of W. bancrofti. Inversion of periodicity takes 
place very gradually as, for instance, when daily observations are 
made on a voyage round the world. The periodicity of microfilaria 
of L. loa is under circadian control by temperature and not by 
oxygen tension as in periodic W. bancrofti.

Life cycle

There are two parallel and sympatric but ecologically separate 
cycles of Loa loa transmission in the West African rainforest. One 
cycle is that of human Loa loa (L. loa loa) which is slightly smaller 
than the simian L. loa and has strictly diurnally periodic microfi-
lariae with day-biting vectors (Chrysops silacea and C. dimidiata). 
The slightly larger simian parasite of drills L. loa papionis has noc-
turnally periodic microfilariae with tree-top Chrysops (C. langi and 
C. centurionis) vectors which feed early in the night.

DEVELOPMENT IN CHRYSOPS (FIGURE III.104)

Microfilariae are taken up with the blood meal and, on entering 
the stomach, the microfilaria casts its sheath in 3 h and, piercing 
the stomach wall, enters the thoracic muscles and fat body of the 
thorax, but principally that of the abdomen. Development is com-
plete in 10 days. In 3 days, it becomes broad and torpedo shaped; 
on the fourth and fifth days the squat form lengthens to 0.8–
1 mm; on the sixth day the corkscrew-like appearance is replaced 
by gentle curves. Then the first ecdysis occurs and the sharp tail is 
replaced by a rounded, trilobed extremity. By the 10th day it mea-
sures 2  0.025 mm and two moults have occurred, and infective 
third-stage forms migrate forward into the head where they accu-
mulate in large numbers, the majority at the root of the proboscis. 
At the next feed they break out of the labium and make their way 
on to the surface of the skin, which they penetrate, and migrate 
along the interfascial planes.

Development of L. loa in Chrysops generally takes 10–12 days 
from the original infecting feed. Chrysops feeds to repletion once 
every 14 days and the gestation period is 12 days. It is a pool 

feeder, straining the blood from the subcutaneous haemorrhages 
caused by its bite.

Superfamily: Dracunculoidea

Genus: Dracunculus

Dracunculus medinensis (Linnaeus, 1758)  
(guinea-worm)

Parasitology

The female is the thickness of a knitting needle and usually  
60 cm in length (60 cm  1.5–1.7 mm; 90 cm is exceptional  
but 120 cm has been recorded). It lives in connective  
tissue and does not harm its host until about to produce its  
young when it exhibits ‘geotropism’, i.e. it is drawn towards earth, 
towards the limbs – to the fingers, if in the arms; to the scrotum 
or penis, if in the abdomen; to the breasts in the female, although 
90% migrate to the legs and feet, especially behind the outer  
malleolus.

The body is cylindrical, white and smooth (Figure III.105). The 
tip of the tail is pointed forming a blunt hook which was formerly 

Figure III.104 Development of Loa loa in Chrysops. ( 30.) 1, Larva, 
24 h old. 2, Fourth day, length 390 m. 3, Fifth day. 4, Seventh day. 
5, Tenth day, third-stage infective larva (2  0.025 mm).

Development in Chrysops
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thought to be used for holding firm in tissues, but this is not 
correct. The head is rounded, terminating in a thickened cuticle 
cap or ‘cephalic shield’. The mouth is triangular, small and  
surrounded by six papillae and an outer circle of four double 
papillae. A lateral pair of cervical papillae is situated behind the 
nerve ring (Figure III.106A). There is a single-bulb oesophagus. 
The secretion from the head glands is very irritating and histio-
lytic. The alimentary canal is small and is thrust to one side by  
the branched uterus. There is no definite anus. The vulva is  
difficult to see and has been discovered only recently as a very 
small tube in the centre of the worm. The whole worm is occupied 
by the double uterus packed with embryos (Figure III.107). The 
coiled uteri, distended by three million larvae, fill the body. There 
is a double ovary and double oviducts at the posterior extremity 
(Figure III.106B). When douched with water, waves of contraction 
force the uterine contents forward, the thickened cuticle gives  
way and the ‘cap’ is blown off. The uterus is extruded up to a 

length of 1.25 cm; this also bursts and the contained embryos are 
shed into the water. The worm dies when its nervous system is 
destroyed. The sinus containing the dead worm easily becomes 
septic, but may coil itself round tendons and, if pulled upon, may 
break. It often becomes calcified and can then be demonstrated 
on radiography.

Males recovered from experimental infections in animals 
measure 15–40  0.4 mm. The male has subequal spicules (490–
750 m long) and a gubernaculum (about 117 m). The posterior 
end is coiled on itself one or more times. There are three to six 
(usually four) preanal and four to six postanal caudal papillae. 
After copulation, the male dies and is absorbed. It lives between 
the muscles of the groin. Copulation probably takes place in the 
deeper tissues.

The embryo (Figure III.108) measures 500–750  17 m and 
shows transverse striations of the cuticle. It is flattened, not cylin-
drical, with a long, slender tail and a rounded head. The alimen-
tary canal has a rudimentary anus and a bulbous oesophagus. 
There are two glands at the root of the tail. In water the embryos 
cannot swim but sink and coil up and release again, moving by 
side-to-side lashing of the tail and tadpole-like movement of the 
body. Abnormal embryos, with prominences on the dorsal and 
ventral caudal surfaces, are not uncommon, but do not survive 
long.

Life cycle (Figure III.109)

In water, they live for 6 days; in muddy water or moist earth for 
2–3 weeks. If slowly desiccated they can be revived by water. They 
are swallowed by Cyclops (Cyclops has a very small mouth). The 
efficient intermediate hosts are Cyclops quadricornis or allied species 
(C. strenuus, C. viridis, C. coronatus, C. bicuspidatus, Mesocyclops 
leuckarti and M. hyalinus) but, in the true tropics, Tropocyclops mul-
ticolor and other species; in south Nigeria it is Thermocyclops nige-
rianus. Jerky movements of the embryos attract Cyclops as a trout 

Figure III.105 Female Dracunculus medinensis. One-third of natural 
size.

Figure III.106 Dracunculus medinensis. (A) Anterior end of female. 
(B) Tail of female. (C) Posterior end of male, ventrolateral aspects 
( 10).
a anus
cs copulatory spicules
p preanal and postanal papillae
ss spicular sheath

Figure III.107 Transverse section of Dracunculus medinensis, showing 
the contained embryos.
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is attracted by a fly. As many as 20 may be found in one crustacean 
but usually they die out when there are more than four (Figure 
III.110). The pointed tail penetrates the gut wall; they then migrate 
into the body cavity and feed on the ovary or testes of the cyclops. 
There is no growth in size but two or three ecdyses take place. The 
tail is absorbed and they become cylindrical and the posterior 
extremity trilobed. Development takes 4–6 weeks but the larva 
may survive for 4 months. When 1 mm in length they acquire a 
simple muscular oesophagus (Figure III.108) and the tail is trun-
cated. This distinguishes the infective stage.

Cyclops is swallowed by humans; in the gastric juice the body 
of the cyclops is dissolved and the larvae become active and burst 
out. The migration of the early stages in the mammalian host has 
been clarified.31 It takes 3–4 months for the full development of 
both sexes. Immature stages were recovered at 43–48 days, while 
undergoing the fourth ecdysis. The route of the larvae from the 
alimentary canal to the subcutaneous tissues of the mammalian 
host takes place via the lymphatic system. The worms reach the 
subcutaneous tissues by day 43. In this situation the sexes live in 
equal numbers and sexual differentiation is distinct, although the 

males have not developed spicules. The final ecdysis takes place 
in the subcutaneous tissues. The adult worm takes exactly 1 year 
to develop.

Superfamily: Spiruroidea

Genus: Thelazia

Thelazia callipaeda (Railliet and Henry, 1910) 
(oriental eye worm)

This nematode is a parasite of the conjunctiva of the dog,  
rabbit and humans in China, Japan, Korea, India, Myanmar and 
European CIS.

The adult is a white thread-like worm (males 4.5–13  0.25–
0.75 mm; females 6.2–17  0.3–0.85 mm). The oral end has a 
chitinized capsule with two circles of sessile papillae. The male 
has a recurved posterior end. The vulva of the female opens  
ventrally in the anterior half of the body. There is a single uterus 
which bifurcates into two ovaries.

The egg is ovoid and measures 60  34–37 m, is hyaline,  
thin-shelled and laid fully embryonated.

A B

Figure III.108 Embryo of Dracunculus medinensis. (A) Side view. (B) 
Front view.
al alimentary canal
blb bulb
gl glands
nr nerve ring
oes oesophagus

Gravid female worm
discharges larvae
into water

Worm migrates in various
tissues for about a year
before adult discharges

larvae through
cutaneous ulcer;

male dies after
fertilizing female

Larva
enters

Cyclops

    Infected cyclops
    swallowed by human
in drinking water

Figure III.109 Life cycle of Dracunculus medinensis.

Figure III.110 Larvae of Dracunculus medinensis in the body cavity 
of Cyclops.

Development in Chrysops
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Life cycle

Dipteran flies are utilized as intermediate hosts. In China Amiota 
variegata was found as a natural and experimental host, but Musca 
spp. were not susceptible to infection.31

Thelazia californiensis (Price, 1930)

T. californiensis has been found in humans in California, the inter-
mediate hosts of which include Fannia benjamini and Musca 
autumnalis.
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Appendix IV Edited by Graham B. White

Medical Acarology and Entomology

Most types of zoological organism (more than 90% of all known 
species) belong to the phylum Arthropoda, having an exoskele-
ton. Arthropods of medical interest belong to three classes: Arach-
nida (ticks, mites, scorpions and spiders; see below), Crustacea 
(crabs, crayfish, copepods, etc.) and especially the Insecta (insects), 
characterized by having the body subdivided as head (with anten-
nae), thorax with legs and segmented abdomen.

TICKS AND MITES

M. G. R. Varma

Class: Arachnida

The arachnids differ from insects by lacking antennae and wings, 
and in having an unsegmented body. During the life cycle, they 
undergo incomplete metamorphosis; the eggs hatch into six-
legged larvae which develop through the nymphal stage to adults. 
The nymphs and adults have four pairs of legs.

Subclass: Acari; Order: Acarina (ticks and mites)

The acarine body is typically composed of an anterior gnathosoma 
or capitulum and a posterior idiosoma. The gnathosoma repre-
sents the head of a generalized arthropod and carries the paired 
palps, which are sensory in function, the paired chelicerae and the 
single, ventrally situated, hypostome, which together make up the 
cutting and bloodsucking apparatus. The idiosoma carries  
the paired legs.

There are about 30 000 species of acarines belonging to more 
than 2000 genera. The mites are usually much smaller than ticks. 
Of the more than 200 families of mite that have been described, 
only a few contain species that affect humans.

Family: Sarcoptidae

Sarcoptes scabiei (itch mite, scabies mite)

Sarcoptes scabiei causes scabies in humans and mange in a variety 
of wild and domestic animals. Scabies mites of dogs and horses, 
which differ physiologically rather than morphologically from 
human scabies mites, can establish themselves briefly on humans 

and cause skin problems similar to scabies. Such infestations are 
usually mild and cure spontaneously. An increased incidence of 
human scabies tends to occur in 15–20-year cycles and the cycling 
is most probably due to changing levels of immunity in the 
human population. Scabies is widespread in the tropics, although 
by no means confined there. It may disappear from one area for 
many years, only to reappear. It is thought that the recent resur-
gence in scabies is due to large population movements, insuffi-
cient or incorrect diagnosis by the medical profession and an 
altered lifestyle among younger persons in the developed Western 
countries, resulting in close personal contact. Infestation levels are 
highest in poorer communities and in children. Even in developed 
countries, infestation in schoolchildren can reach 5%.

The female S. scabiei (0.3–0.4 mm) is bigger than the male 
(0.2 mm) (Figure IV.1).1 The first and second pairs of legs of the 
female and the first, second and fourth pairs of legs of the male 
carry suckers. The surface of the female is covered with fine trans-
verse striations and the dorsal surface bears a number of special-
ized spines and conical setae.

Both males and females make short burrows but it is only the 
fertilized females that make permanent winding burrows in the 
horny layers of the skin, with the female at the end (Figure IV.2). 
The burrows contain faeces and relatively large eggs. The majority 
of mite burrows are found in the interdigital skin, bends of the 
knees and elbows, the penis and the breasts. The eggs hatch into 
larvae which find shelter and presumably food in the follicles. The 
larval stage is followed by two nymphal stages before the adult 
stage is reached. The whole life cycle from egg to egg takes about 
10–14 days, during which there may be a mortality rate of about 
90%. (For clinical features and treatment, see Chapter 19.)

Family: Demodicidae

Demodex (follicle mites)

These extremely small mites, 0.1–0.4 mm long (Figure IV.3), have 
a worm-like transversely striated body with four pairs of stubby 
legs anteriorly. They infest a wide variety of mammalian hosts but 
are highly host-specific. More than one species may occur on the 
same host but in different tissues. For example, D. folliculorum 
lives in the hair follicles of humans and the stubby D. brevis is 
found in the sebaceous glands. The entire life cycle occurs in the 
follicles. In humans, infestations occur mainly in the region of the 
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eyelids, nose and facial area. Infestations are usually higher in 
aged persons, in whom they may reach 100%. Diagnosis is by 
expressing sebum and examining it for mites. Infestations are 
usually benign, but dry erythema with follicular scaling, particu-
larly in the region of the eyelids, may give rise to blepharitis. In 
the facial area there may be granulomatous acne. Gammexane 
(gamma benzene hexachloride) 0.5% in vanishing cream is  
effective.

Family: Trombiculidae

Of more than 1200 described species of trombiculid mite, only 
about 50 are known to attack humans or livestock. Only the 
larvae, popularly known as chiggers, are parasitic on vertebrates. 
They are widely distributed and in many countries, cause a der-
matitis in humans, although not all chiggers cause an itchy  
reaction.

Trombiculid larvae (Figures IV.4, IV.5) normally parasitize 
rodents and birds but, given the opportunity, will feed readily on 
humans. The non-parasitic female lays eggs in damp but well 
drained soil. Typical breeding places are cultivated alluvial river 
banks in Japan, scrub jungle, grassy fields or untended gardens 
with a rank growth of grass and other vegetation.

Life cycle (Figure IV.6)

On hatching, the six-legged larvae, which are creamy-white to 
bright red in colour and 0.25 mm long, ascend grass stems or the 
tips of fallen leaves and wait in clusters until carbon dioxide from 
a passing host activates them. The round or oval-shaped larvae 
have a prominent gnathosoma at the anterior end. The paired 
toothed chelicerae are flanked by stout palps. The penultimate 
segment of the palp has a claw, which can be apposed to the last 
segment. Posterior to the gnathosoma on the dorsal side is a chi-

Figure IV.1 (A) Dorsal view of female Sarcoptes scabiei. (B) Ventral view of Sarcoptes scabiei. (Reproduced from Kettle.1)

Figure IV.2 Burrow of Sarcoptes scabiei with female mite and eggs.

Figure IV.3 Demodex folliculorum, the follicle mite. Ventral view. 
(Reproduced from Kettle.1)
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tinized plate or scutum. The shape of the scutum and the shape 
and disposition of the setae (usually seven) are important charac-
ters in the generic and specific identification of the larvae.

The larvae attach in clusters and start feeding on the host’s 
tissues by partially digesting them with saliva and sucking it up. 
The continual feeding leads to the formation of a feeding tube or 
stylostome at the point of attachment. The most common sites of 
attachment are inside the ears of rodents and around the eyes of 
birds. On humans, they tend to attach where clothing is tight,  
i.e. around the waist and on the scrotum. The larvae do not 
burrow into the skin, nor do they feed on blood, although a few 
blood cells may be ingested. After feeding for several days 
(minimum 3 days), the larvae fall from the host and enter a qui-
escent stage before moulting into nymphs. The eight-legged 
nymphs have a figure-of-eight shape and a dense covering of red 
hairs, which gives them a velvety appearance and the name ‘velvet 
mites’. They are non-parasitic predators and feed on insect eggs or 
small inactive soil invertebrates. The nymph enters a further qui-
escent phase from which the adult moults. The adults are larger 

(about 1 mm long) than nymphs but resemble them in shape and 
habits. The males deposit stalked spermatophores containing 
sperms on the substrate and the females are inseminated by 
walking over them. In tropical regions the life cycle may take 
about 40 days and breeding occurs continuously throughout the 
year. In temperate regions, there is usually only one generation 
per year and the chiggers are seasonal, during summer and early 
autumn.

Chiggers and dermatitis

In parts of the world where the mites are present, persons who 
have been walking in vegetated areas may suffer from a severe 
itchy dermatitis consisting of pustules and wheals, 3–6 h after 
exposure. The sudden appearance of these lesions should suggest 
attack by chiggers.

Neotrombicula autumnalis is the harvest mite, ‘aoutat’ or ‘lepte 
autumnal’ of Europe. The larvae normally parasitize voles, rabbits 
and hares as well as ground-frequenting birds, and are active in 
summer and early autumn – hence the name ‘harvest mite’.

Eutrombicula alfreddugesi, the common American chigger, feeds 
readily on humans and is also known as ‘thalzahuatl’ and ‘bicho 
colorado’. It extends from continental USA to South America and 
is most abundant in second-growth, cut-over areas. Humans are 
frequently attacked although the usual hosts are domestic and 
wild animals and birds.

Eutrombicula batatas ranges from the warmer southern states of 
the USA to Central and South America. It is not a serious pest of 
humans in the USA but commonly attacks people in Panama and 
other tropical areas of its distribution.

Chiggers and scrub typhus

The vectors of scrub typhus (caused by Rickettsia tsutsugamushi) are 
trombiculid mites. The larvae usually infest rodents (Rattus spp.) 
and insectivores, which are the vertebrate reservoirs of the rickett-

Figure IV.4 Dorsal view of Leptotrombidium deliense. (Reproduced 
from Kettle.1)

Figure IV.5 Fully grown imago of Leptotrombidium akamushi.

Figure IV.6 Summarized life cycle of trombiculid mites.
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siae. The distribution of the mites on the ground is dependent on 
the home range of the hosts and, because the home ranges do not 
usually overlap, mite colonies have a restricted distribution and 
tend to be isolated from one another in the form of ‘mite islands’. 
Humans become infected by intrusion into a rodent-mite cycle in 
infected ‘mite islands’. Bird hosts of the larval mites can, however, 
disperse the mites into new areas, where a fresh colony could be 
established.

The habits and life cycle of scrub typhus vectors are similar to 
those of other trombiculid mites. The parasitic larvae attack 
humans but seldom produce any noticeable itching or skin reac-
tion; however, the bite of an infected larva can produce a lesion 
– the eschar. Because only the larvae are parasitic and feed only 
once, the infection can be acquired and transmitted only at this 
stage. This means that trans-stadial (stage to stage, i.e. from larva 
to nymph to adult) and transovarial (through eggs to larvae of the 
next generation) transmissions are obligatory for maintenance of 
the infection in nature. Trombiculid mites are therefore the main 
reservoirs of scrub typhus rickettsiae. In the mites, the rickettsiae 
eventually localize in the larval salivary glands and transmission 
is by bite. All the important scrub typhus vectors belong to the 
genus Leptotrombidium, although the genus Ascoschoengastia may 
be involved in transmission among rodents.

L. akamushi is the vector in the classical areas of the disease 
(tsutsugamushi disease) in Japan. It is found in the cultivated 
flood plains of rivers.

L. deliense is the main – or an important – vector over most of 
the distribution of the disease, from coastal Queensland in the 
south-east through Papua New Guinea, the Philippines, China, 
South-east Asia, Sri Lanka and India to Pakistan in the west. Over 
most of its range, L. deliense and the disease are associated with 
ecologically disturbed vegetation, such as secondary scrub and 
grass, the result of slash-and-burn cultivation of virgin forest. In 
South-east Asia and tropical Queensland, the coarse fire-resistant 
kunai grass (Imperata cylindrica) is the typical habitat of the mite 
and its rodent hosts. The mites and the disease are also more likely 
to occur at the fringes of forests or scrub.

L. fletcher is an important vector in Malaysia, Borneo, New 
Guinea and the Philippines.

Other important vectors are L. arenicola on sandy beaches in 
Malaysia; L. pallidum in limited areas of Japan, Korea and the 
Primorye region of Russia; L. pavlovskyi in Siberia and the Primo-
rye region of Russia; and L. scutellare in the Mount Fuji area of 
Japan.

Protection against chigger mites

Personal protection is the best method of preventing attack by  
the mite larvae. If a person has to go into mite-infested areas, 
impregnation of socks and trouser legs with a repellent, such as 
permethrin, benzyl benzoate, dimethylphthalate (DPM) or dieth-
yltoluamide (DEET) will prevent mite attack.

Other mites of medical importance

House-dust mites, e.g. Dermatophagoides 
pteronyssinus (family Pyroglyphidae) (Figure IV.7)

Many mite species are commonly found in house dust, in the 
tropics and temperate regions. These mites can, in sensitized indi-

viduals, cause bronchial asthma, as well as extensive dermatitis. 
In house dust they feed mainly on desquamated skin scales. The 
mites become air-borne during bed-making and could then be 
inhaled; not only the living mites but also dead ones and mite 
faeces contain potent allergens. The best method of controlling 
the mites would appear to be treatment of carpets, beds and 
settees with insecticides, followed by thorough vacuum cleaning 
to remove dead mites and faeces, as these cause symptoms.

Domestic mites causing dermatosis: Dermanyssus 
gallinae (chicken mite), (Dermanyssidae); Ornithonyssus 
bacoti (tropical rat mite), O. sylviarum (bird mite) and 
O. bursa (tropical poultry mite) (Macronyssidae)

These blood-sucking mites can cause dermatitis in humans. In the 
absence of their natural hosts, they will readily attack humans. Rat 
mites are associated with groceries and warehouses. Bird mites are 
often found in the eaves of houses and in air-conditioning ducts, 
and may be blown into houses when the air-conditioning is 
switched on.

Forage mites, e.g. Tyrophagus (Acaridae)

These are pests of stored food products, such as cheese, copra, 
vanilla pods, flour and macaroni. Persons handling such materials 
may be bitten or suffer from simple contact allergy, and various 
names, such as grocer’s itch, copra itch and baker’s itch, indicate 
the occupational nature of these dermatoses. Some forage mites 
may be swallowed or inhaled and can cause gastric disturbances 
or respiratory symptoms. The mites do not breed in the body but 
may be recovered from faeces or sputum (see Acarine dermatosis, 
Chapter 89).

Figure IV.7 Dermatophagoides pteronyssinus, the house-dust mite. 
Ventral view. (Reproduced from Kettle.1)
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Suborder: Ixodida; superfamily: Ixodoidea (ticks)

Ticks are larger (adult body length 3–20 mm) and lack the prom-
inent hairs found on mites. All species are obligate blood-sucking 
ectoparasites of vertebrates. Originally parasites of reptiles, ticks 
adapted over the last 200 million years to the newly evolving 
warm-blooded bird and mammals, but some ticks have retained 
a predilection for cold-blooded vertebrates. The gnathosoma or 
capitulum is well developed and the prominent ventrally situated 
median hypostome bears on its underside rows of backwardly 
directed teeth which help the tick in attaching firmly to the host 
and prevent it from being easily dislodged by the grooming activ-
ities of the host (Figure IV.8).

There are two basic types of tick: the soft ticks (family Argasi-
dae) and the hard ticks (family Ixodidae). Most people are famil-
iar with the slow-feeding ixodid ticks found on dogs, cattle and 
other domestic animals, and which remain attached for several 
days. The argasids are rapid feeders, usually at night, returning 
quickly to their hiding places. Primarily parasites of wild animals, 
about 10% of tick species feed on domestic animals and many 
will feed opportunistically on humans. The soft tick Ornithodoros 
moubata of east, central and south Africa is probably the only true 
human-biting tick; it is found in huts and feeds readily on humans 
and chickens. Ticks parasitize a wide range of wild and domestic 
hosts, and many appear to have a preferred host, although this 
apparent preference may be due to availability rather than choice. 
Both male and female adult ticks ingest considerable quantities of 
blood: a fully engorged female ixodid may reach a length of over 
20 mm and weigh 2.0 g or more. Because of this, they threaten 
the health of domestic livestock with very heavy infestations. 
Control of veterinary pest species with insecticides is being super-
seded by the development of anti-tick vaccines. Apart from causing 
blood loss, ticks transmit a variety of pathogens among animals 
and are therefore important in veterinary medicine. However, 
because of their indiscriminate feeding habits, ticks acquire infec-
tion from animals and transmit it to humans during the next 
blood feed.

Movement of tick-infested animals, particularly of domestic 
livestock, has resulted in the introduction and establishment of 
exotic tick species in new areas. The cosmopolitan dog tick Rhipi-
cephalus sanguincus is a carnivore parasite from Africa, now a 
worldwide parasite found in kennels and households. Many tick-

borne diseases exist as silent foci where the pathogen, vertebrate 
host (usually a wild animal) and the tick have evolved to form a 
balanced relationship. Human population increase and economic 
pressure have led to ecological changes brought about by clear-
ance of forests for cultivation, or the growing of cash crops. The 
intrusion of humans into such tick-infested areas and suburban 
encroachment into tick habitats with silent foci of infection have 
resulted in closer tick–human contact and an increase in the inci-
dence of tick-transmitted diseases such as Rocky Mountain spotted 
fever in the eastern USA, tick-borne encephalitis in Europe, and 
the emergence of apparently ‘new’ diseases in humans such as 
Kyasanur Forest disease in India and Lyme disease in the USA and 
Europe.

There are several factors that make ticks efficient vectors of 
pathogenic organisms. Firm attachment to the host prevents them 
from being dislodged easily. The slow feeding of ixodids not only 
gives them ample time to ingest large numbers of pathogens from 
an infected host and ample time to transmit them to a new host, 
but also allows dispersal of infected ticks into new areas while still 
attached to a host. The multiple blood feeds during the life cycle 
and the wide host range ensure more opportunities to acquire and 
transmit infections, and makes a blood meal more certain. Many 
ixodids have a high reproductive potential, laying several thou-
sands of eggs, but this is to offset the very considerable mortality 
during the life cycle. Some argasids can live for many years and 
starve for prolonged periods. This is of great survival value and 
gives them more opportunities to acquire and transmit pathogens 
during their long life. Transovarial transmission of many patho-
gens in ticks makes them true reservoirs of infection, and some 
tick-borne infections can be maintained in nature in the absence 
of vertebrate hosts by transovarial passage through several gen-
erations of ticks.

The Argasidae has about 150 species in three genera, of which 
Argas and Ornithodoros are the most important. The Ixodidae has 
about 800 species in 13 genera, of which Ixodes, Amblyomma, 
Hyalomma, Haemaphysalis, Dermacentor and Rhipicephalus transmit 
diseases to humans, and Boophilus cattle ticks are important ecto-
parasites of domestic livestock. Morphological and biological dif-
ferences which distinguish the two families are summarized in 
Table IV.1.

Family: Argasidae

These are tough, leathery ticks; the females range in size from 
small (4 mm) to large (15 mm), and the males are smaller but 
otherwise very similar. In nymphs and adults the capitulum is 
ventral and not visible from above; in larvae, the capitulum pro-
jects anteriorly. The jointed palps are long and movable, and in 
some species may be mistaken for an extra pair of legs. The surface 
of the integument is covered with mammillae or radially arranged 
depressions and discs, but the dorsal plate or scutum, character-
istic of the Ixodidae, is absent (Figure IV.9) – hence the name ‘soft 
ticks’. Eyes, when present, are simple and situated laterally. Spir-
acles or breathing holes are present ventrally between the first 
segments (coxae) of the third and fourth pairs of legs. The genital 
opening is anterior and ventral, behind the capitulum, and the 
anal opening is median and about one-third of the distance from 
the posterior margin. Between the first and second pairs of legs 

Hypostome

Palp

Figure IV.8 Electron micrograph view of ventral capitulum of ixodid 
tick. (Courtesy of M. Nawar.)
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are the external openings of the coxal glands which help to con-
centrate the blood meal by filtering off fluid from the blood and 
excreting it as two drops of coxal fluid. In many Ornithodoros 
vectors of relapsing fever and arboviruses the coxal glands are 
infected. Coxal fluid is excreted just before termination of a feed 
and pathogens in the fluid enter the bite wound. The glands 
therefore have an important role in disease transmission (Figures 
IV.10, IV.11).

Argasids are rapid feeders, the larvae of some species taking only 
2–3 min to engorge, those of the genus Argas remaining attached 
to their hosts for several days. The six-legged larvae feed once; 
larvae of Ornithodoros do not feed but moult straight into nymphs. 
Soft ticks are usually nocturnal feeders and the house-haunting O. 
moubata are not unlike bed bugs in their feeding and sheltering 
habits. Habitats of other Argasids include cracks and crevices in 
wood, stone or mud, nesting or resting places of the host animals, 
birds’ nests in trees or on the ground, caves, burrows, deer beds, 
huts, log cabins, chicken coops, pigeon lofts, sheds and pigsties. 
Access to a blood meal is therefore easy and the hazards of finding 
a host considerably reduced. There are two to five or more nymphal 
stages; each stage feeds once and moults to the next stage. Adults 
mate off the host. Both males and females feed repeatedly, the 
females ovipositing after each blood meal, laying a batch of 100–
200 eggs (Figure IV.12). The genera Argas and Ornithodoros can be 

separated by the distinct flattened lateral margin of the body in 
Argas, which is evident even when the tick is fully fed.

Argas spp. feed on birds or bats and may attack humans, causing 
painful bites. Ornithodoros spp. transmit Borrelia spp. spirochaetes, 
causing relapsing fever in humans (Table IV.2 and see Chapter 69). 
Foci of infection are usually restricted to caves, animal shelters, 
huts or resort cabins. There is a high rate of trans-stadial and 
transovarial transmission of Borrelia among ticks; this and the 
longevity and ability of the vector to starve for long periods lead 
to the perpetuation of natural foci in the absence of vertebrate 
hosts. Ticks are the main reservoirs of infection, while other 
animals, such as rodents, probably serve only as amplifiers of 
infection. Following an infecting feed, the ticks have a dissemi-
nated infection of practically all the internal organs. Transmission 
is usually through salivary secretion containing Borrelia and/or 
contamination of the bite wound through infective coxal fluid.

Table IV.1 Differences between argasid ticks and ixodid ticks

Argasidae Ixodidae
Morphology
 Scutum Absent Present; anterior in larva, nymph and female, covering dorsal 

side in male
 Capitulum Ventral, not visible from above Anterior, visible from above

  Palps Long, movable Short, rigid

Life cycle Several nymphal stages One nymphal stage
Multiple batches of eggs: 100–200 per blood meal One batch of eggs (several–1000)

Habits Rapid feeders, usually nocturnal; male and female feed 
repeatedly

Slow feeders, day and night, several days; only females feed  
once

Restricted habitat, burrows or nests of hosts Diffuse habitat, pasture, etc. where hosts forage

Figure IV.9 Dorsal view of capitulum of Ixodidae, showing 
characteristics of seven genera.

Mammilated
integument

Figure IV.10 Dorsal view of adult female Ornithodoros moubata. 
(Courtesy of M. Nawar.)
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Ornithodoros moubata, the ‘eyeless’ tampan tick, transmits 
relapsing fever (Borrelia duttoni) in tropical Africa. The integument 
is mammillated and greenish-brown. The absence of eyes distin-
guishes this species from the closely related and widely distributed 
sand tampan, O. savignyi, which has two pairs of eyes on the sides 
of the body. Both species are night feeders. O. moubata inhabits 
the floor of huts, animal shelters and the burrows of warthogs. 
There are two subspecies: O. moubata moubata feeds predomi-
nantly on humans and chickens, O. m. porcinus on warthogs, 
antbears and porcupines. In the cool wet habitats of the Kenya 
highlands and north-west Tanzania, 94% of O. m. moubata feed 
on humans and 2% on chickens, but in hot moist habitats these 
proportions are reversed. Both subspecies have domestic and wild 
populations, and it is the domestic populations that are important 
in disease transmission: no infected ticks have been found in wild 

populations. O. moubata is common on travel routes and may be 
carried long distances in mats and bed rolls. Rest houses are 
usually infested. To prevent the risk of infection with relapsing 
fever, old camping sites and mud houses should be avoided and 
it is advisable not to sleep on the floor. As the ticks find shelter in 
cracks and crevices in mud walls and floors, better housing and 
the use of concrete and plaster in buildings will help to control 
the ticks. They can also be controlled by treating the floors and 
walls of huts with insecticidal powder or spray.

O. savignyi, the eyed or sand tampan, is widely distributed in 
arid and semi-arid areas from Sri Lanka westwards through India, 
Arabia and Africa, where the distributions of O. savignyi and O. 
moubata overlap. It is an outdoor tick found near the soil surface 
in the resting places of cattle, camels and other livestock in the 
shade of trees and stone fences. It will attack humans, given the 
opportunity, and can transmit relapsing fever in the laboratory.

O. erraticus occurs in north-west Africa, Spain and Portugal. It 
usually lives in burrows feeding on rodents but considerable pop-
ulations exist in pigsties, where they feed on pigs. It is an impor-
tant vector of relapsing fever (B. hispanica) in north-west Africa 
and Spain.

O. tholozani (O. papillipes) has a widespread distribution: Libya, 
north-east Africa, the Mediterranean islands, northern Arabia, 
south-eastern Europe, southern CIS, northern India and western 
provinces of China. It is an important vector of relapsing fever (B. 
persica). Typical habitats are caves and large burrows but the tick 
has adapted successfully to stables and rest houses. O. tholozani 
feeds on domestic livestock, birds and people.

O. lahorensis occurs in Tibet, southern CIS Republics, Pakistan, 
Turkey, Greece, the Balkans and Bulgaria. It is found in stables 
and human habitations and is suspected of transmitting relapsing 
fever.

O. talaje is a South and Central American species extending 
northwards to the southern states of the USA. It feeds on wild 
rodents and domestic livestock as well as humans, inflicts a very 
painful bite and transmits relapsing fever in Guatemala, Panama 
and Colombia.

O. rudis (O. venezuelensis) transmits B. venezuelensis in Panama, 
Colombia, Venezuela and Ecuador. It usually lives in the walls of 
huts and will feed avidly on humans.

Capitulum

Coxa
(leg 1)

Genital
opening

Anus

Figure IV.11 Ventral view of adult female Ornithodoros moubata. 
(Courtesy of M. Nawar.)

Figure IV.12 Tick life cycles: (A) Argasidae; (B) Ixodidae.

Table IV.2 Human tick-borne relapsing fever: Borrelia 
spirochaetes and the Ornithodoros vectors which transmit 
them

Tick vector Spirochaete Locality
O. moubata
O. erraticus

B. duttoni
B. hispanica

E., C. and S. Africa, W. 
Mediterranean, N. Africa

O. tholozani B. persica E. Mediterranean eastwards 
through central Asia to western 
China

O. turicata B. turicatae USA, Mexico

O. parkeri
O. hermsi
O. rudis
O. talajae
O. turicata

B. parkeri
B. hermsii
B. venezuelensis

N., C. and S. America
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O. hermsi is widespread in the Rocky Mountain and Pacific 
coast states of the USA. It is essentially a rodent parasite. It shelters 
in summer cabins at higher elevations and transmits relapsing 
fever (B. hermsi) to people occupying the cabins.

O. parkeri and O. turicata have similar distributions in the 
western USA, and the range of O. turicata extends southwards into 
Mexico. They feed primarily on rodents and are vectors of relaps-
ing fever (B. parkeri and B. turicatae, respectively) to humans.

O. coriaceus extends from California to Mexico. Known as the 
‘tlaaja’ and the ‘pajaroello’, it is a large argasid, notorious for 
attacking humans, cattle and deer in their bedding areas. The bites 
are painful, but it is not a natural vector of relapsing fever.

O. rostratus, the ‘quanco’, occurs in southern Brazil, Bolivia, 
Paraguay and north-eastern Argentina. It is an avid biter of 
humans, domestic animals and wild animals, particularly pecca-
ries. The bites are painful and are followed by pruritus and inflam-
mation, and may become secondarily infected. It is not a natural 
vector of relapsing fever.

O. muesebecki is associated with marine birds on islands in the 
Arabian Gulf. The tick eagerly attacks humans and some dexterity 
is required to avoid being bitten. The bites may be numerous, and 
irritant bullae develop at the bite sites with intense pruritus, head-
ache and fever. Zirqa virus (Bunyaviridae, Nairovirus) isolated 
from O. muesbecki may be the cause of the illness associated with 
the bites.

Family: Ixodidae

Hard ticks are readily distinguished from soft ticks by the presence 
of the prominent capitulum, projecting anteriorly, visible from 
above in all stages (Figure IV.13A). The mouthparts of some 
(Ixodes and Amblyomma) are long and can produce deep pene-
trating wounds in animals and humans (Figure IV.13B). The 
shape of the basal plate of the capitulum is an important charac-
ter in generic identification (see Figure IV.9). The hard shiny 
scutum is present in all stages; it is small and restricted to the 

anterior dorsum in larvae, nymphs and adults, but large and 
covers the entire dorsal surface in males. The scutum of some 
ixodids (e.g. Amblyomma spp.) has a colourful pattern; such  
ticks are called ornate ticks. Those in which the scutum is not 
ornamented are called inornate ticks. Paired eyes, when present, 
are situated on either side of the scutum. Coxal glands are absent 
in ixodid ticks and the ingested blood is concentrated during  
the slow feeding by passage of fluid from the stomach into the 
body cavity, from where it is processed through the salivary  
glands back into the host. During their slow feeding, ixodid ticks 
remain attached for several days, anchoring themselves firmly 
with the chelicerae and hypostome, helped by ‘cement’ from the 
salivary glands. Once attached, great care should be taken in 
removing a tick because the mouthparts may be left behind in the 
host tissue and may become a source of irritation and secondary 
infection.

A few ticks (e.g. Boophilus cattle ticks) are host-specific, but most 
utilize a wide range of hosts. Adult ixodids usually parasitize large 
mammals, whereas the immature stages (larvae and nymphs) feed 
on smaller mammals such as rodents and ground-frequenting 
birds. Humans are seldom bitten by the adult ticks, but the larvae 
or ‘seed ticks’ of some ixodids feed avidly on people and are a 
bothersome nuisance in some outdoor areas in America and 
Africa.

The life cycle of Ixodidae has four stages (see Figure IV.12): the 
egg, followed by three mobile stages of larva, nymph and adult. 
The fertilized and engorged female drops off the host on to the 
ground and lays a mass of several thousand eggs. The female dies 
after oviposition. After hatching, the six-legged larvae climb to the 
tips of leaves, blades of grass or other vegetation to certain heights 
and gather in clusters questing for a host. They climb on to a 
passing host, feed for 4–6 days, drop to the ground and moult to 
the nymphal stage. Unlike the argasid ticks, ixodids have only one 
nymphal stage. The unfed nymphs quest for hosts like the larvae 
and after a blood meal (5–8 days) drop to the ground and moult 
into adults. Adults quest usually at a height greater than that of 
larvae and nymphs. Mating takes place on the host and the 
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Figure IV.13 Dorsal (A) and ventral (B) views of Amblyomma variegatum. (Courtesy of M. Nawar.)
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engorged female, after feeding for 6–12 days, drops off to lay a 
single batch of eggs.

The males may remain attached to the host for many weeks or 
months, mating with several females. The whole life cycle may 
take only 2–4 months in warm climates, with continuous breed-
ing throughout the year. In cold or temperate climates the life 
cycle may take 3–5 years, the ticks being active or developing only 
in the warmer months. During the colder months and winter, one 
or more stages enter a diapause of several weeks or months. The 
parasitic feeding period of the different stages lasts from 4 to 12 
days. Most ixodid ticks (e.g. Amblyomma, Dermacentor, Ixodes) have 
a three-host cycle in which each active stage (larva, nymph, adult) 
parasitizes a different animal of the same or different species. 
Boophilus cattle ticks have only a one-host cycle. A few species of 
Hyalomma and Rhipicephalus have a two-host cycle: the fed larva 
moults on the host (not on the ground), becoming a nymph 
which drops to the ground, moults to adulthood and then seeks 
a second host for a blood meal.

Ixodes scapularis (I. dammini) (American deer tick) is widely 
distributed in the USA and adjacent Canada; the range appears to 
be extending, probably due to proliferation of deer, hosts of the 
adult ticks. Larvae and nymphs parasitize rodents (particularly the 
white-footed mouse) as well as humans. The adult ticks feed 
mostly on white-tailed deer, or occasionally on humans. I. scapu-
laris is the vector of human babesiosis (Babesia microti) and Lyme 
disease (a spirochaetal infection caused by Borrelia burgdorferi) in 
eastern USA.

I. ricinus (European sheep tick or castor bean tick) is distributed 
widely in rough pasture and woodland across Europe to the 
Caspian Sea and northern Iran. I. ricinus is the vector of three 
human flaviviruses: louping ill (primarily of sheep and cattle but 
affecting humans also) in the British Isles (see Chapter 49), tick-
borne viral encephalitis (TBE) in central Europe, and Lyme disease 
(Borrelia burgdorferi) (see Chapter 69), which is becoming increas-
ingly widespread in areas with deer populations as hosts for adult 
I. ricinus. Immature ticks are found on rodents and birds; adults 
attack deer, sheep, cattle and also humans. The life cycle takes 
2–4 years to complete.

I. persulcatus (the taiga tick) is widespread from the Baltic  
to Japan, its distribution overlapping with that of I. ricinus. It is 
more cold-hardy than I. ricinus. In Russia, I. persulcatus is  
associated with the taiga forest. The life cycle extends over 2–4 
years. It is the chief vector of Russian spring-summer encephalitis 
(flavivirus). Transovarial transmission occurs, but the rate is  
variable.

I. holocyclus occurs in the humid densely vegetated coastal areas 
of Queensland and New South Wales in Australia where it infests 
a variety of mammalian hosts. Its bites may cause tick paralysis in 
dogs and humans. It is the vector of Queensland tick typhus 
(Rickettsia australis).

Haemaphysalis spinigera occurs in Sri Lanka and south India, 
most abundantly where cattle have been introduced into cleared 
forests. It is the chief vector of Kyasanur Forest disease (flavivirus). 
Immatures feed on small forest rodents, monkeys and humans. 
Exposure of humans to the ticks and risk of infection are highest 
in the dry pre-monsoon period when villagers go into the forest 
to gather firewood. Transmission of infection to humans is by bite 
by infected nymphs. There is no transovarial transmission in 
vector ticks.

H. leachi is widespread on carnivores. In South Africa urban 
cases of boutonneuse fever (Rickettsia conori) are associated with 
contamination of skin or eyes from infected ticks crushed while 
de-ticking dogs.

Rhipicephalus appendiculatus parasitizes cattle and wild game 
animals in wooded and shrubby grassland from southern Sudan 
to South Africa, but is absent from West Africa. In East Africa it is 
the vector of the protozoan disease East Coast fever (babesiosis) in 
cattle. In the South African veld it is the chief vector of African tick 
typhus (Rickettsia) and an avid human-biter.

R. sanguineus is a carnivore tick originating from Africa but now 
a cosmopolitan tick of dogs. In the Mediterranean basin it is the 
chief vector of boutonneuse fever to humans.

Dermacentor andersoni (Rocky Mountain wood tick) is wide-
spread in the western USA and Canada, where it transmits  
Rocky Mountain spotted fever (Rickettsia rickettsi). Larvae and 
nymphs feed on practically every rodent; adults parasitize wild 
and domestic herbivores and eagerly bite humans. Transmission 
of the rickettsiae is by bite, and trans-stadial and transovarial 
transmission occur. There may be an interval of some hours or a 
day before the attached tick can transmit the rickettsiae. If the tick 
is removed within a few hours the risk of infection is considerably 
reduced. This tick also transmits Colorado tick fever virus to 
humans.

D. variabilis (American dog tick) occurs from Mexico to Canada, 
being particularly abundant along the east coast of the USA. 
Immatures feed on rodents, adults on wild and domestic carni-
vores, including dogs and also humans. It is the vector of Rocky 
Mountain spotted fever in the eastern USA. Infestation of dogs 
with D. variabilis brings the disease close to homes, and infections 
occur among women and children.

D. marginatus, D. silvarum and D. nuttalli are the chief vectors 
of Siberian tick typhus (Rickettsia sibirica). D. marginatus is found 
in shrubby areas and lowland forests from northern Kazakstan to 
central Europe. D. silvarum extends from the eastern limits of D. 
marginatus to western Siberia. D. nuttalli is widely distributed in 
central and eastern Siberia, Mongolia and China southwards to 
central Asia and Tibet. R. sibirica can survive for long periods in 
the ticks. Transmission is by bite, and both trans-stadial and trans-
ovarial transmission have been demonstrated.

D. pictus has the same distribution as D. marginatus in mixed 
and deciduous forests. Omsk haemorrhagic fever arbovirus has 
been isolated from it, but transmission to humans is believed to 
be by contact with, or drinking water infected with, the urine and 
faeces of muskrats.

Amblyomma hebraeum (the South African bont tick) extends 
from South Africa and Zimbabwe and Mozambique. It is the 
vector of boutonneuse fever in the South African veld, where 
immatures swarm and feed avidly on humans. Rickettsia conori can 
be maintained for several generations in A. hebraeum by hereditary 
transmission. Apart from humans, immature stages feed on birds 
and small and large mammals, while adults feed on large wild 
and domestic mammals.

A. americanum (lone-star tick) is widely distributed from South 
America into central and eastern USA. All stages attack people. It 
is the vector of Rocky Mountain spotted fever in the USA. The 
attached feeding ticks are difficult to remove because of the long 
mouthparts. Application of 0.6% pyrethrin in methyl benzoate or 
of camphorated phenol to the skin makes detachment easier.
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A. cajennense (Cayenne tick) extends from South America and 
the Caribbean to southern Texas. Immatures attack humans. It is 
the vector of Rocky Mountain spotted fever to people in Mexico, 
Panama, Colombia and Brazil.

Hyalomma marginatum is a hardy tick adapted to living under 
arid or semi-arid conditions in Eurasia. Birds are important hosts 
of the immature stages and the ticks have been carried to many 
parts of Europe and Africa by migrating birds. It is the vector of 
Crimean-Congo haemorrhagic fever arbovirus.

PENTASTOMIDS

J. Riley

Pentastomids, sometimes called linguatulids or ‘tongue worms’, 
possess arthropod-like characters and there is evidence to suggest 
that they may be highly specialized endoparasitic crustaceans.2 
Four species, belonging to two genera, may affect humans as dead-
end infections: Linguatula, which normally infects other mammals, 
and Armillifer, which infects snakes and mammals as intermediate 
hosts.

Family: Linguatulidae

Linguatula serrata is found worldwide. The adults live in the nasal 
passages of dogs, foxes and wolves (family Canidae), which are 
the definitive hosts. Eggs are expelled by sneezing or in nasal 
discharges, or via the intestine where some premature hatching 
may occur. Eggs are infective to mammal intermediate hosts, 
including rodents and domestic animals such as sheep and  
goats. Primary larvae emerge, penetrate the gut wall and migrate 
to the viscera, particularly to the mesenteric lymph nodes, where 
they become encapsulated by host tissue. Within the cyst several 
moults eventually lead to the formation of an infective larva or 
nymph. Infection of the definitive host occurs when viscera con-
taining the encysted infective stage are eaten. The epidemiology 
of L. serrata infections is complex, because both eggs and infective 
larvae can become established in humans. When eggs are con-
sumed, primary larvae encyst in the viscera, producing visceral 
linguatulosis, whereas ingested infective larvae attempt to migrate 
to the nasal passages producing nasopharyngeal linguatulosis or 
halzoun.

The body of adult Linguatula (Figure IV.14) is club-shaped, 
flattened ventrally, convex dorsally and transversely striated into 
about 90 superficial annulations. The cephalothorax bears the 
quadrangular mouth, which is flanked by two pairs of simple 
retractile hooks. Females are 80–130 mm in length, tapering from 
8–10 mm anteriorly to 2 mm posteriorly. The uterine coils, full of 
reddish-brown eggs, occupy the median line of the body, and the 
translucent flared lateral extensions of the anterior abdomen 
mould to the contours of the nasal sinuses. Living males are trans-
parent in life but become white when fixed, measure 18–27 mm 
in length and are 3 mm wide anteriorly to 0.5 mm posteriorly. The 
oval eggs, measuring 70  100 m are loosely enveloped by a thin 
hyaline outer capsule and contain mature primary larvae which 
have an anterior penetration stylet and four stumpy legs terminat-
ing in double claws. Infective nymphs (Figure IV.14) are worm-
like, flattened and 4–6 mm in length; the posterior edge of each 

body annulus carries a row of prominent backward-pointing 
spines which are sufficient to distinguish Linguatula spp. in tissue 
section.

Clinical effects (halzoun; marrara syndrome) 

Encysted infective nymphs are well tolerated and are frequently 
encountered in the mesenteric glands of domestic animals, as well 
as in rabbits and hares. Data on human infections arise only from 
incidental findings during autopsy; in the few instances where 
sample sizes were large, nymphs were not uncommon.3 Nymphs 
developing on visceral organs cause no symptoms but occasion-
ally they penetrate the anterior chamber of the eye, causing mon-
ocular uveitis. Following surgical removal of these parasites, 
patients recover fully.

In tissue sections, infective larvae of Linguatula are enclosed 
within a thin fibrotic capsule lined by the preceding cast nymphal 
cuticle. The spinous cuticle is distinctive and the spacious body 
cavity contains an obvious intestinal tract flanked by a pair of 
prominent glands composed of large individual gland cells. These 
characteristics serve to distinguish them from sparganum (Appen-
dix III).

Family: Armilliferidae

Armillifer armillatus infects humans in tropical Africa. In Oriental 
regions, A. moniliformis is the usual cause of human infection, 
which has been recorded from Malaysia, Java, Manila, Sumatra 
and China.

Adult parasites inhabit the lungs of pythons, and in Africa large 
vipers; the larval forms encyst in the tissues of many mammal 
species, including monkeys and humans. The parasite is cylindri-
cal, vermiform, yellowish and translucent with conspicuous 
opaque annulated rings around the body, 1–2 mm apart (Figure 
IV.15). In females the uterine coils, filled with white or yellowish 
eggs, are easily visible through the cuticle. The female of A. armil-
latus is 70–140 mm long and 5–9 mm wide, the male 30–50 mm 
long and 3–4 mm wide; females possess up to 22 annuli and 
males up to 24. Both sexes of A. moniliformis are more slender and 
have more annuli (26 and above) than A. armillatus. The nymphs 
lie coiled within their cysts in a flat spiral, with the ventral surface 
corresponding to the convexity of the curve. In shape and structure 

Figure IV.14 Linguatula serrata. Left, nymph ( 6). Right, adult 
(natural size).
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they resemble the adult. A third species of Armillifer (A. grandis) 
has been reported from humans in central Africa where nymphs 
are smaller (9–15 mm long) than those of A. armillatus (13–
23 mm); A. moniliformis nymphs are intermediate in size (12–
20 mm).

The life history of Armillifer is broadly similar to that of Lin-
guatula, although humans can act only as an intermediate host. 
Eggs remain viable on soil for at least 3 months and, when 
ingested, hatch in the intestine; the larvae immediately bore 
through the intestinal wall to lodge in any tissue. At least six 
moults occur over a period of 6 months to 1 year, to form infective 
nymphs. Humans acquire the infection by eating poorly cooked 
snake meat, or by drinking water contaminated by snake faeces. 
In humans the infection comes to a dead end and the nymphs 
commonly encyst in or on the liver, intestinal tract and lungs.

FLIES CAUSING MYIASIS

G. B. White

CLASS: INSECTA; ORDER: DIPTERA  
(TWO-WINGED FLIES)

Myiasis covers a variety of associations between dipterous larvae 
and mammals. The most comprehensive definition is ‘the infesta-
tion of live human and vertebrate animals with dipterous larvae 
which, at least for a certain period, feed on the host’s dead or 
living tissue, liquid body-substance, or ingested food’.4 Such asso-
ciations vary from complete endoparasitism, via casual or acciden-
tal myiasis, to the bizarre predation on human blood by free-living 
larvae. A wide range of families of flies is involved, mostly ‘higher 
flies’ (Cyclorrhapha) of which the larvae are either specialized 
endoparasites in other mammals or are scavengers and carrion 
feeders.

Myiasis can be classified on the basis of either clinical or  
parasitological criteria. From a medical standpoint, the clinical 
classification is more important because it aids diagnosis and 
identification of the species responsible. Parasitological classifica-

tion, based on the host-parasite relationship, assists in under-
standing the biological background and hence possible methods 
of prevention or control. Whilst a single incident can be remedied 
(e.g. by surgical removal) and the larva identified, prevention of 
further attacks relies on a knowledge of the insect’s biology.

Myiasis in humans concerns a few common flies (e.g. Cordylo-
bia, Dermatobia, Chrysomyia) and a large number of uncommon 
or rare examples. Numerous cases of myiasis have been published 
in which the identification of the larva responsible is doubtful.

Clinically, myiasis-producing larvae attack three main parts of 
the body:
1. Cutaneous tissue, usually invading wounds or sores, produc-

ing furuncles, roving swellings or creeping myiasis. ‘Sanguini-
vorous larvae’ of the Congo floor maggot (A. luteola) are 
free-living (see Chapter 88)

2. Body cavities, such as the nasopharynx, eyes and auditory 
canal

3. Organs of the body, principally the gut lumen and urogenital 
system.

Parasitologically, myiasis producers can be divided into three 
other categories.
1. Obligate parasites: larvae develop in living tissue; they are 

unable to develop elsewhere. Larvae are endoparasitic, avoid-
ing the host’s immune system. The adults do not normally 
feed

2. Facultative myiasis producers, whose larvae usually develop 
on carrion but may invade wounds. Primary flies initiate 
myiasis (e.g. Cochliomyia hominivorax); secondary flies enter the 
body only when an animal has prior infestation (e.g. Cochlio-
myia macellaria); tertiary flies become involved at a late stage 
of necrosis (e.g. many carrion-breeding blowflies)1

3. Accidental myiasis producers, whose eggs or larvae are ingested 
accidentally and are not killed in the intestine.

Larvae causing myiasis are essentially hydrostatic bags against 
which the muscles work to produce movement. The cephalopha-
ryngeal skeleton has a pair of mouth-hooks to tear at the host’s 
tissues, and a structure to anchor the muscles operating the mouth-
hooks. They do not have a recognizable head capsule (except 
Psychoda). The overall shape of the larvae varies from the wedge 
shape of blow flies (Calliphora, Lucilia, etc.), through the ovoid 
tumbu fly (Cordylobia anthropophaga) to the pyriform Dermatobia 
hominis. There is often a change of shape during larval develop-
ment. Some species possess rows of hooks or spines to prevent 
their expulsion from the host. The distribution and shape of such 
spines, together with details of the spiracles and cephalopharyn-
geal skeleton, are used to identify the different species.

Myiasis of cutaneous tissue (see Chapter 88)

Larvae living in the skin and producing furuncles

These are usually specially adapted endoparasites and are the most 
commonly encountered by clinicians. Antibiotic prophylaxis is 
advisable before attempting to remove myiasis larvae from their 
lesions.

Cordylobia anthropophaga (Figure IV.16) (the African tumbu fly, 
mango fly or ver du cayor) is a large, robust, yellow-brown fly, 
7–12 mm long. Adults of C. anthropophaga are difficult to distin-
guish from numerous other species of the family Calliphoridae, 

Figure IV.15 Armillifer armillatus (natural size).

Class: Insecta; Order: Diptera (Two-Winged Flies)
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where the larva can be identified by its posterior spiracles (Figure 
IV.17B).5

C. anthropophaga is an obligate parasite found throughout 
Africa south of the Sahara, although some areas are free from the 
fly. As a result of air travel, people infested with C. anthropophaga 
arrive in many parts of the world. This species was recorded from 
a patient in southern Spain who had never visited Africa, thus 
indicating that it might be possible for C. anthropophaga to estab-
lish foci outside endemic areas. Adults are active in the early 
morning and late afternoon and can be found resting in dark 
places – huts, etc.

The white, banana-shaped eggs of C. anthropophaga are laid in 
two batches of 100–300. The female oviposits preferentially on 
sandy ground, particularly if contaminated with urine or faeces, 
but can also lay on clothing if similarly contaminated (although 
such clothing may appear clean to the human eye). Clothing laid 
on the ground to dry may be affected, but not clothes hanging in 
bright sunlight because the eggs are laid only in shaded areas. Eggs 
are not laid directly on to skin, hairs or vegetation. On hatching, 
the minute first instar larvae hold themselves erect, while waving 
the anterior part in search of a host, and can remain alive without 
food for about 9 days. Larvae are sensitive to both heat and vibra-

tion and, once they become attached to a host, immediately begin 
to penetrate the unbroken skin, taking approximately 1 min. Pen-
etration is usually painless and may involve any part of the body, 
particularly the back, neck and head of humans. Larvae are 
acquired from lying on the ground or from clothing. They are 
more common in children. Cordylobia breeds all the year round 
but human cases are more common in the wet season.

Initially, the small papule containing the larva of C. anthro-
pophaga may be itchy or pricking at intervals. As the papule 
increases in size the symptoms recur and may be painful enough 
to interfere with sleep. Serous fluid may be exuded and gland 
enlargement may occur, or even febrile reactions and malaise. The 
larvae are usually noticed when the third stage has been reached. 
During the time for which the larva is in the host (8–12 days) it 
has its posterior segment, bearing the respiratory spiracles, pro-
truding from the aperture; this may be withdrawn when touched. 
The cavity containing the larva breaks down to form a swelling, 
resembling a boil, which bursts without much inflammation. 
Larvae emerge from the swellings, fall to the ground and pupate 
within 24 h. Pupal cases are commonly found in holes of black 
or brown rats which, together with dogs, are the principal hosts 
other than humans. The adult fly hatches 10–20 days (according 
to temperature) after pupation.

Larvae can be extracted by manipulation, if mature, or by 
inducing them to exit of their own accord by covering their respi-
ratory aperture with petroleum jelly. The larvae die when covered 
with adhesive dressing. To prevent infestation, clothes should be 
ironed on both sides before wearing and should be hung indoors 
for drying with the windows closed or screened to exclude the 
adult flies.

Dermatobia hominis (the American human bot fly, ver macaque, 
Berne, el tórsalo, beefworm) (Figure IV.18) is widely distributed 
in the Americas, from Mexico to Argentina and Chile. It attacks a 
wide range of hosts, including fowls, and is a devastating pest of 
livestock in some areas. The adult is a large bluish-grey fly, 1.5 cm 
long, with a strong flight. D. hominis is found primarily on the 
edge of tropical forests, particularly hilly areas of secondary forest 
160–3000 m above sea level.

D. hominis is remarkable for the unique manner of delivering 
eggs to a new host, by using other insects as carriers. The adult 
female Dermatobia catches and firmly holds a day-flying mosquito 
or muscoid fly and attaches up to 30 eggs on to its abdomen 
(Figure IV.19). The larva remains in the eggshell until it senses 

Figure IV.16 Cordylobia anthropophaga (twice natural size).

Figure IV.17 Third instar larva and posterior spiracles of  
(A) Auchmeromyia luteola and (B) Cordylobia anthropophaga. 
(Reproduced from Smith,5 courtesy of the British Museum (Natural 
History), London.)

Figure IV.18 Female Dermatobia hominis (twice natural size).
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proximity to a warm-blooded host, whereupon it rapidly ‘hatches’ 
and penetrates the host’s skin within 5–10 min, remaining at the 
site of penetration. Each larva penetrates individually and a small 
nodule develops around it with a central pore through which the 
larva breathes. Close examination of a lesion containing a larva 
will reveal its posterior end bearing two small dark brown spots 
which are the spiracles. The first instar is subcylindrical with cir-
clets of small spines. The second stage (Figure IV.20) is pyriform, 
with stronger, stout spines on the globular portion and none on 
the narrow posterior part, which acts like a respiratory siphon. At 
this stage the larva is difficult to dislodge by virtue of its shape 
and the numerous concentric rows of backward-projecting spines. 
During larval life the wound oozes serous fluid or pus continually, 
but bacteriostatic activity in the gut of the larva seems to prevent 

undesirable overgrowth of pyogenic bacteria in its environment,6 
although in some cases secondary infection does occur.

The duration of larval development of D. hominis in humans 
is 6–12 weeks, during which it grows slowly, feeding on tissue 
exudate. The mature larva (Figure IV.21) leaves the host and 
burrows into the soil to pupate, emerging after 4–11 weeks. The 
adults live for 8–9 days, never feed and are sexually mature about 
3 h after emergence.

Cutaneous swellings harbouring larvae usually occur on 
exposed areas, although larvae can penetrate clothing and may 
therefore be found on any part of the body. They are often single, 
but up to 12 have been reported on one individual. It is a common 
cause of ocular myiasis in Colombia (see Chapter 18). Rarely, 
serious complications occur, such as fatal cerebral myiasis in chil-
dren. Most infestations by Dermatobia are painful, so larvae are 
removed in the first or second stages by the methods described for 
Cordylobia or surgically via a cruciate incision, taking care not to 
course the central hole as this may result in damage to the larva 
and give rise to septicaemia.

Creeping myiasis and roving swellings (see Chapter 88)

Species that cause this syndrome are usually specialized endo-
parasites of other animals which are unable to develop fully in 
humans. It is important to distinguish them from Ancylostoma 
(nematodes), which produce similar effects.

Hypoderma bovis and H. lineatum cause creeping swellings and 
eruptions, especially in persons associated with cattle. On hatch-
ing, the larvae penetrate into the subcutaneous tissues, more 
deeply than Gastrophilus, producing a painful inflamed swelling 
that resembles a boil. They migrate, sometimes for considerable 
distances, and may invade the nervous system. The larva can be 
extracted through a cruciform incision.

Gastrophilus spp. are common parasites of horses and occasion-
ally affect humans. The larvae penetrate the skin but do not 

Figure IV.19 The mosquito Psorophora lutzi carrying eggs of 
Dermatobia hominis.

Figure IV.21 Third-stage instar of Dermatobia hominis.

Class: Insecta; Order: Diptera (Two-Winged Flies)

Figure IV.20 Second-stage instar of Dermatobia hominis.
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develop beyond the first instar, causing a swelling and a wandering 
tunnel in the lower epidermis, in which they may progress for long 
periods.

Larvae that attack wounds and sores (see Chapter 88)

Larvae of flies usually associated with carrion (Galliphora, Lucilia, 
Phormia, Musca, Fannia; Figure IV.22) have been found in wounds 
and gangrenous tissue, where they act as facultative parasites 
feeding on necrotic tissue and occasionally attacking healthy 
tissue. Pre-existing lesions may also serve as entry points for larvae 
of the obligate myiasis flies C. anthropophaga in Africa and D. 
hominis in the Americas, as described above. Occasionally, larvae 
are found living in soiled folds of the skin. Species that are usually 
found infesting soiled areas around the anus or genitalia may 
exceptionally enter the rectum or vagina to become internal para-
sites. At one time it was practice to use larvae of carefully culti-
vated Lucilia (sheep blowflies) to clean septic wounds by removal 
of infected tissue, but this has now been abandoned.

Cochliomyia (Callitroga) hominivorax (New World screw-worm 
fly) is an obligate parasite in the Americas, affecting mainly cattle 
but also causing serious cases of human myiasis. Clean wounds 
are attacked, sometimes the smallest abrasions: even a scratch or 
stubbed toenail can become affected. The fly lays eggs on dry skin 

and the larvae subsequently invade the wound and feed rapa-
ciously on healthy tissue, usually in groups to produce character-
istic pocket-like injuries. Eggs may be deposited in the ears and 
nasal passages, and even in the vulva and vagina. Larvae grow 
rapidly and reach maturity in 4–8 days. A case mortality rate of 
8% has been reported, and people in close contact with infested 
cattle are particularly at risk. This species gained recognition for 
its efficient control in North America by the release of radiation-
sterilized males. A related American species, C. macellaria, is a 
facultative parasite responsible for the secondary invasion of 
wounds as well as scavenging on dead tissues.

Wohlfahrtia magnifica (Old World flesh fly) occurs in the warmer 
parts of Eurasia where it deposits its larvae in skin lesions, nasal 
sinuses, ears, sore eyes and vagina, producing serious disfigure-
ment. Like the larvae of W. vigil and Chrysomya bezziana, these 
larvae rely on living tissue for development and do not feed on 
carrion or excreta.

Wohlfahrtia vigil (Nearctic flesh fly) in North America  
deposits its larvae in lesions of the skin or mucous membranes, 
or even on uninjured skin. It is attracted by foul odours from 
secretions of the ear, eye or nose and possibly from the soiled 
nappies of babies. Young children are particularly attractive to the 
flies. The flies do not enter houses. Other species of Wohlfahrtia 
that cause cutaneous myiasis are widespread in the northern 
hemisphere.

Sanguinivorous larvae (see Chapter 88)

The larvae of several fly genera are obligatory parasites living free 
in the nests of birds and mammals, feeding on the blood of their 
hosts. Only Auchmeromyia luteola (Figure IV.23) (the Congo floor 
maggot) has been reported as attacking humans. This species is 
widely distributed in Africa, from Nigeria to Natal, in wet and dry 
climates. The larva is dirty white, about 15 mm long and has three 
short, fleshy lobes bearing spines on the posterior portion of each 
segment. The spiracles are distinctive. After feeding with its mouth-
hooks, the conspicuously red larva (see Figure IV.17A) retreats to 
cracks in the floor. Larvae of A. luteola are frequently found under 
sleeping mats and in the earth to a depth of 7.5 cm. They feed 
mainly at night and drop off immediately they are disturbed. The 
yellowish adults can be found resting in dark areas of huts.

Myiasis of body cavities (see Chapter 88)

Several species that attack wounds and sores (discussed above) are 
also involved with myiasis of the eye, orbit, nasal cavities and ear 

Figure IV.22 General views of mature (third instar) larvae of myiasis-
causing flies (Diptera) to show range in form and posterior spiracles 
used in identification. (A) Lucilia serricata; (B) Musca domestica;  
(C) Calliphora sp.; (D) Wohlfahrtia sp.; (E,F) Sarcophaga spp.;  
(G,I) Callitroga macellaria; (H,K) Chrysomyia albiceps; (J) Fannia sp. 
(Reproduced from Smith,5 courtesy of the British Museum (Natural 
History), London.) Figure IV.23 Female Auchmeromyia luteola (twice natural size).
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canal. In nasal myiasis the initial symptoms are tickling pain and 
nasal obstruction. Epistaxis is common, but the discharge soon 
becomes purulent and fetid. Inhalation of chloroform or packing 
with chloroform gauze, or the careful local use of weak carbolic 
acid and turpentine, have been advocated, but the nasal sinuses 
may need to be opened.

Chrysomya bezziana (Old World screw-worm) is a large  
metallic-blue fly with a bright green thorax, found throughout 
Asia and Africa south of the Sahara. Unlike other species of this 
genus, it is an obligate parasite. Several other species of Chrysomyia 
have been incriminated as facultative myiasis agents, usually in 
wounds, but their identification in both the larval and adult stage 
is difficult.

The females of C. bezziana lay numerous eggs in the nasal 
cavities, especially where there is chronic nasal discharge, or in 
ulcers or skin wounds (for instance in leprosy), or even in the 
gums, conjunctiva, ears or vagina. The larvae require living tissue 
in which to develop; they hatch in a few hours and burrow into 
the tissues, even to the bones of the nose, producing foul, infected, 
discharging and disfiguring lesions. These can be treated with a 
douche of 15% chloroform in light vegetable oil. A few drops of 
the mixture applied to an infested wound will cause the larvae to 
appear, and they can be removed with sinus forceps.

Ophthalmomyiasis is the presence of larvae in the orbit and in 
the accessory glands of the eye and eyeball. Infections may be 
quite common (10/100 000 population7) in some parts of  
Asia and north Africa, involving obligatory or facultative parasite 
species. The most common cause of ophthalmomyiasis is  
first-stage larvae of the sheep nasal bot fly (Oestrus ovis) (Figure 
IV.24), which drop their eggs into the orbit, and rarely the mouth 
or outer ear. Typically patients report being struck in the eye by 
an insect or foreign object. Within a few hours painful inflamma-
tion occurs, which may last for a few days as the larvae cannot 
develop any further in humans. Occasionally larvae reach the 
nasal cavities (its natural habitat in sheep and goats), where they 
cause swelling and pain as well as frontal headache, but do not 
live longer than 10 days. Other obligatory parasites of domestic 
animals, such as the horse bot fly (Rhinoestrus purpureus in Europe, 
Near East and North Africa), cattle warble fly (Hypoderma) and in 
parts of tropical Africa Gedoelstia, may affect humans by invading 
the orbit and (especially in Hypoderma) penetrating the eyeball. 
Rarely, carcass-breeding species such as Lucilia serricata (sheep 
blowfly) cause myiasis of the eye, but only when a pre-existing 
putrefying wound exists near the orbit, and this is therefore typical 
wound myiasis.

Myiasis of organ systems (see Chapter 88)

In the majority of cases this is due to accidental ‘parasitism’.

Intestinal myiasis

This type of myiasis is usually diagnosed from the presence of 
larvae in vomit or faeces. Obligatory gut parasites of animals will 
not develop in humans and therefore species that cause intestinal 
myiasis are facultative or accidental parasites. About 50 species 
have been recorded; many cases of suspected gut myiasis have in 
fact resulted from contamination of samples after collection, as 
some species (e.g. Sarcophaga spp.) can develop to the third larval 
stage in 24 h, and others will lay larvae (larviposition) on faeces 
as they are being deposited. Occasionally, previously contami-
nated collection vessels have been responsible for a mistaken 
report.

Larvae may be swallowed in contaminated food and pass 
through the intestine unaffected by the extreme environment (e.g. 
Piophila-cheese skipper). However, this is unusual as most 
ingested larvae die and may be passed dead or, exceptionally, live 
if there is a concurrent intestinal infection. Even under these  
circumstances, larvae may cause intestinal lesions, damage to 
mucous membranes or haemorrhagic infiltrations – demonstrated 
by severe gastrointestinal disturbances (vomiting, diarrhoea, 
nausea). Reports of larvae developing in the anterior and median 
gut in humans, and even becoming paedogenic, are highly  
doubtful.8

Flies that are normally attracted to faeces may, under particu-
larly poor standards of hygiene, deposit their eggs on or near the 
anus, and the larvae then penetrate into the posterior part of the 
rectum. Several authentic cases caused by Eristalis (Syrphidae), 
which commonly lives in sewage, have been reported.

Urogenital myiasis

Larvae of facultative parasites may be excreted in the urine or 
found in the vagina. The flies concerned are usually of the families 
Psychodidae, Muscidae, Calliphoridae and Sarcophagidae. A  
mistaken diagnosis of urinary myiasis due to a larva from a  
contaminated vessel in which urine has been collected, or intro-
duced into the urine after it has been passed, is not uncommon, 
but there have been cases in which the larvae have undoubtedly 
been passed via the urethra from the bladder. If the vulva or 
vagina is infested there are obvious opportunities for larvae to 
enter the bladder.

Collection and preservation of larvae

After removal of myiasis larvae from the host by irrigation, manip-
ulation or surgery, the larvae should be killed in hot water to 
retain their overall shape. The posterior respiratory spiracles are 
an important means of identification. The spiracles can be seen 
under a high-power dissecting microscope, but it may be necessary 
to remove, macerate and slide-mount them for detailed examina-
tion. Larvae should be preserved in 80% alcohol. Identification of 
accidental or facultative parasites is often difficult, as many species 
may be involved. In contrast, the identification of obligate para-
sites is easier as fewer species are involved, although the superficial 
similarity of flies of widely separated genera makes it necessary to 
submit specimens for identification by a specialist whenever a 
precise identification is required. Identification is facilitated if 
larvae are reared to adults on small pieces of meat. Smith5 gives 
details for identification.

Figure IV.24 First instar larva of Oestrus ovis – a common cause of 
ophthalmomyiasis in North Africa.

Class: Insecta; Order: Diptera (Two-Winged Flies)
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PHLEBOTOMINE SANDFLIES

R. P. Lane

FAMILY: PSYCHODIDAE; SUBFAMILY: 
PHLEBOTOMINAE

Important genera: Phlebotomus (Old World) and 
Lutzomyia (New World)

Phlebotomine sandflies are small, delicate, hairy flies (1.5–3.5 mm 
long) with long, slender legs and filamentous antennae. Both 
sexes of adult sandflies feed frequently on nectar and other juices 
from plants. Female sandflies are also haematophagous: they feed 
regularly on the blood of vertebrates to obtain nutrition for egg 
production. Of the 700 species found throughout the tropics and 
subtropics, only a small proportion (c. 70 species) are thought to 
be involved in the transmission of disease to humans.

Sandflies are easily distinguished from other small Diptera 
when alive by the characteristic manner in which they hold their 
pointed wings above their body (like a vertical V; Figure IV.25). In 
other blood-sucking Diptera the wings are held flat over the 
abdomen, either one on top of the other (Culicidae, Simuliidae, 
Culicoides) or outspread (Glossinides, Tabanidae). It is important 
to differentiate phlebotomine sandflies from other small flies 
known locally as ‘sandflies’, i.e. midges of the genus Culicoides and 
blackflies of the family Simuliidae.

There is relatively little morphological difference between 
sandfly males and females, except that the males have elaborate 

external genitalia terminalia (see Figure IV.26). Human-biting 
(anthropophagous) species of sandflies belong to two genera: 
Phlebotomus in the Old World and Lutzomyia in the New World. 
In Africa, some species of the genus Sergentomyia, which feed 
principally on reptiles, occasionally bite humans also, but are not 
regarded as vectors of any human or zoonotic pathogen(s).

Phlebotomine sandflies are vectors of visceral leishmaniasis 
(VL: kala-azar; see Chapter 77), the various forms of cutaneous 
leishmaniasis (CL: oriental sore, espundia, etc.; see Chapter 77), 
bartonellosis (Oroya fever, Carrión’s disease; see Chapter 61) and 
sandfly fever (papataci or papatasi fever, 3-day fever, etc.; see 
Chapter 40). Transmission of pathogens takes place during blood 
feeding.

Sandflies are not easy to study in relation to disease, as the 
adults are small and unobtrusive, while finding larvae is almost 
impossible. This has made the incrimination of vectors during 
epidemiological studies particularly difficult and, therefore, the 
vector status of many species remains uncertain.9 (See also Epide-
miology of leishmaniasis; Chapter 77.) Compared with other 
vector groups (e.g. Culicidae and Simuliidae), the biology of sand-
flies is poorly known. However, a thorough understanding of the 
natural history of sandflies is essential, because the epidemiology 
of the diseases they transmit is largely determined by the ecology 
and behaviour of the vectors.

Distribution and ecology

Sandflies are found mainly in the tropics and subtropics, with a 
few species penetrating into temperate regions in both the north-
ern (to 50ºN) and southern (to about 40ºS) hemispheres. The 

A B

Figure IV.25 Living female (A) and male (B) phlebotomine sandflies (Lutzomyia longipalpis), showing the hairy body and wings, the generally 
mosquito-like stance and appearance except for the characteristic position of the wings, held in a V over the back. (Courtesy of C. J. Webb.)
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distribution of leishmaniasis is not as extensive as that of sand-
flies, for reasons that are not entirely known; for instance, no 
human leishmaniasis has been recorded from South-east Asia and 
Australasia, although several potential vectors are present.

In the Old World, human-biting sandflies are confined to the 
subtropics, there being very few anthropophilic species in tropical 
Africa. Even in foci of visceral leishmaniasis (e.g. in Kenya) human 
biters are not conspicuous. In contrast, the transmission of leish-
maniasis in the New World is principally in the tropics.

Sandflies occur in a very wide range of habitats, from sea level 
(a major focus of leishmaniasis around the Dead Sea is below sea 
level) to altitudes of 2800 m or more in the Andes and Ethiopia, 
and from hot dry deserts, through savannahs and open woodland 
to dense tropical rainforest. Each species of sandfly has rather 
distinct ecological requirements. If these encompass the condi-
tions in and around the dwellings of humans or domestic animals, 
the species becomes peridomestic. The majority of peridomestic 
sandfly species are vectors of infections to humans. The highly 
focal nature of many leishmaniases is undoubtedly a result of 
ecological constraints on the vectors and probably, to a lesser 
extent, on the mammalian reservoirs. In central Asia, sandflies are 
localized, restricted to the natural foci of gerbil colonies and by 
soil texture and moisture. Even in tropical rainforests, sandflies 
are not uniformly distributed.

In the Old World most foci of cutaneous leishmaniasis are in 
dry, semi-arid areas, in contrast to the New World where it is 
transmitted mainly in forests (Figure IV.27). Hence occupational 

differences exist between those acquiring infections. Cutaneous 
disease in Central and South America is associated primarily with 
working in or modifying the forest environment, whereas in the 
Old World the disease affects those in rural savannah and urban 
areas. The open nature of the savannah and steppe environments 
and the patchy distribution of suitable microclimates for sandflies, 
has prompted the application of landscape epidemiology  
in the investigation of many Old World foci of cutaneous  
leishmaniasis.

The distribution and abundance of sandflies can alter with 
changing land use. Deforestation in the New World has led to a 
marked reduction in cutaneous leishmaniasis (after the initial 
increase in disease during land clearance). Such areas provide 
opportunities for the extension in the range of the VL vector Lut-
zomyia longipalpis and subsequent transmission of visceral leish-
maniasis, which has become more prevalent in urban areas of 
Brazil in the past, resembling the urban foci of VL with dogs as 
the reservoir of Leishmania infantum in the Old World. By raising 
the water-table, irrigation projects considerably increase the breed-
ing of some vector species (e.g. Phlebotomus papatasi) but, in some 
circumstances at least, this may also discourage the rodent reser-
voir (e.g. the deeply burrowing Rhombomys opimus in the steppes 
of southern Eurasia). In the Middle East there has been a marked 
increase in cutaneous leishmaniasis due to L. major associated 
with development programmes.

When they are not active, sandflies seek out cool and relatively 
humid (but not wet) dark niches. Resting sites such as caves,  

Figure IV.26 The anatomy of the alimentary canal of sandflies, showing the ovarian glands and features of taxonomic importance.
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tree holes, tree trunks, cavities between boulders, fissures in the 
ground, buildings, termite hills and animal burrows are com-
monly used. By withdrawing to these day-time sites, sandflies are 
able to survive in very hot and dry climates, in conditions that 
would otherwise rapidly kill them, emerging at night when the 

ambient temperature drops and the humidity rises. Such resting 
sites are very important in the study of sandflies, as their avail-
ability determines the ecological distribution of different species: 
various traps are used to intercept sandflies moving to and from 
such places.

A

C

B

D

Figure IV.27 (A) A typical arid habitat of Phlebotomus papatasi (Jordan Valley), where this species transmits L. (L.) major from the fat sand rat 
(Psammomys obesus) to humans and causes cutaneous leishmaniasis. (B) Cutaneous leishmaniasis due to L. (L.) mexicana is transmitted from tree 
rats to humans by Lutzomyia olmeca olmeca in wet forests of Central America (Belize). (C) Eroded termite hills are the preferred resting sites of 
the visceral leishmaniasis vector Phlebotomus martini in some areas of East Africa. (Courtesy of D. M. Minter.) (D) Occupants of modern housing 
developments around expanding towns may become infected with visceral leishmaniasis by the bites of peridomestic sandflies, for example in 
Brazil and the Middle East.
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Behaviour of sandflies

Sandflies usually have a short hopping flight, especially when 
close to prospective hosts. Little is known of their long range 
movements (e.g. dispersal from breeding sites), although they can 
fly up to 2.2 km over a period of a few days in open habitats. They 
fly only at night and in a single night they may fly several hundred 
metres in their search for a host and subsequent resting and breed-
ing sites. Climatic factors affect activity markedly; biting does not 
usually take place below 20ºC in tropical species; P. papatasi is 
active between 45% and 60% relative humidity, whereas other 
species require 75–85% relative humidity, and the flight range of 
some species (e.g. P. sergenti) is greater in humid than in dry cli-
mates. Although slight air movement aids the detection of hosts 
along odour plumes, wind speeds of 1.5 m/s inhibit flight, which 
ceases altogether in light winds of 4–5 m/s. Forest sandflies, such 
as the Amazonian Lutzomyia umbratilis, often exhibit regular verti-
cal movements in addition to horizontal patterns. The flies rest in 
the tree buttresses during the day, migrating to the canopy in 
search of a host at night. Furthermore, within a forest, there is 
often a marked vertical zonation in which different species of 
sandflies are active, so that some species remain close to the 
ground, feeding on ground-dwelling rodents (e.g. the South Amer-
ican vectors Luzomyia flaviscutellata and Lutzomyia olmeca feeding 
on the rodents Proechimys and Oryzomys). For these reasons, the 
transmission of some parasites between the normal animal hosts 
is predominantly at ground level (e.g. L. amazonensis) and some 
in the canopy (e.g. L. panamensis), although humans usually 
acquire infection at ground level.

Seasonal distribution

Several abiotic factors affect sandfly numbers, but temperature 
and rainfall are the most important. Some species in temperate 
regions may have only one generation per year, and consequently 
a single peak of activity and transmission. However, such  
species may have two or three generations per year in climatically 
more favourable areas. In tropical countries, species react more  
to rainfall cycles and may be more prevalent in either the wet or 
dry season. Several anthropophilic species may be present,  
each with its own annual cycle of activity and potential for  
transmission.

Blood feeding

Sandfly females feed on blood, using the nutrients to develop 
eggs. Feeding takes place on exposed parts of the body by thrust-
ing the tiny mouthparts (0.15–0.57 mm) into the skin and using 
minutely serrated mandibles in a scissor-like manner to create a 
small pool from which the blood is sucked. Blood taken in this 
manner is directed into the midgut. Liquids taken by other means 
(e.g. sugar feeding) are directed to the crop for sterilization and 
then to the midgut; infection of the sandfly gut with bacteria or 
yeasts appears to depress Leishmania development. Both males 
and females feed on sugars, which they obtain as honeydew or 
from plants, either passively (extrafloral nectaries, fallen fruits, 
etc.) or actively by piercing leaves or stems. The presence of sugars 
is essential for the full development of Leishmania (see section on 
invertebrate life cycles of Leishmania; Chapter 77).

The site of a bite determines the situation of primary lesions 
in cutaneous leishmaniasis, and may be influenced as much by 
the presence of clothes as by the intrinsic preferences of a vector. 
Consequently, sleeping outside in hot weather without bednets, 
or working in forests during the day without suitable clothing, 
increases the risk of acquiring an infection.

Sandflies are crepuscular; biting takes place at different times 
of the night according to the species. When disturbed, sandflies 
in dense forests, caves or buildings may bite during the day. Only 
a few species are endophilic; these are mostly peridomestic species, 
such as P. papatasi, P. chinensis, P. sergenti and Lutzomyia longipal-
pis, the majority preferring to bite outside, often near their prob-
able breeding and resting sites. It is a relatively small ecological 
step from rodent burrows and caves to human dwellings. The 
distinction between peridomestic and ‘wild’ species has little 
meaning in sparsely populated areas, where the buildings them-
selves are made from local materials, perhaps without solid walls. 
Equally, no species is entirely domestic.

The biting rates of sandflies vary greatly, up to a maximum of 
about 1000/hour. Most species probably have a narrow range of 
preferred hosts. Species of Sergentomyia feed predominantly on 
reptiles, as do some species of Lutzomyia and Phlebotomus, but the 
latter genera feed mainly on mammals. Several peridomestic 
mammal-feeding sandflies (P. papatasi, P. sergenti and Lutzomyia 
longipalpis) feed readily on poultry also; chicken coops may be a 
source of biting sandflies.

Most species are gonotrophically concordant, taking one blood 
meal for each batch of eggs matured. However, autogeny (the 
ability to lay eggs without a blood meal) is a feature of some 
human-biting species. Sandflies may feed more than once per 
ovarian cycle, thus increasing human–fly contact. Oviposition 
usually takes place 5–10 days after a blood meal. The proportion 
of parous females within a population (i.e. those that have laid 
eggs and by inference have had a blood meal, with the concomi-
tant risk of acquiring an infection) indicates the epidemiological 
potential of the population. The highest parous rates occur in 
populations towards the end of the ‘sandfly season’, when sandfly 
infection rates are maximal and subsequent transmission most 
likely.

Life history

Relatively little is known about the immature stages of sandflies 
and their breeding sites, which are terrestrial, in striking contrast 
to other nematocerous flies such as Culicidae, Simuliidae, Cera-
topogonidae and Chironomidae. Breeding and resting often takes 
place in the same microhabitat, such as the soil accumulated in 
cracks in walls or among rocks, in animal burrows and shelters, 
caves, or in damp leaf litter in forests. The main requirements for 
breeding sites are moisture and the presence of organic detritus, 
etc. on which the larvae can feed.

Eggs of sandflies ( 0.7 mm in length) are elliptical with a fine 
chorionic pattern. Up to 70 eggs are scattered about the potential 
breeding site by the ovipositing female. Hatching occurs 1–2 
weeks later. The larvae are caterpillar-like and have a distinct dark 
head-capsule; the pale, cream-coloured body is sparsely covered 
with characteristic club-shaped hairs (‘match-stick’ hairs). There 
are four instars, the first with a single pair, and the remaining 
instars with two pairs, of long, highly characteristic, caudal bristles 
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on the anal segment. The caudal bristles are almost as long as the 
body. Diapause occurs during the fourth instar of several species 
in areas where there are cool winters (e.g. the Mediterranean 
basin). The pupa is inactive and usually hatches within 5–10 days. 
The duration of the larval instars varies greatly, both between and 
within species (in the laboratory at least), as it is regulated mainly 
by temperature. The period from oviposition to adult eclosion 
takes between 20 days and several months (in temperate or dia-
pausing species and those living at high altitudes in the tropics, 
such as P. longipes).

Emergence takes place during the hours of darkness, often just 
before dawn. Males usually emerge first. Little is known of mating 
in sandflies. Although swarming does not generally take place, 
males may congregate on and around prospective hosts and mate 
with females there. Pheromones and auditory signals from wing 
beats are also probably involved. The life of adult flies is unlikely 
to exceed a few weeks in nature. Once the female becomes infected, 
perhaps at the first blood meal, parasites can be transmitted to 
new hosts at intervals throughout the rest of her life.

Transmission of disease organisms

Sandflies transmit viruses, bacteria and protozoa (Leishmania), 
but not helminths, to vertebrates.

Leishmania

Phlebotomine sandflies are the only vectors of Leishmania species 
to humans. Certain species are common vectors of parasites (often 
peridomestic species) or secondary vectors, while most sandflies 
rarely if ever come into contact with humans. A species may trans-
mit a particular parasite in one area, but not in another: no two 
areas or foci are the same. The degree of human involvement in 
leishmaniasis is very variable; many cycles are of reservoir–fly– 
reservoir, with occasional – almost chance – infections; others 
cause regular zoonotic infections, and some anthroponotic cycles 
are thought to involve only flies and humans. It is important to 
understand natural transmission cycles for two reasons. First, 
enzootic cycles may pose an unknown threat in remote areas 
being developed (mining, agriculture, etc.) and, second, transmis-
sion may be maintained by several species, only one of which 
transmits the infection to humans; for example, in southern 
Eurasia L. major infections are maintained among rodents by P. 
mongolensis, P. caucasicus and P. andrejevi, but only P. papatasi 
transmits the parasite to humans.

Incrimination of a sandfly species as a vector is difficult, as 
many criteria have to be satisfied before a species can be impli-
cated unambiguously. These criteria are based on the discovery of 
natural infections in wild-caught flies, experimental transmission 
studies, evidence of contact between the sandfly and humans, 
contact between the sandfly and the reservoir host (where known), 
and the life cycle of the parasite in the fly. As there is often no 
sharp distinction between important and minor or occasional 
vectors, it is impossible to draw up a definitive list of vectors. Table 
IV.3 gives a synopsis of the ‘proven’ vectors of Leishmania; further 
details of suspected vectors are given in the section on the epide-
miology of leishmaniasis (see Chapter 77).

Within the genus Phlebotomus the majority of subgenera contain 
vectors or suspected vectors. Species of Phlebotomus (sensu stricto) 
are associated with L. major transmission in arid environments of 

East Africa, the Middle East and the former USSR. The subgenus 
Paraphlebotomus contains many species living in rodent burrows in 
central Asia and transmitting L. major between rodents and occa-
sionally to humans. One species, the peridomestic P. sergenti, is a 
vector of L. tropica in western Asia and the Middle East. Vectors of 
visceral leishmaniasis in the Old World are distributed through 
several subgenera: Larroussius (Mediterranean basin and Sahel); 
Synphlebotomus (East Africa); Euphlebotomus (India); and Adlerius 
(Near East, northern China). The genus Lutzomyia is much more 
diverse than its Old World counterpart; some subgenera contain 
several vector species (e.g. Nyssomyia and Psychodopygus), whereas 
many other subgenera and species groups contain only one or two 
species that are involved in the transmission of Leishmania spp.

Leishmania in the sandfly

After ingestion, the parasites in an infected blood meal undergo 
metamorphosis to the promastigote form and multiply within the 
sandfly gut before they become infective. The site in which this 
development takes place varies between different groups of Leish-
mania and is related to the micromorphology and biochemistry 
of the sandfly gut. The attachment mechanisms of Leishmania are 
adapted to the surface structure (chitinous or membranous) of the 
section of the gut to which they adhere. Enzyme activity in the 
midgut, following blood meals from different hosts, will differen-
tially affect the survival of Leishmania.

The location of the parasites in the gut during their develop-
ment (relative to the pylorus, the sphincter between the midgut 
and hindgut) has been used in parasite classification (Figure 
IV.28).10 This subject is discussed in detail in the section on the 
genus Leishmania (see Appendix III) and may be briefly summa-
rized as follows:
1. Peripylarian (‘both sides of the gate’) development takes  

place in the hindgut and then the parasites migrate forward 
before transmission by bite. Mainly parasites of New World 
mammals (members of the subgenus L. (Viannia): L. brazilien-
sis, guyanensis, panamensis and peruviana). Some parasites of 
Old World reptiles (e.g. the former L. adleri), whose taxonomic 
status (as ‘Sauroleishmania’; see Appendix III) is presently in 
doubt, also have a peripylarian form of development in sand-
flies.

2. Suprapylarian (‘above the gate’) development is entirely within 
the midgut prior to anterior migration and transmission by 
bite. Parasites of New and Old World mammals (members of 
the subgenus Leishmania (sensu stricto): L. donovani group, L. 
mexicana group, L. hertigi group and L. major group).

The term hypopylarian (‘under the gate’) development was used 
for parasites of some Old World lizards formerly included in the 
genus Leishmania, but which are currently referred to as Sauroleish-
mania species (of uncertain status), for example the former L. 
agamae and L. ceramodactyli. Hypopylarian development is con-
fined to the hindgut and transmission is by ingestion or crushing 
of the infected fly, when fed upon by lizards or other insectivorous 
vertebrates.

Although transmission occurs through the bite of a sandfly, the 
exact mechanism by which parasites are taken up or deposited in 
the skin of a new host is unclear (see section on vector-parasite 
interactions, below). Infection with parasites changes the behav-
iour of a sandfly; a heavily infected fly probes much more fre-
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quently than an uninfected fly, in a manner analogous to a flea 
with Yersinia. Leishmania can be transmitted readily during each 
probe, which may last for only a few seconds, and this is probably 
the origin of the multiple lesions seen in some patients (particu-
larly those with L. major infections). Infection does not alter the 
dispersal of sandflies appreciably.

Vector-parasite specificity of sandflies and the Leishmania  
spp. they transmit is affected by several factors, including behav-
iour (e.g. propensity of a vector to bite a particular species of 
reservoir host), ecological factors and biochemical factors (e.g. 
enzyme activity) operating in the sandfly gut. Natural infection 
rates in wild flies are usually very low (below 1%), but may be 
exceptionally high in some foci (e.g. up to 20% in the Jordan 
Valley).

Viruses

Sandfly fever (papataci or papatasi fever, 3-day fever) is caused by 
two distinct virus serotypes (Naples and Sicilian) and results in 
an acute febrile illness in humans, lasting 2–4 days, although 
incapacitation may extend for much longer periods.11 It is common 
during the summer months throughout the Mediterranean basin, 
the Middle East, Pakistan and parts of India, and Central America. 
The disease is of considerable military importance because up to 
75% of non-immune individuals who arrive in an endemic area 

may be affected. In Mediterranean areas where the disease is 
endemic, most of the population is thought to be infected during 
childhood, possibly suffering only a mild illness (see Chapter 
40).

Phlebotomus papatasi was incriminated as the vector in Egypt 
and is generally thought to transmit sandfly fever throughout the 
Old World range of the disease (i.e. except Central America). 
Natural infection rates of sandflies are between 0.015 and 0.5%. 
No natural vertebrate reservoir is known, although infected 
humans can infect flies, and thus have some amplifying effect 
during epidemics. It is most likely that the principal maintenance 
mechanism is by transovarial transmission along genetically sus-
ceptible lines of the vector.

Sandflies transmit several other phleboviruses; Phlebotomus per-
niciosus transmits Toscana virus in the northern Mediterranean, 
and in the New World Lutzomyia trapidoi and L. ylephiletor transmit 
Chagres’ and Punta Toro viruses. Viruses have been isolated from 
several other species.

Bacteria

Infections due to Bartonella bacilliformis (Oroya fever, verruga 
peruana) are found only in the central Andean Cordilleras of Peru, 
Colombia and Ecuador. The disease is endemic in valleys between 
750 and 2700 m in altitude, apparently restricted by the ecologi-

Table IV.3 Synopsis of proven vectors of leishmaniasis (see also Chapter 77)

Parasite Vector Animal reservoir Principal areas
L. (Leishmania) donovani P. (Euphlebotomus) argentipes ? Man India

L. (L.) infantum P. (Larroussius) ariasi Fox, dog Southern France
P. (Larroussius) longicuspis Dog North Africa
P. (Larroussius) major Syracuse Dog Eastern Mediterranean
P. (Larroussius) orientalis Rodents and carnivores Sudan
P. (Larroussius) perfiliewi Fox; Rattus spp. Italy; former Yugoslavia
P. (Larroussius) perniciosus Dog Western Mediterranean
P. (Larroussius) smirnovi Wolves; jackals Former USSR
P. (Larroussius) tobbi Dog Eastern Mediterranean
P. (Paraphlebotomus) alexandri ? Man North-west China: Sinkiang (Xinjiang)
P. (Adlerius) sichuanensis ? South-west China: Szechwan (Sichuan)
P. (Adlerius) chinensis Dog; racoon dog China
P. (Adlerius) longiductus Dog; jackal Former USSR
P. (Synphlebotomus) martini Dog; man East Africa

L. (L.) chagasi Lutzomyia (Lutzomyia) longipalpis Dog; foxes (Lycalopex, 
Cerdocyon)

Brazil

L. (L.) tropica P. (Paraphlebotomus) sergenti ? Man Middle East to Indus basin

L. (L.) major P. (Phlebotomus) papatasi Burrowing rodents North Africa, Middle East: former USSR, 
north-west India

P. (Phlebotomus) duboscqi Rodents African Sahel (Senegal to East Africa)
P. (Phlebotomus) salehi Rodents North-west India

L. (L.) aethiopica P. (Larroussius) pedifer Hyrax Ethiopia, Kenya

L. (L.) maxicana Lutzomyia (Nyssomyia) olmeca olmeca Forest rodents Central America

L. (L.) amazonensis Lutzomyia (Nyssomyia) flaviscutellata Forest rodents; agouti, opossum Amazon basin (Brazil)

L. (Viannia) braziliensis Lutzomyia (Psychodopygus) wellcome ? Brazil

L. (V.) panamensis Lutzomyia (Nyssomyia) trapidoi Sloth (Choloepus hoffmani) Panama

L. (V.) guyanensis Lutzomyia (Nyssomyia) umbratilis Sloth (Choloepus didactylus) Northern Brazil, Guyanas

L. (V.) peruviana ? ? (Dog; as secondary host) Western Andes (South America)

Family: Psychodidae; Subfamily: Phlebotominae
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Figure IV.28 Classification of the Leishmania species based on their site of development in the phlebotomine host. (After Lanson and Shaw.10)
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cal requirements of the vectors. Little detail is known of the trans-
mission cycle. There are no known animal reservoirs; the sandfly 
vector acquires the pathogen from an infected human. The lack 
of a development cycle of B. bacilliformis in the vector (it occurs 
in the gut and on the mouthparts) suggests that transmission may 
be mechanical. In Peru, Lutzomyia verrucarum is considered to be 
the vector, although the disease exists in the absence of this 
species. The closely related Lutzomyia colombiana is thought to 
transmit the disease in Colombia.

Reaction to sandfly bites

Persons newly exposed to the bites of P. papatasi and other species 
in parts of the Middle East often experience a severe urticarial 
reaction to sandfly bites after a variable time. This period of sen-
sitization may later be followed by desensitization. Such a reac-
tion may also occur elsewhere in the world.

Control of sandflies

There is no general method of control, for several reasons: the 
diversity of the habitats in which the diseases occur, behaviour of 
the vectors, and the public health importance of the disease they 
transmit. Several different strategies are used, principally aimed at 
reducing human–fly contact. Control of larvae is often impossible, 
as the breeding sites of many vectors are either unknown or inac-
cessible. However, in the former USSR considerable success was 
achieved by a combined method of pumping insecticides into 
rodent burrows (breeding and resting sites) with destruction of 
the rodent reservoirs (Rhombomys opimus).

Personal protection

Sandflies are able to penetrate the standard insect screens used in 
windows of houses and for normal bednets, and therefore fine 
sandfly bednets have to be used, which are uncomfortable to sleep 
under in humid tropical climates. Chemical repellents (DEET, 
DMP) applied to clothing and bednets are effective, but when 
applied to the skin are rapidly lost through perspiration. This is 
especially so when manual work is undertaken (agricultural 
labour, road building or military operations).

Insecticide control

Leishmaniasis control has occurred in some countries (e.g. India, 
Mediterranean) as a byproduct of antimalarial spraying, with 
renewed outbreaks after cessation of such spraying. Sandflies are 
susceptible to insecticides (only one instance of resistance to DDT 
has been reported) which are applied to resting and breeding sites. 
Control programmes based on house-spraying with residual insec-
ticides have been directed specifically at sandflies in Egypt, China, 
CIS, Peru and Saudi Arabia. The use of pyrethroid-treated bednets 
and curtains against sandflies is under evaluation.

Insecticide control of adults is feasible only where peridomes-
tic transmission occurs in discrete and well populated communi-
ties. Where sandflies are exophilic, or bite away from human 
habitations, insecticide control may not be effective; for example, 
there has been little success with attempts to control forest sand-
flies in the ‘neotropics’ by barrier spraying.

Environmental modification

This has been effective in some areas, for instance moving tempo-
rary buildings and camps away from microfoci and ploughing up 
breeding sites. Often, changing land use affects transmission in an 
unpredictable way. Sandflies in dense forest will rarely cross a 
clearing made around isolated houses or villages.

Collection of sandflies

The diverse biology of sandflies and their habitats means that 
special methods have to be used to catch them. Most methods rely 
on an understanding of sandfly behaviour, as they involve catch-
ing resting flies, attracting sandflies to a trap, or intercepting them 
during their nocturnal movements, and thus the efficiency of col-
lection will vary between methods and individuals.

The simplest method is to collect flies during the day from their 
resting sites, catching them directly with either an aspirator or a 
fine-mesh net. This is useful for peridomestic flies and for  
forest flies resting on tree trunks and buttresses. Battery-operated 
aspirators avoid the risk of histoplasmosis (see Chapter 71). A 
tent-like device (Damasceno trap) can be put over animal burrows 
or tree buttresses to catch resting sandflies. The most widely used 
method of collecting sandflies, at least in the Old World where 
sandflies live in relatively drier habitats, is setting sticky traps. 
These are sheets of paper (usually 10  17 cm) thinly coated in 
castor oil and fixed to sticks which are then placed near resting 
sites. Traps are set before sunset and collected the following 
morning. The adhering flies are removed with a needle, cleaned 
in dilute detergent and stored in 70% alcohol. Sticky traps are not 
usually effective in areas of high humidity. Several types of light 
traps can be used, although they are less effective in open habitats, 
such as deserts, than in woodland or forests. Similarly, a range of 
animal-baited traps has been devised for collecting sandflies. 
These traps are useful in areas where human-biting species are 
seldom caught by other means. Baiting such traps with a known 
reservoir host will help determine potential vector species. Light- 
and animal-bait methods are combined in the Shannon trap, a 
rectangular cloth trap with a central wall and an inverted box-like 
roof.

Human-biting catches provide an accurate method of finding 
which species are anthropophilic and assessing the extent of 
human–fly contact. The ethics of collectors being exposed to 
potential risks of leishmaniasis transmission may be considered 
acceptable if local residents are employed without substantially 
increasing their risk. Collecting larvae is enormously time con-
suming and only rarely productive.

Preparation and preservation of specimens

Because many microscopic characters are used to differentiate 
species of sandflies, correct preparation of specimens is of  
paramount importance. Flies can be cleaned in dilute detergent 
solutions to remove any adherent oil from sticky traps, rinsed  
in distilled water and mounted in Berlese medium. Other,  
more permanent, methods of clearing and mounting flies are  
also used. To display the diagnostic features most clearly, the  
head should be detached and mounted ventral side upper- 
most and the remainder of the body mounted laterally. Care  
must be taken in ringing such mounts to ensure they are  
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permanent. Other mounting media based on Canada balsam are 
used, but do not show the spermathecae and antennal sensilla 
very clearly.

In the absence of proper equipment and facilities, sandflies can 
be preserved in a dry condition, in wisps of paper tissue (not 
cotton wool), loosely packed in small tubes. Specimens stored dry 
are, naturally, rather brittle and are easily damaged.

Classification and identification of sandflies

Among the Phlebotominae there is no universal agreement on  
the ranking of taxa above the species level, although the proposals 
of Lewis et al.12 are generally accepted. Different taxonomic  
opinions may cause confusion, especially when they concern  
vector species; for example, the South American Psychodopygus is 
treated as a genus by some but as a subgenus of Lutzomyia by 
others. Of the five genera of Phlebotominae, only two contain 
vector species: Phlebotomus (Old World) and Lutzomyia (New 
World). The remaining genera, Sergentomyia (Old World), Brump-
tomyia and Warileya (both New World), rarely feed on humans. 
There is a loose association between the subgenera of sandflies 
and the affinities of the parasites they transmit, so that deducing 
potential vectors from their taxonomic relationships with known 
vector species is important in the initial stages of an epidemio-
logical study.

Identification of sandflies to species is difficult and requires 
specialist training. Species are differentiated by minute characters 
(many internal), such as details (teeth- or scale-like processes) of 
the ciborium and pharynx, and the structure of the spermatheca. 
External features of the male genitalia and the antennal sensilla 

are also used. There is often considerable variation within species, 
making it difficult to determine the limits of particular taxa and 
to identify some vector species. Cryptic species and complexes of 
sibling ones make it difficult to separate many species of sandflies. 
Several new techniques (morphometrics, isoenzyme electropho-
resis, DNA probes) are being used to differentiate some members 

Figure IV.29 Anatomy of the proboscis of the female Anopheles.
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Table IV.4 Epidemiological zones and vectors of human malaria (see also Chapter 73).

 1. North American
 A. (A.) freeborni
 A. (A.) quadrimaculatus
 (A. (N.) albimanus)

 2. Central American
 (A. (A.) aztecus)
 (A. (A.) punctimacula)
 A. (N.) albimanus
 (A. (N.) albitarsus)
 A. (N.) aquasalis
 A. (N.) argyritarsis
 A. (N.) darlingi

 3. South American
 A. (A.) pseudopunctipennis
 A. (A.) punctimacula
 (A. (K.) bellator)
 (A. (K.) cruzii)
 (A. (K.) neavei
 A. (N.) albimanus
 A. (N.) albitarsus
 A. (N.) aquasalis
 A. (N.) argyritarsis
 A.(N.) darlingi
 (A. (N.) numeztovari)
 (A. (N.) oswaldoi)
 (A. (N.) rangeli)
 (A. (N.) triannulatus)
 (A. (N.) trinkae)

Zonation according to the geographical distribution of the main vector species of Anopheles. In each (see map on opposite page) behaviour and ecology of Anopheles 
spp. governs transmission characteristics, e.g. indoor or outdoor transmission. A, Anopheles; C, Celia; K, Kerteszia; N, Nyssorhynchus. Names in parentheses are those of 
local or secondary vectors.

Mosquitoes

 7. Afrotropical
 A. (C.) arabiensis
 A. (C.) funestus
 A. (C.) gambiae
 (A. (C.) mascarensis)
 (A. (C.) melas)
 (A. (C.) merus)
 (A. (C.) moucheti)
 (A. (C.) nili)
 (A. (C.) pharoensis)

 8. Indo-Iranian
 (A. (A.) sacharovi)
 (A. (C.) annularis)
 A. (C.) culicifacies
 A. (C.) fluviatilis
 A. (C.) pulcherrimus)
 (A. (C.) stephensi)
 (A. (C.) superpictus
 (A. (C.) tessellatus)

 9. Indo-Chinese Hills
 (A. (A.) nigerrimus)
 (A. (C.) annularis)
 (A. (C.) culicifacies)
 A. (C.) dirus
 A. (C.) fluviatilis
 (A. (C.) kunmingensis)
 (A. (C.) maculatus)
 A. (C.) minimus

10. Malaysia
 A. (A.) campestris
 A. (A.) donaldi
 A. (A.) letifer
 A. (A.) nigerrimus
 (A. (A.) whartoni)
 A. (C.) aconitus
 A. (C.) balabacensis
 A. (C.) dirus
 A. (C.) flavirostris
 A. (C.) leucosphyrus
 A. (C.) ludlowae
 A. (C.) maculatus
 A. (C.) minimus
 (A. (C.) philippinensis)
 A.(C.) pseudowillmori
 A. (C.) subpictus
 A. (C.) sundaicus

11. Chinese
 A. (A.) anthropophagus
 A. (A.) sinensis

12. Australasian
 (A. (A.) bancroftii)
 A. (C.) farauti type 1
 A. (C.) farauti type 2
 (A. (C.) hilli)
 (A. (C.) karwari)
 A.(C.) koliensis
 A. (C) punctulatus
 (A. (C.) subpictus)

 4. North Eurasian
 A. (A.) atroparvus
 (A. (A.) messeae)
 (A. (A.) sacharovi
 (A. (A.) sinensis)
 (A. (C.) pattoni

 5. Mediterranean
 A. (A.) atroparvus
 (A. (A.) claviger)
 A. (A.) labranchiae
 (A. (A.) messeae)
 A. (A.) sacharovi
 (A. (C.) hispaniola)
 (A. (C.) pattoni)

 6. Afro-Arabian
 (A. (C.) hispaniola)
 (A. (C.) multicolor)
 A. (C.) pharoensis
 A. (C.) sergentii

of taxonomically intransigent species groups or complexes of 
sandflies.

MOSQUITOES

G. B. White

Family: Culicidae

Mosquitoes are not confined to tropical regions; the main genera 
Anopheles, Aedes and Culex are distributed worldwide, even  
within the Arctic Circle. Approximately 3300 species of Culicidae 
have been described, more being recognized each year. They are 
classified in three subfamilies and 35 genera, as shown in Table 
IV.4.

Adult mosquitoes of both sexes feed on nectar and other fluids. 
Anopheline and culicine females also suck the blood of mammals, 

birds, frogs, etc., each species of mosquito tending to have par-
ticular host preferences. For blood-feeding, the proboscis stylets 
(Figure IV.29) are pushed into a blood capillary of the host’s skin. 
Localized sensitivity to saliva from the mosquito is what causes 
dermal reactions popularly known as ‘mosquito bites’. Each blood 
meal generally provides enough nutrition for the female mosquito 
to produce a batch of eggs, 30–150 in number. Anophelines show 
the most regular cycles of blood-feeding and egg-laying. Toxo-
rhynchites and some culicines produce eggs autogenously (i.e. 
without having fed on blood). Male and female mosquitoes may 
well live for several weeks, feeding repeatedly, under natural con-
ditions. Through their regular attacks on humans, female mosqui-
toes of certain species are important carriers of human diseases. 
All the vectors of human malaria belong to the genus Anopheles 
(Table IV.5). The main morphological differences between anoph-
elines and culicines are portrayed in Figure IV.30. Various anoph-
elines and especially culicines transmit arboviruses and filariasis 
of humans (Tables IV.5 and IV.6). Mosquitoes also serve as the 
vectors of enzootic infections (i.e. restricted to animals or birds) 
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comprises micro-organisms and detritus. Rates of mosquito larval 
growth are influenced by such environmental factors as tempera-
ture, photoperiod, food supply and the degree of crowding. 
Aquatic predators, pathogenic fungi (e.g. Coelomomyces, Lagenid-
ium) and protozoa (gregarines, microsporidians), viruses and bacte-
ria, together with water effects such as flushing or drying out, 
combine to take a heavy toll of immature stages of mosquito. 
These natural agencies can be manipulated for mosquito control 
purposes.

Larvae and pupae of mosquitoes are sometimes called ‘wrig-
glers’ and ‘tumblers’, respectively, terms that express their vigorous 
movements in the water. When undisturbed, the pupa rests 
beneath the surface preparing for metamorphosis. Pupae do not 
feed. Eventually the pupal case splits along the back and the adult 
mosquito works its way out on to the water surface. Wings and 
legs become extended and the body cuticle begins to harden 
within half an hour of eclosion. The adult mosquito then flies to 
shelter and rests for several hours. Males are not able to copulate 
until their terminalia (external genitalia) have turned upside 
down, a process known as hypophygial circumversion, taking 
about 1 day for completion. Thereafter the males form swarms 
with specific characteristics at certain times daily. Female mosqui-
toes flying into or near a swarm are set upon by the males and 
copulation ensues. Once inseminated, a female mosquito carries 

Text continued on p. 1733

and some zoonotic diseases due to pathogens transmitted from 
animals to humans (e.g. yellow fever and subperiodic Brugian 
filariasis).

Breeding places of mosquitoes are always in water. Eggs may 
be deposited on damp soil or vegetation, in moist tree-holes or 
containers, and sometimes directly on to water. It is the choice of 
specific oviposition sites by female mosquitoes that determines 
the breeding places of each species. Eggs of the Aedini usually 
diapause, withstanding drought or winter, whereas other kinds of 
mosquito eggs hatch within a few days of being laid. Flooding and 
decreasing oxygen concentration trigger the hatching of eggs that 
have undergone diapause.

Larval development takes about a week for most tropical  
mosquitoes, but many temperate species overwinter as larvae.  
The fourth stage larva moults to the pupal stage, from which  
the adult mosquito emerges after a few days. Larvae breathe air 
via a pair of posterior dorsal spiracles mounted on a characteristic 
‘siphon’ (Figure IV.30) which is not developed in anophelines. 
Pupae breathe via a pair of ‘trumpets’ on the thorax (Figure IV.31). 
Although some species have predacious larvae (e.g. Toxorhynchites, 
Aedes subgenus Mucidus, Culex subgenus Lutzia), the majority  
of mosquito larvae have mouthparts adapted for filter-feeding. 
Maxillary and palatal brushes sweep small food particles from  
the water, or from the substrate, and pass them to mandibles 
flanking the larval mouth. The diet of most mosquito larvae  
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Table IV.5 The mosquito vectors of human filariasis (see map on opposite page and Chapter 84).

FORMS OF FILARIASIS

Mosquito groups and their general 
distribution

Vector species and places  
where incriminated

W. 
bancrofti

B. 
malayi

B.  
timori

np ns ds np ns np

ANOPHELINAE

Anopheles (Anopheles)

bancroftii group: Australian/Papuan areas bancroftii e.g. Papua New Guinea
barbirostris group: Oriental region barbirostris, e.g. Malaysia;

 Sulawesi, Thailand; Flores
campestris Malaysia
donaldi, e.g. Malaysia, Sarawak
anthropophagus, e.g. China
kewiyangensis, e.g. China

hycanus group: Oriental and Palaearctic regions nigerrimus, e.g. India, Sri Lanka, Thailand
sinensis complex, e.g. China, Korea;
 Malaysia, Thailand

umbrosus group: Indomalaysian area letifer, e.g. Malaysia
whartoni, e.g. Malaysia ?

Anopheles (Cellia)

funestus-minimus group: Afrotropical and Oriental 
regions aconitus, Flores

flavirostris, Philippines
funestus, e.g. Ghana, Kenya, Liberia, Malagasy, Nigeria, 

Senegal, Sierra Leone, Tanzania, Burkina Faso, Zaire
minimus, Hong Kong

gambiae complex: Afrotropical region arabiensis, e.g. Burkina Faso, Kenya, Malagasy, Nigeria, 
Tanzania

bwambae, Uganda
gambiae, e.g. Ivory Coast, Kenya, Malagasy, Nigeria, 

Tanzania, Zaire
melas, e.g. Gambia, Guinea, Ivory Coast, Liberia, Sierra 

Leone
merus, e.g. Tanzania

jeyporiensis: Oriental region candidiensis, e.g. China
leucosphyrus group: Oriental region balabacensis, e.g. Indonesia

leucosphyrus, e.g. Malaysia
maculatus: Oriental region maculatus, e.g. Malaysia
nili: Afrotropical region nili, e.g. Liberia
pauliani: Madagascar pauliani, Madagascar
philippinensis: Oriental region philippinensia, e.g. India
punctulatus complex: Papuan area and western 
Pacific

farauti, e.g. Solomon Islands
koliensis, e.g. Papua New Guinea
punctulatus, e.g. Papua New Guinea

subpictus group: Oriental region and Papuan area subpictus, Flores
tessellatus: Oriental region and Papuan area tessellatus, e.g. Maldives ?
vagus: Oriental region vagus, e.g. Flores

Anopheles (Kerteszia)

bellator: South America bellator, e.g. Brazil

Mosquitoes
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FORMS OF FILARIASIS

Mosquito groups and their general 
distribution

Vector species and places  
where incriminated

W. 
bancrofti

B. 
malayi

B.  
timori

np ns ds np ns np

Anopheles (Nyssorhynchus)

albimanus group: C. and S. America albimanus, Caribbean ?
darlingi, e.g. Brazil, Guyana

argyritarsis group: Neotropical region aquasalis, e.g. Brazil, Guyana

CULICINAE

Aedes (Finlaya)

kochi group: Indomalaysian, Papuan, North 
Australia and South Pacific

fijiensis, Fiji
oceanicus, e.g. Samoa, Tonga
poicilius, Philippines
samoanus, Samoa
tutuilae, Samoa ?

niveus group: Oriental region niveus, e.g. Philippines
harinasutai, Thailand

togoi: East and South-east Asia togoi, e.g. China, Japan, Korea

Aedes (Ochlerotatus)

scapularis: Neotropical region scapularis, e.g. Brazil
taeniorhynchus group: USA and Neotropical 
region

taeniorhynchus, e.g. Virgin Islands ?

vigilax group: East Africa, Australian, 
Indomalaysian, Papuan and South Pacific areas

vigilax, e.g. New Caledonia

Aedes (Stegomyia)

aegypti group: cosmotropical aegypti, filaria susceptible genotypes occur at low 
frequency, especially in East Africa

scutellaris group: North Australian, Indomalaysian, 
Papuan and Pacific areas

cooki, Niue Islands ?
futunae, Horne Islands
kesseli, Tongo ?
polynesiensis, central and eastern Polynesia, e.g. Fiji, 

Samoa, Tahiti, Tuamotu
pseudoscutellaris, Fiji
rotumae, Rotuma Island ?
tabu, Haapai Tongatapu Island
tongae, Haapai Islands, Vavau Island
upolensis, Samoa

Culex (Culex)

pipiens group: cosmopolitan pipiens, biotype molestus, e.g. Egypt, Turkey
pipiens, form pallens, e.g. China, Japan
quinquefasciatus, tropical Africa, Asia, Caribbean and 

South America
sitiens group: Afrotropical, Australian and Oriental 
regions

annulirostris, e.g. West Irian
bitaeniorhynchus, e.g. India, West Irian
gelidus, e.g. India ?
sitiens complex, e.g. India, Maldive Islands
tritaeniorhynchus, e.g. Bangladesh, India ?
vishnui complex, e.g. Bangladesh, India ? ?

Mansonia (Mansonia)

titillans: Neotropical region titillans, e.g. Guyana

Table IV.5 Continued
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FORMS OF FILARIASIS

Mosquito groups and their general 
distribution

Vector species and places  
where incriminated

W. 
bancrofti

B. 
malayi

B.  
timori

np ns ds np ns np

Mansonia (Mansonioides)

dives group: Oriental region and Papua area bonneae, e.g. Malaysia;
Thailand
dives, e.g. Malaysia, Sumatra, Palawan

–
+
+

+

+

uniformis group: Afrotropical, Australian and 
Oriental regions

annulata, e.g. Kalimantan, Malaysia, Sri Lanka,  
Sumatra, Thailand
annulifera, e.g. India, Kalimantan, Sri Lankaa, Thailand
indiana, e.g. India, Java, Sri Lankaa, Malaysia, Thailand
uniformis, e.g. Africa;
India, Kalimantan, Malaysia, Sri Lankaa;
West Irian

–

–
–
+

+

+
+
+

+

np, nocturnally periodic; ns, nocturnally subperiodic or non-periodic; ds, diurnally subperiodic; , proven vector, infective filarial larvae found repeatedly in wild 
mosquito female; , non-vector: filarial larvae usually fail to develop; no entry, vecor status undetermined or form of filariasis absent.
aBrugia malayi now virtually eradicated from Sri Lanka.
Zone 1: Neotropical: Anopheles albimanus, aquasalis, bellator, darlingi; Aedes scapularis, taeniorhynchus; Culex quinquefasciatus; Mansonia titillans.
Zone 2: Afrotropical: Anopheles funestus, arabiensis, gambiae, melas, merus; Culex quinquefasciatus, sitiens.
Zone 3: Middle Eastern: Culex pipiens, molestus.
Zone 4: Oriental: Anopheles barbirostris, campestris, donaldi, nigerrimus, sinensis complex, letifer, whartoni, aconitus, flavirostris, minimus, candidiensis, maculatus, 
philippinensis, subpictus, tesselatus; Aedes niveus, harinasutai, togoi, poicilius; Culex bitaeniorhynchus, gelidus, sitiens complex, tritaeniorhynchus, vishnui complex; Mansonia 
uniformis, bonneae, annulata, annulifera, indiana.
Zone 5: Western Pacific: Culex pipiens; Aedes togoi.
Zone 6: Papuan: Anopheles bancrofti, punctulatus, farauti, koliensis, subpictus, tesselatus.
Zone 7: South Pacific: Aedes kochi group fijiensis, oceanicus, samoanus, tutuilae; Aedes scutellaris group cooki, futanae, kesseli, polynesiensis, pseudoscutellaris, rotumae, 
tabu, tongae, upolensis; Aedes vigilax.

Table IV.5 Continued

Figure IV.30 Chief distinguishing features of anophelines and 
culicines. a.f, air floats; a.g, anal gills; ab, abdomen; an, antenna; 
br, mouth brushes; e, eye; h.h., hooked hairs or caudal setae;  
n.o, notched organ; pa, palps (maxillary palpi); p.h, palmate hairs 
or float hairs; pr, proboscis; 1.sg, first abdominal segment; 8.sg, 
eighth abdominal segment; si, siphon; sp, spiracles; th, thorax;  
tr, respiratory trumpets.

Mosquitoes
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TOGAVIRIDAE

Alphavirus (Group A)
Barmah Forest Virus (BFV)
Australia Aedes (Ochlerotatus) vigilax

Culex (Culex) annulirostris

Chikungunya (CHIK)
Africa Aedes (Diceromyia) furcifer

*Aedes (Stegomyia) aegypti
Aedes (Stegomyia) africanus
Coquillettidia (Coquillettidia) fuscopennata
Culex (Culex) quinquefasciatus
Mansonia (Mansonioides) africana
Mansonia (Mansonioides) uniformis

South-east Asia *Aedes (Stegomyia) aegypti
Aedes (Stegomyia) albopictus?
Culex (Culex) gelidus
Culex (Culex) quinquefasciatus
Culex (Culex) tritaeniorhynchus

Eastern equine encephalitis (EEE)

North America Aedes (Aedimorphus) vexans
Aedes (Ochlerotatus) atlanticus
Aedes (Ochlerotatus) fulvius
Aedes (Ochlerotatus) mitchellae
*Aedes (Ochlerotatus) sollicitans
Aedes (Ochlerotatus) sticticus
*Aedes (Ochlerotatus) taeniorhynchus
Anopheles (Anopheles) crucians
Coquillettidia (Coquillettidia) perturbans
Culex (Culex) nigripalpus
Culex (Culex) quinquefasciatus
Culex (Culex) restuans
Culex (Culex) salinarius
*Culiseta (Climacura) melanura
*Culiseta (Culicella) morsitans

South America *Aedes (Ochlerotatus) taeniorhynchus
Culex (Culex) nigripalpus
Culex (Melanoconion) caudelli
Culex (Melanoconion) spissipes
Culex (Melanoconion) taeniopus

Europe Culex (Culex) pipiens

Everglades (EVE)

Florida Aedes (Ocherotatus) taeniorhynchus
Aedes (Ocherotatus) crucians
Culex (Culex) nigripalpus
Culex (Melanoconion) spp.

Mayaro (MAY)

South and Central 
America

Culex spp.
*Haemagogus spp.
Coquillettidia (Rhynchotaemia) 
venezuelensis
Psorophora (Janthinosoma) ferox
Sabethini spp.

Table IV.6 Mosquitoes implicated as hosts involved in transmission of arboviruses affecting man (see also Chapter 40)

Arbovirus and 
endemic area

Natural vector
(*indicates principal species)

Arbovirus and 
endemic area

Natural vector
(*indicates principal species)

Mucambo (MUC)

South America Aedes spp.
Aedes (Ochlerotatus) serratus
Culex spp.
*Culex (Melanoconion) portesi
Haemagogus spp.
Sabethini spp.
Wyeomyia spp.

O’nong-nyong (ONN)

Africa Anopheles (Cellia) funestus
Anopheles (Cellia) gambiae (sensu lato)

Ross River (RR)

Australasia Aedes (Ocherotatus) vigilax
Culex (Culex) annulirostris

Semliki Forest (SF)

Africa Aedes (Aedimorphus) abnormalis group
Aedes (Aedimorphus) argenteopunctatus
Aedes (Aedimorphus) denatus
Aedes (Neomelaniconion) palpalis
Anopheles (Cellia) funestus
Eretmapodites grahamii

Sindbis (SIN)

Africa Aedes (Aedimorphus) cumminsi
Aedes (Neomelaniconion) circumluteolus
Anopheles (Celia) pharoensis
Coquillettidia (Coquillettidia) fuscopennata
*Culex (Culex) antennatus
*Culex (Culex) perexiguus
Culex (Culex) pipiens (sensu lato)
*Culex (Culex) univittatus
Mansonia (Mansonioides) africana

Australasia Aedes (Ochlerotatus) normanensis
Aedes (Ochlerotatus) vigilax
*Culex (Culex) annulirostris
Mansonia (Mansonioides) septempunctata

Orient *Culex (Culex) bitaeniorhynchus
Culex (Culex) pseudovishnui
*Culex (Culex) tritaeniorhynchus

Venezuelan equine encephalitis (VEE)

Tropical Americas about 
40 species implicated, 
including:

Aedes (Ochlerotatus) angustivittatus
Aedes (Ochlerotatus) scapularis
*Aedes (Ochlerotatus) serratus
Aedes (Ochlerotatus) sollicitans
*Aedes (Ochlerotatus) taeniorhynchus
Aedes (Ochlerotatus) thelcter
Aedes (Stegomyia) aegypti
Anopheles (Anopheles) aquasalis
Anopheles (Anopheles) crucians
Anopheles (Anopheles) neomaculipalpus
Anopheles (Anopheles) pseudopunctipennis
Anopheles (Anopheles) punctimacula
Culex (Culex) corniger
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Culex (Culex) coronator
Culex (Culex) nigripalpus
Culex (Culex) tarsalis
*Culex (Melanoconion) spp.
Culex (Melanoconion) iolambdis
Culex (Melanoconion) acossa/panocossa
Culex (Melanoconion) portesi
Culex (Melanoconion) taeniopus
Culex (Melanoconion) vomerifer
Deinocerites pseudes
Haemagogus spp.
Limatus flavisetosus
Mansonia (Mansonia) indubitans
Mansonia (Mansonia) titillans
*Psorophora (Grabhamia) confinnis
Psorophora (Grabhamia) discolor
Psorophora (Janthinosoma) albipes
Psorophora (Janthinosoma) cyanescens
*Psorophora (Psorophora) ciliata
Psorophora (Psorophora) cilipes
Sabethes spp.
Wyeomyia spp.

Western equine encephalitis (WEE)

North and  
South America

mainly Culex (Culex) tarsalis in western 
USA; Culiseta (Climacura) melanura in 
eastern USA; occasionally Aedes, 
Anopheles, Culex, Culiseta and Psorophora 
spp.

Flavivirus (group b)

Banzi (BAN)

Africa Culex (Culex) nakuruensis
*Culex (Eumelanomyia) rubinotus
Mansonia (Mansonioides) africana

Bussuquara (BSQ)

South and Central 
America

Coquillettidia (Rhynchotaenia) venezuelensis
*Culex (Melanoconion) spp.
Culex (Melanoconion) epanatasis (crybda)
Culex (Melanoconion) taeniopus
Culex (Melanoconion) vomerifer
Mansonia (Mansonia) titillans
Trichoprosopon sp.

Dengue (DEN) types 1–4

between 40ºN and 40ºS Aedes (Finlaya) niveus group
Aedes (Stegomyia) spp.
*Aedes (Stegomyia) albopictus
Aedes (Stegomyia) polynesiensis
Aedes (Stegomyia) scutellaris

Ilheus (ILH)

South and Central 
America

Aedes (Ochlerotatus) angustivittatus
Aedes (Ochlerotatus) fulvus
Aedes (Ochlerotatus) scapularis
Aedes (Ochlerotatus) serratus

Aedes (Stegomyia) aegypti
Coquillettidia spp.
Culex (Culex) nigripalpus
Culex (Culex) quinquefasciatus
Culex (Melanoconion) spp.
Culex (Melanoconion) caudelli
Culex (Melanoconion) spissipes
Culex (Melanoconion) taeniopus
Haemagogus (Conopostegus) leucocelaenus
Hemagogus (Haemagogus) janthinomys 
(falco)
Psorophora (Janthinosoma) albipes
*Psorophora (Janthinosoma) ferox
Psorophora (Janthinosoma) lutzii
Sabethes (Sabethoides) chloropterus
Trichoprosopon sp.
Wyeomyia sp.

Japanese encephalitis (JE)

South-east Asia to India 
and Japan and former 
USSR

Aedes (Aedimorphus) vexans
Aedes (Cancraedes) curtipes
Aedes (Finlaya) koreicus
Aedes (Finlaya) togoi
Anopheles (Anopheles) barbirostris group
Culex (Culex) bitaeniorhynchus group
Culex (Culex) epidesmus
Culex (Culex) gelidus
Culex (Culex) pipiens group
Culex (Culex) pseudovishnui
*Culex (Culex) tritaeniorhynchus
Culex (Culex) vishnui (annulus)
Culex (Culex) whitmorei

Kunjin (KUN)

Borneo, Australia *Culex (Culex) annulirostris
Culex (Culex) pseudovishnui
Culex (Culex) squamosus

Murray Valley encephalitis (MVE)

Australasia Aedes (Ochlerotatus) normanensis
*Culex (Culex) annulirostris
Culex (Culex) bitaeniorhynchus

Septik (SEP)

Australasia Armigeres sp.
Mansonia (Mansonioides) septempunctata
Mimomyia (Mimomyia) flavens

Spondweni (SPO)

Africa Aedes (Aedimorphus) cumminsi
Aedes (Aedimorphus) fowleri?
*Aedes (Neomelaniconion) circumluteolus
Aedes (Ochlerotatus) fryeri?
Culex (Culex) univittatus
Eretmapodites spp.
Eretmapodites silvestris
Mansonia (Mansonioides) africana
Mansonia (Mansonioides) uniformis

Table IV.6 Continued

Arbovirus and 
endemic area

Natural vector
(*indicates principal species)

Arbovirus and 
endemic area

Natural vector
(*indicates principal species)

Mosquitoes
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Asia Anopheles (Cellia) subpictus
Culex (Culex) quinquefasciatus
Culex (Culex) tritaeniorhynchus
Culex (Culex) vishnui group

Yellow fever (YF)

Africa Aedes (Aedimorphus) vittatus
Aedes (Diceromyia) taylori
*Aedes (Stegomyia) aegypti
*Aedes (Stegomyia) africanus
Aedes (Stegomyia) luteocephalus
Aedes (Stegomyia) metallicus
*Aedes (Stegomyia) simpsoni

South and Central 
America

*Aedes (Stegomyia) aegypti
Haemagogus (Conopostegus) leucocelaenus
Haemagogus (Haemagogus) janthinomys 
( falco)
*Haemagogus (Haemagogus) spegazzinni
Sabethes (Sabethoides) chloropterus

Zika (ZIKA)

Africa

Malaysia

*Aedes (Stegomyia) africanus
Aedes (Stegomyia) luteocephalus
Aedes (Stegomyia) aegypti

BUNYAVIRIDAE (BUNYAVIRUS)

Bunyamwera group

Bunyamwera (BUN)

Africa *Aedes (Neomelaniconion) circumluteolus
Aedes (Skusea) pembaensis
Culex spp.
Mansonia (Mansonioides) africana
Mansonia (Mansonioides) uniformis

Calovo (CVO)

Europe Anopheles (Anopheles) maculipennis (sensu 
lato)
Coquillettidia (Coquillettidia) richiardii

Germiston (GER)

Africa Aedes (Neomelaniconion) circumluteolus
Anopheles (Cellia) arabiensis
Anopheles (Cellia) funestus
Culex (Culex) theileri?
*Culex (Eumelanomyia) rubinotus

Guaroa (GRO)

South America Anopheles (Kerteszia) neivai

Ilesha (ILE)

Africa Anopheles (Cellia) gambiae (sensu lato)
Mansonia (Mansonioides) uniformis

Tensaw (TEN)

South-east USA Aedes (Ochlerotatus) atlanticus
Aedes (Ochelerotatus) infirmatus
Aedes (Ochelerotatus) mitchellae
*Anopheles (Anopheles) crucians
Anopheles (Anopheles) punctipennis

St Louis encephalitis (SLE)

North America Aedes (Ochlerotatus)
dorsalis/melanimon
Aedes (Ochlerotatus) scapularis
Aedes (Ochlerotatus) serratus
Anopheles (Anopheles) crucians
*Culex (Culex) nigripalpus
Culex (Culex) peus
*Culex (Culex) pipiens
*Culex (Culex) quinquefasciatus
Culex (Culex) restuans
Culex (Culex) salinarius
Culex (Culex) tarsalis
*Culex (Culex) pipiens
*Culex (Culex) quinquefasciatus
Culex (Culex) restuans
Culex (Culex) salinarius
Culex (Culex) tarsalis

South America *Culex (Culex) coronator
Culex (Culex) declarator (as virgultus)
Culex (Culex) nigripalpus
Culex (Melanoconion) candelli
Culex (Melanoconion) spissipes
Culex (Melanoconion) taeniopus
Psorophora (Janthinosoma) ferox
Sabethes (Sabethes) belisarioi
Sabethes (Sabethoides) chloropterus
Trichoprosopon sp.
Wyeomyia sp.

Wesselsbron (WSL)

Africa Aedes (Aedimorphus) hisutus
Aedes (Aedimorphus) minutus
Aedes (Aedimorphus) tarsalis group
Aedes (Neomelaniconion) spp.
Aedes (Neomelaniconion) circumluteolus
Aedes (Neomelaniconion) lineatopennis
Aedes (Ochlerotatus) caballus
Anopheles (Cellia) gambiae (sensu lato)
Anopheles (Cellia) pharoensis
Culex (Culex) telesilla
Culex (Culex) univittatus
Mansonia (Mansonioides) uniformis

Thailand Aedes (Aedimorphus) mediolineatus
Aedes (Neomelaniconion) lineatopennis

West Nile (WN)

Africa Coquillettidia (Coquillettidia) metallica
Culex (Culex) theileri
*Culex (Culex) univittatus
Culex (Culex) weschei

Europe Culex (Barraudius) modestus

Middle East Anopheles (Anopheles) coustani
Culex (Culex) antennatus
Culex (Culex) perexiguus (as univittatus)
Culex (Culex) pipiens group

Table IV.6 Continued
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Madrid (MAD)

Panama Culex (Melanoconion) vomerifer

Marituba (MTB)

Brazil Culex (Melanoconion) ocossa/panocossa 
(aikenii)
Culex (Melanoconion) portesi

Murutucu (MUR)

South America Coquillettidia (Rhychotaenia) venezuelensis
Culex (Melanoconion) ocossa/panocossa 
(aikenii)
Culex (Melanoconion) portesi
other Culex spp. and Sabethini

Oriboca (ORI)

South America Aedes spp.
Aedes (Ochlerotatus) taeniorhynchus
Culex spp.
Culex (Melanoconion) portesi
Mansonia spp.
Psorophora (Janthinosoma) ferox
Sabethini

Ossa (OSSA)

Panama Culex (Melanoconion) taeniopus
Culex (Melanoconion) vomerifer

Restam (RES)

South America Culex (Melanoconion) portesi

California group

California encephalitis (CE)

South-western USA Aedes (Aedimorphus) vexans
*Aedes (Ochlerotatus) dorsalis
*Aedes (Ochlerotatus) melanimon
Aedes (Ochlerotatus) nigromaculis
Anopheles (Anopheles) pseudopunctipennis
Culex (Culex) tarsalis
Culiseta (Culex) inornata
Psorophora (Grabhamia) signipennis

Inkoo (INK)

Finland Aedes (Ochlerotatus) communis/punctor

La Crosse (LAC)

USA Aedes (Ochlerotatus) canadensis
Aedes (Ochlerotatus) communis
Aedes (Promacleaya) triseriatus
Culex (Culex) pipiens

Melao (MEL)

South America Aedes (Ochlerotatus) scapularis
Aedes (Ochlerotatus) serratus
Psorophora (Janthinosoma) ferox

Tahyna (TAH)

Africa Aedes (Skusea) pembaensis

Europe *Aedes (Aedimorphus) vexans
Aedes (Ochlerotatus) cantans
Aedes (Ochlerotatus) caspius

(Anopheles) quadrimaculatus
Coquillettidia (Coquillettidia) perturbans
Culex (Culex) nigripalpus
Culex (Culex) salinarius

Wyeomyia (WYO)

South and Central 
America

Aedes (Howardina) septemstriatus
Aedes (Howardina) sexlineatus
Aedes (Ochlerotatus) fulvus
Aedes (Ochlerotatus) scapularis
Aedes (Ochlerotatus) serratus
Aedes (Protomacleaya) argyrothorax
Anopheles spp.
Anopheles (Stethomyia) nimbus
Coquillettidia (Rhynchotaemia) arribalzagae
Culex (Aedinus) amazonensis
Culex (Culex) nigripalpus
Haemagogous (Conopostegus) 
leucocelaenus
Limatus durhamii
Limatus flavisetosus
Psorophora (Grabhamia) cingulata
Psorophora (Janthinosoma) albipes
Psorophora (Janthinosoma) ferox
Trichoprosopon (Runchomyia) leucopus
Trichoprosopon (Runchomyia) longipes
Trichoprosopon (Trichoprosopon) digitatum
Wyeomyia (Dendromyia) aporonoma
Wyeomyia (Dendromyia) complosa
Wyeomyia (Dendromyia) melanocephala

Bwamba group

Bwamba (BWA)

Africa Anopheles (Cellia) funestus
Anopheles (Cellia) gambiae (sensu lato)

C group

Apeu (APEU)

Brazil Aedes (Howardina) arborealis
Aedes (Howardina) septemstriatus
Aedes (Ochlerotatus) serratus
Culex (Melanoconion) acossa/panocossa 
(aikenii)

Caraparu (CAR)

South America Culex (Melanoconion)spp.
Culex (Melanoconion) caudelli
*Culex (Melanoconion) portesi
Culex (Melanoconion) spissipes
Culex (Melanoconion) vomerifer
Limatus durhamii
Wyeomyia sp.

Itaqui (ITQ)

Brazil Culex (Melanoconion) spp.
Culex (Melanoconion) portesi
Culex (Melanoconion) vomerifer

Table IV.6 Continued
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Rift Valley fever (RVT)

Africa Aedes (Aedimorphus) dentatus
Aedes (Aedimorphus) tarsalis
Aedes (Aedimorphus) triseriatus
Aedes (Neomelaniconion) circumluteolus
Aedes (Neomelaniconion) lineatopennis
*Aedes (Ochlerotatus) caballus
Aedes (Ochlerotatus) juppi
Aedes (Stegomyia) deboeri
Aedes (Stegomyia) aegypti
Aedes (Stegomyia) africanus
Aedes (Stegomyia) dendrophilus
Anopheles (Anopheles) coustani
Coquillettidia (Coquillettidia) fuscopennata
Coquillettidia (Coquillettidia) 
microbannulata
Coquillettidia (Coquillettidia) versicolor
Culex (Culex) neavei
*Culex (Culex) pipiens (sensu lato)
*Culex (Culex) theileri
Culex (Culex) univattatus
Culex (Culex) zombaensis
Eretmapodites chrysogaster group
Mansonia (Mansonioides) africana
Mansonia (Mansonioides) uniformis?

Ganjam group

Gamjam (GAN)

India Culex (Culex) vishnui group and ticks 
(Ixodidae)

Anopheles a group

Tataguine (TAT)

Africa Anopheles (Cellia) funestus
Anopheles (Cellia) gambiae (sensu lato)

Ungrouped

Zinga (ZGA)

Africa Aedes (Neomelaniconion) palpalis group
Mansonia (Mansonioides)africana

POXVIRIDAE

Cotia (COT)

South America Aedes (Ochlerotatus) serratus
Coquillettidia (Rhynchotaenia)  
venezuelensis
Culex (Melanoconion) portesi
Limatus pseudomethysticus
Psorophora (Janthinosoma) ferox

Aedes (Ochlerotatus) cinereus
Anopheles (Anopheles) hyrcanus (sensu 
lato)
Anopheles (Anopheles) maculipennis (sensu 
lato)
Culex (Barraudius) modestus
Culex (Culex) pipiens (sensu lato)
Caliseta (Culiseta) annulata

Guama group

Catu (CATU)

South America Anopheles (Stethomyia) nimbus
Coquillettidia (Rhynchotaemia) 
venezuelensis
Culex (Aedinus) majuensis
Culex (Culex) declarator (virgultus)
*Culex (Melanoconion) portesi
Culex (Melanoconion) vomerifer

Guama (GAM)

South and Central 
America

Aedes (Howardina) sexlineatus
Coquillettidia (Rhynchotaenia) venezuelensis
Culex (Aedinus) mojuensis
Culex (Melanoconion) spp.
Culex (Melanoconion) epanatasis (crybda)
*Culex (Melanoconion) portesi
Culex (Melanoconion) spissipes
Culex (Melanoconion) taeniopus
Culex (melanoconion) vomerifer
Culex (Tinolestes) spp.
Limatus durhamii
Wyeomyia sp.

Nyando group

Nyando (NDO)

Africa Anopheles (Cellia) funestus

Simbugroup

Oropouche (ORO)

South America Mainly Ceratopogonidae
Aedes (Ochlerotatus) serratus
Coquillettidia (Rhynchotaenia) venezuelensis
Culex (Culex) quinquefasciatus

Shuni (SHU)

South Africa Culex (Culex) theileri

Phlebotomus fever group

Chagres (CHG)

Panama Sabethes (Sabethoides) chloropterus and 
phlebotomine sandflies

Table IV.6 Continued
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in her spermathecae sufficient sperms for fertilization of all the 
eggs she may produce. Through the action of matrone, a hormone 
from male accessory glands, mated female mosquitoes normally 
become unwilling to accept sperm from additional males. Hiber-
nation of mated females is a common way of overwintering 
among temperate species of mosquito (e.g. Culex pipiens, Culiseta 
annulata, Anopheles maculipennis complex). Seasonal changes in 
the duration of daylight govern the onset and end of hibernation. 
Tropical mosquito adults are generally incapable of long-term 
quiescence.

When foraging, blood-thirsty female mosquitoes fly upwind 
searching for the scent trail of an attractive host. Sensilla on the 
palps and antennae serve to detect the host; eyes of the mosquito 
help to monitor ground speed, altitude, flight direction and details 
of host location. Intermittent downwind flights are also a feature 
of normal activity. The majority of mosquitoes hunt and feed at 
night, although many aedine mansoniine and sabethine species do 
so by day. Each species has a well defined activity cycle: some 
attack at dusk, others around midnight or at other hours. Species 
showing strong attraction to humans are said to be anthropo-
philic, or more strictly anthropophagic when the human is bitten, 
as opposed to zoophilic or zoophagic species which attack other 
creatures. Endophilic mosquitoes are those that favour houses or 
animal sheds for resting indoors, whereas exophilic species prefer 
to remain outdoors. Outdoor biting behaviour is termed exoph-
agy, as opposed to the endophagy of mosquitoes that enter dwell-
ings to bite people or animals. It is important to realize that 
mosquitoes may rest outdoors after feeding indoors, or vice versa. 
Male mosquitoes tend to be less endophilic than females of the 
same species, while many human-biting species seldom go indoors 
at all. Few species of mosquito have the human as their principal 
host. In order to quantify amounts of human–mosquito contact 
for epidemiological purposes, it is necessary to estimate: (1) the 
number of bites/person per 24 h, (2) the percentage of mosquito 
blood meals obtained from human compared with other animals, 
and (3) the feeding interval, expressed as the mean number of 
days between times when successive blood meals are taken by a 
given species of mosquito. These data can be combined with the 
probability of mosquito daily survival, estimated from the propor-
tion of parous females, in order to calculate an index of vectorial 
capacity.13

Male and female mosquitoes are good fliers and sometimes 
disperse over many kilometres. However, most kinds of mosquito 
remain in rather restricted habitats. Those breeding in salt marshes 
include some notorious migrants, notably Aedes taeniorhynchus 
along the American east coast. It has been suggested that Anoph-
eles pharoensis occasionally travels almost 300 km over desert in 
the Middle East. Adult mosquitoes can be accidentally transported 
alive overseas in ships and aeroplanes. For instance, at least  
six introduced species of mosquito have become established on 
the remote Pacific island of Guam. A survey of planes arriving at 
Nairobi during the mid-1960s revealed mosquitoes imported 
from several other countries, Culex quinquefasciatus being most 
frequently encountered, and one African Anopheles  
was found returning on a flight from India. It seems that  
Aedes aegypti, Anopheles gambiae and possibly C. quinquefasciatus 
have been taken inadvertently by humans from the Old World  
to the New World, where these mosquitoes have caused inesti-
mable trouble. A. gambiae was wiped out again in the 1930s before 
it had spread from the primary focus in Brazil, but introduced 
populations of Aedes aegypti and C. quinquefasciatus are con- 
tinually spreading throughout the tropics. Fortunately, not many 
species of mosquito readily become established in fresh  
situations.

Identification and taxonomy of mosquitoes are matters for 
specialists. The morphology of hairs, scales and other body struc-
tures must be studied in precise detail on adults of both sexes and 
on all the immature stages. This requires specimens in perfect 
condition as a basis for conventional identification. Where pos-
sible the larval and pupal skins should be preserved with the adult 
that emerges, so that the taxonomic characteristics of all life stages 
can be checked. Adult mosquito specimens should be kept on 
micropins; larvae and skins can be preserved in 60% alcohol or 
permanently mounted on a microscopic slide in chloral gum or 
Canada balsam for examination. Many species of mosquito show 
few points of distinction, although the characteristics of genera 
and subgenera can be recognized more easily. Most medically 
important species of mosquito have close similarities to other 
species that do not bite humans. Specific identification may 
depend on minute features of the male, the larva or even the egg, 
often making it unreliable to identify individual female speci-
mens. For some species of mosquito it may be necessary to look 
at their chromosomal or DNA characteristics, proteins or behav-
iour in order to distinguish between species that are morphologi-
cally identical, or nearly so. Groups of such closely related species 
are known as sibling species complexes. Genetic evidence shows 
that these biologically distinct species do not normally interbreed 
in nature. The significance of species complexes is that some of 
the species are pests and vectors of disease, whereas others are 
not.

Anatomy (Figures IV.29–IV.36)

The body of an adult mosquito consists of three recognizable 
divisions: head, thorax and abdomen. The head is rounded and 
attached to the thorax by a slender neck. It is provided with large 
eyes, antennae and mouthparts. The antennae (Figures IV.34 and 
IV.35) are composed of 15 segments. Each segment bears a whorl 
of hairs in the female, but in the male the hairs are profuse, giving 
a bristly or bottle-brush appearance. The mouthparts in the female 

Figure IV.31 Pupa of Anopheles maculipennis. E, eye of developing 
adult; P, paddle of pupa; PE, pupal eye; RT, respiratory trumpet; T, 
trachea leading to anterior thoracic spindle; Ph, palmate hairs; p.h., 
paddle hairs.
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consist of a proboscis fitted for piercing and sucking. The labium 
encloses the other mouthparts (Figure IV.29), except the maxillary 
palps, and ends distally in two pointed labella lobes clothed with 
scales and hairs. In the act of biting, the labellae part and are 
applied to the surface of the skin, forming a sheath for the delicate 
piercing stylets, and do not enter the wound made for obtaining 
blood. Within is the labrum-epipharynx, forming a V-shaped 
channel open on the ventral surface. This extends along the whole 
length of the labium and ends in a sharp point. Lying directly 
beneath the labrum-epipharynx, closing the ventral slit, is the 
hypopharynx, which consists of a thin chitinous lamella, fitting 
closely to the ventral surface of the labrum-epipharynx, thus 
forming a tube through which the blood is sucked. In the longi-
tudinal chitinous thickening runs a very fine channel extending 
from the base to the tip of the hypopharynx; through this the 
salivary secretion is poured into the wound (Figure IV.29). The 
mandibles form delicate chitinous stylets at the side of the hypo-
pharynx. The labium buckles in the act of biting and the stylets 
emerge. Each of these tapers slightly, ending in a sharp point. The 

maxillary stylets are more robustly constructed, but have the same 
general form; the tip is generally supplied with a row of back-
wardly pointing teeth. The maxillary palps consist of five partially 
fused segments. In the male the mouthparts are not adapted for 
biting. The maxillary palps are elongated, extending above the 
proboscis, but the mandibles and maxillae are greatly reduced and 
may be lacking altogether.

In female anophelines the palps are as long as the proboscis 
and usually closely applied, but in female culicines the palps are 
short. In male mosquitoes, both culicine and anopheline, the 
palps are as long as the proboscis. The palps of the male culicines 
are bushy and the two terminal segments tend to turn upwards in 
Culex, downward in Aedes. Those of the male anophelines are 
somewhat club-shaped.

The thorax is wedge-shaped in side view; the sides form the 
pleura, with scale patches. The various sclerites composing the 
side of the thorax bear stiff setae or hairs, arranged in definite 
groups. The scutellum is separated by a transverse suture from the 
mesonotum. In all genera except Anopheles it is trilobate and  
each lobe bears a group of stiff setae. In anophelines the scutellum 
is rounded and reduced. The region behind the scutellum is 
known as the postnotum and is generally nude. The wings are 
long and narrow, with venation; the scales are characteristic. Situ-

Figure IV.32 Anatomy of the female mosquito, showing wing veins 
1–6.

Figure IV.33 Longitudinal section of a female mosquito showing its 
anatomy.

A

B

Figure IV.34 Heads of (A) male and (B) female culicine.

A

B

Figure IV.35 Heads of (A) male and (B) female anopheline.
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ated immediately posterior to the base of the wings is a pair of 
halteres or balancers, which have gyroscopic functions during 
flight.

The legs are long and slender, composed of coxa, trochanter, 
femur and tibia, as well as a tarsus of five long and slender tarso-
meres. The last tarsomere bears a pair of claws (ungues), which 
vary greatly in size and shape; those of the hind legs are generally 
smaller than those of others. The abdomen is nearly cylindrical, 
narrow and elongated, consisting of 10 segments, the last two 
modified for sexual purposes. The terminal segment in the female 
is tapered. The ninth is reduced and in the intersegmental area 
between it and the eighth lies the opening of the reproductive 
organs. The tenth segment is greatly reduced and bears the anal 
opening and paired cerci. The abdomen of the male is slightly 
longer than that of the female. The terminal segments are greatly 
modified and bear paired claspers, between which lies the 
aedeagus, a complex organ used in reproduction. Specific charac-
teristics of these terminalia are the basis of much taxonomy (Figure 
IV.36).

Subfamily: Toxorhynchitinae

As they are larger than other mosquitoes, it is fortunate that Toxo-
rhynchites cannot suck blood. The proboscis is strongly down-
curved and suited only for imbibing nectar from plants or free 
fluids. About 60 species are known, all classified in a single genus. 
Toxorhynchites occurs in all warmer regions of the world, between 
35ºN and 35ºS approximately. Breeding places are flooded  
tree-holes, rock-holes and artificial containers such as buckets and 
discarded tyres. Female Toxorhynchites scatter their rounded 
buoyant eggs on to water while flying. Larvae soon hatch and 
become rapacious predators with mouth brushes composed of six 
to ten strong recurved teeth on each side for grasping prey. When 
the chance arises, cannibalism occurs. A relatively short, dark, 
strongly chitinous respiratory siphon is present at the abdominal 
tip, as for larval Culicinae. Populations of some dangerous con-
tainer-breeding Culicinae, notably Aedes aegypti, can be signifi-

cantly reduced through larval predation by Toxorhynchites. This 
subfamily of mosquitoes should therefore be regarded as benefi-
cial. Adult Toxorhynchites are colourful as a result of their iridescent 
and metallic scale patterns, with patches of purple, red, orange 
and green ornamentation on particular species. The lateral abdom-
inal tail tufts and large size (up to 18 mm from head to tail; wing 
span 12–24 mm) are distinctive. Toxorhynchites adults are diur-
nally active and sometimes venture into houses, where they may 
be found when trying to escape from windows.

Subfamily: Anophelinae

The palps in both sexes are as long, or nearly as long, as the pro-
boscis. The scutellum is rounded. Wings of nearly all species have 
characteristic patterns of pale and dark spots of scales (Figure 
IV.37). The subfamily Anophelinae was divided by Edwards into 
three genera: Chagasia (scutellum slightly trilobed), Bironella (scu-
tellum evenly rounded, wing with stem of median fork wavy) and 
Anopheles (scutellum evenly rounded, wing with stem of median 
fork straight). The genus includes more than 400 species. When 
settled, most Anopheles stand with the proboscis, head and 
abdomen in almost a straight line, usually resting on an upright 
surface at an angle of about 45º; exceptionally, as in A. culicifacies, 
the resting position adopted is more Culex-like (Figure IV.38). In 
flight the hum produced by Anopheles is low pitched, almost inau-
dible unless close to the ear. Most species require large spaces for 
mating flights, rendering it difficult to propagate them in captivity. 
Overwintering females are fertilized before diapausing, but the 
males of temperate species cannot overwinter. For tropical species, 
both sexes are likely to live for several weeks, feeding intermit-
tently. At 25–30ºC tropical female Anopheles can be expected to 
suck blood and then lay eggs regularly at intervals of 2 or 3 days. 
The boat-shaped eggs (Figure IV.39) have an investing membrane 
inflated laterally to form a pair of floats. These represent air-filled 
spaces between the exochorion and the endochorion of the egg-
shell to resist submersion. Anopheline eggs are 1 mm in length. 
They are white when freshly laid, but tan to dull brown or black 

Figure IV.36 Male terminalia (external genitalia) of Aedes, Anopheles and Culex in ventral view, showing the main generic characteristics. These 
features show specific modifications that are useful for taxonomy and identification of species and genera.
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of the thorax and abdomen face upward, but the head is rotated 
180º so that its ventral surface lies upward. Food consists of living 
organisms, bacteria and protozoa obtained beneath the surface, 
as well as particles of floating food such as dead insect fragments. 
The head of the larva is complex; the central portion is known as 
the clypeus, the anterior plaque as the preclypeus. It has a pair of 
short antennae, eyes, a pair of feeding brushes, and preclypeal and 
clypeal hairs. The respiratory opening is composed of two dorsally 
placed spiracles on the eighth abdominal segment. From the spir-
acles, the tracheae run the length of the body, conducting air to 
all regions for respiration.

The larva maintains itself under the surface film in a horizontal 
position by a row of dorsoabdominal plaques and a series of 
palmate hairs, known as float hairs. The terminal segment is pro-
vided with four anal papillae (gills), which have respiratory and 
excretory functions, but are mainly to absorb mineral salts. Above 
and below the anal gills are dorsal and ventral swimming brushes 
(Figure IV.40). The eighth segment has a chitinous plate lying 
between the two openings of the spiracles; just below it there is a 
row of teeth arising from a chitinized base, known as the pecten. 
Small glands secrete a waxy substance around the spiracles, which 
therefore cannot be wetted. (It is important to note this fact when 
oiling water to kill larvae.) Respiration also takes place through 
the cuticle but the oxygen intake from the water is not sufficient 
to maintain life, except when the temperature is low and metabo-
lism reduced.

The capability of any particular species of Anopheles to transmit 
malaria is regulated by a number of factors, such as the numbers 
present, the degree of anthropophily (human blood index), the 
probability of survival to a potentially infective age, and whether 
the parasites of malaria can complete their development in the 
mosquito. A species proved to be a natural carrier in one situation 
does not necessarily play an important part somewhere else. There 
is a striking correlation between the incidence of malaria and of 
Anopheles, as seen in the case of A. punctulatus complex, which 
occurs on some islands in the South Pacific, but not on others. 
Where these species occur there is malaria; where they do not, 
there is none. Malaria vector Anopheles spp. of the world are listed 
in Table IV.5.

Mosquito nomenclature is a vexed question. A great many 
species have been renamed. In case of doubt, recourse should be 
made to Knight and Stone.14

In undertaking a malaria survey, an attempt should be made 
to identify female anophelines; they should be collected and dis-
sected to find out which species are infective. It is necessary to 
dissect at least several hundred insects and to examine the gut for 
oocysts and salivary glands for sporozoites. Molecular and immu-
nological detection techniques (e.g. enzyme-linked immunosor-

Figure IV.37 Anopheles gambiae. One of a series of drawings made 
by the late Philip Manson-Bahr, showing the wing markings 
characteristic of Anopheles ( 6).

Figure IV.38 Resting positions of Culex quinquefasciatus (below), 
Anopheles sinensis (centre) and Anopheles gambiae (above).

Figure IV.39 Eggs of the Anopheles maculipennis 
complex: 1, melanoon; 2, messeae; 3, beklemishevi or 
maculipennis (sensu stricto); 4, atroparvus; 5, labranchiae; 
6, sacharovi (summer); 7, sacharovi (winter). Species 
identification is based on the pattern on the deck (upper 
surface of egg) and the form of floats, i.e. size, number of 
ribs and striations.

within a few hours. They are laid singly on the surface of the water, 
arrange themselves in a distinct pattern at that site, and hatch in 
2 or 3 days. The larva feeds on small floating particles swept into 
its mouth by feeding brushes which can be folded under its head. 
When Anopheles larvae lie beneath the surface, the dorsal aspects 
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bent assay; ELISA) are also now available for sporozoite detection. 
Infectivity rates are generally below 0.1%, although higher rates 
are often recorded, especially with A. funestus and the A. gambiae 
complex in Africa. Adults and larvae should be identified to deter-
mine whether known vector species are present. Any locality 
should be studied for at least a complete year as seasonal transmis-
sion is important: one species may be responsible in spring and 
another during the autumn.

Identification of the many diverse species of Anopheles is spe-
cialized work. The following points are of specific importance: 
size, general colouration, colour of erect scales on the head, 
pattern of pale scales on the generally dark legs, wings, and so on. 
The distal half of the proboscis may be pale, the palps may be 
smooth or shaggy, depending on the scales. The palps may  
be entirely dark or there may be pale bands. The general coloura-
tion of the thorax and scales on the mesonotum is helpful.  
These features are too intricate to be explained in detail here, and 
identification depends upon characters listed in the published 
keys.

The distribution and importance of some species of Anopheles 
have been changed as a result of malaria control or eradication 
programmes in which residual insecticides have been used. For-
merly DDT was the insecticide of choice but, to offset DDT resis-
tance, some more potent pyrethroids and other insecticides (e.g. 
carbamates, organophosphates) are increasingly being utilized for 
house spraying (see Table IV.13).

Some species are less responsive than others to insecticides 
sprayed indoors because either they tend to leave buildings after 
feeding, without resting on treated walls, or they tend to bite and 
rest in the open and therefore do not come into contact with 
residual insecticides.

Much success has been achieved in eradication programmes in 
subtropical areas and in some parts of the tropics, but even where 
eradication has been almost complete, there have been renewed 
outbreaks of malaria, as in Sri Lanka, India and Guyana. Such 

outbreaks can occur if surveillance is insufficient, and mosquitoes 
are allowed to multiply enormously if conditions change so as to 
stimulate breeding.

In most parts of tropical Africa malaria transmission has hardly 
changed. Where intensive insecticide spraying has been carried 
out, A. funestus has been eliminated, although it could re-enter the 
area from the periphery when spraying is discontinued. The main 
vectors, members of the A. gambiae complex (A. gambiae, A. ara-
biensis, A. melas), breed so prolifically in so many collections of 
water, and bite people so voraciously indoors and in the open, 
that control by insecticides is extremely difficult.

In addition to malaria, Anopheles spp. transmit Wuchereria ban-
crofti, many of the malaria-carrying species being implicated 
(Table IV.6). The now recognized Timor filaria parasite of humans, 
Brugia timori, has A. barbirostris as the only known vector, at least 
in the island of Flores.15 Anopheles also transmit several arbovi-
ruses, for instance eastern equine encephalitis, western equine 
encephalitis, Venezuelan equine encephalitis, o’nyong-nyong, 
tataguine, and others listed in Table IV.6.

Adult anopheline mosquitoes are active only at night when the 
females seek avidly to feed on the blood of vertebrates. Medically 
important anthropophilic species belong to the subgenera Anoph-
eles, Cellia, Kerteszia and Nyssorhynchus of the genus Anopheles. 
Neither of the other two anopheline genera, Bironella and Chagasia, 
nor the Anopheles subgenera Lophopodomyia and Stethomyia are of 
any applied interest. Taxonomic separation of Anopheles subgenera 
is based upon the numbers and positions of certain spines on the 
male basistyle (see Figure IV.36), together with other features 
summarized by Reid.16

Subgenus Anopheles predominates in the northern hemisphere, 
extending southwards with a few species found in Australia and 
through Africa. These mosquitoes are generally more robust and 
larger (wing span 8–12 mm) than those belonging to other 
anopheline subgenera. Taxonomists recognize six series of species 
within the subgenus Anopheles. Vectors of human diseases belong 
to the Myzorhynchus series as well as series Anopheles (sensu 
stricto).

Series Myzorhynchus occurs mainly in the Oriental region, the 
following species groups being involved in human disease trans-
mission. A. hyrcanus group, mostly zoophilic species, but includ-
ing A. sinensis the main vector of malaria in China, is also 
implicated as a vector of rural filariasis (both B. malayi and W. 
bancrofti) in parts of South-east Asia; it thrives where paddy pro-
vides suitable breeding places. The closely related A. nigerrimus, 
which breeds in more permanent ponds, also contributes to 
malaria and filariasis transmission in South-east Asia (see Tables 
IV.5 and IV.6). A. barbirostris group of blackish species with shaggy 
palps includes two important Malaysian vectors of malaria: darker 
A. campestris associated with clay but not sandy soils, especially 
alluvial coastal areas, where the larvae occur in lightly shaded deep 
waters, and paler A. donaldi which breeds in swampy forests. These 
and other members of the A. barbirostris group are important 
vectors of periodic B. malayi, but not of the subperiodic form or 
of W. bancrofti to which they are mostly refractory, although A. 
donaldi appears to transmit W. bancrofti in Borneo. The only known 
vector of Timor filariasis (B. timori) is said to be A. barbirostris,15 but 
this mosquito might be the atypical form of A. barbirostris (sensu 
lato) regarded as a local vector of bancroftian filariasis in Sulawesi 
and perhaps other parts of Indonesia. In the closely related A. 

Figure IV.40 Larva of an anopheline (A. maculipennis) seen from 
above. The anal segment is twisted round to display the dorsal and 
ventral brushes.
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bancroftii group, the typical species transmits malaria and periodic 
bancroftian filariasis in Papua New Guinea and Indonesia, and 
formerly in Australia. Finally in this series the A. umbrosus group, 
having larvae with reduced float hairs, includes two vectors of 
bancroftian filariasis and malaria in Malaysia: A. letifer and A. whar-
toni, both of which breed in partially shaded, acidic, stagnant 
water. Much caution should be exercized in vector studies on 
mosquitoes belonging to the series Myzorhynchus because they are 
frequently infected with zoonotic parasites (e.g. monkey malarias) 
and the taxonomic distinctions between many of the species 
require expert attention.

Series Anopheles includes the notorious A. maculipennis complex 
of a dozen species in the northern hemisphere.17 Specific patterns 
on the eggs (see Figure IV.39) are the best means of distinguishing 
these sibling species (i.e. morphologically similar species) which 
have distinctive biological characteristics despite their anatomical 
similarities. Differences of the chromosomes and protein electro-
morphs are also useful for specific identification. Typical A. macu-
lipennis (sensu stricto) seldom attacks humans, so probably was 
never a malaria vector, although most malaria transmission in 
Europe was formerly due to A. maculipennis sensu lato, meaning all 
species combined in the complex. The most widespread member 
of the A. maculipennis complex is A. messeae, which is also mainly 
zoophilic. Arboviruses transmitted by the A. maculipennis complex 
(Table IV.7) are usually associated with A. messeae. A. labranchiae 
and A. sacharovi around the Mediterranean, and A. atroparvus in 

other parts of Europe, were vectors of malaria – and still are in a 
few places. These three species tend to breed in brackish water, 
although they are not confined to coastal localities. Because A. 
atroparvus females spend the winter resting indoors, periodically 
biting people or livestock but not producing eggs until spring, they 
were responsible for the phenomenon of ‘winter malaria’ trans-
mission in bygone days. The disappearance of malaria from 
Europe has been due mainly to the decline of these mosquitoes 
resulting from housing improvements, draining of marshes, breed-
ing site pollution (soaps and detergents infiltrate the larval tra-
cheae, causing them to drown) and through the application of 
chemical pesticides. Former malaria vectors in North America 
belonging to this group are the freshwater-breeding species A. 
freeborni and the more distinctive species A. quadrimaculatus.18 One 
more medically important species belonging to this series is A. 
claviger, which overwinters as larvae and breeds in weedy ponds 
throughout Europe and the Middle East, where it still transmits 
some malaria. A. claviger may also be involved with myxomatosis 
transmission among rabbits. Several arboviruses have been iso-
lated from Anopheles spp. in Europe and North America (Table 
IV.7), but it is doubtful whether transmission depends upon these 
vectors in any case.

Subgenus Cellia has the majority of species in the genus Anoph-
eles, with many complexes of sibling species including disease 
vectors that are extremely difficult to identify. The taxonomic lit-
erature is inadequate, except for the excellent monographs by 

Table IV.7 Identification key to the genera of adult mosquitoes likely to be encountered indoors or attacking man

 1. Large iridescent mosquitoes (wing span 12–24 mm); abdominal segments VI–VIII (but not I–V) with distinctive 
lateral tufts of scales; proboscis curved downwards approx. 90º in middle; feeds on nectar not blood; distribution 
40ºN to 35ºS Toxorhynchites

Typical mosquitoes of various sizes (wing span 5–16 mm); abdomen usually without distinctive lateral scale-tufts; 
proboscis usually straight, or curved through no more than 40º downwards or upwards; females often suck blood 2

 2. Female palps as long as proboscis; male palps club-shaped (Figure IV.35); wing vein scales usually forming a 
conspicuous pattern of spots due to either clusters of scales at junctions of some veins or patches of pale scales and 
patches of dark scales alternating along some veins; scutellum evenly rounded posteriorly and lacking lateral lobes; 
abdomen usually not scale-covered, although some narrow scales may be mixed with the covering of fine hairs; 
worldwide distribution Anopheles

Female with short palps (Figure IV.34B), usually one-third to one-fifth as long as proboscis; male palps not clubbed, 
although often apically thickened; wing vein scales usually not forming a distinct pattern of spots or pale and dark 
patches, although speckling may be due to mixtures of pale and dark scales on some veins; scutellum trilobed, i.e., 
with large mid-lobe and smaller lateral lobes; abdomen clothed with broad scales (powdery when rubbed) above 
and below (Culicinae) 3

 3. Female with tip of abdomen rounded, terminal segment non-retractable, cerci not conspicuous; postspiracular 
bristles absent (present in Mansonia, see no. 7) 4
Female with tip of abdomen pointed, ending with a pair of prominent cerci, terminal abdominal segment 
retractable; postspiracular bristles present (Figure IV.41) 8

 4. Pre-alar bristles (Figure IV.41) usually numerous and at least one lower mesepimeral bristle present; postnotum 
normally without apical tuft; anterior pronotal lobes small; meron well developed, so that upper edge is dorsal to 
the base of hind coxa 5

Pre-alar bristles usually absent, no more than four present; no lower mesepimeral bristles; postnotum usually with an 
apical tuft of small setae; anterior pronotal lobes large and conspicuously ornamented with scales; meron small, so 
that upper edge is in line with base of hind coxa or ventral to it; essentially sylvatic mosquitoes, i.e. found in jungle 12
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 5. Tarsi with pulvilli (Figure IV.44) appearing as a pair of pale pads below the claws when examined at 50 
magnification or more; worldwide distribution Culex

Tarsi without pulvilli 6
 6. Bristles on spiracular area (FIgure IV.41) i.e. setae with roots in a vertical row just in front of the respiratory aperture 

on side of thorax (mesothoracic spiracle); worldwide distribution Culiseta

Spiracular bristles absent 7
 7. Bristles on spiracular area (Figure IV.41); wing vein scales very broad and forming a mottled pattern on all or most 

veins; ornamentation without any yellow scales; worldwide distribution Mansonia

Postspiracle bristles absent; wing vein scales narrow not forming a mottled pattern on most veins; ornamentation 
mostly yellow, or with at least some bright yellow scales somewhere on body; worldwide distribution Coquillettidia

 8. Scutum covered with broad, flat, metallic green scales; legs generally dark; anterior pronotal lobes very large, almost 
meeting anteriorly; small species (wing span 6–9 mm) active in daytime; Caribbean, South and Central America Haemagogus

Scutum not covered with shiny green scales; legs often with pale bands, especially on tarsi anterior pronotal lobes 
not strongly developed; various sizes (wing span 6–16 mm), diurnal or nocturnal 9

 9. Broad silver scales on back of head, sides of thorax and hind corners of abdominal tergites; thoracic cuticle orange 
or reddish-brown; tropical Africa only Eretmapodites

Not with silvery scales in the places specified; although some of these areas bear white scales; thoracic cuticle pale 
or dark, but not orange or reddish; temperate or tropical regions worldwide 10

10. Spiracular bristles present (Figure IV.41), i.e. setae with roots in a vertical row just in front of the respiratory aperture 
on side of thorax mesothoracic spiracle; New World only Psorophora

Spiracular bristles absent
11. Abdomen more than 2  length of thorax; normally one lower mesepimeral bristle present (Figure IV.41); scales on 

top of head all broad, flat and decumbent; abdominal segment VIII partially retractile; distributed throughout 
southern Asia, from India to Japan, Philippines, Indonesia and Melanesia Armigeres

Abdomen not more than 2  length of thorax; lower mesepimeral bristle usually absent; top of head with erect 
scales, seen best in side-view, forming a posterior tuft or more extensive ‘crew cut’ appearance (easily rubbed off), 
plus a layer of decumbent scales which are often curved and narrow along the midline but always broad and flat 
laterally; abdominal segment VIII almost completely retractile; worldwide distribution Aedes

12. Spiracular area bare, i.e. no scales or bristles on the small membranous area between the posterior pronotum and 
the main thoracic spiracle; South-east Asia only Heizmannia

Spiracular area with scales and/or at least one bristle 13
13. Australasian or South-east Asian mosquitoes Tripteroides

New World mosquitoes 14
14. Spiracular area with broad scales only, no bristles; proboscis shorter than fore-femur, thorax with some shiny golden 

scales; hind tarsi with single claw Limatus

Spiracular area with at least one spiracular bristle; thoracic scales various, none golden; proboscis longer than or 
equal to forefemur; each hind tarsus with two claws 15

15. Scutum covered with broad, flat, shiny metallic scales; some tarsi with ‘paddles’ formed by inner and outer rows of 
long, mostly dark scales; some tarsi with ‘paddles’ formed by inner and outer rows of long, mostly dark scales; 
Central and South America Sabethes

Scutal scales usually not shiny; tarsi without paddles 16
16. Top of head often with erect scales; pronotal lobes widely separated anteriorly; membrane at wing base (squama) 

fringed with small setae; bristles on clypeus, i.e. bulbous area of the face between bases of antennae and palps; 
Central and South America Trichoprosopon

Top of head without erect scales; pronotal lobes very large and almost meeting anteriorly; membrane at wing base 
(squama) with more than three small fringe setae; area the face without bristles, although scales may be present; 
North and South America Wyeomyia

Table IV.7 Continued
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Reid16 covering Malaysian species and by Gillies and de Meillon19 
for African species. Cellia species are found almost exclusively  
in the Old World tropics, being classified into six series: Cellia, 
Myzomyia, Neocellia, Neomyzomyia, Paramyzomyia and Pyretophorus, 
according to the forms of pharyngeal teeth in females. Many Cellia 
spp. are attracted to humans for blood meals, and representatives 
of all six series have been implicated as vectors of human dis-
eases.

Series Cellia is a group of about 10 distinctive savannah species 
in Africa and the Middle East. Adults differ from most other 
anophelines through having abdominal scales, those at the sides 
forming segmental tufts. The thorax and palps are unusually scaly 
also, the latter appearing shaggy. A. pharoensis is the dominant 
species especially in Egypt where it is the main malaria vector. It 
also carries arbovirus and helminth infections to animals. The 
closely related A. squamosus is an incidental malaria vector in 
various parts of Africa.

Series Myzomyia includes the A. funestus-minimus complex, 
numbering about a score of small and delicate species with varied 
host preferences and breeding sites. Three of the most efficient 
malaria vectors in the world are A. funestus, which breeds in 
African swamps and mature paddy, A. minimus, which breeds in 
streams of South-east Asia from the Himalayas to Hong Kong, 
with A. flavirostris doing likewise in the Philippines. These species 
are also important vectors of bancroftian filariasis. They are 
extremely endophilic in most areas, so usually respond well  
to control campaigns with residual insecticides sprayed inside  
houses. However, exophilic and insecticide-resistant populations 
of A. minimus are an intractable problem in Thailand. A. fluviatilis 
is another important exophilic member of this complex, breeding 
in streams of southern Asia. A. fluviatilis maintains highly  
endemic malaria in localities where A. minimus has been elimi-
nated. There is little evidence that these mosquitoes transmit arbo-
viruses, although A. funestus has been involved with epidemic 
o’nyong-nyong fever in East Africa; A. funestus is also the type-host 
of Tanga virus. A. aconitus is closely related to the A. funestus-
minimus complex, probably forming another complex of species 
in itself. It transmits malaria and possibly filariasis in Indonesia, 
but not in Malaysia. Identification of all these species presents the 
utmost difficulty, but is vital if effort is not to be wasted in vain 
attempts to control the exophilic non-vector species in the 
complex.

A. culicifacies also belongs to series Myzomyia, being an oppor-
tunistic breeder in temporary pools, wells and other clean water 
sites from Arabia to China. It is not an efficient malaria vector, 
but is the only species implicated in Sri Lanka and is clearly of 
importance in most parts of its range. Exophily makes control 
difficult and there is good evidence that several sibling species 
have been confused in what must therefore be regarded as the A. 
culicifacies complex. Similarly in the arid belt of North Africa and 
the Middle East, A. sergentii is an important but inefficient malaria 
vector, variations of which suggest that it comprises several taxo-
nomic species.

Series Neocellia includes a number of oriental malaria vectors, 
mostly having speckled legs and hind tarsi with white tips. A. 
annularis breeds abundantly in swamps of the kind covered with 
Eichornia weed (cf. Mansonia) and in mature paddy, being a 
widespread and mainly zoophilic mosquito from India to the 
Philippines. In some situations A. annularis is a significant though 

inefficient malaria vector, often showing multiple resistance to 
insecticides. A. karwari is strongly zoophilic in South-east Asia, 
where it breeds in trickles of seepage water, but it has been reported 
to transmit human malaria in West Irian, Indonesia, to where it 
was accidentally introduced. A. maculatus is an unusually variable 
species which also breeds commonly in seepages from Pakistan 
to Sri Lanka, China and the Philippines. Despite being mainly 
exophilic and zoophilic, it serves as an important vector of malaria 
and contributes to W. bancrofti transmission in some places, espe-
cially where hilly countryside is being developed so that breeding 
sites for A. maculatus become plentiful. The African savannah 
species A. rufipes also belongs to this series and was previously 
regarded as a secondary vector of malaria, because sporozoite 
infections are frequent, but it is now known that A. rufipes more 
often transmits antelope malaria.20 Other local vectors of malaria 
to be mentioned here are A. pattoni in China, A. pulcherrimus in 
Afghanistan, and A. superpictus in the eastern Mediterranean area 
(see Table IV.5). Finally in this series, A. stephensi is essentially a 
rural cattle-biting species in the Indian subcontinent. However, 
some populations have adapted to urban conditions in northern 
India and Pakistan, where they breed in wells and subsist largely 
on human blood, becoming important local vectors of urban 
malaria.21

Series Neomyzomyia has numerous species in Africa, Asia  
and Australasia, most of which are either dark and cave-dwelling 
or heavily spotted and forest-dwelling. A. nili breeds in African 
rivers and streams, being rather seasonal and locally important as 
an efficient vector of both malaria and bancroftian filariasis. A.  
tessellatus is widespread and usually zoophilic in South-east  
Asia, breeding in stagnant water. It transmits malaria and filariasis 
in the Maldive Islands, where it is the only anopheline present. 
The A. leucosphyrus group extends from India to China and  
the Philippines, comprising at least 12 species, several of which 
transmit monkey malarias (P. cynomolgi, P. inui, P. knowlesi, etc.) 
and sometimes infect humans with these zoonotic parasites.  
A. leucosphyrus (sensu stricto) is also a regular vector of human 
malaria in Malaysia and Indonesia. The most important compo-
nent of the A. leucosphyrus group is the A. balabacensis complex, 
which has not yet been analysed satisfactorily. The most wide-
spread form in South-east Asia has been named A. dirus, but this 
seems to consist of four genetic species. In forests from Assam to 
Indonesia and China, ‘A. dirus’ (formerly known as A. balabacensis, 
or simply A. leucosphyrus) is an important vector of human malaria, 
including chloroquine-resistant P. falciparum, and of monkey 
malarias. True A. balabacensis is equally a vector where it occurs in 
Palawan and northern Borneo. Members of the A. balabacensis 
complex breed in fresh jungle pools; the adults are exophilic  
and elusive, but not difficult to control by home spraying with 
insecticides or by means of forest clearance. Their possible involve-
ment in transmission of arboviruses and filariae remains to be 
studied.

Also in series Neomyzomyia, the A. punctulatus complex com-
prises at least five sibling species which are vectors of malaria and 
nocturnally periodic bancroftian filariasis from the Moluccas, 
through Papua New Guinea to the Solomon Islands and formerly 
in northern Australia. The true A. punctulatus is widespread, occur-
ring together with A. koliensis and A. farauti in some islands. A. 
farauti itself comprises three or more genetic species in Australia 
and Melanesia. Like the A. balabacensis complex, these vectors tend 
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to rest among vegetation and to breed in small fresh pools, making 
it costly and difficult to attempt their control. However, house 
spraying with DDT has interrupted filariasis transmission in the 
Solomons, although malaria persists.22

Series Paramyzomyia has only four or five species, of which A. 
hispaniola and A. multicolor are regarded as malaria vectors in 
North Africa, although the evidence is equivocal. The latter species 
can tolerate strong salinity in its breeding places.

Series Pyretophorus also has several species adapted to brackish 
water breeding sites; the adults are characterized by banded tarsi 
and extensively pale wing markings. A. sundaicus is a mainly 
coastal and locally important vector of malaria in Indonesia, 
closely related to A. litoralis and A. ludlowae in the Philippines; the 
latter species extends to coastal Sulawesi where it joins in malaria 
transmission. A. subpictus ranges from the Middle East to Papua 
New Guinea, tending to be more anthropophilic and associated 
with coastal salt-water habitats eastwards; it is a secondary vector 
of malaria and contributes to W. bancrofti transmission locally in 
Indonesia.

Of the greatest medical importance in Africa and southern 
Arabia is the A. gambiae complex, comprising two salt-water-
adapted species – A. melas in West Africa and A. merus in East 
Africa – A. bwambae, restricted to mineral spring-water sites in the 
Rift Valley between Uganda and Zaire, and three widespread fresh-
water breeding species – A. gambiae (sensu stricto) (species A), A. 
arabiensis (species B) and A. quadriannulatus (species C). The last 
is essentially zoophilic, so not a vector, but the other five species 
transmit both malaria and bancroftian filariasis.23 High rates of 
female mosquito longevity, coupled with marked preferences for 
human blood, give very high vectorial capacities to A. arabiensis, 
A. gambiae and to some extent A. melas. Wherever these species 
are found, malaria is highly endemic. House-spraying with resid-
ual insecticides has not reduced malaria transmission to the 
expected degree, because members of the A. gambiae complex are 
capable of behavioural avoidance of the sprayed surfaces. Resis-
tance to organochlorine and organophosphate insecticides is also 
spreading in populations of A. arabiensis and A. gambiae. Control 
of the salt-water species, A. melas and A. merus, can be partially 
achieved by means of drainage and prevention of pool formation 
in coastal areas, through construction of dikes and bunds. Unfor-
tunately, most breeding of A. arabiensis and A. gambiae occurs in 
temporary fresh rainwater pools, or irrigated furrows, which are 
impossible to prevent or treat adequately with larvicides. Separa-
tion of the six sibling species belonging to the A. gambiae complex 
depends upon the examination of chromosomal or protein char-
acters. Adult females of A. gambiae (sensu lato) have the appearance 
shown in Figure IV.37, but could easily be confused with various 
other species in subgenus Cellia.

Subgenus Kerteszia is restricted to the American tropics, with 
about 10 species that breed exclusively in flooded axils of brome-
liad plants or broken bamboos. As they are found only in the 
forests of Central and South America, their medical importance is 
limited, although several species are sometimes abundant and 
strongly attracted to humans. A. cruzii and A. bellator are signifi-
cant vectors of malaria, and the latter sometimes contributes to 
filariasis transmission.24

Subgenus Nyssorhynchus forms the dominant anopheline fauna 
of the Neotropical region. Faran25 has clarified the difficult tax-
onomy of the A. albimanus section, with species having small dark 

lateral scale tufts on each abdominal segment, including several 
vectors of disease. A. albimanus itself is the main malaria vector in 
humid lowlands from southern USA to northern South America 
and in Caribbean islands. It breeds in stagnant water and the 
adults lack scale tufts on the first full abdominal segment. A. 
albimanus is insufficiently endophilic to be readily controlled by 
means of house spraying and has become widely resistant to all 
groups of insecticides. It may contribute to filariasis transmission 
and has been involved with epidemics of encephalitis and perhaps 
other arboviruses (Table IV.7). Another malaria vector closely 
related to A. albimanus is A. aquasalis, which also transmits Ven-
ezuelan equine encephalitis virus, and is of importance mainly in 
Trinidad, Tobago, the Guianas and coastal Brazil, usually breeding 
in brackish water; also A. nuneztovari is a primary malaria vector 
in parts of Colombia and Venezuela, probably comprising a 
complex of vector and non-vector species. Another section of 
subgenus Nyssorhynchus includes the malaria vectors A. argyritarsis 
and A. darlingi. The latter was eradicated from coastal Guyana, but 
remains of major importance in places from Brazil to Mexico. 
Infective larvae of W. bancrofti have occasionally been found in A. 
darlingi and A. aquasalis, suggesting that these species may contrib-
ute to periodic filariasis transmission.

Subfamily: Culicinae

This large and heterogeneous subfamily of mosquitoes contains 
over 2500 species and some 30 genera. The scutellum is trilobed, 
each lobe bearing bristles. The abdomen is blunt and completely 
clothed with broad flat scales. The eighth segment of the larva 
bears a patch of comb teeth on each side, used for cleaning the 
mouth brushes, and is drawn out into a respiratory siphon, with 
well developed pecten teeth in a row on each side. There are no 
abdominal palmate hairs (cf. Anopheles). Below the siphon the 
anal segment of the larva bears a chitinous saddle, four gills, 
caudal setae and the ventral brush for swimming. Culicine pupae 
are similar to those of Anopheles, but the respiratory trumpets are 
not so flared distally.

The following are the main characteristics of culicines that 
distinguish them from anophelines (see Figure IV.30).
1. The eggs are not provided with air floats and are either laid 

separately (Aedini, Sabethini) or stacked in a floating raft  
(Culicini, Culisetini) or in a mass on floating vegetation  
(Mansoniini).

2. The larval spiracles are situated at the tip of a tail-like siphon, 
projecting dorsally from the eighth abdominal segment. Except 
for Mansonia and some other unimportant genera, which have 
larvae with the siphon modified for plugging into the air vessels 
of plants, the larvae hang head downwards from the water 
surface, supported by the capillary action of five hinged valves 
surrounding the tip of the siphon. They sweep suspended par-
ticles of food with mouth brushes below surface level (see 
Figure IV.30) or else dive and scavenge at the bottom.

3. The adult has an abdomen densely covered with scales. The 
female has short and slender palps, from one-fifth to one-half 
as long as the proboscis. As a rule, the male has long hairy 
palps which have a plume-like appearance. These mosquitoes 
usually rest with proboscis and abdomen more or less parallel 
with the supporting surface (see Figure IV.30).
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In an increasing number of cases it has been demonstrated that 
arboviruses can be passed transovarially in Aedes (i.e. from mother 
to progeny via the egg). This is common with California group 
viruses26 and has also been reported for yellow fever.27 This phe-
nomenon, a form of vertical transmission, is of great significance 
in epidemiology, as it can lead to long-term dormancy and reap-
pearance of virus activity.

Representatives of three subgenera of Aedes are natural vectors 
of Brugia malayi and Wuchereria bancrofti, causing human disease. 
Where transmission is due to nocturnally active Aedes and other 

Figure IV.41 Mosquito thorax in side view, showing named 
components and sites of setae (bristles) referred to in the identification 
key (see Table IV.7).

Table IV.8 Diseases transmitted to man by Tabanidae

Agent Disease Principal hosts Transmission Distribution
Loa loa Loaiasis; Calabar swelling Man, Drill (Papio 

leucophaeus)
Cyclical: Chrysops spp. West and Central Africa

Bacillus anthracis Anthrax Domestic livestock (man)a Non-cyclic: mechanical Cosmopolitan

Francisella tularensis Tularaemia Lagomorphs, rodents, 
man

Non-cyclic: mechanical 
(esp. Chrysops and 
Tabanus spp.: also ticks)

Cosmopolitan

Borrelia burgdorferi Lyme disease Deer, lagomorphs, 
(man)a

Non-cyclic: mechanical 
(main vectors: Ixodid 
ticks)

North temperate zone 
(Europe, North America) 
and Australia

Vesicular stomatitis 
virus (VSV)

Sore mouth (of cattle; 
horses)

Equines, bovines, pigs, 
(man)a

Non-cyclic mechanical North, Central and South 
America

Western equine 
encephalitis (WEE) 
virus

Amphibia, reptiles, birds, 
(man)a

Non-cyclic: mechanical North and South America

Californian encephalitis 
virus (CEV) group: La 
Crosse (LAC) virus

– Rodents, lagomorphs, 
etc., (man)a

Non-cyclic: mechanical 
(also mosquitoes)

North America (USA)

Jamestown Canyon 
(JC) virus

– White-tailed deer 
[Odocoileus virginianus], 
(man)a

Non-cyclic: mechanical 
(Chrysops, Tabanus and 
Hybomitra spp.; also 
mosquitoes)

North America (Alaska, 
Canada, USA)

aMan an accidental host.

Tribe: Aedini

Genus: Aedes

Throughout the world, especially in temperate countries, a high 
proportion of mosquitoes belong to the genus Aedes in which 
there are more than 1000 species, classified as 40 subgenera. Many 
Aedes are vectors of arboviruses, including several of the most 
important mosquito-borne human diseases (see Chapter 40 and 
Table IV.7). The genus is difficult to define precisely in morpho-
logical terms, although adults always possess bristles on the post-
spiracular area (Figure IV.41) and the tip of the female abdomen 
is retractable. Separation from other genera in the tribe Aedini 
depends on characters given in Table IV.8. Aedes larvae are charac-
terized by having only a single pair of siphonal hairs, usually 
branched, in addition to pecten teeth. Many of the medically 
important Aedes spp. are active during daytime, although noctur-
nal activity is normal for most other species.

Aedes eggs are especially capable of withstanding desiccation. 
They are laid on damp surfaces, such as soil or around the rim of 
water in a hole, in situations likely to be flooded causing the eggs 
to hatch after adequate rainfall. Most species of Aedes therefore 
breed seasonally in swamps and pools, with some significant 
groups adapted to smaller containers of water such as rock-holes, 
rot-holes in trees, cut bamboo stumps, old snail shells, buckets 
and other artificial containers. Almost any kind of water can 
harbour some sort of Aedes – from sea water to melted snow. It is 
to be expected that, after drought or winter, rainy seasons will 
cause the hatching of Aedes broods so that blood-thirsty females 
of these species become prevalent early in the season.
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mosquitoes, the microfilariae are normally nocturnally periodic 
in the human bloodstream. In Polynesia, Melanesia and a few 
areas in South-east Asia (parts of Thailand, Nicobar Islands) there 
are diurnally active Aedes which transmit strains of W. bancrofti 
that are subperiodic so that microfilariae circulate in the human 
bloodstream during the daytime, enabling their uptake by female 
mosquitoes that feed by day.

The majority of taxonomic subgenera of Aedes have few species 
and no medical or veterinary significance. Subgenera Aedes (sensu 
stricto), Aedimorphus, Mucidus, Neomelaniconion, Ochlerotatus and 
Verrallina have numerous species that breed commonly in ground 
water, with many arbovirus vectors included (see Table IV.7). The 
habit of breeding in water-filled containers, holes and plant axils 
is a feature of the important subgenera Diccromyia, Howardina, 
Protomacleaya, Finlaya and Stegomyia; arboviruses are transmitted 
by all five of these subgenera and the last two include filariasis 
vectors (see Table IV.6).

Subgenus Stegomyia is probably of the greatest medical interest. 
More than 100 species have been described, all diurnally active 
and having beautiful specific patterns of black and white scales, 
especially noticeable on the scutum and banded tarsi. They are 
generally exophilic species which seldom shelter indoors. The Ae. 
scutellaris group numbers approximately 35 species in South-east 
Asia and the Pacific, including the main vectors of subperiodic W. 
bancrofti in Polynesia: Ae. pseudoscutellaris in Fiji, Ae. cooki, Ae. 
kesseli and Ae. tongae in Tonga, Ae. upolensis in Samoa and Ae. 
polynesiensis generally. Adults of the Ae. scutellaris group are char-
acterized by having a single white line longitudinally on the 
middle of the scutum. They also transmit epidemic dengue viruses 
on many Pacific islands and in parts of South-east Asia. However, 
the true Ae. scutellaris (sensu stricto) is confined to Seram and Papua 
New Guinea, where it is zoophilic and not a vector. Breeding 
places of the Ae. scutellaris group are in coconut shells, crab holes, 
holes in trees and coral, axils of plants such as Pandanus and 
bananas, tyres, tins and other artificial containers. All species so 
far mentioned have complete stripes of broad scales along each 
side of the thorax, ending above the wing base. This distinguishes 
the Ae. scutellaris subgroup from the Ae. albopictus subgroup of 
species having an incomplete supra-alar stripe, with only narrow 
scales over the wing base. Species in the latter group are wide-
spread vectors of dengue viruses, notably dengue haemorrhagic 
fever in the Philippines and South-east Asian countries, but they 
are apparently refractory to filarial infection. These and other 
Pacific mosquitoes have been the subject of a monograph by 
Belkin28 and a pictorial key provided by Huang.29 A revision of 
Tongan species by Huang and Hitchcock30 gives much informa-
tion on bionomics and vector functions; vector genetics and  
speciation of Ae. scutellaris group have been reviewed by Macdon-
ald.31

Aedes (Stegomyia) aegypti is the most widespread and dangerous 
species in this subgenus.32 In African forests, non-anthropophilic 
populations known as Ae. aegypti formosus are distinguished by 
their lack of pale scales on the abdominal tergites (i.e. the top of 
the abdomen is entirely dark). Presumably from this ancestral 
stock, human-biting populations have adapted to domestic breed-
ing sites and become spread throughout the tropics within the 
20ºC isotherms, roughly between 35ºN and 35ºS. The general 
pattern on adult Ae. aegypti is depicted in Figure IV.42, showing 
the unique lyre-shaped pattern on the scutum, with narrow lon-

gitudinal lines flanked by curved silvery-white markings. Ae.  
aegypti aegypti has some white scales on all abdominal tergites, 
with Ae. aegypti var. queenslandensis having the abdomen mainly 
pale-scaled dorsally.33 Populations of Ae. aegypti breeding indoors 
in water pots, especially in eastern Africa, usually have the appear-
ance of var. queenslandensis, whereas peridomestic populations are 
mainly of the type form. Evolutionary relationships among various 
kinds of Ae. aegypti (sensu lato) are still the subject of much study 
and debate.34 This is relevant to the fact that Ae. aegypti is the 
principal vector of chikungunya and dengue viruses in almost 
every outbreak. Urban yellow fever is also transmitted mainly by 
Ae. aegypti in Central and South America and in West Africa. Ae. 
aegypti formosus is probably involved in the sylvatic cycle of yellow 
fever in Africa. However, other Stegomyia spp. have more often 
been implicated as vectors of African enzootic yellow fever, espe-
cially Ae. africanus which also transmits Zika virus. In nature, these 
arboviruses affect monkeys in the jungle, being transmitted by 
mosquito species that seldom come into contact with humans. At 
the forest edge, monkeys are likely to be bitten by Aedes (Stego-
myia) simpsoni which breeds predominantly in water-filled axils of 
certain strains of banana plant, or rot-holes in stems of paw-paw 
and candelabra Euphorbia (e.g. in Ethiopia). People working and 
living among such plantations in Africa are especially likely to 
become infected with yellow fever and other viruses transmitted 
from monkeys via Ae. simpsoni, some populations of which are 
strongly attracted to humans. Human-to-human transmission 
may then be continued by Ae. aegypti. Thus the epidemiology of 
yellow fever in Africa conforms to the systems shown in Figure 
IV.43, depending on which species of Stegomyia and other mos-
quitoes are involved. Embryonated eggs of Stegomyia spp. can 
remain dormant for as long as 1 year and still hatch when flooded. 
The fact that Ae. aegypti eggs may be laid in portable containers 
allows this species to be inadvertently spread far and wide; con-
tinuously breeding populations often occur in water barrels on 
board ships and dhows.

Control of Stegomyia spp. presents great problems the world 
over, because breeding sites are small, scattered and usually inac-
cessible. In emergencies, as when an arbovirus epidemic is under 
way, periodic insecticidal space-spraying and perifocal applica-
tions (see Table IV.13) may be helpful in the vicinity of dwellings. 
Screening of houses and elimination of mosquito breeding places 
are desirable preventive measures.

Figure IV.42 Female Aedes aegypti ( 4).
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Subgenus Finlaya has females with a conspicuous ventral scale 
tuft on the posterior abdomen; in both sexes the wings are usually 
spotted. The Ae. (F.) kochi group includes several local vectors of 
periodic W. bancrofti. Ae. poicilius is the most widespread, in 
Malaysia, Indonesia and the Philippines, breeding in axils of 
Colocasia, Pandanus and bananas (Musa sapientum). In parts of 
the Philippines, where Musa textiles (abaca or hemp) are inten-
sively cultivated, Ae. poicilius is an important rural filariasis vector. 
Likewise in Fiji and Samoa, bancroftian filariasis is or was trans-
mitted by several members of the Ae. kochi group (see Table IV.6) 
which breed in plant axils. Around the coasts of South-east Asia, 
the large, dark-winged species Ae. (F.) togoi often breeds in brack-
ish water and contributes to transmission of periodic B. malayi and 
W. bancrofti. Finally in this subgenus, members of the Ae. (F.) 
niveus group transmit both periodic and subperiodic strains of W. 
bancrofti locally (see Table IV.6), but are probably of wider impor-
tance as vectors of jungle dengue and perhaps other arboviruses.

Subgenus Diceromyia of tree-hole-breeding species resembling 
Stegomyia but having dark tarsi, includes the African A. furcifer-
taylori group of species which have been implicated occasionally 
as vectors of yellow fever and chikungunya.35

Subgenus Protomacleaya has similarities in the New World, with 
Ae. triseriatus breeding in tree-holes of the eastern USA and being 
an important vector of California group encephalitides, with evi-
dence of transovarial virus transmission. The closely related Ae. 
hendersoni, which may breed in the same tree-holes, is apparently 
incapable of virus transmission.

Subgenus Neomelaniconion is widespread in the Old World 
tropics and includes some commonly implicated vectors of arbo-
viruses. These species are recognizable from yellowish stripes 
edging the scutum and some pale-scaled veins on the wings. They 
breed prolifically in temporary flood pans in savannahs and the 
adults shelter among grass. About 20 arboviruses have been iso-
lated from Neomelaniconion spp., the most important to humans 
being Rift Valley fever transmitted by Ae. circumluteolus and Ae. 
lineatopennis in southern Africa and probably elsewhere.

Subgenus Ochlerotatus is the dominant component of Aedes in 
terms of numbers of species and their distribution. They are 
ground pool breeders, mostly in temperate countries. Generally 
they bite mammals. In North America, Ae. atlanticus is an impor-
tant vector of D. immitis, a filarial parasite affecting dogs and 
capable of causing dog heartworm disease in humans. Rift Valley 

fever virus is commonly transmitted to livestock by Ae. caballus in 
southern Africa, although few Ochlerotatus spp. occur in Africa. Ae. 
caspius is widespread in Europe and North Africa, a fairly large 
speckled species that breeds commonly in brackish water, usually 
the vector of Inkoo virus in Scandinavia. Various North American 
Ochlerotatus spp. contribute sporadically to the transmission of 
encephalitides; they are beyond the reach of economical control 
programmes. Species such as the salt-water-breeding Ae. detritus in 
Europe and Ae. sollicitans and Ae. taeniorhynchus in America are 
intolerable pests, and the latter has been implicated in W. bancrofti 
transmission. Ae. (O.) vigilax is another salt-water-breeding species 
locally responsible for periodic bancroftian filariasis transmission 
in New Caledonia (see Table IV.6) and for Ross River virus in 
Australia (see Table IV.7). This species and the closely related Ae. 
fryeri are so vicious and prolific as to make many islands in the 
Indian and Pacific Oceans uninhabitable.

Subgenus Aedimorphus and other subgenera of Aedes also 
include some species that are pests and vectors of arboviruses. In 
particular, Ae. vexans is probably the second or third most wide-
spread mosquito in the world (after C. pipiens and perhaps Ae. 
aegypti). Seasonal breeding in grassland follows flooding and egg-
hatching of broods that are immensely troublesome when the 
adult females attack; they bite both day and night, being especially 
numerous in late spring in northern latitudes.

Genus: Armigeres

Widespread and common in the Australasian and Oriental regions, 
this genus is difficult to distinguish from Aedes, to which it is 
closely related. Development always occurs in small containers of 
water and the larvae grow very rapidly. Armigeres subalbatus (obtur-
bans) is a semidomestic species that breeds commonly in foul 
water, including latrines. This and several other species attack 
humans during night and day. It has been suggested that they may 
transmit W. bancrofti and the encephalitis virus Sepik has been 
isolated from Armigeres.

Genus: Haemagogus

This genus of forest mosquito is also closely related to Aedes. It 
occurs in Central and South America, breeding in flooded tree-
holes. Adults are metallic blue and green due to their covering of 

Figure IV.43 Yellow fever ecosystems in 
Africa and the Americas.
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scales on thorax and abdomen. Several species are vectors of  
sylvatic (jungle) yellow fever: Haemagogus equinus, H. janthinomys, 
H. leucocelaenus, H. mesodentatus, H. spegazzinii and H. capricornii. 
They are separable only on the characters of the male genitalia 
and not at all as larvae and pupae. The larvae of these vector 
species are ‘hairy’ and are thus distinguishable from some other 
species of Haemogogus which are not vectors. Adult females of 
Haemagogus seldom leave the forest and they attack people mainly 
during jungle clearance activities. Taxonomy of the genus has been 
revised by Arnell.36

Genus: Psorophora

Three subgenera and almost 50 species are recognized, many of 
them vicious human-biters. Generic characters are the presence of 
spiracular and post-spiracular bristles, plus the retractable post-
abdomen as in other Aedini. Larvae of the typical subgenus are 
predacious. Eggs normally diapause before hatching and the 
breeding places are always in pools and marshes on the ground, 
not containers as used by some allied genera. Apart from their 
considerable significance as pests, Psorophora spp. are of wide-
spread importance as vectors of arboviruses (see Table IV.7), espe-
cially Venezuelan equine encephalitis transmitted by P. ferox and 
P. confinnis, the latter being known as the dark rice-field mosquito. 
Taxonomy of this genus remains unsatisfactory, but Belkin et al.37 
and Carpenter and La Casse18 give summaries.

Tribe: Culicini

Genus: Culex

About 800 species of Culex are known, being classified in 21 sub-
genera, with many species acting as the vectors of enzootic arbo-
viruses, protozoa and filariae. They bite at night and some species 
have much medical significance; many species can be pests when 
abundant. Generic characteristics are that eggs always form a raft 
(see Figure IV.30), larvae have several pairs of hair tufts on the 
siphon, and the adults possess tarsal pulvilli (Figure IV.44) and 
lack post-spiracular bristles, with the tip of the female abdomen 
being bluntly rounded. Male palps are strongly curved upwards 
(see Figure IV.34A). General body colouration of the adults is 
usually brown, with wings plain and vein scales dark. Unlike 
Aedini, the eggs cannot diapause, so Culex breeding is continuous, 
except when fertilized females hibernate as the overwintering 
mechanism for species found in temperate countries.

The typical subgenus Culex contains the majority of species, 
usually with a banded proboscis and/or basal pale bands on 
abdominal tergites. Japanese encephalitis virus is transmitted 
mainly by Culex spp. in the Oriental region (for identification 
keys, see Bram,38 Sirivanakarn39), especially by the following 
species which breed prolifically in paddy and swamps: C. tritae-
niorhynchus, C. gelidus and C. vishnui. Because they are abundant 
around villages wherever rice is grown in South-east Asia, and the 
adult females of these species attack various mammals by prefer-
ence, they readily transfer Japanese encephalitis virus to humans 
from pigs and other amplification hosts. C. theileri in southern 
Africa and members of the C. pipiens complex in Egypt are impor-
tant vectors of Rift Valley fever virus from livestock to humans. In 
Australia, C. annulirostris plays a similar role in the epidemiology 

of Murray Valley encephalitis, but the source of Murray Valley 
encephalitis virus remains a mystery. Like most other Culex spp., 
C. annulirostris feeds to some extent on birds and these may be 
responsible for virus dissemination. Eastern and western equine 
and St Louis encephalitis viruses in America are mainly found in 
birds (sparrows and pigeons), being transmitted by C. nigripalpus, 
C. pipiens, C. restuans, C. salinarius, C. tarsalis and other mosqui-
toes that occasionally pass infection to humans and other 
mammals that serve as dead-end hosts. C. pipiens serves the same 
function for Eastern equine encephalitis virus in Europe. West 
Nile virus has a similar epidemiology in Africa, being transmitted 
from birds to humans by members of the C. univittatus complex.

Culex-borne arboviruses can be carried through the winter in 
hibernating female mosquitoes, although the ecological impor-
tance of this remains uncertain. The arrival of virus in migratory 
birds may set off seasonal transmission if it coincides with high 
densities of bird-biting mosquitoes. Investigations of arbovirus 
epidemiology are frequently hampered by difficulties of distin-
guishing and identifying the females of Culex spp., taxonomy of 
which is based on the morphology of male terminalia in many 
cases.

The Culex pipiens complex comprises several species, subspecies 
and forms, with representatives in all parts of the world. Typical 
C. pipiens occurs in temperate countries of the northern hemi-
sphere, spreading through temperate highlands to southern Africa. 
Closely related species or subspecies are present in temperate parts 
of Australia and South America, but they seldom attack humans 
in temperate countries. Whenever a human-biting infection occurs 
to the north of the Mediterranean or equivalent latitude, it is likely 
to be a form usually known as molestus (autogenicus). This mos-
quito causes severe infections due to prolific breeding indoors 
where circumstances are suitable. Although the females are auto-

Figure IV.44 Tip of tarsus of Culex, showing paired pulvilli below 
the claws. In life these pulvilli appear as pale pads, more conspicuous 
than the empodium that is also present in other mosquito genera.

Mosquitoes
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genous (laying one egg batch without having fed on blood) they 
attack humans viciously. Indoor infections of C. p. molestus, or 
autogenous C. pipiens, occur as far north as Moscow. It seems that 
incapacity to hibernate is what keeps these mosquitoes indoors, 
breeding in flooded basements, cess pits, etc. Southwards, espe-
cially in North Africa, such populations are more often found 
breeding freely outdoors and it is unclear to what extent they may 
interbreed with anautogenous C. pipiens. In Egypt, the C. pipiens 
complex is responsible for bancroftian filariasis transmission40 
and has been implicated as the main vector in outbreaks of Rift 
Valley fever.

C. quinquefasciatus (C. p. fatigans) is the main human-biting 
tropical member of the C. pipiens complex, distributed up to 38ºN 
in USA, 30ºN in Asia, but only 24ºN in Africa. In the New World 
it interbreeds with C. pipiens (sensu stricto), but they can generally 
be regarded as distinct species. Bancroftian filariasis is largely 
maintained in tropical villages and towns by C. quinquefasciatus 
alone, although West African strains of W. bancrofti do not develop 
in this species of mosquito. Elsewhere, C. quinquefasciatus is an 
efficient vector of W. bancrofti but refractory to B. malayi.

C. quinquefasciatus (Figure IV.45) is confined to domestic habi-
tats, breeding abundantly in heavily polluted waters occurring in 
ditches, village ponds, soakage pits, cess pits and the like. As these 
sites are inevitably associated with towns and urban development, 
C. quinquefasciatus thrives as a tropical pest in developing coun-
tries. Some breeding also occurs in rock-holes, tree-holes and 
artificial containers such as tins, buckets and car tyres, where larvae 
of Ae. aegypti commonly mingle with those of C. quinquefasciatus. 
Control of both is best done by elimination of breeding sites, 
putting covers on water pots, covering soakage pits and taking all 
possible precautions to prevent there being places where the 
female mosquitoes can lay their eggs on exposed water containing 
organic nutrients for the larvae. Larvicidal oils and insecticides 
have been employed widely, but they are increasingly uneconom-
ical and in many countries C. quinquefasciatus has become resistant 
to both organochlorines and organophosphates. Larger breeding 
places can be treated (see Table IV.13) with emulsions of organo-
phosphates or the use of costly biocides or insect growth regula-

tors (IGRs) (e.g. diflubenzuron or methoprene), the activity of 
which may be much reduced in polluted water. Application of a 
floating carpet of expanded polystyrene beads gives the most 
durable control of Culex larvae in enclosed breeding sites such as 
pit latrines.

As the bites of C. quinquefasciatus are painful, whether or not 
disease is likely to be transmitted, it is advisable to screen houses 
(plastic mesh, at least six strands/cm) and especially bedrooms, 
making them mosquito proof. Cracks around ceilings and doors 
should be sealed. The use of bednets is highly desirable wherever 
C. quinquefasciatus occurs. Although several arboviruses have been 
reported from C. quinquefasciatus, it seems that this species is not 
usually an important vector of such infections. Adult males and 
females rest both indoors and outdoors during daytime; they are 
naturally quite tolerant of residual insecticides.

In the Far East, C. pipiens pallens seems to be biologically inter-
mediate between C. pipiens and C. quinquefasciatus. It may be a 
distinct species or a hybrid. Formerly a filariasis vector in Japan41 
and still a pest there, the importance and distribution of C. p. 
pallens in South-east Asian countries is not well understood.

Taxonomy of the C. pipiens complex is a matter of uncertainty 
and disagreement. Separation of species is traditionally based 
upon the morphology of male terminalia, as expressed by the ratio 
of distances between tips of the dorsal and ventral arms of the 
phallosome (D/V ratio) or the difference between these dimen-
sions (D/DV ratio), as shown in Figure IV.46. General recognition 
of the C. pipiens complex depends upon the following combina-
tion of characters: proboscis dark, not banded, paler below in 
middle; abdominal tergites with transverse pale bands basally and 
pale spots on hind corners; abdomen pale below, usually with 
median dark spots in a row; thorax reddish-brown dorsally, straw/
pale brown coloured laterally without dark pleural markings, with 
dark bristles on scutum and whitish scales in patches on pleurae 
(sides) but without spiracular or post-spiracular scales; usually 
one lower mesepimeral bristle; wings with dark scales on all veins; 
tarsi entirely dark; mid-femur dark anteriorly, without narrow 
longitudinal pale stripe as in some closely related species (which 
may also have spiracular or post-spiracular scale patches).

Figure IV.45 Culex quinquefasciatus ( 4). The name refers to the 
way that, when viewed from above with the naked eye, the abdomen 
seems to have five broad dark bands separated by pale ones (but so 
do many other species). The alternative name Culex fatigans (the 
mosquito that tends to make one fatigued) has been widely used, 
although quinquefasciatus has priority and is therefore correct.

Figure IV.46 Male phallosomes of the Culex pipiens complex, ventral 
views. The shape and spread of the ventral arms is much wider in C. 
quinquefasciatus (C. p. fatigans) than in typical C. pipiens. The ratio D/V 
can be used to express this contrast, sometimes given as DV/V. 
Members of the C. pipiens complex generally have the following values 
of D/V: quinquefasciatus, 0.3; pallens, 0.3–1.0; pipiens, 0.8–1.0; 
molestus (autogenicus), 0.8–1.2.
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Apart from the species already mentioned, which all belong to 
subgenus Culex, some medically important species belong to sub-
genus Melanoconion. These small species are potent vectors of 
arboviruses in the American tropics (see Table IV.7). As distinct 
from subgenus Culex having narrow scales, species in subgenus 
Melanoconion have a rim of broad scales above the eyes, and wing 
veins 1 and 2 with broader scales distally. It is difficult to identify 
females of Melanoconion specifically and breeding places are not 
easy to find. Usually the larvae occupy large, quiet, non-polluted 
pools, often sheltering under vegetation. Control is therefore 
impracticable without environmental damage. Adults of Melano-
conion spp. shelter among vegetation and their attacks may be 
locally reduced by insecticidal fogging during the evening flight 
period. They prefer to feed upon a wide range of wild creatures, 
but people are often bitten. Taxonomic studies by Sirivanakarn42 
should pave the way to improved understanding of the vectorial 
significance of the various species.

Genus: Culiseta

Distinctive features of this genus are the presence of spiracular 
bristles; the wing often has one or two dark spots in the middle 
(at base of vein 3 and sometimes vein 2); the siphonal tuft is large, 
at the extreme base of the larval siphon; eggs are usually laid as a 
raft which is less well formed than in Culex. Approximately 35 
species are classified in seven subgenera, some of which are given 
generic status by Maslov.43 Most are harmless and found only in 
temperate countries. A few species are pests, notably C. longiareo-
lata around the Mediterranean. This species inhabits arid terrain, 
breeding in wells and rock pools, whereas most other Culiseta spp. 
favour weedy ponds and marshes. In North America, both eastern 
and western equine encephalitis circulate among birds through C. 
inornata, C. melanura and C. morsitans. The latter may also be 
involved as a vector in Old World situations. Culiseta spp. breed 
continuously throughout the year, females of some species (e.g. 
C. annulata) sheltering indoors and feeding intermittently during 
winter in temperate countries.

Tribe: Mansoniini

Genus: Coquillettidia

Most of these species are mostly yellow, quite large and voracious 
biters, attacking by day and night. They lay egg masses on the 
surface of stagnant water or weedy ponds. Larvae and pupae have 
the respiratory siphon and trumpets pointed and strengthened for 
plugging into the air ducts of plant stems. The genus occurs in all 
continents; among 55 known species C. perturbans in North 
America and C. venezuelensis in South America are some of the 
most important pests, and the latter has been implicated as a 
vector of several arboviruses (see Table IV.7).

Genus: Mansonia

This genus differs from the preceding one by characters given in 
the key (Table IV.7) and because egg masses are deposited under 
floating leaves of certain aquatic plants. Like Coquillettidia, larvae 
and pupae of Mansonia breathe air from plant stems and have 
their respiratory appendages modified accordingly (Figures IV.47, 
IV.48). Subgenus Mansonia has only a dozen American species, 

notably the widespread pest M. titillans which breeds in swamps 
and marshes with floating water lettuce (Pistia) and water hyacinth 
(Eichornia) or rooted Pontederia and other plants favoured by the 
immature stages. M. titillans is an important vector of Venezuelan 
equine encephalitis and may contribute to transmission of W. 
bancrofti. As with other troublesome Mansonia and some Coquil-
lettidia, M. titillans disperses far from the breeding sites in search 
of hosts to bite.

Subgenus Mansonioides also has a dozen species endemic to the 
Old World tropics, being pests arising from breeding sites in water 
with plenty of Eichornia, Pistia, rooted Isachne (swamp grass), 
Zuzania and other suitable vegetation. When such well-aerated 
plants are removed, Mansonioides disappears. In parts of southern 
India (Kerala), Sri Lanka and elsewhere, Mansonioides populations 
thrive where flooded pits for soakage of coconut husks, from 
which rope is made, are allowed to provide breeding sites rich in 
organic food for the larvae. In some areas, this problem has now 
been controlled by keeping the water free of floating plants.

Adult Mansonioides are strikingly marked (Figure IV.49), with 
banded legs and speckled wings having very broad scales on the 
veins. The tip of the female abdomen is curiously boat-shaped, to 
facilitate oviposition under floating leaves. Some arboviruses are 
transmitted by Mansonioides spp., but these species of mosquito 
are generally refractory to W. bancrofti.

In forested localities, or when weather is overcast, the females 
feed by day; they attack mainly at night outdoors, coming freely 

Figure IV.47 Respiratory siphon and terminal segment of the larva 
of Mansonioides (lateral view).

Figure IV.48 Respiratory horn of the pupa Mansonioides.
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into houses, but not resting indoors during the daytime. The bites 
are more painful than with most other mosquitoes. Mansonioides 
spp. are of particular parasitological interest because, together 
with Anopheles (Anopheles) spp., they are the vectors of brugian 
filariasis (see Table IV.6). In South-east Asia, according to the work 
of Wharton44 in Malaysia, swamp-forest populations of M. annu-
lata, M. uniformis and especially the sibling species M. bonneae and 
M. dives share the transmission of zoonotic subperiodic B. malayi, 
which they transmit to humans from leaf monkeys and other wild 
animals. At the same time, M. annulata, M. dives and other Man-
sonioides spp. are vectors of B. pahangi from animal to animal, but 
rarely to humans. Continuous biting activity, with peaks of attack 
at dusk and dawn, helps to make Mansonioides spp. in the forest 
suitable as vectors of these subperiodic parasites. In areas of paddy 
on the coastal plains, M. uniformis and Anopheles spp. are the 
principal vectors of periodic B. malayi, with some involvement of 
M. annulata and M. dives. However, M. bonneae is apparently 
refractory to the periodic strains of the parasite. In India and other 
parts of southern Asia, periodic B. malayi is or was generally trans-
mitted by M. annulata, M. annulifera, M. indiana and M. uniformis. 
In eastern Africa, where B. malayi is absent, M. africana and M. 
uniformis transmit B. patei among dogs and cats but rarely to 
people.

Tribe: Sabethini

Genus: Sabethes

These are forest mosquitoes that transmit jungle yellow fever and 
other arboviruses (see Table IV.7) in South America. S. chloropterus 
is one of the most frequently involved vector species. About 30 
species are known. This genus is very distinctive; its characters are 
given in Table IV.7. The adults have a metallic lustre. The scales 
of all parts of the body are flat. There is a very large pair of pro-
cumbent bristles projecting from the crown of the head and a tuft 
of setae on the mesonotum. The antennae are similar in both 
sexes; the palps are short in the female and usually also in the 
male. The larvae are generally predaceous and live in the water 

that collects in the axils and bracts of leaves, in tree-holes, or that 
is secreted by pitchers or other modified parts of plants. They are 
usually rather hairy and have smooth or stumpy antennae. A 
siphon is present and a single row of scales on the side of the 
eighth abdominal segments. The pupae are characterized by the 
conspicuous fan of bristles at the posterolateral angles of  
the eighth and ninth abdominal segments and by the small  
tail-fins. Sabethes taxonomy is unsatisfactory and their control is 
impractical.

Literature on mosquitoes

Information on the many species of mosquito is voluminous, with 
about five or six publications on Culicidae appearing daily. Much 
of the literature on mosquito biology and identification is now 
obsolete, owing to advances in knowledge. Some general refer-
ences to be recommended are: Bates,45 Gillett,46 Harbach and 
Knight,47 Harwood and James,48 Horsfall,49 Mattingly,50 Service51 
and the World Health Organization.13

For the identification of mosquito genera and species in each 
part of the world, the following publications contain keys and/or 
other information on medically important species:

Africa: Anophelinae: Gillies and de Meillon.19 Culicinae: 
Edwards;52 Hopkins;53 Mattingly;54 Gerberg and van Someren;55 
Cordellier et al.56

Americas: Lane;57 Forratini;58,59 Belkin et al.;37 Carpenter  
and La Casse;18 Wood et al.;60 Faran;25 Darsie and Ward;61  
Sirivanakarn.42

Arabia: Mattingly and Knight.62

Australia: Lee;63 Lee and Woodhill;64 Dobrotworsky;65 Marks.66

Cape Verde Islands: Ribeiro et al.67

Europe: Dahl and White.68

India: Anophelinae: Christophers;69 Bhatia et al.70 Culicinae: 
Barraud;71 see also Oriental region.

Jamaica: Belkin et al.37

Japan: Tanaka et al.72

Madagascar: Grjebine;73 Ravaon Janahary.74

Mediterranean: Rioux;75 Senevet and Andarelli.76

Papua New Guinea: Van den Assem and Bonne-Wepster.77

New Zealand: Belkin.78

Oriental region: Anophelinae: Bonne-Wepster and Swellen-
grebel;79 Reid;16 Harrison and Scanlon;80 Culicinae: Mattingly;81 
Bram;38 Mattingly;82 Reinert;83 Sirivanakarn;39 Huang.84

Pacific: Belkin;28 Huang.29

Philippines: Delfinado;85 Basio.86

Russia: Gutsevich et al.87

Seychelles: Mattingly and Brown.88

World: Foote and Cook;89 Mattingly;90 Knight and Stone.14

Advances in mosquito control are mentioned in the two 
volumes edited by Laird and Miles (1983, 1985).91

Mosquito physiology and control

This subject is becoming more relevant to medical entomology. 
Some of the newer larvicides for mosquito control act as ‘growth 
regulators’. One mode of action is to impair cuticle formation in 
the successive larval instars, the pupa and the adult through the 
application of chitin inhibitors (e.g. diflubenzuron). Another 

Figure IV.49 Female Mansonia (Mansonioides) annulifera ( 4).
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approach is to treat mosquito breeding places with compounds 
having activity like the juvenile hormones of insects; these 
‘juvenoids’ (e.g. methoprene) prevent successful metamorphosis 
and maturation of the mosquito. So far there are no practical 
problems of resistance to these chemicals and there should be 
little cross-resistance with conventional pesticides.

As for all other insects, the mosquito body is encased in an 
exoskeleton made of cuticle. Insecticides that act on the nervous 
system (i.e. organochlorines, organophosphates, carbamates and 
pyrethroids) must be readily absorbed through insect cuticle, but 
not through human skin. Cuticular hardness depends on the 
degree of chitinization. Mosquito larvae have a hard head capsule, 
siphon and many rigid bristles or setae and spines, but the thorax 
and abdomen are mostly covered by a more flexible cuticle. Mos-
quito adults have strong and rigid cuticular plates forming the 
head, thorax and abdomen, with flexible joints between them, 
where necessary for articulation of limbs and segments. Respira-
tory spiracles on the larval siphon, pupal trumpets and on the 
adult sides (pairs on the mesothorax, metathorax and each 
abdominal segment) allow air to reach all internal organs via a 
network of tubes called tracheae. The use of larvicidal oils is 
intended to drown mosquito larvae by preventing them from 
reaching air when they try to open their spiracles at the water 
surface. However, Reiter,92 working with monomolecular layers 
for anopheline control, has found that there may be sufficient 
dissolved oxygen for larval survival during much of the day and 
all night without access to free air. Oiling will therefore be most 
effective when an insecticide is included.

The body cavity or haemocoel of mosquitoes and other insects 
is filled with colourless haemolymph carrying haemocytes which 
have some of the functions of blood corpuscles. There is an open 
circulatory system, with a dorsal aorta and heart in the abdomen. 
The mosquito brain is in the head, with neurosecretory ganglia 
and corpus cardiacum for hormone production. Other important 
sources of hormones controlling mosquito life processes are the 
ovaries and the thoracic corpora allata. A ventral nerve cord has 
segmental ganglia and paired lateral branches.

The mosquito gut (Figure IV.50) passes from the proboscis to 
the pharynx in the head, the oesophagus in the thorax, the midgut 
or stomach in the abdomen and finally the rectum, where fluids 
are absorbed before defecation occurs through the anus below the 
tip of the abdomen. Within the foregut, especially of female 
anophelines, cuticular teeth protrude into the lumen of the gut; 
these are thought to have a primary function of rupturing blood 
corpuscles and they also inflict lethal damage on many ingested 
microfilariae. A large crop is formed by an oesophageal diverticu-
lum; water and nectar are taken into the crop for digestion of 
sugars. Excretion is by means of a series of long white malpighian 
tubules in the abdomen, behind the stomach, with their ducts 
discharging into the midgut lumen.

When freshly engorged after biting, the abdomen of a female 
mosquito is swollen and reddened by the blood meal within the 
stomach. Paired ovaries, each with about 100 follicles for egg pro-
duction, are situated posteriorly in the abdomen. In the terminal 
abdominal segment of females are spermathecae (three in culi-
cines; one in anophelines) which receive and store sperms from 
males, so that mature oocytes can be fertilized as eggs are laid.

As the blood meal becomes digested during the days after 
blood-feeding, the ovaries develop and fill the rear abdomen with 

whitish eggs. Figure IV.50 shows how the changes in abdominal 
condition can be classified as: (1) unfed, (2) freshly fed, (3) one-
third gravid or late-stage fed, (4) half gravid, (5) two-thirds gravid 
or subgravid, (6) fully gravid. In parallel with these abdominal 
stages, it is customary to assess the progress of oogenesis by clas-
sifying the development of ovarian follicles. After emergence from 
the pupa, the follicles pass from stage I to stage II, which is the 
resting stage. After blood-feeding, yolk is deposited around the 
oocyte nucleus, and stage III passes to stage IV when the clear 
nucleus is no longer visible when examined in saline. Finally stage 
V represents formation of the full-sized egg, containing the unfer-
tilized oocyte. These categories of ovarian development in mos-
quitoes are generally known as ‘Christophers’ stages’ (Figure 
IV.51).

At tropical temperatures, the eggs of mosquitoes become ready 
to lay (laying is termed oviposition) 2 or 3 days after ingestion of 
the blood meal. Blood-feeding and egg-laying are the first and last 
steps in what is called the gonotrophic cycle. Soon after having 
laid a batch of eggs, the female mosquito tries to feed again on 
blood. Thus there are regular and usually continuous gonotrophic 
cycles. The feeding interval, or the duration of the gonotrophic 
cycle, measured in days, is an important factor affecting vectorial 
capacity. The more often a mosquito feeds on blood, the more 
likely it is to pick up infections and transmit them. Conversely, at 
cooler temperatures, the gonotrophic cycle takes longer – maybe 
4 or 5 days – reducing the chances of transmission because: (1) 
occasions when parasites can be acquired or transmitted are less 
frequent for each female mosquito, (2) the speed of development 
of parasites to the infective stage in the vectors is proportional to 
temperature, and (3) mosquitoes are more likely to die before 
becoming infective. Clearly, if mosquito longevity is less than the 

Figure IV.50 Classification in the abdominal conditions of female 
mosquitoes. The dark basal area of the abdomen contains the blood 
meal in the stomach, decreasing as digestion proceeds. The pale 
posterior part of the abdomen contains the developing ovaries, 
increasing as the gonotrophic cycle proceeds. Unfed, fed and gravid 
female mosquitoes may be either nulliparous or parous.
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time required for completion of parasite development, there is no 
likelihood of disease transmission. The aim of spraying houses 
with residual insecticides is to kill the majority of adult female 
mosquitoes before they reach the age of infectivity, and not to 
eliminate mosquitoes altogether. Table IV.13 summarizes the 
insecticidal applications used for mosquito control (see under 
each type of mosquito for more details of their control).

One way to monitor the age composition and life expectancy 
of adult mosquito populations is to determine the proportion of 
females that are parous (i.e. have laid eggs at least once). This 
involves examination of the ovaries to see whether tracheal skeins 
are present implying nulliparity, or whether follicular relics are 
present implying parity (Figure IV.52). It may be possible to count 
the number of relics on each follicular stalk in order to calculate 
the mosquito’s age in terms of the number of gonotrophic cycles 
it has experienced.13,93

More general information on mosquito physiology has been 
reviewed by Clements.94 Reviews of mosquito control methods are 
given by Laird and Miles.91

MIDGES

R. P. Lane

Family: Ceratopogonidae (biting midges)

Genera: Culicoides, Leptoconops and Forcipomyia 
(Subgenus: Lasiohelea)

Biting midges are very small flies (1–4 mm long) called ‘no- 
see-ums’ in some parts of the world or, confusingly, sandflies in 
others such as the southern USA and Caribbean. They occur world-
wide in habitats ranging from tropical forests and savannahs to 
agricultural districts, coastal and desert areas. The adults are 
compact, usually dark brown or black flies, with the wings held flat 
over the back at rest. Only the females suck blood and often attack 
in huge numbers; their bites are painful and often elicit a prolonged 
reaction in sensitive individuals. The males, which can be distin-
guished by their plumrose antennae, feed only on plant sugars. The 
larvae are small and worm-like, swimming in a sinusoidal manner 
through wet or moist habitats such as fresh or brackish water or 
mud, decomposing vegetation and wet bovine droppings.

The Ceratopogonidae (biting midges) are a large family of over 
4000 species in 60 genera but only three contain species of medical 
significance: Culicoides, Leptoconops and Forcipomyia (subgenus: 
Lasiohelea).95 Their principal impact on humans is as biting pests 
but species of Culicoides transmit filarial nematodes and are also 
of veterinary importance as virus and nematode vectors.

Leptoconops

Some species are serious pests, biting during the day. The flies are 
shiny black with milky white wings. Species of the subgenus Sty-

Figure IV.51 Christophers’ stages of ovarian follicular development in mosquitoes. Each ovary contains approximately 100 ovarioles. Each 
ovariole consists of a hollow stalk (s), developing follicles (f1, f2, etc.) and a terminal germarium (g) from which successive follicles arise. Stages 
I–V of development of the first follicle are shown (1–5). The mature egg then passes from the stalk (6) to the common oviduct. A sac-like 
swelling of the ovariolar stalk contracts (7–10) to form a small persistent dilatation or follicular relic, which is slightly pigmented (11). Successive 
eggs formed in each ovariole leave a series of distinct relics (r1, r2, etc.) in the parous mosquito (12), from which the mosquito’s age may be 
estimated in terms of the number of gonotrophic cycles.

Figure IV.52 Mosquito ovaries, showing how the nulliparous female 
has coiled tracheolar ‘skeins’ in the ovary (left); tracheoles become 
permanently stretched in the parous ovary (right) due to previous 
growth of eggs. These features of the air tubes can be seen only in 
mosquito females with an ‘unfed’ abdominal condition.
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loconops breed in sandy beaches surrounding the Indian Ocean (L. 
spinosifrons; L. holoconops), and are coastal pests in south-east USA, 
eastern Central America and the Caribbean (L. becquarti); Lepto-
conops (sensu stricto) breed in fine silt soils inland in South-east 
USA (L. torrens).

A few species of Forcipomyia subgenus Lasiohelea are serious 
pests: F. (L.) siberica in central Asia, F. (L.) taiwana in Japan and 
China, and F. (L.) townsvillensis in Australia.

Culicoides

These have a wing length of 2 mm; those of tropical species may 
be only 1 mm, and usually the wings are patterned (Figure IV.53). 
Of the 1000 species in this genus, many are biting pests in temper-
ate and tropical countries and may have a significant effect on 
tourist-based economies. Biting rates of 200–400/hour are com-
monly recorded, with a maximum of 3000/hour on a single 
exposed limb. Attacks may cause severe discomfort; for example, 
biting on the eyelids may induce sufficient swelling to prevent 
their opening for several days. New arrivals to tropical areas often 
suffer (or are worried) more than locals and subsequent scratching 
may produce deeply eroding secondary infections to the extent 
that skin grafting has been used. Dermatitis caused by Culicoides 
has been reported several times (e.g. C. paraensis in Bahia, 
Brazil).

In the Caribbean and eastern Central America, Mansonella 
ozzardi is transmitted by several species of Culicoides: C. furens in 
St Vincent, Haiti;96 C. phlebotomus in Trinidad97 and C. paraensis in 
Antigua and northern Argentina. Both C. furens and C. phlebotomus 
are coastal species, the former breeding in mangrove swamps and 
the latter in streams crossing beaches. C. paraensis is a peridomes-
tic species breeding in decaying fruits such as calabash or cacao 
pods. In the Brazilian and Colombian Amazon regions, M. ozzardi 
is primarily transmitted by Simulium, but C. insinuatus may also 
play a role.

Culicoides are also vectors of M. perstans in Africa and believed 
to be the vector in the New World. There is considerable confusion 
over the identity of the species incriminated as the vector of  
M. perstans in West Africa. It was originally recorded as C. austeni 
(and later as C. milnei), but it is more likely that C. inornatipennis 
(and possibly C. grahami) is responsible. The vectors breed in 
small pools of water in cut stems of bananas and plantains, and 
therefore the incidence of the disease is highest in and around 
plantations. Transmission takes place at night. In contrast, the 
transmission of M. streptocerca takes place during the day when 
the vector, C. grahami, bites a person.

Culicoides paraensis, a domestic pest in many parts of Brazil, has 
been incriminated as the vector of Oropouche virus, which causes 
a febrile illness in Amazonian Brazil. Several other viruses have 
been isolated from ceratopogonids: Japanese B encephalitis (F. 

(L.) taiwana); eastern equine encephalitis (pooled Culicoides in 
USA); Rift Valley fever (Culicoides in Kenya, Nigeria); and Congo 
and Dugbe viruses (several pools of Culicoides in Nigeria). Although 
it is most unlikely that midges transmit these viruses, the question 
remains open.

Control of ceratopogonids involves the use of insecticides for 
larviciding or space spraying, repellents and land management 
(draining and flooding).98

BLACKFLIES, BUFFALO GNATS, TURKEY GNATS 
(SEE ALSO CHAPTER 84)

G. B. White

Family: Simuliidae

Genus: Simulium

The Simuliidae, usually known as blackflies, are small, robust  
flies (1–5 mm long) (Figure IV.54). The females suck blood  
and have blade-like mouthparts; in the males these are more or 
less rudimentary. The flies have a characteristic humped thorax 
caused by the strong development of the scutum. The antennae 
are short and similar in both sexes. Most of what is known  
about blackfly biology and control has been summarized by 
Crosskey.99

Blackflies occur in enormous numbers in favourable localities 
during late spring and early summer in northern countries and are 
abundant in the north temperate and subarctic zones. They are 
also abundant in the tropics where human-biting species transmit 
Onchocerca volvulus. In addition to their role as transmitters of 
Onchocerca, they also act as intermediate hosts of other filariae and 
blood-borne protozoa of birds and mammals, and are a severe 
biting nuisance when the flies are numerous. The females attack 
viciously in the open during the day but do not enter houses. 
Biting activity is known to be influenced by weather conditions 
and older (infected) flies may differ in their behaviour from newly 
emerged, unfed flies.

The females lay their triangular eggs in running (and therefore 
oxygenated) water, in masses of 300–500, which are attached to 
rocks, grass and other objects by a gelatinous fluid. The eggs hatch 
in 1–2 days and the emerging larvae attach themselves by the 
posterior end to a pad of silk spun from the salivary glands, on to 
submerged leaves and stones. The larvae and pupae of most species 
have specialized aquatic niches on stones, twigs or other sub-
strates. Those of the S. neavei complex in tropical Africa always 
occur on freshwater arthropods, mainly crabs, prawns or mayfly 
nymphs. The larvae feed by straining fine particles from the water 
through fan-shaped mouth brushes. There are six to eight larval 

Figure IV.53 Female Culicoides grahami ( 50). Figure IV.54 Simulium damnosum ( 10).
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instars, ending in 1–2 weeks or more. Before pupation, the larva 
spins a tent-like, silken coccoon which protects the pupa inside it. 
The pupal period is 2–10 days, and both larvae and pupae can be 
found in large numbers in breeding places.

The species described in the following paragraphs are actual or 
potential vectors of O. volvulus in humans.

Africa

The Simulium damnosum and S. neavei complexes are groups with 
sibling species that have been separated into a number of different 
species by biological and chromosome studies. These species 
differ in their ecology and feeding preferences, which affect their 
importance as vectors of human onchocerciasis. The S. damnosum 
complex (jinja fly) (see Chapter 84) contains at least 40 sibling 
species (identified chiefly by the pattern of chromosome banding), 
including forms found in the forest zone or in the savannah zone 
that are vectors only of the O. volvulus strain endemic to their own 
zones. Clinical manifestations of onchocerciasis in the savannah 
area are associated with lower biting densities and infection rates 
in the flies (annual transmission potential) compared with those 
found in the forest area. Different members of the complex breed 
in large or small rivers and in the outflow of dams, the larvae 
attaching to vegetation and stones in the river bed. Females are 
capable of long flights. In the vast Onchocerciasis Control Pro-
gramme covering endemic countries of West Africa, involving 
regular larviciding of all waterways for 20 years, reinvasion of the 
controlled area was found over distances of 200–400 km owing 
to influx of vector females from far afield.

The S. neavei complex is confined to small streams in hilly 
forest; its flight range is limited. The larvae and pupae are found 
attached to crabs of the genus Potamonautes. The chief vector 
species are S. ethiopiense in Ethiopia, S. neavei in Zaire, and S. woodi 
in Tanzania. Eradication of S. neavei and the interruption of trans-
mission from person to person was achieved in highland foci in 
Kenya by larviciding and clearance of riverine vegetation.

Central and South America

The S. ochraceum complex (orange-yellow species, unusual for a 
blackfly) are the main vectors in Mexico and Guatemala. They 
breed in minute trickles of water, often under leaves, and in innu-
merable streams in rugged country with heavy vegetational cover; 
hence these species are difficult to control. They also breed close 
to villages in irrigated coffee plantations between 500 and 
1200 m.

S. metallicum, S. callidum and S. exiguum are considered to be 
minor vectors in Central America, but S. exiguum is the only 
anthropophilic species and therefore the principal vector in the 
endemic focus on the western slopes of the Andes in Colombia. 
S. metallicum is the main vector in Venezuela, breeding in small 
streams and biting humans avidly. In Mexico and Guatemala, 
however, this species does not feed on humans so readily and is 
associated with larger streams.

In recently discovered foci of onchocerciasis in Amazonia 
(Brazil and Venezuela) the disease is transmitted by S. guyanense, 
S. limbatum and S. oyapockense (formerly reported as S. amazoni-
cum). The latter also transmits non-pathogenic Mansonella ozzardi 
in South America.

For control of Simuliidae, and onchocerciasis, see Chapter 
84.

HORSE FLIES, CLEGS, DEER FLIES

D. M. Minter

Suborder: Brachycera; family: Tabanidae

Genera: Tabanus, Haematopota and Chrysops

The family Tabanidae includes the largest blood-sucking flies 
known; some have a wing span of more than 60 mm. Most species 
are stoutly built and robust insects, often brightly coloured in life, 
with large eyes and a body length of 5–25 mm. Viewed from 
above (Figure IV.55A), the eyes of females are widely separated 
(dichoptic), whereas those of males are contiguous (holoptic). In 
life, the eyes of both sexes are often shot with species-specific 
iridescent bands, chevrons or spots of brilliant colours; these 
colours fade soon after death.

Tabanid antennae have three segments (known as the scape, 
pedicel and flagellum) that differ in size and proportions in the 
three main genera, Tabanus, Chrysops and Haematopota (Figure 
IV.55B). The palps are short and consist of one or two segments 
only. The wing venation of tabanids is characteristic (Figure 
IV.55C), particularly the enclosed, almost central, hexagonal 
discal cell and the open branch of the radial vein which encloses, 
in a submarginal cell, the wing tip of most species. There is also 
a second, open, submarginal cell anterior to the wing tip and five 
open posterior cells along the hind margin of the wing. The 
pattern of pigmentation of the wing, or its absence, is a useful 
feature for identification of the three genera of medical impor-
tance, in conjunction with the shape and proportion of the anten-
nal segments (Figure IV.55B,C). Only females bite; because of 
their large size they take a large blood meal, from 20 to 200 mg. 
The mouthparts are short and stout; they project downwards 
below the head and inflict a painful bite.

There are four subfamilies of Tabanidae (Scepsidinae, Pango-
niinae, Chrysopsinae and Tabaninae). Medically important species 
are found only among the Chrysopsinae and Tabaninae. The 
Tabaninae is subdivided into three tribes (Haematopotini, Taba-
nini and Diachlorini), of which only the Haematopotini and 
Tabanini contain species that normally bite humans. There  
are about 3000 species of Tabanidae, in numerous genera, but 
medically important species occur only in the genera Tabanus, 
Haematopota (subfamily Tabaninae) and Chrysops (subfamily 
Chrysopsinae).

The Tabanidae are cosmopolitan; species of Tabanus, Chrysops 
and Haematopota occur in tropical, subtropical and temperate 
regions, but species of the genus Haematopota, although abundant 
in Africa, are absent from Australia and South America and are 
uncommon in North America.

The ‘blue-tailed fly’, celebrated in the well-known American 
ballad, is believed to be the widespread Tabanus atratus of eastern 
North America; the species is actually a uniform black colour, but 
there is a distinctly bluish tinge when the flies are covered with 
pollen or dust.
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Figure IV.55 Characteristic features of the Tabanidae. (A) Holoptic and dichoptic condition of the head in male and female Tabanidae. (B) 
Antennae of adult Tabanidae: antennal features in the genera Tabanus (horse flies), Chrysops (deer flies) and Haematopota (clegs). (C) Wings of 
Tabanidae: (i) wing venation of Tabanidae; (ii) wing posture in Haematopota spp.; (iii) wing posture in Tabanus and Chrysops spp.; (iv) clear wing 
of Tabanus spp; (v) banded wing of Chrysops spp.; (vi) speckled wing of Haematopota spp.

Horse Flies, Clegs, Deer Flies
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Other members of the suborder Brachycera are sometimes a 
severe biting nuisance, particularly in coastal and mountain 
regions of western North America. (They have a painful bite and 
are occasionally the cause of severe allergic manifestations.) These 
belong to the families Rhagionidae (‘snipe-flies’) and the closely 
related Athericidae. Although these two families contain blood-
sucking species, none has yet been associated with the transmis-
sion of pathogens. The rhagionid genus Symphoromyia is a vicious 
biter in the western USA; in Australia, members of the genera 
Spaniopsis and Austroleptis are troublesome pests. As they are of no 
known medical (or veterinary) importance, these two families are 
not considered further.

Recognition of the genera: Chrysops, Tabanus  
and Haematopota

Chrysops (deer flies, greenheads, mango flies, mangrove 
flies) (Figure IV.56)

Medium size, 6–10 mm long. Wings held apart over the body, like 
a half-open pair of scissors. Wings usually with one or two brown-
ish transverse bands. Antennae (see Figure IV.55B) longer than 
those of Tabanus and Haematopota; the three segments are of 
similar length and project well in front of the head. Three spot-
like, light-sensitive ocelli (simple eyes) present on the top of the 
head, behind the compound eyes. Tibia of hind legs spurred, with 
paired small distal spines, as well as the more prominent pair on 
the tibia of the middle legs (the latter found in all three genera). 
Eyes in life of iridescent colour, often of a golden hue. Found 
mainly in forest and woodlands, but often also common in marshy 
scrub and swampy woodlands.

Tabanus (horse flies, gad flies)

Medium to large flies, 9–25 mm long, wings usually clear, held 
over back like a pair of half-open scissors (as in Chrysops). Anten-
nae short (see Figure IV.55B); first two segments small, the third 
segment long, with a pronounced dorsal ‘hump’ and an upturned 
tip. No ocelli. No spines on hind tibia. In life, eyes either of 

uniform colour or in a series of horizontal coloured bands. Found 
mainly in more open habitats, such as savannah and thicket  
vegetation.

Haematopota (clegs, stouts)

Medium size, 6–10 mm long, wings folded over the back in a 
roof-like manner; in almost all species the wings have a complex 
mottled dark grey or brown pattern. Antennae (see Figure IV.55B) 
with first and third segments markedly longer than the short 
second segment; third segment without dorsal ‘hump’ or upturned 
end. No ocelli. No spines on hind tibia. When alive, eyes have 
zigzag bands of iridescent colour. Mainly flies of woodlands and 
forest edges.

Biology and life cycle

The family Tabanidae is believed to have evolved in close asso-
ciation with the ungulates, upon which they mostly feed. Other 
mammals are also attacked, but seldom birds or reptiles. Most 
species are diurnal and hunt by sight; they are most active in bright 
sunlight; Tabanus paradoxus of central and southern Europe is 
unusual in that it is a nocturnal species.

Most tabanids inhabit woodland and forest. Many species of 
Chrysops are found in waterlogged scrub and marshy woodlands; 
other species occupy more open areas of savannah woodland and 
grassland. Only females feed on blood; both sexes feed on sugary 
plant secretions. Because the female mouthparts are large and 
coarse, the bite is deep and painful; blood often continues to ooze 
from the wound for some time afterwards. Because of the painful 
bite, females are often forced, by defensive reactions of the human 
or animal host, to interrupt feeding and later resume on the same 
individual, or another, in order to feed to repletion. This behav-
iour considerably increases their efficiency as mechanical vectors 
of pathogens. Some individuals develop a severe allergic reaction 
to the large quantity of anticoagulant saliva pumped into the bite 
wound as the flies feed. With the exception of Chrysops silaceus, 
which will bite indoors, it is rare for tabanids to enter houses, 
although some species enter by accident and can be seen on 
windows, in an apparent attempt to escape.

The relatively short-lived adults are strictly seasonal in temper-
ate climates, with biting confined to the warmest summer months. 
In tropical areas breeding is continuous, but biting activity of dif-
ferent species is very dependent on the rainy or dry season. The 
natural adult lifespan of the important tropical species Chrysops 
silaceus is thought to be about 3–4 weeks.

In this respect rather like tsetse, tabanids are attracted to large, 
slow-moving, dark objects including vehicles; they may enter the 
windows to bite the occupants, or attack the warm tyres of station-
ary cars and trucks.

Gravid females are selective of particular plant species or other 
specific oviposition sites. Females lay lozenge-shaped egg masses, 
firmly cemented to the underside of grasses, other vegetation, 
rocks or stones, where these overhang suitable larval breeding 
places: either shallow water, mud or damp soil (even in tree-holes 
high above the ground). Egg batches consist of a few dozen, or 
more than 1000 slender, cigar-shaped eggs, each 1–2.5 mm long 
(Figure IV.57). The egg batches are coated with a waterproof layer; 
eggs are commonly off-white in colour, sometimes grey, brown-

Figure IV.56 Female Chrysops dimidiatus. (Courtesy of D. B. 
Thomas.)
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ish-black or even orange. Eggs hatch after 1–2 weeks; the cream-
coloured, grub-like larvae drop on to the water, mud or damp soil 
and soon begin to feed. Larvae of Chrysops feed on vegetable detri-
tus, while those of most Tabanus and Haematopota are carnivorous; 
they feed on other invertebrates, including members of their own 
species.

Compared with the relatively short life of adults, the duration 
of larval life is long, for both tropical and temperate species. For 
most tropical species, 4–5 months is usual; 1–2 years is not 
uncommon, and some species in cooler climates may spend up 
to 3 years as larvae. When mature, after up to eight moults, larvae 
of different species measure 10–60 mm in length.

Larval habitats differ between the genera and species, but they 
are predominantly aquatic or semiaquatic. Chrysops larvae gener-
ally live in the wettest places, such as the muddy margins of 
marshes (and salt-marshes), Tabanus spp. usually inhabit shallow 
seasonal pools, mud or wet soil near water, while Haematopota are 
most often found in drier habitats, such as damp soil.

Larvae are easy to recognize (Figure IV.57). They are cylindrical, 
with rather pointed extremities; at one end is the small head, 
which can be retracted into the thorax (the head has mouth-hooks 
like those of the Muscidae). At the other end of the body is the 

slightly upturned, conical, posterior respiratory siphon. There are 
tyre-like rings around the body, at the leading edge of each 
segment, most of which have a number of ventrolateral locomo-
tory protuberances, known as ‘pseudopods’.

Graber’s organ is a structure unique to larval Tabanidae and of 
unknown function, possibly sensory or glandular. Visible in life 
through the integument on the dorsal side, near the base of the 
respiratory siphon, is a paired row of black, rounded structures 
(the number of which evidently is increased in older larvae). 
Together with an internal pyriform sac, which opens via a narrow 
tube to the exterior between the last two segments, these are the 
principal parts of Graber’s organ that can be seen with a hand lens 
or low-power microscope.

Pupulation occurs in drier parts of the habitat; the brown-
coloured pupae, 7–40 mm long (Figure IV.57), look rather similar 
to those of butterflies, but are partly buried, in an upright position, 
in soil or mud. Some Tabanus species whose larvae inhabit sea-
sonal pools protect the future pupa from exposure to predators or 
desiccation; the mature larva excavates a vertical spiral burrow to 
delimit a cylinder of mud, into the centre of which it then burrows 
before pupation takes place. When the mud of the pool finally 
dries out, the cylinder cracks free from the surrounding mud and 

Figure IV.57 Egg, larvae and pupa of Tabanidae.

Horse Flies, Clegs, Deer Flies
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the pupa is securely housed within. The adult eventually emerges, 
after the pupa has partly rasped away the top of the cylinder. The 
pupae are provided with rings of spines on each abdominal 
segment, and a spiny caudal pad (known as an aster); the spines 
and aster facilitate limited vertical movement, whether in the 
substrate or in the mud cylinder. The pupal period lasts between 
1 and 3 weeks until the adult emergences.

Control of Tabanidae

There are, in most instances, few or no practicable methods of 
control for tabanid flies. Drainage of marshy areas would probably 
limit available breeding places, although this would seldom be 
justifiable on a cost–benefit basis.

Similarly, the use of insecticides to control likely breeding 
places would be difficult to justify and would be equally difficult 
(if not impossible) to carry out effectively, due to the practical 
difficulty of ensuring adequate contact of insecticide with larval 
or pupal stages, often buried in wet soil or mud. Tabanid breeding 
places are in any event generally extensive and diffuse, difficult to 
delimit, and would be expensive to treat with insecticides. Insec-
ticide-impregnated plastic collars and ear-tags have been devel-
oped to protect livestock from the attacks of ticks and various 
Diptera; they probably help also to reduce biting of tabanids.

Some success in reducing adult numbers of pest species of 
Haematopota has been achieved by the use of dark-coloured plates 

(about half a metre square) coated with a sticky adhesive, placed 
in open habitats where the flies are troublesome and the plates 
visible to the flies for some distance.

The wearing of open-mesh jackets impregnated with a synthetic 
pyrethroid insecticide (e.g. permethrin) or a repellent such as 
DEET (diethyltoluamide) would afford some personal protection 
from the attack of tabanids in areas where they are sufficiently 
troublesome to warrant the inconvenience and expense of an 
additional garment.

Disease relationships of the Tabanidae  
(Tables IV.9, IV.10)

Tabanidae can be a severe biting nuisance to people and livestock, 
to the extent that their attacks prevent all normal outdoor activi-
ties, affect the migration patterns of nomadic herdspeople and 
prevent the normal use of seasonal pastures by livestock (as in 
Sudan and parts of North America). In addition to the attacks of 
the adult flies, rice-field workers in Japan are sometimes attacked 
by the carnivorous aquatic larvae of Tabanus and Chrysops, which 
pierce feet or hands below the water surface; a severe oedematous 
reaction may ensue from the painful bites of the larvae.

More exceptionally, there are instances where bites of tabanid 
flies have resulted in the mechanical transmission of anthrax 
bacilli (Bacillus anthracis) to humans, but this evidently occurs 
only under very unusual circumstances, and must surely be a rare 

Table IV.9 Animal diseases transmitted by Tabanidae which rarely or never affect man

Agent Disease Principal hosts Transmission Distribution
Elaeophora schneideri Arterial worm disease 

(sheep)
Sheep, deer, elk, moose 
(asymptomatic in deer)

Cyclical (Tabanus and 
Hybomitra spp.)

West and South-west 
USA; Italy

Dilofilaria roemeri – Wallaroo (Macropus 
robustus)

Cyclical (Dasybasis hebes) Australia

Haemoproteus metchnikovi – Turtles Cyclical (Chrysops callidus) USA

Besnoitia besnoiti Bovine besnoitiosis Cattle (intermediate)  
Cat (definitive host)

Non-cyclic: mechanical 
(other mechanical vectors 
are Glossina and Stomoxys)

Africa, South America, 
Europe, former USSR, Asia

Anaplasma marginale Anaplasmosis Bovines Non-cyclic: mechanical 
(esp. Tabanus spp.)

Cosmopolitan

Trypanosoma 
(Trypanozoon) evansi

Surra (Old World) 
Derrangadera, 
Murina (New World)

Bovines, equines, 
camels, dogs

Non-cyclic: mechanical Cosmopolitan; tropics and 
subtropics

Trypanosoma 
(Trypanozoon) equinum

Mal de Caderas Equines, bovines Non-cyclic: mechanical South America

Tyrpanosoma (Duttonella) 
vivax

Souma Bovines, sheep, goats, 
equines,dogs

Non-cyclic: mechanical Mauritius, Antilles and 
South America

Trypanosoma 
(Megatrypanum) theileri

– Bovines, antelopes Cyclical (?) Cosmopolitan

Equine infectious  
anaemia (EIA) virus

Swamp fever Equines, pheasants Non-cyclic: mechanical Cosmopolitan

Hog cholera virus (HCV) – Pigs Non-cyclic: mechanical North America

Rinderpest virus – Ungulates Non-cyclic (Tabanids are 
unproved, but potential 
mechanical vectors)

Cosmopolitan
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event. However, it is probable that tabanids do play a significant 
role in the maintenance of anthrax epizootics.

Tularaemia (see Chapter 62)

Of the two principal human diseases transmitted by tabanids, 
tularaemia is of lesser importance. Tularaemia is a zoonotic bacte-
rial infection widespread in the northern hemisphere and caused 
by Francisella tularensis. In the Old World the disease occurs in 
most European countries, the former USSR, Iran, Turkey, Tunisia, 
China and Japan. Ticks are thought to be the major vectors in most 
affected regions, but infection is contracted also in other ways: 
mechanically by the bite of various arthropods, directly through 
the conjunctiva and via abrasions of the skin, and by the con-
sumption of infected meat or contaminated water.

Tularaemia occurs also in Canada, the USA and Mexico, where 
it is mainly transmitted between rabbits, rodents, sheep, horses 
and humans, by any of the routes above, including mechanical 
transmission by biting arthropods, notably ticks. However, in  
some areas, particularly the western USA, the disease occurs in 
summer outbreaks (with about 200 cases annually) in circum-
stances where rabbits are the most important reservoir of infec- 
tion, and Chrysops discalis is certainly implicated as a mechanical 
vector of infection to humans; the human disease is known locally 
as ‘deer-fly fever’. F. tularensis bacteria have also been recovered 
from C. fulvaster and C. aestuans, but these species appear to play 
no part in the dissemination of tularaemia to people. (See also 
Chapter 62.)

Loaiasis

The principal human disease transmitted by tabanids is loaiasis, 
or Calabar swelling, caused by the filarial nematode Loa loa, and 

transmitted by species of Chrysops, notably by C. silaceus and C. 
dimidiatus (Bombé form), in which the worms undergo cyclical 
development. The disease is common and widespread in the rain-
forest zones of West Africa, particularly Cameroon, and occurs 
sporadically across central Africa to the southern Sudan, Ethiopia 
and western Uganda. There are features of the epidemiology  
of loaiasis that resemble the sylvatic cycles of yellow fever  
transmission.

Adult L. loa worms inhabit subcutaneous connective tissues; 
diurnal periodic sheathed microfilariae are shed into the periph-
eral blood, particularly during the morning hours, and are ingested 
by day-biting Chrysops. When infected people are bitten by Chrys-
ops, particularly by C. silaceus and C. dimidiatus (which may enter 
houses to feed), a proportion of the exsheathed microfilariae 
survive digestion in the insect gut, penetrate into the haemocoel, 
and invade the abdominal and thoracic fat bodies, where they 
grow, moult twice and develop into infective third- stage forms; 
these migrate forward into the head. Here the infective stages 
accumulate until the fly next feeds, when they break out of the 
labium into the mouthparts and infect a new host via the skin. 
Development of L. loa in Chrysops generally takes 10–12 days from 
the original infecting feed.

There are two parallel and sympatric, but ecologically separate, 
cycles of L. loa transmission in the West African rainforests (Figure 
IV.58). One cycle is that of the slightly smaller human parasite, 
often given subspecific status as L. loa loa. This has a strictly diurnal 
microfilarial periodicity and day-biting Chrysops vectors (C. silaceus 
and C. dimidiatus, Bombé form). The other cycle involves the 
slightly larger simian parasite, L. l. papionis, which infects only 
monkeys. L. l. papionis is a nocturnally periodic filarial parasite of 
drills (forest baboons), Papio (Mandrillus) leucophaeus (infection 
rates of 96% and mean adult worm burdens of 17 have been 
recorded in drills). L. l. papionis will also naturally infect at least 

Table IV.10 Biotype, distribution and medical importance of Glossina

Species group/subgenus Habitat type Distribution Species of medical importance
fusca group (Austenina) Mainly rainforest areas Chiefly forest areas of West and 

Central Africa; Relict species in 
dry areas of East Africa

None. But several vectors of 
livestock trypanosomiasis

palpalis group (Nemorhina) Mainly linear: shores of lakes 
and rivers in forested or 
formerly forested areas

15ºN to 12ºS, approx.;
17ºW to 40ºE, approx.

G. palpalis, vector of T. brucei 
gambiense in West Africa

10ºN to 12ºS, approx.;
10ºE to 40ºE, approx.

G. fuscipes (and subspecies), vectors 
of T. brucei gambiense (West Africa, 
Central Africa) and T. brucei 
rhodesiense (East Africa)

12ºN to 4ºN, approx.;
12ºW to 40ºE, approx.

G. tachinoides, vector of T. b. 
gambiense in West Africa and of T. 
b. rhodesiense in South-west Ethiopia

morsitans group (Glossina) ‘Game’ tsetse of the savannah 
zones; open woodland 
(‘miombo’), bushland and 
thicket

15ºN to 20ºS, approx.;
17ºW to 45ºE, approx.

G. morsitans (and subspecies), 
vectors of T. b. rhodesiense in East 
and South-east Africa

8ºN to 20ºS, approx.;
25ºE to 48ºE approx.

G. pallidipes, vector of T. b. 
rhodesiense in East Africa

Limited area south-east of Lake 
Victoria; mainly in Tanzania

G. swynnertoni, vector of T. b. 
rhodesiense

Horse Flies, Clegs, Deer Flies
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Figure IV.58 Diagram of transmission cycles in Loa loa to drills and to humans in West African rainforest.
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two cercopithecine monkeys found in the same rainforests, the putty-
nosed guenon and the mona monkey, but the simian worm seems 
less well adapted to these two hosts. (Infection rates and mean adult 
worm burdens of 24% and 6.3, and 12% and 2.4, respectively.)

The vectors of the simian parasite (L. l. papionis) are two tree-
top Chrysops species, both of which are active early in the night 
and feed on sleeping drills and other monkeys; these are C. langi 
and C. centurionis. The vectors of human Loa (C. silaceus and C. 
dimidiatus) will bite both at canopy level and on the forest floor, 
but only in daylight hours, when they are seldom able to evade 
the vigorous response of the monkeys (Figure IV.58).

The obviously closely related parasites of humans and monkeys 
are behaviourally and ecologically distinct; additionally, they are 
reproductively isolated, although experimental hybrids can be 
produced. There is evidence which indicates that the simian Loa 
is not transmissible to humans, although drills are susceptible to 
experimental infection with human Loa, and occasional natural 
infections of drills with this infection are known.

The day-biting vectors of human Loa are active in the forest 
canopy, but they are especially attracted to descend to ground 
level both by some unknown component of wood-smoke (e.g. 
from cooking-fires) and by human movements. Thus human 
activities in general, and the scent of wood fires in particular, 
combine to draw these canopy-dwellers to ground level and espe-
cially into houses in the forest, in order that the females obtain a 
blood meal (Figure IV.58). These species will also emerge from 
the natural forest and enter teak or rubber plantations nearby, 
where there is also a high canopy.

There is at present no practicable method to reduce transmis-
sion of loaiasis by means of vector control.

Other vectors of human loaiasis

In the grassland and forest mosaic of the highland zone in the 
west of Cameroon, C. zahrai is implicated as a natural vector of 
local importance.

Chrysops distinctipennis and C. longicornis are believed to be 
vectors of human loaiasis in southern Sudan, beyond the eastern 
limits of C. silaceus and C. dimidiatus. The widespread species C. 
distinctipennis may possibly be an occasional vector elsewhere in 
central Africa, because the range of all three main vectors shows 
considerable overlap. C. streptobalius is the probable vector of the 
infections reported from Ethiopia. (See also Chapter 84.)

TSETSE FLIES (GLOSSINA)  
(SEE ALSO CHAPTER 75)

D. M. Minter

Family: Glossinidae

Genus: Glossina (Wiedemann 1830)

The unique viviparous genus Glossina contains some 30 species 
and subspecies of tsetse, confined to tropical Africa between  
latitudes 15ºN and 30ºS, where about 10.4  106 km2 are  
infected – roughly half of the surface of the continent.

The tsetse flies are large, brown to greyish, narrow-bodied flies, 
6–15 mm long, with a stout proboscis projecting forward well in 

front of the head (Figure IV.59). The proboscis is adjoined later-
ally, except during the act of biting, by the paired labial palps. The 
mouthparts consist of a horny labrum, a slender hypopharynx 
(through which an anticoagulant saliva is injected into the bite 
wound) and a stout ventral labium (Figure IV.59). These three 
parts enclose a space, the food canal, through which blood is 
sucked by muscular action into the alimentary canal of the fly. 
During feeding the mouthparts, but not the palps, are lowered 
some 90º from the line of the body axis. Male and female tsetse 
feed exclusively on the blood of vertebrates.

Characteristic features that distinguish Glossina species (Figure 
IV.60) from other large biting flies, such as Stomoxys, Haematobia, 
Lyperosia, Haematopota, Tabanus and Chrysops, include a long 
straight proboscis with a basal bulb, the presence of branched 
hairs on the arista (Figure IV.61) (the prominent bristle on the 
largest, distal, segment of the antenna) and the length of the labial 
palps (as long as the proboscis in Glossina). The manner in which 
the wings are folded, scissor-like, over the back of the resting fly 
is also a very characteristic feature. The presence of the ‘hatchet’ 
or ‘cleaver’ cell, enclosed between the fourth and fifth longitudinal 
wing veins, is diagnostic of Glossina (Figure IV.62). This cell is 
clearly seen in the central area of the wings and contrasts with the 
triangular shape of the corresponding cell of related flies (e.g. 
Stomoxys; Figure IV.63).

The genus Glossina is usually divided by modern taxonomists 
into three species groups (Table IV.11) (sometimes given subge-
neric status) as follows:
1. The fusca group (subgenus Austenina)
2. The palpalis group (subgenus Nemorhina)
3. The morsitans group (subgenus Glossina).
This taxonomic separation is reflected in the ecological require-
ments and distribution of the species included in each group. 
Characteristically, flies of the fusca group are associated with 
dense humid tropical forest or forest edges; members of the pal-
palis group are basically dependent on more or less dense riverine 
or lacustrine vegetation but their distribution extends into savan-
nah zones well away from forested, or formerly forested, areas. 
Species of the morsitans group are the least hygrophilic and 
occupy vast areas of bushland and thicket vegetation often far 
from lakes and rivers. Strangely, however, one of the least hygro-
philic species, occupying arid and semidesert area, is G. longipen-
nis, a member of the fusca group. G. brevipalpis, also a fusca group 
species, has a distribution that also extends into dry savannah 
zones. Although flies of the fusca group include important vectors 
of trypanosomes pathogenic to livestock, especially species of the 
Trypanosoma vivax (subgenus Duttonella) and T. congolense groups 
(subgenus Nannomonas), they have never been associated with the 

Figure IV.59 Mouth parts of Glossina.
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transmission of trypanosomiasis to humans and are not consid-
ered further in this section.

Figure IV.64 indicates the distribution of the groups of main 
medical importance and Figure IV.65 shows the general character-
istics of some Glossina species. Mulligan100 and Ford101 summarize 
current views on the taxonomy and distribution of species and 
subspecies included in the fusca, palpalis and morsitans groups. 
Potts102 gives a detailed key for the identification of all members 
of the genus, and Pollock103 gives simple regional keys.

Figure IV.60 Schematic longitudinal 
section of Glossina, showing main 
features of the internal anatomy.

Figure IV.61 Antenna of Glossina, showing the dorsal arista with 
branched hairs, which arises from the third antennal segment. In other 
flies the hairs of the arista are unbranched.

Figure IV.62 Wing of Glossina, showing venation and the ‘hatchet’ 
(‘cleaver’) cell enclosed between veins 4 and 5. The shape of the 
‘hatchet’ cell is unique to Glossina; in all other flies the corresponding 
cell is triangular. Glossina is also unusual among higher flies in that the 
wings are held scissor-like over the back at rest.

Figure IV.63 Stomoxys calcitrans ( 3).

Table IV.11 Location of trypanosomes in tsetse flies

TRYPANOSOME SPECIES 
OR GROUP (SUBGENUS)

APPROX. TIME OF 
DEVELOPMENT IN 
GLOSSINA

USUAL RANGE OF 
INFECTION RATES 
IN FLY

ORGANS INFECTED
Mouth parts Salivary glands Gut

T. vivax (Duttonella)  4–5 days 75–85%
T. congolense (Nannomonas)  8–10 days 18–25%

T. brucei subgroupa 
(Trypanozoon)

15–30 days 0.1–1.5%

aIncludes the following parasites: T. brucei brucei – not infective to man; T. brucei gambiense – cause of Gambian sleeping sickness in man (chronic); T. brucei 
rhodesiense – cause of Rhodesian sleeping sickness in man (acute).
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A

B

Figure IV.64 Distribution of the important 
species of Glossina. (A) fusca group; (B) palpalis 
group.

Life history

Tsetse flies, in common with a very few other Diptera, have a 
method of viviparous reproduction uncommon among the higher 
insects, by which a single larva is produced at a time and is 
retained and nourished within the body of the female fly. Associ-
ated with the production of single offspring is a reduction in the 
number of ovarioles in the two ovaries to a single pair in each, so 

that there are four ovarioles in all, from which fertilized eggs pass 
into the uterus in regular rotation. Female flies are normally fertil-
ized only once, shortly after emergence, and store sufficient viable 
sperm from this single mating to last throughout life, during 
which, under favourable conditions, they may produce, at inter-
vals of about 11 days, some 20 individual larvae.

Each successive fertilized egg (1.5 mm long) passes from the 
oviduct into the uterus where it hatches into a small, white, grub-

Tsetse Flies (Glossina)
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like larva. The young larva obtains nutriment solely from the 
secretion of the uterine (or ‘milk’) glands of the mother, in which 
it is bathed. The larva grows, and twice moults, during the 8–12 
days of intrauterine development. The mature larva, by now in 
the third instar, is finally extruded by the mother (by breech deliv-
ery) while she is perched on the ground, or on vegetation a few 
centimetres above it, in a site selected for its shady situation and 
suitable soil texture. The newly deposited larva, creamy white in 
colour, with shiny black posterior polyneustic lobes through 
which it breathes, actively burrows below the surface soil to a 
depth of a few millimetres, using vigorous peristaltic movements. 
Having reached a point below the surface where conditions are 
suitable, it becomes immobile and begins to pupariate, still within 
the third larval skin, darkens and hardens. During emergence from 
the puparium, and in reaching the soil surface, the young fly is 
aided by an eversible bladder extruded from the front of the head 
and known as the ptilinum. During the first few days of life, this 
bladder can still be everted, while the body is still soft and ‘soapy’ 
in texture – if the young fly is pressed carefully between the fingers. 
Flies in this stage, so far unfed, are referred to as teneral flies; older 
flies are described as non-teneral, as the head and body are hard-
ened and horny and the ptilinum can no longer be everted. After 
the quiescent period, the young teneral flies seek their first blood 
meal. Flies of each sex normally feed at intervals of 3–4 days, 
sometimes less, and die from starvation if deprived of a blood 
meal for 10–12 days. The average lifespan of female Glossina is 
2–3 months – exceptionally, up to 6–7 months. Male flies have a 
much shorter lifespan.

Male flies exhibit a progressive fraying of the trailing edge of the 
wings; this can be used to estimate the average age of groups of 
males from the same population. The wings of females also fray 
with age, usually less rapidly than those of males. With females, 
however, careful examination of the four ovarioles enables an 

estimation of the age of individual females to be made on a phys-
iological basis. This method of ‘ovarian ageing’ is accurate to 
within a few days up to an age of about 40 days; with older flies 
there is a greater margin of possible error. For a fuller discussion of 
ageing methods, the reader is referred to Mulligan.100 Figure IV.66 
may be used to assess the degree of wing fray104 and Figure IV.67 
the age of individual females by examination of the ovarioles.105,106 
A new method to estimate age of Glossina (of both sexes) is suitable 
for laboratory automation, but requires sophisticated equipment. 
This method is based on the quantitative measurement of pteri-
dine eye pigment deposition, which is correlated with age.

Female G. fuscipes in the field mate soon after emergence; 
female G. pallidipes are frequently fertilized near the host while 
seeking the first blood meal. Copulation may last from 2 to 24 h 
and, at least in the laboratory, older males (about 14 days) are 
more potent than younger males.

Palpalis and Morsitans groups: bionomics and 
ecology in relation to sleeping sickness

Species of these two groups are active only during daylight hours: 
flight and feeding activities decrease markedly even during dull 
and overcast weather, and few species show evidence of purposive 
behaviour after dusk. Tsetse flies hunt their prey partly by sight, 
although scent becomes increasingly important at close range; the 
flies are often aware of movements at a considerable distance and 
will fly to investigate any large moving object in their environ-
ment. Such objects can include cars, trains, canoes and lake steam-
ers as well as animals and people.

When not actively seeking food, the flies normally rest on 
woody elements of vegetation. Horizontal or inclined branches, 
2–5 cm thick and 1–3 mm from the ground, are favoured resting 
sites during the day for most species. Resting flies are most numer-

C
Figure IV.64, cont’d (C) moristans group (see 
also Chapter 75).
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ous where such perches provide a good field of view, as along the 
edge of thickets or the margins of lakes and streams. Flies in the 
course of digesting a meal and females seeking to deposit larvae 
are found in more sheltered places. By night, both sexes of those 
species so far investigated change from their daytime resting sites 
on the larger woody elements, to spend the hours of darkness on 
leaves and small twigs; the change-over takes place very rapidly, 
during the last few moments of twilight, and a reverse movement 
occurs at first light in the morning. The change of resting sites has, 
perhaps, the function of protecting the flies from the activities of 
nocturnal predators. Challier107 gives a valuable review of the 
ecology of tsetse; salient aspects are also considered by Molyneux 
and Ashford.108

Sleeping sickness vectors

G. palpalis, G. fuscipes and G. tachinoides

Until the closing years of the 1950s, it was generally considered, 
first, that flies of the palpalis group were limited to, and depen-

dent upon, the woody vegetation along streams and lake shores, 
and that the flies could not maintain themselves elsewhere except 
during limited sorties at favourable times of the year. Second, flies 
of the palpalis group were considered to be solely responsible for 
the transmission of Gambian sleeping sickness; while flies of the 
morsitans group transmitted only the acute, Rhodesian, type of 
disease. These distinctions are no longer completely tenable, 
although they remain as useful generalizations that apply under 
most circumstances. However, not only have G. fuscipes and G. 
tachinoides been implicated in epidemic outbreaks of the Rhode-
sian type of disease (G. fuscipes in Kenya and Uganda; G. tachinoi-
des in Ethiopia), but the same two species have been found (in 
Kenya and Nigeria) sometimes to live and breed in peridomestic 
environments far from water. It is now realized that neither species 
is quite so dependent upon particular vegetational associations as 
was formerly thought. Many instances of tsetse behaviour once 
labelled as atypical are now known to be quite commonplace: 
present-day views of the factors that influence tsetse ecology and 
behaviour, especially in relation to different types of vegetation, 
are now less rigid than was once the case.

Figure IV.66 Age estimation of Glossina using 
a wing fray chart for male flies. Wings of females 
wear less rapidly, but the degree of female wing 
fray may be used (in flies of ovarian categories 
IV–VII in Figure IV.67) to estimate whether flies 
are in an early or late stage. (Based on Jackson104 
for G. morsitans.)
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Peridomestic pigs, sheep and dogs in West and Central Africa 
harbour T. brucei trypanosomes apparently identical to T. b. gam-
biense (on biochemical grounds, particularly isoenzymes) and 
appear to be significant reservoirs of the disease. Domestic pigs, 
moreover, are attractive to tsetse and can act as maintenance hosts 
for palpalis group flies. West-African chickens are also reported 
naturally infected with Trypanozoon trypanosomes, but their 
importance (or otherwise) as reservoirs of human-infective organ-
isms is unclear. In Burkina Faso (formerly Upper Volta) both 
hartebeest (Alcelaphus spp.) and kob, Kobus (Adenota) spp., 
harbour trypanosomes that are indistinguishable from T. b. gam-
biense by biochemical criteria. These game animals, and possibly 
other species, are now believed to be natural reservoirs of T. b. 
gambiense in West Africa. These observations, with both domestic 
livestock and game animals, call for a reassessment of the long-
held view that there are no animal reservoirs of Gambian sleeping 
sickness; the evidence to the contrary is now incontrovertible and 
has obvious epidemiological implications.

In natural circumstances, where there is no close contact with 
humans and domestic animals, flies of the palpalis groups show 

a preference for feeding on large reptiles, such as monitor lizards 
and crocodiles. Reptiles form more than half of the feeds of wild 
flies in these conditions; bushbuck (Tragelaphus scriptus) account 
for about a quarter and other animals the remainder. Where 
humans and domestic animals are available, they too are attacked 
readily by species of the palpalis group. In circumstances where 
people, domestic animals and flies of the palpalis group come into 
close proximity (such as at river crossings, waterholes, etc.), people 
and their livestock become a major source of food for the flies, 
and sharp outbreaks of sleeping sickness are likely to occur, espe-
cially in the dry seasons when people, cattle and small popula-
tions of flies are likely to depend upon the same limited water 
sources.

G. morsitans, G. pallidipes and G. swynnertoni –  
the ‘game’ tsetse

Unlike flies of the palpalis group which commonly occupy water-
side habitats of an essentially linear type, often intersected by 
patterns of human activity that may lead to close and personal 

Figure IV.67 Ovarian age grading chart for female 
Glossina as seen in dorsal view. From cycles 0 to III an 
accurate estimation is possible; from cycles IV–VII (between 
the heavy lines in the figures) the estimate is subject to 
error because the same configuration is found in flies of 
different ages (e.g. 4, 8, 12 parous; 5, 9, 13 parous). The 
degree of wing fray (see Figure IV.66) is often a useful guide 
to which possible physiological age is the most probable. 
(Modified from Saunders105 and Challier.106)
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contact, species of the morsitans group occupy vast areas of  
xerophytic woodland, dry bushland and thicket vegetation, par-
ticularly in the eastern parts of Africa. Under these conditions 
contact between humans, their livestock and the wild fly  
populations is seldom close and intense. Species of the morsitans 
group obtain most of their blood meals from the wild game 
animals, especially Bovidae and Suidae, that roam the savannahs 
and ‘miombo’ woodlands, and among which trypanosomes of the 
T. brucei subgroup are circulated and maintained as a zoonosis. 
Some of the zoonotic strains are infective to humans and give  
rise to symptoms, characteristically, of the acute Rhodesian  
type of disease. Human infections are, however, comparatively 
rare because of the infrequent and mainly accidental contact 
between the morsitans group and humans. The number of cases 
of Rhodesian sleeping sickness contracted in eastern Africa is very 
small in comparison with the number of mainly Gambian cases 
in West Africa and the Congo basin, where the human is a prin-
cipal reservoir of infection, but almost certainly not the only 
one.

Exposure to T. rhodesiense strains is largely occupational: 
hunters, honey-gatherers, pole-cutters and charcoal-burners are 
among groups likely to enter fly-infested bush. The rapid growth 
of the tourist ‘package’ industry in East Africa has put another large 
group of itinerants at risk: the tourists themselves. Although 
species of the morsitans group are relatively little interested in 
people as a source of food when game animals are locally abun-
dant, they often attack in sufficient numbers to be a considerable 
nuisance. Flies of the morsitans group are likely to acquire strains 
pathogenic to humans from previous feeds on bushbuck (the 
main proved reservoir) or other ungulates. In this latter category 
must be included domestic cattle; stocks of parasites that caused 
acute human disease in volunteers were first isolated during a 
localized outbreak in Kenya (Alego) some years ago. Cattle isolates 
in Uganda (Busoga) were found to be indistinguishable from 
human-infective T. b. rhodesiense circulating in the human popula-
tion during an epidemic outbreak, by isoenzymes and other 
intrinsic criteria. Cattle obviously act as a temporary reservoir – at 
any rate, under circumstances of human epidemic disease when 
challenge from animal trypanosomes is sufficiently low to permit 
survival of the animals. Movement of cattle under these circum-
stances might also result in the dissemination of human-infective 
trypanosomes to new foci. Cattle can seldom be kept long in the 
presence of heavy or moderate fly infestations, however, because 
of the damaging incidence of infections with T. vivax and T. con-
golense.

Natural infection rates and methods  
of fly dissection

Infective metacyclic trypanosomes of the T. brucei subgroup (sub-
genus Trypanozoon) are found in the salivary glands of the tsetse 
fly. To reach their final station in the glands they undergo a 
complex migration in the fly that takes nearly 3 weeks to com-
plete; hence it follows that only flies 3 weeks old can be infected 
with trypanosomes infective to humans. Even among older flies, 
infection rates with the T. brucei subgroup are always low (com-
monly 0.1% or less, rarely more than 1%), especially when com-
pared with infection rates with the T. vivax (Duttonella) and T. 
congolense (Nannomonas) groups in the same flies. The T. vivax 

group has a short and simple life cycle in the fly; infection rates 
may reach 75% or more. The T. congolense group has a longer and 
slightly more complex cycle in the fly; infection rates may reach 
18–25%.

The full dissection of a tsetse involves the removal and  
microscopic examination of the elongate salivary glands, the 
midgut and the mouthparts. There are several possible methods 
of dissection, but given some practice there is probably little to 
choose between them. The method preferred by the writer is as 
follows:
1. The fly is killed (with ether, chloroform or by judicious finger 

pressure against the sides of the thorax); wings and legs may 
be removed at this stage, or left.

2. The fly is placed on a slide in a small amount of physiological 
saline (or 5% glucose solution).

3. The tough, membranous connection between head and  
thorax is ‘frayed’ carefully with the point of a needle to weaken 
it.

4. The proboscis is held (under a needle or with forceps) by the 
basal bulb and drawn slowly away from the head. With prac-
tice, the proboscis comes away from the head still attached to 
the salivary glands; continued slow, careful traction enables 
these to be pulled gradually clear of the body. If the glands 
break at this stage, they can be recovered later.

5. The labrum, hypopharynx and labium are preferably separated 
with needles and examined in saline under a coverslip. Alter-
natively, the intact semitransparent proboscis can be examined 
without separating the parts.

6. If removed with the mouthparts, the salivary glands are sepa-
rated from the former and mounted in a small drop of saline 
under a coverslip.

7. If the salivary glands were broken during stage 4, the fly is now 
turned so that its abdomen lies flat on the slide, dorsal side 
uppermost. The thorax is pulled off and discarded, and needles 
are inserted through the two anterolateral corners of the 
abdomen, at a point roughly halfway from the corners towards 
the long axis of the abdomen, with sufficient pressure to pierce 
well below the dorsal integument. Firm traction in the direc-
tion of the forward corners of the abdomen, to tear them open, 
will usually result in the recovery of the glands at this stage; 
they may be recognized by their glass-like, refractile appear-
ance. Continued needle traction will normally pull the glands 
clear of the abdomen, for examination in a separate drop of 
fresh saline under a coverslip.

8. With a needle or scalpel, the sides of the posterior tip of the 
abdomen are cut and the gut is extracted; the covering of fat 
body is stripped off with a needle and the gut is placed in a 
drop of saline, teased open and examined under a coverslip 
for the presence of trypanosomes.

Trypanosome infections of tsetse are identified, in the organs dis-
sected, by reference to their location and morphology. Infections 
of the mouthparts only are likely to be by the T. vivax group; 
infections in the mouthparts and gut only are likely to be T. con-
golense or a mixed infection of T. vivax and T. congolense groups. 
Infections involving the salivary glands, gut and mouthparts cer-
tainly include the T. brucei subgroup but may also be complicated 
by the presence of T. vivax, T. congolense, or both. Gut and mouth-
part infections could also include immature infections with T. 
brucei subgroup (Table IV.11).
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Control of tsetse flies

The subject of tsetse control is large and complex – beyond the 
scope of this section. The interested reader is referred to Moly-
neux109 for a useful discussion of tsetse control in relation to 
prevention and control of sleeping sickness generally; to Allsopp110 
for an account of insecticidal control methods; to Jordan111 for a 
review of non-insecticidal methods of tsetse control; and also to 
Jordan.112

CIMICID AND TRIATOMINE BUGS 

D. M. Minter

Order: Hemiptera; suborder: Heteroptera;  
family: Cimicidae

Genus: Cimex

Bed-bugs (Cimicidae) have a worldwide distribution with well 
over 70 species; all are wingless and dorsoventrally flattened. The 
species parasitic on humans are: Cimex lectularius (Figure IV.68), 
the cosmopolitan bed-bug, and C. hemipterus (rotundatus), the 
common bed-bug of the tropics, which is distinguished by its 
elongated narrow abdomen and the shape and proportion of the 
thorax (Figure IV.68). In West Africa a species of another genus, 
Leptocimex boueti, attacks humans. The body of C. lectularius is 
broad and flat, the head short and broad, attached to the thorax, 
the antennae four-jointed and the eyes present but reduced in size. 

The mouthparts consist externally of a segmented rostrum (pro-
boscis) and are normally folded back under the head. The maxil-
lae are serrated at the tip. On the thorax of the adults are short 
pad-like hemielytra, which are vestigial forewings. Both sexes of 
Cimex feed only on blood and can resist starvation well. The 
labium does not pierce the skin, but buckles up during feeding 
like that of a mosquito. The bodies of bugs give out a nasty 
pungent odour. Bed-bugs are nocturnal in their feeding habits, 
hiding in crevices during the daytime. The eggs are ovoid and 
operculated, and are cemented on to the surfaces of the crevices 
of woodwork in houses, beds, mattresses, behind pictures and in 
nail-holes. Aggregations of bugs can be located by finding the 
black faeces round holes.

The females deposit eggs in daily batches from 10 to 50, total-
ling 200–500. They are large, about 1 mm in diameter, yellowish-
white and easily visible to the naked eye. The five successive 
nymphal stages resemble adults, but have no hemielytra; they 
mature in about 6 weeks if fed at each stage, but can resist starva-
tion for up to 2 months. Under less favourable conditions, devel-
opment may be protracted for 6 months or more. Adults may live 
for many months. Bed-bugs are sensitive to high temperatures: 
even 37.8ºC with a fairly high humidity will kill many. A cheap 
and effective control method is fumigation with sulphur. The 
dosage necessary varies from 0.34 to 0.74 kg/28 m3, with an expo-
sure time of at least 6 h. Sulphur dioxide is cheap and, owing to 
its smell, free from hazard(s). It kills the active stage of the bug, 
but a few eggs may escape, and complete combustion must be 
assured.

Hydrocyanic acid fumigation is very effective, but dangerous, 
and has been largely superseded by the use of insecticides; 5% 
DDT emulsion, 2% malathion, 0.5% diazinon or 0.5% dichlor-
vos, or 0.1–0.2% pyrethroids which act as an irritant and cause 
bugs to leave their hiding places.

Although bed-bugs can cause a great deal of irritation by their 
bites, it has not actually been proved that they disseminate disease, 
with the possible exception of viral hepatitis (see Chapter 39).

Family: Reduviidae; subfamily: Triatominae

Triatomine bugs are also known as ‘cone-nose’, ‘kissing’ or –  
erroneously – ’assassin’ bugs; they have many local names in 
America, including ‘chinchas’ (Mexico), ‘chipo’ (Venezuela), ‘bar-
beiro’ (Brazil) and ‘vinchucha’ (Argentina). The group includes 
more than 100 species, divided into five tribes and 14 genera 
(Table IV.12). Both sexes and the five nymphal stages feed solely 
on vertebrate blood. The triatomine bugs are one of more than 
20 subfamilies of the family Reduviidae; all the other subfamilies 
are predators of other insects and are the true ‘assassin’ bugs. Many 
species of the predatory Reduviidae are, however, capable of 
inflicting a painful bite, usually in self-defence, but they do not 
feed on blood. Many superficially resemble the haematophagous 
Triatominae but can be distinguished by the presence of a rostrum 
that is frequently curved and is always rigid and inflexible. The 
triatomines have a three-segmented rostrum that is always both 
straight and flexible; at rest it lies closely applied to the ventral 
aspect of the head and more or less parallel to it. Its extreme tip 
normally lies in a finely ridged stridulatory groove in the antero-
ventral part of the thorax. (The triatomine genera Linshcosteus and 

Figure IV.68 Comparison between Cimex lectularius, the common 
bed-bug (left), and C. hemipterus, the tropical bed-bug (right), when 
viewed from above.

Cimicid and Triatomine Bugs
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Cavernicola are unusual in that they lack this sound-producing 
stridulatory mechanism, in which the tip of the rostrum acts as a 
plectrum.)

The outer and visible part of the rostrum is the modified 
labium, which forms a protective sheath for the paired stylet-like 
mandibles and maxillae. During the act of feeding, the rostrum is 
swung forward (about 120º) in front of the head and is neither 
flexed nor telescoped; the tip of the labium rests on the surface of 
the skin and the apically serrate mandibles penetrate the epider-
mis and anchor the mouthparts in place. The smooth, lanceolate, 

maxillary stylets then penetrate deeply and perforate small blood 
capillaries. The maxillae enclose the salivary duct and the food 
canal and form the functional mouth. The bite of triatomines is 
generally painless – but by no means always. This explains why 
sleeping people are seldom wakened by the bite of bugs and can 
be bitten repeatedly in the course of the night.

In common with other Heteroptera, the adult triatomines have 
two pairs of functional wings; the forewings are hardened basally 
(the corium and clavus) and membranous distally. Thus they are 
referred to as hemielytra. The posterior wings are membranous 
throughout and lie beneath the hemielytra at rest. The wings are 
folded scissor-like over the back of the bug and the lateral margins 
of the abdominal tergites are visible; these are often colour banded 
and are a useful taxonomic feature. Female bugs, viewed from 
above, have a broad ovate abdomen which is generally pointed 
posteriorly; males have a more slender abdomen with a fully 
rounded posterior end. The plate-like male external genitalia can 
easily be seen in lateral and ventral view. Female bugs are generally 
rather larger than males.

The visible dorsal part of the thorax consists of a large trapezoi-
dal pronotum, usually rigid and provided with tubercles. Behind 
the pronotum and visible between the sclerotized bases of the 
hemielytra, is a triangular scutellum which is strongly pointed 
posteriorly. The ground colour of the triatomines is usually brown-
ish or black, often relieved with flashes of colour (mainly shades 
of red, yellow or orange) on thorax and abdomen. Eyes are usually 
black, but white- or pink-eyed mutants are not uncommon. Adults, 
unlike all nymphal stages, have paired dorsal ocelli posterior to 
the prominent compound eyes.

The proportions of the head in lateral view are useful to sepa-
rate the three genera of main medical importance (Figure IV.69). 
The head of Rhodnius is elongated with long four-jointed antennae 
arising close to its apical portion. In Triatoma the head is shorter 

Table IV.12 Haematophagous Reduviidae: tribes and genera 
of the subfamily Triatominae (Jeannel 1919), with numbers 
of the 114 species in each genus: the most important 
genera are shown in bold

Tribe Genus Number of species
Alberproseniini Alberprosenia 1

Bolboderini Belminus 4
Bolbodera 1
Parabelminus 2
Microtriatoma 2

Cavernicolini Cavernicola 1

Rhodniini Psammolestes 3
Rhodnius 12

Triatomini Dipetalogaster 1

Eratyrus 2
Linshcosteus 5
Panstrongylus 13
Paratriatoma 1
Triatoma 66

Figure IV.69 Lateral view of the head of an insect-predatory reduviid (top) with usually curved and always inflexible proboscis which serves to 
distinguish it from the haematophagous genera of the subfamily Triatominae, all of which have a proboscis that is straight and flexible (bottom 
row). The proportions of the head and the site of insertion of the antennae serve to separate members of the triatomine genera Rhodnius, 
Triatoma and Panstrongylus.
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and the antennae are inserted midway between the eye and the 
forward tip of the head. In the genus Panstrongylus the head is 
stouter and shorter, with the antennae arising close to the eye. See 
also Figures IV.70–IV.72.

The five nymphal stages are essentially miniatures of the adult 
but lack wings; in the fifth nymphal stage the ‘wing pads’ are 
prominent on either side of the scutellum. Triatomines are gener-
ally quite large insects, usually between 20 and 28 mm long in 
the adult female. Some genera contain species that are only about 
5 mm long as adults, and the Mexican Dipetalogaster maxima is  
the giant of the triatomines, attaining a length of nearly 4.5 cm. 
Lent and Wygodzinsky113 give comprehensive keys to genera  
and species.

Reproduction and life cycle

Female triatomines commence egg laying 10–30 days after copula-
tion; eggs are laid singly or in small groups, either unattached or 
cemented to the substrate, depending on species. The ovoid, oper-
culate, fresh eggs are whitish; in some species they later turn 
through pink to cherry-red; in other species the original colour is 
maintained. The number of eggs laid in life by a female depends 
upon species and external factors, but about 500 is normal and 
1000 not uncommon. Virgin females will also lay eggs, but these 
are few in number and infertile. Eggs hatch after 10–30 days; the 
emerging first-stage nymph is initially pink and soft-bodied but 
hardens sufficiently to take its first blood meal within 48–72 h of 
leaving the egg. At least one full blood meal is required by each 
nymphal stage, sometimes more, before the moult to the next 
stage can be initiated.

Figure IV.70 Genus Triatoma. Head of intermediate length, with 
antennae set midway between eyes and front of head. The specimen 
illustrated is a female Triatoma infestans, with its proboscis directed 
forwards while feeding. The ground colour is black with yellowish 
markings on the lateral edge of the abdomen, legs and hemielytra. 
Males are 21–26 mm long, females 26–29 mm. Nymphal stages lack 
the colouration seen in the adult. (Courtesy of T. V. Barrett.)

Figure IV.71 Genus Rhodnius. Head long, antennae set well forward. 
The specimen shown is an adult male Rhodnius prolixus, males are 
generally 20 mm in length, females up to 21.5 mm. General colour 
pale brown; lighter markings on thorax and forewings give the overall 
impression of longitudinal stripes. Nymphal stages have less obvious 
‘pepper and salt’ markings. (Courtesy of C. J. Webb.)

All triatomines have a long life cycle, even in hot climates; the 
average is about 300 days from egg to adult, although some 
species may take up to 2 years. Rhodnius spp. develop more rapidly 
than Triatoma and Panstrongylus and can reach maturity in 3–4 
months.

Geographical distribution

The five tribes occur in tropical and subtropical areas of the neo-
tropical region. Members of one tribe, the Triatomini, have species 
that are also found in the oriental region. The Triatomini also 
marginally enter the Australasian region. The subfamily is entirely 
absent from the Palaearctic and Afrotropical (Ethiopian) regions, 
but T. rubrofusciata has been spread to all the major tropical ports 
by human agency. This species is always closely associated with 
Rattus spp., among which it transmits the rat trypanosome Try-
panosoma (Megatrypanum) conorhini. Other endemic, and purely 
sylvatic, species of the tribe Triatomini (members of the T. rubro-
fasciata group) occur in south China, Malaysia, Indonesia, Papua 
New Guinea and the extreme north-east of Australia. The other 
group of Oriental Triatomini is the genus Linshcosteus (six closely 
related species), which occurs only in India.

The bulk of the Triatominae (four of the five tribes) occur 
exclusively in the neotropical region: the Rhodniini (the impor-
tant genus Rhodnius and the genus Psammolestes) are found from 
Central America to Argentina; the neotropical species of Triato-
mini, principally the members of the genus Triatoma, range from 
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the northern USA to Patagonia. The genus Panstrongylus, the 
second largest in the Triatomini, with 13 species, extends from 
Central America to Argentina.

Habitat of neotropical triatomines

All triatomines are dependent on the blood of vertebrates (prin-
cipally mammals and birds, occasionally reptiles) for survival, 
development and reproduction. The primary habitat of triato-
mines is thus in or near the shelters, roosts, burrows and nests of 
a variety of wild animals, prominent amongst which are marsupi-
als (e.g. Didelphis (Figure IV.73), Marmosa), edentates (e.g. 
Dasypus), rodents (Rattus, Neotoma), carnivores, bats and birds. 
Many of the animals and birds find their main shelter in palm 
fronds or in arboreal epiphytic bromeliads (Figure IV.74), under 
fallen logs or in hollow trees. Triatomines also occur under rocks, 
under loose bark and in stone walls, and feed on the local rodents 
or lizards.

A number of triatomine species have the ability to colonize the 
artificial habitats created by humans. Some species seldom pen-
etrate further than the peridomestic area (stables, cattle enclo-
sures, chicken houses, pig stys, etc.), which provide a rich food 
source. A relatively few species are able to colonize the extensive 
crevice habitat that is provided by the simple homes of the Latin 
American peasant majority. These houses are usually constructed 

from mud and wattle or unplastered adobe brick and roofed with 
palm fronds (Figure IV.75). More sophisticated houses with 
smooth plastered walls and roofs of tile or corrugated sheet are 
less readily and heavily colonized, often being very lightly infested 
or not at all. The more traditional and basic peasant house, made 
from local materials, may support a triatomine population that 
can run into thousands, particularly of Rhodnius prolixus or Triat-
oma infestans.

Although probably all triatomines will support the develop-
ment of Trypanosoma cruzi (well over half the species have been 
found infected in the wild), it is only relatively few species that 

Figure IV.72 Genus Panstrongylus. Head short, with antennae set 
close to the eye. The male Panstrongylus megistus illustrated is black in 
overall colour with red, or reddish-brown, markings on the lateral 
margins of the abdomen, thoracic pronotum, and scutellum and 
hemielytra (forewings). The nymphal stages lack the prominent 
colouration of the adults. The specimen shown measures 25 mm; 
females are slightly larger.

Figure IV.73 The common opossum, Didelphis spp., the cat-sized 
sylvatic marsupial most frequently naturally infected with Trypanosoma 
cruzi throughout the Americas. The animal shown is D. albiventris  
(D. azarae) from Brazil and is anaesthetized while undergoing 
xenodiagnosis and collection of tail blood for microscopic and 
serological investigation.

Figure IV.74 Arboreal epiphytic bromeliads (commonly species of 
the genera Aechmea and Holmbergia) are frequently the nesting 
habitat of marsupials, rodents and birds, and are thus also a natural 
biotope of many sylvatic triatomine species.
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have the capacity to colonize human dwellings which are of over-
riding medical importance as the domiciliary vectors of Chagas’ 
disease to humans. By virtue of their wide geographical distribu-
tion and large domiciliary populations, together with the large 
human population in the areas they occupy, the three species 
Rhodnius: prolixus, Triatoma infestans and Panstrongylus megistus  
are of prime importance. Other species of the same three  
genera (particularly Triatoma spp. and especially T. dimidiata) are 
of considerable importance on a lesser geographical scale (e.g.  
T. dimidiata, T. barberi, T. brasiliensis, T. pallidipennis, T. phyllosoma, 
R. pallescens and R. ecuadorensis).

It is possible to divide the triatomines into convenient groups 
based on their association, or lack of it, with human dwellings.

Most species are fully sylvatic, a few species as flying adults are 
attracted by light and enter houses (when they may occasionally 
bite) but seem unable to colonize; an example is the geographi-
cally widespread Panstrongylus geniculatus, normally closely associ-
ated with the burrows of its usual host, the armadillo (Dasypus 
spp.). Others, such as T. brasiliensis, are attracted by lights into 
houses and may establish small domiciliary or peridomestic pop-
ulations. Species such as the Central American T. dimidiata live 
normally in hollow trees but are often passively transported to 
houses (in firewood) and form large colonies. T. sordida is found 
naturally in a variety of habitats in the central and southern parts 
of South America, including crevices among tree bark; it readily 
adapts to fence-posts and timber outbuildings but never forms 
large domiciliary populations. This may be because it is regularly 
found in houses together with heavy infestations of T. infestans; 
in Venezuela and elsewhere in northern South America, T. macu-
lata is in a somewhat similar situation when small populations 
are established in houses among heavy infestations of R. prolixus. 
Both T. sordida and T. maculata may have the potential to form 

epidemiologically significant domiciliary populations if and when 
the major domiciliary species are controlled or eradicated by 
insecticidal treatment. Much the same happened in southern 
Brazil when T. infestans was controlled by insecticides and within 
a few years large numbers of Panstrongylus megistus (until then a 
purely sylvatic species in that area) had replaced it as the domi-
ciliary vector of Trypanosoma cruzi.

Within human habitations, triatomines prefer to hide during 
the day in dark and moist places; the extensive crevice habitat 
provided by unplastered cracked walls of mud or mud-brick can 
support large populations. Smaller numbers are found among 
furniture, boxes and, particularly, beds and bedding. Others occur 
among clothes hanging from pegs in the walls, or behind pictures 
(Figure IV.76). Some species also readily colonize palm roofs (e.g. 
R. prolixus). Other species are rarely found in the roof (e.g.  
P. megistus).

Most frequently, bugs are found by day close to the areas in 
which they will encounter sleeping hosts at night – bedrooms are 
normally the most heavily infested parts of the house. As a rule, 
the feeding behaviour of domiciliary triatomines is governed 
more by proximity to a suitable host than by specific host  
preference.

Some entirely or essentially sylvatic species, however, are nor-
mally associated with particular hosts: Cavernicola pilosa is always 
associated with bats, and all three species of Psammolestes, T. pla-
tensis and T. delpontei are found only in the nests of birds. P. 
geniculatus has a close link with burrows of armadillos; Paratriat-
oma hirsuta and species of the T. protracta group prey exclusively 
on Neotoma spp., the wood rat (although adults not infrequently 
fly into houses, attracted by lights, they never colonize; perhaps 
this is in some way connected with their dependence on wood 
rats).

All stages of triatomines, in particular the larger nymphal 
stages, have a remarkable ability to endure long periods of starva-

Figure IV.75 Characteristic palm-thatched, mud-and-wattle Latin 
American peasant house of the type often infested with domiciliary 
triatomine species. The deep cracks in the mud walls provide ideal 
harbourage for large populations of Rhodnius, Triatoma or 
Panstrongylus.

Figure IV.76 Many peasant homes incorporate a domestic shrine 
such as that shown here; a central case houses the family saints and 
the walls nearby are covered with pictures, both sacred and profane. 
Sites such as these are often the principal hiding places for bugs not 
located in the bedroom walls and furniture.

Cimicid and Triatomine Bugs
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tion (up to several months). The adults are in general poor fliers 
and probably take flight only when their nutritional status is poor 
and their weight lowest, to disperse at random to seek new habi-
tats with new hosts on which to feed. For domiciliary species in 
particular, passive transport by human agency is probably respon-
sible for nearly all house-to-house dispersal, on or in domestic 
goods including furniture and clothes. Triatomines of various 
species have been recovered from the baggage of passengers on 
long-distance buses and lorries, and occasionally even in aircraft. 
Some species of Rhodnius may be transported long distances as 
young nymphs, or as eggs, in the feathers of large migratory birds 
(Jabiru mycteria (jabiru) and Mycteria americana (American wood 
ibis)) when these leave their nests, in which bugs live and breed, 
on seasonal migration.

Role of triatomines as vectors of Trypanosoma cruzi 
and Trypanosoma rangeli

Other blood-sucking arthropods can be infected experimentally 
with Trypanosoma cruzi, but only triatomines are important in the 
epizootiology and epidemiology of Chagas’ disease (and of the 
less important apathogenic trypanosome affecting people in  
the neotropical regions, Trypanosoma (Herpetosoma) rangeli). 
Chagas’ disease is a zoonosis, and probably all triatomines are 
potential vectors of T. cruzi, although T. rangeli is naturally infec-
tive only to species of the genus Rhodnius (mainly R. prolixus, but 
also R. pallescens and R. ecuadorensis). Species of Triatoma can be 
infected experimentally with T. rangeli, but they are rarely infected 
in the wild. So far as the importance of triatomine species in 
transmission of T. cruzi to humans is concerned, only a relatively 
few species of bugs are actual and effective vectors.

Because of the contaminative (and hence inefficient) method 
of transmission of T. cruzi in the faeces of the invertebrate, only 
those bug species that defecate whilst feeding on the human host 
are able to be effective vectors. Furthermore, only in species that 
are capable of colonizing houses in large numbers and feeding 
predominantly from humans, and to a lesser extent their house-
hold animals (cats, dogs, chickens, etc.), is contaminative trans-
mission sufficiently intense to lead to a high probability of 
successful infection among householders, given a high infection 
rate among the triatomine population. For a domiciliary vector to 
be of major epidemiological importance, it is also necessary for it 
to have a wide geographical range.

Of the relatively few triatomine species that fulfil the above 
criteria, T. infestans is the outstanding example in view of its wide 
occurrence in South America (from 10ºN to 40ºS and from Atlan-
tic to Pacific coasts). In this extensive area it is almost exclusively 
a domiciliary species and the geographical range has often been 
extended by passive movement as a result of human agency. It is 
an aggressive and active species with a relatively short life cycle, 
which helps it to compete successfully fully with other longer-
lived species (such as P. megistus) which are also domiciliary and 
which T. infestans tends to displace if introduced accidentally.

There are no domiciliary triatomine species in the broad 
expanse of the Amazon basin, but to the north of this area R. 
prolixus is the main species of epidemiological importance; it is 
found predominantly from about 3ºN (Colombia, Venezuela, the 
Guyanas) from sea level to an altitude of over 2000 m, and ranges 
to about 20ºN in Mexico. It is the major domiciliary vector of 

Chagas’ disease in Colombia and Venezuela, and is one of several 
important species in Central America. Throughout its range it is 
also the main vector of T. rangeli to wild and domestic animals, 
as well as to humans. Unlike T. infestans, it has an extensive extra-
domiciliary biotope; particularly important is its frequent occur-
rence in species of palm trees (where it is found in the nests of 
mammals and birds), which are frequently used as roofing mate-
rials for houses. Among the palms infested, the genera Attalea and 
Acrocomia are widespread and numerous (Figure IV.77). R. prolixus 
also occurs in the palms Copernica and Leopoldina.

In the densely populated areas of the eastern seaboard of Brazil, 
Panstrongylus megistus is the important domiciliary triatomine; in 
the southern part of its range, it also occurs in sylvatic foci, but 
further north it is confined to houses, perhaps because the almost 
total destruction of the original coastal forest vegetation in this 
area, over the past four centuries, has rendered conditions unsuit-
able for its survival in the wild. Alternatively, P. megistus may have 
been transported passively from south to north by human agency, 
but for various reasons this explanation seems less likely.

Figure IV.77 Palm tree (Attalea humboldtiana), sylvatic habitat of 
Rhodnius prolixus in Venezuela. Several genera and species of palm tree 
are a principal habitat of many triatomine species throughout Latin 
America, associated with the nests of various mammals and birds that 
inhabit the crowns and dependent fronds.
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T. dimidiata is a highly variable species in colouration, etc., and 
was divided into three subspecies (T. d. dimidiata, T. d. maculipen-
nis and T. d. capitata) which are no longer recognized. The species 
is an important domiciliary vector in Ecuador, Peru and Central 
America as far as 22ºN in Mexico.

The northern limit of domiciliated triatomines, and hence 
essentially that of human Chagas’ disease, is to all intents and 
purposes the Tropic of Cancer: isolated cases have occurred in 
Texas and elsewhere in the southern USA, but none of the several 
sylvatic triatomines present has become domiciliated, although 
some are natural vectors of T. cruzi in wood-rat colonies. Housing 
standards in the areas of the USA where bugs naturally occur are 
such that colonization by triatomines is in any event unlikely.

Feeding behaviour of triatomines

All triatomines take large blood meals relative to their own body 
weight; the actual quantity varies greatly from stage to stage  
and from species to species; the larger bugs obviously take larger 
quantities.

The first-stage nymphs at their first feed take up 10 times their 
own body weight; successive stages take progressively less in terms 
of body weight, but more in actual quantity. In volumetric terms 
the fifth-stage nymphs take the largest feed; this represents about 
three to four times their body weight. Adult bugs of both sexes 
take less blood than at the fifth stage, but feed more often: on 
each occasion about two or three times their own body weight.

Blood meal identifications have been made by precipitin tests 
and other methods for many species of bugs in different geo-
graphical areas and variously from sylvatic, peridomestic and 
domestic ecotopes. In general terms, the results show that sylvatic 
species in the wild feed primarily on marsupials (especially the 
common opossum, Didelphis spp.), rodents, birds and edentates 
(e.g. armadillos, Dasypus spp.), bats, and occasionally reptiles and 
amphibians.

Domiciliary bug populations, however, always feed predomi-
nantly upon humans. Often, the domestic host fed upon most 
frequently after the human is the epidemiologically unimportant 
chicken (birds are not susceptible to T. cruzi infection).

Different species of important domiciliary vector may either 
feed frequently on cats and/or dogs (e.g. T. infestans, T. dimidiata) 
or feed infrequently from these hosts (e.g. R. prolixus, P. megistus). 
In the case of T. infestans and T. dimidiata, cats and/or dogs are 
important domestic reservoirs for Chagas’ disease, because infected 
animals are a perpetual source of T. cruzi and bugs become infected 
by feeding on them. Neither R. prolixus nor P. megistus in houses 
feeds on cats or dogs to any significant extent and these animals, 
even if infected, thus provide little or no feedback of trypano-
somes into the domestic bug population and are thus an epide-
miological dead end.

The species of domiciliary bugs so far investigated differ in the 
frequency with which blood from different hosts can be detected 
in the same individual triatomine. As blood proteins are detect-
able in bugs for up to 100–120 days, the occurrence of many 
individual meals of mixed origin in a bug population suggests that 
the bugs are frequently changing from one type of host to the 
other; a low frequency of multiple blood meals indicates that 
individuals are feeding repeatedly from the same host species. A 
high rate of feeds on humans, combined with a low rate of feeds 

from other sources, especially of mixed feeds, clearly indicates that 
bug-mediated transmission occurs from person to person, rather 
than from animal to human. This is the situation found with 
domiciliary R. prolixus and P. megistus, in Venezuela and Brazil, 
respectively. Domestic populations of T. maculata (in Venezuela) 
and of T. sordida (in Brazil) feed predominantly from the uninfect-
able chicken; these species are therefore of very little epidemio-
logical importance in the domestic transmission cycle.

Triatomines can become infected with T. cruzi (and/or T. 
rangeli) at any stage in their life from their first feed onward. Once 
infected with T. cruzi, the infection probably almost always per-
sists for life; infection rates found in different stages rise from a 
small proportion in the first-stage nymphs to levels approaching 
or exceeding 90% among fifth-stage nymphs and adults. Bugs 
appear in no way to be adversely affected by infection with T. 
cruzi. Unlike T. cruzi, however, T. rangeli is pathogenic to its inver-
tebrate hosts and causes a disturbance in the moulting mecha-
nism, such that the moult is delayed and the mortality rate during 
moulting is significantly increased. In adult bugs infected with T. 
rangeli, there is also a reduction in the number of eggs laid by 
females and a decrease in egg viability.

Because, particularly where R. prolixus is the domiciliary vector, 
mixed infections of bugs, animals and humans by T. cruzi and T. 
rangeli are common, it is frequently necessary to distinguish the 
two parasites, in both vertebrate and invertebrate hosts. The 
bloodstream stages are easily separable by their distinctive mor-
phology; the stages in the bug can be less readily distinguished, 
except when trypomastigotes occur in the haemolymph and sali-
vary glands (always T. rangeli). Infective forms of T. rangeli and T. 
cruzi in the rectum of bugs are difficult to separate without recourse 
to animal inoculation and study of the bloodstream stages. T. 
rangeli can certainly be transmitted to vertebrates and humans by 
the inoculative route when trypomastigotes occur in the salivary 
glands. There is controversy, however, as to whether contamina-
tive infection by T. rangeli (via trypomastigote forms shed in the 
faeces) occurs to any significant extent, or at all (see also Chapter 
76).

Transmission cycles of Trypanosoma cruzi

The possible cycles and their interrelationship, in bug-mediated 
T. cruzi infections of animals and humans are summarized in 
Figure IV.78. Zoonotic cycles involve the majority of the 114 tri-
atomine species currently recognized and some 120 species and 
subspecies of mammals. Foremost among the mammalian hosts 
closely associated with sylvatic triatomines, and therefore fre-
quently infected with T. cruzi, are the marsupials of several genera, 
particularly Didelphis spp., which occupy a range that is more than 
coextensive with that of T. cruzi: Didelphis spp. play a role in the 
epizootiology and epidemiology of T. cruzi that is in some respects 
reminiscent of that of the bushbuck in the case of Trypanozoon 
trypanosomes in eastern Africa. The cat-sized Didelphis (see Figure 
IV.73) are carnivorous and nocturnal, and are among the last wild 
animals to be disturbed by human activities. They frequently enter 
houses and outbuildings to search for food, steal eggs, etc., and 
often roost in the roofs of houses or in trees near by. They are thus 
well placed to introduce sylvatic T. cruzi strains into the perido-
mestic and domestic environments. Sylvatic triatomines, already 
infected with T. cruzi, may fly into houses or be carried in on palm 
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fronds for roofing or among firewood. Strains of T. cruzi circulated 
in houses by domiciliary species are probably most frequently 
transferred between houses passively, either by passive transfer of 
infected bugs or by movement of infected people from house to 
house and from place to place.

Infected sylvatic rodents frequently visit outbuildings to feed 
on stored grain and other foodstuffs and may introduce new 
parasites from the wild into the peridomestic area. Rattus spp. and 
Mus musculus in houses are not infrequently infected with T. cruzi, 
but they probably become infected by ingesting bugs, rather than 
by being fed upon. In turn, rats and mice form a source of infec-
tion for cats and dogs by the oral route, and no doubt hunting 
dogs and foraging cats frequently eat infected sylvatic animals. It 
should again be emphasized, however, that neither sylvatic nor 
domestic birds are ever a source of T. cruzi because they are totally 
insusceptible to infection, possibly owing in part to their higher 
body temperature, among other factors. The role of cats and dogs 
within the domestic cycle has been discussed earlier in relation to 
the feeding behaviour of domiciliary triatomines. The role of 
infected rats and mice in houses can be assessed in a similar way 
and, from available evidence, it would seem that they are rarely 
of direct importance in the household epidemiology of Chagas’ 
disease. Although the larger domestic animals, such as pigs, are 
susceptible to T. cruzi and are sometimes fed upon by peridomes-
tic/domestic triatomines (e.g. T. infestans, P. megistus, T, dimidiata), 
it is noteworthy that natural infections have been found only very 

rarely in pigs, rabbits and other larger domestic animals, which 
thus appear to play no significant role in the transmission of the 
parasite or in its transfer from sylvatic to peridomestic  
circumstances.

Once domiciliary transmission is established in the presence 
of large bug populations, transmission of T. cruzi is chiefly human-
bug-human, and new human infections can occur among unin-
fected family members at a relatively high rate; among two 
families (20 persons) living in bug-infected premises in Brazil 
followed by serological testing and xenodiagnosis for 4 years, four 
new parasitologically confirmed infections occurred (a rate of 4% 
per annum); if two individuals with conversion to positive serol-
ogy (but negative to xenodiagnosis on a single occasion) were 
included, the annual rate of new infections was 7.5%.

Because the contaminative method of transmission of T. cruzi 
by bugs is inherently an inefficient mechanism, a heavy trypano-
some challenge over a long period from biting and defecating bugs 
is probably necessary for infection to occur. This is probably 
linked with the fact that young children are seldom infected 
(except congenitally or via maternal milk) until they are between 
2 and 3 years of age, even under conditions of heavy challenge. 
Rates of infection among children are already high, however, 
among 5–10 year olds and rise further in older age groups.

Xenodiagnosis and epidemiology

The parasitological diagnosis of T. cruzi infection suggestive of 
present or future chagasic symptomatology can be made by con-
ventional blood film microscopy only in the initial febrile stage 
of acute infection, which many infected individuals fail to experi-
ence. In the later chronic indeterminate stage of the disease, para-
sitological diagnosis becomes increasingly difficult, because the 
parasitaemia falls below the level at which it can be detected by 
routine methods, including standard concentration techniques. It 
has been shown that haemoculture is a sensitive diagnostic tech-
nique, but because only immotile amastigote stages may develop 
in cultures initially, much skill and experience are required to 
detect positive cultures in the first weeks, sometimes months, for 
which they need to be examined until the motile stages appear in 
sufficient numbers. The method of haemoculture is also difficult 
to use in the field.

If triatomine bugs are grown in laboratory culture under con-
ditions that preclude the possibility of their infection with patho-
genic organisms (in Latin America this is usually ensured by 
feeding them on pigeons or chickens), are then allowed to feed 
in sufficient numbers on individuals suspected to be infected 
with T. cruzi, kept for several weeks (usually about four) and 
examined for the presence of T. cruzi in their rectum, this will 
often result in the unequivocal detection of parasites and is the 
process termed xenodiagnosis; the triatomines act as a ‘living 
culture’ for the trypanosomes. This technique is expensive, unaes-
thetic and time consuming, but it is effective and has the great 
advantage that it can be used under field conditions. Technical 
details (number of bugs, species and stage) vary from one labora-
tory or hospital to another, as does the method of examination 
of the bugs used (expression of a faecal drop, dissection and 
examination of the entire rectal contents of the individual, or 
pooling and maceration of batches of bugs) and there is much 
need for increased standardization. There is clear evidence from 

Figure IV.78 Transmission cycles of bug-mediated Trypanosoma cruzi 
infection.
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several sources that local ‘strains’ of vector are generally most 
susceptible to infection by the local parasite and that microscopi-
cal examination of the rectal contents of individual bugs is more 
sensitive than the expressed faecal drop or pooling methods; the 
latter, however, are often adopted for routine purposes because 
they save time and effort. Whenever possible it is advantageous 
to use fifth-stage nymphs in xenodiagnosis, because these take 
the largest feed and increase the possibility that a low parasitae-
mia may be detected. In practice, a minimum number of bugs to 
use would be five fifth-stage nymphs allowed to feed in the dark 
for about 30 min in a secure gauze-covered container; 10 or 20 
bugs would be preferable but not always possible for logistical 
reasons. Repeated xenodiagnosis on several occasions also 
increases the number of successful diagnoses. On an experimen-
tal basis, the ‘smaller’ instars of the very large Dipetalogaster 
maxima gave results comparable to those with fifth-stage nymphs 
of the main ‘standard’ xenodiagnosis species (R. prolixus and T. 
infestans), with a saving of time and expense on colony mainte-
nance. ‘Artificial xenodiagnosis’ is now widely used in Venezuela, 
in which bugs feed through a membrane on venous blood drawn 
from the patient. This is claimed to be more acceptable and 
equally successful as conventional xenodiagnosis.

Xenodiagnosis clearly has many disadvantages, and a better 
and more effective method of parasitological diagnosis is  
obviously desirable as a back-up for the increasingly improved 
serological tests now available. Serological tests, by their nature, 
detect antibodies to parasite antigen rather than the parasites 
themselves.

Not only are triatomines the principal means by which people 
become infected with T. cruzi (and T. rangeli), but bugs build up 
large domiciliary populations and these are a significant source of 
blood loss in many households. Calculations show that, in houses 
in Venezuela with heavy infestations of R. prolixus, monthly blood 
loss was in the order of 100 cm3 per person per month. Occasion-
ally individuals become sensitized to bug bites and may suffer 
severe allergic reactions as a result. This phenomenon may also be 
a complicating factor in xenodiagnosis.

Roughly the same number of people – about 250 million in 
each case – live in countries affected by African trypanosomiasis 
and in areas of Latin America affected by Chagas’ disease. In Africa 
there are often fewer than 5000 new (treatable) infections annu-
ally. In Latin America, for diagnostic and logistical reasons, the 
number of new (and essentially incurable) cases each year is 
unknown, but crude estimates suggest up to 850 000 new infec-
tions per annum. At any one time, about 24 million people are 
seropositive for T. cruzi and a further 65 million at risk in endemic 
areas. Serological surveys in various countries indicate that between 
5 and 10% of national populations are infected.

The magnitude of the problem which such figures suggest is 
immense. Unlike sleeping sickness, there is no safe and effective 
chemotherapy, and diagnosis of Chagas’ disease is more difficult; 
early case detection and treatment are therefore of little value. 
Ultimately may come the development of an effective vaccine; 
meanwhile, improvements in standards of new and existing 
houses (in the latter case, particularly by individual or commu-
nity-based self-help measures), and increased public health aware-
ness in general, would help to diminish transmission levels to a 
considerable degree, but alone are probably insufficient to achieve 
interruption of disease transmission.

Control of Chagas’ disease vectors

Triatomine control on a large scale must rely on house-spraying 
with residual insecticides (see Table IV.13).114 Nowadays pyre-
throids such as deltamethrin, cyfluthrin and lambda-cyhalothrin 
have become the most economical and effective products of 
choice, but their effects may be negated by active or passive reinva-
sion. Insecticide resistance has occurred (with dieldrin in Venezu-
ela) but has not become a widespread or serious problem, although 
it remains a daunting threat everywhere. It is undoubtedly because 
of the long generation time of triatomines that resistance has yet 
to become a practical difficulty.

Improved cost-effectiveness of insecticidal treatments can be 
achieved with slow-release formulations, including paints and 
mastics applied to wall surfaces.

Simple and cheap methods to improve existing rural houses 
offer an attractive alternative to the regular use of insecticides, 
particularly if householders are encouraged, possibly even subsi-
dized, to undertake the work themselves. The plastering of mud 
walls and/or the replacement of palm-thatched roofs by corru-
gated metal or plastic sheets, or locally made tiles, drastically 
reduces the crevice habitat available to the various domiciliary 
triatomine species, and hence the level of infestation. A durable 
and crack-resistant wall plaster can be made from sand, cattle 
dung, earth and lime. Lime can often be prepared cheaply from 
local limestone, by firing it overnight in a suitable kiln fuelled by 
wood or charcoal.

The mud used to build new mud-and-wattle houses can be 
stabilized to resist erosion, shrinkage and cracks; this can be done 
by adding lime, cement or bitumen (to make ‘asfadobe’). Hand-
operated hydraulic and mechanical rams are available which 
produce compressed, stabilized, soil building blocks with proper-
ties similar to those of fire bricks. The initial capital investment is 
relatively high (about US$2000), but the machines are rugged and 
durable; each family that uses the press can produce enough 
blocks to build a house within 1 week, by their own unskilled 
labour, and for the cost only of the small amount of lime or 
cement necessary to stabilize the local soil. The machines can be 
adapted readily to produce roof and floor tiles, or liners for pit 
latrines. Allied with an energetic campaign of health education, 
and measures to encourage community participation, much could 
be achieved by the application of simple house improvement 
measures on a wide scale, particularly if this was integrated with 
the use of insecticides, especially at the start. For further informa-
tion, see Schofield.115

FLEAS (SEE ALSO CHAPTER 65)

G. B. White

Order: Siphonaptera

Fleas are small (length 1–4 mm) and wingless, with laterally com-
pressed bodies composed of a blunt head, compact thorax and a 
relatively large rounded abdomen (Figure IV.79). In colour they 
are usually dark brown as adults. Eyes and antennae are small, the 
latter being modified in males for clasping the female from below 
during copulation. When not extended, each antenna lies in a 
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groove on the side of the head. This groove may be extended as a 
strengthening bar within the head from eye to eye (e.g. in Pulex). 
Ventrally the head bears a series of appendages for sensory and 
feeding functions: paired maxillary palps at the front, slender 
epipharynx and paired maxillary laciniae form the proboscis, with 
basal stipes and paired labial palps posteriorly.

Within the thorax, the oesophagus leads to a crop or proven-
triculus with a constriction before the capacious stomach in the 

abdomen. Patches of strongly barbed spines protrude into the 
proventricular lumen so that blood corpuscles may be ruptured 
as they pass towards the stomach for digestion. Plague vectors, 
such as Xenopsylla spp., have large proventricular spines on which 
plague bacilli accumulate and multiply, tending to promote 
thrombus formation and blocking of the proventriculus. Bacilli 
may then be regurgitated when the flea next tries to feed, so that 
transmission to another host occurs.

The bodies of adult fleas bear many characteristic setae and 
spines. The lower margin (gena) of the head and the hind edge of 
the prothorax are sometimes modified to form cuticular teeth or 
combs (ctenidia). The size and positions of combs, spines and 
setae are important in relation to the taxonomy and identification 
of genera and species of flea. All three pairs of legs are strongly 
developed, the hindlegs being longest and the forelegs shortest. 
At the base of each midleg the mesopleuron is usually strength-
ened with a vertical rod of cuticle internally. Many species of flea 
can jump to a height of several metres for purposes of reaching 
hosts or escaping capture. Flea jumps are powered by a mecha-
nism involving energy storage in the thoracic arch, which consists 
of cuticles impregnated with resilin, a rubbery protein. Tension is 
built up by the thoracic muscles and released to kick the hind-
legs.116 General information on the anatomy and biology of fleas 
is summarized by Smit117 and by Traub and Starcke.118

Adult fleas of all species are obligate, temporary ectoparasites 
of birds (6%) or of mammals (94% of flea species). More than 
2000 species of flea have been described and are classified into 
some 200 genera. They are moderately host-specific, meaning that 
each kind of flea tends to infest only one or a few kinds of host. 
Humans are frequently attacked by fleas from domestic or wild 
animals, as well as by the human flea Pulex irritans. Development 

Table IV.13 Insecticides for vector control (based on WHO114)

RESIDUAL APPLICATION
Insecticidea Indoors Perifocal Bednets Space-spray Larvicide
Organochlorine
 DDT
Organophosphate
 Temephos
 Malathion
 Fenitrothion
 Pirimiphos-methyl
Carbamate
 Bendiocarb
 Propoxur
Pyrethroid
 Bioresmethrin
 Permethrin
 Deltamethrin
 Lambda-cyhalothrin
 Cyfluthrin
Others
 IGRs
 Bacterials

aApplication rates vary according to circumstance, as per local registration authority and manufacturer’s instructions.

Figure IV.79 Lateral view of an adult female flea showing some of 
the principal taxonomic features. apy, Antepygidial bristle; epi, 
episternum; prn, pronotum; prs, prosternum; mep, metepimeron; 
msn, mesonotum; mtn, metanotum; mts, metepisternum. The meral 
rod (mesopleural rod) or vertical bar is present in most genera but 
absent from Pulex, the human flea.
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takes place in the nests of particular hosts, including human 
dwellings. For some flea species (e.g. the European rabbit flea 
Spilopsyllus cuniculi, but not the human flea, cat flea or dog flea), 
host hormone levels may influence reproductive cycles of the 
associated fleas so that flea breeding coincides with host nesting.116 
The period of development from egg to pupa is 2 weeks or more, 
depending on temperature. The active white larvae (Figure IV.80B) 
have sparse hairs and a small but strong head capsule. Develop-
ment takes place among dust and litter in the nest of the host, or 
indoors among fabrics or between floorboards. Larvae feed on 
organic debris and may require nutrient fragments of dried blood 
defecated by adult fleas. There are two larval instars before the 
pupal stage.

Flea pupae are encased in a cocoon, loosely spun by the larva 
around itself. Hatching of the adult may be delayed for months 
until the proximity of a host (vibration, warmth) stimulates emer-
gence. Adult fleas can survive actively and away from the host for 
many weeks, provided that the climate is not too harsh. In general 
fleas thrive at temperatures of 20–30ºC and humidities of 60–
90%. Host temperatures (i.e. 35–42ºC) actually inhibit egg hatch-
ing and larval development, which is why breeding on the host 
does not normally occur. Below about 8ºC development ceases 
and adult fleas become lethargic.

Female fleas tend to be larger than males of the same species. 
Both sexes feed regularly on blood and so become liable to trans-
mit pathogens from host to host. Recognition of the female 
depends on presence of the spermatheca within the posterior 
abdomen (see Figures IV.79 and IV.81), whereas the male abdomen 
includes a conspicuous, curved phallosome for eventration during 
copulation.

Relatively large, sticky, white eggs are produced by female fleas 
at a rate of 10–25 per day, being dropped indiscriminately among 
host fur or feathers or on the floor. In warm situations the eggs 
hatch within 2–3 days.

Identification keys for important genera and species of fleas in 
all parts of the world have been provided by Smit.117 Specimens 
for identification should first be soaked for 1 or 2 days in 10% 

caustic soda to clear them before being washed and slide-mounted. 
Non-specialists should be cautious in trying to identify fleas, 
because many species are confusingly alike; The following guide-
lines may help to distinguish the genera that attack humans most 
frequently:
• Head rounded, combs absent: Pulex or Xenopsylla. Mesopleural 

rod present: Xenopsylla; absent: Pulex. Cephalic bar present 
above eyes: Pulex; absent: Xenopsylla

• Head biangular anteriorly, combs absent: Echidnophaga
• Head sharply pointed anteriorly, combs absent, postabdomen 

with large spiracles: Tunga
• Head and prothorax with combs: Ctenocephalides
• Head without comb, prothorax with comb: Nosopsyllus
• Head with comb and with two spines anteriorly, eyes absent: 

Leptopsylla.

Family: Pulicidae

The members of this family, being fleas without ctenidia (combs), 
include several species of medical importance both as pests and 
as disease vectors.

Pulex irritans, the human flea, is an ubiquitous pest of humans, 
prevailing in many temperate and tropical situations. It is also 
commonly associated with various other coarse-coated mammals, 
both wild and domestic, especially dogs and pigs. Occasionally 
suspected of bubonic plague transmission from human to human, 
P. irritans is more certainly the vector responsible for vesicular and 
tonsillar plague outbreaks in Ecuador. Five other Pulex spp. are 
known, of which P. simulans also sometimes attacks humans in 
North and South America and is distinguished by laciniae longer 
than those of P. irritans. Like many other fleas found in houses, P. 
irritans occasionally acts as an intermediate host of the dog tape-
worm Dipylidium caninum, which may infect humans and is usually 
transmitted via Ctenocephalides fleas.

Xenopsylla cheopis, the oriental or black rat flea, normally infests 
Rattus rattus in urban situations throughout the world, but is scarce 
in parts of the northern temperature zone. It frequently attacks 
people in rat-infested buildings, and is the classical vector of epi-
demic plaque (Yersinia pestis) and of murine typhus (Rickettsia 
mooseri) from rat to rat and from rat to human. Other Xenopsylla 
spp. fulfil similar roles regionally, notably X. brasiliensis in tropical 
Africa where it thrives in wattle huts; the species has spread to 
parts of India and South America (hence its name). The equivalent 
endemic Indian flea is X. astia. Diagnostic differences between 
these three common species of Xenopsylla are depicted in Figure 
IV.81. The rat tapeworm Hymenolepis diminuta produces eggs that 
may be ingested by Xenopsylla larvae. Intestinal infection of rodents 
and sometimes children results from eating adult fleas in which 
cysticercoids have formed. Some strains of H. nana, the dwarf 
tapeworm of humans, may also be transmitted from rat to rat via 
Xenopsylla spp.

Echidnophaga gallinacea, the sticktight flea of poultry, some-
times also infests dogs, cats, rabbits and other animals, and can 
be a nuisance to people. Unlike most other fleas they stay attached 
to the host for prolonged periods and may copulate while feeding. 
E. gallinacea tends to cluster on the head of chickens, which scratch 
and injure themselves to such an extent that blindness may ensue. 
Ulceration of the host is often caused by sticktight fleas, and  

Figure IV.80 Life stages of a flea. (A) egg; (B) larva; (C) pupa; (D) 
adult female.

Fleas
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the females are said to oviposit deliberately into such wounds. 
Usually, however, development takes place in the litter of  
poultry houses.

Ctenocephalides is a small genus of nine species found mainly 
on carnivores in Africa and Eurasia, with two species that have 
become generally distributed: C. canis and C. felis, the dog and cat 
flea, respectively. Actually, each of these species infests both cats 
and dogs interchangeably and C. felis tends to be found more 
often on both kinds of host. In modern centrally heated homes 
in temperate countries, C. canis and C. felis often thrive, sometimes 
in the temporary absence of cats and dogs. Recurrent infestations 
of these species may be more of a nuisance to humans than is P. 
irritans, especially in developed countries where intermittent 
domestic control cannot eliminate Ctenocephalides spp. Cat and 
dog fleas are characterized by pronounced ctenidial combs on the 
gena (ventral edge of head) and posteriorly on the prothorax. 
Figure IV.82 shows how C. felis has a relatively longer head than 
C. canis. The dog tapeworm Dipylidium caninum produces eggs that 
may be ingested by Ctenocephalides larvae. Intestinal infection of 
cats, dogs and sometimes of humans results from eating adult 
fleas carrying cysticercoids. A similar life cycle involving Ctenoce-
phalides is sometimes followed by strains of Hymenolepis nana, the 

Figure IV.81 Diagnostic characters of the three widespread species 
of Xenopsylla rat fleas. 1, X. astia, male terminalia; 1a, X. astia, female 
terminalia with spermatheca; 2, X. brasiliensis, male terminalia; 2a, X. 
brasiliensis, female terminalia with spermatheca; 3, X. cheopis, male 
terminalia; 3a, X. cheopis, female terminalia with spermatheca. These 
species all possess the generic characteristics of a strong mesopleural 
rod, but no combs on head or pronotum.

human dwarf tapeworm, which usually does not have an interme-
diate host.

Family: Leptopsyllidae

Leptopsylla segnis, the European mouse flea, is frequently found 
indoors in various parts of the world. It also infests rats and some-
times transmits enzootic plague, but seldom bites humans.

Family: Ceratophyllidae

Ceratophyllus gallinae, the European chicken flea, has spread to 
many parts of the world, has a wide range of bird hosts, and 
occasionally invades houses and attacks people. It is a particularly 
large flea with a painful bite. Unlike Echidnophaga, it drops off the 
host directly after feeding. An equivalent North American species 
is C. niger, the western chicken flea. Numerous comb teeth on the 
pronotum facilitate the identification of Ceratophyllus spp.

Nosopsyllus fasciatus, the brown rat flea, has also become wide-
spread with its main host Rattus norvegicus; it also infests R. rattus 
and many other small mammals and often attacks humans, but 
is seldom involved in plague transmission. Like Ctenocephalides, 
N. fasciatus serves as an intermediate host of the dog tapeworm D. 
caninum which may infect humans if infective fleas are eaten.

Family: Tungidae

Tunga penetrans, the sand flea or jigger (chigoe, chique), has 
females adapted for intracutaneous permanent attachment on the 
host. T. penetrans regularly infects humans, pigs, poultry and other 
creatures in Central America, West and East Africa, and parts of 
the Indian subcontinent. As for other fleas, the larvae are free-
living, dusty or sandy soil being best for T. penetrans. Adults are 
also free-living at first, when copulation occurs. The fertilized 
female then finds a suitable host and tries to penetrate crevices in 
the skin, such as cracks in the soles of the feet (see Chapter 19), 
between the toes and especially around the toenails. Any part of 
the human anatomy can be affected. By means of the mouthparts, 
the female Tunga becomes firmly attached and soon swells to the 
size and shape of a small white pea. Somehow, the host skin 

Figure IV.82 Ctenocephalides fleas possess rows of comb teeth 
(ctenidia) below the head and posteriorly on the prothorax. C. felis, 
the cat flea, has a relatively longer and more pointed head than C. 
canis, the dog flea. On the hind tibia, the number of posterior notches 
bearing strong setae is eight in C. canis and six in C. felis.
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envelops the jigger, which lies below the stratum corneum but 
above the stratum granulosum, leaving only the posterior spiracles 
exposed to the air. Only when the jigger is almost mature and 
distended, after 8–12 days, does the infection begin to irritate. 
Severe inflammation and ulceration ensue, so that scratching 
helps to expel large numbers of white eggs from the jigger. With 
skill and care it is possible to remove the whole insect, using a 
needle or forceps, but often the soft abdomen ruptures leaving the 
head attached in the lesion.

The jigger seldom attacks the leg above the dorsum of the foot, 
but no part of the body is immune. The soles (Chapter 19), the 
skin between the toes and that at the roots of the nails are favou-
rite sites. Usually only one or two jiggers are found at a time, but 
occasionally they are present in hundreds, the small pits left after 
extraction or expulsion being sometimes so closely set that parts 
of the surface may look like a honeycomb. During her gestation 
the jigger causes a considerable amount of irritation. In conse-
quence of this, pus may form around her distended abdomen 
which now raises the integument into a pea-like elevation. After 
the eggs are laid the superjacent skin ulcerates and the jigger is 
expelled, leaving a small sore which may become infected, some-
times causing phagedaena or even tetanus. Ulceration is common 
and may follow removal of the jigger or natural extrusion of the 
egg sac. The ulcer commences as a tiny pit and, as it extends, the 
sloping edge may develop into a septic ulcer. It remains more or 
less circular in outline, except under the nail or nail margin, where 
the outline is more irregular and a pocket of pus forms beneath 
it. Chronic absorption of pus may lead to thrombophlebitis.

Medical importance and control of fleas

More than 50 genera and numerous species of fleas have been 
implicated as vectors of enzootic plague in various parts of the 
world (Chapter 65), meaning that they maintain the transmission 
of Yersinia pestis bacilli among rodents. Humans are seldom 
infected primarily through the bites of such zoophilic fleas, except 
when infected Xenopsylla move on to a human after plague-stricken 
rats have died. Rarely are conditions conducive for person-to-
person transmission by Pulex or Ctenocephalides to reach epidemic 
proportions. Overwintering of plague bacilli may occur in hiber-
nating fleas.

Various flea species may also be involved in the transmission 
cycles of murine typhus, tularaemia, pseudotuberculosis, melioi-
dosis, brucellosis, lymphocytic choriomeningitis and possibly 
other diseases.119 Only the first depends on fleas, as well as para-
sitic mites and lice, as vectors. Thus the agent of murine typhus, 
Rickettsia typhi (R. mooseri), is commonly transmitted by X. brasil-
iensis, X. cheopis, and possibly N. fasciatus or L. segnis, with a 
similar epidemiological picture to that of plague.120

As mentioned above, some fleas serve as the intermediate hosts 
for tapeworms usually found in animals: Dipylidium caninum of 
dogs and cats; Hymenolepis diminuta of rodents; H. nana strains 
endemic in rodents. These occasionally cause diarrhoea in humans, 
especially children who may happen to become infected by eating 
infective fleas.

People suffer localized dermal reactions to flea bites, which can 
be soothed with antihistamines. Generalized allergic sensitization 
is not uncommon and should be overcome by means of flea 
control in preference to desensitization treatment of the patient. 

The irritation and nuisance caused by fleas crawling on the body 
surface and the pain of their frequent probing and biting always 
justify control measures.

Simple hygienic measures of keeping houses well swept and 
floors washed and clean are beneficial, and the regular use of a 
vacuum suction cleaner is highly effective for gathering up fleas, 
their eggs and larvae. When flea-infested premises are re-entered 
after a period of disuse, newly emerged fleas may become acti-
vated and attack people in surprising numbers. Temporary relief 
may be gained through the use of insect repellent creams or 
lotions based on dimethylphthalate, diethyltoluamide, indalone 
and proprietary brands. Floors can be treated with a solution of 
naphthalenes in benzene, or simply with detergents. Synthetic 
chemical insecticides should be sprayed or dusted into corners, 
cracks and fabrics where flea larvae may be expected to occur. The 
value of DDT for such purposes has become diminished by the 
problem of insecticide resistance in many areas. Various organo-
phosphates, carbamates and pyrethroids are ample substitutes, 
but compounds with high mammalian toxicity should not be 
used indoors. Flea-ridden domestic animals may themselves be 
washed thoroughly with carbolic soap, dusted with pyrethroid 
powder, treated with insecticidal lotion or shampoo (e.g. mala-
thion) or fitted with a ‘flea collar’ made from plastic impregnated 
with dichlorvos which has a prolonged, localized vapour action 
within the fur. For direct killing of fleas it is convenient to employ 
spray canisters giving aerosols of synergized pyrethrins or similar 
quick-acting insecticides.

The particular personal problems caused by sand fleas or jiggers 
(T. penetrans) have already been mentioned. Affected areas of soil 
may be burnt off in an effort to kill them, and their breeding on 
livestock and pets should not be allowed. As female jiggers are not 
good jumpers, human infestation is normally confined to the feet. 
Daily inspection of the interdigital clefts, roots of nails and soles 
of feet should cause freshly burrowing female jiggers to be detected 
and removed before they have grown significantly. To prevent 
their attack, good shoes should be worn at all times. An old deter-
rent is to rub the feet with lysol or creosol in paraffin oil; modern 
repellents may be better.

In locations where T. penetrans is common, the local people 
become quite skilful at removing them with sharp instruments. 
The characteristic, circular, open lesions should be dressed anti-
septically and protected until healed. Often they become ulcerated 
and secondarily infected; local pus production may occur, and be 
complicated by thrombophlebitis or gangrene. Timely use of anti-
biotics is therefore advisable and the affected limb should be 
rested.
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Appendix V Dirk Schoonbaert, Alice E. Eyers and  
John E. Eyers

Sources of Information in  
Tropical Medicine

INTRODUCTION

The literature of tropical medicine, like all clinical specialties, 
tends to be distributed throughout medical literature,1,2 and reli-
ance on the specialist tropical medicine literature alone will not 
usually be sufficient to cover adequately the total literature. It is 
important therefore that any search of the literature needs to 
encompass both the general and specialist sources. This brief 
guide to the information sources of tropical medicine will limit 
itself to the main focus of this book, i.e. the clinical, diagnostic 
and control aspects of tropical medicine.

Any systematic search of the literature must use a variety of 
different sources, including journals, books, databases and web-
sites. Many traditional print resources, such as journals, indexes 
and increasingly also books, are now available online and those 
listed below include only a selection of the most important 
sources. However, an important part of this survey is on identify-
ing the most important internet-based resources, as a reflection 
that the internet has become, de facto, the main vehicle for up-to-
date information in medicine, even in the poorest regions of the 
world. Inevitably, some websites become unavailable, change 
their URL or are not updated; it is hoped that the online version 
of this chapter, to be published in parallel with the print version, 
will continue to be updated. However, there are two regularly 
updated gateway sites which cover much of the source material 
listed: the Institute of Tropical Medicine Antwerp library links  
to selected websites (http://lib.itg.be/biblinks.htm) and AED 
Satellife’s Essential Health Links (http://www.healthnet.org/ 
essential-links/).

TEXTBOOKS AND OTHER PRINT MATERIALS

Generally speaking, there is a dearth of texts relating to clinical 
and laboratory aspects of tropical and parasitic diseases, and 
readers will invariably have to look in textbooks of infectious 
diseases and more general textbooks of medicine for current infor-
mation. The texts selected below are the most well known in the 
field.

GENERAL TEXTS ON TROPICAL AND 
INFECTIOUS DISEASES

Acha PN, Szyfres B. Zoonoses and Communicable Diseases Common to Man and 

Animals. 3rd edn. Washington, DC: PAHO Scientific and Technical 
Publications, No. 580; 2001 03 (3 vols).

Cohen J, Powderly WG, eds. Infectious Diseases. 2nd edn. Edinburgh: Mosby; 2004 
(2 vols  CD-ROM).

Cook GC, Zumla A, eds. Manson’s Tropical Diseases. 22nd edn. London: WB 
Saunders; 2008.

Eddleston M, Pierini S, Wilkinson R, et al. Oxford Handbook of Tropical Medicine. 
2nd edn. Oxford: Oxford University Press; 2005.

Fernando RL, Fernando SSE, Leong ASY. Tropical Infectious Diseases: Epidemiology, 

Investigation, Diagnosis and Management. London: Greenwich Medical Media; 
2001.

Gentilini M, ed. Médecine Tropicale. 5 edn. Paris: Flammarion; 1993.
Gill G, Beeching N. Lecture Notes on Tropical Medicine. 5th edn. Oxford: Blackwell; 

2004.
Gorbach SL, Bartlett JG, Blacklow NR. Infectious Diseases. 3rd edn. Philadelphia: 

Lippincott Williams and Wilkins; 2003.
Guerrant RL, Walker DH, Weller PF, eds. Essentials of Tropical Infectious Diseases. 

Philadelphia: Churchill Livingstone; 2001 (  CD-ROM).
Guerrant RL, Walker DH, Weller PF, eds. Tropical Infectious Diseases: Principles, 

Pathogens, and Practice. 2nd edn. Philadelphia: Churchill Livingstone; 2006: 2 
vols.

Harries JR, Harries AD, Cook GC. Clinical Problems in Tropical Medicine. 2nd edn. 
London: Saunders; 1998.

Hawker J, Begg N, Blair I, et al. Communicable Disease Control Handbook. 2nd edn. 
Malden: Blackwell; 2005.

Heymann DL, ed. Control of Communicable Diseases Manual. 18th edn. Washington, 
DC: American Public Health Association (APHA); 2004.

Jamison DT, Breman JG, Measham AR, et al. eds. Disease Control Priorities  

in Developing Countries. 2nd edn. Oxford: Oxford University Press;  
Washington, DC: World Bank; 2006. (Disease Control Priorities  
Project).

Jong EC, McMullen R, eds. The Travel and Tropical Medicine Manual. 3rd edn. 
Philadelphia: WB Saunders; 2003.

Krawinkel M, Renz-Polster H. Medical Practice in Developing Countries. Neckarsulm: 
Jungjohann; 1995.

Krauss H, Slenczka W, Schiefer HG. Zoonoses; Infectious Diseases  

Transmissible from Animals to Humans. 3rd edn. Washington,  
DC: ASM Press; 2003.

Kwann-Gett TSC, Kemp C, Kovarik C. Infectious and Tropical Diseases; a Handbook for 

Primary Care. St Louis: Elsevier Mosby; 2006.
Lucas AO, Gilles HM. Short Textbook of Public Health Medicine for the Tropics. 4th 

edn. London: Arnold; 2002.
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Mandell GL, Bennett JE, Dolin R, eds. Mandell, Douglas and Bennett’s Principles and 

Practice of Infectious Diseases. 6th edn. Philadelphia: Elsevier Churchill 
Livingstone; 2005: 2 vols (  CD-ROM).

Palmer D, Wolf CE. Handbook of Medicine in Developing Countries. 2nd edn. Bristol: 
Christian Medical and Dental Associations, Paul Tournier Institute; 2002.

Parry E, Godfrey R, Mabey D, Gill G, eds. Principles of Medicine in Africa. 3rd edn. 
Cambridge: Cambridge University Press; 2004.

Pichard E, Beytout J, Delmont J, eds. Malintrop Afrique; Manuel de Maladies 

Infectieuses pour l’Afrique. Montrouge: John Libbey Eurotext; 2002.
Schull CR. Common Medical Problems in the Tropics. 2nd edn. London: Macmillan; 

1999.
Strickland GT, ed. Hunter’s Tropical Medicine and Emerging Infectious Diseases. 8th edn. 

London: Saunders; 2000. (The standard US textbook of tropical medicine.)
Touze JE, Peyron F, Malvy D. Médecine Tropicale au Quotidien; 100 Cas Cliniques. 

Saint-Maur: Format Utile; 2001.
Webber R. Communicable Disease Epidemiology and Control: A global perspective. 2nd 

edn. Wallingford: CABI; 2005.

History of tropical medicine

An extensive literature exists on the fascinating history of tropical 
medicine and its controversies. Much of it relates to the late nine-
teenth and early twentieth centuries, when many of the significant 
discoveries of the aetiologies of tropical and parasitic infections 
were first made. Listed below is a small selection of texts which 
will serve as an introduction to an increasingly popular subject.

Arnold D, ed. Warm Climates and Western Medicine: The Emergence of Tropical 

Medicine 1500–1900. Amsterdam: Rodopi; 1996.
Bado J. Médecine Coloniale et Grandes Endémies en Afrique 1900–1960; Lèpre, 

Trypanosomiase Humaine et Onchocercose. Paris: Karthala; 1996. (Hommes et 
Société).

Bruyn GW, Poser CM. The History of Tropical Neurology; Nutritional Disorders. 
Canton: Science History Publications; 2003.

Cook GC. From the Greenwich Hulks to Old St Pancreas: A History of Tropical Disease 

in London. London: Athlone Press; 1992.
Cook GC. Tropical Medicine: An Illustrated History of the Pioneers. London: Elsevier 

Academic Press; 2007.
Cook GC. Disease in the Merchant Navy: A history of the Seaman’s Hospital Society. 

Oxford: Radcliff Publications; 2007.
Cox FEG, ed. The Wellcome Trust Illustrated History of Tropical Diseases. London: 

Wellcome Trust; 1996.
D’Arcy PF. Laboratory on the Nile: A History of the Wellcome Tropical Research 

Laboratories. New York: Pharmaceutical Products Press; 1999. (Pharmaceutical 
Heritage).

Farley J. To Cast Out Disease: A History of the International Health Division of the 

Rockefeller Foundation (1913–1951). New York: Oxford University Press; 2004.
Haynes DM. Imperial Medicine: Patrick Manson and the Conquest of Tropical Disease. 

Philadelphia: University of Pennsylvania Press; 2001.
Janssens PG, Kivits M, Vuylsteke J, eds. Health in Central Africa since 1885; Past, 

Present and Future. Brussels: King Baudouin Foundation; 1997: 2 vols (also 
available in French).

Kean BH, Mott KE, Russell AJ, eds. Tropical Medicine and Parasitology: Classic 

Investigations. Ithaca: Cornell University Press; 1978: 2 vols.
Pati B, Harrison M, eds. Health, Medicine and Empire; Perspectives on Colonial India. New 

Delhi: Orient Longman; 2001. (New Perspectives in South Asian History; 1).
Power HJ. Tropical Medicine in the Twentieth Century: A History of the Liverpool School 

of Tropical Medicine 1898–1990. London: Kegan Paul International; 1999.
Scott HH. A History of Tropical Medicine. London: Arnold; 1939: 2 vols.
Wilkinson L, Hardy A. Prevention and Cure: The London School of Hygiene and 

Tropical Medicine. A 20th Century Quest for Global Public Health. London: Kegan 
Paul; 2001.

Worboys M. Tropical diseases. In: Bynum WF, Porter R, eds. Companion Encyclopaedia 

of the History of Medicine. Vol. 1. London: Routledge; 1993:512–536.

Atlases

Ash LR, Orihel TC. Atlas of Human Parasitology. 4th edn. Chicago: American Society 
of Clinical Pathologists (ASCP); 1997.

Chiodini PL, Moody A, Manser DW. Atlas of Medical Helminthology and Protozoology. 
4th edn. Edinburgh: Churchill Livingstone; 2001.

de Hoog GS, Guarro J, Gené J, Figueras MJ. Atlas of Clinical Fungi. 2nd edn. 
Utrecht: Centraal Bureau voor Schimmelcultures, Reus: Universitat Rovira i 
Virgili; 2000.

Emond RTD, Welsby PD, Rowland HAK. Colour Atlas of Infectious Diseases. 4th edn. 
Edinburgh: Mosby; 2003.

Gutierrez Y. Diagnostic Pathology of Parasitic Infections: With Clinical Correlations. 
2nd edn. Oxford: Oxford University Press; 2000.

Larone DH. Medically Important Fungi; A Guide to Identification. 4th edn. 
Washington, DC: ASM Press; 2002.

Mandell GL, ed. Atlas of Infectious Diseases. Philadelphia: Current Medicine;  
1995–98: 10 vols.

Peters W. A Colour Atlas of Arthropods in Clinical Medicine. London: Wolfe; 1992.
Peters W, Pasvol G. Médecine Tropicale et Parasitologie. Paris: Flammarion Médecine-

Sciences; 2004.
Peters W, Pasvol G. Atlas of Tropical Medicine and Parasitology. 6th edn. Oxford: 

Elsevier; 2006 (  CD-ROM).
Rondanelli EG, Scaglia M, eds. Atlas of Human Protozoa. Atlante dei Protozoi  

Umani. Milano: Masson; 1993.
Schaller KF, ed. Colour Atlas of Tropical Dermatology and Venereology. Berlin: 

Springer; 1994.

Box V.1

For students and those working in the developing world 
substantial price discounts on medical texts are available from:

1. Bookpower
120 Pentonville Road, London N1 9JN, UK
Website: http://www.bookpower.org/
e-mail: bookpower@mistral.co.uk

2. Tropical Health Technology
PO Box 50, Fakenham, Norfolk NR21 8XB, UK
Website: http://www.tht.ndirect.co.uk/
e-mail: thtbooks@tht.ndirect.co.uk

3. Teaching Aids at Low Cost (TALC)
PO Box 49, St Albans, Herts AL1 5TX, UK
Website: http://www.talcuk.org/
e-mail: talc@talcuk.org

The following publishers make available some publications free to 
doctors working in selected developing countries:

1. FSG Communications Ltd
Vine House, Fair Green, Reach, Cambridge CB5 0JD, UK
Website: http://www.fsg.co.uk/
e-mail: info@fsg.co.uk
Medical Education Resource Africa (MERA) incorporating Africa 
Health, African Health Sciences and Diabetes International (ISSN 
1478-2642).

2. PMH Publications
PO Box 100, Chichester, W. Sussex PO18 8HD, UK
Website: http://www.pmh.uk.com/medical/africa/home.htm
e-mail: admin@pmh.uk.com
Postgraduate Doctor Africa (ISSN 0142-7946).

3. Healthlink Worldwide,
56–64 Leonard Street, London., EC2A 4LT, UK
Website: http://www.healthlink.org.uk/
e-mail: info@healthlink.org.uk
Various newsletters, journals, and training manuals.
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Spicer WJ. Clinical Bacteriology, Mycology, and Parasitology: An Illustrated Colour Text. 
Edinburgh: Churchill Livingstone; 2000.

Dermatology

Arenas R, Estrada R. Tropical Dermatology. Georgetown: Landes Bioscience; 2001.
Canizares O. A Manual of Dermatology for Developing Countries. 2nd edn. Oxford: 

Oxford University Press; 1993.
Canizares O, Harman RRM, eds. Clinical Tropical Dermatology. 2nd edn. Boston: 

Blackwell; 1992.
Euzéby J. Les Dermatoses Parasitaires d’Origine Zoonotique dans les Environnements de 

l’Homme. Paris: Editions Médicales Internationales; 2003.
Halder RM, ed. Dermatology and Dermatological Therapy of Pigmented Skins. Boca 

Raton: Taylor and Francis; 2006.
Leppard B. An Atlas of African Dermatology. Abingdon: Radcliffe Medical Press; 

2002.
Mahé A. Dermatologie sur Peau Noire. Paris: Doin; 2000. (Dermatologie Pratique).
Parish LC, Millikan LE. Global Dermatology: Diagnosis and Management According to 

Geography, Climate, and Culture. New York: Springer; 1994.
Saxe N, Jessop S, Todd G. Southern Africa Handbook of Dermatology for Primary Care. 

Oxford: Oxford University Press; 1997.
Singh M. Tropical Dermatopathology. New Delhi: Jaypee Brothers; 2003.
Tyring S, Lupi O, Hengge UR. Tropical Dermatology. Philadelphia: Elsevier/Churchill 

Livingstone; 2006.

Gastroenterology

Cook GC. Tropical Gastroenterology. Oxford: Oxford University Press; 1980.
Cook GC, ed. Gastroenterological Problems from the Tropics. London: BMJ; 1995.
Rustgi VK, ed. Gastrointestinal Infections in the Tropics. Basel: Karger; 1990.
Watters DAK, Kiire CF. Gastroenterology in the Tropics and Subtropics: A Practical 

Approach. London: Macmillan; 1995.

Laboratory techniques

Carter JY, Lema O. Practical Laboratory Manual for Health Centres in Eastern Africa. 
Nairobi: African Medical and Research Foundation (AMREF); 1994.

Cheesbrough M. District Laboratory Practice in Tropical Countries. 2nd edn. 
Cambridge: Cambridge University Press; 2005: 2 vols.

Garcia LS. Practical Guide to Diagnostic Parasitology. Washington, DC: ASM Press; 
1999.

Garcia LS. Diagnostic Medical Parasitology. 5th edn. Washington, DC: ASM Press; 
2007.

Lennette EH, Smith TF, eds. Laboratory Diagnosis of Viral Infections. 3rd edn. New 
York: Marcel Dekker; 1999.

Microscopy of Tropical Diseases. Fakenham, UK: Tropical Health Technology, revised 
2006. (Affordable series of nine laminated brochures consisting of high-
quality colour plates with text for diagnosing parasitic, bacterial and viral 
infections, urinary tract disease, anaemia and white blood cell disorders).

Van Dyck E, Meheus ZA, Piot P. Laboratory Diagnosis of Sexually Transmitted 

Diseases. Geneva: WHO; 1999 (also available in French and Spanish).
WHO. Bench Aids for the Diagnosis of Malaria Infections. 2nd edn. Geneva: World 

Health Organization; 2000.
WHO. Manual of Basic Techniques for a Health Laboratory. 2nd edn. Geneva: World 

Health Organization; 2003.

Leprosy

Bryceson A, Pfaltzgraff RE. Leprosy. 3rd edn. Edinburgh: Churchill Livingstone; 
1990.

Hastings RC, ed. Leprosy. 2nd edn. Edinburgh: Churchill Livingstone; 1994.
Languillon J. Précis de Léprologie. Lavaur: SIA; 1999.
Leprosy: A Medical Dictionary, Bibliography and Annotated Research Guide to Internet 

Resources. San Diego: ICON Health Publications; 2004.

Medical entomology

Becker N, Petric D, Zgomba M, et al. Mosquitoes and Their Control. New York: 
Kluwer Academic/Plenum Publishers; 2003.

Burgess NRH, Cowan GO. A Colour Atlas of Medical Entomology. London: Chapman 
and Hall; 1993.

Eldridge BF, Edman JD, eds. Medical Entomology: A Textbook on Public Health and 

Veterinary Problems Caused by Arthropods. Dordrecht: Kluwer; 2000.
Goddard J. Physician’s Guide to Arthropods of Medical Importance. 5th edn. Boca 

Raton: CRC Press; 2007.
Kettle DS. Medical and Veterinary Entomology. 2nd edn. Wallingford: CABI; 1995.
Leak SGA. Tsetse Biology and Ecology: their Role in the Epidemiology and Control of 

Trypanosomiasis. Wallingford: CABI; 1999.
Mullen G, Durden L, eds. Medical and Veterinary Entomology. Amsterdam: Academic 

Press; 2002.
Service MW. Medical Entomology for Students. 3rd edn. Cambridge, UK: Cambridge 

University Press; 2004.

Medical mycology

Anaissie EJ, McGinnis MR, Pfaller MA, eds. Clinical Mycology. New York: Churchill 
Livingstone; 2003.

Chabasse D, Develoux M, eds. Mycoses d’Importation. Paris: Elsevier; 2003 (Guides 
Médi/BIO).

Chabasse D, Guiguen C, Contet-Audonneau N. Mycologie Médicale. Paris: Masson; 
1999 (Abrégés).

Dismukes WE, Pappas PG, Sobel JD, eds. Clinical Mycology. Oxford: Oxford 
University Press; 2003.

Maertens JA, Marr KA, eds. Diagnosis of Fungal Infections. New York: Informa Health 
Care; 2007.

Richardson MD, Warnock DW. Fungal Infection; Diagnosis and Management. 3rd 
edn. Malden: Blackwell; 2003.

San-Bias G, Calderone RA, eds. Pathogenic Fungi; Host Interactions and Emerging 

Strategies for Control. Wymondham: Caister Academic Press; 2004.

Neurology

Johnson RT. Viral Infections of the Nervous System. 2nd edn. Philadelphia: 
Lippincott-Raven; 1998.

Power C, Johnson RT, eds. Emerging Neurological Infections. Boca Raton: Taylor and 
Francis; 2005. (Neurological Disease and Therapy; 67).

Rose FC, ed. Recent Advances in Tropical Neurology. Amsterdam: Elsevier; 1995.
Scheld WM, Whitley RJ, Marra CM, eds. Infections of the Central Nervous System. 3rd 

edn. Philadelphia: Lippincott Williams and Wilkins; 2004.
Shakir RA, Newman PK, Poser CM, eds. Tropical Neurology. London: Saunders; 

1996.

Nutrition

Boelaert M, Davis A, Le Lin B, et al. eds. Nutrition Guidelines to Facilitate the 

Application of Fundamental Concepts and Principles Necessary for the Assessment of 

Nutritional Problems and the Implementation of Nutritional Programmes in 

Emergency Situations. Paris: Médecins Sans Frontières (MSF); 1995.
King FS, Burgess A. Nutrition for Developing Countries. 2nd edn. Oxford: Oxford 

University Press; 1993.
Latham MC. Human Nutrition in the Developing World. Rome: Food and Agriculture 

Organization (FAO); 1997. (FAO Food and Nutrition Series; 29).
Maire B, Beghin I, Delpeuch F, et al. Nutritional Surveillance: A Sustainable 

Operational Approach. Antwerp: ITGPress; 2001. (Studies in Health Services 
Organisation and Policy; 19) (also available in French).

MSF. Nutrition Guidelines. Paris: Médecins Sans Frontières; 1995.
SCN. 5th Report on the World Nutrition Situation. Geneva: United Nations Standing 

Committee on Nutrition; 2004.

General Texts on Tropical and Infectious Diseases
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Semba RD, Bloem MW, eds. Nutrition and Health in Developing Countries. Totowa: 
Humana Press; 2001.

WHO. The Management of Nutrition in Major Emergencies. Geneva: World Health 
Organization; 2000.

WHO. Management of Severe Malnutrition: A Manual for Physicians and Other Senior 

Health Workers. Geneva: World Health Organization; 1999.

Ophthalmology

Sandford-Smith J. Eye Diseases in Hot Climates. 3rd edn. Oxford: Butterworth-
Heinemann; 1997.

Schwab L. Eye Care in Developing Nations. 3rd edn. San Francisco: American 
Academy of Ophthalmology; 1999.

Paediatrics

Ashworth A, Burgess A. Caring for Severely Malnourished Children. Oxford: 
Macmillan; 2003.

Berkowitz FE. Case Studies in Pediatric Infectious Diseases. Cambridge: Cambridge 
University Press; 2007.

Bhutta ZA, ed. Contemporary Issues in Childhood Diarrhoea and Malnutrition. Oxford: 
Oxford University Press; 2000.

Davies EG, Elliman DAC, Hart CA, et al. Manual of Childhood Infections. 2nd edn. 
London: WB Saunders; 2001.

de Onis M, Blössner M, eds. WHO Global Database on Child Growth and 

Malnutrition. Geneva: World Health Organization (WHO), Programme of 
Nutrition (NUT); 1997. (WHO/NUT/97.4).

Ebrahim GJ. Paediatric Practice in Developing Countries. 2nd edn. London: 
Macmillan; 1993.

Hall DMB, Elliman D, eds. Health for All Children. 4th edn. Oxford: Oxford 
University Press; 2003.

Hendrickse RG, Barr DGD, Matthews TS, eds. Paediatrics in the Tropics. Oxford: 
Blackwell; 1991.

Kleinman RE, ed. Pediatric Nutrition Handbook. 5th edn. Elk Grove Village: 
American Academy of Pediatrics; 2004.

Seear MD. Manual of Tropical Pediatrics. Cambridge: Cambridge University Press; 
2000.

Southall D, Coulter B, Ronald C, et al. eds. International Child Health Care: A 

Practical Manual for Hospitals Worldwide. London: BMJ Books; 2002.
Stanfield P, Brueton M, Chan M, et al. eds. Diseases of Children in the Subtropics and 

Tropics. 4th edn. London: Edward Arnold; 1991.
WHO. Management of the Child with a Serious Infection or Severe Malnutrition: 

Guidelines for Care at the First-Referral Level in Developing Countries. Geneva: 
World Health Organization; 2000.

WHO. Pocket Book of Hospital Care for Children; Guidelines for the Management of 

Common Illnesses with Limited Resources. Geneva: World Health Organization; 
2005.

Parasitic and vector-borne diseases

Abdalla SH, Pasvol G, eds. Malaria: A Hematological Perspective. London: Imperial 
College Press; 2004. (Tropical Medicine: Science and Practice).

Abdi YA, Gustafsson LL, Ericsson O et al. Handbook of Drugs for Tropical Parasitic 

Infections. 2nd edn. London: Taylor and Francis; 1995.
Anderson RC. Nematode Parasites of Vertebrates: Their Development and Transmission. 

2nd edn. Wallingford: CABI; 2000.
Berger SA, Marr JS. Human Parasitic Diseases Sourcebook. Sudbury: Jones and Bartlett 

Publishers; 2006.
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following tropical medicine titles belong to this category and are 
listed here in alphabetical order. Although a minority, non-English 
quality journals are also included.

Acta Tropica. Elsevier, 1944– . ISSN 0001-706X. Online. Available: http: //www.
sciencedirect.com/

American Journal of Tropical Medicine and Hygiene. American Society of Tropical 
Medicine and Hygiene, 1921– . ISSN 0002-9637. Online. Available:  
http://www.ajtmh.org/

Annals of Tropical Medicine and Parasitology. Maney Publishing, 1907– . ISSN 0003-
4983. Online. Available: http://www.maney.co.uk/search?fwaction show&fwi
d 142

Annals of Tropical Paediatrics. Maney Publishing, 1981– . ISSN 0272-4936. Online. 
Available: http://www.maney.co.uk/search?fwaction show&fwid 143

International Journal of Leprosy and Other Mycobacterial Diseases. International 
Leprosy Association, 1933–2005. ISSN 0148-916X. Online. Available:  
http://www.leprosy-ila.org/leprosyjournal

Journal of Tropical Pediatrics. Oxford University Press, 1955– . ISSN: 0142-6338. 
Online. Available: http://tropej.oxfordjournals.org/

Leprosy Review. LEPRA, 1930– . ISSN 0305-7518. Online. Available: http://www.
leprosy-review.org.uk/

Malaria Journal. BioMed Central, 2002– . ISSN 1475-2875. Online. Available: 
http://www.malariajournal.com/

Memorias do Instituto Oswaldo Cruz. Instituto do Oswaldo Cruz, 1909– . ISSN  
0074-0276. Online. Available: http://www.scielo.br/

Box V.2

The internet is now an indispensable source of information in 
medicine and has become the vehicle for making available 
databases, electronic journals, online textbooks, slide-sets, as 
well as a means of communication between individuals for e-
mail and participation in professional discussion lists. However, 
there is evidence that the ‘information gap’ between the 
developed and developing world has been increasing because 
telecommunication networks in the developing world are not 
sufficiently reliable or advanced to enable widespread access to 
the internet. This is beginning to change and many urban 
areas in Africa, for example, now have access to the internet, 
but usually at some cost to the individual. This inequity has at 
last been recognized and there are initiatives, such as the 
HINARI scheme (http://www.who.int/hinari/) and Healthcare 
Information for All by 2015 (HIFA2015) (http://www.ghi-net.
org/), which are attempting to address this.

Guides to searching the internet
Kiley R. Medical Information on the Internet: A Guide for Health 

Professionals. 3rd edn. Edinburgh: Churchill Livingstone; 2003.
McKenzie BC. Medicine and the Internet. 3rd edn. Oxford: Oxford 

University Press; 2002.
Rumsey S. How to Find Information: A Guide for Researchers. 

Maidenhead: Open University Press; 2004.
Health Information on the Internet. Royal Society of Medicine Press; 

1998– . ISSN 1460-4140. Online. Available: http://www.
rsmpress.co.uk/hii.htm (current awareness newsletter).

Journals
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Transactions of the Royal Society of Tropical Medicine and Hygiene. Elsevier, 1907– . 
ISSN 0035-9203. Online. Available: http://sciencedirect.com/

Tropical Doctor. Royal Society of Medicine Press, 1971– . ISSN 0049-4755. Online. 
Available: http://www.ingentaconnect.com/content/rsm/td

Tropical Medicine and International Health: TM&IH. Blackwell Science, 1996– . ISSN 
1360-2276. Online. Available: http://www.blackwell-synergy.com/loi/tmi/

A second list features a number of (regional) journals that are not 
included in the WoK citation databases but are covered by 
PubMed/Medline and as such are also highly visible:

African Journal of Health Sciences. The African Forum for Health Sciences (AFHES), 
1994– . ISSN 1022-9272. Online. Available: http://www.ajol.info or http://
www.bioline.org.br/

African Journal of Medicine and Medical Sciences. Spectrum Books, 1970– . ISSN 
0002-0028.

African Journal of Reproductive Health/La Revue Africaine de la Santé Reproductive. 
Women’s Health and Action Research Centre, 1997– . ISSN 1118-4841. 
Online. Available: http://www.ajol.info/ or http://www.bioline.org.br/

Bulletin de la Société de Pathologie Exotique. Société de Pathologie Exotique, 1908– . 
ISSN 0037-9085. Online. Available: http://www.pathexo.fr/ (was included in 
the WoK until 2004).

Cahiers [d’Etudes et de Recherches Francophones] Santé. John Libbey Eurotext, 1991– 
. ISSN 1157-5999. Online. Available: http://www.jle.com/fr/revues/sante_pub/
san/archives.md?type text.html

Central African Journal of Medicine. Faculty of Medicine, University of Zimbabwe, 
1955– . ISSN 0008-9176. Online. Available: http://www.ajol.info/

Dakar Médical. Société Médicale d’Afrique Noire de Langue Française, 1956– . ISSN 
0850-797X.

East African Medical Journal. Kenya Medical Association, 1923– . ISSN 0012-835X. 
Online. Available: http://www.ajol.info/ (was included in the WoK until 
2001).

Eastern Mediterranean Health Journal/Revue de Santé de la Méditerranée Orientale. 
WHO Regional Office for the Eastern Mediterranean, 1995– . ISSN 1020-
3397. Online. Available: http://www.emro.who.int/publications/emhj/

Journal of Health Population and Nutrition (incorporating the Journal of Diarrhoeal 

Diseases Research). International Centre for Diarrhoeal Disease Research, 
Bangladesh (ICDDR,B), 1983– . ISSN 1606-0997. Online. Available: http://
www.icddrb.org/jhpn/

Médecine Tropicale. Institut de Médecine Tropicale du Service de Santé des Armées 
(IMTSSA) Le Pharo, 1941– . ISSN 0025-682X. Online. Available: http://www.
actu-pharo.com/html/revue_.html

MMWR – Morbidity and Mortality Weekly Report. Centers for Disease Control and 
Prevention (CDC), 1950– . ISSN 0149-2195. Online. Available: http://www.
cdc.gov/mmwr/

Revista Cubana de Medicina Tropical. Instituto de Medicina Tropical Pedro Kouri, 
1945– . ISSN 0375-0760. Online. Available: http://www.scielo.sld.cu/scielo.
php/

Revista da Sociedade Brasileira de Medicina Tropical. Sociedad Brasileira de Medicina 
Tropical, 1968– . ISSN 0037-8682. Online. Available: http://www.scielo.br/

Revista do Instituto de Medicina Tropical de São Paulo. Instituto de Medicina Tropical 
de São Paulo, 1959– . ISSN 0036-4665. Online. Available: http://www.scielo.
br/

Southeast Asian Journal of Tropical Medicine and Public Health. SEAMEO TROPMED 
Network, 1970– . ISSN 0038-3619. Online. Available: http://www.tm.
mahidol.ac.th/en/seameo/publication.htm

Vector-Borne and Zoonotic Diseases. Mary Ann Liebert, 2001– . ISSN 1530-3667. 
Online. Available: http://www.liebertpub.com/

Weekly Epidemiological Record/Relevé Epidémiologique Hebdomadaire. World Health 
Organization (WHO), 1925– . ISSN 0049-8114. Online. Available: http://
www.who.int/wer/

West African Journal of Medicine. West African College of Physicians and West 
African College of Surgeons, 1982– . ISSN 0189-160X. Online. Available: 
http://www.ajol.info/

So far, only a few dozen ‘tropical medicine’ journals are listed. As 
stated in the introduction, tropical medicine research relies heavily 
on the literature of related specialties such as parasitology, ento-
mology, microbiology, immunology, infectious diseases and 
others, as well as on the general medicine journals. A selection of 
such journals includes:

Advances in Parasitology. Academic Press, 1963– . ISSN 0065-308X. Online. 
Available: http://www.harcourt-international.com/serials/parasitology/

AIDS. Lippincott Williams and Wilkins, 1987– . ISSN 0269-9370. Online. 
Available: http://www.aidsonline.com

BMJ – British Medical Journal. BMJ Publishing Group 1832– . ISSN 0959-8146. 
Online. Available: http://www.bmj.com/

Bulletin of the World Health Organization. WHO, 1947– . ISSN 0043-9686. Online. 
Available: http://www.who.int/bulletin/

Clinical Infectious Diseases. University of Chicago Press, 1979– . ISSN 1058-4838. 
Online. Available: http://www.journals.uchicago.edu/CID/journal/

Emerging Infectious Diseases. NCID, Centers for Disease Control and Prevention (CDC), 
1995– . ISSN 1080-6040. Online. Available: http://www.cdc.gov/ncidod/eid/

Experimental Parasitology. Elsevier, 1951– . ISSN 0014-4894. Online. Available: 
http://www.sciencedirect.com/

Infection and Immunity. American Society for Microbiology (ASM), 1970– . ISSN 
0019-9567. Online. Available: http://iai.asm.org/

International Journal of STD and AIDS. Royal Society of Medicine Press, 1990– . 
ISSN 0956-4624. Online. Available: http://www.rsmpress.co.uk/std.htm

International Journal of Tuberculosis and Lung Disease. International Union Against 
Tuberculosis and Lung Disease (IUATLD), 1997– . ISSN 1027-3719. Online. 
Available: http://ingentaconnect.com/content/iutld/ijtld

Journal of Clinical Microbiology. American Society for Microbiology (ASM), 1975– . 
ISSN 0095-1137. Online. Available: http://jcm.asm.org/

Journal of Immunology. American Association of Immunologists, 1916– . ISSN 
0022-1767. Online. Available: http://www.jimmunol.org/

Journal of Infectious Diseases. University of Chicago Press, 1904– . ISSN 0022-1899. 
Online. Available: http://www.journals.uchicago.edu/JID/journal/

Journal of Medical Entomology. Entomological Society of America, 1964– . ISSN 0022-
2585. Online. Available: http://www.ingentaconnect.com/content/esa/jme/

Journal of Parasitology. American Society of Parasitologists, 1914– . ISSN 0022-3395. 
Available: http://journalofparasitology.org

Journal of Travel Medicine. Blackwell, 1994– . ISSN 1195-1982. Online. Available: 
http://www.blackwell-synergy.com/loi/jtm

Lancet. The Lancet, 1823– . ISSN 0140-6736. Online. Available: http://www.
thelancet.com/journals/lancet/ (In addition to its status as a top class Western 
general medical journal, The Lancet is nowadays also profiling itself as a major 
forum for global health issues.)

Lancet Infectious Diseases. The Lancet, 2001– . ISSN 1473-3099. Online. Available: 
http://www.thelancet.com/journals/laninf/

Molecular and Biochemical Parasitology. Elsevier, 1980– . ISSN 0166-6851. Online. 
Available: http://www.sciencedirect.com/

New England Journal of Medicine. Massachusetts Medical Society, 1812– . ISSN 
0028-4793. Online. Available: http://content.nejm.org/

Parasitology. Cambridge University Press, 1908– . ISSN 0031-1820. Online. 
Available: http://128.232.233.5/action/displayJournal?jid PAR

Proceedings of the National Academy of Sciences of the USA. NAS, 1903– . ISSN 0027-
8424. Online. Available: http://www.pnas.org/

Trends in Parasitology [formerly Parasitology Today]. Elsevier, 1985– . ISSN 1471-
4922. Online. Available: http://www.sciencedirect.com/

ELECTRONIC JOURNALS PORTALS, OPEN 
ACCESS AND OPEN ARCHIVES

Most of the journals listed here are available online, although they 
are not necessarily free. At the very least, journal websites will give 
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tables of contents and selected full text articles free, but format 
and access policies vary greatly between different publishers. 
Website addresses (URLs) have mostly been kept short – as they 
tend to change over time. Also, online journal editions may be 
available from different websites or be grouped in various portals, 
such as:
African Journals Online (INASP – International Network for the 

Availability of Scientific Publications). Online. Available: 
http://www.ajol.info/ (Access to over 300 African scientific  
journals; no free full text, but a document delivery service is  
provided.)

BMC – BioMed Central. Online. Available: http://www.biomed-
central.com/browse/journals/ (Over 150 electronic-only open 
access journals; listed in PubMed Central.)

DOAJ – Directory of Open Access Journals (Lund University 
Libraries) Online. Available: http://www.doaj.org/ (Portal with 
over 3300 open access journals.)

Free Medical Journals (Hardin MD). Online. Available: http://
www.lib.uiowa.edu/hardin/md/ej.html (Subject searches, 
limited to free articles in PubMed.)

Free Medical Journals site (Amedeo Group). Online. Available: 
http://www.freemedicaljournals.com/ (Over 400 free journals; 
with a useful and free current awareness service, i.e. subscrib-
ers receive weekly e-mail notifications about newly published 
articles on selected topics.)

HighWire Free Medical Journals. Online. Available: http:// 
highwire.stanford.edu/lists/freeart.dtl (Over 1 800 000 free 
articles.)

HINARI – Health InterNetwork Access to Research Initiative. 
Online. Available: http://www.who.int/hinari/ (Free or low 
cost access for developing countries to over 3500 quality  
journals).3,4

INASP/PERI – International Network for the Availability of Scien-
tific Publications. Programme for the Enhancement of Research 
Information. Online. Available: http://www.inasp.info/peri/
index.shtml (Access to over 11,000 full text journals (incl. 
extensive bibliographic database information and document 
delivery) for not-for-profit institutes in developing  
countries.)

OAIster. Online. Available: http://oaister.umdl.umich.edu/o/
oaister (Open archives union catalogue of over 15 million 
digital resources from over 900 contributors (also includes 
journal articles).

Open J-Gate (Informatics India Ltd). Online. Available: http://
www.openj-gate.com/ (Over 4400 open access journals.)

PLoS: Public Library of Science journals. Online. Available: http://
www.plos.org/ (Eight open access journals, including ‘PLoS 
Neglected Tropical Diseases’.

PMC: PubMed Central (NIH – National Institutes of Health). 
Online. Available: http://www.pubmedcentral.nih.gov/ (Over 
400 open access journals. Many long established high  
impact journals (as well as new journals, including the BMC 
series of online journals) offer their backsets free – several 
stretching back many decades to their very first volume –  
but there is generally an embargo for the most recent  
issues.)

Scielo: Scientific Electronic Library Online (BIREME). Online. 
Available: http://www.scielo.org/: Portal with over 500 Latin 
American open access journals.

For a detailed and up-to-date list of tropical medicine-related 
electronic journal editions the reader is referred to: http://lib.itg.
be/journals.htm. As this is not a portal as such, accessibility of full 
text will depend on publisher policy and the requester’s subscrip-
tion status for each individual journal.

Electronic journals have the additional advantage that they are 
less restricted by paper length and may include multimedia. Arti-
cles are often published immediately after peer review and revi-
sion without the need to wait until a complete issue is ready. A 
disadvantage is that even for online-only journals with good peer 
review standards start-up and maintenance costs are still high. 
While major initiatives such as the PLoS journals initially receive 
large funds from (inter)national organizations to keep them 
viable, it will be the authors, or their funding bodies, that will 
have to pay the costs. Some, such as the US National Institutes of 
Health, Wellcome Trust and UK Medical Research Council, already 
underwrite publication costs as an inherent – yet relatively small 
– part of their research financing. So ironically it may turn out that 
researchers with acceptable internet connections but poor financ-
ing may be able to access most of the biomedical literature, but 
not to contribute to it. However, many open access publishers 
have policies to waive publication fees for authors from develop-
ing countries, while maintaining peer review conditions.

Another interesting development is the open archives move-
ment, with important statements of intent made by the Budapest 
Open Archives Initiative (2001), the Berlin Declaration (2003), 
the Bethesda Statement (2003) and several others. The premise is 
that universities and research institutes regain some control of at 
least the published output of their own researchers and make this 
available worldwide via institutional repositories, which in their 
turn are indexed by Google-like indexes such as OAIster. Discus-
sion is still continuing about what can be distributed by reposi-
tories and what remains the exclusive (copyright) domain of the 
publisher (e.g. preprints vs definitive versions), but it is undoubt-
edly a development that will add to the growing corpus of open 
access publications.

Stories of once flourishing university and hospital libraries in 
developing countries with collections dried up to just a few 
(donated) or no journal subscriptions and a few dozen out-of-
date books are sadly well-known. Some of the resources listed in 
this chapter may offer new opportunities here. Especially the open 
access and open archives movements, and initiatives like HINARI 
offer great hopes of universal access to health information5–7 – if 
suitable internet connections are available. If not, CD-ROM dis-
tribution is a possible option (e.g. the first 10 years of the journal 
Tropical Medicine and International Health are now available on a 
single CD-ROM). Yet access is only one side of information defi-
ciency. One of the paradoxes of present-day health sciences – 
known as the 10/90 divide – is that less than 10% of biomedical 
research resources is spent on diseases responsible for 90% of the 
worldwide disease burden.8 Developing countries are generally 
under-represented in the international biomedical literature and 
databases8–12,(and many others). Yet in tropical medicine they do publish 
a considerable amount of research and receive their well-earned 
share of citations.13,14 Tropical medicine journals clearly make 
worthwhile efforts to bridge the geographical gap in health 
research publishing.15,16

The size of the Journal Citation Reports tropical medicine cate-
gory (12 journals) already indicates that it is a relatively small 

Electronic Journals Portals, Open Access and Open Archives
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specialty, with a modest top impact factor of 2.482 and an average 
of 1.540. Immunology, to take an extreme example, contains 115 
journals and has a top IF of 47.400 and an average of 4.181. The 
Infectious diseases category contains 43 journals, a top IF of 
10.008 and an average of 4.434 (all 2005 values). But as stated 
before, tropical medicine research draws on resources from other 
specialties and general medicine (Table V.1).

Databases

Many biomedical databases are now available free via the internet. 
Those most useful in the field of tropical medicine are listed below 
with some of the more general multispecialty databases such as 
PubMed. An understanding of database structure and indexing is 
an essential prerequisite of any database search if papers are not 
to be missed. It is therefore well worthwhile using individual 
database manuals and help screens before searching.17 As a general 
rule, the more databases searched the more material will be found, 
since each database will contain materials not included in other 
databases. As the successors of the abstracting and indexing jour-
nals, bibliographic databases list the contents and in some cases 
selected abstracts of specialist journals and sometimes will include 
books, conference proceedings, reports and other forms of publi-
cation. Most can be searched by subject and author name, but 
some will enable geographical and taxonomic searching.
PubMed, National Library of Medicine, Bethesda MD, USA (http://

pubmed.gov/), 1950– . PubMed is now the most popular ema-
nation of the Medline database, which itself was launched in 
the 1960s as an electronic edition of the printed Index Medicus, 
which started as an information retrieval tool in the late nine-
teenth century. As the best-known general medical database 
PubMed covers about 4500 journals with abstracts from most 
of them and is continually updated. It includes the most impor-
tant journals of tropical medicine, but its main use is for infor-

Box V.3 Distribution of malaria articles in  
medical journals

High impact, general journals have higher circulations and also a 
wider audience than specialist journals. Authors wishing to 
publish their work face a dilemma: publish in a specialist 
journal for a smaller audience or publish in a more general 
journal with a larger readership and potentially higher rates of 
citation? To test this, a simple study was carried out looking at 
the distribution and the citation rates of articles published on 
malaria between the years 2003 and 2004.

The total number of articles on malaria published in these years  
by the journals listed in the multidisciplinary database ‘Web of 
Science’ (Thomson Scientific) was 4179. Of those articles, only 
770 (18.4%) were published in journals categorized as tropical 
medicine (TM) journals (see Table V.1). The remaining 3409 
articles were published in other journals. Of these, the 12 
journals with the most malaria papers published 837 articles.

Analysis of the articles published on malaria between the years 
2003 and 2004 revealed the following results (Figure V.1). The 
citation rates used are those which were quoted on ‘Web of 
Science’ at the time of study (December 2006). An article 
published in a journal within the TM category was found to 
have an average citation rate of 6.06 citations. Articles 
published in the 12 non-TM journals most frequently 
publishing articles on malaria had an average citation rate of 
9.92. Finally, articles published in the rest of the non-TM 
category had an average citation rate  
of 7.76 citations. These results suggest that publication of an 
article on malaria has the best citation opportunities if it is 
published in a top non-TM journal. These results invite more 
thorough research, involving more tropical medicine-related 
topics and additional parameters.

Table V.1 Comparison of the 12 tropical medicine (TM) journals as defined by Web of Science with the 12 non-tropical 
medicine journals publishing the most articles on malaria in 2003–2004

THE 12 TM JOURNALS PUBLISHED 
MALARIA ARTICLES, 
2003–2004

THE 12 NON-TM  
JOURNALS

PUBLISHED 
MALARIA ARTICLES, 
2003–2004

Journal n Cumulative Journal n Cumulative
 1. Am J Trop Med Hyg 239 239  1. Mol Biochem Parasitol 110 110

 2. Trop Med Int Health 136 375  2. Infect Immun 98 208

 3. Trans R Soc Trop Med Hyg 108 483  3. Trends Parasitol 96 304

 4. Acta Trop 86 569  4. Lancet 86 390

 5. Malar J 77 646  5. J Infect Dis 74 464

 6. Ann Trop Med Parasitol 68 714  6. Antimicrob Agents Chemother 64 528

 7. Mem Inst Oswaldo Cruz 19 733  7. J Biol Chem 62 590

 8. Trop Doct 15 748  8. J Travel Med 56 646

 9. J Trop Pediatr 8 756  9. J Med Entomol 53 699

10. Ann Trop Paediatr 7 763 10. Parasitol Res 49 748

11. Bull Soc Pathol Exot 4 767 11. Int J Parasitol 46 794

12. Lepr Rev 3 770 12. Proc Natl Acad Sci USA 43 837
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Chart comparing the total number of articles 
published on malaria in tropical medicine (TM) 
journals and those excluded from the tropical 

medicine category of Web of Science

770, 18%

837, 20%
2661, 62%

Chart comparing the total number of citations received 
by articles published on malaria in tropical medicine 
(TM) journals and those excluded from the tropical 

medicine category of Web of Science

4666, 15%

8299, 27%18 157, 58%

TM journals
Top 12 non-TM journals
Rest of non-TM journals

Figure V.1 Analysis of articles published 
on malaria between 2003 and 2004.

mation on tropical diseases which is published in general 
medical journals and journals of other medical specialties.
Global Health, CABI Publishing, Wallingford, UK (http://www.

cabi.org/), 1973– . An important subscription-based database for 
tropical medicine and parasitology incorporating many of the 
health-related abstracting journals from CABI. Unlike PubMed, 
Global Health is not strictly limited to journal articles but also 
covers books, reports and symposia. It contains over 1 200  000 
records, with 80 000 added each year. Literature from about 130 
countries is included, with a strong emphasis on clinical and 
laboratory-based aspects of tropical medicine. Its particular 
strength is in infectious diseases in the developing world, but it 
also includes material on human nutrition, medical entomology, 
medicinal plants and venomous animals. Global Health is a 
subset of the CAB Abstracts database and includes the contents of 
the following specialty bibliographic indexes, which are also avail-
able separately in monthly printed issues: Abstracts on Hygiene  
and Communicable Diseases, Helminthological Abstracts, Nutrition 
Abstracts and Reviews, Protozoological Abstracts, Review of Medical and 
Veterinary Entomology, Review of Medical and Veterinary Mycology, 
Tropical Diseases Bulletin. Recently the Global Health Archive 
(1910–1972) has become available, with over 800 000 records 
previously not included in the Global Health database; this his-
torical database is an essential source for the early history of 
tropical medicine research.

Web of Knowledge (incl. Science Citation Index), Thomson 
Scientific (formerly ISI, Institute for Scientific Information), Phil-
adelphia, PA, USA (http://isiwebofknowledge.com/). Subscrip-
tion-based multidisciplinary science database series particularly 
useful for citation searching. This enables searching for citations 
to a known reference, thus getting more recent papers relating 
thematically to the known reference. As such it is in the first place 
a clever subject retrieval tool, yet its popular meritocratic uses  
(e.g. for identifying highly-cited authors, or journal hierarchies 
based on impact factors) appear to have overshadowed this orig-
inal purpose. Minimum delay in the indexing process, making this 
one of the more up-to-date online resources.

Additional databases

African Healthline, NISC South Africa. Online. Available: http://
www.nisc.com/factsheets/qaha.asp. Collection of bibliographic 
databases covering all aspects of African health issues, the ear-
liest beginning in 1924. Some 900 000 records; 2 CD-ROMs 
with quarterly updates.

African Index Medicus, WHO Regional Office for Africa, Brazza-
ville, Congo. Online. Available: http://indexmedicus.afro.who.

int/, 1990–. Quarterly, free. Comprises medical references with 
selected abstracts from material published in and about Africa, 
and includes journals, books, reports, theses etc. It includes 
African medical journals not indexed in other abstracting/
indexing journals. Author and subject indexes are included.

CRD – Centre for Reviews and Dissemination Databases, UK. 
Online. Available: http://www.york.ac.uk/inst/crd/crddata-
bases.htm. e.g. DARE – Database of Abstracts of Reviews of 
Effects; also included in the Cochrane Library.

Clinical Evidence, BMJ. Online. Available: http://www.clinica-
levidence.com/ 1999–. A compendium of what works in health 
care. Subscription database, but free to developing countries 
through HINARI at: http://www.who.int/hinari/.

ClinicalTrials.gov, US National Institutes of Health, National 
Library of Medicine. Online. Available: http://clinicaltrials.
gov/. Describes over 36 000 clinical studies in over 130 coun-
tries. Useful for recruiting trials; complements Cochrane 
Library’s bibliography of (published) clinical trials.

Cochrane Library, John Wiley. Online. Available: http://www.the-
cochranelibrary.com/ 1996–, quarterly updates. The major 
resource for evidence-based medicine comprising several data-
bases. Included is a database of about 3000 full-text systematic 
reviews (  1600 review protocols), with an increasing number 
on infectious and tropical diseases, a database of abstracts of 
reviews of effectiveness, a comprehensive bibliography of clin-
ical trials as well as a handbook on critical appraisal and the 
science of reviewing research. Free to many developing coun-
tries via HINARI. For further details of the Cochrane Collabora-
tion and its specialist groups (particularly the Infectious 
Diseases Group), see http://www.cochrane.org/.

Development Databases, Institute of Development Studies (IDS), 
University of Sussex, UK. Online. Available: http://www.ids.
ac.uk/ids/info/index.html. Useful series of databases on  
development issues, many of which contain information  
on interdisciplinary aspects of health in the developing  
world. In particular, see ELDIS, http://www.eldis.org/ and ID21, 
http://www.id21.org/. Some contain full-text documents.  
Available free.

EMBASE, Elsevier. Online. Available: http://www.info.embase.
com/. A major (subscription-based) alternative for PubMed/
Medline, covering 5000 journals from over 70 countries, 11 
million records from 1974 onwards; especially strong in phar-
macological information. EMBASE is the electronic edition of 
the extensive set of subject-specific Excerpta Medica biblio-
graphic journals.

Google Scholar. Online. Available: http://scholar.google.com/. 
Based on the popular Google search engine, Google Scholar 
indexes a substantial part of the scientific literature. It contains 
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an internal mechanism for linking citations and is free. At this 
time, its selection criteria are not fully clear, and some major 
publishers are still missing.

LILACS, Latin American and Caribbean Literature on Health Sci-
ences, BIREME, São Paulo, Brazil. Online. Available: http://
bases.bireme.br/, 1982– , free. Includes references from 670 of 
the region’s medical and health journals, as well as theses, 
books, conferences and governmental publications. The data-
base contains 350 000 records and is essential for the Latin 
American literature not indexed elsewhere. The BIREME server 
also contains a number of additional databases on Latin Ameri-
can health topics.

Popline, Population Information Program, Johns Hopkins School 
of Public Health, Baltimore, MD, USA. Online. Available: 
http://db.jhuccp.org/popinform/index.stm, 1970–. Important 
database on reproductive health with excellent coverage of 
AIDS and other STDs and maternal and child health in the 
developing world, including references from books, articles and 
technical reports. It also includes much unpublished material 
and grey literature from non-governmental organizations active 
in the developing world. Now contains over 360 000 records 
and is available free on the internet and available free to devel-
oping countries on CD-ROM, http://db.jhuccp.org/ics-wpd/
popweb/cdromfr.html or Popline Digital Services, 111 Market 
Place, Suite 310, Baltimore, MD 21202, USA.

Scopus, Elsevier. Online. Available: http://www.info.scopus.com/. 
Huge subscription-based database combining peer- reviewed 
journals, conference proceedings, book series, abstract records, 
patents and web sources. Also features extensive citation linking 
(currently over 265 million references.

SharingPointServer, Scientists for Health and Research for Devel-
opment (SHARED). Online. Available: http://www.sharing-
point.net/. SHARing health information from around the 
globe! Useful for identifying current health research projects, 
journal articles, abstracts, realtime health news and mailing list 
postings from Asia, Africa, Europe, North and South America.

Source, London, UK. Online. Available: http://www.asksource.
info/. Useful free database providing access to more than 
25 000 records, including books, articles, reports and training 
manuals, focusing on the management and practice of primary 
health care and disability in developing countries. It includes 
much material published in developing countries that is not 
available in other databases.

TRIP Database. Online. Available: http://www.tripdatabase.com/. 
Searches over 75 sites of high-quality medical information, 
giving direct, hyperlinked access to the largest collection of 
‘evidence-based’ material on the web (including elements of 
the Cochrane Library, such as the systematic reviews and 
abstracts of reviews of effectiveness and Clinical Evidence), as 
well as articles from premier online journals such as the BMJ, 
JAMA, NEJM etc. Useful if access to the Cochrane Library is not 
available.

Tsetse and Trypanosomiasis Information, Food and Agriculture 
Organization (FAO), Rome, Italy. Online. Available: http://
www.fao.org/paat/html/ttiq.htm, 1978– , Semi-annual. Covers 
all aspects of tsetse and trypanosomiasis research and control 
and is available in both English and French versions. Includes 
references with abstracts from journals, books, reports, confer-
ence proceedings etc.

WHO Global Database on Child Growth and Malnutrition. 
Online. Available: http://www.who.int/nutgrowthdb/. Compi-
lation of child growth and malnutrition data from nutritional 
surveys conducted around the world since 1960.

WHO Reproductive Health Library. Online. Available: http://www.
rhlibrary.com/. Published in English and Spanish both online 
and on CD-ROM, it is a collection of the best evidence-based 
research in reproductive health, including the full text of all 
relevant Cochrane reviews as well as other assessed articles. 
Practical advice is also available on implementing best evidence 
into practice. Free to developing countries via HINARI.

Database hosts

Several databases are available free (e.g. PubMed, Popline), while 
others are available also or only as a subscription-based service 
from commercial suppliers. The same database may be available 
from several hosts in various formats and at different prices. Con-
versely, accessing a number of databases from the same host has 
the advantage of being able to use the same software interface and 
combination search, often with a duplicate removal option. Some 
of the better known (biomedical) database hosts are listed 
below:

Dialog. Online. Available: http://www.dialog.com/
DIMDI. Online. Available: http://www.dimdi.de/
EbscoHost. Online. Available: http://www.ebscohost.com/
Ovid (incl. SilverPlatter). Online. Available: http://www.ovid.
com/
STN, Chemical Abstracts Service (CAS). Online. Available: 
http://stnweb.cas.org/
Wiley. Online. Available: http://www.wiley.com/

Schools and institutes of tropical medicine

The following are the most well-known schools of tropical medi-
cine. Many offer postgraduate courses in clinical tropical medi-
cine, but for a more comprehensive list of courses see the Medicus 
Mundi list of postgraduate training programmes in international 
health, at: http://www.healthtraining.org/

Bernhard Nocht Institute for Tropical Medicine, Bernhard-Nocht-Strasse 74, D-
20359 Hamburg, Germany. Online. Available: http://www.bni-hamburg.de/

FIOCRUZ – Fundacao Oswaldo Cruz, Av. Brasil, 4365 – Manguinhos,  
21040-360 Rio de Janeiro-RJ – Brazil. Online. Available:  
http://www.fiocruz.br/

Institute of Tropical Medicine Antwerp, Nationalestraat 155, B-2000 Antwerp, 
Belgium. Online. Available: http://www.itg.be/

James Cook University, Department of Public Health and Tropical Medicine, 
Townsville, Queensland 4811, Australia. Online. Available: http://www.jcu.
edu.au/school/sphtm/

Liverpool School of Tropical Medicine, Pembroke Place, Liverpool L3 5QA, UK. 
Online. Available: http://www.liv.ac.uk/lstm/

London School of Hygiene and Tropical Medicine, Keppel Street, London WC1E 
7HT, UK. Online. Available: http://www.lshtm.ac.uk/

Mahidol University Faculty of Tropical Medicine, 420/6 Rajvithi Road, Bangkok 
10400, Thailand. Online. Available: http://www.tm.mahidol.ac.th/

Swiss Tropical Institute, Socinstrasse 57, Postfach CH-4002 Basel, Switzerland. 
Online. Available: http://www.sti.ch/

TropEd: network of European institutions for higher education in international 
health. Online. Available: http://www.troped.de/
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Tulane University School of Public Health and Tropical Medicine,  
Department of Tropical Medicine, 1430 Tulane Avenue, SL-17,  
New Orleans, LA 70112, USA. Online. Available: http://www.sph.tulane.edu/
tropmed/

Societies

American Society of Parasitologists. Enquiries to: Dr John Janovy, Secretary-
Treasurer, ASP, School of Biological Sciences, University of Nebraska Lincoln, 
Lincoln, NE 68588-0118 USA. Tel: (402) 472-2754; Fax: (402) 472-2083;  
e-mail: jjanovy1@unl.edu (http://asp.unl.edu/)

American Society of Tropical Medicine and Hygiene, 60 Revere Drive, Suite 500, 
Northbrook IL 60062, USA. Tel: (847) 480-9592; Fax: (847) 480-9282;  
e-mail: astmh@astmh.org (http://www.astmh.org/)

BE-Cause Health. Belgian Platform for International Health, Nationalestraat 155, 
B-2000 Antwerp, Belgium. Tel: (32) 3247-6212; e-mail: info@be-causehealth.
be

British Society for Parasitology, BSP Secretariat, Cathy Fuller, 27 Village Road, 
Cockayne Hatley, Sandy, Beds SG19 2EE, UK. Tel/Fax: (0) 1767 631878;  
e-mail: cathy@gamestorm.co.uk (http://www.bsp.uk.net/index.php)

Canadian Society for International Health, 1 Nicholas Street, Suite 1105, Ottawa, 
Canada K1N 7B7. Tel: 613 241 5785; Fax: 613 241 3845; e-mail: csih@csih.
org (http://www.csih.org/)

Deutsche Gesellschaft für Tropenmedizin und Internationale Gesundheit e.V. 
(German Society for Tropical Medicine and International Health). Info 
Service, Postfach 40 04 66, 80704 München, Germany. Tel: (89) 21 80 38 30; 
Fax: (89) 33 60 38; e-mail: dtg@lrz.uni-muenchen.de (http://www.dtg.org/)

Federation of European Societies for Tropical Medicine and International Health 
(FESTMIH) e-mail: m.hommel@liverpool.ac.uk (http://www.festmih.net/)

Infectious Diseases Society of America (IDSA), 66 Canal Center Plaza, Suite 600, 
Alexandria, VA 22314, USA. Tel: (703) 299-0200; Fax: (703) 299-0204;  
e-mail: info@idsociety.org (http://www.idsociety.org/)

International Federation for Tropical Medicine (IFTM) (http://www.iftm.org/)
International Society of Travel Medicine, PO Box 871089, Stone Mountain, GA 

30087-0028, USA. Tel: (770) 736-7060; Fax: (770) 736-6732; e-mail:  
istm@istm.org (http://www.istm.org/)

Royal Society of Tropical Medicine and Hygiene, 50 Bedford Square, London 
WC1B 3DP, UK. Tel: (0)20 7580 2127; Fax: (0)20 7436 1389; e-mail:  
mail@rstmh.org (http://www.rstmh.org)

Société de Pathologie Exotique, Institut Pasteur 25, rue du Docteur-Roux, 75724 
PARIS Cedex 15, France. Tél: 33 (0)1 45 66 88 69, Fax: 33 (0)1 45 66 44 85, 
e-mail: socpatex@pasteur.fr (http://www.pathexo.fr/)

Discussion groups/listservs

These are e-mail-based forums for discussions and news relating 
to specific topics. They are usually free and are open to anyone 
having a professional interest in the subject; most are usually 
moderated in some way and are a useful way of discussing current 
professional practice with colleagues worldwide and as a means 
of keeping up-to-date. Some clinical discussion lists are open only 
to those who are medically qualified. All require prior registration 
via e-mail to receive and send messages. Some multidisciplinary 
searchable general lists include TILE-Net (http://tile.net/lists/), 
Catalist (http://www.lsoft.com/catalist.html) and JISCMail (http://
www.jiscmail.ac.uk/).

African Networks for Health Research and Development – Afro-NETS. Online. 
Available: http://www.afronets.org/

AIDS-ProCAARE. Online. Available: http://list.healthnet.org/mailman/listinfo/
procaare/

Cardiovascular health-ProCOR. Online. Available: http://www.procor.org/
discussion/discussion.asp

Child Healthcare Information and Learning 2015 – CHILD2015. Online. Available: 
http://www.dgroups.org/groups/child2015/index.cfm

Essential drugs. Online. Available: http://www.essentialdrugs.org/edrug/about.php
Health Information Forum, HIF-Net. Online. Available: http://www.dgroups.org/

groups/hif-net/
Healthcare Information for All 2015 – HIFA2015. Online. Available: http://www.

ghi-net.org/campaign/index.asp
ProMED (Program for Monitoring Emerging Diseases). Online. Available: http://

www.promedmail.org/
Travel medicine: TravelMed. Online. Available: http://www.istm.org/
WHO TDR Scientists Discussion Lists. Online. Available: http://www.who.int/tdr/

kh/bittdre.htm

Funding agencies

Bill and Melinda Gates Foundation. Online. Available: http://www.
gatesfoundation.org/default.htm

Foundation Center. Online. Available: http://fdncenter.org/funders/
Global Fund to Fight AIDS, Tuberculosis and Malaria. Online. Available: http://

www.theglobalfund.org/en/
GrantsNet. Online. Available: http://www.grantsnet.org/
UK Department for International Development (DfID). Online. Available: http://

www.dfid.gov.uk/funding/
USAID. Online. Available: http://www.usaid.gov/index.html
Wellcome Trust. Online. Available: http://www.wellcome.ac.uk/
WHO TDR Grants. Online. Available: http://www.who.int/tdr/grants/grants/default.

htm

International organizations

In addition to current information on activities and opportunities 
these websites contain a wealth of (often multilingual) full-text 
resources such as books, (annual) reports, journals, newsletters:
FAO – Food and Agriculture Organization of the UN. Online. 

Available: http://www.fao.org/
Global Fund to Fight AIDS, Tuberculosis and Malaria. Online. 

Available: http://www.theglobalfund.org/
International Federation of Red Cross and Red Crescent Societies. 

Online. Available: http://www.ifrc.org/
MSF, Médecins sans Frontières. Online. Available: http://www.msf.

org/
PAHO, Pan American Health Organization. Online. Available: 

http://www.paho.org/
TDR – UNDP/World Bank/WHO Special Programme for Research 

and Training in Tropical Diseases. Online. Available: http://
www.who.int/tdr/

UNAIDS – Joint United Nations Programme on HIV/AIDS. Online. 
Available: http://www.unaids.org/

UNICEF, United Nations Children’s Fund. Online. Available: 
http://www.unicef.org/

World Bank – The International Bank for Reconstruction and 
Development (IBRD) and the International Development 
Association (IDA). Online. Available: http://www.worldbank.
org/

WHO, World Health Organization. Online. Available: http://www.
who.int/

WHO Regional Office for Africa. Online. Available: http://www.
afro.who.int/

WHO Regional Office for the Eastern Mediterranean. Online. 
Available: http://www.emro.who.int/

Electronic Journals Portals, Open Access and Open Archives
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WHO Regional Office for South East Asia. Online. Available: 
http://www.searo.who.int/

WHO Regional Office for the Western Pacific. Online. Available: 
http://www.wpro.who.int/

Useful websites on specific topics

The following websites are not intended to be comprehensive, but 
are a representative sample of some of the internet resources in 
tropical medicine currently available.

Directories, starting points

AED Satellife – Essential Health Links. Online. Available: http://
www.healthnet.org/essential-links/

CDC, Diseases and conditions. Online. Available: http://www.
cdc.gov/node.do/id/0900f3ec8000e035

Institute of Tropical Medicine Antwerp –  Library – Links to selected 
websites. Online. Available: http://lib.itg.be/biblinks.htm

Karolinska Institute – Diseases, disorders and related topics. 
Online. Available: http://www.mic.ki.se/Diseases/

Tropical Diseases Web Ring. Online. Available: http://myweb.
tiscali.co.uk/tropring/ringform.html

TropIKA – Tropical Diseases Research to Foster Innovation and 
Knowledge Application Online. Available: http://tropika.net/

WHO TDR website. Online. Available: http://www.who.int/tdr/
diseases/default.htm

WHO Health topics. Online. Available: http://www.who.int/topics/
Several of these general tropical medicine-related websites (e.g. 

WHO) contain excellent information on individual diseases. 
As such, they are not systematically repeated in the selections 
of relevant resources for specific topics in the sections below, 
but they should not be forgotten as worthwhile information 
resources on individual diseases.

Health data on developing countries

Demographic and Health Surveys. Online. Available: http://www.
measuredhs.com/

Globalhealthfacts.org – Global data on HIV/AIDS, TB, Malaria 
and more. Online. Available: http://globalhealthfacts.org/

Global Health Atlas (WHO). Online. Available: http://globalatlas.
who.int/globalatlas/

HIV/AIDS

Asian AIDS/HIV Information Archive. Online. Available: http://
www.utopia-asia.com/aids.htm

The Body – The Complete AIDS Resource. Online. Available: 
http://www.thebody.com/

Global Fund to Fight AIDS, Tuberculosis and Malaria. Online. 
Available: http://www.theglobalfund.org/

HIV Insite Knowledge Base online textbook. Online. Available: 
http://hivinsite.ucsf.edu/InSite?page KB

IAS, International AIDS Society. Online. Available: http://www.
iasociety.org/

Johns Hopkins AIDS Service. Online. Available: http://www.
hopkins-aids.edu/

SciDev.Net – Dossier HIV/AIDS. Online. Available: http://www.
scidev.net/dossiers/index.cfm?fuseaction dossierItem&dossie
r 22

UNAIDS, Joint United Nations Programme on HIV/AIDS. Online. 
Available: http://www.unaids.org/

Leprosy

ILEP, International Federation of Anti-Leprosy Associations. 
Online. Available: http://www.ilep.org.uk/

LEPRA, British Leprosy Relief Organisation. Online. Available: 
http://www.lepra.org.uk/home.asp

Malaria

ACTMalaria, Asian Collaborative Training Network for Malaria. 
Online. Available: http://www.actmalaria.net/

AMANET, African Malaria Network Trust. Online. Available: 
http://www.amanet-trust.org/

Global Fund to Fight AIDS, Tuberculosis and Malaria. Online. 
Available: http://www.theglobalfund.org/

Impact Malaria (Sanofi Aventis). Online. Available: http://www.
impact-malaria.com/

Malaria database. Online. Available: http://www.wehi.edu.au/
MalDB-www/who.html

MIM, Multilateral Initiative on Malaria. Online. Available: http://
www.mim.su.se/

MIMCom, Multilateral Initiative on Malaria Resources (NLM). 
Online. Available: http://www.mimcom.net/

Roll Back Malaria Programme (WHO). Online. Available: http://
www.rbm.who.int/

SciDev.Net – Dossier Malaria. Online. Available: http://www.
scidev.net/dossiers/index.cfm?fuseaction dossierItem&dossie
r 23

Medical entomology

AMCA, American Mosquito Control Association. Online. Avail-
able: http://www.mosquito.org/

Entomological Society of Southern Africa. Online. Available: 
http://journals.sabinet.co.za/essa/

Iowa State University Entomology Resources. Online. Available: 
http://www.ent.iastate.edu/list/

Outbreak and sentinel sites

ENIVD, European Network for Diagnosis of Imported Viral Dis-
eases. Online. Available: http://www.enivd.de/

Eurosurveillance. Online. Available: http://www.eurosurveillance.
org/

GeoSentinel (Global Surveillance Network of the ISTM and CDC). 
Online. Available: http://www.istm.org/geosentinel/main.
html

Health Canada – Diseases and Conditions. Online. Available: 
http://www.hc-sc.gc.ca/dc-ma/index_e.html

Health Protection Agency (UK). Online. Available: http://www.
hpa.org.uk/default.htm

Morbidity and Mortality Weekly Report (USA-CDC). Online. 
Available: http://www.cdc.gov/mmwr/
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ProMed. Online. Available: http://www.promedmail.org/
Sentiweb (France). Online. Available: http://www.b3e.jussieu.fr/

sentiweb/
Weekly Epidemiological Record (WHO). Online. Available: http://

www.who.int/wer/
WHO Epidemic and Pandemic Alert and Response. Online. Avail-

able: http://www.who.int/csr/

Parasitology and parasitic diseases

APOC, African Programme for Onchocerciasis Control. Online. 
Available: http://www.apoc.bf/

DNDI, Drugs for Neglected Diseases Initiative. Online. Available: 
http://www.dndi.org/

Global Alliance to Eliminate Lymphatic Filariasis. Online. Avail-
able: http://www.filariasis.org/

GNNTDC, Global Network for Neglected Tropical Disease Control. 
Online. Available: http://www.gnntdc.org/what/current_efforts.
html

HDI, Health and Development International. Online. Available: 
http://www.hdi.no/

OnchoNet. Online. Available: http://www.science.smith.edu/
departments/Biology/SWILLIAM/OnchoNet/OnchoNet.html

PAAT, Programme Against African Trypanosomiasis. Online. Avail-
able: http://www.fao.org/ag/againfo/programmes/en/paat/
home.html

Parasitology Research Groups – Worldwide Listing. Online.  
Available: http://www.uni-duesseldorf.de/WWW/MathNat/ 
Parasitology/paen_ags.htm

Reproductive health

EngenderHealth. Online. Available: http://www.engenderhealth.
org/

FHI, Family Health International. Online. Available: http://www.
fhi.org/

Global Reproductive Health Forum. Online. Available: http://
www.hsph.harvard.edu/Organizations/healthnet/

IUSTI, International Union Against Sexually Transmitted Infec-
tions. Online. Available: http://www.iusti.org/

JHPIEGO, International Education and Training in Reproductive 
Health (Johns Hopkins University). Online. Available: http://
www.jhpiego.org/

Reproductive Health Gateway. Online. Available: http://www.
rhgateway.org/

Reproductive Health Outlook. Online. Available: http://www.rho.
org/

Travel medicine

American Society of Tropical Medicine and Hygiene – Travel Clinic 
Directory. Online. Available: http://www.astmh.org/publica-
tions/clinics.cfm

Centers for Disease Control and Prevention (USA) – Travelers’ 
Health. Online. Available: http://www.cdc.gov/travel/

Foreign and Commonwealth Office (UK) – Travel Advice. Online. 
Available: http://www.fco.gov.uk/

Hospital for Tropical Diseases (UK). Online. Available: http://
thehtd.org/

ISTM, International Society of Travel Medicine. Online. Available: 
http://www.istm.org/

MASTA, Medical Advisory Services for Travellers Abroad (UK). 
Online. Available: http://www.masta.org/

National Travel Health Network and Centre (UK). Online. Avail-
able: http://www.nathnac.org/

Public Health Agency of Canada – Travel Medicine Program. 
Online. Available: http://www.phac-aspc.gc.ca/tmp-pmv/

State Department (USA). Online. Available: http://travel.state.gov/
Travel Health Information (ITM, Belgium). Online. Available: 

http://www.travelhealth.be/
Travel Health Online. Online. Available: http://www.tripprep.com/
WHO International Travel and Health. Online. Available: http://

www.who.int/ith/

Tuberculosis

Global Fund to Fight AIDS, Tuberculosis and Malaria. Online. 
Available: http://www.theglobalfund.org/

IUATLD, International Union Against Tuberculosis and Lung 
Disease. Online. Available: http://www.iuatld.org/

Stop TB Partnership. Online. Available: http://www.stoptb.org/
WHO/EMRO – Stop Tuberculosis. Online. Available: http://www.

emro.who.int/STB/
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Page numbers in italic indicate indicate tables, boxes and fi gures.

A. propionica 1085, 1086
A. viscosus 1085
granulomatous disorders 68

Actinomycetes 1176, 1177–78
see also Actinomyces (spp.)

Actinomycin D 649
Actinomycosis 505, 1085–87, 1086
Actinomycotoma 340–41, 341
Acute dermatolymphangioadenitus (ADLA) 1481, 1486
Acute fi larial lymphangitis (AFL) 1481, 1486
Acute lymphoblastic leukaemia (ALL) 216–17
Acute myeloblastic leukaemia (AML) 217
Acute necrotizing ulcerative gingivitis (ANUG) 502
Acute proliferative glomerulonephritis (APGN) 241–42

sickle cell disease and 246
Acute renal failure (ARF)  see Renal failure: acute
Acute Respiratory Distress Syndrome 827
Acute respiratory infections (ARIs)

in adults 145–46
in children 144, 453–54
epidemiology 19–20

Acute tubuler necrosis
prevention 250
renal failure 246

Acute-phase proteins 63
Addison’s disease 1017
Adenolymphangitis (ADL) 1480–81
Adenoviruses 406, 827

CNS infection 855
cutaneous manifestation 836
enteric 820–21, 820–21
respiratory tract infection 826, 832

Adrenal gland, tuberculosis 1017
Adrenaline (epinephrine) 290, 365, 633

antivenom reaction 579
insect stings 588, 589
marine poisoning 595

Adult T cell leukaemia/lymphoma (ATL) 215–16
Advance Market Commitments (AMCs) 81, 81
Adverse drug reactions  see Drugs: adverse drug reactions
Aedes mosquitoes 720, 737, 742, 753, 760, 1742–44, 1742–44

Ae. aegypti 30, 720, 727, 730, 745, 876, 1743, 1743
Ae. africanus 876
Ae. cinerius 1106
Ae. leuteocephalus 876
Ae. pseudoscutellaris 1687, 1743
Ae. triseriatus 857–58
Ae. vigilax 732
anatomy 1735
fi lariasis vectors 1726
identifi cation 1739

Aeromonas hydrophila 920–21
Aestivation of snails 1434
Afi pia felis 1095
Afl atoxins 640–41

carcinogenic risk 641
kwashiorkor 541

Africa
epidemiology of snake bite 561–62
HIV/AIDS 39–40
meningeal pathogens 973
North Africa, HIV/AIDS 22
snake bite 222–24, 562
South  see South Africa
Sub-Saharan  see Sub-Saharan Africa
traditional medicine 37–38, 39–40, 76–77

African histoplasmosis 1183, 1183
African iron overload 641
African tick-bite fever 894, 895, 900
African trypanosomiasis/sleeping sickness  see Human African 

trypanosomiasis
Age-related macular degeneration (AMD) 294–95
AGP (acid glycoprotein) 63
AIDS (acquired immune defi ciency syndrome) 1097

anaemia 211–12
bartonellosis with 1091, 1095, 1096
brain MRI 265
bronchoscopy 1194–95
candidosis and 1172, 1173, 1174
child mortality 445
control cost-effectiveness 79
cryptococcosis 1186, 1187
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cryptosporidiosis and 1397–98, 1399–1400
cytomegalovirus and 353, 449, 451, 829, 832

cytomegalovirus retinitis 314–15, 315
dementia complex (ADC) 874
dermatophysosis and 1170, 1171
development 62
diarrhoea 906, 1399–1400, 1399
enteropathic (slim disease) 648
epidemiology 20–23, 314
Epstein–Barr virus and AIDS-related cancers 794–95
and the eye 314–16
fi ts/convulsions 260
granulomatous amoebic encephalitis with 1413, 1414
herpes zoster ophthalmicus 313, 314
histoplasmosis 1182–83
immunology 71
information sources 1787–88, 1796
Isospora belli and 1400–1401
Kaposi’s sarcoma and 315, 315, 353, 353, 637, 648, 649–50
liver infections 129
lung histopathology in patient who died of tuberculosis 

1018
malignancies 315–16, 387, 637, 794–95
molluscum contagiosum 314
ocular syphilis and 315
and opportunistic illness 373–96

viral infections of the CNS 874
partnership with traditional medicine in management and 

prevention 39–41
Penicillium marneffei infection 1185
pericardial infection 157
Pneumocystis jiroveci 1191
polyoma viruses and 868
skin conditions with 352–53, 353
toxoplasmosis and 1369, 1371, 1371
traditional treatment in Malawi 76
treatment supply in India 76
and tropical infections 71
tuberculosis and secondary eye disorders in 315
tuberculosis and the salivary glands in 506
and viruses causing respiratory disease 829, 832
zoster complications with 846

AIDS dementia complex (ADC) 874
AIDS-NHL  see Non-Hodgkin’s lymphoma
AIDS-related diffuse large cell lymphoma (DLCL) 794, 795
Ainhum 442, 442
Albendazole 1540

alveolar echinococcosis 1562–63, 1563
Ascaris lumbricoides  1523, 1537, 1539
cerebral hydatid disease 270
contraindicated in fi rst trimester of pregnancy 204
cutaneous larva migrans 1532, 1537
cystic echinococcosis 1555–56, 1556
cysticercosis 511, 1573
echinococcosis 510
echinostomiasis 1470
Enterobius vermicularis 1516, 1537
fi lariasis (in combination) 1490, 1491
giardiasis 1394
hookworm 1530, 1537, 1539

iron-defi ciency anaemia 204
hydatid disease 473
lagochilascariasis 1526, 1537
larva migrans 511
M. perstans 1504
microsporidia 1403, 1404
neurocysticercosis 268
Strongyloides stercoralis 123, 1539
strongyloidiasis 1535, 1537
T. crassiceps cysticercosis 1575
toxocariasis 1525, 1537
trichostrongyliasis 1537
Trichuris trichiura 1519, 1537, 1539

Albinism 97
Albumin 63
Albuminuria 579
Alcohol 602–5

delirium tremens 603–4
dilated cardiomyopathy 153
fi ts/convulsions 260
and hepatocellular carcinoma 641
hypertension 671

A
Aarane® 307
Abacavir 390

adverse reactions 245, 392
rash 387
TB therapy and HAART regime 393

Abdominal actinomycosis 1085–86
Abdominal pain 111, 111

HIV and 386
Abdominal tuberculosis 1011–12, 1012, 1013
Abdominal tularemia 1105
Abelcet® 343, 1358
Aboriginal medicine 38
Abortion

care after 12, 480, 486, 487
septic 221, 247–48
unsafe 13, 13, 248, 478

Abrin 613
Abruptio placentae 222, 248
Abscesses

actinomycosis 505, 1085–87
from bacterial enteropathogens 918, 919
bacterial skin diseases 333–34
breast 450, 1017
Brodie’s abscess 472
brucellosis 1076, 1079, 1080, 1081, 1081
cerebral 268, 270, 1049
crypt 938
drainage 493, 494, 496
hydatid 473
liver 473, 1128, 1129

amoebic  see Amoebic liver abscess
Ascaris 1521
pyogenic 134

microabscesses 249
muscular 435
post-injection 1045
pyogenic 103, 134
pyomyositis 466
splenic 111, 136, 1096, 1129
thyroid 1017

Absinth (wormwood) 601, 602
Acamprosate 605
Acanthamoeba (spp.) 268, 1407, 1408, 1413–14, 1415, 1628–29

A. culbertsoni 1413, 1628–29
Acanthamoeba keratitis 1414–17
Acarine dermatosis 1595
Acarology, medical 1699–1708
Acetazolamide 290

eye injuries 312
Acetic acid (vinegar) 585
Acetylsalicylic acid  see Aspirin
Aciclovir (ACV)

hepatitis B 711
herpesvirus infections 845, 849, 865, 866, 867

HSV keratitis 310
STIs 419, 431

Acid glycoprotein (AGP) 63
Acidosis

acute renal failure 251
anaemia 168
chronic renal failure 253
malaria 1221–22, 1270
metabolic, post-malaria 1232

Ackee 613, 614
Acne keloidalis nuchae 357–58
Acne vulgaris 353–54
Aconite 601
Acquired immune defi ciency syndrome  see AIDS
Acremonium (spp.) 1176, 1176
Acromegaly 98
Actinic keratoses 361
Actinobacillus muris/moniliformis 1158–59
Actinomadura madurae 1176
Actinomadura pelletieri 1176
Actinomyces (spp.) 1085–87

A. bovis 1177
A. israelii 1085, 1086, 1177
A. meyeri 1085
A. naeslundii 1085
A. ondontolyticus 1085
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mental and behavioural disorders 277–78, 603
neurology 260
toxic optic neuropathy 298

Alcoholic liver disease 130
Alcoholism, anaemia 213
Alefacept 359
Alimentary tract bleeding, malaria 1223
Alium sativum (garlic) 601, 614, 615, 623
Alkhurma haemorrhagic fever virus (AHFV) 864
Allergic reactions

allergic conjunctivitis 307
beta-blocker enhancement 588
blood transfusions 233
DTH 355, 357, 357
insect bites and stings 588, 1597
patch testing 355, 357, 357

Allopurinol
gout 440
leishmaniasis 1359

Allylamine 349
Alma-Ata Declaration 9
Aloe vera 42
Alpha1-blockers 680
Alphaviruses 715, 726–33, 748

clinical syndromes 722–24
CNS involvement 876–78
distribution and vectors 716
mosquitoes 1728–29
see also specifi c infections

Alternaria (spp.) 1176
Alternative and complementary healing practices 275–76
Aluminium intoxication, chronic renal failure 254
Alveolar echinococcosis (AE) 1557–64

biology 1557
clinical features 1560
diagnosis 1560–61, 1562
distribution and epidemiology 1557
management 1562–63
pathogenesis and immunology 1557–60, 1559
prognosis 1563–64
see also Echinococcus (spp.): E. multilocularis

Amanita (spp.) 618
Amantadine 832
AmBisome® 343, 1358
Amblyomma americanum 1707
Amblyomma cajennense 1708
Amblyomma hebraeum 1707
Amblyomma variegatum 742, 894, 1706
Ameloblastoma 107
American dog tick 1707
American trypanosomiasis  see Chagas’ disease
Amikacin

actinomycotoma 341
Buruli ulcer 1047
endophthalmitis 311
fungal mycetoma 1178
nocardial disease 1049

Amiloride 253
Amino acid defi ciency, kwashiorkor 540
Aminoglycosides 1025

adverse reactions 1027
Aminophylline 1028
p-Aminosalicylic Acid 1025

adverse reactions 1027
Aminosidine  see Paromomycin/aminosidine
Amiodarone 1334
Amitriptyline 280
Amodiaquine 1252

interactions 1262
pharmacokinetic properties 1248, 1252

Amoebae
facultatively parasitic 1628–29
non-pathogenic 1625, 1625
potentially pathogenic free-living 1407–17
sarcodina 1375–87

Amoebiasis 267–68, see also Entamoeba histolytica
anaemia 175
cerebral 259, 260, 267–68, 1381
cutaneous 1381–82
diagnosis and differential diagnosis 1382–84
dysentery  see Dysentery
and the eye 323–24
genitourinary 1381
intestinal 1379–80, 1385
invasive hepatic 133–34
pericardial 1381
peritoneal 1381
pleuropulmonary 1381
prevention 1386

Amoebic colitis 126, 1385
invasive 127

Amoebic liver abscess 99, 102, 103, 133–34, 156, 1380–81
colonic mucosa 1380
management 1385–86, 1385

Amoebofl agellates 1407
Amorolfi ne, onchyomycosis 1172
Amoxicillin (AXL)

actinomycosis 1086, 1087
anthrax 1111

chlamydia 418
enteric fever 936
Helicobactor pylori 913
human ehrlichiosis 1099
malnutrition 543
N. meningitidis 978
pneumococcal infections 963
pneumonia in children 454
with sulbactam, tuberculosis 1022–23, 1025
tetanus 1114
typhoid fever 125

Amoxicillin-clavulanate, melioidosis 1130
Amphetamines 278, 683
Amphocil® 343, 1358
Amphotericin B

African histoplasmosis 1183
aspergillosis 508, 1186
blastomycosis 508, 1184
Candida 323, 1174
candidiasis 507
coccidioidomycosis 508, 1184
cryptococcosis 323, 381, 1187
histoplasmosis 351, 382, 508, 1182
HIV opportunistic illnessess 381, 382
leishmaniasis 1358
liposomal 1358, 1360
mucormycosis 1186
paracoccidioidomycosis 509, 1185
Penicillium marneffei  382, 1185
primary amoebic meningoencephalitis 1409, 1410–11
side effects 1358
sporotrichosis 350, 509
visceral leishmaniasis 343
zygomycosis 508

Ampicillin
donovanosis 505
enteric fever 936
H. infl uenzae meningitis 978
Helicobactor pylori 913
immunoproliferative small intestinal disease 215
malnutrition 543
mammal bites 808
neonatal meningitis 971
neonatal septic arthritis and osteomyelitis 471
oral gonorrhoeal infection 505
pneumonia in children 454
sickle cell disease 194

Amygdalin (laetrile) 608
Amyloid/amyloidosis 366–67

amyloid AA formation, familial Mediterranean fever 633
leprosy 245
lichen amyloidosis 366–67
macular amyloidosis 366, 367
nodular localized cutaneous anyloidosis 366

Anaemia 166–213
aetiology 167, 167
aplastic 213
cardiac failure 152, 191, 447, 484
chronic renal failure 253–54
compensated 168
decompensated 168
defi nition 166–67
due to marrow depression 210–13
epidemiology 167, 168
folate-defi ciency 459
haemolytic  see Haemolytic anaemias
hookworm infestation 98, 123, 158, 202, 1528, 1529, 

1530
hyperchronic 123
iron-defi ciency 201–5, 204, 537

in children 202, 203, 204, 458–59
leptospirosis 1165
life-threatening 168–69
malarial  see Malarial anaemia
management 169
nutritional anaemias  see Nutritional anaemias
obstetric 479–84
pathophysiology 167–69
in pregnancy 202, 204, 479–84
sickle cell 189–96, 190, 459, 470–71
surgery and 469–70
tapeworm anaemia 1580–81
visceral leishmaniasis 1349–50

Anaemic heart failure 168–69
Anal myiasis 1589–90
Analgesics 194

aspirin  see Aspirin
envenomation 582, 588, 590

Anaphylactic shock 576, 1358, 1551, 1553, 1597
Anaplasma phagocytophilia 1098
Anaplasmosis 900
Ancylostoma (spp.) 511, 1526, 1531, 1532

A. brazilliense 1531, 1531, 1673–74, 1674, 1675
A. caninum 125, 341, 1525, 1528
A. ceylanicum 341, 1528
A. duodenale 1526, 1527–28, 1671–73, 1673, 1675, 1679

CLM 1531
eggs 1530, 1636

see also Hookworm

Ancylostomiasis (hookworm disease) 1526–30
see also Hookworm

Aneurysm
aortic 673
Chagas’ disease 1330–31, 1331
fi ts/convulsions 260

Angina pectoris 693, 694
Angiostrongylus cantonensis (rat lungworm) 270, 1677
Angiostrongylus costaricensis 1677
Angiotensin converting enzyme (ACE) inhibitors

chronic renal failure 253, 253
diabetes 682
dilated cardiomyopathy 153
diminished effi cacy in black people 155, 681
diphtheria 1136
glomerulonephritis 240, 244
hypertension 680–81, 681, 682
nephrotic syndrome 237, 239

Angiotensin receptor blockers (ARBs)
diabetes 682
dilated cardiomyopathy 153
hypertension 681
nephrotic syndrome 237

Angle closure glaucoma 283
Anhidrotic heat exhaustion 530
Animal bites  see Bites
Animal inoculation 803, 1150, 1151, 1155, 1304, 1356
Animal rabies control 807
Anisakis (spp.)

A. simplex 1671
abdominal pain 111

Anisomycin, trichomoniasis 1423
Ankylosing spondylitis 311, 437
Anopheline mosquitoes 1735–41, 1738

A. albimanus 1280, 1741
A. aquasalis 1741
A. culicifacies 1280, 1740
A. farauti 1740–41
A. funestus-minimus complex 1280, 1737, 1740
A. gambiae complex 26, 720, 1204, 1205, 1280, 1733, 

1736, 1737, 1741
A. maculipennis complex 1736, 1738
A. punctulatus complex 1733, 1733, 1736, 1736–37, 1740
A. stephensi 1204, 1280, 1740
anatomy 1722, 1727, 1733–35, 1734–35
distinguishing features 1727
eggs 1736
fi lariasis 1490, 1725–26
identifi cation 1737
larva 1737
malaria transmission 1202–4, 1723, 1736

Anoproctitis 843
Anorexia

clinical history 99, 99
in HIV 385

Ant bites 1597
Antabuse® 605
Antacids, interactions 1028
Antepartum haemorrhage (APH) 478
Anterior nasal diphtheria 1134
Anterior uveitis  see Iridocyclitis
Anthelmintic drugs 1537, 1539–40

immunoproliferative small intestinal disease 215
resistance
see also specifi c drugs

Anthrax 104, 320, 1109–11, 1110
and the eye 320

Antibiotics
bacterial skin infections 335
cerebrospinal fl uid penetration 977
diarrhoea and 907
diphtheria 1136
dysentery 907, 918
leprosy 1065–67
melioidosis regimens 1130
pneumococcal diseases 963–64, 963
resistance 949

Campylobacter  949
E. coli 915, 916, 949
resistant gut bacteria 943–50
salmonella 935, 936, 940, 943–47, 944
Scrub typhus 897
Shigella  923, 943, 947–48
tuberculosis  see Tuberculosis: drug and multi-drug 

resistance
V. cholera 948–49

see also specifi c antibiotics and groups
Antibody responses 65–66

evasion strategies 69
Anticholinergic compounds in plants 617–18
Anticholinesterase drugs, envenomation 580
Anticoagulants, interactions with plant products 621–23
Antidepressants 280, 281
Antifi larial drugs 1487
Antigenic drift/shift 67–68
Antigiardial drugs 1394–95, 1395
Antihistamines, vernal keratoconjunctivits 307
Antihypertensive drugs 679–81
Antimalarial drugs 1238–62, 1275–78
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adverse effects 1277
antibacterials with antimalarial activity 1262
history 1238–41
interactions 1262
intermittent presumptive treatment (IPTp) 1272
intermittent preventative treatment 1277
manufacturing quality 1262
mode of action 1242–44
pharmacokinetic properties 1246–47, 1248–49, 1250, 

1251, 1252, 1253, 1254–55, 1256, 1258–59, 
1261

in pregnancy 1271–72
resistance 1241

emergence and spread 1244–45
mechanisms 1242–44
prevention, using combinations of drugs 1245–46

salt–base equivalents 1246
treatment 1241–42

doses in severe malaria 1251
of uncomplicated malaria 1260

trials, design and conduct 1264
see also specifi c drugs

Antimicrobial therapy  see Antibiotics
Antimonial drugs 1357–58
Antiparasitic drugs, contraindicated in cerebral oedema 269
Antiperistaltic agents 114, 124
Antiretrovirals (ARVs) 75, 450, 452

adverse effects 390–94, 392
antiretroviral therapy (ART) 13, 24, 76, 451, 965

AIDS-related EM disease 1048
classes of agents 389, 390
HIV 377, 388–96, 389–90 see also HAART
and prevention of mother-to-child transmission of 

HIV 377, 488–89, 489
concomitant with antibuberculosis drugs 1028, 1028
highly active  see Highly active antiretroviral drugs
interactions with antibuberculosis drugs 1020

Antituberculosis drug therapy 1022–30
adverse reactions 1026–27, 1026–27
hypersensitivity reactions 1028–29
interactions 1020, 1026, 1028

Antivenom
administration 577–78

initial dosage 579
indications/contraindications 577
reactions 577, 578–80
scorpion stings 590
‘sea wasp’ 585
snake bite 577–80
spider bite 592

Anxiety and stress-related disorders 280–81
hypertension 671

Aortic aneurysm 673
Aplastic anaemia 213
Appendicitis 111, 127
Aquatic leeches 1586
Aqueous fl uid 289
Arachnia propionica 1177
Aravind Eye Hospital 77
Arbovirus infections 715–49, 718

aetiology, general 715
alphaviruses  see Alphaviruses
arthritis 436, 439
bunyaviruses  see Bunyaviruses
clinical features, general 722–24
CNS involvement 855–78, 856
coltiviruses 717–18, 748, 872–73
control, general 726
diagnosis, general 724–25
encephalitis 263
environmental conditions 721
epidemiology, general 715–20
epidemiology and vectors, by type 716–18
fl aviviruses  see Flaviviruses
hosts

vectors/invertebrate 719–20 see also specifi c vectors
vertebrate 718–19

immune response to 721–22
immunization, general 725–26
management, general 725
mosquito-borne 716–18, 720, 729, 742, 860

implicated mosquitoes 1728–32, 1738
orbiviruses 749, 872
reoviridae  see Reoviridae
tick-borne 717–18
transmission

cycles, by type 716–18
general 719, 720–21

vector control, general 726
see also specifi c infections

Arenaviruses 770, 836
CNS involvement 855–59

LCM group 856–57
Lassa fever  see Lassa fever
pathogenesis 770–71
pathology of infection 771
viral haemorrhagic fevers 764, 769–73
virology 769

Argasid ticks 1703–6, 1704

Argemone mexicana 605–7, 607
Argentine hemorrhagic fever (Junin virus) 772–73
Argyll Robertson pupil 321
Aribofl avinosis 553
ARIs  see Acute respiratory infections
Aristolochia fangchi 616
Armigeres mosquitoes 1744
Armillifer (spp.) 1708–9

A. armillatus 1708, 1709
A. grandis 1709
A. moniliformis 1708–9

Arrhythmias 693, 694
bradyarrhythmias 1114, 1117, 1135
Chagas’ disease 1330, 1334
envenomation 577, 583, 586, 590, 593
rabies 804, 805
tachyarrhythmias 1135, 1254

Arsenical poisoning 260–61
Arsenism 365
Arsobal® 1320
Arteether 1257
Artemether 603, 1249, 1257, 1452
Artemether-lumefantrine 1261
Artemisia annua 26, 35, 41, 42
Artemisinin 35, 248, 448, 1244

and derivatives 1257–59, 1257, 1452
Artemisinin-based combination therapies (ACTs) 26, 1246, 

1259
Arterial disease 157–58
Artesunate 448, 1257, 1258, 1271

interactions 1262
pharmacokinetic properties 1249
schistosomiasis 1452

Arthralgia, antivenom reaction 579
Arthritis

acute tropical polyarthritis 439
brucellar 1077, 1077, 1078, 1079, 1080
crystal artropathies 439–40
haemophilia-related 440
HIV-associated 466–67
juvenile 440
monoarthritis 1483
osteoarthritis 437–38
of parasitic and fungal origin 439
pneumococcal infection with 962
reactive, to salmonellosis 939
rheumatoid  see Rheumatoid arthritis
septic 438–39
spondylitis 1079, 1080
of viral origin 439

Arthropod bites and stings 587–94, 1596–97
Arthropod infestations, eye complications 328
Arthropod-borne viruses  see Arbovirus infections
Artifi cial ventilation 580, 580
Ascariasis 1520–23, see also Ascaris lumbricoides

biliary 135
Ascaris lumbricoides (roundworm) 1519–23, 1520, 1669–70, 

1669–70
abdominal pain 111
aetiology and life cycle 1519–20, 1669–70
diagnosis 1522–23
differential diagnosis 1522
eggs 1520, 1523, 1636
epidemiology and control 1523
hypertrophy of the salivary glands 107
intestinal obstruction 123, 472–73, 1521, 1522
large duct biliary obstruction 129
in liver, pancreas and biliary system 135
management 1523, 1537

Ascaris suum (pig roundworm) 1520, 1670
Ascorbic acid, scurvy 547
Asia

epidemiology of snake bite 561
HIV/AIDS 20–22, 41
meningeal pathogens 973
snake bite 224, 562
traditional medicine 36, 38, 41

Asian/Malayan pit viper 223, 224, 560, 571–72, 579, 580
Aspergillosis 508, 1185–86
Aspergillus (spp.) 1176, 1185–86

A. fl avus 1185
A. fumigatus 1185
A. nidulans 1176
A. niger 1185

Aspirin 152, 184, 298, 694
adverse reactions 199, 203, 219, 364, 365, 759, 768
envenomation 588
risk of Reye’s syndrome 759, 768, 827, 845

Asthma 147
Ascaris lumbricoides and 1521, 1522

Astrovirus 821
Atherosclerosis

ischaemic heart disease and 691–93
morphology and classifi cation of atherosclerotic lesions 

691–92
pathogenesis of atherosclerotic lesions 692

Atherothrombogenesis, Helicobactor pylori  913
Athlete’s foot (Tinea pedis) 348, 349, 1172
Atovaquone

babesiosis 1304
malaria 1244
pharmacokinetic properties 1249
Pneumocystis pneumonia 1196, 1197
resistance 1244, 1244

Atovaquone/proguanil (Malarone®) 520, 521, 1256, 1277
Atractaspididae snakes 558

envenoming 567
venom apparatus 564

Atropine 603, 617, 618, 633, 1117
marine poisoning 595
octopus bites 587
sulphate 309, 317, 319, 321

Auchmeromyia luteola (Congo fl oor maggot) 1586–87, 1709, 
1710, 1712, 1712

Australasia
meningeal pathogens 973
snake bites 562, 569

Autumn crocus 603
Aventis 1320, 1321, 1357, 1358
Avian infl uenza virus 31–32, 32, 827

H5N1 827, 830, 831, 832–33
Axonal degeneration, distal 260–61
Ayurveda 41, 43
Azathioprine

atopic dermatitis 356
fogo selvagem 366
glomerulonephritis 241
interactions 1028

Azelaic acid 354, 369
Azithromycin

amoebiasis 268
babesiosis 1304
brucellosis 1082
cat-scratch disease 316
enteric fever 936
environmental mycobacterial diseases 1048
leptospirosis 1165
malaria 1262
Mycobacterium avium complex 381
newborn conjunctivitis 303
Pneumocystis pneumonia 1197
scrub typhus 897
STIs 418, 419, 430
trachoma 294
traveller’s diarrhea 519

Azoles, fungal infections 349
AZT (now zidovudine), AIDS dementia complex 874

B
B lymphocytes 62

giardiasis 1392
mediation of specifi c immune responses 64
T and B cell evasion strategies 69

Babanki virus (BBKV) 748
epidemiology 716

Babesia (spp.) 1301–5, 1628
B. canis 1302
B. divergens 1301, 1302, 1303, 1304
B. microti 1301, 1302–5, 1303

Babesiosis 1301–5
bovine 1301, 1302, 1303, 1303, 1304

Baby Friendly Hospital Initiative (BFHI) 14
Bacille Calmette-Guérin vaccine  see BCG
Bacillus anthracis 1109

see also Anthrax
Back pain 435–36
Bacterial enteropathogens 911–27
Bacterial infections

Bartonella diseases  see Bartonellosis
CNS 266–67, 1155–56
contamination through blood transfusions 232–33
cutaneous 333–41

anthrax 1110
brucellosis manifestations 1080
diphtheria 1134
treponemal 335–36, 1139–47
tularemia 1104–5

diarrhoeal disease  see Diarrhoeal disease
endemic treponemal 335–36, 1139–47
gram-negative bacteria  see Gram-negative bacteria
granulomatous disorders 68, 1095
HIV and 381
immunopathology associated with acute infections 58
jaundice 129
laboratory investigations

cerebrospinal fl uid examination 1609–10
sputum examination 1611

with malaria 1222, 1271
meningitis  see Meningitis: bacterial
mycobacterial  see Mycobacterial infections
non-tuberculous mycobacterial (NTM) 506
oral 502–7
pathogens with infl ammatory and non-infl ammatory 

diarrhoea 905
pneumococcal  see Pneumococcal diseases
resistant gut bacteria 943–50
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sandfl y transmission 1719–21
septic arthritis 438–39
in sickle cell disease 192
small intestine 121–23
spirochaetal diseases 267, 1149–59 see also Treponemal 

infections, endemic
systemic infections and the eye 316–20
vaginosis 418, 422
watery diarrhoea 100, 918
see also specifi c infections

Bacterial toxins, immune system 69
Baermann technique 1535
Baker’s itch 1595
Balamuthia mandrillaris 268, 1407–8, 1413–14, 1414
Balanoposthitis 843
Balantidium coli 1396–97, 1629
Balfour, Andrew 1
Bancroftian fi lariasis 325, 511, 1477–83, 1478–80, 1685–86, 

1686, 1687
see also Wuchereria bancrofti

Banzi virus (BANV) 748
epidemiology 716

Barba amirilla 223
Barmah Forest virus (BFV) 726

epidemiology 716, 726
mosquitoes 1728
polyarthralgic illness 723–24
transmission 720

Bartholinitis 417
Bartonella (spp.) 316, 898, 1091–93

B. basilliformis 1091–93, 1092, 1094, 1719–21
B. clarridgeiae 1091, 1095
B. elizabethiae 1091
B. grahamii 1091
B. henselae 898, 1091, 1095–97
B. koehlerae 1091
B. quintana 898, 1091, 1095, 1096, 1097–98
B. vinsonii 1091, 1092, 1095

Bartonellosis 1091–98, 1092, 1094
cat-scratch disease 104, 316, 898, 1095–97
classical 1091–93
Oroya fever 1093–95
trench fever 886, 898, 1097–98

Bart’s hydrops syndrome 188
Basal cell carcinoma (BCC) 361–62, 362
Basidiobolomycosis 1180
Basidiobolus ranarum 1180
Basophil count 165
Bazin’s disease (erythema induratum) 94, 338
BCG (Bacille Calmette-Guérin) vaccine 1033–34

contraindications 449, 458
Bed-bugs 1767
Bee stings 587–89, 588, 1596–97
Beef tapeworm  see Taenia (spp.): T. saginata
Beefworm 1588–89, 1710–11, 1710–11
Beetle dermatitis 1595–96
Behçet’s syndrome 107, 311, 1173
Bejel (endemic syphilis) 335, 336, 504, 1144–45, 

1144–45, 1147
Bellyache bush 613, 614
Bendrofl uazide 682
Benzathine penicillin

endemic treponematoses 1147
pneumococcal infections 965
rheumatic fever 452
Strep. pyogenes  152
syphilis 418, 427, 446

Benzethonium chloride, Acanthamoeba keratitis 1416
Benzimidazoles 1394, 1539–40

see also specifi c drugs
Benznidazole, Chagas’ disease 1333
Benzodiazepines 280

tetanus 1116
Benzyl benzoate

scabies 1592
genital 419

Benzylpenicillin (BZP)
early congenital syphilis 418
leptospirosis 1165
meningococcal meningitis 978
pneumococcal infections 963, 978
pneumonia in children 454
Strep. pyogenes  152

Beriberi 549–51
acute fulminant 550
dilated cardiomyopathy 153
infantile 550
neurological 260, 550
subacute cardiac 550

Berne 1588–89, 1710–11, 1710–11
Bertiella (spp.) 1669
Beta2-agonists 147
Beta-blockers 486

allergic reactions 588
envenomation 588, 590, 593
erythrodermic psoriasis 358
gastrointestinal haemorrhage 1453
hypertension 679–81

Betel 601, 604, 618–19

Bhanja virus (BHAV) 718
BHC (benzene hexachloride) 1157
Bicozamycin, diarrhoea 113
Biliary ascariasis 1521
Biliary tract disease 131
Biobanks 90
Biomass fuel use 147–48
Biopsy

cerebral 1370, 1414
in chromoblastomycosis 1179
liver  see Liver: biopsy
lung 794

open lung 1195
nerve 260, 271, 1064
pleural 144
rectal 940, 1447
renal  see Renal biopsy
in schistosomiasis 1447
sentinel node 646
skin 365–66, 806, 810, 1064
in sporotrichosis 1180
in toxoplasmosis 1370
transbronchial (TBB) 1005, 1192, 1194–95

Bioterrorism, anthrax 1111
Bipolar affective disorders 279
Bipolar defective disorders 279
Bird mite 1702
Bismuth salts 913
Bismuth subsalicylate, diarrhoea 114, 519
Bites

insect  see Insect bites
mammal 557

rabies  see Rabies
rat bite fevers 1157–59, 1157–59
tetanus prophylaxis 808

snake  see Snake bite
spider 590–93
tick 346–47, 593, 893
venomous  see Venomous bites and stings

Bithional 1467
echinostomiasis 1470
paragonimiasis 1473

Bitot’s spots 299–301, 300
Black cohosh 615, 616
Black mamba 563, 578
Black piedra 1175
Black widow spider 591–92
Blackfl y, Simulium 283, 296, 1492, 1499, 1691, 

1751–52
Blackwater fever 1220–21, 1220, 1232
Bladder cancer 255, 654–55

and S. haematobium infection 1438–39
Bladder stones 255
Blastomyces dermatitidis 322, 1183
Blastomycosis 508, 1183–84

eye infections 322
Bleeding  see Haemorrhage
Bleomycin 387

bladder cancer 655
nasopharyngela carcinoma 654

Blepharitis 306, 1700
Blepharochalasis 318
Blighia sapida 613, 614
Blindness

blinding diseases
in adults 287–99
in children 299–305

and gender 284
leprosy 1062
major causes 284–85, 284
night blindness 299, 300
river blindness  see Onchocerciasis
world blindness 283–85

Blister beetle 328
Blood cells

red  see Red blood cells
white  see B lymphocytes; Lymphocytes; T lymphocytes; 

White blood cells
Blood donor recruitment 229–30
Blood examination

for haematological assessment 1611
Knott’ method 1608
malaria 1235–37
see also Haematology

Blood pressure
high blood pressure  see Hypertension
management 674, 677
measurements 673–75, 673, 674

Blood suckers (Congo fl oor maggot) 1586–87, 1709, 1710, 
1712, 1712

Blood transfusion 229–34, 465
β thalassaemia major 182
checklist for prescribing blood 231
clinical use of blood 231–32
CNS viral invections 854, 862
complications 232–33
glucose-6-phosphate dehydrogenase 198, 199
guidelines 231–32
in pregnancy 484

reducing use of 233–34
safety 229–30

screening for transfusion-transmitted infections 
230–31

service at a national level 229–31
Blount’s disease 441
Blubbers 584–85
Body fl uid imbalance 530–31
Body louse 1593, 1593
Body mass index, coronary heart disease risks 673
Body temperature regulation 527–28
Bolivian hemorrhagic fever (Machupo virus) 770, 773

see also Machupo virus
Bone

ainhum 442, 442
chronic renal failure 253
dislocated 468
fractures 468
haemoglobinopathies 441
hypertrophic osteoarthropathy 442
infective diseases 440–41
leprosy 1063
lesions 441–42
metabollic bone disease 441
neuropathic disintegration, leprosy 1069
osteomyelitis  see Osteomyelitis
Transkei foot 442
tuberculosis 440, 1006–8, 1007, 1008
tumours 441

Bone marrow
anaemia due to marrow depression 210–13
haemoyltic anaemia 208
leishmania amastigotes in 1606, 1623
malaria 1223
red cell production 169
transplant

β thalassaemia major 184
chronic myeloid leukaemia 218

visceral leishmaniasis 174
Boomslang 223, 224, 567
Borderline leprosy 1058, 1060, 1060, 1061

nerves 1062
Bordetella bronchiseptica 453
Bordetella parapertussis 453
Bordetella pertussis 453
Bornaviridae 857
Borrelia (spp.)

B. burgdorferi 1149–50 see also Lyme disease
B. duttoni 1150
B. hermsi 67, 1706 see also Relapsing fever
B. recurrentis 1150, 1151
B. vicentii 107
tick-borne relapsing fevers and 1155

Borreliosis
Lyme 1149
relapsing fever  see Relapsing fever

Bouba  see Yaws
Bouboui virus (BOUV) 748

epidemiology 716
Bovine tuberculosis 1021, 1021
Bowel disease

infl ammatory 100, 113, 126, 126, 127, 940
small bowel 220, 1400

Bowen’s disease 361
Box jellyfi sh 584, 584, 585, 585
Bradyarrhythmias 1114, 1117, 1135

bradycardia 101, 1334
envenomation 575, 576, 578, 584, 587, 590
sinus 575, 578, 590, 595, 607, 757, 1330

Brain absess 268
moxifl oxacin 1049
pneumococcal infection with 962

Brain damage in malaria 1223
Brazilian pemphigus foliaceus 365–66
Brazilian spotted fever 893
Break bone fever 754
Breast abscesses

HIV 450
tuberculous 1017

Breast cancer 44, 636
Breast-feeding 10, 14, 15, 302, 450

antimalarial drugs and 1272
contraception and the loss of breast-feeding benefi ts 490
malnutrition and 539–40
and prevention of mother-to-child transmission of HIV 

377, 488–89
vitamin A 301, 301, 459

Breslow scale 363
Brimatoprost 290
Brimonidine 290
Brinzolamide 290
Broad bean 199, 614, 615
Brodie’s abscess 472
Bronchiectasis 147
Bronchoalveolar lavage (BAL) 1194–95
Bronchodilators 588, 589

marine poisoning 595
Bronchoscopy, fi breoptic 144–45, 1194–95
Bruce, David 1307, 1308



Index

1803

Brucella (spp.) 1075–77
B. abortus 1075
B. canis 1075
B. melitensis 1075, 1077
B. suis 1075
osteoarticular brucellosis 440–41
parasite persistence 61

Brucellosis 267, 1075–82, 1076–81
clinical features 1076–77
diagnosis 1081
epidemiology 1075
and the eye 319
localizations 1077–81
microbiology 1075
osteoarticular 440–41
pathogenesis 1076
prevention 1082
prognosis 1082
septic arthritis 439
transmission mode 1075
treatment 1081–82

Brucine 617
Brugia malayi 1688–89, 1689, 1690

differentiation from W. bancrofti 1691, 1692
eye complications 325
fi lariasis 511, 1477–80, 1478, 1483–84

Brugia patei 1687, 1689, 1748
Brugia timori 511, 1477, 1478, 1479, 1483, 1689
Bubo 423, 425

inguinal 410, 418, 428
plague 1120, 1121, 1123
tropical  see Lymphogranuloma venereum

Bubonic plague 1121–22, 1121
Buccal carcinoma 107
Buerger’s disease 157
Buffalo gnats  see Simulium blackfl ies
Buffy coat examination 1606–7
Bunyamwera virus (BUNV) 717
Bunyaviruses 715, 745–48, 749

clinical features 779
clinical syndromes 722–24
CNS involvement 857–59
diagnosis and differential diagnosis 779
epidemiology and geographical distribution 778–79, 778
epidemiology and vectors 717–18
hantaviruses 778, 826, 828, 858–59
mosquitoes 1730–32
nairoviruses 717, 749
orthobunyaviruses 717, 857–58
pathogenesis and pathology 779
phleboviruses 718, 858 see also Sandfl y fever virus
prevention and control 780
treatment 779–80
viral haemorrhagic fevers 777–82
virology 777
see also specifi c viruses

Buphthalmos 291, 304, 304
Burkholderia pseudomallei 249, 969, 1127–28

see also Melioidosis
Burkitt-like lymphoma (BLL) 794
Burkitt’s lymphoma (BL) 62, 71, 107, 124, 214, 790–92, 791, 

792
endemic type A (‘African’) 649–52

endemic and sporadic comparison 650
and the eye 314
HIV and 387
jaw tumour 651
malaria and 1279

Burn management 469, 470
chemical burns of the eye 312
solar burn (eclipse retinopathy) 312

Burrow’s stain for chromatoid inclusion of entamoeba cysts 
1604

Bursitis 1143, 1144
Buruli ulcer 1042–44, 1043–44

therapy 1047–48
Bussuquara virus (BSQV) 748

epidemiology 716
mosquitoes 1729

Busulfan 218
Butterfl y dermatosis 1595
Bwamba virus (BWAV) 717

C
Caissaca 223
Calabar bean 603
Calciium carbamide 605
Calcipotriol 359
Calcium channel blockers 149, 622

hypertension 678, 680, 681, 681, 682
Calcium gluconate 593, 595
Caliciviridae 859

diarrhoea 821–22
California encephalitis virus (CEV) 745, 857

epidemiology 717
New World distribution 729

Calliphora (spp.) 1712

Callitroga macellaria 1712
Callitroga/Cochliomyia hominivorax 1589, 1590, 1709, 1712, 1712
Calodium hepaticum 1682
Campylobacter (spp.) 455

antibiotic resistance 949
C. jejuni 904, 905, 917–18, 917

small intestine infection, malabsorption 122
toxic megacolon 128

Cancer 635–55
aetiology 635–36

cancer of the uterine cervix 637–38
hepatocellular carcinoma 640–41
squamous cell carinoma of the oesophagus 643

bladder 255, 654–55
and S. haematobium infection 1438–39

bone tumours 441
breast 44, 636
cervical 636, 637–40, 638
childhood, age-specifi c incidence 214
commonest cancers globally 636
control/management

adjuvant therapy 646–47, 655
general 636
hepatocellular carcinoma 642
malignant melanoma 646–47
nasopharyngela carcinoma 654
squamous cell carinoma of the oesophagus 644–45

cutaneous 360–64, 645–47
malignant melanoma 362–64, 363, 646–47, 646
squamous cell cancer 645–46, 645

epithelial cell tumours 793
Epstein–Barr virus role 787, 793–95
eyelid tumours 306
genetic factors 635–36
HIV/AIDS and 315–16, 387, 637, 794–95
immunodefi ciency and 71
Kaposi’s sarcoma  see Kaposi’s sarcoma
leukaemias  see Leukaemias
liver 132–33, 636, 640–42, 642, 708
lung 147
lymphomas  see Burkitt’s lymphoma; Hodgkin’s disease; 

Lymphomas
malignant melanoma  see Malignant melanoma
mouth 500–501, 654
nasopharyngela carcinoma 107, 652–54, 653, 787, 791, 

793–94, 793
oesophageal carcinoma 107–8, 108, 110–11
prevention

general 636
hepatocellular carcinoma 642
preventable risk factors 33, 44, 635

registration 636
of the retina 304–5, 305
S. japonicum infection and 1441–42
staging

cancer of the uterine cervix 638–39
malignant melanoma 646
squamous cell carinoma of the oesophagus 643–44, 

644
stomach 794
tobacco use 635, 641
vaccines 636, 642
viruses, immunity and 62

Cancrum oris (gangrenous stomatitis) 107, 502–3
Candida (spp.) 507, 1172–74

C. albicans 421, 507, 1172, 1173
eye infections 322

C. glabrata 1173
C. leukoplakia 507
C. parapsilosis 1173
C. tropicalis 1173

Candida intertigo 1173
Candidiasis/candidosis 1174

AIDS and 1172, 1173, 1174
chronic mucocutaneous 1173–74
interdigital 1173
oral infection 507
oropharyngeal 107, 1172–73

with HIV 385
paronychias 1173, 1174
superfi cial 1172–74
systemic 1185
vaginal 1173
vulvovaginal 418, 421

Canicola fever 1165
Canine distemper virus (CDV) 870
Cannabinoids 603
Cannabis 278, 601, 603, 604, 619
Capillaria philippinensis 124
Capreomycin 1025, 1027
Capsaicin 603
Captopril 1136
Caraparu virus (CARV) 717
Carbamazepine 279, 1028
Carbapenems, pneumococcal infections 964
Carbaryl 1594
Card agglutination test for trypanosomiasis (CATT) 1313, 

1322, 1323
Cardenolide poisoning 607, 608

Cardiac arrhythmias  see Arrhythmias
Cardiac failure 152, 167, 168, 180, 182, 232

anaemic 152, 191, 447, 484
beriberi 550
peripartum 153–54
salt and water overload 242

Cardiac fi brosis 205
Cardiac tamponade 156, 1016
Cardiomyopathy, dilated 152–53
Cardiotoxic glycosides in plants 607–8, 608
Cardiovascular disease (CVD) 151–58

association of blood pressure, cholesterol and body mass 
index 672, 673

deaths, by stage of epidemilogical transition 686
hypertension management 676–77
IHD  see Ischaemic heart disease
risk factors

diabetes and glucose intolerance 690
obesity and lifestyle 689
preventable 33, 44, 689
race and ethnicity 681–82

see also specifi c conditions
Caribbean

HIV/AIDS 22
meningeal pathogens 973

Carnitine, diphtheria 1136
Carpet viper 222, 223, 560, 571, 579
Carp’s gallbladder poisoning 595
Carrión’s disease  see Bartonellosis
Cassava 606, 608

root crop 262, 608
cyanogenic glycosides 209, 262, 608
toxic optic neuropathy 298

Castleman’s disease 637
Castor bean 606, 613
Cat liver fl uke  see Opisthorchis (spp.): O. felineus
Cataract 287–89, 287

age-related, in leprosy patients 318
with atopic dermatitis 356
congenital 304
couching 305
dehydration as risk factor 283, 287

Caterpillar hair conjunctivitis (ophthalmia nodosum) 312
Cathelicidins 62
Cat-scratch disease 104, 898, 1095–97

and the eye 316
Cattle bots  see Hypoderma (spp.)
Catu virus (CATUV) 717
Cayenne tick 1708
CD4 cells in HIV 378, 379, 380, 383, 464, 464

HAART and 394, 396
response to HIV suppression 396

Cefazolin-probenecid, oral gonorrhoeal infection 505
Cefi xime, gonorrhoea 418
Cefoperazone

enteric fever 935
salmonella enterocolitis 940

Cefoperazone-sulbactam 1130
Cefotaxime (CFX)

enteric fever 935
H. infl uenzae meningitis 978
leptospirosis 1165
malnutrition 543
neonatal meningitis 971
newborn conjunctivitis 303
pneumococcal infections 963
Whipple disease 1088

Ceftazidime 249
acute renal failure with melioidosis 249
melioidosis 1130
neonatal meningitis 971

Ceftriaxone
enteric fever 935
H. infl uenzae meningitis 978
leptospirosis 1165
multi-resistant salmonella strains 946
N. meningitidis 978–79
neonatal meningitis 971
STIs 418
Whipple disease 1088

Cefuroxime 309
Cefuroxime sodium, sickle cell disease 194
Cell-mediated immune responses 64, 65
Cellulitis 333, 334, 335, 335, 343

orbital 306, 326, 1186
spreading 1042, 1045, 1048, 1507

Celsus’ kerion 348
Centepede stings 593
Central European Encephalitis Virus (CEEV) 863
Central nervous system (CNS) disorders

cranial nerve damage in leprosy 317
HIV and 259, 382–84, 873–74

in children 874
infections 262–71

bacterial 266–67, 1155–56
helminthic 268–71
protozoal 267–68
rickettsial 266
viral  see Viral infections: CNS



Index

1804

leptospirosis CNS involement 1164
neurological schistosomiasis 270–71, 1441, 1452
neurotoxic plant poisonings 262
relapsing fever complications 1155–56
tuberculosis and 266, 1008–10 see also Tuberculous 

meningitis
see also specifi c disorders

Cephaeline 603
Cephalopod envenomation 587
Cephalosporins

actinomycosis 505
acute renal failure with leptospirosis 249
bartonellosis 1097
diphtheria 1136
enteric fever 935
H. infl uenzae meningitis 978
Helicobactor pylori 913
neonatal meningitis 971
nocardial disease 1049
plague 1123
resistance 950
Whipple disease 1088
see also specifi c drugs

Cepharanthine, AIDS dementia complex 874
Ceratophyllus gallinae 1778
Ceratopogonidae 1596, 1732, 1750–51
Cercarial dermatitis (swimmer’s itch) 57, 1442
Cercopithicine herpesvirus 1 (B virus) 866–67
Cerebral abscess  see Brain absess
Cerebral amoebiasis 260, 267–68, 1381

epilepsy 259, 260
Cerebral biopsy 1370, 1414
Cerebral haemorrhage 182, 486, 859
Cerebral hydatid diseases 270

fi ts/convulsions 260
Cerebral malaria 1217–19, 1218, 1228–31

case history 1230–31
in children 447, 1217–19, 1226–27, 1227, 

1230–31
coma scales 1267
epilepsy 259, 260
hypoglycaemia 267, 447, 1222, 1268
management 1267–68
neurology 267
ovalocytosis and 201
pathogenesis of coma 1219
relapsing coma 1232
vascular permeability 1217–19

Cerebral paragonimiasis (CP) 271, 1472, 1473
Cerebral toxoplasmosis, epilepsy 260
Cerebrospinal fl uid (CSF)

bacterial meningitis and 976, 977
laboratory examination 1609–10
malaria 1234
penetration of antibiotics 977

Cerebrovascular accidents  see Stroke
Cervical cancer 636, 637–40, 638
Cervical lymphadenopathy  see Lymphadenopathy: cervical
Cervical spondylosis 437, 438
Cestodes/cestode infections 1569–82, 1659–69

cysticercosis  see Cysticercosis
diagnostic characteristics of larvae found in humans 

1666
and the eye 327
heads of human cestodes 1663
sparganosis  see Sparganosis
Taenia species  see Taenia (spp.)
tapeworm segments 1662
see also specifi c cestodes and infections

Cetrimide 335
Chadiru virus (CDUV) 718
Chagas, Carlos 1327, 1328
Chagas’ disease (CD, American trypanosomiasis) 67, 267, 447, 

1327–39
aetiology 1328–29
clinical features 1330
diagnosis 1332–33
distribution 1327–28
epidemiology 1334–37
eye complications 324
history 1327
management 1333–34
pathogenesis 1331–32
pathology 126, 1330–31
prevention and control 1337–38
Romana’s sign 1330, 1331, 1332
screening with blood tranfusions 231
transmission 1335–37, 1336
and Trypanosoma rangeli 1338–39, 1772
vector control 1338, 1775
see also trypanosoma cruzi 

Chagasic heart disease 1334
Chagres virus (CHGV) 718
Chalazion 306
Chamberlain, Joseph: Manson collaboration 2–3
Chancroid 422–24, 423, 522

treatment 418, 424
Chandipura 874
Chaparral 615

Charcoal
activated

acute self-poisoning 621
cardenolide poisoning 608
marine poisoning 595

biomass fuel 147
Chelation therapy, β thalassaemia major 182–83
Chelonitoxication 594
Chemoradiotherapy 644–45, 654
Chicken mite 1702
Chickenpox 263, 844–45

complications
respiratory 829
secondary bacterial infections 844
systemic involvement 844

and the eye 313
see also Varicella zoster virus

Chiclero ulcer 342, 343
Chiggers 885, 894, 1595, 1701–2
Chigoe  see Tunga penetrans
Chikungunya virus (CHIKV) 726–28

CNS involvement 876
epidemiology 716, 728, 876
haemorrhagic fever 722–23
mosquitoes 1728
polyarthralgic illness 723–24
transmission 720, 727
vaccines 726, 876

Child mortality 445, 446
diphtheria 453
malaria 26, 447
measles 27, 448
meningitis 456
pneumonia 19
primary healthcare and 11, 16
see also Infant mortality

Childbirth, obstructed labour 487
Children

acute respiratory infections 144, 453–54
arthropathies 440
blinding diseases 299–305
blood cells 161
brucellosis 1082
childhood cancers, age-specifi c incidence 214
childhood infections 447–53
common childhood disease entities in the tropics 453–56
copper defi ciency 210
deworming 1538
diarrhoea 24, 454–55, 904, 904
haematogenous osteomyelitis 471–72
HIV 449–52, 1001–2

CNS involvement 874
immunization programmes 457–58
infants  see Infants
integrated management of childhood illnesses (IMCI) 

10–12, 33, 450, 454, 456–57
iron-defi ciency anaemia 202, 203, 204, 458–59
lymphocytic intertitial pneumonitis 794
malaria 447–48, 1217–19, 1226–27, 1230–31, 1273–74
malnutrition  see Malnutrition: in children
nephrotic syndrome 238, 239
nutritional defi ciencies 458–60
pneumococcal diseases 954
pulmonary infection with biomass fuel use 147
pulmonary investigations 143–44
respiratory clinical assessment 143
respiratory viruses 829–30
scabies 1592
sickle cell disease 190–92
thalassaemia syndromes 176–89
tuberculosis 448–49, 1000–1002, 1001
vitamin A defi ciency 210
see also Paediatrics in the tropics

Chilomastix mesnilii 1395–96
laboratory identifi cation 1603

Chinese traditional medicine 41, 43, 616
adulteration 624
atopic dermatitis 356

Chique  see Tunga penetrans
Chironex fl eckeri 584–85
Chlamydia

aetiology 420
clinical features 421
diagnosis 421
epidemiology 420
the eye and chlamydial infections 316
granulomatous disorders 68
pathology 420
and respiratory disease in the immunocompromised 829, 

833
treatment 418

Chlamydia pneumoniae 421, 829
Chlamydia trachomatis 406, 417, 420–21, 454

lymphogranuloma venereum 428
newborn conjunctivitis 302, 303
trachoma 291–92 see also Trachoma

Chlamydial ophthalmia 418
Chlamydiosis 833
Chlorambucil, glomerulonephritis 238, 240

Chloramphenicol (CHL) 454
bacterial meningitis 456
cholera 949
Cl. perfringens 920
CNS bacterial infections 266
conjunctivitis 962
enteric fever 935–36
H. infl uena meningitis 978
H. infl uenzae meningitis 978
malnutrition 543
meningococcal meningitis 266, 977
plague 1123
pneumococcal infections 963, 964, 978
pneumococcal meningitis 978
pneumonia in children 454
resistance 943–44, 947, 948
rickettsial infections 886, 887, 890, 893, 897, 900
sickle cell disease 194
snake bite infection 580
typhoid fever 125
with vitamin A treatment 301

Chlordiazepoxide 605
Chlorhexidine 503, 971

Acanthamoeba keratitis 1416
bacterial skin infections 335

Chlorinated hydrocarbons 1280
Chlorioretinitis 297, 297
Chloroform

larva migrans 511
myiasis 511, 1589

Chloroguanide 1249
see also Proguanil

Chloroquine 1251–52
adverse effects 1277
amoebiasis 1384
babesiosis 1304, 1305
familial Mediterranean fever 633
and hydroxychoroquine, rheumatoid arthritis 437
hyperreactive malarious splenomegaly 1279
malaria 488, 1243, 1251–52
neuromyopathy caused by 261
pericarditis 157
pharmacokinetic properties 1248, 1251
with proguanil 520, 520, 521
resistance 26, 26, 1243

Chlorphenamine maleate 579, 589
Chlorprogaunil 520, 520, 521, 1249, 1255–56
Chlorpromazine

heat stroke 534
schizophrenia 279

Cholangiocarcinoma 640, 642
biliary tract disease 131
liver fl uke infection 1462, 1463, 1463, 1465

Cholangitis 1400, 1466–67, 1521, 1522, 1557, 
1645–46

Cholecystitis 1381, 1400, 1463, 1464, 1466–67, 1522
Cholera 924–27, 924

acute renal failure 248
aetiology 115
antibiotic resistance 948–49
bacteriology 924
clinical features 115, 925
control 926–27
diagnosis 925–26
differential diagnosis 115
epidemiology 30–31, 115, 925
and the eye 320
Helicobactor pylori and 913
immunity 925
investigations 115
management 115–16
pathogenesis 115, 924–25
pathology 115
prevention 115, 926–27
prognosis 116
small-intestinal diarrhoea 114
see also Vibrio cholerae (spp.)

Cholesterol
coronary heart disease risks 673
ischaemic heart disease 689

Cholinergic compounds in plants 618
Chondrocalcinosis 440
Chorioretinitis 321
Choroidoretinitis 1494
Chromoblastomycosis/chromomycosis 350–51, 1176, 

1178–79, 1178–79
causes 1176

Chronic amoebic keratitis (CAK) 1407, 1413
Chronic Kidney Disease (CKD) 251, 252–53, 252, 253

consequences 253–54
Chronic lymphotic leukaemia (CLL) 218
Chronic mucocutaneous candidosis (CMC) 1173–74
Chronic myeloid leukaemia (CML) 217–18
Chronic obstructive pulmonary disease (COPD)

biomass fuel use and 147
preventable risk factors 33
smoking and 148

Chrysanthemum (spp.) 612
Chrysomyia albiceps 1712
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Chrysomyia bezziana 1589, 1590, 1713
Chrysops (spp.) (deer fl ies) 1754

C. dimidiatus 1754, 1757, 1759
C. discalis 1104, 1106
C. silaceus 1754, 1757, 1759
Loa loa development and transmission 1500, 1502–3, 

1695, 1695, 1757–59, 1758
Chyluria 1482–83, 1483, 1484
Ciclosporin

atopic dermatitis 356
glomerulonephritis 238, 239, 240
interactions 1028
lichen planus 367
psoriasis 359
rheumatoid arthritis 437

Cidofovir (CDV) 849, 850
cytomegalovirus retinitis 315

Ciguatera fi sh poisoning 511, 594
Ciliophora 1396–97
Cimetidine 1028

marine poisoning 595
urticaria 365

Cimex hemipterus 1767
Cimex lectularius 1767
Cimicidae 1767
Cimicifuga racemosa 615, 616
Cinchona 603
Cinchonidine 1251
Cinchonine 1251
Ciprofl oxacin

anthrax 1111
brucellosis 1082
C. jejuni 918
cholera 907
contraindicated in children 114
contraindicated in pregnancy 897
diarrhoea 113, 114, 907
enteric fever 935
fungal mycetoma 1178
N. meningitidis 978–79
resistance 944, 946, 947, 949
STIs 418, 419
suppurative keratitis 309
tuberculosis 1025
typhoid fever 125

Circulatory shock syndromes, snake bite 572
Circumcision, reduction of HIV transmission 378
Cisatracurium 1116
Cisplatin/cisplatinum 640

bladder cancer 655
nasopharyngela carcinoma 654

Citrus fruits
drug interactions 623

grapefruit 622, 623
Cladopialophora carrionii 1178
Clarithromycin

environmental mycobacterial diseases 1048
leprosy 1067
leptospirosis 1165
Mycobacterium avium complex 381

Claviceps purpurea 613
Clegs 1754
Climate change

disease patterns and 259–60
effect on arbovirus transmission cycles 721
heat disorders and 534

Climatic keratopathy
climatic droplet 312, 312
gender 283

Clindamycin
actinomycosis 505, 1087
babesiosis 1304
bacterial vaginosis 418
leptospirosis 1165
malaria 1262
pelvic infl ammatory disease and 419
with primaquine (PCP) 1196
tetanus 1114
trichomoniasis 1423

Clinical history 93–99
checklist 95

Clinical laboratory diagnosis  see Laboratory diagnosis/
investigations

Clinical trials 87–89
Clioquinol, subacute myelo-optic neuropathy 261
CLM  see Cutaneous larva migrans
Clofazimine 507

adverse reactions 1027
leprosy 340, 1066–67, 1068

reactions 318, 1069
mycobacterial infections 340
tuberculosis 1022–23, 1025

Clomethiazole 605
Clonorchiasis 1461–65, see also Clonorchis sinensis
Clonorchis sinensis 135, 1461–63, 1462, 1634–38, 1639, 

1645
egg 1636, 1639
hosts 1637–38, 1640
life cycle 1463, 1635–37, 1640

Clostridium (spp.) 919–20
Cl. diffi cile 920
Cl. perfringens

immunopathology 58
pigbel 122–23, 919–20, 919 see also Pigbel disease

Cl. tetani 27, 1113–14 see also Tetanus
Clotrimazole

Acanthamoeba keratitis 1416
aspergillosis 508
candidiasis 418, 1174
fungal keratitis 323
Malassezia infections 1175
Tinea cruris 1171
Tinea pedis 1172
trichomoniasis 1422–23

Cloxacillin
childhood osteomyelitis 471, 472
pneumonia in children 454
sickle cell disease 194

Cnidarian (coelenterate) envenomation 584–85
CNS disorders  see Central nervous system disorders
Coagulation disorders 220–25

acquired coagulopathies 220–24
cascade activity, malaria 1220
congenital 224–25
DIC  see Disseminated intravascular coagulation
snake bite 565–66
twenty-minute whole blood clotting test 574–75, 

574
viral haemorrhagic fevers 722, 723, 763

Co-amoxiclav 341
Cobras

envenoming 567–69, 568
spitting 223, 224, 560, 567, 568
Thai 559, 571

Coca 603, 619–20, 619
Cocaine 601, 603, 619, 683

in leech infestation treatment 1586
Coccidia 1397–1402
Coccidioides immitis 322, 1184
Coccidioides posadasii 1184
Coccidioidomycosis 351, 351, 508, 1184

eye infections 322
Cochliomyia/Callitroga hominivorax 1589, 1590, 1709, 1712, 

1712
Cockroft–Gault (CG) formula 235
Codeine phosphate 120
Coenurosis 1574
Cognitive decline/impairment, HIV 383
Colchicine 603, 631, 633

alkaloids 608
gout 440

Colitis
amoebic  see Amoebic colitis
necrotizing 128
see also Enterocolitis

Colonic dilatation, acute 128
Colonic intussusception 128
Colonoscopy 127
Colorado tick fever (virus) 748

CNS involvement 872–73
epidemiology 718, 872
transmission 719

Colorectal diseases 125–28
emergency conditions 127–28

Coltiviruses 718, 748, 872–73
epidemiology and vectors 717–18

Colubridae snakes 558
envenoming 567
venom apparatus 563–64

Coma, malaria  see Cerebral malaria
Comedonal acne 354
Comfrey 615
Commensal microbial fl ora 59
Community-based health insurance 81
Community-based therapeutic care (CTC) 542–43
Complement system 63, 63

evasion strategies 69
Complementary feeding, infants 10, 14–15
Concomitant infections 68
Condoms 76, 522, 1423

education/campaigns 377, 404, 432
Condylomata acuminata 431, 431
Cone shell envenomation 586–87
Congo fl oor maggot 1586–87, 1709, 1710, 1712, 1712
Congo–Crimean hemorrhagic fever 749
Conidiobolbmycosis 1180
Conidiobolus coronatus 1180
Conium maculatum (hemlock) 606, 618
Conjunctival xerosis 299, 300, 459
Conjunctivitis

allergic 307
Ascaris lumbricoides and 1521
caterpillar hair (ophthalmia nodosum) 312
infectious 307
keratoconjunctivits  see Keratoconjunctivits
neonatal 302–3, 303

with STIs 416, 417–19
ocular goncoccal infections 417

S. pneumoniae 962
snake venom 312, 569

Conn’s syndrome 676
Contact lens-related Acanthamoeba eye infection 1416–17
Contact tracing

tuberculosis 996–97
viral haemorrhagic fevers 769

Contamination
of food 261–62, 917
needles and razors 59
through blood transfusion 232–33

Contraception
condoms  see Condoms
loss of breast-feeding benefi ts 490
oral, antituberculosis drug interactions 1028

Conversion disorders 281
Convulsions  see Fits/convulsions
Copenhagen Consensus project 79
Copper defi ciency 210
Copra itch 1595
Coral plants 613
Coral snake 558, 559, 561, 566, 567–69, 580
Cord blood transplantation, β thalassaemia major 184
Cordylobia anthropophaga 1587–88, 1709–10, 1710
Corneal abrasion 311
Corneal infl ammation  see Keratitis
Corneal opacity (CO) 293, 294, 294, 308
Corneal scarring 300, 301
Corneal scrape 308
Corneal ulceration 300, 301, 308

of environmental mycobacterial origin 1045
herpetic 310, 310

Corneal xerosis 300, 301, 459
Coronary arterial disease 158
Coronary heart disease risks 673
Coronaviridae 859

coronaviruses 822, 823, 826, 828
Corticosteroid-induced glaucoma 291
Corticosteroids

antivenom reaction 579–80
asthma 147
enteric fever 936
eosinophilia 156
episcleritis 310
familial Mediterranean fever 633
fl ea bites 347
HSV keratitis 310
hymenoptera stings 589
interactions 1028
iridocyclitis 311
leprosy reactions 317–18, 1068–69
lupus mesangial proliferative glomerulonephritis 241
marine poisoning 595
neurocysticercosis 268, 269
Pneumocystis pneumonia 1197
pompholyx 357
role in tuberculosis 1030
schistosomiasis 271
scleritis 310
trichinosis 271
tuberculosis meningitis 449
tuberculous pericarditis 157, 1016–17
vernal keratoconjunctivits 307

Cortisol, stress and TB 991
Corynebacterium diphtheriae 1132–33

see also Diphtheria
Corynebacterium minutissimum 1171
Cost-benefi t analysis (CBA) 79
Cost-effectiveness analysis (CEA) 79
Cost-minimization analysis (CMA) 78–79
Cost-utility analysis (CUA) 79
Co-trimoxazole

actinomycete infections 1178
anthrax 1111
bartonellosis 1097
brucellosis 1082
cholera 949
diarrhoea 113, 114, 907
donovanosis 418, 430
enteric fever 936
interactions 1028
Isospora belli 1401
malnutrition 543
mammal bites 808
melioidosis 1130
nocardiosis 505, 1049
with pentamidine 1304
pneumococcal infections 963, 965
Pneumocystis pneumonia 1195–96, 1197–98
pneumonia in children 454
Q fever 900
typhoid fever 125
Whipple disease 1088
see also Trimethoprim-sulfamethoxazole

Couching 305
Coxiella burnetii 266, 886, 898–900
Coxsackie enteroviruses 872
Crab louse 1593–94, 1594
Crab yaws 1141, 1142
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C-reactive protein (CRP) 63
Creeping eruption  see Cutaneous larva migrans
Crescentic glomerulonephritis 241
Cretinism, endemic 546
Creutzfeldt–Jacob disease (CJD) 879–80
Crimean–Congo haemorrhagic fever virus (CCHFV) 780–82, 

780, 781
epidemiology and geographical distribution 717, 780

Crohn’s disease 126, 1047
Cromoglycate 147
Crotalaria (spp.) 609, 616, 616
Crotamiton 1593
Croton lechleri 42
Cryoprecipitate 224–25
Cryptic disseminated tuberculosis 1006
Cryptococcal meningitis 265, 383
Cryptococcosis 353, 353, 508, 1186–87, 1187

with HIV 381, 383
Cryptococcus neoformans 1186

eye infections 322
HIV, opportunistic illness 381, 383

Cryptosporidiosis 1397–1400
see also Cryptosporidium (spp.)

Cryptosporidium (spp.) 1629–30
C. hominis 904, 905
C. muris 1397
C. parvum 121, 123, 455, 904, 905, 1397–1400, 1601

the organism 1397, 1398
clinical features 1399–1400
colonic involvement 126
epidemiology 1397–98
immunity 1399
pathogenesis 1398–99

Crystal artropathies 439–40
Crystatin C 235
Ctenocephalides (spp.) 1778
CTLs (cytoxic T lymphocytes) 64
Cudrania cochinchinensis 42
Culex mosquitoes 720, 861, 862, 876, 877, 1745–47, 1745–46

anatomy 1735
Cx. pipiens complex 862, 1745–46, 1746, 1746
Cx. quinquefasciatus 738, 739, 1489, 1490, 1686–88, 1733, 

1736, 1746, 1746
Cx. tarsalis 877
Cx. tritaeniorhynchus 861
Cx. vishnui 861
fi lariasis vectors 1726
identifi cation 1739

Culicin mosquitoes 738, 1723, 1734, 1735
distinguishing features 1727, 1741
fi lariasis 1726–27
malaria vectors and zones 1723
see also Aedes mosquitoes; Culex mosquitoes

Culicoides (spp.) 1504, 1693, 1751
C. furens 1692
C. grahami 1504, 1694, 1751, 1751
C. paraensis 745, 1596, 1751

Culiseta mosquitoes
C. melanura 877, 1747
C. morsitans 1747

Cultural issues
blood transfusion 230
clinical history 95–96
in Nigerian PPCF syndrome 154
traditional medicine  see Traditional medicine
world views and cultural understanding 86

Curare 601, 602, 603
Cutaneous larva migrans (CLM) 341–42, 342, 511, 518, 

1530–32, 1531
aetiology 1531
clinical features 1531
control 1532
diagnosis 1532
distribution 1530–31
epidemiology 1532
management 1532
pathology 1531
transmission 1531

Cutaneous leishmaniasis (CL) 342–43, 1348, 1350–52, 1609, 
1623–24

diagnosis 1356, 1624
diffuse (DCL) 510, 1345, 1347, 1352, 1360, 1623

immunological diagnosis 1356–57
distribution 1344, 1623
and the eye 323
leishmaniasis recidivans 1352, 1353
localized (LCL) 1350–52, 1351–52, 1360
mucocutaneous (MCL, espundia) 323, 510, 1352–54, 

1353–55, 1356, 1360, 1623
pathogenesis 1623
transmission 1344
treatment 1360
ulcers 94

Cutaneous viral diseases 352–53, 835–51
DNA viruses 836, 839–51
RNA viruses 835–39, 836

Cuttlefi sh 587
Cyanide intoxication/poisoning 262, 612
Cyanogenic glycosides 209, 262, 608–12

Cycad poisoning 262
Cyclopentolate 286, 318, 326

corneal abrasion 311
Cyclophosphamide

Burkitt’s lymphoma 652, 792
fogo selvagem 366
glomerulonephritis 238, 240, 241, 243

Cycloserine 1025, 1027
Cyclospora cayetanensis 1401–2, 1601, 1630
Cyclosporin 254
Cynoglossum (spp.) 609
Cyproterone acetate 354
Cystic echinococcosis (CE) 1549–57

biology 1549
clinical features 1551, 1551–52
diagnosis 1551–53, 1552
distribution and epidemiology 1549
immunology 1550–51
management 1553–56
pathogenesis 1550
prognosis 1557
see also Echinococcus (spp.): E. granulosus

Cysticercosis 268–69, 1569–74, 1571–73
in children 447
control 1573–74
epilepsy 259, 447
and the eye 327, 1571
management 1573–74
NC  see Neurocysticercosis
oral infection 510–11
pathology 1570–73
racemose cysticercosis 1574
transmission 1569–70

Cysticercus bovis 1666
Cysticercus cellulosae 1666
Cysticercus cerebralis 1666
Cytochalasin B 262
Cytokines 62, 68

heat stroke and 532
HIV/AIDS and 71
leprosy 1056
malaria 1211–12
TNFs  see Tumour necrosis factors
tuberculosis 990–91

Cytomegalovirus (CMV) 836, 847–49, 848
clinical features 847–48
CNS involvement 866
diagnosis 848
and the eye 313–14
HIV/AIDS and 353, 449, 451, 829, 832, 874

cytomegalovirus retinitus 314–15, 315
HIV opportunistic illnessess 382

immunology 64
management 849
in respiratory tract 826

D
Dacrocystitis 306
Dactylitis 441, 1142, 1144

polydactylitis, yaws 1142
Daktacort® 356
Dantrolene 1117
Dapsone 507

leprosy 340, 1066
lichen planus 367
spider bite 593
with trimethoprim (PCP) 1196, 1197

Dasypus novemcinctus 1055
Daunorubicin 387
DDT (dichlorodiphenyl trichloroethane) 581, 1280, 1361, 

1594, 1779
Dead-end hosts 719
Deadly nightshade 603
Death, body handling 769
Deer fl y  see Chrysops (spp.)
DEET (diethyltoluamide)

land leeches 1585–86
mites 1595, 1702
mosquitoes 520, 1275
sandfl ies 1721
tabanids 1756
ticks 781, 887, 893, 900, 1305

Defensins 62
Deferiprone 183
Dehydration

acute infective diarrhoea 904, 906
cataract risk 283, 287
childhood diarrhoea 454, 455
cholera 924, 925, 926
E. coli 915
gastroenterological problems 113, 114, 115, 116, 117, 124
rehydration  see Oral rehydration solution; Rehydration 

therapy
trichinosis 1543

Dehydroemetine 1384
Delirium 277

tremens 603–4

Delusory parasitosis 1597–98
Demand and supply of healthcare 75–78
Dementia 277

organic mental disorders 277–78
pellagra 552–53

Demodex (spp.) 1699–1700
D. brevis 1700
D. folliculorum 1699, 1700

Dengue fever (DF) 753–55, 754
epidemiology 30, 754–55
mosquitoes 1729
rash 95

Dengue haemorrhagic fever (DHF) 30, 722–23, 755–60, 757, 
758, 782

in children 452–53, 758
CNS involvement 859

Dengue shock syndrome (DSS) 756, 757, 759, 760
Dengue virus (DENV) 264, 715

CNS involvement 859
epidemiology 716
transmission 720
vaccines in development 726

Dental caries 499
Depression 280–89
Dermacentor andersoni 872, 1707
Dermacentor marginatus 1707
Dermacentor nuttalli 1707
Dermacentor pictus 1707
Dermacentor silvarum 1707
Dermacentor variabilis 1707
Dermanyssus gallinae 1702
Dermatitis 355–57

arthropod dermatoses 1595–96
atopic 355–56, 386
beetle 1595–96
cercarial 1442
chiggers and 1701
contact 355, 356–57
due to plants 612
eczematoid, onchocerciasis 1493
HIV and 386
‘leopard skin’, onchocerciasis 297, 1492, 1493
mites 1702
nappy rash 1173
pellagra 552
seborrhoeic 386, 1175
see also Eczema

Dermatobia hominis 1588–89, 1710–11, 1710–11
Dermatological problems

dermatitis  see Dermatitis; eczema
disorders with sweat suppression 530
with HIV 386–87
immunopathological effects, Ascaris 1521
infections and diseases  see Skin infections/diseases
information sources 1785
nappy rash 1173
non-infectious/non-infective skin problems in the tropics 

353–69
with onchocerciasis 296–97, 1492–94
photosensitivity disorders 359–60, 360
pigmentation disorders 368–69
urticaria  see Urticaria
see also Allergic reactions

Dermatolymphangioadenitus, acute (ADLA) 1481, 
1486

Dermatophagoides pteronyssinus 1702, 1702
Dermatophyte infections 347–49, 1169–72, 1170–72

AIDS and 1170, 1171
Desferrioxamine chelation 182–83

complications 183
Desmopressin 225
Dexamethasone

with hydroquinone and tretinoin 369
tuberculosis 266

Dextran, contraindicated in heat stroke 534
Diabetes 661–65

cataract risk 288
complications 665
fi brocalculous pancreatic (FCPD) 664–65
hypertension and 675, 678, 682
ischaemic heart disease 689
J-type 135
malnutrition-modulated diabetes mellitus (MMDM) 664, 

665
malnutrition-related 664
preventable risk factors 33, 44
protein-defi cient diabetes mellitus (PDDM) 664
tropical chronic pancreatitis and 664–65
type 1 661–62, 662
type 2 662–63, 662

ketotis-prone (KPD) 663–64
Diabetic maculopathy 295, 296
Diabetic nephropathy, chronic renal failure 252
Diabetic retinopathy 295–96, 295
Dialysis

acute renal failure 251
chronic renal failure 254

Diamidines, aromatic 261
Diamorphine 194
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Diarrhoea
aetiologies 100
AIDS and 906, 1399–1400, 1399
bloody 100, 125–26, 250, 918
cataract risk 283, 287
chronic 100

Helicobactor pylori association 913
clinical history 99
colorectal 126
cryptosporidiosis 1397, 1399–1400
Cyclospora  1401–2
differential diagnosis 922
HIV and 385, 450, 905–6, 1399, 1402–3
infl ammatory 903, 905
laboratory diagnosis 1600–1603, 1600–1602
management of acute diarrhoea 906–8
non-infl ammatory 903, 905
pediatric 24, 454–55, 904, 904
pellagra 552
production mechanism in salmonellosis 938
small-intestinal 112–14, 112
toxin 100
traveller’s diarrhea (TD) 112–14, 517–19, 905, 906, 927
viral 815–23

astrovirus 821
caliciviruses 821–22
enteric adenoviruses 820–21, 820–21
rotavirus 24, 455, 815–20

watery 24, 100, 114, 116, 124, 918, 925–26
Diarrhoeal disease

acute infective diarrhoea 903–8
acute renal failure 248
bacterial enteropathogens 911–27
in children 24, 454–55, 904, 904
control 908
dysentery 24, 907
epidemiology 23–24, 904–6
haemolytic–uraemic syndrome (HUS) 249–50, 455
infants/children 24
morbidity 908
watery diarrhoea 24, 100, 918

Diaryquinolones 1025
Diazepam

eclampsia 486
interactions 1028
malaria 448
tetanus 1116

Dibromopropamidine, Acanthamoeba keratitis 1415
Dibutyl phthalate (DBP) 1585
Dicrocoelium dentriticum 1644, 1645, 1650
Dicrocoelium hospes 1644
Didanosine 385, 386, 390

adverse reactions 245, 389
Dieffenbachia (spp.) 613
Dientamoeba fragilis 1387
Diet

cassava root crop 262
clinical history 96
feeding regimens with malnutrition 544
impact of traditional diet on health 44
infant diets and malnutrition 539
leishmaniasis and 510
rice and neurological problems 260
RTUFs (ready-to-use therapeutic foods) 542–43
vegetarian, vitamin A defi ciency 554
see also Malnutrition; Nutrition

Diethylcarbamazine (DEC) 298
fi lariasis 1487, 1487, 1490, 1491

Loa loa 1502
M. perstans 1504
M. streptocerca 1504
provocative day test, lymphatic fi lariasis 1485

glomerulonephritis 246
Diethyltoluamide  see DEET
Diffuse cutaneous leishmaniasis (DCL) 510, 1345, 1347, 1352, 

1360, 1623
immunological diagnosis 1356–57

Diffuse large cell lymphoma (DLCL), AIDS-related 794, 795
Diffuse unilateral subacute neuroretinitis (DUSN) 326–27
Difl ubenzuron 1748
Digitalis 1334
Digitoxin 603, 607
Digoxin 603, 607

dilated cardiomyopathy 153
interactions 1028
poisoning 608

Dihydroartemisinin 1249
Dihydrocodeine tartrate 194
Dihydropteroate synthase (DHPS), Pneumocystis pneumonia 

1198
1,25-dihydroxycholecalciferol 253
Dilated cardiomyopathy 152–53
Diloxanide furoate 134, 1384, 1385
Dimercaprol 261
Dimethy phthalate (DMP) 1585, 1721
Dimethylsulphonamide 367
Diminazene 1304, 1305
Dinobdella ferox 1586
Dioscorea (spp.) 608

Diospyros mollis (maklua) 617
Diphenoxylate 118, 120
Diphtheria 1133–37, 1135

bacteriology 1133
in children 453
clinical manifestations, acute infection 1134
complications 1135–36
diagnosis 1136
epidemiology 1134
and the eye 320
management 1136
pathogenesis 1133
pharyngeal involvement 107
prevention/immunization 453, 458, 1136–37

Diphyllobothrium (spp.) 1579, 1582
D. dendriticum 1579, 1582
D. klebanovskii 1579, 1582
D. latum (fi sh tapeworm) 1579–81, 1580, 1660–61, 

1660–61
egg 1581, 1636

D. mansoni 1662
D. nihonkaiense 1579, 1582
D. pacifi cum 1579, 1582

Diplopoda bites 593–94
Dipstick testing 236, 935, 1081, 1165, 1237–38, 1496, 1607

Brugia Rapid 1485
Diptera, myiasis 709–13
Dipylidium caninum 1581–82, 1581, 1663, 1667–69
Directly observed treatment, short course (DOTS), TB 13–14, 

25, 33, 75, 76, 79–80
DOTS strategy 1032–33
DOTS-plus programme 1033
GPSTB and 1031

Dirofi laria (spp.) 1505
D. immitis 1505
D. repens 1505–6
D. tenuis 1506
D. ursi 1506

Dirofi lariasis 1505–6
Disaccaride intolerance 908
Disease prevention and control, primary healthcare 9–16
Dislocations 468
Disseminated intravascular coagulation (DIC) 221–22, 532, 

534, 743, 746, 756, 760
envenomation 224
main causes in the tropics 221
pathogenesis 221, 222
in pregnancy 478–79
viral haemorrhagic fevers 722, 723, 763

Disseminated tuberculosis 1005–6, 1005, 1006, 1017
Disseminating hosts 718
Dissociative disorders 281
Distal axonal degeneration 260–61
Distemper, canine distemper virus 870
Disulfi ram 605
Dithranol 359
Diuretics

contraindications for potassium sparing 253
dilated cardiomyopathy 153
renal disease 237, 240, 242, 247, 250, 253
thiazide 247

Djenkol beans 616
DNA viruses, cutaneous disease 836, 839–51
Donovan bodies 429, 430, 430, 505
Donovanosis 429–30, 429, 522

granuloma inguinale 505
leishmaniasis 510
treatment 418, 430, 505, 510

Dopamine
contraindication in acute renal failure 250
snake bite 580

Dorzolamide 290
Doxorubicin

Burkitt’s lymphoma 792
Kaposi’s sarcoma 387
nasopharyngela carcinoma 654

Doxycycline
adverse effects 1277
brucellosis 1081, 1082
cholera 116, 948–49
diarrhoea 113, 114
human ehrlichiosis 1099
with ivermectin, onchocerciasis 344
leptospirosis 1165, 1166
malaria 520, 520, 521, 1262
melioidosis 1130
plague pneumonia 1124
plus rifampicin 1081
plus streptomycin 1081
rickettsial infections 316, 886, 887, 890, 893, 897, 

900
STIs 418, 419, 430

Dracontiasis 439
Dracunculiasis 325, 1506–9

clinical features 1506–7
control 1508–9
diagnosis 1507
epidemiology 1508, 1508
immunology 1507

management 1507–8
transmission 1506
see also Dracunculus medinensis

Dracunculus medinensis (guinea-worm) 269, 325, 1478, 
1506–9, 1695–97, 1696–97

life cycle 1506, 1696–97, 1697
Drowning 515, 516
Drug interactions 220, 1020, 1026, 1028

antimalarials 1262
with compounds in plants 620–24, 622

Drug resistance
anthelmintic drugs 1538
cholera 948–49
E. coli 915, 916, 949
enteric fever 935, 936
HAART 390–91
malaria 26, 26, 1241, 1242–46
praziquantel 1450–51
resistant gut bacteria 943–50
salmonella 935, 936, 940, 943–47, 944
Scrub typhus 897
Shigella (spp.) 923, 943, 948
steroids 238
testing in HIV 379
traditional medicine and 41–42
tuberculosis 13, 24–25, 993–96, 995, 1020 see also 

MDRTB; XDRTB
management 1029–30

Drugs
acute renal failure management 249, 250, 251
adverse drug reactions (ADRs) 43

amphotericin B 1358
anticysticercals 1573
antigiardials 1395
antimonials 1357
antiretrovirals 390–94, 392
antituberculosis drug therapy 1026–27, 1026–27
drug-induced hepatitis 385–86
efl ornithine 1321
ivermectin 298
malarial chemoprophylaxis 521, 1277
melarsoprol 1320
rashes with HIV 387
suramin 1497

antihypertensive 679–81
antimalarial  see Antimalarial drugs
antituberculosis drug therapy 1022–30

interactions 1020, 1026, 1028
ARVs  see Antiretrovirals
causing photosensitivity 360
cholinergic effects 618
with diarrhoea 907
drug-induced haemolysis in G6PD-defi cient patients 199, 

199
eye drugs 326, 328

and harmful traditional medicines 305
fi ts/convulsions 260
interactions  see Drug interactions
multi-drug therapy (MDT), leprosy 1065, 1066
nephrotoxicity of highly active antiretroviral drugs 245
peripheral neuropathy and 261
plant-derived 603, 608–11
pregnancy contraindications  see Pregnant women: drug 

contraindications
psychoactive substance use 277–78
psychotropic drugs in plants 618–20
side effects in HIV-related TB 1020
TB risk with immunosuppressive drugs and steroids 

996
toxic optic neuropathy 298
see also specifi c drugs and groups

Dry eye 307–8
Dubin–Johnson syndrome 129, 129
Duck-billed platypus 557
Duckhunter’s itch  see Cutaneous larva migrans
Dugbe virus (DUGV) 749

epidemiology 717
Duhamel–Haddad procedure, modifi ed 1334, 1334
Duodenal ulcers 110–11

Helicobactor pylori 912
Durand–Nicolas–Favre disease  see Lymphogranuloma 

venereum
Duvenhage virus 800
Dysentery

antibiotics 907, 918
resistance 947–48

bacterial enteropathogens 918, 920, 921–24
epidemiology 24, 922
shiggelosis 921–24

Dyserythropoiesis 170, 171, 174, 206, 212
Dyslipidaemia, ischaemic heart disease 689
Dysphagia 108

HIV and 385

E
Eale’s disease 319
Eastern brown snake 223, 571
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Eastern equine encephalitis virus (EEEV) 263, 723, 730
CNS involvement 876–77
epidemiology 716, 730, 876
mosquitoes 1728–29
New World distribution 729
transmission 719, 720, 730
vaccines 726, 877

Ebola haemorrhagic fever 28, 775–77, 776
Ebola Reston 774, 775
Ebola virus 28, 775
EBV  see Epstein–Barr virus
Echidna 557
Echidnophaga gallinacea 1777–78
Echinococcosis  see Alveolar echinococcosis; Cystic 

echinococcosis; Hydatid disease
Echinococcus (spp.) 1549–64

E. granulosus 510, 1549–57, 1602, 1664–65, 1666–67
life cycle 1550, 1665

E. multilocularis 510, 1557–64, 1665
life cycle 1558, 1665

E. oligarthrus 1564, 1665
E. vogeli 1564, 1665
see also Hydatid disease

Echinoderm envenomation 586
Echinoparyphium recurvatum 1651
Echinostoma (spp.) 1469–70, 1644–51

E. hortense 1651
E. ilocanum 1469
E. lindoensis 1644–51, 1647
E. malayanum 1469, 1647, 1650, 1650
E. revolutum 1651

Echinostomiasis 1469–70
see also Echinostoma (spp.)

Echoviruses 872
Eclampsia 486
Econazole

candidiasis 1174
fungal keratitis 323
oculomycosis 1187
Scytalidium infections 1175
suppurative keratitis 309, 309

Economics of tropical and infectious disease control 75–82
hepatitis B immunization 705
podoconiosis 629
rabies 264

Ecthyma 334, 335
Ectoparasites 1585–94
Ectopic lesions 1441, 1466

S. haematobium 1438
Ectopic pregnancy 125, 127, 403, 417, 421, 432

S. haematobium 1438
Ectropion 306
Eczema 355

contact dermatitis 355, 356–57
discoid 357
eczematoid dermatitis, onchocerciasis 1493
herpeticum 356
HIV and 386
nappy rash 1173
see also Dermatitis

Edge Hill virus (EHV) 748
epidemiology 716

Edrophonium chloride 580
Education  see Health education
Efalizumab 359
Efavirenz 377, 378, 387, 390, 391

contraindicated in fi rst trimester of pregnancy 377
interactions 1262
resistance 390, 391
TB therapy and HAART regime 393

Effi ciency of healthcare 78–80
Effusion, pleural  see Pleural effusions
Efl ornithine, Human African trypanosomiasis 1319, 

1321
Efudix® 361
Ehrlichia (spp.) 1098

E. canis 1098
E. chaffeensis 1098
E. equii 1098
E. ewingii 1098

Ehrlichiosis 900, 1098–99
Ekbom’s sydrome 1597–98
El tórsalo 1588–89, 1710–11, 1710–11
Elapidae snakes 558

Australasian 569
envenoming 567–69
venom apparatus 564

Elective node dissection 646
Electron microscopy

babesiosis 1304
renal disease 239, 241, 242, 243
rotavirus 815, 816, 819
viral hepatitis 697, 699

Elephantiasis
lymphatic fi lariasis 1481–82, 1482–83, 1484
non-infectious geochemical (podoconiosis) 627–29
scrotal 1484, 1488

ELISA  see Enzyme-linked immunosorbent assay
Elliptocytosis 201, 201

Elubaquine 1257
EM disease  see Environmental mycobacterial diseases
Emesis  see Vomiting
Emetine 590
Emphysema, smoking 148
Empyema 149, 465–66
Encephalitis

acute viral 263
arboviral infections 723, 859, 865, 866, 869, 872 see also 

specifi c infections
Californian  see California encephalitis virus
causes 262
in children 874
clinical manifestations 854
cysticercosis and 1571
equine viruses  see Eastern equine encephalitis virus; 

Western equine encephalitis virus
fi ts/convulsions 260
granulomatous amoebic (GAE) 268, 1413–14
HIV and 874
Japanese (JE) 263, 264, 859–61 see also Japanese 

encephalitis virus (JEV)
meningoencephalitis  see Meningoencephalitis
Murray Valley  see Murray Valley encephalitis virus
New World distribution of mosquito-borne 729
post-vaccinal 810, 872
Rocio 862–63
rubella 879
St Louis  see St Louis encephalitis virus
subacute sclerosing panencephalitis (SSPE) 263, 837, 869, 

870
tick-borne  see Tick-borne encephalitis virus

Encephalitozoon (spp.) 1403–4
Encephalomyelitis

paralytic rabies 804
post-vaccinal 735, 810
rubiviruses 878

Encephalopathy
aluminium intoxication 254
antivenom reaction 579
bovine spongiform 880
hepatic 130
hypertension 673
lead poisoning 261
plant toxins 262
post-infectious 878
from thallium 261
transmissible mink 879, 880
Wernicke’s 260

Endocarditis
brucellar 1079, 1081
cat-scratch disease 1096
diphtheria 1136
pneumococcal infection with 962
trench fever 1097

Endolimax nana, laboratory identifi cation 1603
Endometritis 417, 421, 422, 487
Endomyocardial fi brosis (EMF) 155–56, 156, 1483, 

1501
Endophthalmitis 311
Endoscopic sclerotherapy 109, 111, 133
Endoscopic sphincterotomy 1554
Endothelial abnormalities 219, 219
Endotoxins 69, 232, 922, 975, 976, 1120
Enfl urane 1028
Enfuvirtide, nephrotoxicity 245
ENL  see Erythema nodosum leprosum
Entamoeba chattoni 1386
Entamoeba coli 1625

laboratory identifi cation 1383, 1603
Entamoeba cysts, laboratory identifi cation 1603, 1604
Entamoeba dispar 1386

laboratory identifi cation 1383, 1603
Entamoeba hartmanni 1383
Entamoeba histolytica 68, 455, 1375–86, 1624–25, 1624

amoebiasis  see Amoebiasis
asymptomatic infection 1379, 1385
clinical features 1379–82, 1379
CNS infection 267–68
diagnosis and differential diagnosis 1382–84, 1382–83, 

1624–25
diarrhoea 905
epidemiology 1378
immunity 1379
invasive amoebic colitis 127
laboratory identifi cation 1603
life cycle and morphology 1624
management 1384–87
the organism 1376–77
pathogenesis 1378–79, 1624
pericarditis 157
toxic megacolon 128

Entamoeba moshkovskii 1386
Entamoeba nana 1386
Enteric fever  see Typhoid/enteric fever
Enteritis necroticans (pigbel disease) 122–23, 122, 124, 919, 

920
Enteroaggregative E. coli (EAggEC) 904, 905, 914, 917
Enterobiasis  see Enterobius vermicularis

Enterobius vermicularis (pinworm/threadworm) 127, 1515–17, 
1516, 1680, 1680, 1681

appendix and 111
eggs 1516, 1636, 1680

Enterocolitis
acute 938
salmonella 938, 939–40
Yersinia 183 see also Yersinia (spp.): Y. enterocolitica

Enterocytozoon bieneusi 1402–3, 1403
Enterohaemorrhagic E.coli (EHEC) 113, 905, 905, 914, 

916–17
Enteroinvasive E. coli (EIEC) 113, 904, 905, 914–15, 915
Enteropathic AIDS 648
Enteropathogenic E. coli (EPEC) 113, 904, 905, 908, 914, 

915–16, 916
Enterotoxigenic E. coli (ETEC) 113, 114, 455, 904, 905, 

914–15, 914
Enterotoxins 58
Enteroviruses 826

CNS involvement 871–72, 871
Entomology, medical 1708–79

information sources 1785, 1796
Entropion 306
Envenomation

arthropod bites and stings 587–94
snake bite  see Snake bite
snake venom conjunctivitis 312, 569
snake venom ophthalmia 567, 569, 581
venomous fi sh 582–84
venomous lizard 582
venomous mammals 557
venomous marine invertebrates 584–87

Environmental factors
in atopic dermatitis 355
blindness and 283–84
in cancers 636, 648
climate change  see Climate change
diarrhoea and 23, 904
genetic factors and 49, 53, 90, 163, 192, 355
in haematological diseases 162, 163, 192, 209, 217
in hypertension 672
in ischaemic heart disease 691
in rheumatoid arthritis 436
in travel health 515, 516
in tuberculosis 990, 991

Environmental mycobacterial diseases 1039–48, 1040
clinical manifestations 1042–46

disseminated EM disease 1046
lymphadenitis 1046
post-inoculation disease 1042–45
pulmonary disease 1042, 1045–46

diagnosis 1041
diseases of possible mycobacterial aetiology 1047
the environmental mycobacteria (EM) 1039

microbiology 1039–40
epidemiology and predisposing factors 1040–41
HIV and 1040–41
Runyon classifi cation 1040
therapy 1047–48

Enzyme-linked immunosorbent assay (ELISA) 72
amoebiasis 1384
brucellosis 267
giardiasis 1394
Helicobactor pylori 913
hepatitis A 697
HIV 378
Japanese encephalitis 861
malaria with HIV 381
rabies 875
sporotrichosis 349
toxocariasis 1525
viral haemorrhagic fevers 766

Enzymopathies 196–200
Eosinophilia

Ascaris lumbricoides  1522, 1523
endomyocardial fi brosis 155
eosinophilic enteritis 125
eosinophilic folliculitis 386
eosinophilic proliferative glomerulonephritis 242
and fever 102–3
tropical pulmonary (TPE) 148–49, 1522
visceral larva migrans 1525

Eosinophils
count 165
in malaria 171

Ephedrine 603, 633
Epidemic dropsy 291, 605–7
Epidemic hysteria 281
Epidemiology of disease

acute respiratory infections 19–20
arbovirus infections 715–18 see also specifi c infections
diarrhoeal disease 23–24
emerging and resurgent infectious diseases 28–32, 29–30
emerging non-infectious killers in the tropics 32–33
future of genetic epidemiology 52–53
HIV/AIDS 20–23, 314, 375
malaria 25–27, 519, 1202–5
neglected tropical diseases 28
pneumococcal diseases 953–55
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tuberculosis 24–25, 25, 991–92, 993
molecular epidemiology 992–93

vaccine-preventable infectious diseases 27–28, 522–23
see also specifi c diseases

Epidermophyton (spp.) 347
E. fl occosum 347, 1171

Epididymitis 419
Epigastric pain, Helicobactor pylori 912
Epilepsy 259

causes of fi ts/convulsions 260, 447
childhood fi ts 447
cysticercosis 269
onchocerciasis and 269

Epinephrine  see Adrenaline
Epiphora 318
Episcleritis 310, 317
Epithelial cell tumours, and EBV 793
Epstein–Barr virus (EBV) 62, 104, 787–89, 789, 836, 866

CNS involvement 866
cutaneous manifestation 847
EBV-associated malignancies 789–95
and the eye 314
glandular fever 846–47
infection in healthy individuals 787
infectious mononucleosis 787–89
nasopharyngela carcinoma and 653
oropharyngeal infection 107
parasite persistence 61
respiratory tract infection 826
vaccine development 795

Equine encephalitis viruses  see Eastern equine encephalitis 
virus; Western equine encephalitis virus

Ergot 613
Erlotinib (Tarceva) 654
Erythema induratum (Bazin’s disease) 94, 338
Erythema migrans 321, 1150
Erythema nodosum 94, 99

due to tuberculosis 1000, 1001
Erythema nodosum leprosum (ENL) 245, 340, 1056, 1060, 

1061, 1065, 1069
and the eye 317–18, 317

Erythrodermic psoriasis 358
Erythromycin

actinomycosis 1087
acute renal failure with leptospirosis 249
C. jejuni 122, 918
cat-scratch disease 316
cholera 949
diphtheria 1136
endemic treponematoses 1147
glomerulonephritis 242
Haverhill fever 1159
leptospirosis 1165
newborn conjunctivitis 303
pertussis 453
pneumococcal infections 963, 965
snake bite infection 580
STIs 335, 418, 419, 430, 504, 505
tetanus 1114
yaws 336, 504

Erythroplasia/erythroplakia 501
Erythropoietic porphyria 360
Erythropoietin 254
Erythroxylon coca 603, 619–20, 619
Escherichia coli 913–17

antibiotic resistance 915, 916, 949
bacterial meningitis 456, 969, 970, 971
diarrhoea 455, 904
enteroaggregative (EAggEC) 904, 905, 914, 917
enterohaemorrhagic (EHEC) 113, 905, 905, 914, 916–17
enteroinvasive (EIEC) 113, 904, 905, 914–15, 915
enteropathogenic (EPEC) 113, 904, 905, 908, 914, 

915–16
enterotoxigenic (ETEC) 113, 114, 455, 904, 905, 914–15, 

914
gastroenteritis and 914, 914
malnutrition and 454
neonatal meningitis 266
small intestine infection, malabsorption 122

Escompión 582
Esmolol 1117
Espundia  see Mucocutaneous leishmaniasis
Esthiomène 428
Etanercept

psoriasis 358, 359
rheumatoid arthritis 437

Ethambutol
adverse reactions 1027
mycobacterial infections 340, 1048
peripheral neuropathy and 261
toxic optic neuropathy 298
tuberculosis 506, 1009, 1022, 1024

analogues 1025
in children 449

Ethics and tropical diseases 83–90
biobanks 90
clinical trials 87–89
globalization 84–85, 86
human rights 86

international relations and 86
military expenditure and 83, 85
poverty 83, 84–86, 84, 87, 90
research committees 89–90
social injustice 85–86

Ethionamide
adverse reactions 1027
peripheral neuropathy and 261
tuberculosis 506, 1009, 1025

Ethnic factors
cardiovascular disease 681–82
diminished effi cacy of ACE in black people 155, 681
glaucomas 283
ischaemic heart disease 691

Ethyl chloride, larva migrans 511
Eumycetoma  see Mycetoma, fungal
Euparyphium ilocanum 1647, 1650
Euparyphium jassyense 1651
Eupatorium (spp.) 609
Eupolin 42
Eurax 1593
Eutrombicula alfreddugesi 1701
Eutrombicula batatas 1701
Evening primrose 603
Examination, general 99–104
Exercise

in hot conditions 527, 529, 532
hypertension 155, 671
stroke prevention 155

Exercise oximetry 1194
Exotoxins 58, 955

accessory cholera exotoxin (Ace) 925
anthrax 1109
diphtheria 320, 1133, 1135

Expanded Programme on Immunization (EPI) 457–58, 457
Exposure keratitis 317, 320, 327
Extensively drug-resistant TB  see XDRTB
Extracapsular cataract extraction (ECCE) 288–89
Eye care services 285
Eye disorders

acute red eye 306–12
arthropod-caused diseases 328
blinding diseases see also Blindness

in adults 287–99
in children 299–305

cestode-caused diseases 327
chlamydial infections 316
conjunctivitis  see Conjunctivitis
fungal infections 321–23
keratitis  see Keratitis
keratoconjunctivits  see Keratoconjunctivits
nematode-caused diseases 324–27
with onchocerciasis 1494–95, 1494
protozoa-caused diseases 323–24
refractive errors 306
rickettsial infections 316
spirochaetal diseases 321
systemic bacterial infections 316–20
trematode-caused diseases 327–28
viral infections 312–16
see also specifi c conditions

Eye drugs 326, 328
and harmful traditional medicines 305

Eye examination 285–86
in leprosy and eye health education 318

Eye injuries 311–12
Eyeball infl ammation 311
Eyelid disorders 306

F
Factor VIII concentrates 224–25
Faecal examination 115, 1535, 1600–1604
Famciclovir (FCV)

herpesvirus infections 849–50
STIs 419

Familial Mediterranean fever (FMF) 631–33, 632–33
Fannia (spp.) 1712
Fansidar®  see Pyrimethamine-sulfadoxine
Fasciola (spp.)

F. gigantica 1465, 1645
F. hepatica 107, 1465–66, 1466, 1633, 1634, 1645

egg 1466, 1602
life cycle 1633, 1635

Fascioliasis 1465–67
see also Fasciola (spp.)

Fasciolopsiasis 1467–69
see also Fasciolopsis buski

Fasciolopsis buski 1467–68, 1468, 1633–34, 1635, 1637, 1646
egg 1468, 1636
life cycle 1468, 1633, 1638
molluscan hosts 1638

Fasciotamy, snake bite 581
Fatalities during travel 516, 517
Faucial diphtheria 1134
Favism 199
Favus 1171
Feldman–Hershfi eld ulcers 1045

Fer-de-lance 223
Ferritin 170, 181, 182–83, 203, 204, 205, 211
Ferrous sulphate 204
Fever

algorithm for suspecting VHF in febrile patient 767
antivenom reaction 578, 579
bubonic plague 1121
enteric  see Typhoid/enteric fever
eosinophilia and 102–3
fi larial (acute fi lariasis) 1480–81
FUOs (fevers of unknown origin) 103
general examination 100–104
generalized rash 102
haemorrhagic 722–23
HIV and systemic illness 379, 380
incubation periods 101, 102
jaundice and 102
lymphadenopathy and 103–4, 104
malaria 1225–26

persistent fever 1233, 1271
non-haemolytic febrile reactions 233
patterns 100–101, 101
pyrogenic density 1225
rat bite fevers 1157–59
relapsing fever  see Relapsing fever
rheumatic 151
systemic febrile disease 722

Fever clearance time (FCT) 1263
Fibreoptic bronchoscopy 144–45

Pneumocystis pneumonia 1194–95
Fibrinogen 166, 174, 221, 222–23, 224, 565

in malaria 1220, 1233, 1234
Fibrocalculous pancreatic diabetes (FCPD) 664–65
Field’s stain 1236, 1605–6
Filarial lymphangitis, acute (AFL) 1481, 1486
Filariasis 1477–1509

acute (‘fi larial fever’) 1480–81
Bancroftian  see Bancroftian fi lariasis
Brugian 511, 1477–80, 1478, 1483–84, see also Brugia 

malayi; Brugia timori
CNS involvement 269
dracunculiasis 325, 1506–9
endomyocardial fi brosis and 155
glomerulonephritis and 245–46
helminthic eosinophilia and 103
laboratory diagnosis of parasites 1607–9
Loa loa  103, 269, 1500–1503, see also Loa loa
lymphatic  see Lymphatic fi lariasis
Mansonella   see Mansonella (spp.)
mosquito vectors 1724–27
onchocerciasis  see Onchocerciasis
oral infection 511
rare infections 1505–6
in tropical pulmonary eosinophilia 149
W. bancrofti  see Wuchereria bancrofti
zoonotic infections 1500, 1505–6
see also Nematodes/nematode infections

Filarioidea 1477, 1683
Filoviridae 859

outbreaks and cases of fi lovirus disease 774
pathogenesis and pathology of infections 775
transmission to humans 775
viral haemorrhagic fevers 773–77
virology 773–74

Financing of tropical and infectious disease control 75–82
Fire ant stings 587, 1597
First aid

snake bite 575
rejected/controversial methods 576

Fish, venomous 582–84
Fish poisoning 511, 594–96
Fish tank/swimming pool granuloma 1045, 1045, 1048
Fits/convulsions 260, 447

malaria 1231
Flagellates 1387–96, 1403

non-pathogenic 1395–96, 1626
see also Amoebofl agellates

Flaviviruses 715, 733–45, 748–49, 836
classifi cation 860
clinical syndromes 722–24
epidemiology and vectors 716–17
immune response to infection 721–22
mosquitoes 1729–30
neurotropic 859–64, 860
viral haemorrhagic fevers 782
see also specifi c viruses

Flea bites 347, 347
Fleas 347, 1775–79

control 1776, 1779
jigger (Tunga penetrans) 344–45, 345, 1590–91, 1590–91
medical importance 1779

Flecainide 1334
Flies

causing myiasis 1587–90, 1709–13
tabanid  see Tabanidae

Flubendazole, echinococcosis 510
Fluconazole

candidiasis 418, 507
coccidioidomycosis 508, 1184
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cryptococcosis 381, 1187
primary amoebic meningoencephalitis 1409, 1410

Flucystone, amoebiasis 268
Flucytosine

chromoblastomycosis 1179
yeasts 323

Fluid balance, acute renal failure 250–51
Fluid retention, chronic liver disease 130
Flukes

blood  see Schistosoma (spp.); Schistosomiasis
intestinal 1467–71, 1646–47
liver 1461–67, 1645–46
lung 1471–73, 1648–49
see also Trematodes/trematode infections

Fluorescent antibody test 72
Fluoridation 499
Fluoroquinolone antibiotics 916, 1025

bartonellosis 1097
diarrhoea 113
plague 1123
resistance 945, 947, 949–50
suppurative keratitis 309, 309
tularemia 1106

5-fl uorouracil 316, 654
Fluphenazine decanoate 279
FMF (familial Mediterranean fever) 631–33, 632–33
Focal segmental glomerulosclerosis (FSGS) 238–39, 239

sickle cell disease and 246
Fogo selvagem 365–66
Folate-defi ciency anaemia 206–8, 459
Folic acid 205–6

daily folate requirements 206
folate defi ciency anaemia 206–8, 459
in iron-defi ciency anaemia treatment 204
malnutrition 544

Fomivirsen 849
Fonsecaea pedrosoi 1178
Food, traditional medicine and 44
Food poisoning 905

contamination 261–62, 917
ingestion of marine animals 594–96

Forage mites 1702
Fort Bragg fever 1161, 1162, 1163, 1165
Fosamprenavir 387
Foscarnet 849, 850

cytomegalovirus retinitis 315
Fournier’s gangrene (necrotizing fasciitis) 467
Foxglove 603, 608
Fractures 468
Framboesia  see Yaws
Fransicella tularensis 1103–4, 1106–7

see also Tularaemia
Free radicals, kwashiorkor 540
Frusemide

acute renal failure 250
glomerulonephritis 247

Fucidic acid 335
Fungal infections 1169–87

arthritis 439
epilepsy 259
and the eye 321–23
granulomatous disorders 68
keratitis 308, 322, 323, 1169, 1187
oral 507–9
skin 347–52, 1169–72, 1184 see also specifi c infections
subcutaneous mycoses 1176–80
superfi cial mycoses 507, 1169–76
systemic mycoses 351–52, 507–9, 1180–81

endemic 1181–85
systemic opportunistic pathogens 1185–87

Fungizone® 1358
Funnel web spider 592
Furanocoumarin derivatives 612
Furazolidone

adverse effects 1395
cholera 949
giardiasis 1394, 1395
trichomoniasis 1423

Furosemide, chronic liver disease 130
Furuncles 1586, 1709–11
Fusarium (spp.) 1176, 1176
Fusiformis fusiformis 107

G
Gabapentin 595
Gaboon viper 224
Gad fl ies 1754
Gallbladder, enteric fever 934
Gamolenic acid 603
Ganciclovir 849

cytomegalovirus and HIV 382
cytomegalovirus retinitis 314
herpesvirus infections 867

Gangrenous stomatitis 502–3
Garlic 601, 614, 615, 623
Gasterophilus (spp.) 1588, 1589
Gastric carcinoma 110

Gastric ulcers 110
Gastritis 110–11, 551, 911

H. pylori 912, 913
Gastrodiscoides hominis 1647, 1658–59, 1659
Gastroenteritis

bacterial enteropathogens 914, 914, 917, 920, 921, 927
cat-scratch disease 1096
due to compounds in plants 613
viral 859, 903, 904

Gastroenterological problems 107–36
abdominal pain 111, 111
fi sh poisoning 594–96
gastroenteritis  see Gastroenteritis
gastrointestinal disease with HIV 385–86
gastrointestinal dysfunction in malaria 1221
gastrointestinal haemorrhage 125, 1223
infections/diseases

brucellar 1079
colorectal 125–28
liver and biliary 128–34
oesophageal 107–10
oropharyngeal 107, 1172–73 see also Oral infections
pancreas 134–35
S. haematobium, gastrointestinal tract 1438
small intestinal 111–25
spleen 136
stomach and duodenum 110–11

information sources 1785
Gastrophilus (spp.) 1711–12
Gedoelstia (spp.) 1713
Gelsemium sempervirens 618, 618
Gemcitabine 655
Gene therapy, β thalassaemia major 184
Genetics 49–54

environmental and genetic factors in disease 49, 53, 90, 
163, 192, 355

of essential hypertension 672
future of genetic epidemiology 52–53
genetic contribution to common diseases 51–52, 51–52
genetic factors in cancer 635–36
human genome

diversity in 50
selective pressure of infectious disease on 50–51

individual variation 49–50
malaria protection 1208–9
molecular genetics of Plasmodium 1208
and the shaping of medical practice 53–54

Genital herpes 430–31, 430
treatment 419

Genital scabies 419
Genital tract, tuberculosis 1010–11
Genital ulcers 409, 422–31
Genital warts 431–32, 431

treatment 419, 432
Genitourinary infections

brucellar 1079
S. haematobium 1437–38

Gentamicin 964
Acanthamoeba keratitis 1416
brucellosis 1081–82
malnutrition 543
newborn conjunctivitis 303
plague 1123
pneumonia in children 454
snake bite infection 580
suppurative keratitis 309
tularemia 1105–6

Geohelminths  see Nematodes/nematode infections
German measles  see Rubella
Gerstmann–Sträussler–Scheinker syndrome (GSS) 880
Getah virus (GETV) 748

epidemiology 716
Giant cell pneumonitis 828, 829, 837
Giardia (spp.)

G. agilis 1387
G. duodenalis 1625–26, 1625
G. lamblia/intestinalis 1387–95, 1387–88 see also Giardiasis

diarrhoeal disease 455
laboratory identifi cation 1603

G. muris 1387
Giardiasis 123, 1387–95

anaemia 175
cellular immune responses 1392
clinical complications 1393–94
clinical features 1393
diagnosis 1394, 1626
epidemiology 1389–90
Giardia antibodies 1391–92
integrated immune response 1392
intestinal malabsorption 1393
management 1394–95
pathogenesis 1390–91, 1390
small intestine 123
symptoms of acute giardiasis in travellers 1393
see also Giardia (spp.)

Giemsa stain 419, 1313, 1422, 1605, 1608–9, 1610
panoptic May Grünwald-Giemsa stain 1356

Gila monster 582
Gingivostomatitis 842, 842

Ginkgo biloba 601, 614, 622
Ginseng, drug interactions 622, 623–24
Glandular fever 104, 846–47
Glaucomas 289–91

angle closure 283, 290
congenital (buphthalmos) 291, 304, 304
gender and ethnicity 283
open angle 283, 289–90
secondary 290–91, 291

Global Alliance for TB Drug Development 1025, 1031
Global Plan to Stop Tuberculosis (GPSTB) 1031–32
Global Public Good (PGP) 78
Global TB Drug Facility (GDF) 1031
Globalization 84–85, 86
Glomerular fi ltration rate (GFR) 235–36

chronic renal failure 251, 252, 252, 253, 254
Glomerulonephritis 236–46

acute post-infective 242
acute proliferative (APGN) 241–42, 246
associated infections 237
classifi cation 236
clinical presentation 237, 238, 242
crescentic 241
diagnosis 237, 238
eosinophilic proliferative 242
fi lariasis and 245–46
focal segmental glomerulosclerosis (FSGS) 238–39, 239, 

246
hepatitis B-associated membranous nephropathy 242–43, 

243
hepatitis C-associated nephropathy 243
HIV-associated 243–44
ideopathic 237–38
infection-associated 241–46
leprosy and 245
malaria and 246
management 237, 238
membranous nephropathy 239–40, 241
mesangial proliferative 240, 241, 245
mesangiocapillary (MCGN) 240, 246
pathogenesis 236
pattern of glomerular disease in the tropics 237
post-streptococcal 249
scabies and 1592
schistosomiasis and 244–45
secondary 240–41
sickle cell disease and 246
see also Nephrotic syndrome

Glorioso superba (glory lily) 262, 607–8
Glossina (spp.) 1307–8, 1759–67, 1759–65

fl y dissection 1766
fusca group 1763

G. fuscipes 1764
G. morsitans group 1307
G. pallidipes 1765–66
G. swynnertoni 1765–66
G. tachinoides 1764
identifi cation guide 1763
life history 1761–62
morsitans group 1762–64, 1765–66
natural infection rates 1766
palpalis group 1762–66
sleeping sickness and 1307–8, 1762–66 see also Human 

African trypanosomiasis
trypanosome location 1760

Glucantime® 1357
see also Meglumine antimonate

Glucose intolerance, ischaemic heart disease 689
Glucose-6-phosphate dehydrogenase (G6PD) defi ciency 167, 

171, 195, 196–200, 198–99
acute renal failure 248
blood transfusion 198, 199
G6PD variants 197, 197
haemolysis due to compounds in plants 613–14
jaundice 129, 129, 197–99
malaria and 200, 1208
screening and identifi cation 198, 200

Glycolic acid 369
Glycopeptides, pneumococcal infections 964
Gnathobdellida leeches 1585–86
Gnathostoma spinigerum 269, 270, 1670–71, 1672

epilepsy 259
Gnathostomiasis 94, 269–70, 270, 344, 511

and the eye 326
Goitre 546

endemic 97
Gold injections, rheumatoid arthritis 437
Gongylonema (spp.) 511

G. pulchrum 1671
Gonococcal arthritis 438
Gonococcal conjunctivitis 307
Gonococcal ophthalmia 417–19, 417

treatment 418, 419
Gonorrhoea 406–20

clinical features 406–19
complications in men 406–17
complications in women 417

laboratory diagnosis 419–20
oral infection 504–5
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pathogenesis 406
prevention 420
treatment 418, 420

Goundou 336, 504, 1142, 1142, 1143
Gout 439–40
Graft-versus-host disease 233
Gram stain 1610
Gram-negative bacteria

blood transfusions and 232
chancroid 422
chlamydial infections 420
donovanosis 429
gonorrhoea 406, 419
immunopathology 58, 69
malnutrition and 539
meningitis 266

Granuloma inguinale 505
see also Donovanosis

Granulomas 1012
Ascaris 1521, 1522
Candida 1174
cat-scratch disease  see Cat-scratch disease
disorders with causal agents 68
formation 66, 988
hepatic 128
schistosomiasis granuloma 790
swimming pool/fi sh tank granuloma 1045, 1045, 1048
tuberculous 988, 989, 990, 991, 1013–14

iridocyclitis 319
miliary TB 319, 1005
pleural effusions 1004
renal TB 1011

Granulomatous amoebic encephalitis (GAE) 268, 1413–14
Granulomatous anterior uveitis  see Iridocyclitis
Granulomatous ophthalmitis (ocular toxocariasis) 1523, 

1524–25
Grapefruit juice, drug interactions 622, 623
Grass pea 616–17, 617
Green African tree snake (boomslang) 223, 224, 567
Green pit viper 223, 224, 571
Greenheads  see Chrysops (spp.)
Griseofulvin

eumycetoma 1178
Tinea pedis 1172

Grocer’s itch 1595
Growth monitoring 15–16, 75
Guaitara fever  see Bartonellosis
Guama virus (GMAV) 717
Guaroa virus (GROV) 717
Guillain–Barré syndrome 269
Guinea worm  see Dracunculus medinensis
Gumma 321, 425, 503, 1143
Guttate psoriasis 358, 358

H
HAART (highly active antiretroviral therapy) 264–65, 315, 

388–96, 841, 1067, 1198
adherence and follow-up 391
cessation 396
dermatological disease with HIV 386
DOT-HAART 391, 396
hepatoxicity 386
HIV-associated dementia and 383
immune reconstitution disease and 382
initiation timing 394
Kaposi’s sarcoma 387
monitoring 394–96, 395
and prevention of mother-to-child transmission of HIV 

377
principles 388–89
regimens 391–94

hepatitis B co-infection and 394
pregnancy and 393–94
tuberculosis therapy 393

resistance 390–91
HAD (HIV-associated dementia) 383
Haemagogus mosquitoes 1739, 1744–45
Haemaphysalis leachi 1707
Haemaphysalis spinigera 1707
Haematemesis 109, 110, 133, 533

aquatic leeches 1586
envenomation 567, 590
haemorrhagic fever 722, 760, 776
schistosomiasis 1444

Haematogenous osteomyelitis 471–72
HIV-associated 466, 466

Haematological diseases 161–225
anaemia  see Anaemia
haemostasis disorders 171–72, 219–25
white cell disorders 213–19
see also specifi c diseases

Haematology
acute renal failure 250
β thalassaemia major 181
blood examination for haematological assessment 

1611
folate defi ciency anaemia 207, 208

G6PD defi ciency 199–200 see also glucose-6-phosphate 
dehydrogenase defi ciency

hyperreactive malarious splenomegaly 173–74
iron-defi ciency anaemia 203–4 see also Iron-defi ciency 

anaemia
malaria 1233
reference ranges 161–66
TB diagnosis 999
thrombocytopenia 220
see also Blood examination

Haemato-oncology services in the tropics 218–19
Haematopota (spp.) 1754
Haematuria 246

Bancroftian fi lariasis 1483
hypertension 675

Haemodialysis
acute renal failure 251
chronic renal failure 254

Haemoglobin
anaemia and concentrations of 166–67, 166
augmentation of fetal haemoglobin synthesis 184
chromosomal developmental organization of the globin 

genes 176
induction of fetal haemoglobin 194
levels in pregnancy 484
measurements 161–62
normal human haemoglobins 175
structure 175

Haemoglobin Bart’s hydrops syndrome 188
Haemoglobin C thalassaemia 186
Haemoglobin E thalassaemia 186
Haemoglobin H disease 188
Haemoglobin S β+ thalassaemia 196
Haemoglobin S β0 thalassaemia 195–96
Haemoglobin SC disease 195
Haemoglobin SD Punjab 196
Haemoglobinopathies 175–96, 441, 484

Hbs C, D and E diseases 195, 196
inherited disorders of haemoglobin synthesis 175–76
jaundice 129 see also Jaundice
sickle cell disease  see Sickle cell disease
thalassaemia syndromes 176–89, 195–96

Haemolysis
anaemia aetiology 167 see also Haemolytic anaemias
blood transfusions and 232
drug-induced 199
enteric fever 934
food-induced 199
in glucose-6-phosphate defi ciency 613–14
impaired platelet aggregation from plant compounds 614
intravascular 232, 248, 566, 572

Haemolysis, elevated liver enzymes and low platelet (HELLP) 
syndrome 486

Haemolytic anaemias 169–201
enzymopathies 196–200
haemoglobinopathies 175–96
malaria 169–74, 1271–72
membrane defects 200–201
non-malarial protozoa 174–75
splenomegaly and hypersplenism 169

Haemolytic–uraemic syndrome (HUS)
acute renal failure 249–50
shigella dysenteriae type 1 455

Haemophilia 224–25
Haemophilus bacteria

H. ducreyi 422, 423, 424
H. infl uenzae  454

bacterial meningitis 455–56, 969, 971, 974, 975, 976, 
978, 979

bacteriology 974
and meningococcus infection vaccine 266

H. infl uenzae (b) (Hib) vaccine 979
haemophilia-related arthritis 440
immunology 60

Haemorrhage 192
acute 162, 167, 203
antepartum 478
cerebral 182, 486, 859
CNS viral invections 857, 859, 861
dengue fever 452
eye 291
gastroenterological problems 107, 109, 110, 125, 127, 

133
geohelminthic infections 1516, 1517, 1528, 1529, 1532, 

1543
haemostasis disorders 171–72, 219–25
intestinal 933, 1105
leptospirosis 1161, 1163, 1164
obstetrical 477–79
pertussis 453
postpartum 479
relapsing fever 1151, 1153, 1155, 1156
renal disease 248, 250
snake bite 565–66
subconjunctival 307
subcutaneous, ticks 1595

Haemorrhagic disease of the newborn (HDN) 220
Haemorrhagic fever, viral  see Viral haemorrhagic fevers
Haemorrhagic fever with renal syndrome (HFRS) 777–78, 779

Haemosiderosis 130, 233
Haemostasis 165–66

disorders 219–25
of coagulation 220–25
in malaria 171–72
purpuras 219–20

viperidae snake bite 570–72
Halofantrine 1248, 1253–54

interactions 1262
Haloperidol 279, 1028
Halzoun 107, 1708
Hand injuries and infections 468–69
Hantavirus pulmonary syndrome (HPS) 828–29
Hantaviruses 778, 826, 828

CNS involvement 858–59
Harvard Step Test (HST) 168
Hashish 601, 619

see also Cannabis
Haverhill fever 1158–59, 1159
Head injury 469
Head louse 1593, 1593
Headache

HIV opportunistic illnessess 387
without focal neurological defi cits 382–83

Heaf test, tuberculin 999, 999
Health and safety

blood transfusion 229–30
handling dead bodies 769
laboratory work 769, 1107, 1599
personal protective equipment (PPE) 769
surgery 464–65, 469–71
traditional medicine 43–44, 260–61

Health education 1372
condom campaigns and 377, 404, 432
eye health 318
helminthic control 1539
toxoplasmosis 1372

Health insurance 81
Healthcare

clinical history 93–99
community-based therapeutic care (CTC) 542–43
demand and supply 75–78
economics of tropical and infectious disease control 

75–82
effi ciency 78–80
fi nancing in developing countries 80–81
general examination 99–104
primary  see Primary healthcare
public  see Public health
quality, in HIV-related tuberculosis 1020–21
radiology and 494–96 see also Radiology

Heat acclimatization 528
Heat cramps 529–30
Heat disorders

body fl uid imbalance 530–31
heat stroke 249, 531–34
minor 529–30
prevention 534
skin disorders with sweat suppression 530

Heat exhaustion 530–31
Heat oedema 529
Heat stress 527–29
Heat stroke 531–34

acute renal failure 249
Heat syncope 529
Helicobactor pylori 110, 911–13, 912–13
Heliotropium (spp.) 609–10, 616
Helminthic infections

abdominal pain 111
active penetration by parasite larva 59
AIDS and 71
cestode  see Cestodes/cestode infections
CNS involvement 268–71
emergency conditions 125
geohelminths (soil-transmitted helminths)  see 

Nematodes/nematode infections
intestinal obstruction 123, 472–73, 1521, 1522
meningitis 262
nematode  see Nematodes/nematode infections
trematode  see Trematodes/trematode infections

Helminthology
cestodes 1659–69 see also Cestodes/cestode infections
nematodes 1669–98 see also Nematodes/nematode 

infections
trematodes 1633–59 see also Trematodes/trematode 

infections
see also specifi c helminths

Heloderma (spp.) 582
H. horridum 582
H. suspectum 582

Hemlock 606, 618
Henbane 606
Hepadnaviruses 836
Heparin 534
Hepatic carcinoma 615–16
Hepatitis, drug-induced 385–86
Hepatitis, due to compounds in plants 615
Hepatitis, viral 697–712

acute hepatic necrosis 131–32



Index

1812

HIV and 385–86
jaundice 129
management of acute viral hepatitis 711
with schistosomiasis 1453
see also specifi c forms of hepatitis

Hepatitis A vaccines 698–99
Hepatitis A virus (HAV) 697–98, 698

acute hepatic necrosis 131–32
CNS involvement 872
HIV and 386

Hepatitis B vaccination 27, 458, 523, 704–7
immunization strategies 705–6
kinetics of anti-HBs response 706
recombinant DNA production techniques 707
and surface antigen mutations 707

Hepatitis B virus (HBV) 700–704, 701
acute hepatic necrosis 131–32
age distribution and prevalence 703
associated membranous nephropathy 242–43, 243
associated polyarteritis nodosa 243
carrier state 703
chronic liver disease 129
cutaneous manifestation 836
epidemiology 27
HBV precore mutants 707–8
and hepatocellular carcinoma 640, 708
HIV and 129, 386

hepatitis B co-infection and HAART regime 394
organization of the HBV genome 701–2, 701
parasite persistence 61, 62
prevention and control 703–7
and renal disease 242
replication of the HBV genome 702
screening, with blood tranfusions 230
surface antigen mutations 707
transmission 702–3
treatment of chronic infection 711–12
virus structure 700–701

Hepatitis C virus (HCV) 709–11
acute hepatic necrosis 132
associated nephropathy 243
chronic liver disease 129
and hepatocellular carcinoma 640
HIV and 386
screening with blood tranfusions 231
treatment of chronic infection 712

Hepatitis D immunization 709
Hepatitis D virus (HDV) 708–9

acute hepatic necrosis 132
Hepatitis E immunoprophylaxis 700
Hepatitis E virus (HEV) 699–700

acute hepatic necrosis 132
Hepatocellular carcinoma 132–33, 640–42, 642, 708
Hepatomegaly 104, 104, 1223, 1347
Hepatosplenic schistosomiasis 1439–40
Hepatosplenic syndrome, cat-scratch disease 1096
Hepatosplenomegaly 104, 174

Chagas’ disease 1330
Hepatotoxicity

amodiaquine 1252
ART/HAART 386, 392
nevirapine 386, 391, 392
from plants 43, 132, 615–16

Herbal medicine 36, 39, 40, 601–2
adulterants and contaminants 623, 624
anticoagulant interactions 621–23, 622
Chinese 41, 43, 356, 616, 624
pharmacodynamic interactions 621
safety 43–44
see also Traditional medicine

Herpes simplex virus (HSV) 836, 842–44
with atopic dermatitis 356
CNS infection 854, 854, 864–65
epidemiology 864
genital herpes 419, 430–31
immunology 60–62, 61
keratitis 302, 309–10, 309
oropharyngeal infection 107
pathogenesis 864
pathology 864–65
prevention and control 865
primary infections 842–43, 842, 843

in HIV-infected individuals 843–44
in respiratory tract 825, 826

Herpes zoster (shingles) 845–46, 846
and the eye  see Herpes zoster ophthalmicus
HIV and 386–87
keratitis 313

Herpes zoster ophthalmicus 313
HIV/AIDS and 313, 314

Herpesviruses
Cercopithicine herpesvirus 1 (B virus) 866–67
human  see Human herpesviruses

Herpetic whitlow 843
Heterodera radicicola 1636
Heterophyes heterophyes 1470, 1639–41, 1641, 1646

egg 1636
Heterophyiasis 1470–71
Hexylresorcinol crystoids 1470

Hidromeisosis 530
High blood pressure  see Hypertension
Highly active antiretroviral drugs

HIV-associated glomerulonephritis 244
nephrotoxicity 245
therapy  see HAART

Hippomane mancinella 612, 612
Histamine H1-blockers 579, 589, 595
Histamine H2-blockers 595
Histamine syndrome 595
Histoid leprosy 1058
Histoplasma capsulatum 322, 351, 1181–82, 1182
Histoplasmosis 351, 352, 508, 1181–83, 1182

African 1183, 1183
eye infections 322
with HIV 382

History of tropical medicine 1–7
information sources 1784

History taking 93–95
checklist 95

His-Werner disease  see Trench fever
HIV (human immunodefi ciency virus) 873, 874

AIDS dementia complex (ADC) 874
anaemia 211–12
care 378–96

acute HIV 379
chronic HIV 379
evolving needs 388
HIV, laboratory medicine and clinical markers 

378–79
long term 387–88
opportunistic illnessess 379–96

in children 449–52
CNS involvement 874
with tuberculosis 146–47, 1001–2

clinical history 96–97
clinical staging 395, 464, 873
CNS disorders 259, 873–74
concentration (viral load) 378–79
control cost-effectiveness 79
cryptosporidiosis and 1397, 1400
cytomegalovirus and 353, 449, 451, 829, 832, 874

cytomegalovirus retinitis 314–15, 315
opportunistic illness 382

diarrhoea 385, 450, 905–6, 1399, 1402–3
endemic treponemal infections and 1147
environmental mycobacterial diseases with 1040–41
epidemiology 20–23, 314, 375
epilepsy 259, 260
Epstein–Barr virus and 794
and the eye 314–16
fever of unknown origin 103, 103
fever with systemic illness 379
global distribution 375–76, 376
HBV and 129
herpes simplex infections and 843–44
herpes zoster ophthalmicus 313, 314
information sources 1787–88, 1796
leishmaniasis and 1354–55
leprosy with 1067
lymphadenopathy 104
lymphocyte and CD4 cell counts 378, 379, 380, 383, 394, 

464, 464
M. avium complex (MAC) with 381, 1039–41, 1046, 

1047
malabsorption 121
malaria and 381, 1227
malignancies 315–16, 387, 637, 794–95
malnutrition and 539
molluscum contagiosum 314
neurological complications 264–65, 265, 467
ocular syphilis and 315
and opportunistic illness 373–96

by organ system 379–87
prevention 388–96 see also Highly active antiretroviral 

drugs
screening for infection 387–88

parasite persistence 61
partnership with traditional medicine in management and 

prevention 39–41
pathophysiology 373–74, 374
pericardial infection 157
Pneumocystis pneumonia 143, 147, 384–85, 1195–96, 

1197–98
in pregnancy 488–90
prevention 376–78

male circumcision 378
of mother-to-child transmission (PMTCT) 377, 488–

89, 489
post-exposure prophylaxis (PEP) 378

recognition of HIV-positive patients 464
resistance testing 379
respiratory disease with 146–47, 146
screening, with blood tranfusions 230
skin conditions with 352–53, 353
STIs and HIV infection 404
strongyloides dissemination 270
strongyloidiasis 1534–35
surgery and

consideration of pathologies associated with HIV 
465–67

infl uence on surgery in the tropics 463–65
testing 378
transmission and exposure risk 375, 375

prevention of mother-to-child transmission (PMTCT) 
377, 488–89, 489

treatment supply in India 76
and tropical infections 71
tuberculosis and 24, 25, 266, 449, 1017–21

active case fi nding 388
diagnosis of TB in HIV-positive adults 1018–19
global control strategies 1033
HIV prevalence rates in new TB cases 994
impact of the HIV/AIDs epidemic 993
opportunistic illness 379–81, 384
pulmonary presentation 146–47, 384, 1018–19, 1018
secondary eye disorders 315
surgery and 465
TB in HIV-infected children 146–47, 1001–2
TB therapy and HAART regime 393
tuberculous pericarditis 156–57

and viruses causing respiratory disease 829, 832
zoster complications with 846, 846
see also AIDS

HIV immune complex kidney disease (HIVICK) 244
HIV-1 fusion inhibitor 245
HIV-associated dementia (HAD) 383
HIV-associated glomerulonephritis 243–44
HIV-associated hairy leukoplakia 500
HIV-associated Kaposi’s sarcoma 315, 315, 385, 387, 467, 467, 

501
HIV-associated nephropathy (HIVAN) 244, 244, 386
HIV-associated pneumococcal disease 954–55, 962
HIV-related retinopathy 314
Hodgkin’s disease 214, 792–93
Homocysteinuria 691
Honey, poisonous 1597
Hookworm 14, 59, 1526–27, 1528–29, 1674–75

abdominal pain 111
anaemia 98, 123, 158, 202, 1528, 1529, 1530
ancylostomiasis (hookworm disease) 1526–30

infantile 1529
coronary arterial disease 158
eggs 1526, 1527, 1528, 1529–30, 1601
life cycle 1527, 1527, 1674–75

Hordeolum 306
Hormonal therapy, acne 354
Hormones, factors in tuberculosis 991
Hornet stings 587, 588, 589, 1597
Horse fl ies 1754
House-dust mites 1702
Human African trypanosomiasis (HAT) 67, 102, 267, 447, 

1307–23
biology 1309–10, 1309
card agglutination test (CATT) 1313, 1323
clinical symptoms and signs 1314–17
control 1322–23
determination of stage of disease 1314
diagnosis 1313–14
differential diagnosis 1314
distribution 1307–9, 1309
epidemiology 1307–9

T.b. gambiense 1310–11
T.b. rhodesiense 1311–12

and the eye 324
haematological consequencies 174–75
historical background 1307
immunopathology 1318
management 1318–22
pathology 1317–18
tsetse fl y transmission 1312, 1762–66

Human Boca viruses 828
Human bot fl y 1588–89, 1710–11, 1710–11
Human cytomegalovirus (HCMV)  see Cytomegalovirus
Human ehrlichiosis 1098–99
Human granulocytropic anaplasmosis (HGA) 900
Human herpesviruses (HHVs) 836, 842–50

classifi cation 842, 864
CNS involvement 864–67, 874 see also specifi c viruses
HHV-1–HHV-2  see Herpes simplex virus (HSV)
HHV-3  see Varicella zoster virus
HHV-4  see Epstein–Barr virus (EBV)
HHV-5  see Cytomegalovirus (CMV)
HHV-6 849

CNS involvement 866
HHV-7 849, 866
HHV-8 849, 866

Kaposi’s sarcoma-associated herpes virus (KSHV) 637
management of infections 849–50

Human immune globulin (ZIG) 833
Human immunodefi ciency virus  see HIV
Human metapneumovirus 454, 827

respiratory tract infection 826
Human monocytic ehrlichiosis (HME) 900
Human papilloma virus (HPV) 431, 836, 850–51

CNS involvement 868
vaccination 636

Human rights 86
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Human T lymphotropic virus type 1 (HTLV-1) 215–16, 265
Human tetanus immune globulin (HTIG) 1116, 1117–18
Humoral (antibody) responses 65–66
Hyalomma marginatum 1708
Hydatid disease (hydatid cysts, echinococcosis) 510

alveolar echinococcosis 1557–64
cerebral 270
cystic echinococcosis 1549–57
epilepsy 259, 260
eye complications 327
hepatic 134
polycystic echinococcosis 1564
pulmonary problems 148
spinal 270
surgery 473

Hydralazine 486, 683
Hydrocele 1481, 1481
Hydrocephalus

fi ts/convulsions 260
herpesviruses and 874

Hydrochlorothiazide 682
Hydroids 584–85
Hydrophobia  see Rabies
Hydroquinone 369
1a-hydroxycholecalciferol 253
Hydroxychoroquine, rheumatoid arthritis 437
Hydroxyurea 194, 218, 359
Hymenolepis diminuta (rat tapeworm) 1581, 1581, 1667

life cycle 1667, 1668
Hymenolepis nana (dwarf tapeworm) 1578–79, 1579, 1663, 

1666–67, 1667, 1668
Hymenoptera stings 587–89
Hyoscine 603, 617
Hyoscyamine 618
Hypereosinophilia

endomyocardial fi brosis 155
Loa loa 1501

Hyperimmune γ-globulin 870
Hyperkalaemia

acute renal failure 251
chronic renal failure 253

Hypermobility 436
hyperextensibility of the knee 436

Hyperreactive malarious splenomegaly (HMS) 108, 111, 131, 
173–74, 1279

Hypersensitivity testing, antivenom 577
Hypersplenism 169, 174, 1440

splenectomy 184
Hypertension 669–83

antihypertensive drugs 679–81
and the burden of disease 672–74
concomitant disease 682
coronary heart disease risks 673
crises 683
defi nition and classifi cation 669,9670
diabetes 665
diagnosis 674–75
dilated cardiomyopathy 153
drug therapy 677–83, 679–81

combination drug therapy 682
elderly patients 678–81
epidemiology 669–70
genetics of essential hypertension 672
hypertensive disorders of pregnancy 484–87
and hypertensive heart disease 154–55
hypertensive nephrosclerosis 673
ischaemic heart disease 689
malignant 673
management 676–83

according to added risk 679
patient evaluation 675–76
peripartum cardiac failure 153–54
portal 130, 131, 131, 133, 1453
in pregnancy 672
prognosis 678
pulmonary 1440
pulmonary arterial 149
racial susceptibility 154
renal impairment 672, 676

acute renal failure 673
chronic renal failure 252

resistant 682–83
risk factors 670–72, 678
secondary 672
tetanus 1117
ventricular hypertrophy 673

Hypertensive heart disease 154–55
dilated cardiomyopathy and 153

Hyperthermia  see Heat disorders; Heat stress
Hypertrophic osteoarthropathy 442, 1008
Hyperuricaemia 439
Hypoalbuminaemia, kwashiorkor 540
Hypobiosis 1675
Hypoderma (spp.) 1589, 1713

H. bovis 1711
H. lineatum 1711

Hypoglycaemia
acute severe malnutrition 543
adverse drug reactions 1027, 1196

beta-blockers 486
cholera 925
malaria 448, 1221, 1222, 1270

cerebral malaria 267, 447, 1222, 1268
post-malaria 1233

plant poisoning 613, 620
quinine 1271

Hypokalaemia
cholera 248
heat stroke 533
hypertension 675, 676
plant poisons 621, 622

Hypolactasia 116, 130
Hyponatraemia, Japanese encephalitis 861
Hypoproteinaemia 1528
Hypoprothrombinaemias 220–21
Hypotension

post-malaria 1232–33
snake bite 565, 572, 580
tetanus 1117

Hypothermia, blood transfusions 233
Hypovolaemic shock 766
Hypoxia 168, 454, 471, 1194, 1615

fetal 185, 487
Hypromellose 308
Hysterectomy 487, 639
Hysteria, epidemic 281

I
Icajine 617
Idoxuridine 849
IgA nephropathy 240
Ileosigmoid knotting 472
Ilhéus virus (ILHV) 748

epidemiology 716
mosquitoes 1729

Imaging services in the tropics 493–97
CT scans in pneumocystis pneumonia 1193–94
CT scans in tuberculosis 1003–4, 1008, 1009, 1010, 1012
cysticercosis 1572–73
MRI scans in rabies 806
MRI scans in tuberculosis 998, 1007, 1009, 1010
NMRI scans in cystic echinococcosis 1552

Imagocides 1280
Imatinib 218, 654
IMCI (integrated management of childhood illnesses) 10–12, 

33, 450, 454, 456–57
Imidazoles

fungal infections 323
imidazole carboximide 647, 649
interactions 1028
leishmaniasis 1357, 1359
suppurative keratitis 309

Imipenem
acute renal failure with melioidosis 249
fungal mycetoma 1178
melioidosis 1130
nocardial disease 1049

Imiquimod 361, 419, 432, 850–51
Immune reconstitution disease (IRD) 382
Immune reconstitution imfl ammatory syndrome (IRIS) 265, 

1020, 1048
Immunization 72

animal inoculation 803, 1150, 1151, 1155, 1304, 1356
clinical history 97
Expanded Programme on Immunization (EPI) 457–58, 

457
innoculation of surgeons operating on HIV-positive 

patients 464
international travel requirements 523
Penicillium marneffei 1185
programmes in children 457–58
prophylactic, snake bite 581
routine 523
vaccine-associated adverse events (VAAEs) 72
vaccines/conditions

arbovirus infections 725–26 see also specifi c infections
bacterial meningitis 456, 979–80
BCG (Bacille Calmette-Guérin) vaccine 449, 458, 

1033–34
cancers 636, 642
chikungunya virus 725, 876
cholera 115, 926–27
diphtheria 453, 458, 1136–37
Epstein–Barr development 795
equine encephalitis viruses 726, 731, 877, 878
Haemophilus infl uenzae and meningococcus infection 

266
hepatitis A 698–99
hepatitis B 27, 458, 523, 704–7
human papilloma virus 636
infl uenza 833, 868
Japanese encephalitis 861
leishmaniasis development 1361
malaria development 1278
measles 27, 302, 448, 448, 457, 833, 837–38, 870
meningococcal meningitis 266

MMR (measles-mumps-rubella) 838, 870
mumps 870–71
opportunistic viral infections of the CNS 874
pertussis 458
pneumococcal 81, 964–65
pneumococcal conjugate (PCV7) 456, 458
polio 263, 457, 872
polysaccharide 964
post-vaccinal encephalomyelitis 810
protein conjugate pneumococcal 964–65
Q fever 900
rabies  see Rabies: prophylaxix/immunization
recommended for travellers 523–24
rubella 313, 838, 879
schistosomiasis development 1454–55
Strep. pneumoniae 980
tetanus 27–28, 447, 1117–18
tick-borne encephalitis 725, 740, 864
tuberculosis 1033–35 see also BCG vaccine
typhoid 524, 936–37, 937
varicella 845
West Nile virus 725, 742, 862
WHO recommendations 72, 457–58, 809, 1034
yellow fever 458, 523, 725, 745

Immunodefi ciency
cancer and 71
infections causing 70–71, 71

Immunodiagnosis 71–72
alveolar echinococcosis 1561, 1562
intestinal fl ukes 1467
rabies 874
schistosomiasis 1448
snake bite 575

Immunoglobulins, humoral responses 65–66
Immunology 57–72

AIDS and tropical infections 71
bacterial toxins and the immune system 69
components of the immune system 57–66
concomitant infections 68
granulomas 66, 68
host susceptibility to pneumococcal diseases 956–58, 957
immune response to arbovirus infection 721–22
immune responses to M. tuberculosis 989–91, 992
immunity and protection 72
immunization  see Immunization
immunodefi ciency and cancer 71
immunodiagnosis  see Immunodiagnosis
infections causing immunodefi ciency 70–71, 71
leishmaniasis diagnosis 1356–57
leprosy 1056
malnutrition, immune responses and infection 69–70, 70
mucosal imune response

pneumococcal diseases 956–58
STIs 406

non-specifi c immune system: innate immune responses 
59–63

non-specifi c immunity: external barriers 58–59
parasite evasion of host defence mechanisms 59, 66–68, 

69
rabies 804
severe immunodefi ciency disorders with Mendelian 

inheritance 51
specifi c acquired immune responses 64–68
viruses, cancer and immunity 62

Immunopathology 68
with acute bacterial infections 58
consequences of tropical infections 57
Human African trypanosomiasis 1318

Immunoproliferative small intestinal disease 215
Impavido® 343
Impetigo 333, 334, 335
Incidental hosts 718
Indeterminate leprosy 339, 1057, 1059
Indian childhood cirrhosis 130, 130
Indiginous systems of medicine (ISM) 41

see also Traditional medicine
Indinavir, nephrotoxicity 245
Indirect fl uorescent antibody test (IFAT) 123, 1304, 1333, 

1357, 1448
Inermicapsifer (spp.) 1669
Infant mortality 445, 446, 477, 478
Infants

blood cells 161
breast-feeding 10, 14, 15, 450, 538–39
complementary feeding 10, 14–15
congenital infections 446–47
copper defi ciency 210
diarrhoea 24, 455, 908, 914
essential interventions 446
haemorrhagic disease of the newborn 220
hepatitis B infection 702–3
infant diets and malnutrition 539
infantile beriberi 550
infantile hookworm disease 1529
infantile scurvy 547
iron-defi ciency anaemia 202, 203, 204, 458–59
nappy rash 1173
neonatal herpes simplex infection 843
neonatal jaundice 197–98



Index

1814

neonatal meningitis 266, 938–39, 969–71, 970
neonatal septic arthritis and osteomyelitis 471
neonatal tetanus 1115
newborn conjunctivitis 302–3, 303
perinatal and neonatal health 445–47
RSV infection 833
sickle cell disease 190
see also Paediatrics in the tropics

Infectious diseases
bacterial  see Bacterial infections
emerging and resurgent 28–32, 29–30
epidemiology 19–32
fi nance and economics of control 75–82
genetic contribution to common diseases 51–52, 51–52
mortality rates 19–20, 20
neglected tropical diseases (NTDs) 28
occupational 148
primary healthcare management 13–14
screening for transfusion-transmitted infections 230–31
selective pressure on human genome 50–51
sexually transmitted  see Sexually transmitted infections
vaccine-preventable 27–28

in travellers 522–24
viral  see Viral infections
see also specifi c diseases

Infectious mononucleosis (IM) 787–89
Infl ammatory acne 354
Infl ammatory bowel disease 100, 113, 126, 126, 127, 940
Infl iximab 359
Infl uenza A and B viruses 826–27, 826, 830

CNS involvement 867–68
treatment 832–33, 867–68
vaccines 833, 868
see also Avian infl uenza virus

Infl uenza C viruses 867
Information sources

discussion groups/listservs 1795
electronic 1788–89
electronic journals portals, open access and open archives 

1790–97
funding agencies 1795
international organizations 1795–96
journals 1789–90
printed 1783–88
schools and institutes of tropical medicine 1794–95
societies 1795
tutorials, interactive and visual aids materials 1789

Inguinal bubo 410, 418
Inkoo virus (INKV) 717
Insect bites

ant 1597
fl ea 347, 347
immunology 58–59
neuroses over 1597–98
sandfl y 342, 1092, 1344–46, 1721
skin reactions 1597
see also Tick bites

Insect repellents 1275
Insect stings 587–90, 1596–97
Insecticides 344, 347, 726

bed-bugs 1767
contamination 261–62, 623
ectoparasites 1588, 1591, 1594
fi lariasis 1490, 1509
‘fogging’ 728, 739, 745
house spraying for vector control 1776
leishmaniasis 1361, 1362, 1721
mosquitoes 520, 1204, 1280–81, 1737, 1740, 1741, 1746, 

1749, 1750
pediculosis 1594
resistance 735, 1280, 1362, 1594, 1740, 1741, 1775, 1779
sandfl ies 1095, 1361, 1362, 1721
self-protection 1361
snakes and 581
synthetic pyrethroids 1280, 1337, 1756
tabanids 1756
triatomines 1337, 1775

Insecticide-treated nets (ITNs) 76, 78, 80, 488, 520, 1274–75, 
1490

Instestinal obstruction
acute 124–25
helminthic 123, 472–73, 1521, 1522

Insulin
interactions 1028
resistance, hypertension 670–71

Intal® 307
Integrated management of childhood illnesses (IMCI) 10–12, 

33, 450, 454, 456–57
Interdigitating dendritic cells (IDC) 61
Interferon-α (INFα) 60, 62, 772, 850, 866

chronic myeloid leukaemia 218
hepatitis C-associated nephropathy 243
measles 870
metastatic melanoma 647
rabies 875

Interferon-β (INFβ) 62
Interferon-γ (INFγ) 62, 711, 788, 990

assays, tuberculin test 1000
leishmaniasis 1359

International Finance Facility (IFF) 81
International law: human rights 86
International relations, ethics and 86
Intestinal fl ukes 1467–71, 1646–47

see also specifi c fl ukes
Intestinal myiasis 1590
Intestinal nematodes  see Nematodes/nematode infections
Intestinal protozoa 1375–1404

see also Protozoal infections
Intracellular infections 61, 64, 65
Intradermal smears 1236, 1236
Intravascular haemolysis 232, 248

snake bite 566, 572
Intravenous rehydration 820, 906, 907
Iodamoeba bütschlii 1387

laboratory identifi cation 1603
Iodine defi ciency 460, 545–46
Iodine defi ciency disorders (IDD) 545–46
Iodochlorhydroxyquin 1385
Iodoquinol 1384, 1385
Ipecacuanha 603
Iridocyclitis (anterior uveitis) 290–91, 310–11, 1062

chronic, with leprosy 318, 318
with syphilis 321
toxoplasmosis 323
with tuberculosis 319

Iris atrophy 318
Iris pearls 318
Iritis, with syphilis 321
Iron, dietary 201–2, 202
Iron overload 205

African 641
Iron supplementation 204–5
Iron-defi ciency anaemia 201–5, 204, 537

in children 202, 203, 204, 458–59
Iron-ferrous sulphate, malnutrition 544
Irritable bowel syndrome (IBD) 126–27, 127
Ischaemic heart disease (IHD) 685–95

classifi cation and presentation 693, 693
clinical syndromes 693–94
defi nition 685
global distribution 685–86
pathogenesis of atherosclerosis and 691–93
recent trends and mortality rates 686–88, 686–88
risk factors

ethnic group differences in 691
interactive nature of 690
limitations of explanatory power of 691
modifi able 689–90
unmodifi able 688–89

Isoenzyme electrophoresis 1341, 1356, 1722–23
Isolation 473
Isoleucine, pellagra 553
Isoniazid

adverse reactions 1026, 1026
interactions 1028
mycobacterial infections 340
patients on steroid therapy with TB risk 996
peripheral neuropathy and 261
toxic optic neuropathy 298
tuberculosis 1022, 1023–24

in children 449
of the CNS 1009
monotherapy 1030–31

Isospora belli 121, 1400–1401, 1601, 1630
Isosporiasis 1401
Ispaghula 603
Israeli tick typhus 893, 895
Itaqui virus (ITQV) 717
Itraconazole

amoebiasis 268
blastomycosis 508, 1184
chromoblastomycosis 351, 1179
coccidioidomycosis 508, 1184
cryptococcosis 508
eumycetoma 350, 1178
histoplasmosis 351, 382, 1182, 1183
Malassezia infections 1175
oculomycosis 1187
onchyomycosis 1172
paracoccidioidomycosis 509, 1185
sporotrichosis 509
Tinea pedis 1172

Ivermectin
albendazole with 1519
contraindications 298
cutaneous larva migrans 1532, 1537
fi lariasis 1487, 1487, 1490
genital scabies 419
lagochilascariasis 1526, 1537
Loa loa 1502
M. ozzardi 1505
M. streptocerca 1504
myiasis 345, 511
onchocerciasis 269, 298, 344, 1497, 1499–1500
strongyloidiasis 1535, 1537

Ixodes ticks 863, 1098, 1703–4, 1706–8
I. holocyclus 1707
I. persulcatus 863, 1707

I. ricinus 863, 1098, 1707
I. scapularis 1149, 1150, 1707
I. spinipalpus 1098

J
Jaborandi 603
Jamestown Canyon virus 745, 858, 1742
Japanese encephalitis (JE) 263, 264, 859–61

mosquitoes 1729
Japanese encephalitis virus (JEV) 734–35, 734, 859–61

epidemiology 716, 735, 861
transmission 719, 720, 734
vaccines 725, 735

Japanese river fever  see Scrub typhus
Japanese tick typhus 894, 895
Jararaca 223, 571
Jatropha gossypifolia 613, 614
Jaundice

causes, in the tropics 129, 129
cholestatic 613
enteric fever 934
and fever 102
glucose-6-phosphate dehydrogenase defi ciency 129, 129, 

197–99
infection-induced 198–99
malaria 1221
neonatal 197–98

Jellyfi sh 584–85, 584–85
Jequirity beans 613, 613
Jessamine 618, 618
Jigger fl eas (Tunga penetrans) 344–45, 345, 1590–91, 1590–91, 

1778–79
Jimson weed 601, 604
Johne’s disease 1040, 1047
Joint diseases 436–40

tuberculosis of the bone and joint 1006–8
Joints

arthralgia, antivenom reaction 579
brucellosis 1077, 1078
dislocations 468

J-type diabetes 135
Jungle yellow fever 744–45
Junin virus 769, 772, 836

K
Kala-azar 174
Kanamycin, newborn conjunctivitis 303
Kangri cancer 645
Kaposi’s sarcoma 71, 352, 450, 501, 647–49

aetiology and pathogenisis 648
AIDS-associated 315, 315, 353, 353, 637, 648, 649–50
associated herpes virus (KSHV) 637
clinical features 648
endemic 648, 649
HIV-associated 315, 315, 385, 387, 467, 467, 501
management 649
staging 648–49

Kaposi’s varicelliform eruption 843
Karshi virus (KSIV) 748

epidemiology 716
Karwinskia humboldtiana 262
Katayama fever (acute schistosomiasis) 103, 129, 1435, 1437, 

1442–43, 1453
Kato–Katz direct smear/Kato technique 1446–47, 1464–65, 

1518, 1523, 1529, 1535
Kava 601, 604, 615, 620
Kedougou virus (KEDV) 748

epidemiology 716
Keloid 357–58
Kemerovo complex 749

epidemiology 718
Keratitis 314, 316, 317, 319

Acanthamoeba 1408, 1414–17
brucellosis 319
chronic amoebic (CAK) 1407, 1413
exposure 317, 320, 327
fungal infections 308, 322, 323, 1169, 1187
herpes simplex 302, 309–10, 309
herpes zoster 313
infectious, after traditional eye medicine 305
interstitial 313, 321, 324, 427
leprous 317, 318
M. chelonae 1045
mycotic 1169
neuroparalytic 313
punctate 302, 313, 1494, 1494
sclerosing 297, 297
‘snowfl ake’ 297
suppurative 308–9, 309, 321–22

Keratoconjunctivits 842, 843
with atopic dermatitis 356
with harmful eye medications 305
phylctenular 319
sicca (KCS, dry eye) 307–8
vernal 307
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Keratomalacia  see Corneal ulceration
Keratomycosis 1187
Keratopathy

climatic 283
climatic droplet 312, 312

Kerion 348, 1171
Celsus’ 348

Ketoconazole 508
Acanthamoeba keratitis 1416
African histoplasmosis 1183
candidiasis 323, 1174
coccidioidomycosis 508
cryptococcosis 508
dermatitis with HIV 386
eumycetoma 350, 1178
fungal keratitis 323
histoplasmosis 508
Malassezia infections 1175

M. furfur 349
paracoccidioidomycosis 509, 1185
primary amoebic meningoencephalitis 1411
rifamycins and 1026

Ketotis-prone diabetes (KPD) 663–64
Khat 601, 620
Kidney disease  see Renal disease
Kidney enlargement, malaria 1223
Kidney failure  see Renal failure, acute; Renal failure, chronic
Klebsiella (spp.) 454

Klebsiella pneumoniae 969
Koch, Robert 983, 984
Koeppa nodules 319
Koilonychia 98, 203, 1529
Kokobera virus (KOKV) 748

epidemiology 716
polyarthralgic illness 723–24

Konzo 262
Koplik’s spots 836, 837, 869
Korsakoff’s syndrome 260, 551
Koutango virus (KOUV) 748

epidemiology 716
Kraits 558, 559, 561, 562, 568, 579

venom 565, 566, 567–69, 568
Kunjin virus (KUNV) 736–37

distribution 741
encephalitis 723
epidemiology 716
mosquitoes 1729
polyarthralgic illness 723–24
transmission 720

Kuru 879
Kwashiorkor 107, 459, 470, 541, 542

aetiology 540–41
marasmus and 541–42
pancreatic disruption 135
surgery and 469

Kyasanur Forest virus (KFDV) 735–36, 782, 864
encephalitis 723, 864
epidemiology 717, 736
haemorrhagic fever 722–23, 782
transmission 720, 735

L
La Crosse virus (LACV) 745, 857–58

epidemiology 717
Labetalol 680, 683, 1117
Laboratory diagnosis/investigations 1599–1611

alveolar echinococcosis 1561, 1562
amoebiasis 1382–84
babesiosis 1303–4
beriberi 551
biopsies  see Biopsy
blood and tissue parasites 1604
blood examination for haematological assessment 1611
Chagas’ disease 1332–33
cystic echinococcosis 1551–53
cysticercosis 1571–73
diarrhoea 1600–1603, 1600–1602
Ebola infection 776
electron microscopy  see Electron microscopy
faecal examination 115, 1535, 1600–1604
giardiasis 1394
gonorrhoea 419–20
good laboratory practice (GLP) 1599
health and safety 769, 1107, 1599
hepatitis D 709
hepatitis E 699
herpesvirus 849
Human African trypanosomiasis 1313–14, 1322
hypertension 675–76, 676
infectious mononucleosis 789
information sources on laboratory techniques 1785
Lassa fever 772
leishmaniasis 1355–57, 1609
leprosy 1064–65
lymphatic fi lariasis 1484–85
lymphogranuloma venereum 428, 505
malaria 1233–35, 1605

nocardial disease 1049
onchocerciasis 1495–96
plague 1122–23
primary amoebic meningoencephalitis 1409–10
rabies 875
respiratory viruses 830–32
rubella 838
snake bite 574–75
sputum examination 1610–11
staining methods for intestinal protozoa 1603–4
toxoplasmosis 1370–71, 1370
tuberculosis 997–1000
xenodiagnosis 1333, 1338–39, 1774–75

Laboratory-acquired infections 720, 746, 748, 800, 803
Labour, obstructed 487
Lacazia loboi 1180
Lacrimal duct obstruction 318
Lactic acidosis 385
Lactobacillus GG 59, 356, 908
Lactose intolerance 908
Lactulose, hepatic encephalopathy 130
Lady Windermere syndrome 1046
Lagochilascariasis 1525–26
Lagochilascaris minor 1526, 1670
Lagophthalmos 317, 317, 1062, 1062
Lagos bat virus 800
Laminectomy 1452
Lamivudine 390, 391

ARV/HAART treatment 377, 394, 452
hepatitis B 394, 712
hepatitis B-associated membranous nephropathy 243
nephrotoxicity 245
resistance 391
TB therapy and HAART regime 393

Lampit® 1321, 1333
Land leeches 1585–86
Landmine injuries 312
Langat virus (LGTV/LANV) 855, 864

epidemiology 717
Langhans giant cells 988, 989, 1018, 1346
Lariam® 520

see also Mefl oquine
Laribacter hongkongensis 927
Larva migrans, cutaneous 341–42, 342, 511, 518
Larviciding 1281
Lasar’s paste 359
Lassa fever 264, 771–72

CNS involvement 856–57
pharyngeal involvement 107

Latanoprost 290
Latex agglutination test 1314, 1357, 1448
Lathyrism 262, 616–17
Lathyrus sativus 616–17, 617
Latin America

HIV/AIDS 22
meningeal pathogens 973

Latrodectus mactans 591–92
Lead neuropathy 261
Lectins 613
Leeches 1585–86
Lefl unomide, rheumatoid arthritis 437
Left ventricular disorders

cavitary/intracavitary thrombus 153, 158
coronary arterial disease 158
dilated cardiomyopathy 153
endomyocardial fi brosis 156
hypertensive heart disease 155
hypertrophy, ischaemic heart disease 689

Leg ulceration, sickle cell disease 192, 194
Legionella bacteria

free-living amoeba with 1408–9
immunology 60
L. pneumophila 100, 146

Leishman–Donovan bodies 174, 429, 1065
Leishmania (spp.) 342, 1341–44, 1621–24, 1624

amastigotes 382, 1328, 1329, 1341, 1343, 1344, 1345, 
1346, 1348, 1618, 1621, 1622, 1622

in bone marrow 1606, 1623
detection 1356, 1356, 1609

classifi cation 1341–42, 1342
immunology 14
L. aethiopica 342, 1343, 1344, 1346
L. amazonensis 1344, 1346, 1347
L. archibaldi 1347
L. braziliensis 342, 343, 1344, 1360
L. donovani 342, 1347, 1350
L. infantum 1347, 1350
L. major 342, 1343, 1346, 1348, 1360, 1718
L. mexicana 342, 1344, 1347
L. tropica 343, 1347
laboratory identifi cation 1606, 1609
life cycle 1343–44, 1343
parasite persistence 61, 62
reservoir 1343
vector 1342–43
see also Leishmaniasis

Leishmaniasis 1341–62
control 1361–62
cutaneous  see Cutaneous leishmaniasis

diagnosis 1355–57, 1609
donovanosis 510 see also Donovanosis
epidemiology 1342–44
the eye and 323
and immunosuppression 1354–55
laboratory diagnosis 1609
mucocutaneous (MCL, espundia) 323, 510, 1352–54, 

1353–55, 1356, 1360, 1623
parasite 1341–42, 1621–24 see also Leishmania (spp.)
pathology 1344–46
prevention 1360–61
proven vectors 1719
sandfl ies 1342–43, 1344–46, 1715, 1718–19, 1719–20
treatment 1357–60
visceral  see Visceral leishmaniasis
water sanitation 14

Leishmanin skin test 1357
Lentigo maligna 363–64, 363
Lentiviruses 873–74

see also HIV (human immunodefi ciency virus)
Leonine facies 99, 340, 1059, 1352
Lepromatous leprosy 339–40, 1057–58, 1058, 1059, 1060

bone changes 1063
multi-drug therapy 1066

Lepromin testing 1064
Leprosy 266, 318, 338–40, 1053–71

amyloidosis 245
arthritis 441
borderline 1058, 1060, 1060, 1061, 1062
classifi cation 339
clinical manifestations 339, 1058–63

bones 1062
eyes 316–18, 1062
kidneys 1063
mucous membranes 1062
nerves 1061–62, 1065, 1070
reticuloendothelial system 1063
skin 339–40, 1059–61, 1065
testes 1063

cranial nerve damage 317
diagnosis 1063–64

body charting 1064
laboratory tests 1064–65

differential diagnosis 1065
distribution 1053, 1054
ENL  see Erythema nodosum leprosum
epidemiology 316, 1053–54, 1071
facial paralysis 317
glomerulonephritis 245
histoid 1058
HIV with 1067
host susceptibility 1054–55
immunology 1056, 1056
incubation period 1055
indeterminate 339, 1057, 1059
information sources 1785, 1796
lepromatous 339–40, 1057–58, 1058, 1059, 1060, 1063, 

1066
leprous keratitis 317, 318
microbiology 1055, 1071
oral infection 506–7
pathogenesis 1055–56
pathology 1056–58
pregancy and lactation 1067
prevention 1070–71
prognosis 1070
reactions

and the eye 316–17, 317
type 1 316–17, 317, 340, 1061
type 2 (ENL)  see Erythema nodosum leprosum

transmission 1054
modelling transmission 1055

treatment 1065–70
eye complications 1069
neuropathic feet 1069
paralysis 1069
patients who cannot take dapsone 1068
patients who cannot take rifampicin 1067–68
patients who refuse clofazimine 1068
of reactions 1068–69, 1068
rehabilitation and advocacy 1069–70
relapse 1068
single-lesion pucibacillary leprosy 1067
trophic ulcers 1069

tuberculoid 339, 1057, 1057, 1058, 1059, 1059
nerves 1062

tuberculosis with 1067
ulceration 1060, 1061

Leprous keratitis 317, 318
Leptoconops 1750–51
Leptomeningitis 1317, 1542
Leptopsylla segnis 1778
Leptopsyllidae 1778
Leptospira (spp.) 1161

L. bifl exa 1161
L. canicola 1161
L. hardjo 1161, 1162
L. icterohaemorrhagiae 1162
L. interrogans 1161
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serovar L. autumnalis 1163, 1165
serovar L. canicola 1162, 1165
serovar L. grippotyphosa 1165
serovar L. lai 1165
serovar L. pomona 1163, 1165

see also Leptospirosis
Leptospirosis 1161–66, 1162

acute renal failure 248–49
aetiology 1161
clinical presentation 1163–64
CNS involvement 267, 1164
control and prevention 1166
differential diagnosis 1164–65
epidemiology 1162
eye involvement 321, 1164
immunology 1163
jaundice 129
management 1165–66
pathology 1162–63
syndromes associated with other serovars 1165
transmission 1162

Leptotrombidium akamushi 1701, 1702
Leptotrombidium deliense 1701, 1702
Leptotrombidium mites (chiggers) 885, 894, 1575, 1701–2
Leucocytosis 428, 533, 828, 837

peripheral 728, 730
Leucopenia 213, 213
Leucovorin 383
Leukaemias 216–19

adult T cell leukaemia/lymphoma 215–16
Leukocytes  see White blood cells
Leukoplakia 501–2

HIV-associated hairy leukoplakia 500
OHL  see Oral hairy leukoplakia

Levamisole 1540
Ascaris lumbricoides  1523, 1537, 1539
glomerulonephritis 238
hookworm 1530, 1537, 1539
Strongyloides stercoralis 1539
trichostrongyliasis 1536, 1537
Trichuris trichiura 1539

Levofl oxacin
anthrax 1111
tuberculosis 1025

Lice
louse infestation (pediculosis) 419, 1593–94
louse-borne relapsing fever 1151–54, 1152–53, 1156
louse-borne typhus 885, 887–90, 889

Lichen amyloidosis 366–67
Lichen planus 367, 367
Lichen scrofuloscorum 338
Lichen simplex chronicum 386
Lichenoid eruptions 367
Lidocaine 590, 1334
Lifestyle

hypertension 677, 677
ischaemic heart disease 689

Lignocaine (lidocaine) 590, 1334
Limbal leproma 318
Limnatis maculosa 1586
Limnatis nilotica 1586
Linamirin 209, 262
Lincomycin, actinomycosis 505
Linezolid

nocardial disease 1049
pneumococcal infections 964

Linguatula serrata 1708, 1708
Linguatulidae 1708
LIP (lymphocytic interstitial pneumonitis) 146–47, 794
Lipiodol 546
Lipopolysaccharide (LPS) 60
Liquorice, drug interactions 622
Listeria

immunology 60
meningitis 266

Listeria monocytogenes 456, 970, 971
Lithium 279, 874
Liver

abscess
amoebic  see Amoebic liver abscess
Ascaris 1521
hydatid 473
melioidosis 1128, 1129

acute hepatic necrosis 131–32
acute infections 129
alcoholic liver disease 130
and biliary system 128–31
biopsy 129, 136, 181, 182, 221, 495

alcoholic liver disease 130
enteric fever 934
in toxocariasis 1525

cancer 132–33, 636, 640–42, 642, 708
cholangiocarcinoma  see Cholangiocarcinoma

causes of hepatic granulomas in tropical countries 128
chronic disease 129–31, 130

chronic hepatocellular failure and hepatoma 132–33
disseminated tuberculosis 1017
emergency conditions 131–34
enteric fever 934

haemorrhage, hepatic disease 221
hepatomegaly 104, 104, 1347

malaria 1223
hepatosplenic syndrome 1096
hydatid disease and schistosomiasis involving the liver 

134
jaundice  see Jaundice

Liver fl ukes 1461–67, 1645–46
see also specifi c fl ukes

Liverpool School of Tropical Medicine 4–6, 5
Lizards, venomous 582
Ljungan virus 872
Loa loa 94, 1478, 1500–1503, 1694–95, 1694

clinical features 1500–1501, 1501
control 1503
development and transmission in Chrysops 1500, 1502–3, 

1695, 1695, 1757–59, 1758
endomyocardial fi brosis and 155
epidemiology 1502–3, 1502–3
fi lariasis 103, 269, 1500–1503
ivermectin caution 298
laboratory identifi cation 1606
life cycle 1500, 1695, 1695
microfi laria 1500, 1690

Lobar pneumonia 129, 129, 143, 144, 145–46, 156
jaundice 198

Lobomycosis 1180
Localized cutaneous leishmaniasis (LCL) 1350–52, 1351–52, 

1360
Lockjaw 1114

see also Trismus
Loiasis 269

eye complications 325
ivermectin caution 298
transmission 1757–59
see also Loa loa

London School of Hygiene and Tropical Medicine (LSHTM) 3
London School of Tropical Medicine (LSTM) 2–3, 3
Lone-star tick 1707
Long-lasting insecticidal nets (LLIN) 488
Loperimide

diarrhoea 519, 907
with quinolone 519

Lopinavir 393
Loquat 608, 612
Louping ill virus (LIV) 737, 864

encephalitis 723, 864
epidemiology 717

Louse infestation (pediculosis) 419, 1593–94
Louse-borne relapsing fever 1151–54, 1152–53, 1156
Louse-borne typhus 885, 887–90, 889
Lower respiratory tract infection (LRTI) 143, 145, 192, 454, 

460, 825, 826, 828
acute  see Pneumonia
in children 830

Lucilia serricata 1712, 1713
Lucio’s phenomenon 1060
Lugol’s iodine solution 1601, 1603–4
Lumbo  see Tahyna virus
Lumefantrine 1249, 1262

with artemether 1261
Lung biopsy 794

open lung 1195
Lung cancer, biomass fuel use and 147
Lung fl ukes 1471–73, 1648–49

see also specifi c fl ukes
Lupus erythematosus, systemic 240–41
Lupus membranous nephropathy 241
Lupus nephritis 240–41
Lupus proliferative glomerulonephritis 241
Lupus vulgaris 99, 337, 984, 988, 1013, 1014–15, 1014

eye complications 319
Lutzomyia (spp.) 1714, 1717

L. longipalpis 1714
Lyme borreliosis 1149
Lyme disease 1149–50

CNS involvement 267
and the eye 321

Lymphadenopathy/lymphadenitis
antivenom reaction 579
cervical 500, 505, 506, 509

in children 1041
in human African trypanosomiasis 1307, 1314, 1315
lymphadenitis, diphtheria 453
with nasopharyngela carcinoma 653
in toxoplasmosis 1369
tuberculous 984, 1015, 1034
Winterbottom’s sign 1619

environmental mycobacterial 1046, 1048
femoral lymphadenitis, podoconiosis 628
fever and 103–4, 104
HIV considerations with surgery 465
nasopharyngela carcinoma 653
tuberculous 104, 984, 1015–16, 1015–16, 1021, 1034

Lymphangitis 104
Lymphatic fi lariasis 104, 1477–91

Bancroftian  see Bancroftian fi lariasis
Brugian  see Brugia malayi; Brugia timori
clinical features 1480–84

control 1489–91
diagnosis 1484–85
epidemiology 1488–89
geographical aspects 1477–78, 1484
historical background 1477
management 1487–88
pathology and immunology 1485–86
programme for global elimination 1491

Lymphocytes
B lymphocytes  see B lymphocytes
and CD4 cell counts in HIV 378, 379, 380, 383, 394, 464, 

464
count 165
granula 60
T lymphocytes  see T lymphocytes

Lymphocytic choreomeningitis group of viruses
Lassa fever  see Lassa fever
LCM virus 769, 856

Lymphocytic interstitial pneumonitis (LIP) 146–47, 794
Lymphocytic meningitis 1156, 1164, 1165
Lymphocytosis 165, 165, 173, 175, 1233, 1317

infectious mononucleosis 789
pertussis 453
sinusoidal 136

Lymphoedema 99, 1063
Bancroftian fi lariasis 1481–82, 1482
podoconiosis 627–29

Lymphogranuloma venereum (LGV) 126, 428, 428, 522
and the eye 316
oral infection 505
treatment 418, 428, 505

Lymphomas 213–16
Burkitt’s lymphoma  see Burkitt’s lymphoma
HIV opportunistic illnessess 382, 387
non-Hodgkin’s lymphoma 212, 214–15, 637, 694–95
oral plasmablastic 637
primary effusion 637

Lymphoproliferative disorders 103
EBV-associated 788–89, 793
post-transplant disease 793

Lynch syndrome 636
Lyssaviruses 874–76

see also Rabies

M
Machupo virus 769, 770, 773, 836
Macracanthorhynchus hirudinaceus 125
Macrofi laricides 298
Macrolides

acute respiratory infections 454
bacterial skin infections 335, 340
Helicobactor pylori 913
leptospirosis 1165
STIs 421, 427, 428
tuberculosis 1022–23

Macrophages
giardiasis 1392
immunology 59–60, 61, 62, 64, 65, 66, 69, 70, 71

tuberculosis 990, 991, 992
pathology of tuberculosis 988

Macular amyloidosis 366, 367
Macular degeneration, age-related (AMD) 294–95
Maculopapular rash 102

arbovirus infections 722, 726, 727, 733, 737, 741, 748
body lice 1593
brucellosis 1080
Chikungunya 876
Colorado tick fever 872
dengue fever 95, 452, 757
ehrlichiosis 1098
HIV 379

drug reaction 387, 392
rubella 95, 313, 879
syphilis 335

Madagascar periwinkle 603
Madarosis 318
Madura foot 340–41, 341, 350, 350, 1176–78
Madurella grisea 1176, 1177
Madurella mycetomatis 1176, 1178
Maedi-visna 873
Magnesium sulphate 486
Maidenhair tree (Ginkgo biloba) 601, 614, 622
MAIS complex infection 338
Maklua 617
Malabsorption 116, 120–21

coagulation disorders 220
folate and vitamin B12 defi ciencies 207
giardiasis 1393
Mycobacterium avium complex 381
pancreatic damage 135
post-infective (PIM) 112, 116–20, 117, 119, 120–21, 120
subclinical 112

Malaise, clinical history 99
Malaria 447–48, 1201–81

acidosis 1221–22, 1270
acute renal failure 248, 1219, 1269

post-malaria 1232
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aggregation, platelet mediated 1216
antimalarial drugs  see Antimalarial drugs
bacterial infections 1222, 1271
blackwater fever 1220–21, 1220

post-malaria 1232
bleeding 1270
case histories 1269–70, 1271, 1272–73
cerebral  see Cerebral malaria
in children 447–48, 1217–19, 1226–27, 1273–74
chronic complications 1278–79
clinical features in relation to transmission intensity 

1224–33
coagulopathy 1220
coma  see Cerebral malaria
congenital symptomatic 447
control 1279–81

cost-effectiveness 80
convulsions 1231
cytoadherence 1213–14
diagnosis 1235–38, 1616

postmortem 1238
epidemiology 25–27, 519, 1202–5

clinical 1205
human host 1204–5
mosquito vector 1202–4
traditional classifi cation 1204
zones and vectors 1723

eye complications 324
fever 1225–26

persistent 1233, 1271
fl uid balance 1268
fl uid space and electrolyte changes 1219
Gambia, demand for treatment and prevention 77
gastrointestinal dysfunction 1221
geographical aspects 1202–5
glucose-6-phosphate dehydrogenase defi ciency 200, 1208
haematological consequencies 169–74

anaemia  see Malarial anaemia
haemostasis disorders 171–72
leukocyte changes 171

HIV and 381, 1227
host defence mechanisms 66
human malaria parasites 1202, 1202 see also Plasmodium 

(spp.)
hypoglycaemia 448, 1221, 1222, 1270

post-malaria 1233
immune response 1211, 1217
immunity 1210–11

immunological processes and malaria pathology 1217
incubation period 1206, 1224
the infection 1208–11
information sources 1796
jaundice 1221
kits for self-diagnosis 522
laboratory fi ndings 1233–35

identifi cation of parasites 1605
leukocyte changes 171
management 520–22, 1265–71

benign malarias 1265
in children 448, 1273–74
with limited resources 1274
P. falciparum  1265–67, 1266
in pregnancy 1271–73

mixed species infection 1224–25
mortality and morbidity 1204–5
nephrotic syndrome 246
nets 488, 520, 1274–75
oral infection 511
ovalocytosis and 200–201
parasites 1202, 1613–16 see also Plasmodium (spp.)

biomass 1210
epidemiology of mosiquito vector 1202–4
life cycle 1205–8
morphological characteristics 1237

pathogenesis 1615–16
pathology 1222–24
pathophysiology 1211–22
placental dysfunction 1222
polyarthralgia 439
post-malaria neurological syndromes and defi cits 1231–32
in pregnancy 172–73, 487–88, 1226, 1271–73

case history 1272–73
prevention 520, 1274–78 see also Insecticide-treated nets 

(ITNs)
prognosis 1234–35, 1234–35
pulmonary problems 148

pulmonary oedema 1219, 1232, 1270
pyrogenic density 1225
quartan malarial nephropathy 246, 448
red cell deformability 1216
relapse 1226
risk of infection in travellers 520
rosetting 1216, 1216
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self-treatment 521–22
sequestration 1212–13, 1213
severe 1227–28 see also Cerebral malaria

antimalarial drug doses 1251
in children 1226–27, 1273–74

classifi cation 1230
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defi nition (WHO) 1229
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management 1266–67, 1266
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recrudescent infections 1271
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Malassezia furfur 349, 355
Malassezia yeast infections 1175
Malasseziosis 349
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scabies 1593
STIs 419

Malayan/Asian pit viper 223, 224, 571–72, 579, 580
Malignant diphtheria 1134
Malignant disease  see Cancer
Malignant melanoma 362–64, 363, 646–47, 646

metastatic melanoma 647
Malnutrition

in adults 545
Ascaris lumbricoides and 1521
in children 537–38

acute respiratory infections with 454
aetiology 538–39
growth difference between kwashiorkor and marasmus 

patients 541
management of acute severe malnutrition 542–45
nutritional defi ciencies 458–60

clinical history 96
cryptosporidiosis and 1400
diarrhoeal disease and 455
epidemiology 539–40
Helicobactor pylori association 913
immune responses and infection 69–70, 70, 905–6
kwashiorkor 459, 540–42
malnutrition-related diabetes 664, 665
nutrition-associated disease 460, 537–54
protein-energy (PEM) 204, 210
surgery and 469
see also Vitamin defi ciencies

Malnutrition-modulated diabetes mellitus (MMDM) 664, 665
Mambas 558, 565, 567–69

black 563, 578
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Mange 1591, 1592, 1699
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Mania 279
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M. streptocerca 1478, 1504, 1690, 1693–94, 1694

Mansonia mosquitoes 1489, 1490, 1739, 1747–48, 1747–48
fi lariasis vectors 1726–27
M. annulifera 1748

Mansonioides  see Mansonia mosquitoes
Mantoux test, tuberculin 999
Marasmus 541–42, 541
Marburg haemorrhagic fever 776, 777
Marijuana 619

see also Cannabis
Marine invertebrates, venomous 584–87
Marine poisoning 594–96
Marituba virus (MTBV) 717
Marrara syndrome 1708
Marrow depression, anaemia 210–13
Mastigophora (fl agellates) 1387–96
Maternal and neonatal tetanus (MNT) 27–28
Maternal health 12–13
Maternal mortality 12, 12, 16, 477–78, 478, 479
Maxillary tumours 651
Mayaro virus (Urama, MAYV) 731

epidemiology 716, 731
polyarthralgic illness 723–24

Mazzotti test 1495

MDRD (Modifi cation of Diet in Renal Disease) equation 
235–36

MDRTB (multi-drug resistant TB) 13, 24–25, 983, 992, 995, 
997, 1020
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treatment 1023, 1025, 1026, 1029–30, 1032, 1033
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Measles

aetiology 835
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clinical features 836–37, 869
CNS involvement 869–70
complications 837
cutaneous disease 835–38, 837
diagnosis 837, 869–70
distribution 835
epidemiology 27, 837, 869
and the eye 302
HIV/AIDS and 829, 832
immunity 835–36
immunization/vaccines 27, 448, 448, 457, 833, 837–38, 

870
measles-related pneumonia 454
pathogenesis 869
pathology 835, 869
respiratory tract infection 826, 828
transmission 835
vitamin A defi ciency 299

Mebendazole 1540
alveolar echinococcosis 1562–63, 1563
Ascaris lumbricoides  1523, 1537, 1539
echinococcosis 510

cystic 1555–56, 1556
echinostomiasis 1470
Enterobius vermicularis  1516, 1537
hookworm 1530, 1537, 1539
intestinal parasites 544
larva migrans 511
Loa loa 1502
M. perstans 1504
resistance 1538
toxocariasis 1525, 1537
trichinosis 271, 510, 1543
trichomoniasis 1423
Trichuris trichiura 1519, 1537, 1539

Mecillinam, diarrhoea 113
Mectizan® 298, 298, 1497, 1500

see also Ivermectin
Mediastinitis, pneumococcal infection 962
Medicine in the tropics 6–7

see also Tropical medicine
Mediterranean fever  see Brucellosis
Mediterranean lymphoma 124–25, 215
Mediterranean spotted fever 266, 893, 894, 895
Medusae 584–85
Mefl oquine 520–21, 520, 1252–53

adverse effects 1277
hyperreactive malarious splenomegaly 1279
interactions 1262
pharmacokinetic properties 1248, 1253
resistance 26, 26, 1243

Megacardia, Chagas’ disease 1330, 1332
Megacolon, Chagas’ disease 1331, 1334
Megaoesophagus, Chagas’ disease 1331, 1332
Meglumine antimonate 343, 1357
Meibomian cyst 306
Melaena

envenomation 567, 571
haemorrhagic disease 722
hepatocellular carcinoma 641
hookworm 1529
oroya fever 1093
schistosomiasis 1444

Melanoma, malignant  see Malignant melanoma
Melarsoprol, Human African trypanosomiasis 1319, 1320–21, 

1322
Melasma 368–69
Melathion 890
Melioidosis 1127–30, 1128–29

acute renal failure 249
clinical manifestations 1128–29
diagnosis 1129

differential 1129–30
epidemiology and mode of transmission 1127
jaundice 129
management 1130
microbiology 1127
pathogenesis 1127–28
pathology 1128
prevention 1130
prognosis 1130

Membrane defects 200–201
Membranous nephropathy 239–40

hepatitis B-associated 242–43, 243
secondary 241

Mengo Hospital 496–97
Meningitis

bacterial 262, 266, 969–80
aetiologies 970
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bacteriology 969, 974–75
cerebrospinal fl uid in 976, 977
in children 266, 455–56, 969–71
clinical features 970–71, 975
complications 975, 976
diagnosis 971, 976
differential diagnosis 975
epidemiology 969, 973–74, 974
geographical aspects 969, 972–73, 973
history 971–72
management 971, 977–78
meningococcal 266, 319, 976–77, 978–80
neonatal 266, 969–71, 970
in older individuals 971–75
pathogenesis 970, 975
pathology 975
pneumococcal 961, 975
prevention 456, 971, 978–80

causes 262
cerebrospinal fl uid in 976, 977
CNS manifestations 854
cryptococcal 265, 383
cysticercosis and 1571
fi ts/convulsions 260
helminthic 262, 1571
leptomeningitis 1317, 1542
lymphocytic 1156, 1164, 1165
plague meningitis 1122
protozoal 262
tuberculous 260, 449, 1008–9, 1008–10
viral 262

Meningococcal arthritis 438
Meningococcal disease, pericarditis 157
Meningococcal meningitis 266, 976–77, 978–80

and the eye 319
Meningococcal septicaemia 63, 170, 219, 221, 222, 456, 976, 

977
Glasgow prognostic score (GMSPS) 978, 978
treatment 978

Meningoencephalitis 266, 268, 842
Chagas’ disease 1330, 1331
primary amoebic meningoencephalitis (PAM) 268, 1407, 

1409–13, 1409
Meningonema peruzzii 1694
Mental illness  see Psychiatry
Mepacrine 1252, 1395

adverse effects 1395
giardiasis 123, 1394

Meptazinol 1154
Meropenem

melioidosis 1130
pneumococcal infections 964

Mesangial proliferative glomerulonephritis 241, 245
IgM 240, 245

Mesangiocapillary glomerulonephritis (MCGN) 240
sickle cell disease and 246

Mescaline 601
Mesican poppy 607
Metagonimus yokogawai 1470, 1470, 1641–42, 1642, 1647

egg 1636
Metastatic melanoma 647
Metastrongylidae 1677
Methadone 620
Methanol 298
Methotrexate

bladder cancer 655
Burkitt’s lymphoma 652
nasopharyngela carcinoma 654
psoriasis 359
rheumatoid arthritis 437

Methyldopa 486, 680
Methylprednisolone, leptospirosis 1165
Metrifonate, withdrawal 1450
Metronidazole

acute necrotizing ulcerative gingivitis 502
adverse effects 1395
amoebiasis 134, 268, 907, 1384
amoebic colitis 1385
amoebic dysentery 907
Cl. perfringens 920
contraindicated in pregnancy 1422
giardiasis 123, 1395
gnathostomiasis 511
Helicobactor pylori 913
immunoproliferative small intestinal disease 215
liver abscess 1385
pericarditis 157
STIs 418, 419
tetanus 1114, 1116
trichomoniasis 418, 1422
typhoid fever 125

Mexican beaded lizard 582
Mexiletine 1334
Micofenolate 359
Miconazole

Acanthamoeba keratitis 1416
candidiasis 418, 1174
fungal keratitis 323
primary amoebic meningoencephalitis 1409, 1410, 1411

Tinea cruris 1171
Tinea pedis 1172

Microfi laria bolivarensis  1692
Microfi laria semiclarum  1506
Microfi lariae

blood examination 1607–8
Knott’ method 1608

examination of skin snips (Onchocerca volvulus) 297, 
1495–96, 1609

staining 1608–9
urine and hydrocele fl uid examination 1608

Microhaematocrit centrifugation technique (m-HCT) 1313, 
1606

Microscopic agglutination test 1164–65
Microsporidia (spp.) 347, 1402–4, 1630
Middle East, HIV/AIDS 22
Midges 1596, 1750–51
Miliaria profunda 530, 530
Miliaria rubra 529, 530
Miliary tuberculosis 1005–6, 1005, 1006

acute haemotogenous 338
choriodal tubercles 319

Military expenditure 83, 85
Millennium development goals (MDGs) 16, 81, 477
Millipede envenoming 593–94
Miltefosine 343, 1357, 1358–59
Mini anion exchange column technique 1607
Miniature anion-exchange centrifugation technique (m-AECT) 

1313
Minimal-change nephropathy 237–38
Mink 1645, 1651

encephalopathy transission 879, 880
Minocycline

brucellosis 1082
leprosy 1067, 1068
lymphogranuloma venereum 418
N. meningitidis 978–79
nocardial disease 1049

Mites 1595, 1699–1702
Mitomycin C 316
Mitral valve stenosis 152, 452
Mitsuda 1064
MMR (measles-mumps-rubella) vaccine 838, 870
Modifi cation of Diet in Renal Disease (MDRD) equation 

235–36
Mokola virus 800, 811
Mollusc envenomation 586–87
Molluscicides 1436, 1454
Molluscum contagiosum (MC) 841–42, 842

and the eye 314
HIV and 314

Moniliasis  see Candidiasis/candidosis
Monkey pox 839–40, 840
Monkshood 607
Monoarthritis 1483
Monocytes 59, 66

count 165
in malaria 171

Monoeuritis multiplex 579
Morbidity during travel 516, 517
Morbillivirus

canine distemper virus 870
CNS involvement 869–70
measles  see Measles

Morning glory 601
Morphine 590
Mosquito-borne arbovirus infections 716–18, 720, 729, 742

neurotropic Flaviviruses 860
Mosquitoes 1723–50

Aedes  see Aedes mosquitoes
anatomy 1722, 1727, 1733–35, 1733–35
anopheline  see Anopheline mosquitoes
anti-mosquito measures 520, 1490

insecticides 520, 1204, 1280–81, 1737, 1740, 1741, 
1746, 1749, 1750

insecticide-treated nets 76, 78, 80, 488, 520, 1274–75, 
1490

physiology and control 1748–50
arbovirus transmission 1728–32 see also Arbovirus 

infections: mosquito-borne
Armigeres 1744
Christophers’ stages of ovarian follicular development 

1749, 1750
classifi cation and malarial zones 1723
Culex  see Culex mosquitoes
culicin  see Culicin mosquitoes
Culiseta 877, 1747
fi lariasis vectors 1724–27
Haemagogus  1739, 1744–45
identifi cation key 1738–39
literature 1748
malarial 1613–16 see also Plasmodium (spp.)
Mansonia  see Mansonia mosquitoes
physiology and control 1748–50
Psorophora 1739, 1745

P. lutzi 1711
Sabethes 1748
Toxorhynchites 1735, 1738
in yellow fever virus transmission 742

Moth dermatosis 1595
‘Mother yaw’ 1140, 1141
Mother-to-child transmission (MTCT) of HIV 488–89

prevention 377, 488–89
Mouth cancer 500–501, 654
Moxifl oxacin

nocardial disease 1049
tuberculosis 1025

Mseleni’s disease 438, 438
Mucocutaneous leishmaniasis (MCL, espundia) 323, 510, 

1352–54, 1353–55, 1356, 1360, 1623
Mucormycosis 508, 1186
Mucosal surfaces, immunology 59
Mulago University Teaching Hospital 496–97
Multi-drug resistant TB  see MDRTB
Multi-drug therapy (MDT), leprosy 1065, 1066
Multiple sclerosis (MS)

canine distemper virus and 870
Tysabri and polyomaviruses 868

Mumps 263, 870–71
and the eye 314
meningitis 870

Mupirocin 335
Murine typhus 885, 890–91, 891
Murray Valley encephalitis virus (MVEV) 723, 737–38, 861

epidemiology 716, 737
mosquitoes 1729
transmission 720, 737

Musca domestica 1712
Muscarine 618
Musculoskeletal degeneration, enteric fever 934
Musculoskeletal diseases 435–42

of bone 440–42
connective tissue disorders 440
HIV-associated 466–67
of joints 436–40
of skeletal muscles, tendons and ligaments 435–36

Mycetoma, bacterial 340–41
Mycetoma, fungal (Madura foot, eumycetoma) 340–41, 341, 

350, 350, 1176–78
Mycobacterial infections

environmental mycobacteria  see Environmental 
mycobacterial diseases

granulomatous disorders 68
HIV/AIDS and 71
skin infections 336–40

Mycobacterium (spp.)
immunology 60
M. abscessus 337, 1040, 1042, 1045
M. africanum 983
M. avium 506, 1039

AIDS and 71
complex (MAC) with HIV 381, 1039–41, 1046, 1047

M. bovis 983, 1021
M. chelonae 337, 1040, 1042, 1045, 1045
M. fl avescens 1040, 1045
M. fortuitum 1040, 1041, 1042, 1045
M. haemophilum 506, 1040
M. intracellulare 506
M. kansasii 379–81, 1041
M. leprae 338–39, 1054–59 see also Leprosy
M. marinum 336–37, 337, 1042, 1045
M. paratuberculosis 1047
M. peregrinum 1040, 1045
M. tuberculosis 983–1035 see also Tuberculosis

AIDS and 71
drug resistance 25, 993–96, 995
HIV and 379–81
immune responsiveness 989–91, 992
parasite persistence 61, 62
tuberculous pericarditis 157 see also Tuberculosis: 

pericarditis
M. ulcerans 1042, 1044

Mycology
fungal infections  see Fungal infections
information sources 1785

Mycophenolate mofetil, glomerulonephritis 238, 241
Mycoplasma arthritidis, immunopathology 58
Mycoplasma genitalium 406
Mycoplasmosis 829, 833
Mycoses 1191–98

Pneumocystis jiroveci infection  see Pneumocystis 
jiroveci/carinii

subcutaneous 1176–80
superfi cial 507, 1169–76
systemic 351–52, 507–9, 1180–81

endemic 1181–85
opportunistic pathogens 1185–87

Myeloma, in black Africans 216
Myiasis 345, 511, 1586–90

body cavity 1589–90, 1712–13
classifi cation 1709
collection and preservation of larvae 1713
creeping myiasis and roving swellings 1711–12
cutaneous tissue 1586–89, 1709–12
fl ies causing 1587–90, 1709–13
intestinal 1590, 1713
ocular 328, 1589, 1713
urogenital 1590, 1713
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Myocardial infarction 693, 694
Myocarditis

brucellar 1079
Chagas’ disease 1330, 1332
dilated cardiomyopathy 153
diphtheria 1135, 1136
peripartum cardiac failure 154

Myrrh 1452
Myxobdella africana 1586

N
N,N-diethyl-3-methylbenzamide  see DEET
Naegleria fowleri 268, 1407, 1408, 1409–13, 1409, 1628
Nairobi eye 328
Nairobi sheep disease virus (NSDV) 749

epidemiology 717
Nairoviruses 749

epidemiology 717
Nakalanga syndrome 1495
Nalidixic acid

bacillary dysentery 948
resistance 948, 949

Naltrexone 605
Nappy rash 1173
Nasal myiasis 1589
Nasopharyngela carcinoma (NPC) 107, 652–54, 653, 787, 

791, 793–94, 793
aetiology 653
clinical features 653–54
Epstein–Barr virus and 653
incidence and geographical distribution 652–53
management 654
prevention 654
WHO classifi cation 653

Natamycin 322
suppurative keratitis 309

Native American traditional medicine 38
Nausea

antivenom reaction 578
fi sh poisoning 594
in HIV 385

NBIN emulsion concentrate 1593
Necator americanus (New World hookworm) 1526, 1527–28, 

1530, 1674–75, 1674, 1675
epidemiology 1530

Necrotic loxoscelism 590–91
Necrotizing colitis 128
Necrotizing enteritis (pigbel disease) 122–23, 122, 124, 919, 

920
Necrotizing fasciitis (Fournier’s gangrene) 467
Nedocromil sodium 307
Needlestick injury infection 769, 771, 780
Neglected tropical diseases (NTDs) 28
Negri bodies 803, 875
Neisseria gonorrhoeae 406, 417, 419–20, 420

newborn conjunctivitis 302–3
PPNG (penicillinase-producing N. gonorrhoeae) 420
see also Gonorrhoea

Neisseria meningitidis 266, 455, 969, 971, 976
bacteriology 974
prevention 978–80

Nelfi navir 390
nephrotoxicity 245

Nematodes/nematode infections 1515–44, 1669–98
clinical pharmacology of anthelmintic drugs 1537, 

1539–40
CNS infections 269–70
community control 1536–39
expulsion 67
and the eye 324–27
fi lariasis  see Filariasis
life-cycle types

direct 1515–19
modifi ed direct 1519–26
penetration of the skin 1526–36

microfi lariae of medical importance 1690
for which man is not the normal host 1540–44
see also specifi c nematodes and infections

Neomycin 916
Acanthamoeba keratitis 1416
hepatic encephalopathy 130

Neonatal infections  see under Infants
Neonatal mortality 477, 478
Neorickettsia sennetsu 1098
Neotestudina rosati 1176
Neotrombicula autumnalis 1701
Neovascular glaucoma 291
Nephritis/nephritic syndrome

fi lariasis 245
glomerulonephritis 237, 242, 1592
scabies 1592

Nephrotic syndrome
enteric fever 934
fi lariasis 245
glomerulonephritis 236, 237, 238, 239, 240, 242, 243, 

244, 245
malaria 246

oedema 96, 97
steroid-resistant 238

Nephrotoxins
acute renal failure 249
nephrotoxicity due to compounds in plants 616
nephrotoxicity of highly active antiretroviral drugs 245

Nerve biopsy 260, 271, 1064
Nerves/nervous system

CNS disorders  see Central nervous system disorders
enteric fever and the nervous system 934
leprosy 1061–62, 1061, 1070
nerve function impairment (NFI) 1070
neuropathy  see Neuropathy
neurotropic relapsing fever 1155–56
parasymphathetic nervous system actions due to 

compounds in plants 617–18
tropical neurology  see Neurology, tropical

Netilmicin, brucellosis 1081–82
Neurobartonellosis 1094
Neurobrucellosis 1079–80
Neurocysticercosis (NC) 268–69, 269, 1570–72

fi ts/convulsions 260
Neurofi bromotosis 98
Neurology, tropical 259–72

CNS infections  see Central nervous system disorders
information sources 1785
neurological manifestations of HIV 264–65, 382–84, 467
nutritional and toxic factors 260–62
post-malaria neurological syndromes and defi cits 1231–32
see also Nerves/nervous system

Neuromuscular blocking agents, interactions 1028
Neuropathy

diphtheria 1135–36
leprosy 1069
peripheral 261

in HIV-infected patients 383–84
Neuroretinitis 316
Neuroschistosomiasis (NS) 270–71, 271, 1441, 1452
Neuroses, fear of insects 1597–98
Neurosyphilis 267
Neurotoxic araneism 591–92
Neurotoxicity 260–62

due to compounds in plants 616–17
fi sh poisoning 594
snake bite 566, 567–69, 573

Neutrophils 57, 59, 62, 63, 70, 71
counts 163–65, 163–64
in malaria 171

Nevirapine 390, 391
in ARV/HAART treatment 377, 452
hepatoxicity 386, 391, 392
rash 387
resistance 391
TB therapy and HAART regime 393

New World screw-worm fl y 1589, 1712
Niclofan 1473
Niclosamide 1454, 1470, 1471, 1576, 1579, 1581
Nicotine 601, 618, 620

see also Tobacco and smoking-related diseases
Nicotinic acid

familial Mediterranean fever 633
pellagra 553

Nifedipine 486, 622, 680, 683
Nifurtimox

Chagas’ disease 1333
Human African trypanosomiasis 1321

Nigerian PPCF syndrome 154
Night blindness 299, 300
Nimorazole

giardiasis 123
trichomoniasis 1422

Nipah virus 31
Nitazoxanide 1540

adverse effects 1395
C. parvum 1400
fascioliasis 1467
giardiasis 1395

Nitroimidazoles 1025
giardiasis 1394
Helicobactor pylori 913

Nocardia (spp.) 1176
N. abscessus 1048, 1049
N. africana 1049
N. asteroides 1048, 1049
N. brasiliensis 1048, 1049
N. farcinica 1048, 1049
N. nova 1048
N. otidiscaviarum 1048, 1049
N. transvalensis 1048, 1049
N. veterana 1049

Nocardial disease/nocardiosis 505, 1048–49
Nodulectomy 298, 1497, 1500
Nodules

bartonellosis 1093, 1094
cutaneous leishmaniasis 342
diagnoses 334
erythema induratum 94, 338
erythema nodosum 94
fungal infections 348, 349, 350, 351, 352

glial 858, 861, 863
granulomas  see Granulomas
iris pearls 318
juxta-articular 336
Kaposi’s sarcoma 353 see also Kaposi’s sarcoma
Koeppa 319
lepromatous leprosy 1060

histoid leprosy 1058
mycobacterial infections 337
neurofi bromotosis 98
onchocerciasis 343–44, 344, 1494, 1494
phylctenular keratoconjunctivits 319
skin cancer 361, 363
tuberculosis of the skin 319, 337, 338, 338
tuberculous thyroid 1017
tungiasis 344, 345
typhoid 934
typhus (Wohlbach’s nodule) 886
see also Elective node dissection; Papules

Noma (gangrenous stomatitis) 502–3
Non-communicable diseases (NCDs) 32–33
Non-gonococcal urethritis 419
Non-Hodgkin’s lymphoma (NHL) 212, 214–15, 637, 794–95

see also Burkitt’s lymphoma
Non-nucleoside reverse transcriptase inhibitors (NNRTIs) 389, 

390
Non-tuberculous mycobacterial (NTM) infections 506
Norfl oxacin, diarrhoea 113, 114
Norovirus 821–22, 821
North Africa, HIV/AIDS 22
Norwalk virus 859
Nosocomial infection 832

prevention of spread 769
Nosopsyllus fasciatus 1778
NSAIDS (non-steroidal antifl ammatory drugs)

contraindications 253
gout 440

Nucleic acid amplifi cation techniques (NAT) 231
Nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs) 

245
HIV and 389, 390

Nutmeg 601, 605
Nutrition

acute renal failure 251
cataract and 287
clinical history 96
defi ciencies in children 458–60
information sources 1785–86
nutritional support in HIV 387
nutrition-associated disease 460, 537–54
primary healthcare 14–16
supplements

with diarrhoea 908
iron 204–5
vitamins  see Vitamin supplements/treatments

and toxic factors in tropical neurology 262–71
vitamins  see Vitamin defi ciencies; Vitamin supplements/

treatments
see also Malnutrition

Nutritional anaemias 201–10
copper defi ciency 210
folate defi ciency 206–8
iron defi ciency 201–5, 204, 458–59, 537
protein-energy malnutrition 204, 210
pyridoxine defi ciency 210
ribofl avin defi ciency 210
vitamin A defi ciency 210
vitamin B12 defi ciency  209–10
vitamin C defi ciency 210
vitamin E defi ciency 210

Nystatin, candidiasis 418, 507, 1174

O
Obesity, hypertension 670–71
Obidoxime 618
Obstetrics 477–90

anaemia 479–84
haemorrhage 477–79
HIV and pregnancy 488–90
hypertensive disorders of pregnancy 484–87
malaria in pregnancy 487–88
obstructed labour 487
post-abortion care 487
puerperal sepsis 487
strategies to improve maternal and newborn health 477, 

480–86
tetanus 488
see also Pregnant women

Obstructive uropathy 254–55
Occupational lung diseases 148
Ockelbo virus (OCKV) 716
Octopus bites 587
Ocular cysticercosis 327, 1571
Ocular goncoccal infections 417
Ocular herpes 842, 843
Ocular myiasis 328, 1589
Ocular toxocariasis 1523, 1524–25
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Ocular tuberculosis 1017
Oculomycosis 1187
Odynophagia 385
Oedema

cerebral 269
epidermal 355
general examination 99
heat 529
kwashiorkor 540
marasmus 542
nephrotic syndrome 96, 97
podoconiosis 628–29
pulmonary 153, 250, 673, 926, 1163

acute, post-malaria 1232
acute, severe malaria 1270
malaria 1219
TNF role 68

see also Lymphoedema
Oesophagostomum apiostomum 1676, 1676
Oesophagostomum stephanostomum 1676
Oesophagus 107–10

causes of dysphagia 108
emergency conditions 109–10
megaoesophagus, Chagas’ disease 1331, 1332
oesophageal carcinoma 107–8, 108, 110–11

squamous cell carinoma (SCC) 642–45
oesophageal trauma 108–9
oesophageal varices 108, 108, 109

Oestrus ovis 1589, 1713, 1713
Ofl oxacin

adverse reactions 1027
brucellosis 1082
leprosy 1067, 1068
newborn conjunctivitis 303
STIs 418, 419
suppurative keratitis 309
tuberculosis 1025

OHL  see Oral hairy leukoplakia
Olanzapine 279
Old World fl esh fl y (W. magnifi ca) 1590, 1712
Old World screw-worm/fl y (C. bezziana) 1589, 1590, 

1713
Oliguria, acute renal failure 250
Ololiuqui 601
Omsk haemorrhagic fever virus (OHFV) 738, 782, 864

epidemiology 717, 738
haemorrhagic fever 722–23, 782

Onchocerca gutturosa 1691
Onchocerca volvulus 68, 269, 296, 511, 1478, 1689–91, 1690, 

1693
adult in nodule 1497
life cycle 296, 1492, 1691
microfi lariae in subcutaneous tissue 1496
skin snip examination 297, 1495–96, 1609
see also Onchocerciasis

Onchocerciasis (river blindness) 269, 296–98, 343–44, 344, 
511, 1491–1500

African 1498–99
Central and South American 1499
clinical features 1492–95
control 1499–1500
diagnosis 1495–96
environmental factors 283
epidemiology 1497–99
eye complications 297
gender 283
geographical aspects 1491–92, 1491, 1495
historical background 1491
management 1497
pathology and immunology 1496–97
transmission 1492
see also Onchocerca volvulus

Onchocerciasis Control Programme (OCP) 1499–1500
Onchocercomata 344, 1494
Onyalai 219–20
Onychomycosis 1172, 1172, 1176
O’nyong-nyong virus (ONNV)

distribution 732
epidemiology 716
mosquitoes 1728
polyarthralgic illness 723–24
transmission 720

Ophthalmia neonatorum 416, 417–19
Ophthalmia nodosum 312
Ophthalmic tularemia 1105
Ophthalmic zoster 846
Ophthalmology 283–328

essential eye drugs 328
examination of the eyes 285–86
eye disorders  see Eye disorders
glossary 328–30
harmful traditional eye medicines 305
information sources 1786
Vision 2020: The Right to Sight 286–87
world blindness 283–85

Ophthalmomyiasis 328, 1589, 1713
Opioids 601

interactions 1028
opiod alkaloids 603

Opisthorchiasis 1461–65
Opisthorchis (spp.) 135

O. felineus  1461–64, 1638–39, 1640, 1646
egg 1636
molluscan host 1641

O. viverrini 1461–63, 1462, 1464, 1639, 1646
Opium alkaloids and their derivatives 620
Optic nerve 289, 290

optic atrophy 321, 1494–95
optic neuritis 297, 297, 321
and toxins 298–99

Opticrom® 307
Oral cancer 500–501, 654
Oral contraceptives, antituberculosis drug interactions 

1028
Oral hairy leukoplakia (OHL) 385, 794, 847

treatment 850
Oral health 499–511
Oral infections

bacterial 502–7
fungal 507–9, 1172–73
gastroenterological problems 107
parasitic 509–11

Oral rehydration solution (ORS) 23–24, 543, 545, 906–7
composition

acute diarrhoea 907
acute severe malnutrition 543
cholera 926

Oral rehydration therapy (ORT) 23, 115–16, 455, 906–7
Oral submucous fi brosis (OSMF) 107, 502
Oral tularemia 1105
Orbital cellulitis 306, 326, 1186
Orbiviruses 749, 872
Ordeal tree 608, 608
Organ transplant infection risks

Pneumocystis pneumonia 1191, 1197
rabies 875
toxoplasmosis 1369–70, 1371–72
West Nile virus 740, 862

Oriboca virus (ORIV) 717
Orienta tsutsugamushi 897
Ornidazole, giardiasis 123
Ornidyl® 1321
Ornithodoros (spp.) 1704, 1705

O. coriaceus 1706
O. erraticus 1705, 1705
O. hermsi 1705, 1706
O. lahorensis 1705
O. moubata 1155, 1703, 1704, 1705, 1705
O. muesebecki 1706
O. parkeri 1705, 1706
O. rostratus 1706
O. rudis/benezuelensis 1705, 1705
O. savignyi 1705
O. talajae 1705, 1705
O. tholozani 1705, 1705
O. turicata 1705, 1706

Ornithonyssus bacoti 1702
Ornithonyssus bursa 1702
Ornithonyssus sylviarum 1702
Oropharyngeal carcinoma 654
Oropharyngeal infection 107, 385, 1172–73
Oropouche virus (OROV) 745

epidemiology 717
polyarthralgic illness 723–24

Oroya fever 1093–95
see also Bartonellosis

Orthobunyaviruses
CNS involvement 857–58
epidemiology 717, 857–58

Orthomyxoviruses, CNS involvement 867–68
Orthopaedics, traditional 44
Orungo virus (ORUV) 749

epidemiology 718
Oseltamivir 868
Osteoarthritis 437–38
Osteoarthropathy, hypertrophic 442
Osteoarticular brucellosis 440–41
Osteomalacia 547, 548

chronic renal failure 254
Osteomyelitis

brucellar 1079, 1079
chronic 472
haematogenous  see Haematogenous osteomyelitis
neonatal septic arthritis and 471
pneumococcal infection with 962

Osteoporosis 441
β thalassaemia major 180
leprosy 1063
scurvy 547

Otitis externa 1176
Otitis media 962
Otomycosis 1176
Ovalocytosis 200–201, 200–201
Ox eye  see Buphthalmos
Oxamniquine, schistosomiasis 1450, 1451–52, 1453
Oxazolidinones, pneumococcal infections 964
Oxyuroidea 1680
Oxyyuriasis  see Enterobius vermicularis

P
Pacemakers, Chagas’ disease 1334
Paediatrics in the tropics 445–60

information sources 1786
see also Children; Infants

Pancarditis 1317
Pancreas/pancreatitis 134–35, 135, 386

duct obstruction 135
emergency conditions in biliary system and 135
enteric fever 934

Pancreatic enzyme inhibition 1391
Pancuroneum 1116
Pancytopenia 174
Panstrongylus geniculatus 1335, 1338, 1771
Panstrongylus megistus 1327, 1328, 1335, 1770, 1771, 1772, 1773
Papillomavirus  see Human papilloma virus (HPV)
Papovaviruses 836, 850–51

CNS involvement 868
Papules

diagnoses 334
follicular 355–56
HIV-related dermatological disease 386
hyperkeratotic 365, 366
lichen planus 367, 367
maculopapular rash  see Maculopapular rash
molluscum contagiosum 314
onchocerciasis 344, 1493
phrynoderma 369
Pulex irritans 347
scabies 345, 346
tuberculosis of the skin 338
see also Nodules

Para-aminobenzoic acid 633
Para-aminosalicyolic acid, tuberculosis 506
Paracetamol 194
Paracoccidiodes brasiliensis 508–9
Paracoccidioidomycosis 351, 352, 508–9, 1184–85
Paragonimiasis 148, 1471–73

cerebral (CP) 271, 1472, 1473
epilepsy 259, 260
eye complications 327
see also Paragonimus (spp.)

Paragonimus (spp.) 1642, 1648–49
P. africanus 1649
P. compactus 1642
P. heterotremus 1472, 1648
P. kellicotti 1642, 1649
P. mexicanus 1649
P. myazakii 1642, 1648
P. ohirai-ilokstuenensis 1642, 1648
P. skrjabini 1649
P. uterobilateralis 1649
P. westermani 271, 1642–44, 1642–44, 1648

egg 1636
Parainfl uenza 826, 827
Paraldehyde, malaria 448
Paralytic ileus 124
Paralytic poisoning

shellfi sh 595
tick bite paralysis 593

Paramphistomatoidea 1658–59
Paramyxoviridae 868–71
Paramyxoviruses 836, 870–71
Paraplegia

Burkitt’s lymphoma 651
dementia 552

HIV-associated 383
fl ukes in spinal cord 1472
hydatid disease 270
laminectomy 1452
spinal disease 1571
spinal tuberculosis 1007, 1008

Parasep midi faecal concentrator 1602, 1602, 1603
Parasite clearance time (PCT) 1263
Parasite evasion mechanisms 59, 66–69, 69
Parasitic infections

arthritis 439
cestode  see Cestodes/cestode infections
congenital 447
fi liarial  see Filariasis
helminthic  see Helminthic infections
information sources 1786–87, 1797
jaundice 129
laboratory investigations

for blood and tissue parasites 1604–10
sputum examination 1610–11

malnutrition with 544
nematode  see Nematodes/nematode infections
oral 509–11
pulmonary problems 148
small intestine, malabsorption 123–24
trematode  see Trematodes/trematode infections
see also specifi c infections

Parasitophobia 1597–98
Parastrongylus costaricensis 1677
Parastrongylus/Angiostrongylus cantonensis 270, 1677
Paratyphoid fevers 931, 933, 934, 935

see also Typhoid/enteric fever
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Pareira 603
Paromomycin/aminosidine 343, 1357, 1359, 1385

Acanthamoeba keratitis 1416
Paronychia, Candida 1173, 1174
Pars plana vitrectomy 296
Partograph 487
Parvoviruses 871

B19 infection, anaemia 212–13
human parvovirus B19 836, 851

Patch test 355, 357, 357
Pathogenic microbes 21
Pathology, information sources 1787
Patient examination, general 99–104
PCP  see Pneumocystis pneumonia
Pediculosis 419, 1593–94
Pediculus (spp.) 1593–94

P. capitis 1593, 1593
P. humanus 1593, 1593

Peliosis hepatitis 898, 1091, 1095, 1096, 1096
Pellagra 260, 551–53, 552

skin rash 96
Pelvic actinomycosis 1086
Pelvic infl ammatory disease 419
Penfl uridol 1243
Penicillamine 261
Penicillin

actinomycosis 505
acute necrotizing ulcerative gingivitis 502
acute renal failure with leptospirosis 249
anthrax 1111
benzathine  see Benzathine penicillin
Cl. perfringens 920
diphtheria 1136
endemic treponematoses 1147
gangrenous stomatitis 503
glomerulonephritis 242
Haverhill fever 1159
leptospirosis 1165
neonatal meningitis 971
newborn conjunctivitis 303
oral gonorrhoeal infection 505
plus chloramphenicol 194
procaine  see Procaine penicillin
prophylaxis in pneumococcal infections 965
rheumatic fever 452
secondary scabies infection 1592
snake bite infection 580
soduko 1158
Strep. pyogenes  152
syphilis 315, 335, 427, 446
tetanus 1114, 1116
yaws 336, 504

Penicillinase-producing N. gonorrhoeae (PPNG) 420
Penicillium marneffei 1185

with HIV 381–82
Pentacarinat® 1358
Pentamidine

amoebiasis 268
Human African trypanosomiasis 1318–19
leishmaniasis 1358
plus co-trimoxazole 1304
Pneumocystis pneumonia 1196–97

Pentastomids 1708–9
Pentatrichomonas hominis 1626
Pentavalent antimonials 1357, 1359, 1360
Pentostam® 1357
Peppers 603
Peptic ulcers 110, 111
Perianal infection, HIV considerations with surgery 467
Pericardial disease/conditions 156–57, 158

amoebiasis 1381
brucellar pericarditis 1079
pericarditis with pneumococcal infection 962
tuberculous pericarditis 156–57, 158, 449, 1016–17, 

1016–17
Periodontal disease 107, 500
Peripartum cardiac failure (PPCF) 153–54
Peripheral nervous system, nutritional and toxic factors 260
Peritoneal dialysis

acute renal failure 251
chronic renal failure 254

Peritonial amoebiasis 1381
Peritonitis

abdominal tuberculosis 1011–12
pneumococcal infection with 962

Permethrin
pediculosis 1594
STIs 419

Personal protective equipment (PPE) 769
Pertussis (whooping cough) 453

vaccine 458
Pesticides 260
Petasites japonicus 610
Pethidine 590
Peyotl 601
Phacolytic glaucoma 291
Phacomorphic glaucoma 291
Phaeoannelomyces werneckii 1176
Phaeohyphomycosis 1179

Phagocytic cells 59–62
Phagocytosis 59, 60, 63, 65, 66, 69
Pharyngeal plague 1122
Pharyngitis 107
Pharynx 107

oropharyngeal carcinoma 654
oropharyngeal infections 107, 385, 1172–73

Phenoxmethyl penicillin
N. meningitidis 978
pneumococcal infections 965

Phenylephrine 318
Phenytoin 486–87

interactions 1028
Phlebotomine sandfl ies  see Sandfl ies, phlebotomine
Phlebotomus (spp.) 1714–23

P. papatasi 1719
P. perniciousus 1719

Phleboviruses
CNS involvement 858
epidemiology 718
Sandfl y fever  see Sandfl y fever virus

Phlyctenulosis 307
phylctenular keratoconjunctivits 319

Phorbol esters 612, 613
Phosphate binders 253
Photocoagulation 295–96, 303, 304
Photodermatoses 359–60, 360
Photosensitivity disorders 359–60, 360
Phrynoderma 369
Phthirus pubis 1593–94, 1594
Phycomycosis/zygomycosis 508

subcutaneous 1180
Physaloptera caucasica 1671, 1673
Physostigmine 603
Phythisis bulbi 311
Phytobdella catenifera 1586
Phytolacca americana 613, 614
Pian  see Yaws
Picornaviruses 836

CNS involvement 871–72, 871
Piedraia hortae 1175
Pig roundworm (Ascaris suum) 1670
Pigbel disease 122–23, 122, 124, 919, 920
Pigmentation disorders 368–69
Pilocarpine 290, 603
Pimecrolimus 356
Pinguecula 307
Pinta 336, 336, 504, 1145–46, 1146
Pinworm  see Enterobius vermicularis
Piper methysticum (kava) 601, 604, 615, 620
Piperaquine 1248, 1261–62
Piperazine 1540

Enterobius vermicularis  1516–17
Pirazinamide, mycobacterial infections 340
Pithecolobium 616
Pittacosis 829
Pituri 601
Pityriasis versicolor 349, 349, 1175
Placental dysfunction and changes in malaria 1222, 1224
Plagiorchidea 1642–44
Plague 523, 1119–24

jaundice 129
Plague meningitis 1122
Plant poisons/toxins 262, 601–24

cardiotoxic glycosides 607–8, 608
cyanogenic glycosides 209, 262, 608–12
dermatitis 612
drug interactions with compounds in plants 620–24, 622
gastroenteritis 613
haemotoxicity 613–14
hepatoxicity 43, 132, 615–16
nephrotoxicity 616
neurotoxicity 616–17
parasymphathetic nervous system actions 617–18
psychotropic drugs 618–20
treatment 621

Plants 601–2
herbal medicine  see Herbal medicine
poisonous 601–24

Plaque psoriasis 358, 358
Plasmodium (spp.) 1202, 1202, 1613–16, 1617

AGP 63
distribution 1614–15
host defence mechanisms 66
incubation periods 1206, 1224
laboratory identifi cation 1605
life cycle 1205–8, 1613–14, 1615
malaria epidemiology 26, 519, 1202–5
molecular genetics 1208
morphological characteristics 1237, 1613–14
P. falciparum  26, 68, 1202, 1202 see also Malaria

acute renal failure 248
anaemia 448
biomass 1210
cerebral malaria  see Cerebral malaria
cytoadherence 1214, 1214
drug resistance 26
eye complications 324
glucose-6-phosphate dehydrogenase defi ciency 200

HIV, opportunistic illness 381
infection and genetics 1208–10
jaundice 129
laboratory identifi cation 1605, 1606
life cycle 1205–8, 1207
management 1265–67
morphological characteristics 1237
in pregnancy 487–88
pulmonary problems 148
rates in UK residents 519
therapeutic assessments 1263–64, 1265

P. knowslesi 1202, 1202, 1207, 1210, 1252
P. malariae 26, 1202, 1202

laboratory identifi cation 1605
life cycle 1206–7
morphological characteristics 1237
nephrotic syndrome 246
quartan malaria 448

P. ovale 26, 1202, 1202
laboratory identifi cation 1605
morphological characteristics 1237

P. vivax  1202, 1202
chloroquine resistance 26
laboratory identifi cation 1605, 1606
life cycle 1206, 1207, 1615–16, 1766
morphological characteristics 1237
parasite persistence 61, 62
therapeutic assessments 1264, 1265

see also Malaria
Platelet activators/inhibitors, snake bite 565–66
Platelet function defects 219

impaired platelet aggregation from plant compounds 614
Platypus 557
Plesiomonas shigelloides 921
Pleural effusions 149, 157, 760, 961

tuberculous 1004, 1005
Pleuropulmonary amoebiasis 1381
Plumber’s itch  see Cutaneous larva migrans
Pneumococcal diseases 953–65

antimicrobial therapy 963–64
bacterial anatomy and physiology 955–56
clinical syndromes 958–63
epidemiology 953–55
host susceptibility 956–58, 957
microbiology 955
prevention 964–65
see also specifi c diseases

Pneumococcal meningitis 961, 975
Pneumococcal septicaemia 193
Pneumococcal vaccine 81

PCV7 456, 458
Pneumocystis jiroveci/carinii 71, 1191–92, 1192, 1628, 1628

PCP  see Pneumocystis pneumonia
Pneumocystis pneumonia (PCP) 450, 454, 1018, 1191–98

at-risk groups 1192
chemoprophylaxis 1197–98
clinical manifestations 1192–93, 1193
diagnosis

invasive investigations 1194–95
non-invasive investigations 1193–94, 1193–94

epidemiology and mode of transmission 1191–92
eye complications 324
HIV-related 143, 147, 384–85, 1195–96, 1197–98
pathogenesis 1192
prognosis 1197
severity grading 1195
therapy 1195–97

Pneumocystosis 324
Pneumonia 958–61

associations of severe disease and poor outcome 960
in children 453–54
clinical presentation 958–59, 959
complications 961
differential diagnosis 960
epidemiology 19–20
HIV and 146–47, 146, 384
investigations 959–60
lymphocytic interstitial pneumonitis (LIP) 146–47, 794
management and therapy 960–61
measles-related 454
PCP  see Pneumocystis pneumonia
Pneumocystis jiroveci  71, 1191–92, 1192
see also Pneumococcal diseases

Pneumonic plague 1122
Pneumonic tularemia 1105
Pneumothorax 149
Podoconiosis 627–29
Podophyllin 262

genital warts 419, 432
OHL 850

Podophyllotoxin, genital warts 419
POHS (presumed ocular histoplasmosis syndrome) 322
Poison nut 617, 618
Poisons/poisoning

envenomation  see Envenomation
food poisoning  see Food poisoning
plant poisons 262, 601–24
poisonous honey 1597

Pokeweed (Phytolacca americana) 613, 614
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Polenes 507
Polio immunization 263, 457, 872
Polio virus 871
Poliomyelitis 263–64, 871
Polyarteritis nodosa, hepatitis B-associated 243
Polyarthralgic illness 723–24
Polyarthritis 439
Polyhexamethylene biguanide (PHMB) 1416
Polymerase chain reaction (PCR) 450, 1599

B. microti 1304
CNS infections 855
genital chlamydial infection 421
hepatitis C 710
leprosy 1064
lymphatic fi lariasis 1485
Pneumocystis pneumonia 1195
polyarthralgic illness 724
rabies 806
spondyloarthropathies 437
tuberculosis 997, 999
Whipple disease 1087

Polymorphic light eruption 360
Polymyositis 435
Polymyxin, Acanthamoeba keratitis 1416
Polymyxin B, enteropathogenic E. coli 916
Polyoma viruses 868
Polypeptides 1025
Polysaccharide vaccine 964
Polyserositis, recurrent hereditary (FMF) 631–33, 632–33
Pomade acne 354
Pompholyx 357
Poncet’s disease 1008
Pong pong 607, 608
Poppies 603, 607
Pork tapeworm  see Taenia (spp.): T. solium
Porphyria

cutanea tarda 360
erythropoietic 360

Portal hypertension 130, 131, 131, 133, 1453
Portal vein obstruction 108, 109, 133
Portuguese man-of -war stings 584–85
Posaconazole 350
Post herpetic neuralgia treatment (PHN) 850
Post-abortion care 487
Post-infective malabsorption (PIM) 112, 116–20, 117, 119, 

120
Postinfl ammatory hyperpigmentation 369, 369
Post-kala-azar dermal leishmaniasis (PKDL) 342, 1350, 1350
Postpartum haemorrhage (PPH) 479
Post-traumatic stress disorder 281
Potassium defecit, hypertension 671
Potassium ferrocyanide 261
Potassium iodide 350, 509
Potassium permanganate 335
Pott’s disease 440, 984, 1007, 1007
Poverty

dilated cardiomyopathy and 152
ethics and 83, 84–86, 84, 87, 90
and transmission of infection 996

Powassan virus (POWV) 738, 864
epidemiology 717

Pox viruses 836, 839–41
mosquitoes 1732
post-vaccination encephalitis 872
see also specifi c viruses

PPNG (penicillinase-producing N. gonorrhoeae) 420
Pralidoxime 618
Praziquantel

alveolar echinococcosis 1562–63
cystic echinococcosis 1555, 1556
cysticercosis 327, 511, 1573
echinostomiasis 1470
fasciolopsiasis 1469
heterophyiasis 1471
hydatid disease 473
Hymenolepis nana infection 1579
neurocysticercosis 268
paragonimiasis 1473
resistance 1450–51
schistosomiasis 134, 271, 1450–51, 1453
Taenia infection 1575, 1576

Prednisolone
antivenom reaction 579–80
Burkitt’s lymphoma 792
dosage 1030
glomerulonephritis 238, 240, 241, 243
interactions 1028
leprosy reactions 1068–69, 1068
praziquantel plus 511
rheumatoid arthritis 437
toxaemia, fascioliasis 1467
trichinosis 1543
tuberculous meningitis 449, 1030
tuberculous pericarditis 157, 449, 1016–17

Prednisone
immune reconstitution disease 382
Pneumocystis pneumonia 385

Pregnancy-induced hypertension (PIH) 484–87
Pregnant women

acute renal failure 247–48
anthelmintic treatment 1538
blood cell changes 161, 163
brucellosis 1082
diet 260
drug contraindications

albendazole, in fi rst trimester 204
antimonials 1357
ciprofl oxacin 897
efavirenz, in fi rst trimester 377
ivermectin 298
metronidazole 1422
rubella vaccines 879
tetracyclines 893

HAART regime 393–94
hepatitis E and 700
herpes transmission 431
HIV 488–90, 489
human ehrlichiosis 1099
human papilloma virus 868
hypertension 672
iron defi ciency anaemia 202, 204, 479–84
leprosy 1067
malaria 172–73, 487–88, 1226, 1271–73
obstetric conditions and care  see Obstetrics
rickettsial infections 893
rubella 838–39
sickle cell disease 192, 194–95
STI treatments 418, 431
toxoplasmosis 1371
tuberculosis treatment 1029
vitamin A defi ciency 553–54
see also Ectopic pregnancy

Pressure-immobilization (PI), envenomation 575
Presumed ocular histoplasmosis syndrome (POHS) 322
Pretibial fever 1165
Priapism, sickle cell disease 194
Prickly heat 530
Primaquine 1256–57, 1277

avoidance in breast-feeding 1272
clindamycin with (PCP) 1196
malaria 521, 1226, 1256–57, 1278
pharmacokinetic properties 1249, 1256

Primary amoebic meningoencephalitis (PAM) 268, 1407, 
1409–13, 1409

clinical features 1409
diagnosis 1409–10
epidemiology 1412
immunology 1411–12
management 1410–11
pathology and pathogenesis 1411
prevention 1412–13

Primary complex 986
Primary healthcare (PHC)

defi nition 9
disease prevention and control 9–16
integrated management of the sick child 10–12 see also 

Integrated management of childhood illnesses
key elements 9
management of specifi c infectious diseases 13–14
maternal health 12–13
nutrition 14–16
water sanitation and health 14
workers 9–10

Prion diseases 879–80, 879
Probenicid, oral gonorrhoeal infection 505
Probiotics 59

atopic dermatitis 356
diarrhoeal disease 908

Procaine penicillin
relapsing fever 1154, 1156
syphilis 418, 427, 446, 504

Progressive multifocal leukoencephalopathy (PML) 868, 874
Proguanil 488, 1255–56

with atovaquone 520, 521, 1256
chloroquine with 520, 520, 521, 1249, 1255–56
pharmacokinetic properties 1249, 1255

Propafenone 1334
Propamidine, Acanthamoeba keratitis 1415
Propranolol 1028, 1453
Protease inhibitors 245, 389–90, 390
Protein-defi cient diabetes mellitus (PDDM) 664
Protein-energy malnutrition (PEM) 204, 210
Proteinuria

chronic renal failure 252
glomerulonephritis 236, 244
hypertension 675
nephrotic syndrome  see Nephrotic syndrome

Prothionamide 507
adverse reactions 1027
tuberculosis 1025

Protozoal infections 1375–1404
ciliophora 1396–97
CNS involvement 267–68
coccidia 1397–1402
E. histolytica  see Entamoeba histolytica
examination of faeces 1600
and the eye 323–24
granulomatous disorders 68

haematological consequencies 174–75
laboratory identifi cation 1603–4
leishmania spp.  see Leishmania (spp.); Leishmaniasis
mastigophora (fl agellates) 1387–96
meningitis 262
microspora 1402–4
pathogens with infl ammatory and non-infl ammatory 

diarrhoea 905
sarcodina (amoebae) 1375–87
trichomonal  see trichomoniasis
watery diarrhoea 100

Protozoan parasites 1613–30
classifi cation 1614
E. histolytica  see Entamoeba histolytica
fl agellates  see Flagellates
leishmanial 1621–24 see also Leishmania (spp.)
malarial 1613–16 see also Plasmodium (spp.)
non-pathogenic intestinal amoebae 1625, 1625
non-pathogenic intestinal fl agellates 1395–96, 1626
trophozoites  see Trophozoites
trypanosomes 1616–21 see also Trypanosoma brucei; 

Trypanosoma cruzi; Trypanosoma rangeli
see also specifi c species

Prunus (spp.) 608
Prurigo noduralis 386
Pseudo-gout 440
Pseudomonas (spp.) 118, 232, 308, 1171, 1172, 1443

P. aeruginosa 386, 970
Pseudophyllidea 1569, 1659, 1660–62

see also specifi c species
Psoriasis 358–59, 358

psoriatic arthropathy 359
Psorophora mosquitoes 1739, 1745

P. confi nnis 1745
P. ferox 1745
P. lutzi 1711

Psorphora mosquitoes 738, 1745
Psychiatry 275–81

alternative and complementary healing practices 
275–76

anxiety and stress-related disorders 280–81
depression 280–81
dissociative disorders 281
epidemic hysteria 281
fear of insects 1597–98
information sources 1787
organic mental disorders 276–78

acute organic states 276–77
chronic disorders and dementia 277

psychotic states 278–79
stress-related disorders 281

anxiety and 280–81
suicide 280
terminology and classifi cation 276

Psychoactive substance use 277–78
Psychological support

β thalassaemia major 184
HIV 387

Psychosocial stress, hypertension 671
Psychotic states 278–79
Psychotropic drugs in plants 618–20
Pterigium 307, 307
Public health

approach to leprosy 1070–71
blood transfusion service 229–34
fi nance and quality 75–76

Puerperal sepsis 487
Puff adder 223, 224, 579
Puffer fi sh poisoning 594–95
Pulex irritans 347, 347, 1777
Pulicidae 1177–78
Pulmonary arterial hypertension 149
Pulmonary dirofi lariasis 1505
Pulmonary embolism 149
Pulmonary environmental mycobacterial disease 1042, 

1045–46
Pulmonary hypertension 1440

arterial 149
Pulmonary oedema  see Oedema: pulmonary
Pulmonary tuberculosis  see under Tuberculosis
Punctate keratitis 302, 313, 1494, 1494
Purpuras 219–20
Pustular psoriasis 358–59, 359
Putsi fl y 1587–88, 1709–10, 1710
Puumala virus (PUUV) 858–59
PUVA (UVA phototherapy with psoralen) 356, 359
Pyelonephritis 676, 1129, 1437, 1438
Pyemotes tritici 1595, 1596
Pyogenic infections 333–35

epilepsy and 259
liver abscess 134

Pyogenic pericarditis 156, 157
Pyomyositis 156, 962

HIV-associated 466
Pyrantel pamoate 1540

Ascaris lumbricoides  1523, 1537, 1539
Enterobius vermicularis  1516, 1537
hookworm 1530, 1537, 1539
resistance 1538
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Strongyloides stercoralis 1539
trichostrongyliasis 1536, 1537
Trichuris trichiura 1539

Pyrazinamide
adverse reactions 1026
tuberculosis 506, 1009, 1022, 1024–25

in children 449
Pyrenochaeta (spp.) 1176
Pyrethrins 1280
Pyrethroids 1280, 1337, 1756
Pyrethrum 612

insecticides 1280
Pyridoxine, tuberculosis 1023–24
Pyrimethamine 1254–55

babesiosis 1304
malaria 1242–43, 1254–55
pharmacokinetic properties 1249, 1254–55
Pneumocystis pneumonia 1197
toxoplasmosis 383

Pyrimethamine-sulfadoxine (Fansidar®) 107, 173, 206, 212, 
488, 522

intermittent presumptive treatment (IPTp) 1272
Isospora belli 1401
resistance 26, 26

Pyrixodine defi ciency 210
Pyrogenic density 1225
Pyrogenic exotoxins 58
Pyrogenic reactions, antivenom 579
Pyrollizidine alkaloids 43, 131

plants containing 609–11
Pyronaridine 1261
Pyrrolizidine alkaloids

plants containing 609–11, 616
veno-occlusive disease 616

Q
Q fever 829, 833, 898–900, 899

CNS involvement 266
history 886

Qinghao 603
Qinghaosu  see Artemisinin
Quartan malarial nephropathy 246, 448, 1278–79
Quinacrine  see Mepacrine
Quinazolines 1025
Quinidine 1250–51

interactions 1028, 1262
pharmacokinetic properties 1248, 1250

Quinine 603, 1246–50
babesiosis 1304
hypoglycaemia 1271
interactions 1262
pharmacokinetic properties 1246–47, 1248
Plasmodium falciparum  248, 488
toxic optic neuropathy 298

Quinocide 1257
Quinoline antimarials 1243
Quinolones

4-quinolones
enteric fever 935
salmonella enterocolitis 940

brucellosis 1082
Helicobactor pylori 913
interactions 1028
mycobacterial infections 340
traveller’s diarrhea 518
see also specifi c drugs

R
Rabies 264, 799–811

clinical features 804–6, 804–5, 875
CNS involvement 874–76
control of animal rabies 807
diagnosis 806–7, 806, 875
differential diagnosis 806
distribution 799–800
epidemiology 875
history 799
immunology 804
incidence 800
management and complications 805
pathogenesis 803, 875
pathology 803–4, 875
pharyngeal involvement 107
prophylaxis/immunization 264, 524, 808–11, 875–76

active immunization 808
passive immunization 810–11
post-exposure prophylaxis 808–11, 808, 809, 876
pre-exposure prophylaxis 809, 811

rabies-related virus infections 800–803
recovery 805–6
risk of exposure in travellers 523
transmission 803
vectors/reservoirs 801–2
virus, Lyssavirus genus 799, 800, 801, 874–76

Rabies immune globulin (RIG) 810–11

Racemose cysticercosis 1574
Racial factors  see Ethnic factors
Radiology

acute renal failure 250
amoebiasis 1384
chest 1193, 1193–94
information sources 1787
interventional 496
radiological changes of rickets 549
schistosomiasis 1448–49
service trends in the tropics 493–97
TB diagnosis 998, 1002–3

Radiotherapy 639, 644, 654, 655
chemoradiotherapy 644–45, 654

Raillietina (spp.) 1669
Rapid diagnotic tests (RDT) for parasite antigen detection 

1607
Rat bite fevers 1157–59, 1157–59
Rat lungworm 270
Rattle snakes 579

Central American 223
Eastern diamond-backed 223, 579
envenoming 570, 570
South American 223
Western diamond-backed 223, 579
see also Viperidae snakes

Recombinant DNA techniques 707
Rectal biopsy 940, 1447
Red blood cells

anaemia 167, 167, 185, 204 see also Anaemia
glucose-6-phosphate dehydrogenase defi ciency 195
haemolysis  see Haemolysis
malaria 1212–16
values 161–62, 162
see also Haematology

Refractive errors 306
Refugee populations

information sources 1787
nutrition defi ciencies 554
traditional medicine 44

Rehydration therapy
guidelines 907
intravenous 820, 906, 907
oral (ORT) 23, 115–16, 455, 906–7

Reiter’s syndrome 437, 438
Relapsing fever 267, 1150–57

aetiology 1150
and the eye 321
jaundice 129
louse-borne 1151–54, 1152–53, 1156
neurological complications 1155–56
pathophysiology 1151
tick-borne 1154–57, 1154–56

Renal amoebiasis 1381
Renal biopsy 133, 386, 1278

acute renal failure 250
familial Mediterranean fever 633
glomerulonephritis 237, 238, 241

Renal disease
amyloidosis 245
assessment 235–36
glomerulonephritis and associated infections  see 

Glomerulonephritis
HIV and 386
nephritis  see Nephritis/nephritic syndrome
nephrotic syndrome  see Nephrotic syndrome
obstructive uropathy 254–55
proteinuria 236
renal and uretic calculi 254–55
renal involvement in lepromatous leprosy 1063
renal papillary necrosis 246
renal tuberculosis 254, 1010–11, 1010, 1012
renal vein thrombosis 240
with sickle cell disease 246

Renal failure
acute 246–51, 673

aetiologies 246–47
clinical syndromes 247
envenomation 582, 588
investigations 250
malaria 248, 1219, 1269
management 250–51
marine poisoning 595
post-malaria 1232
in pregnancy 247–48
tropical causes 247–50

chronic
chronic Kidney Disease (CKD) 251, 252–53, 252
defi nition 251

snake bite 566, 572–73, 580
Renal lesions, S. mansoni infectin 1440–41
Renal osteodystrophy 253
Renal transplantation 254
Reoviridae

CNS involvement 872
epidemiology 718
in respiratory tract 825–26, 826

Reproductive health, information sources 1797
Research ethic committees 89–90

Research initiative for traditional antimalarial methods 
(RITAM) 42

Reserpine 633
Reservoir hosts, arboviruses 718
Residual neurological defecit, post-malaria 1231
Respiratory problems 143–49

acanthamoeba and upper respiratory infection 1407
ARIs  see Acute respiratory infections
asthma and allergy 147 see also Asthma
biomass fuel use and respiratory health 147–48
clinical assessment

in adults 143–44
in children 143

HIV infection and pulmonary presentation 146–47
information sources 1787
occupational lung diseases 148
in parasitic diseases 148
pleural diseases 149
pulmonary investigations 144–45
pulmonary tuberculosis  see under Tuberculosis
respiratory distress, snake bite 576
sarcoidosis 149
tobacco and health 148
tropical pulmonary eosinophilia (TPE) 148–49, 1522
vascular diseases 149
viral infections  see Respiratory syncytial virus; Respiratory 

viruses
see also specifi c diseases

Respiratory syncytial virus (RSV) 454, 825, 826
in infants 833
nosocomial infection 832
treatment 833

Respiratory tract infection 825–29
lower tract 143, 145, 192, 454, 460, 825, 826, 828 see also 

Pneumonia
in children 830

upper tract 453–54, 825, 826, 828, 1407
tuberculosis 1017

Respiratory viruses 825–33
causing disease in the immunocompromised 829
clinical picture 825
epidemiology 829–30

and aetiology of LRTI in developing countries 831
frequency of detection in children

by age 829
by syndrome 830

infecting the respiratory tract 825–29, 826
laboratory diagnosis 830–32
nosocomial infection 832
prevention 833
RSV  see Respiratory syncytial virus
treatment 832–33
types 825–29

Restriction fragment length polymorphism (RFLP) 993
Retinal vasculitis 319
Retinitis pigmentosa 303
Retinoblastoma 99, 304–5, 305
Retinochoroiditis 323, 323
Retinoids, skin diseases 354, 359, 365, 367
Retinopathy

diabetic 195–96, 295
eclipse (solar burn) 312
HIV-related 314–15
neuroretinitis 316
of prematurity 304

Retrovaginal fi stula 450
Retroviruses 873–74
Reye’s syndrome 754

risk with aspirin 759, 827, 845
Rhabditis hominis 1679, 1679
Rhabdomyolysis, snake bite 566
Rhabdoviridae 799

CNS involvement 874–76
rabies  see Rabies

Rheumatic fever 151
in children 440, 452
management 152

Rheumatic heart disease 151–52
Rheumatoid arthritis 436–37

drugs and potential problems 437
dry eye 307

Rheumatology, information sources 1787
Rhinoentomophthoromycosis 1180
Rhinoestrus purpureus 1589, 1713
Rhinosporidiosis 509
Rhinosporidium seeberi 509
Rhinoviruses 826, 827–28
Rhipicephalus appendiculatus 1707
Rhodnius (spp.) 1339, 1768, 1768, 1769, 1772

R. brethesi 1335
R. ecuadoriensis 1335, 1772
R. pallescens 1772
R. prolixus 1335, 1338, 1769, 1770, 1771, 1772, 1772

Ribavirin
Crimean–Congo haemorrhagic fever virus 781
haemorrhagic fever with renal syndrome (HFRS) 779
hepatitis C 712

hepatitis C-associated nephropathy 243
Lassa fever 772, 857
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measles 870
RSV infection in infants 833
viral haemorrhagic fevers 766

Ribofl avin 540, 553
defi ciency 210, 260, 542, 641

Ricin 613
Rickets 441, 459–60, 547–49

deformities 548
radiological changes 549

Rickettsia
granulomatous disorders 68
immunology 60, 68
lymphadenopathy 104
O. tsutsugamushi 897
R. acari 894
R. africae 894
R. conorii 266, 893
R. helvetica 894
R. prowazekii 266, 885, 887–88, 888
R. rickettsii 886, 892–93, 895
R. sharoni 893
R. sibirica 894
R. tsutsugamushi 266
R. typhi/mooseri 890–91

Rickettsial infections 885–900
classifi cation 885
CNS 266
diagnosis 886–87
and the eye 316
history 885–86
pathogenesis 886
prophylaxis 887
rickettsialpox 894
rickettsiosis in travel medicine 900
spotted fevers/tick-borne infections 891–94, 895
therapy 887
typhus group 887–91
see also specifi c infections

Rifabutin 1025, 1048
leprosy 1067

Rifampicin/rifampin
adverse reactions 1026, 1026
amoebiasis 268
bartonellosis 1097
brucellosis 1081, 1082
Buruli ulcer 1047
doxycycline plus 1081
fungal mycetoma 1178
H. infl uenzae  979
human ehrlichiosis 1099
interactions 1028, 1262
leprosy 340, 1065–66, 1067, 1068

oral infection 507
lymphogranuloma venereum 505
mycobacterial infections 340
N. meningitidis 978
pneumococcal infections 964
primary amoebic meningoencephalitis 1409, 1410, 1411
risk of resistance development 897
scrub typhus 897
tuberculosis 506, 1009, 1022, 1024

in children 449
TB therapy and HAART regime 393

Rifamycins 1025, 1026
Rifaximin 518, 519
Rift Valley fever (RVF)

epidemiology 30
Japanese encephalitis 263, 264

Rift Valley fever virus (RVFV) 745–47, 746, 782
encephalitis 723
epidemiology 718, 747
haemorrhagic fever 722–23, 782
vaccine 725, 747

Right ventricular endomyocardial fi brosis 155, 156
Rimantadine 832
Ringer’s lactate solution 455, 782
Ringworm, scalp 1170–71, 1171
Rio Bravo virus (RBV) 748

epidemiology 717
Risk assessments for travel 515–16
Risk pooling 80–81
Risperidone 279
Risus sardonicus 99, 1114, 1115
Ritonavir

nephrotoxicity 245
TB therapy and HAART regime 393

River blindness  see Onchocerciasis
RNA viruses, cutaneous disease 835–39
Robles disease  see Onchocerciasis
Rochagan® 1333
Rocio virus (ROCV) 738

encephalitis 862–63
epidemiology 716, 862–63

Rocky Mountain spotted fever (RMSF) 892–93, 892–93, 895
and the eye 316

Rocky Mountain wood tick (D. andersoni) 872, 1707
Rodentolepis/Hymenolepis nana 1663, 1666–67, 1667, 1668
Romana’s sign 1330, 1331, 1332
Rose Bengal 308

Ross, Ronald 4, 6, 6
Ross Institute for Tropical Hygiene 4
Ross River virus (RRV) 732–33

epidemiology 716, 733
mosquitoes 1728
polyarthralgic illness 723–24
transmission 720, 732
vaccines 726

Rotarix® 820
RotaShield® 820
Rotateq® 820
Rotaviruses

clinical features 818–19
CNS involvement 872
diagnosis 819–20
diarrhoea 815–20

in infants 24, 455
disaccaride intolerance 908
epidemiology and geographical distribution 815, 816
immunity 818
management 820
pathogenesis 817–18
prevention and control 820
virology 815–17, 816, 818–19

Roundworms  see Ascaris lumbricoides; Nematodes/nematode 
infections

RTUFs (ready-to-use therapeutic foods) 542–43
Rubella 838–39

CNS involvement 878–79
and the eye 313
rash 95
vaccines 838, 879

Rubeotic glaucoma 291
Rubiviruses 878–79
Russell’s viper 223, 224, 559, 559, 579

envenoming 570, 572–73, 580
Russian gadfl y 1589
Russian Spring Summer-Encephalitis Virus (RSSEV) 863

S
Sabethes mosquitoes 1748
Sabia virus infection 773
Sabre tibia 1143, 1145
Safety  see Health and safety
Salbutamol 147, 589
Salicylates 603

salicylate ointment 365, 367, 369
salicylic acid 354

Salivary gland hypertrophy 107
Salmonella (spp.) 931–40, 932

bacterial meningitis 938–39, 970, 971
diarrhoea 455, 904, 905
immunology 60
joint infections 438
MRSTY strains 943–44
non-typhoid (NTS) 454, 456, 937–40, 939

antibiotic resistance 945–47, 946
bacterial meningitis 938–39, 971

S. Paratyphi 931, 932 see also Paratyphoid fevers
antibiotic resistance 943, 945

S. typhi (S. enterica serovar Typhi)
antibiotic resistance 940, 943–45, 944
bacterial meningitis 971
haemolytic–uraemic syndrome 250
with Oroya fever 1093
parasite persistence 61, 62
typhoid fever 125, 931–37 see also Typhoid/enteric 

fever
Salmonella infections 931–40

antibiotic resistance 935, 936, 940, 943–47, 944
bacterial meningitis and 938–39, 970, 971
haemolytic–uraemic syndrome and 250
malabsorption 122
Oroya fever and 1094
salmonellosis 937–40, 939

antibiotic resistance 940
clinical manifestations 938–39
diagnosis 939–40
epidemiology 937
pathogenesis 937–38
prevention 940
treatment 940

with schistosomiasis 1453
toxic megacolon 128
typhoid/paratyphoid fevers (enteric fever) 931–37 see also 

Typhoid/enteric fever
see also Salmonella (spp.)

Salpingitis 417, 421
tuberculous 1011

Salt
fortifi cation for prevention of iodine defi ciency disorders 

546
hypertension and 154
peripartum cardiac failure and 154
salt-depletion heat exhaustion 531
and water handling in chronic renal failure 253

Sand fl ea  see Tunga penetrans

Sandfl ies, phlebotomine 1714–23, 1714–16, 1719–20, 1722
behaviour 1715–17
bite 342, 1092

pathology 1344–46
reaction to 1721

blood feeding 1717
classifi cation and identifi cation 1722–23
collection 1721
control 1095, 1361, 1362, 1721
leishmaniasis 1342–43, 1344–46, 1715, 1718–19, 

1719–20
life history 1717–18
preparation and preservation of specimens 1721–22
repellents 1361
seasonal distribution 1717
transmission of disease organisms 1718–21

Sandfl y fever virus (SFNV/SFSV) 747, 1719
epidemiology 718, 747
polyarthralgic illness 723–24

Sandworm  see Cutaneous larva migrans
Sanguinerine 605, 607
Sanguinivorous larvae 1712
Sanitation

cholera 926
helminthic control 1538–39
primary healthcare 14

Sapovirus 822
Sappinia diploidea 268
Sarcocystis (spp.) 1627–28
Sarcodina (amoebae) 1375–87
Sarcoidosis 149, 1047
Sarcophaga (spp.) 1712
Sarcoptes scabiei 1591, 1699, 1700

see also Scabies
Sarcoptic mange 1591, 1592
SARS (severe acute respiratory syndrome) 31

SARS-coronavirus 826, 828, 859
Saw palmetto 614, 615
Saw-scaled viper 223, 224, 560, 571, 579
Scabies 345–46, 346, 386, 1591–93, 1592
Scalp ringworm (Tinea capitis) 1170–71, 1171
Scedosporium apiospermum 1176
Schick test, diphtheria 1137
Schirmer’s test 308
Schistosoma (spp.) 59, 1651–58

differentiation 1444–45, 1652
life cycle 1431–32, 1431
parasitology and biology of parasite stages 1428–31, 

1428–30
S. guineensis 1651, 1652, 1654

eggs 1654, 1655
molluscan hosts 1657, 1657

S. haematobium 244, 1651, 1652, 1653, 1654
chronic renal failure 255
diagnosis of infection 1446
eggs 1445, 1636, 1654, 1655, 1656
epidemiology 1426
history 1425
intermediate hosts 1432–33
iron-defi ciency anaemia 203
miracidium 1655
pathology of infection 1437–39
snail hosts 1656, 1657
urinary infection 1443

S. intercalatum 1651, 1652, 1654
eggs 1445, 1654, 1655
history 1425–26
intermediate hosts 1433
intestinal/urinary infection 1443
pathology of infection 1442
snail hosts 1657

S. japonicum 244, 1652, 1654, 1654
cercaria 1656
eggs 1445, 1636, 1654, 1655
epidemiology 1426
established infections 1443–44
history 1425
intermediate hosts 1433–34
iron-defi ciency anaemia 203
pathology of infection 1441–42
small intestine involvement 125
snail hosts 1657

S. malayensis 1426, 1652
S. mansoni 66, 244, 270–71, 1652, 1654

eggs 1439–40, 1445, 1602, 1636, 1654, 1655, 1656
epidemiology 1426
history 1425
intermediate hosts 1433
intestinal infection 1443–44
iron-defi ciency anaemia 203
pathology of infection 1439–41, 1440
snail hosts 1658

S. mattheei 1651, 1654
S. mekongi 1652, 1654

established infections 1443–44
history 1426
pathology of infection 1442
snail hosts 1657

see also Schistosomiasis
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Schistosomiasis 1425–55
acute toxaemic (Katayama fever) 103, 129, 1435, 1437, 

1442–43, 1453
aetiology 1427–28
anaemia 203
associated salmonellosis 1453
cercarial dermatitis (swimmer’s itch) 57, 1442
chronic renal failure 255
clinical features 1442–44
CNS involvement 270–71, 271, 1441, 1452
diagnosis 1445–50
differential diagnosis 1444–45
epidemiology 1434–35
epilepsy 259, 260
eye complications 327–28
geographical aspects 1426–27, 1426–27
glomerulonephritis and 244–45
granuloma 790
hepatic 108, 134
hepatosplenic 1439–40
history 1425–26
immunity 1435–36
intermediate hosts 1432–34
intestinal 1443–44
jaundice 129
management 1450–53
neurological 1452
parasite life cycle 1431–32, 1431
parasitology and biology of parasite stages 1428–31, 

1428–30
pathogenesis 1436–37
pathology 1437–42
prevention and control 1453–55
syndromes common to all schistosome infections 

1442–43
urinary 1443
without eggs 1453

Schistosomula 1431, 1432, 1436, 1437, 1452
Schizophrenia 278–79
Scleritis 310, 317, 319
Sclerosing keratitis 297, 297
Sclerosis, systemic 98
Scombrotoxic poisoning 595
Scopolomine 617
Scorpion fi sh 583, 584
Scorpion stings 589–90
Scrapie 880
Scrofuloderma 337–38
Scrotal swelling 411, 1484

elephantiasis 1484, 1488
Scrub typhus 266, 894–97, 896–97

chiggers and 885, 894, 1701–2
history 886

Scurvy 210, 546–47
Scytalidium (spp.) 1171, 1174–75

S. dimidiatum 1174, 1175
S. hyalinum 1174, 1175

Scytalidium infections 1174–75
Sea anemones 584–85
Sea snake bites 570
Sea urchin envenomation 586
Seadornaviruses 872
Seafood poisoning 511, 594–96
Sea-grape 603
Seamen’s Hospital Society (SHS) 1–2, 3–4
Seaweed dermatitis 612
Seborrhoeic dermatitis 386, 1175
Seizures  see Fits/convulsions
Selenium defi ciency 460
Selenium shampoo 386
Selenium sulphide/sulfur 349

Malassezia infections 1175
Semliki Forest virus (SFV) 748, 854, 855

CNS involvement 878, 878
epidemiology 716
mosquitoes 1728

Senecio (spp.) 610–11, 616, 617
Sengstaken tube 133
Senna 603
Sennosides 603
Sentinel node biopsy 646
Sepik virus (SEPV) 749

epidemiology 716
mosquitoes 1729

Sepsis, acute renal failure 251
Septic arthritis 438–39
Septicaemia

disseminated intravascular coagulation cause 221
fatal 341, 539, 583, 976
meningococcal  see Meningococcal septicaemia
pneumococcal 193
salmonella 170, 943, 946

Septicaemic plague 1122
Serum creatinine 235, 240, 241

chronic renal failure 252
Sexual contacts in travellers 522
Sexually transmitted infections (STIs)

clinical history of sexual contacts 96–97
condoms and  see Condoms

control 404, 432
education 432

condoms 377, 404, 432
epidemiology of disease 403–4
excluding HIV 403–32
with genital discharge 406–22
with genital ulceration 409, 422–31
with genital warts 431–32
high incidence factors in developing countries 404
history-taking and examination in STI clinic 

404–6
HIV infection and 404
information sources 1787–88
with lower abdominal pain 415
management guidelines 407–16
management of STI control programmes 432
with neonatal conjunctivitis 416, 417–19
syndromic management 405–6, 406
travellers and 522
with urethral discharge 406–21, 407–8
with vaginal discharge 412–14, 421–22
with and without genital lesions 405
see also specifi c diseases and infections

Sheep nasal bot fl y 1589
Shellfi sh poisoning 595
Shiga toxin-producing Escherichia coli (STEC) 249–50
Shigella (spp.) 921–24, 921, 923

acute renal failure 248
antibiotic resistance 947–48
diarrhoea 455
drug resistance 923, 943, 948
dysentery 24, 921–24
Sh. boydii 921, 921, 923

drug resistance 943, 948
Sh. dysenteriae type 1 (Shiga’s bacillus) 24, 455, 921–24, 

921, 923
drug resistance 943, 947, 948

Sh. fl exneri 921, 921, 922, 923–24, 923
drug resistance 943, 948

Sh. sonnei 921, 921, 923
drug resistance 943, 948

toxic megacolon 128
Shiggelosis 127, 921–24
Shingles 386–87, 845–46, 846
Shock

anaphylactic 576, 1358, 1551, 1553, 1597
circulatory shock syndromes, snake bite 572
hypovolaemic 766
snake bite 565, 576, 580

Siberian tick typhus 894, 895
Sickle cell disease 189–96

anaemia 189–96, 190, 459
surgery and 470–71

in association with Hb variants 195–96
bacterial infections 192
chronic degenerative disease 192
clinical presentation 190–93
crisis management 194–95
glomerulonephritis 246
haematogenous osteomyelitis in 472
health maintenance 193–94, 193
jaundice 129, 129
ocular manifestations 303–4
pathophysiology 190
pneumococcal infection with 962–63
in pregnancy 192, 194–95
prevention 195
prognosis 192–93
sickle cell trait 196

Sigmoid volvulus 472
Silent ischaemia 694
Simulium blackfl ies 283, 296, 1492, 1499, 1751–52

S. damnosum complex 1498, 1691, 1751, 1752
S. ochraceum complex 1499, 1752

Sin Nombre virus 828
Sindbis virus (SINV) 733

epidemiology 716, 733
mosquitoes 1728
polyarthralgic illness 723–24

Sinusitis 962
Siphonaptera  see Fleas
Skin

immunology 58–59
infections and diseases  see Skin infections/diseases
information sources 1785
non-infectious/non-infective problems  see 

Dermatological problems
ulcers  see Skin ulcers

Skin biopsy 365–66, 806, 810, 1064
Skin infections/diseases

arthropod dermatoses 1595
bacterial 333–41 see also below skin tuberculosis

anthrax 1110
bacterial mycetoma 340–41
brucellosis 1080
diphtheria 1134
pyogenic infections 333–35, 334
treponemal 335–36, 1139–47
tularemia 1104–5

caused by parasites, ectoparasites and bites 341–47, 
1586–89 see also specifi c conditions

clinical features and working diagnoses 334
CLM  see Cutaneous larva migrans
conditions with HIV/AIDS 352–53, 353
cutaneous amoebiasis 1381–82
cutaneous leishmaniasis  see Cutaneous leishmaniasis
fungal 347–52, 1169–72, 1184 see also specifi c infections
leprosy and skin manifestations 339–40, 1059–61, 1065
malignancies 360–64, 645–47 see also Kaposi’s sarcoma
skin tuberculosis 337–38, 985, 1012–15, 1013–14, 1022 

see also Lupus vulgaris
systemic 100
tropical setting of 333
viral 352–53, 835–51
see also specifi c conditions

Skin problems, non-infectious/non-infective  see 
Dermatological problems

Skin ulcers
cutaneous leishmaniasis 94

chiclero ulcer 342, 343
Feldman–Hershfi eld ulcers 1045
legs, sickle cell disease 192, 194
leprosy 1060, 1061, 1069
Staphylococcus spp. 94
tularemia 1104–5, 1105

Sleeping sickness  see Human African trypanosomiasis
Slim disease 648
Slit skin smears 1064
Small bowel disease 220, 1400
Small bowel volvulus 472
Small intestine 111–25

bacterial infections 121–23
diarrhoea

cholera 114–16
mechanism 112
post-infective malabsorption 118–20
traveller’s 112–14

emergency conditions 124–25
malabsorption 116, 120–21

bacterial infections 121–23
parasitic infections 123–24
post-infective (PIM) 112, 116–20, 117, 119, 120
subclinical 112
viral infections 121

parasitic infections 123–24
trauma 125
tropical enteropathy 111–12
viral infections 121

Smallpox 839
Smoking-related diseases  see Tobacco and smoking-related 

diseases
Snails

aestivation 1434
schistosomiasis hosts 1656, 1657, 1658

Snake bite
acute renal failure 249
determinants of incidence and severity of envenoming 562
envenomation

clinical course and prognosis 573–74
clinical features 565–67
haemorrhage 222–24, 223
interval between bite and death 574
laboratory investigations 574–75
risks 574
severity 562
by snake families 567–73
venom apparatus 563–64
venom composition 564–65

epidemiology 561–63
management 575–81

antivenom 577–80
fi rst aid 575–76
hypotension and shock 580
in-patient treatment 576
intracompartmental syndromes 581
local infection 580
renal failure 580
supportive treatment 580
treatment of early symptoms 576
unproven treatments 581

as an occupational disease 563
prevention 581
prophylactic immunization 581
without envenoming (dry bites) 564

Snake venom conjunctivitis 312, 569
Snake venom ophthalmia 567, 569, 581
Snakes, venomous

distribution 560–61
identifi cation 559–60
medically important snakes 558–59
most responsible for human deaths and morbidity 562
taxonomy 557–59

Social factors
climate change and disease patterns 259–60
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Soil-transmitted helminths (STH)  see Nematodes/nematode 

infections
Solanum (spp.) 618
Sore throat, streptococcal 151

v. viral 152
South Africa

diabetes 662, 663, 665
Expanded Programme on Immunization (EPI) 457

South African bont tick 1707
South-East Asian ovalocytosis (SAO) 200–201, 200–201
Sowda 1493–94, 1494
Sparganosis 511, 1575, 1575, 1662

epilepsy 259
eye complications 327
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Stonefi sh 583
Stouts 1754
Strachan’s syndrome 260
Streptococci

immunology 63
immunopathology 58
post-streptococcal glomerulonephritis 249
skin infections 333
Strep. agalactiae 969, 970, 971
Strep. pneumoniae 454

bacterial meningitis 455, 969, 971, 975, 980
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recurrence rates 1555
fi lariasis 1488
HIV and 463–67
information sources 1788
malignancies 644, 652, 654, 655
megacolon, Chagas’ disease 1334, 1334
overcoming isolation 473
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Thiamin, beriberi 550, 551
Thiazide diuretics 247
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Trichinella (spp.) 1682–83

T. pseudospiralis 1542, 1683
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Trichinosis 325, 510, 1540–44

CNS involvement 271
eye complications 326
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myocarditis 1330, 1332
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natural history and sequelae of infection 985
ocular 1017
oral infection 505–6
orifi cial 338
pathogenesis 984–88, 985–88
pathology 988–89

in HIV infection 1018
pericarditis 156–57, 158, 449, 1016–17, 1016–17
post-primary 984, 985, 986

HIV and 384, 1019
pulmonary 384, 986–88, 992, 998, 1002–4

primary 984–88
intestinal 1011–12
primary pulmonary lesion complications and sequelae 

987
pulmonary in children 1000

primary complex 449, 985, 985, 986, 988–89, 1015
pulmonary clinical presentations 989

HIV-related 146–47, 384, 1018–19, 1018
renal 254, 1010–11, 1010, 1012
risk/susceptibility factors 990, 996
septic arthritis 438–39
skin 337–38, 985, 1012–15, 1013–14, 1022 see also Lupus 

vulgaris
chronic tuberculosis verrucosa cutis 337
MAIS complex infection 338

spinal 1007, 1007
thyroid nodules/abscesses 1017
treatment 1022–31

adverse drug reactions and interactions 1026–28, 
1026–28

CNS TB 1009
with drug- and multi-drug resistant organisms 

1029–30 see also MDRTB: treatment
drug dosage 1030
drug regimens with concomitant antiretroviral 

regimens 1028, 1028
drug therapy 1022–25, 1028–30
hypersensitivity reactions 1028–29
immunotherapy 1025–26
with impaired liver function 1029
in pregnancy 1029
preventive therapy 1030–31
with renal insuffi ciency 1029
role of corticosteroids 1030
supply in India 76
surgical 1031
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tuberculous lymphadenopathy 104, 1015–16, 1015–16, 
1021

tuberculous pleural effusion and empyema 1004
of the upper respiratory tract 1017
urinary and genital tracts 1010–11, 1010, 1011
vaccines 1033–35 see also BCG (Bacille Calmette-Guérin) 

vaccine
XDRTB  see XDRTB
see also Mycobacterium (spp.): M. tuberculosis

Tuberculous meningitis 449, 1008–9, 1008–10, 1030
fi ts/convulsions 260

Tuberculous spondylitis 1079, 1080
Tubuler necrosis, acute 246, 250
Tularaemia 104, 1103–7

clinical features 1104–5
diagnosis 1105
distribution 1103
epidemiology 1106
and the eye 319
immunity 1104
jaundice 129
pathology 1104
prevention 1107
transmission 1103–4, 1757
treatment 1105–6

Tumbu fl y 1587–88, 1709–10, 1710
Tumour necrosis factors (TNFs) 59–60, 62, 65, 66, 67, 68, 69, 

71
bacterial meningitis 975, 976
dengue haemorrhagic fever 756
infectious mononucleosis 788
malaria 1211–12
tuberculosis (TB) 990–91

Tunga penetrans 344–45, 345, 1590–91, 1590–91, 
1778–79

Tungiasis 344–45, 345, 1590–91
Turkey gnats  see Simulium blackfl ies
Turpentine, myiasis 511
Turtle poisoning 594
Typhoidal tularemia 1105
Typhoid/enteric fever 931–37

acute renal failure 248
carier state 935
clinical manifestations 933–34
comparison with paratyphoid fevers 934
diagnosis 934–35
emergency condition 125
epidemiology 931
and the eye 320
immunity mechanism 933
laboratory fi ndings 934
management of chronic cariers 936
multi-resistant 935, 936
pathogenesis 931–32

molecular basis 932–33
prevention 524, 936–37
prognosis 936
transmission 931
treatment 935–36

Typhus
CNS involvement 266
epidemic (louse-borne) 885, 887–90, 889
and the eye 316
history 885, 886
Israeli tick typhus 893
murine (endemic, fl ea-borne) 885, 890–91, 891
nodule (Wohlbach’s nodule) 886
scrub typhus (mite-borne)  see Scrub typhus
tick-borne 892–94, 892–93

Tysabri 868
Tyuleniy virus (TYUV) 749

epidemiology 717

U
Ulceroglandular syndromes

lymphadenopathy 104
tularemia 1104–5

Ulcers
corneal  see Corneal ulceration
duodenal 110–11, 912
gastric 110
genital 409, 422–31
intestinal 932
mouth 107
peptic 110, 111
skin  see Skin ulcers

Ultrasound services in the tropics 494, 494, 495, 496–97, 
496

chronic liver disease 133
lymphatic fi lariasis 1485
onchocercal nodule detection 1495
schistosomiasis 1449–50

Undulant fever  see Brucellosis
Upas tree 608, 608
Upper respiratory tract infection (URTI) 453–54, 825, 826, 

828, 1407
Acanthamoeba  1407

Upper respiratory tract tuberculosis 1017
Uraemia 246–47, 251
Urban yellow fever 745
Urethritis/urethral discharge 404, 406–21, 407–8, 420

chlamydial infection 420–21
gonorrhoea 406–20
non-gonococcal 419

Uretic calculi 254
Urinary tract, tuberculosis 1010–11
Urine

24-hour test 676
acute renal failure 251

Urogenital myiasis 1590, 1713
Urticaria 364–65, 364

acute 364
angio-oedema 365
antivenom reaction 578, 578, 579
Ascaris lumbricoides and 1521
chronic 364, 364

ideopathic 365
due to plants 612
urtical vasculitis 365

Uruma  see Mayaro virus
User fees 80
Usutu virus (USUV) 749

epidemiology 716
Uterine cervix cancer 636, 637–40, 638
UVB phototherapy 360

V
Vaccine-preventable diseases 27–28

in travellers 522–24
Vaccines/vaccinations  see Immunization
Vaginal candidosis 1173
Vaginal discharge 412–14, 421–22
Vaginal myiasis 1589–90
Vaginosis, bacterial 422

treatment 418
Valaciclovir (VACV) 845

genital herpes 419
Valganciclovir 382
Vampirolepis nana 1636
Vancomycin

endophthalmitis 311
pneumococcal infections 964

Varicella zoster immunoglobulin (VZIG) 845
Varicella zoster virus (VZV) 61, 836, 844–46, 865–66

blistering 352
chickenpox  see Chickenpox
CNS involvement 865–66, 874
epidemiology 865
herpes zoster keratitis 313
herpes zoster ophthalmicus  see Herpes zoster 

ophthalmicus
immunology 60–62
pathogenesis 865
pathology 865–66
prophylaxis 833
respiratory complications 829
shingles 386–87, 845–46, 846

Vascular purpuras 219
Vasopressin 133
Vecuronium 1116
Vegetarians, vitamin A defi ciency 554
Venereal diseases  see sexually transmitted infections
Venezuelan equine encephalitis virus (VEEV) 723, 

730–31
epidemiology 716, 731
mosquitoes 1728
New World distribution 729
transmission 720, 730
vaccines 726, 731

Venezuelan haemorrhagic fever 773
Venomous bites and stings 222–24, 557–94

mammal bites 557
snake bite  see Snake bite
stings  see Stings
see also Envenomation

Veno-occlusive disease 130–31, 616
Ventricular disorders

cysticercosis and 1571
left  see Left ventricular disorders
right ventricular endomyocardial fi brosis 155, 156
ventricular hypertrophy 673
ventriculitis with hespesvirus infections 874

Ver du cayor 1587–88, 1709–10, 1710
Ver macaque 1588–89, 1710–11, 1710–11
Vernal keratoconjunctivits 307
Verocytotoxins 916
Verruga peruana  see Bartonellosis
Vesiculovirus 874
VHFs  see Viral haemorrhagic fevers
Vibramycin® 520

see also Doxycycline
Vibrio cholerae (spp.) 924–27, 924

diarrhoea 455, 925–26
epidemiology 30–31, 925

investigations 115
non-cholera 927
V. cholera O1 924, 925–26, 927

antibiotic resistance 948–49
V. cholera O139 924, 925

antibiotic resistance 949
see also Cholera

Vica faba (broad bean) 199, 614, 615
Vidaribine

herpesvirus infections 849, 865, 866, 867
ophthalmic preparations 849

Villous atrophy 542
partial 118, 1390, 1534
protozoal infections 1390, 1390, 1391, 1399, 1401, 1403, 

1626
Vinblastine 387, 654
Vinca alkaloids 603
Vincristine

Burkitt’s lymphoma 652, 792
Kaposi’s sarcoma 387, 649
thrombocytopenia 220

Viomycin 1025, 1027
Viperidae snakes 222, 223, 224, 558

identifi cation 559
venom/envenoming 569, 570–73

haemorrhage 223, 224
Viral haemorrhagic fevers (VHFs) 722–23, 763–82

algorithm for suspecting VHF in febrile patient 767
Alkhurma haemorrhagic fever virus 864
arenaviruses 764, 769–73
bunyaviridae 764, 777–82
clinical features 763–65
Crimean–Congo haemorrhagic fever virus 717
dengue haemorrhagic fever  see Dengue haemorrhagic 

fever
diagnosis 765
differential diagnosis 765, 768
epidemiology 763
fi loviruses 764, 773–77
fl aviviruses 764, 782
identifying cases 765
management 765
pathogenesis 763
prevention of nosocomial spread 769
recovery 768
treatment 765–68

Viral infections
arboviral  see Arbovirus infections
arthritis 439
CNS 263–65, 853–80

arboviruses 855–78, 856
clinical manifestations 854
prion diseases 879–80, 879
routes of entry of neurotropic viruses 854
rubiviruses 878–79
spread within the nervous system 854–55
viral spread to the CNS 853–54

cutaneous diseases 352–53, 835–51
diarrhoea caused by viruses 815–23

non-infl ammatory diarrhoea 905
watery diarrhoea 100

epilepsy 259
examination of faeces 1600
and the eye 312–16
granulomatous disorders 68
haemorrghagic fevers  see Viral haemorrhagic fevers
jaundice 129
rabies-related 800–803
respiratory 825–33
small intestine 121
streptococcal v. viral sore throat 152
viral conjunctivitis 307
viral hepatitis 697–712 see also specifi c forms of hepatitis
viral meningitis 262
see also specifi c infections

Visceral larva migrans (VLM) 1523, 1524–25
Visceral leishmaniasis (VL) 343, 1346–50, 1348–49, 

1609
clinical forms 1350
control in India 14
diagnosis 1355–56, 1623
distribution 1344, 1345, 1622–23
and the eye 323
haematological consequencies 174, 1349–50
HIV, opportunistic illness 382
pathogenesis 1623
transmission 1344
treatment 1359

Vision 2020: The Right to Sight 286–87
Visual impairment categories 283, 284
Vitamin B complex, nervous system 260
Vitamin defi ciencies

niacin (pellagra) 551–53 see also Pellagra
ribofl avin (aribofl avinosis) 210, 260, 542, 553, 641
vitamin A 210, 459

children 210
defi ciency disorders and the eye  see Xerophthalmia
measles 299
pregnant women 553–54
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refugees 554
vegetarians 554

vitamin B1 549–51 see also Beriberi
vitamin B12 207, 208, 209–10

tapeworm anaemia 1580–81
vitamin C (scurvy) 210, 546–47

iron-loaded patients 183
vitamin D 253

and calcium 459–60
rickets 547–49 see also Rickets

vitamin E 210
vitamin K 220–21

Vitamin supplements/treatments
multivitamins 544
ribofl avin 553
vitamin A 459

diarrhoea 908
malnutrition 544
measles 302, 448
oral cancer protection 500
phrynoderma 367
prevention of defi ciency 301

vitamin C 547
with desferrioxamine 183–84

vitamin D 460
calcipotriol 359

vitamin K 220, 544
Vitamins

vitamin B2  see Ribofl avin
vitamin B12 requirements 206
vitamin K antagonism 220

Vitiligo 368, 368
Vitrectomy 304

pars plana 296
Volvulus

of the colon 127–28
sigmoid 472
small bowel 472

Vomicine 617
Vomiting

aetiologies 100
clinical history 99
HIV 385

Von Willibrand’s disease 224–25
Voriconazole

chromoblastomycosis 351
eumycetoma 1178
oculomycosis 1187

Vulvovaginal candidiasis 418, 421
Vulvovaginitis 843

W
Wallerian degeneration 549
Warble fl ies 1532, 1588–89, 1713
Warfarin

haemorrhage 220
interactions 220, 1028

Warts
cutaneous 850

superfi cial warty lesions 1045
genital  see Genital warts
recalcitrant viral 352, 352

Wasp stings 587–89, 1596–97
Water level management 1279–80
Water purifi cation 14, 1412–13

see also Sanitation
Water sanitation 14
Water-depletion heat exhaustion 530–31
Waterhouse–Friederichsen syndrome 962, 976
Watery diarrhoea 24, 100, 114, 116, 918, 925–26

emergencies 124
Watsonius watsoni 1659
Weevers 583
Weight loss, clinical history 99, 99
Weil’s disease  see Leptospirosis
Wernicke’s encephalopathy 260, 550–51
Wesselsbron virus (WESSV) 749

epidemiology 716
mosquitoes 1730

West Nile virus (WNV) 740–42, 862
distribution 740, 741

encephalitis 723
epidemiology 717, 741–42, 862
mosquitoes 1730
subtype KUNV  see Kunjin virus
transmission 720, 740
vaccines in development 726, 742, 862

Western equine encephalitis virus (WEEV) 723, 728
CNS involvement 877–88
epidemiology 716, 728, 877
mosquitoes 1729
New World distribution 729
transmission 719, 720, 728
vaccines 726, 878

Whipple disease 1087–88
Whipworm  see Tricuris trichiura
White blood cells

count 163–65, 163–65
disorders of 213–19
lymphocytes  see B lymphocytes; Lymphocytes; T 

lymphocytes
in malaria 171

White piedra 1175
Whitewater Arroyo virus 773
Whitfi eld’s ointment

Scytalidium infections 1175
Tinea cruris 1171
tinea nigra 1176
Tinea pedis 1172

Whitlow, herpetic 843
Whooping cough (pertussis) 453

vaccine 458
Willow 603
Wintergreen 603
Wohlfahrtia (spp.) 1589–90, 1712

W. magnifi ca 1590, 1712
W. vigil 1590, 1712

Wolhynia fever  see Trench fever
Wood’s light examination 368, 369, 1171
World Health Organization (WHO)

antimalarial recommendations 1276
breast-feeding 450
categories of visual impairment 283, 284
clinical staging of HIV 395
cost-effectiveness 79
defi nition of severe malaria 1229
diabetes classifi cation 661, 664
epidemiology of disease 19, 20–21, 23, 25, 26, 27, 28, 29, 

30, 32, 33
Expanded Programme on Immunization (EPI) 457–58
integrated management of childhood illnesses (IMCI)  

see IMCI
malnutrition classifi cation 538, 539
multi-drug therapy (MDT) for leprosy 1066
nasopharyngela carcinoma classifi cation 653
primary care and disease prevention and control 9, 10, 11, 

12, 13, 14
STI management and treatment recommendations 405–6, 

418–19, 420
children with HIV 450, 451

strategies to improve maternal and newborn health 
480–86

traditional medicine 36, 43
tuberculosis 983, 1023, 1031–33, 1034

DOTS strategy 1032–33
vaccine recommendations 72, 457–58, 1034

rabies 809
Wormwood (Artemisia absinthium) 601, 602
Wound management 468

environmental mycobacterial infection 1048
rabies 808
traditional medicine 42

Wound myiasis 1590
Wuchereria bancrofti 1683–88, 1683–89, 1690, 1693

differentiation from B. malayi 1691, 1692
fi lariasis 325, 511, 1477–83, 1478–80, 1685–86, 1686, 

1687
glomerulonephritis 245
Guillain–Barré syndrome 269
life cycle 1478, 1686–88, 1687–88
microfi larial peridicity 1479–80, 1685–86
mosquito vectors 1724–25
transmission 1478
var. pacifi ca 1686, 1688

X
Xanthine oxidase inhibitors, gout 440
XDRTB (extensively/extreme drug-resistant TB) 25, 983, 

995–96, 997, 1022, 1030
treatment 1026, 1032

Xenodiagnosis
Chagas’ disease 1333, 1774–75
T. rangeli 1338–39

Xenopsylla (spp.) 1777
X. braziliensis 1777
X. cheopis 1777

Xerophthalmia 299–301, 299–301, 459, 459
environmental factors 283–84

Xerosis
conjunctival 299, 300, 459
corneal 300, 301, 459

Xylocaine 590

Y
Yams 608
Yaws 335–36, 504, 1139–44

clinical features 1140–43, 1141–45
control 1147
diagnosis and differential diagnosis 1143–44
epidemiology and mode of transmission 1140
and the eye 321
histopathology 1143
management 1147

Yellow fever virus (YFV) 742–45, 743, 744, 782
epidemiology 717, 744–45
haemorrhagic fever 722–23
morbidity and fatality 264
mosquitoes 1730
transmission 719, 720, 742, 782
vaccine 458, 523, 725, 745

Yellow jacket stings 587
see also Hymenoptera stings

Yersinia (spp.) 455
abdominal pain 111
Y. enterocolitica 918–19

immunopathology 58
risk with desferrioxamine treatment 183
toxic megacolon 128

Y. pestis 1119–20, 1122, 1123 see also Plague
Yew tree 603

Z
Zanamivir 868
ZD 1839 (Iressa) 654
Zenker’s degeneration, enteric fever 934
Zidovudine 390

adverse reactions 389, 392
AIDS dementia complex 874
HIV 377
resistance 391
TB therapy and HAART regime 393

Ziehl–Neelsen staining 983, 984, 1610
Zika virus (ZIKV) 749

epidemiology 717
mosquitoes 1730

Zinc defi ciency 460
Zinc supplementation, diarrhoea 908
Zonula occludens toxin (Zot) 925
Zoonotic disease/infection 148

avian infl uenza virus  see Avian infl uenza virus
babesiosis 1301
bartonellosis possibility 1092
fi lariasis 1500, 1505–6
hepatitis E 699
leishmaniasis 1343, 1344, 1346, 1351, 1360, 1362
mosquito transmission 1724, 1738, 1740, 1748
Rift Valley fever  see Rift Valley fever (RVF)
T. cruzi  1329, 1338, 1773–74
tapeworm 1581–82
tularaemia  see Tularaemia

Zoster  see Herpes zoster
Zygomycosis 508

subcutaneous 1180
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