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Preface to the First Edition

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

While it is hoped that the book may prove of practical service, it makes no pretension to being anything more than an introduction
to the important department of medicine of which it treats; in no sense is it put forward as a complete treatise, or as being in this
respect comparable to the more elaborate works by Davidson, Schebe, Rho, Laveran, Corre, Roux, and other systematic writers in the
same field. The author avails himself of this opportunity to acknowledge the valuable assistance he has received, in revising the text,
from Dr. L. Westerna Sambon and Mr David Rees, MRCP LRCP lately Senior House Surgeon, Seamen’s Hospital, Albert Docks, London.
He would also acknowledge his great obligation to Mr Richard Muir, Pathological Laboratory, Edinburgh University, for his care and
skill in preparing the illustrations.

Patrick Manson
April 1898






Preface to the Twenty-Second Edition

When Sir Patrick Manson GCMG, FRS (1844-1922) wrote his great text subtitled ‘A manual of the diseases of warm climates’ in 1898, he
could not have envisaged that a century and more later the work was to be in ever greater use by medical practitioners throughout the
world. The textbook has in fact evolved and expanded to cover all of the diseases associated with tropical exposure, and not merely
those about which something was known in the late nineteenth century, and about which the average medical practitioner in England
and other temperate lands knew little.

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

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

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

We trust that physicians, medical officers, postgraduate tropical medical students, infectious diseases physicians, parasitologists
and other health personnel throughout the world will continue to delve into and benefit from what has rightly become widely
known as the ‘Bible’ of tropical medicine. We commend the latest edition of this venerable work to all medical and paramedical health
personnel throughout the world.

Gordon C Cook
Alimuddin I Zumla
2008
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Charles Anthony Hart (1949-2007)

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

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

Luis E. Cuevas
2008
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Chapter 1

Gordon C. Cook

History of Tropical Medicine, and
Medicine in the Tropics

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

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

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

DEVELOPMENT OF TROPICAL MEDICINE AS
A FORMAL DISCIPLINE

The Seamen’s Hospital Society

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

Figure 1.2 Dr (later Sir) Patrick Manson (1844-1922) aged 31 years.
This photograph was probably taken while he was on leave in Britain
from Amoy in 1875.

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

Emergence of the formal discipline in London

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

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

The Manson-Chamberlain collaboration

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



felt that removal of the ‘tropical’ cases to the Albert Dock Hospital
(ADH) was a slight on their professional ability and was in any
case undesirable because medical students from London'’s teach-
ing hospitals were accustomed to visiting Greenwich for tuition
in the diagnosis and management of these illnesses.'” The end
result was an outburst of acrimonious correspondence in the
columns of the Lancet, the British Medical Journal and The Times,
which later involved, among others, Sir William Broadbent, Sir
William Church, Sir Jonathan Hutchinson and Sir Joseph Fayrer,
the doyen of the Indian Medical Service. However, staunch deter-
mination from Manson and Herbert Read (Assistant Private Sec-
retary to Chamberlain) to proceed with the project, strongly
supported by Chamberlain himself, led to the rapid establishment
of the proposed school at the ADH;"'** financial assistance to the
tune of £3550 came from the Colonial Office. A subcommittee
was set up to ‘formulate a scheme for organisation and manage-
ment of the LSTM in connection with the SHS'; the committee of
management was to be composed of equal numbers of personnel
from the SHS, the medical and surgical staff of the ADH, and
teachers from the LSTM.

School and hospital in close proximity

The LSTM was officially opened on 2 October 1899."* The hospi-
tal (under SHS supervision) and teaching and research facilities at
the LSTM were on the same site (Figure 1.3). With (Sir) Perceval
Nairne (1841-1921) (Chairman of the SHS) presiding, the inau-
gural address — written by Manson - was read in his absence. He
later declared: ‘the school strikes, and strikes effectively, at the root
of the principal difficulty of most of our Colonies-disease. It will
cheapen government and make it more efficient. It will encourage
and cheapen commercial enterprise. It will conciliate and foster
the native’"” Meanwhile, a continuity funding was necessary, and
several sources of income were exploited; two charity dinners, at
which Chamberlain presided, were held at the Hotel Cecil in 1899
and 1905; they raised £12000 and £11000 respectively. At the
former, Chamberlain declared:' ‘The man who shall successfully
grapple with this foe of humanity and find the cure for malaria,
for the fever desolating our colonies . . . and shall make the tropics
livable for white men . . . will do more for the world, more for the

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

Development of Tropical Medicine as a Formal Discipline

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

In 1919, a decision was taken to relocate the school and hos-
pital to central London; Endsleigh Palace Hotel, 25 Gordon Street,
London WC1, was purchased (by the SHS with funding from the
Red Cross) for £70000 and on 11 November, 1920 the Duke of
York (later King George VI) (1895-1952) opened the joint LSTM
and Hospital for Tropical Diseases (HTD) in this building.""* The
structure, which remains extant (and constitutes the student union
of University College), provided five floors (at the top) for clinical
tropical medicine, and four for the basic sciences; a radiology
department was situated in the basement. Sir Philip Manson-Bahr
(1881-1966)"* considered the building ‘dark, awkward and incon-
venient, with multitudes of doors and narrow passages’, but
never before had there been ‘more unanimity or good fellowship
among the staff of the school and the hospital. The Wellcome
Tropical Museum was nearby and provided invaluable teaching
resources.""?

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

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

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

Clinical tropical medicine in London suffered a further tempo-
rary setback when the Ross Institute and Hospital for Tropical
Diseases (Director: Sir Ronald Ross) was opened at Putney West
Hill on 15 July, 1926."1225%¢ [t was, however, clear from the outset
that there was insufficient clinical material in London to justify
two hospitals devoted to the management of tropical disease; the
project therefore had no chance of becoming viable from a clinical
viewpoint. The institution ultimately became incorporated into the
LSHTM, as the Ross Institute for Tropical Hygiene, with four beds
at the HTD, in 1934; the Director had died 2 years previously.***

The itinerant saga of clinical tropical medicine in London con-
tinued unabated and the survival of Manson's original concept
seemed at times in serious jeopardy - not least during World War
11 (1939-1945), when the specialty had to make do with a mere
10 beds - with no teaching facilities, at the Dreadnought (the SHS's
land-based flagship) Hospital, Greenwich. For a brief period after
the war, a nursing home in Devonshire Street, London W1, housed
the discipline. In 1951, the HTD was transferred to St Pancras,
NW1 and officially opened on 24 May (Empire Day) by the
Duchess of Kent."? In late 1999, the latest (and possibly the final)
move of the clinical discipline, to University College Hospital,
took place;* regrettably, the facilities in that overcrowded setting
were extremely limited.

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

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

The future of the clinical discipline in London remains anyone’s
guess! ">

DEVELOPMENT OF TROPICAL MEDICINE
IN LIVERPOOL

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

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

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

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

At a meeting convened at the offices of Messrs Elder, Dempster
and Co. on 23 November, 1898, the following were present:***’
Alfred L. Jones; William Adamson, President of the Royal Southern
Hospital; R. T. Glazebrook, Principal of University College;
William Alexander, Senior Surgeon of the Royal Southern Hospi-
tal; William Carter, Physician to the Royal Southern Hospital,
Professor of Therapeutics, University College; and Boyce. The
resulting minutes were as follows:



The following resolutions were unanimously passed: 1. That
the gentlemen present form themselves into a Committee,
with the approval of their various boards, for promoting the
study of Tropical Diseases and to consider the best means of
carrying out . . . Jones’ intentions in the munificent offer he
has made to further the above object. 2. That Mr Charles
W. Jones (of Messrs Lamport and Holt) be asked to serve on
this Committee. It was decided that the above resolutions
should be printed, and that Jones would hand a copy

to ... Chamberlain . . . The Committee recommended that
before the next meeting, the Professional Members should meet
together to consider and suggest the best means

for . .. carrying out these objects.

At a second meeting (12 December, 1898) a letter from Lord
Ampthill (Colonial Office) to the Chairman (1 December) was
read:*®

I have shown your letter of the 28th ult. with regard to the
School of Tropical Medicine [to] Chamberlain. He was much
interested and very glad to hear of the important work you
have thus commenced. You are no doubt aware of

what . . . Chamberlain has been doing himself with regard
to the establishment of a School of Tropical Medicine [in
London] and he considers it a great advantage that Liverpool
should be co-operating on similar lines. If it would interest
you, I should be very glad to send you particulars of the
Colonial Office scheme and information as to what has
already been done, but I dare say you have learnt all that

is essential from the newspapers.

In December 1898, the Lancer® reported:

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

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

Development of Tropical Medicine in Liverpool

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

Opening of the Liverpool school

In 1899, The Lancet” summarized the opening of the Liverpool
School (Figure 1.4):
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Figure 1.4 Liverpool School of Tropical Medicine; this building
opened in 1920.
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This School was inaugurated under fortunate auspices on
April 22nd of this year by Lord Lister. At the annual dinner of
the Royal Southern Hospital on Nov. 12th, 1898, Mr. Alfred
L. Jones, a prominent Liverpool citizen and West Africa
merchant, made an offer of £350 a year to start a school in
Liverpool for the study of tropical diseases. The offer was made
in the presence of Professor Rubert Boyce of University
College, Liverpool, and Dr. William Alexander of the Royal
Southern Hospital . . . The great interest subsequently taken in
the project by Mr. Alfred L. Jones, aided by the indomitable
energy of Professor Boyce, resulted in subscription and
donations coming in from all quarters towards the expenses of
the proposed school. To those two gentlemen, warmly
supported by the committee and medical staff of the Royal
Southern Hospital, is due the establishment of the Liverpool
School of Tropical Diseases. The management of the school is
in the hands of a strong committee, of which Mr. Alfred L.
Jones is the chairman and Mr. William Adamson . . . the vice-
chairman. The committee also consists of duly appointed
representatives of University College, Liverpool, the Royal
Southern Hospital, the Liverpool Chamber of Commerce, the
Steamship Owners’ Association, and the Shipowners’
Association. A sum of over £1700 has already been promised,
partly in annual subscriptions and partly in donations, in
support of the school, but more pecuniary support is urgently
needed if the practical work already begun is to be maintained
at its excellent level. A large floor in the Royal Southern
Hospital has been set apart for tropical cases. This floor
includes a cheerful ward containing 12 beds, now fully
occupied, also an extensive laboratory for the examination of
blood, urine, faeces, etc., and furnished with the apparatus
applicable to modern research. Professor Boyce superintends
the pathological department of the school, with Dr. Annett as
pathological demonstrator. The committee have been fortunate
in securing the services of Major Ronald Ross, IMS [see
above], as special lecturer [later professor| on tropical
diseases . . . The number of malarial cases treated in Liverpool
in 1898 amounted to 294. In the previous year . . . there were
242 cases of malaria, 14 of beri-beri, 30 of dysentery, and 39
of tropical anaemia. With the means of instruction in the
varied forms of tropical diseases thus afforded there will be no
need for Liverpool students to proceed to London [where there
were fewer cases] to obtain that which is ready to hand at
their own doors. The authorities of the Liverpool School of
Tropical Medicine have lost no time in getting to real work.

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

Subsequent developments in Liverpool

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

Figure 1.5 Major (later Sir) Ronald Ross (1857-1932).% The
photograph was probably taken in the early twentieth century.

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

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

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

MEDICINE IN THE TROPICS AND
TROPICAL MEDICINE

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

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



work would require to cover almost the entire range of
medicine . . . The tropical practitioner [he continued] enjoys
opportunities for original research and discovery far superior
in novelty and interest to those at the command of his fellow
inquirer in the well-worked field of European and American
research.

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

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

and development of the formal discipline of Tropical Medicine (TM).
ID, infectious diseases; (R)STMH, (Royal) Society of Tropical Medicine
and Hygiene; BSSI, British Society for the Study of Infection; AIDS,
acquired immune deficiency syndrome; Tomlinson Report, published
in 1992, which gave rise to sweeping changes in the British National
Health Service.
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Figure 1.7 Approximate sequence of events in the progress of
teaching/research in tropical (developing) countries. Medicine in the
tropics (MT). AIDS, acquired immune deficiency syndrome.
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Service ‘reforms’, following the Tomlinson report (published
in 1992) and strategies of recent British governments, have ren-
dered the future of this relatively small discipline extremely
vulnerable. The major priority in Britain at present is to maintain
a cadre of physicians well versed in the more ‘exotic’ infections
encountered in the UK (e.g. trypanosomiasis, leishmaniasis
and schistosomiasis), a requirement which also applies to other
‘temperate’ countries. More emphasis should also be given to
‘travel medicine’

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

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

tropics’>?’
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Underlying Factors in Tropical Medicine
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Primary Care and Disease Prevention

and Control

INTRODUCTION

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

DEFINITION OF PRIMARY HEALTHCARE

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

THE KEY ELEMENTS OF
PRIMARY HEALTHCARE

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

e Education concerning prevailing health problems and the

methods of preventing and controlling them

Promotion of food supply and proper nutrition

An adequate supply of safe water and basic sanitation

Maternal and child healthcare, including family planning

Immunization against the major infectious diseases

Prevention and control of locally endemic diseases

Appropriate treatment of common diseases and injuries

Provision of essential drugs.

Basic concepts drawn from the programme are summarized as

follows:

e Primary healthcare should be shaped around the life patterns
of the population

e [t should both meet the needs of the local community and be
an integral part of the national healthcare system

e Preventive, promotional and rehabilitative services for the indi-
vidual, family and community need to be integrated

e The majority of health interventions should be undertaken
as close to the community as possible by suitably trained
workers

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

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

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

PRIMARY HEALTHCARE WORKERS

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

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

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

INTEGRATED MANAGEMENT OF
THE SICK CHILD

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

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

Every year some 12 million children die before reaching their
fifth birthday, many of them during their first year of life. Of these,
70% are killed due to one of five causes: diarrhoea, pneumonia,
measles, malaria or malnutrition, and often in combination
(Figure 2.1). Because their signs and symptoms may overlap, rec-
ognizing which of these conditions is present in a sick child can
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Figure 2.1 Major causes of death among children under 5 years of
age and neonates, 2000-2003. (World Health Organization-UNICEF,
Integrated Management of the Sick Child.)

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

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

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



Case management process

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

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

3. After classifying the illness, the health worker identifies specific
treatments. If the child is being promptly referred, the health
worker gives only wurgent and appropriate treatment
beforehand.

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

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

Training

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

Research

Research is an essential component of all programmes to reduce
mortality and morbidity in children. WHO has drawn up a list of
future research priorities related to integrated management of the
sick child in order to improve the detection and treatment of the
five major illnesses. Examples of areas where more information is
needed are:
e Detection and management of anaemia and meningitis
Management of malnutrition and feeding problems
Management of severe disease in very young infants/neonates
Management of children with symptomatic HIV infection
Identification of high-risk children
Adequacy of clinical management
facilities
e Reasons why families do not seek healthcare for sick
children.

in first-level health

Integrated Management of the Sick Child

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

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

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

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

MATERNAL HEALTH

The global Safe Motherhood Initiative was launched in 1987 to
improve maternal health and cut the number of maternal deaths
in half by the year 2000."* New findings on maternal mortality by
WHO, UNICEF and UNFPA (United Nations Population Fund)
show that a woman living in sub-Saharan Africa has a 1 in 16
chance of dying in pregnancy or childbirth. This compares with a
1 in 2800 risk for a woman from a developed region. (Figure 2.2)
Of the estimated 529 000 maternal deaths in 2000, 95% occurred
in Africa and Asia, while only 4% (22000) occurred in Latin
America and the Caribbean, and less than 1% (2500) in the more
developed regions of the world. Experience from successful mater-
nal health programmes shows that much of this death and suffer-
ing could be avoided if all women had the assistance of a skilled
health worker during pregnancy and delivery, and access to emer-
gency medical care when complications arise.

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

e Community education on safe motherhood
e Prenatal care and counselling, including the promotion of
maternal nutrition

Rights were not granted to include this figure in electronic media.
Please refer to the printed publication.

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

Care for obstetric complications, including emergencies

Postpartum care

Management of abortion complications, postabortion care

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

termination of pregnancy

e Family planning counselling, information and services

e Reproductive health education and services for adolescents.

Important lessons learned from the collaborative effort of several

agencies highlight the following:

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

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

3. Ensure skilled attendance during childbirth. The single most

effective way to reduce maternal death is to ensure that a

health professional with the competence and skills to conduct

a safe, normal delivery and manage complications is present

during childbirth. Unfortunately, there is a chronic shortage

of these professionals in poor and rural communities in the
developing world. Research has shown that even trained tra-
ditional birth attendants (TBAs) have not significantly reduced

a woman'’s risk of dying in childbirth, largely because they are

unable to treat pregnancy complications. As an interim strat-

egy for settings where TBAs attend a significant proportion of

Rights were not granted to include this figure in electronic media.
Please refer to the printed publication.

Figure 2.3 Leading causes of the burden of disease in women aged
15-44 in the developing world, 1990. (World Development Report
1993: Investing in Health. Washington, DC: World Bank; 1993.)
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Figure 2.4 Causes of maternal deaths. *Other direct causes
including, for example: ectopic pregnancy, embolism, anaesthesia
related. **Indirect causes including, for example: anaemia, malaria,
heart disease. (‘Maternal Health Around the World’ poster. World
Health Organization and the World Bank 1997.)

deliveries, programme planners may want to provide TBAs
with adequate training and support to help them refer com-
plicated cases promptly and effectively. In all settings, however,
skilled attendance at delivery should continue to be the long-
term goal.

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

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

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

Management of Specific Infectious Diseases

Dealing with HIV within the context of pregnancy must be an

important focus of maternal and child health. UNFPA recognizes

that an effective response requires a much more comprehensive,

four-pronged approach:

e Prevent HIV infection among girls and women

e Prevent unintended pregnancies among women living with HIV

e Reduce mother-to-child transmission through antiretroviral drugs,
safer deliveries and infant feeding counselling

e Provide care, treatment and support to women living with HIV
and their families.'®

MANAGEMENT OF SPECIFIC
INFECTIOUS DISEASES

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

Since 1990 the WHO Global Tuberculosis Programme has
promoted the revision of national tuberculosis programmes to
strengthen the focus on directly observed treatment, short course
(DOTS). With direct observation of treatment, the patient does
not bear the sole responsibility of adhering to treatment. Health-
care workers, public health officials, governments and communi-
ties must all share the responsibility and provide a range of
support services patients need to continue and finish treatment.
One of the aims of effective TB control is to organize TB services
which are an integral part of PHC systems so that the patient
has flexibility in where he or she receives treatment, for example
in the home or at the workplace. Treatment observers can be
anyone who is willing, trained, responsible, acceptable to the
patient and accountable to the TB control services. The recording
and reporting system is used to systematically evaluate patient
progress and treatment outcome. The system consists of: a labora-
tory register that contains a log of all patients who have had a
smear test done; patient treatment cards that detail the regular
intake of medication and follow-up sputum examinations; the TB
register, which lists patients starting treatment and monitors their
individual and collective progress towards cure; and reporting
from districts to the national level, which allows assessment of
control efforts. Yet, DOTS is still not used widely. The conse-
quences of not using DOTS more widely are alarming. TB cases
and deaths will certainly continue, the global epidemic will remain
uncontrolled, and harder-to-manage multidrug-resistant TB
(MDR-TB) will be created. To address the problem of MDR-TB in
areas where it has emerged, WHO has introduced the DOTS-Plus
programme.'®
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The DOTS strategy has been successful in several centres in Asia
and Africa. In Bangladesh," success was attributed to decentral-
izing sputum smear microscopy and treatment delivery services to
peripheral health facilities utilizing the existing PHC network. The
large informal health workforce that exists in resource poor coun-
tries can be used to achieve public health goals. Involvement of
village doctors in TB control has now become national policy in
Bangladesh. Maintaining the quality of implementation, keeping
it convenient and safeguarding confidentiality were important
factors for its success. The success of DOTS in India has been
documented from well designed community surveillance studies.”®
Involvement of private practitioners was suggested as a potential
for spreading the DOTS strategy in the state of Kerala.” In
Thailand DOTS was performed by health personnel, community
members and supervised family members and contributed to
effective and widespread implementation of the programme.??
Community-based delivery systems for DOTS have been found to
be successful in Ethiopia and other parts of sub-Saharan Africa.
The community-based delivery systems used patients themselves
in the form of ‘TB Clubs'” or ‘guardians’ in the community,***®
thus effectively decentralizing the programme and empowering
the community itself.

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

WATER SANITATION AND HEALTH

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

NUTRITION IN PRIMARY HEALTHCARE

Nutrition is an important element of PHC, and is a major deter-
minant of the health of the community and for optimum growth
and health of children. Nutrition and health are not synonymous,
but without good nutrition health cannot be optimal. An essential
prerequisite to prevent malnutrition or more appropriately under-
nutrition (since overnutrition and an unbalanced diet can also
lead to poor health and disease) in a household or a community
is to assure availability and access to adequate quantity, good
quality and safe food to meet the nutrient needs of all people.
However, the recognition that malnutrition is not just a problem
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of inadequate food has been emphasized strongly, and more
recently due importance is being given to considerations of
health, education and care. UNICEF in 1997 developed a concep-
tual framework on the causes of malnutrition as part of their
nutrition strategy.”” The framework shows that causes of malnutri-
tion are multi-sectoral, embracing food, health and caring prac-
tices. They are also classified as immediate, underlying and basic,
whereby factors at one level influence other levels. While inade-
quate dietary intake may be an immediate cause of childhood
malnutrition, the underlying causes at the household or family
level may be insufficient access to food, inadequate maternal and
child care, poor water or sanitation and inadequate access to
healthcare and health services. The basic causes are much broader
and include political, social, cultural, religious and economic
systems in which the community or household exists. Malnutri-
tion may manifest as a health problem and health professionals
can provide some answers, although health professionals alone
cannot solve the problem. Agricultural professionals are needed
to ensure enough production of the right kinds of foods, while
educators, both formal and non-formal, are required to assist
people, particularly women, in achieving and ensuring good
nutrition.

Breast-feeding

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

Complementary feeding

With a healthy mother providing adequate breast milk, breast-
feeding alone should ensure good growth, nutrition and health of
an infant up to 6 months of life. Continued breast-feeding with
the addition of safe high-quality complementary foods into the
second year of life provides the best nourishment and protects
children from infections.”” Thus at 6 months of age, complemen-
tary feeding should be introduced gradually while the infant con-
tinues to be breast-fed. The introduction of complementary feeds
is a critical stage in a child’s life. A child must have additional
complementary feeds at 6 months of age since breast milk is no



longer able to provide all the nutrients the child needs. Hence
delaying the introduction of complementary feeds can cause a
child’s growth to falter. However, too early introduction can also
increase the risk of malnutrition and infection in a child, particu-
larly if the preparation and storage of food are not hygienic. From
6 to 18 months of age the child needs frequent feeding and will
need meals that are dense in energy and nutrients and are also
easily digestible. Foods the rest of the family normally eat will
have to be adapted to suit the need of a growing child. Emphasis
on hygiene in the preparation and storage of complementary feeds
can never be considered excessive. The health worker at the PHC
level can be an important player in educating the mother and
other carers not only of the importance of good and nutritious
complementary feeds, but also in promoting hygienic practices in
the preparation, storage and handling of complementary feeds
based on local foods for the child and in the imparting of knowl-
edge of transmission of infectious agents.

Care

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

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

Nutrition in Primary Healthcare

Promotion of growth monitoring

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

The promotion of good nutrition for health at the primary care
level is an important role that can be played by the PHC-level
health worker. Nutrition information and education are essential
to improve nutrition knowledge for application during pregnancy
to ensure the best possible birth outcome along with other aspects
of antenatal care. This process of empowering communities with
the requisite knowledge to promote the health and nutrition of
their families should continue with the birth of the infant and the
growth and development of the child. Special emphasis needs to
be placed on promoting breast-feeding, the timely introduction
of complementary feeding and the crucial role that growth moni-
toring plays in ensuring the optimum health of children. Increas-
ing the awareness of food and nutrition and their important role
in the good health of the entire household, good food hygiene
practices and correction of false food beliefs and taboos is a role
health workers at the PHC level can readily play. Providing
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adequate training in nutrition and the necessary resources along
with support is crucial for the important role these workers at the
community level can fulfil. Thailand has been a beacon to most
countries in integrating nutritional activities into primary care and
in empowering and involving the community in promoting the
nutrition and health of its population. This is evidenced by the
remarkable progress made by Thailand in reducing undernutrition
of preschool children within a decade from the years 1982 to
1992.%" It demonstrated how explicit support from the state along
with the galvanization of grass-root involvement, based on a
multi-sectoral and coordinated approach at the primary care level
can have a dramatic impact on the health of the community.

CONCLUSION

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

Eradicate extreme poverty and hunger

Achieve universal primary education

Promote gender equality and empower women

Reduce child mortality

Improve maternal health

Combat HIV and AIDS, malaria and other diseases

Ensure environmental sustainability
. Develop a global partnership for development.
The 2005 UN World Summit in its report®> showed that some
progress had been made and, while the challenges the Goals rep-
resented were staggering, there were clear signs of hope. Thus, it
would appear that through primary care we now have the oppor-
tunity, unprecedented in healthcare reform, to reduce maternal
and child mortality and decrease the burden of deadly infectious
disease and so meet the needs of the world’s poorest.
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Chapter 3

Underlying Factors in Tropical Medicine

Nandini P. Shetty and Prakash S. Shetty

Epidemiology of Disease

in the Tropics

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

INTRODUCTION

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

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

THE SIX DEADLY KILLERS

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

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

ACUTE RESPIRATORY INFECTIONS

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

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

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

HIV/AIDS

The AIDS pandemic has emerged as the single most defining
occurrence in the history of infectious diseases of the late twenti-
eth and early twenty-first centuries. According to the AIDS epi-
demic update of December 2005 (UNAIDS and WHO),® the
epidemiology of HIV in the tropics varies enormously from place
to place (Figure 3.4). The Joint United Nations Program on HIV/
AIDS (UNAIDS) estimated that by the end of 2005, there were
about 40 million people living with HIV worldwide: 38 million
were adults, including 17.5 million women, and 2.3 million chil-
dren (under 15 years old). During 2005, there were 4.9 million
new cases of HIV infection (4.2 million adults and 0.7 million
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Figure 3.1 Main causes of death in low-income countries, 2002
(WHO 2003).

90
80—
70—
60—
50

|:| Africa

|:| South-east Asia
|:| Western Pacific

40—
30
20—
10

Percent of deaths due to diseases
accounted by each region

0 T

respiratory diseases
infections

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

Asia

Latest estimates show some 8.3 million people (2 million adult
women) were living with HIV in 2005, including the 1.1 million
people who became newly infected in the past year. AIDS claimed
some 520000 lives in 2005. These estimates are in line with
known risk behaviour in this region, where men account for the
majority of injecting drug users, and are responsible for sexual
transmission of HIV, largely through commercial sex. Commercial
sex accounts for a large part of the estimated 20% of HIV infec-
tions in China that are due to unprotected heterosexual contact.
It also features in the transmission of the virus among men who
have sex with men: a recent survey among male sex workers in the
southern city of Shenzhen found that 5% of them were HIV-
positive. However, it is the potential overlap between commercial
sex and injecting drug use that is likely to become the main driver
of China’s epidemic.

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

- Eastern Mediterranean

D Americas
- Europe

Lower HIV/AIDS Diarrhoeal Tuberculosis ! Malaria Measles

Figure 3.2 Clobal view of the mortality associated with infectious diseases, 2001 (WHO 2006).
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HIV/AIDS

Table 3.1 Examples of pathogenic microbes and the diseases they cause, identified since 1973

Year
1973
1977
1977

1980
1981
1982
1982
1983
1983
1989
1992
1993
1994
1995
1996
1997
1999
1999
2002/3

Microbe
Rotavirus
Ebola virus

Legionella

Human T- lymphotrophic virus | (HTLV 1)

Toxin-producing Staphylococcus aureus
Escherichia coli 0157 :H7

Borrelia burgdorferi

Human immunodeficiency virus (HIV)
Helicobacter pylori

Hepatitis C

Vibrio cholerae O139

Hantavirus

Cryptosporidium parvum

Ehrlichiosis

nvC|D

HVN1

Nipah

West Nile

SARS

Type

Virus

Virus
Bacterium
pneumophila

Virus
Bacterium
Bacterium
Bacterium
Virus
Bacterium
Virus
Bacterium
Virus
Protozoa
Bacterium
Prion
Virus
Virus
Virus
Virus

Disease
Infantile diarrhoea
Acute haemorrhagic fever

Legionnaires’ disease

T cell ymphoma/leukaemia

Toxic shock syndrome

Haemorrhagic colitis; haemolytic uraemic syndrome
Lyme disease

Acquired immuno-deficiency syndrome (AIDS)
Peptic ulcer disease

Parentally transmitted non-A, non-B liver infection
New strain associated with epidemic cholera
Adult respiratory distress syndrome

Enteric disease

Severe arthritis?

New variant Creutzfeldt-Jakob disease

Influenza

Severe encephalitis

Severe encephalitis and multi-organ involvement

Severe acute respiratory syndrome

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

infectious diseases; removing obstacles to healthy development, WHO

1999).

Rights were not granted to include this figure in electronic media.
Please refer to the printed publication.

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

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

Indonesia is on the brink of a rapidly worsening AIDS epidemic.
With risk behaviour among injecting drug users common, a mainly
drug-injection epidemic is already spreading into remote parts of
this archipelago. In Malaysia, approximately 52000 people were
living with HIV in 2004, the vast majority of them young men
(aged 20-29 years), of whom approximately 75% were injecting
drug users. After peaking at 3% in 1997, national adult HIV prev-
alence in Cambodia fell by one-third, to 1.9% in 2003. The reasons
for this are two-fold: increasing mortality and a decline in HIV
incidence due to changes in risk behaviour. Thailand has been
widely hailed as one of the success stories in the response to AIDS.
By 2003, estimated national adult HIV prevalence had dropped to
its lowest level ever, approximately 1.5%. However, Thailand’s
epidemic is far from over; infection levels in the most at-risk
populations are much higher: just over 10% of brothel-based
female sex workers were HIV-infected in 2003, as were 45% of
injecting drug users who attended treatment clinics.

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

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

North Africa and the Middle East®

The advance of AIDS in the Middle East and North Africa has
continued, with latest estimates showing that 67000 people
became infected with HIV in 2005. Approximately 510 000 people
are living with HIV in this region. An estimated 58 000 adults and
children died of AIDS-related conditions in 2005. Although HIV
surveillance remains weak in this region, more comprehensive
information is available in some countries (including Algeria,
Libya, Morocco, Somalia and Sudan). Available evidence reveals
trends of increasing HIV infections (especially in younger age
groups) in such countries as Algeria, Libya, Morocco and Somalia.
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The main mode of HIV transmission in this region is unprotected
sexual contact, although injecting drug use is becoming an increas-
ingly important factor (and is the predominant mode of infection
in at least two countries: Iran and Libya). Infections as a result of
contaminated blood products, blood transfusions or a lack of
infection control measures in healthcare settings are generally on
the decline.

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

Latin America and the Caribbean®

The epidemic in Latin America is a complex mosaic of transmis-
sion patterns in which HIV continues to spread through male-to-
male sex, sex between men and women, and injecting drug use.
The number of people living with HIV in Latin America has risen
to an estimated 1.8 million. In 2005, approximately 66 000 people
died of AIDS, and 200000 were newly infected. Among young
people 15-24 years of age, an estimated 0.4% of women and 0.6%
of men were living with HIV in 2005. Primarily due to their large
populations, the South American countries of Argentina, Brazil
and Colombia are home to the biggest epidemics in this region.
Brazil alone accounts for more than one third of the estimated 1.8
million people living with HIV in Latin America. The highest HIV
prevalence, however, is found in the smaller countries of Belize,
Guatemala and Honduras, where approximately 1% of adults or
more were infected with HIV at the end of 2003.

The Caribbean is the second-most affected HIV/AIDS region in
the world outside Africa. The AIDS epidemic claimed an estimated
24000 lives in the Caribbean in 2005, making it the leading cause
of death among adults aged 15-44 years. A total of 300 000 people
are living with HIV in the Caribbean, including the 30000 people
who became infected in 2005. Estimated national adult HIV prev-
alence surpasses 1% in Barbados, Dominican Republic, Jamaica
and Suriname, 2% in the Bahamas, Guyana and Trinidad and
Tobago, and exceeds 3% in Haiti. In Cuba, on the other hand,
prevalence is yet to reach 0.2%.

Sub-Saharan Africa®

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

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



infection levels, except for urban parts of Burkina Faso (where
prevalence appears to be declining).

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

DIARRHOEAL DISEASE

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

Diarrhoeal Disease

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

Diarrhoea remains a disease of poverty afflicting malnourished
children in crowded and contaminated environments. Efforts to
immunize children against measles, provide safe water and ade-
quate sanitation facilities, and to encourage mothers to exclusively
breast-feed infants through to 6 months of age can blunt an
increase in diarrhoea morbidity and mortality. Preventive strate-
gies to limit the transmission of diarrhoeal disease need to go
hand in hand with national diarrhoea disease control programmes
that concentrate on effective diarrhoea case management and
the prevention of dehydration.® The factors contributing to child-
hood mortality and morbidity due to diarrhoea are described in
Table 3.2.°

Studies in Asia and Africa have clearly shown that establish-
ment of an oral rehydration therapy (ORT) unit with training of
hospital staff can significantly reduce diarrhoea case fatality rates.
For instance, at Mama Yemo Hospital in Kinshasa, Zaire, there was
a 69% decline in diarrhoea deaths after creation of an ORT unit.’
In May 2002, the World Health Organization and the United
Nations Children’s Fund recommended that the formulation of
oral rehydration solution (ORS) for treatment of patients with
diarrhoea be changed to one with a reduced osmolarity and that
safety of the new formulation, particularly development of symp-
tomatic hyponatremia, be monitored." A total of 53 280 patients,
including 22536 children younger than 60 months, were moni-
tored at the Dhaka and Matlab hospitals, Bangladesh. The
risk of symptoms associated with hyponatraemia in patients

Table 3.2 Factors contributing to diarrhoea morbidity
and mortality®

Socioenvironmental factors
Family income

Biological factors
Age of the child
Age of the caretaker
Birth order of child
Feeding mode

Education level of caretaker
Water quality and/or quantity
Sanitation facilities

Rights were not granted to include this figure in electronic media.
Please refer to the printed publication.

Figure 3.5 HIV prevalence among 15-24-year-old men and women in sub-Saharan Africa, 2001-2005. (WHO/UNAIDS December 2005.)
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treated with the reduced osmolarity ORS was found to be minimal
and did not increase with the change in formulation."

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

Watery diarrhoea

Rotavirus is the most common cause of severe diarrhoeal disease
in infants and young children all over the world, and an important
public health problem, particularly in developing countries where
600000 deaths each year are associated with this infection. More
than 125 million cases of diarrhoea each year are attributed to
rotavirus. In tropical developing countries, rotavirus disease occurs
either throughout the year or in the cold dry season. Almost all
children are already infected by the age of 3-5 years. Although the
infection is usually mild, severe disease may rapidly result in
life-threatening dehydration if not appropriately treated. Natural
infection protects children against subsequent severe disease.

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

Dysentery

Man is both the reservoir and natural host of Shigella, the com-
monest cause of dysentery in the tropics. The most severe infec-
tions are caused by the S. dysenteriae type 1 (also known as Shiga’s
bacillus); it is also the only serotype implicated in epidemics. Infec-
tion is by the faecal- oral route and is usually spread by person-
to-person transmission. It takes only 10-100 shigella organisms
to produce dysentery, a low infectious dose, whereas 1 million to
10 million organisms may need to be swallowed to cause cholera.
During the late 1960s, Shiga’s bacillus was responsible for a series
of devastating epidemics of dysentery in Latin America, Asia and
Africa. In 1967, it was detected in the Mexican-Guatemalan border
area and spread into much of Central America. An estimated half
a million cases, with 20000 deaths, were reported in the region
between 1967 and 1971. In some villages the case fatality rate was
as high as 15%; delayed diagnosis and incorrect treatment may
have been responsible for this high death rate. One particularly
disturbing feature was the resistance of the bacteria to the most
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commonly used antibacterial drugs: sulfonamides, tetracycline
and chloramphenicol.”

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

TUBERCULOSIS

Tuberculosis (TB) is the leading cause of death associated with
infectious diseases globally. The incidence of TB will continue to
increase substantiallyworldwide because of the interaction between
the TB and HIV epidemics. The 4.9 million new and relapse cases
of TB (all forms)notified in 2004 represent 56% of the 9.2 million
estimated new cases; the 2.5 million new smear-positive cases noti-
fied account for 64% of the 4.1 million estimated. The detection
rate of new smear-positive cases from all sources slowly increased
from 1995 to 2001, and then more quickly from 2002 to 2004. In
2006, there were 14.4 million prevalent cases (219/100 000 popu-
lation), of which 6.1 million were smear-positive (95/100000
population). Based on surveillance and survey data, we estimate
that there were 9.2 million new cases of TB in 2006 (139 per
100000 population), including 4.1 million (62 per 100 000 popu-
lation) new smear-positive cases. Country-wide estimates of the
incidence rate of TB in 2006 are shown in Figure 3.6. An estimated
1.7 million people (25/100 000 population) died from TB in 2006,
including those co-infected with HIV (231 000). The African Region
alone accounts for 85% of the estimated 709000 cases of TB
among HIV-positive people in the world, but for only 4% of those
reported to have begun antiretroviral therapy (ART) in 2003. The
region of the Americas (mainly Brazil), on the other hand, accounts
for 2% of the estimated cases but for 96% of the 9388 people
reported to have started on ART in 2006."

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

Resistance to tuberculosis drugs is probably present everywhere
in the world. The total number of multi-drug resistant TB (MDR-
TB) cases estimated to have occurred worldwide in 2004 is 424 203
or 4.3% of all new and previously treated TB cases. In the same
year, 181408 MDR-TB cases were estimated to have occurred
among previously treated TB cases alone. Three countries: China,
India and the Russian Federation, accounted for 261362 MDR-TB
cases, or 62% of the estimated global burden. Eastern Europe
reported the highest prevalence of MDR-TB among new cases, and



[ No estimate
1 0-999

[ 1000-9999
I 10000-99 999
Il 100 000-999 999
Il 1 000000 or more

Malaria

Figure 3.6 Estimated new TB cases (all forms) per 100000 population. (WHO 2008'*.)

figures from former Kazakhstan and Israel both had an MDR
prevalence rate of 14.2%. Other high prevalence areas include
Uzbekistan (13.2%), Estonia (12.2%) and China’s Liaoning
Province (10.4%)."

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

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

reforms, the worsening HIV epidemic, and the emergence of drug-
resistant strains of TB. The technical, logistical, operational and
political aspects of DOTS work together to ensure its success
and applicability in a wide variety of contexts.'* Between 1995 and
2006, about 24 million patients were treated under the DOTS
strategy. Worldwide, 183 countries were implementing the DOTS
strategy by the end of 2004, and 83% of the world’s population
was living in regions where DOTS was in place. DOTS programs
reported 2.4 million new TB cases through laboratory testing in
2006, a case detection rate of 61%, and the average success rate
for DOTS treatment exceeded 85%. WHO aimed to achieve a 70%
case detection rate of TB cases and cure 85% of those detected
by 2005.*

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

MALARIA

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

Of the four species of Plasmodium that infect humans: P. fal-
ciparum, P. vivax, P. malariae and P. ovale, P. falciparum causes most
of the severe disease and deaths attributable to malaria and is
most prevalent in Africa south of the Sahara and in certain areas
of South-east Asia and the Western Pacific (Figure 3.7). The second
most common malaria species, P. vivax, is rarely fatal and is com-
monly found in most of Asia, and in parts of the Americas, Europe
and North Africa. There are over 40 species of anopheline mos-
quitoes that transmit human malaria, which differ in their trans-
mission potential. The most competent and efficient malaria
vector, Anopheles gambiae, occurs exclusively in Africa and is also
one of the most difficult to control. Climatic conditions determine
the presence or absence of anopheline vectors. Tropical areas of
the world have the best combination of adequate rainfall, tem-
perature and humidity allowing for breeding and survival of
anophelines. In areas of malaria transmission where sustained
vector control is required, insecticide treated nets are the principal
strategy for malaria prevention. All countries in Africa south of the
Sahara, the majority of Asian malaria-endemic countries and
some American countries have adopted insecticide treated nets as
a key malaria control strategy.'®
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One of the greatest challenges facing malaria control world-
wide is the spread and intensification of parasite resistance to
antimalarial drugs. The limited number of such drugs has led to
increasing difficulties in the development of antimalarial drug
policies and adequate disease management.'® Resistance of P. fal-
ciparum to chloroquine is now common in practically all malaria-
endemic countries of Africa (Figure 3.7), especially in East Africa.
Resistance to sulfadoxine/pyrimethamine, the main alternative to
chloroquine, is widespread in South-east Asia and South America.
Mefloquine resistance is now common in the border areas of
Thailand with Cambodia and Myanmar. Parasite sensitivity to
quinine is declining in several other countries of South-east Asia
and in the Amazon region, where it has been used in combination
with tetracycline for the treatment of uncomplicated malaria.'® In
response to widespread resistance of P. falciparum to monotherapy
with conventional antimalarial drugs such as chloroquine and
sulfadoxine-pyrimethamine, WHO now recommends combina-
tion therapies as the treatment policy for falciparum malaria in
all countries experiencing such resistance. The preferred combina-
tions contain a derivative of the plant Artemisia annua, which is
presently cultivated mainly in China and Vietnam. Artemisinin-
based combination therapies (ACTs) are the most highly effica-
cious treatment regimens now available. Resistance of P. vivax to
chloroquine has now been reported from Indonesia (Irian Jaya),
Myanmar, Papua New Guinea and Vanuatu."”

Urban and periurban malaria are on the increase in South Asia
and in many areas of Africa. Military conflicts and civil unrest,
along with unfavourable ecological changes, have greatly contrib-
uted to malaria epidemics, as large numbers of unprotected, non-

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

VACCINE-PREVENTABLE INFECTIOUS DISEASES

Measles

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

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

Hepatitis B

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

Vaccine-Preventable Infectious Diseases

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

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

Neonatal tetanus

Tetanus is a vaccine-preventable disease that causes a total of
309000 deaths annually. Of particular concern is maternal and
neonatal tetanus (MNT), which can be prevented through immu-
nization of the mother in pregnancy. In 2000, neonatal tetanus
alone was responsible for an estimated 200000 deaths. In addi-
tion, an estimated 15000-30000 non-immunized women
worldwide die each year from maternal tetanus that results from
postpartum, postabortal or postsurgical wound infection with
Clostridium tetani.

While the focus is on 57 priority countries, 90% of the neona-
tal tetanus deaths occur in 27 countries. UNICEF spearheaded the
effort to eliminate MNT by the year 2005, with the support
of numerous partners. MNT elimination is defined as less than
one case of neonatal tetanus per 1000 live births at district level.
The main strategies consist of promotion of clean delivery prac-
tices, immunization of women with a tetanus toxoid (IT) contain-
ing vaccine, and surveillance. Maternal tetanus immunization is,
in most developing countries, implemented as part of the routine
immunization programme. However, large areas remain under-
served, due to logistical, cultural, economical or other reasons.
In order to achieve the target of MNT elimination by 2005, and
to offer protection to women and children otherwise deprived
from regular immunization services, countries are encouraged to
adopt the high risk approach. This approach implies that, in addi-
tion to routine immunization of pregnant women, all women of
child-bearing age living in high risk areas are targeted for immu-
nization with three doses of a tetanus toxoid containing vaccine
(TT or Td).”
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By the end of 2007 11 countries have been validated as having
achieved MNT elimination: Egypt, Eritrea, Malawi, Namibia, Nepal,
Rwanda, South Africa, Togo, Viet Nam, Zambia and Zambabwe. In
addition, 13 States and Union Territories in India were also vali-
dated as having eliminated MNT: Andhra Pradesh, Chandigarh,
Goa, Haryana, Karnataka, Kerala, Lakshadweep, Maharashtra, Pon-
dicherry, Punjab, Sikkim, Tamil Nadu & West Bengal. By the end of
2007, 47 countries remained that had not eliminated MNT.

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

NEGLECTED TROPICAL DISEASES

The Special Programme for Research and Training in Tropical
Diseases (TDR) of the World Health Organization has designated
several infectious diseases as ‘neglected tropical diseases’ (NTDs) that
disproportionately afflict the poor and marginalized populations
in the developing regions of sub-Saharan Africa, Asia and the
Americas.** Infectious diseases are considered as ‘neglected’ or
‘orphan’ diseases when there is a lack of effective, affordable, or
easy to use drug treatments. As most patients with such diseases
live in developing countries and are too poor to pay for drugs,
the pharmaceutical industry has traditionally ignored these dis-
eases. NTDs cause an estimated 500000 to 1 million deaths
annually and cause a global disease burden equivalent to that of
HIV-AIDS. WHO estimates that at least 1 billion people, i.e. one-
sixth of the world’s population suffers from one or more neglected
tropical diseases, while other estimates suggest the number to be
much higher. Some diseases affect individuals throughout their
lives, causing a high degree of morbidity and physical disability
and, in certain cases, gross disfigurement. Others are acute infec-
tions, with transient, severe and sometimes fatal outcomes.
Patients can face social stigmatization and abuse, which only
add to the already heavy health burden.

Neglected tropical diseases are contrasted with the ‘big three’
diseases (HIV/AIDS, tuberculosis and malaria) which receive much
more attention and funding. The current neglected diseases port-
folio includes parasitic diseases of protozoan origin like Kala-azar
(leishmaniasis), African sleeping sickness (African trypanosomiasis)
and Chagas’ disease (American trypanosomiasis) as well as those
caused by helminths such as Schistosomiasis, lymphatic filariasis,
Onchocerciasis (river blindness) and Dracunculiasis (guinea worm).
Infestations due to soil transmitted helminths such as Ascariasis,
Trichuriais and Hookworm also belong to the latter category. Other
neglected diseases include those of bacterial origin such as Leprosy,
Buruli ulcer and Trachoma as well as those of viral origin like
dengue fever which are vector-borne. Even cholera and yellow fever
are considered by some as NTDs, while some include cysticercosis,
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hydatidosis and food-borne trematode infections. It is now
believed that ramped up efforts against the ‘big three’, will yield
far bigger dividends if they are coupled with concerted attack on
NTDs*. Evidence now points to substantial geographical overlap
between the neglected tropical diseases and the ‘big three’, sug-
gesting that control of the neglected tropical diseases could become
a powerful tool for effectively combating HIV/AIDS, tuberculosis,
and malaria.”

EMERGING AND RESURGENT
INFECTIOUS DISEASES

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

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

Ebola

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

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

From October 2001 to December 2003, several EHF outbreaks
of the Zaire subtype, were reported in Gabon and the Republic of
Congo with a total of 302 cases and 254 deaths.”
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3. Epidemiology of Disease in the Tropics

Table 3.3 Factors in emergence and re-emergence of
infectious diseases®*

Categories
Societal events

Specific examples

Economic impoverishment; war or
civil conflict; population growth
and migration; urban decay

Healthcare New medical devices; organ or
tissue transplantation; drugs
causing immunosuppression;

widespread use of antibiotics

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

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

childcare facilities

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

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

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

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

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

Rift Valley fever

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

Cholera

Dengue fever

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

In 2001 alone, there were more than 609000 reported
cases of dengue in the Americas, of which 15000 cases were
DHE. This is greater than double the number of dengue cases
which were recorded in the same region in 1995. Not only is
the number of cases increasing as the disease is spreading to
new areas, but explosive outbreaks are occurring. In 2001,
Brazil reported over 390000 cases including more than 670
cases of DHE During epidemics of dengue, attack rates among
the susceptible are often 40-50%, but may reach 80-90%. An
estimated 500 000 cases of DHF require hospitalization each year,
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The vibrio responsible for the seventh pandemic, now in progress,
is known as V. cholerae O1, biotype El Tor. According to the WHO,
it continues to spread in Angola and Sudan; more than 40000
cases have been documented with over 1500 deaths: a case fatality
rate of 3.5-4%. Cholera (biotype El Tor) broke out explosively in
Peru in 1991, after an absence of 100 years, and spread rapidly in
Central and South America, with recurrent epidemics in 1992 and
1993. From the onset of the epidemic in January 1991 to 1 Sep-
tember 1994, a total of 1041422 cases and 9642 deaths (overall
case fatality rate 0.9%) were reported from countries in the Western
Hemisphere to the Pan American Health Organization.

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

infected areas and it has been claimed that they can exist in a
viable but non-culturable state.*

Nipah virus

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

As of April 1999, 257 cases of febrile encephalitis were reported
to the Malaysian Ministry of Health, including 100 deaths. Labora-
tory results from 65 patients who died suggested recent Nipah
virus infection. The apparent source of infection among most
human cases continues to be exposure to pigs. Human-to-
human transmission of Nipah virus has not been documented.
Outbreak control in Malaysia has focused on culling pigs; approx-
imately 890000 pigs have been killed. Other measures include a
ban on transporting pigs within the country, education about
contact with pigs, use of personal protective equipment among
persons exposed to pigs, and a national surveillance and control
system to detect and cull additional infected herds.” Nipah virus
cases and deaths have also been reported from Bangladesh.

SARS

Severe acute respiratory syndrome (SARS) refers to an emerging
infectious disease first recognized in late-2002, early-2003. The
disease appeared initially as an outbreak of atypical pneumonia
of unknown aetiology in November 2002 in Foshan, Guangdong
Province in southern China. The disease soon spread to neigh-
bouring cities, and escalated in February 2003 to involve Vietnam,
Hong Kong, Canada and more than 30 countries subsequently,
worldwide. The global outbreak ended in July 2003, with a total
of 8098 probable cases and at least 774 deaths. After a period of
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quiescence, a cluster of infection was detected again in December
2003 and January 2004 in Guangdong Province. Since then, no
more human cases have been reported. SARS is due to infection
with a newly identified coronavirus named as SARS-associated
coronavirus (SARS-CoV).*?

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

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

Avian influenza virus in humans in Hong Kong

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

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

Knowledge of how humans are infected, the real level of human-
to-human transmission, the spectrum of disease presentation and
the effectiveness of treatment remains scanty. Human-to human
transmission is known to have occurred, but there is no evidence
that transmission has become more efficient. All the human-to-
human infections with H5N1 to date seem not to have transmitted
on further. Therefore, although the case fatality rate for human

31



3. Epidemiology of Disease in the Tropics

Turkey
Cases: 12
Deaths: 4

Tt 5 -

Azerbaijan

/

China
Cases: 21
Deaths: 14

w

: : ; *

Vietham
Cases: 93
Deaths: 42

Indonesia
Cases: 74
Deaths: 57

Cambodia
Egypt ' \ Cases: 6
Cases: 18 - 3 eths: 6
HDeaths: 10 7 Cases: 25 .
v Deaths: 17 s D{?
' %i{ -

17

Country, area or territory
Cases: cumulative number
Deaths: cumulative number

Djibouti
Cases: 1

Deaths: 0 U

-,

e

I Areas with confirmed human cases

Figure 3.11 Confirmed human cases of H5N1 avian influenza since
2003 (status as of 27 December 2006; latest available update) (WHO
2006).

infection remains high (around 57% for cases reported to WHO), it
seems that H5N 1 avian viruses remain poorly adapted to humans.*?

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

EMERGING NON-INFECTIOUS KILLERS IN
THE TROPICS

Non-infectious diseases take an enormous toll on lives and health
worldwide. Non-communicable diseases (NCDs) account for
nearly 60% of deaths globally, mostly due to heart disease, stroke,
cancer, diabetes and lung diseases. The rapid rise of NCDs repre-
sents one of the major health challenges to global development in
the twenty-first century and threatens the economic and social
development of nations as well as the lives and health of millions
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Table 3.4 Distribution of deaths from three groups of
causes by region

NUMBER OF DEATHS, ATTRIBUTED (%)

Region Infectious  Non-communicable Injuries

causes causes
Established 6.2 87.6 6.2
market
economies
Former 3.6 86.8 9.6
socialist
economies
China 15.1 73.4 11.5
Latin 32.3 57.9 9.8
America
Middle 46.2 44.8 8.9
Eastern
crescent
India 433 50.2 6.5
Sub-Saharan 68.2 23.9 7.9
Africa
Other Asia 41.8 49.6 8.6
and islands
World 33.4 58.1 8.5

of their subjects. In 1998 alone, NCDs were estimated to have
contributed to 31.7 million deaths globally and 43% of the global
burden of disease.** Until recently, it was believed that NCDs were
a minor or even non-existent problem in developing countries in
the tropics. A recent analysis of mortality trends from NCDs sug-
gests that large increases in NCDs have occurred in developing
countries,® particularly those in rapid transition like China and
India (Table 3.4). According to these estimates at least 40% of all
deaths in the tropical developing countries are attributable to
NCDs, while in industrialized countries NCDs account for 75% of
all deaths. Low- and middle-income countries suffer the greatest
impact of NCDs. The rapid increase in these diseases is seen dis-
proportionately in poor and disadvantaged populations and is
contributing to widening health gaps between and within coun-
tries. In 1998, of the total number of deaths attributable to NCDs
77% occurred in developing countries, and of the disease burden
they represent 85% was borne by low- and middle-income coun-
tries.* It has now been projected that, by 2020, NCDs will account
for almost three-quarters of all deaths worldwide, and that 71% of
deaths due to ischaemic heart disease (IHD), 75% of deaths due to
stroke, and 70% of deaths due to diabetes will occur in developing
countries®* and the number of people in the developing world
with diabetes is expected to increase by more than 2.5-fold, from
84 million in 1995 to 228 million in 2025.>” On a global basis,
60% of the burden of NCDs will occur in developing countries
and the rate at which it is increasing annually is unprecedented.
The public health and economic implications of this phenome-
non are staggering, and are already becoming apparent.

It is important to recognize that these trends, indicative of an
increase in NCDs, may be partly confounded by factors such as



an increase in life expectancy, a progressive reduction in deaths
due to communicable diseases in adulthood, and improvements
in case detection and reporting in the tropics. However, increase
in the incidence of these chronic degenerative diseases is real. The
complex range of determinants (below) that interact to determine
the nature and course of this epidemic®® needs to be understood
in order to adopt preventive strategies to help developing societies
in the tropics to deal with this burgeoning problem.
The determinants of non-communicable diseases in develop-
ing societies are as follows:!
e Demographic changes in population
e Epidemiological transition
e Urbanization and internal migration
e Changes in dietary and food consumption patterns
e Lifestyle changes (changes in physical activity patterns,
sociocultural milieu and stress as well as increased tobacco
consumption)
e Adult-onset effects of low birth weight and the effects of early
life programming
e Infections and their associations with chronic disease risk
e Effect of malnutrition and nutrient deficiencies
e Poverty, inequalities and social exclusion
e Deleterious effects of environmental degradation
e Impacts of globalization.
Four of the most prominent NCDs: cardiovascular disease, cancer,
chronic obstructive pulmonary disease and diabetes, are linked to
common preventable risk factors related to diet and lifestyle.
These factors are tobacco use, unhealthy diet and lack of physical
activity. Interventions to prevent these diseases should focus on
controlling these risk factors in an integrated manner and at the
family and community level since the causal risk factors are deeply
entrenched in the social and cultural framework of society. Devel-
oping countries in the tropics have to recognize that the emerging
accelerated epidemic of NCDs is a cause for concern and that it
needs to be dealt with as a national priority. They have to learn
from the experience of industrialized and affluent countries to
tackle the emerging crisis of chronic diseases that they are likely
to face in the near future. The emerging health burden of chronic
disease affecting mainly the economically productive adult popu-
lation will consume scarce resources. It is important, however, to
realize that the poorer countries will be burdened even more in
the long run, if attempts are not made to evolve and implement
interventions to address these emerging health issues on an urgent
basis. Ensuring that health policies are aimed at tackling the
‘double burden’ of the continued existence of the huge burden of
infectious/communicable diseases alongside the emerging epi-
demic of non-communicable diseases in developing countries of
the tropics becomes a priority.*

CONCLUSION

The world we live in is constantly changing. In the past 25 years,
we have witnessed significant progress in sustainable and techno-
logical development. However, increases in mass population
movements, continuing civil unrest and deforestation have helped
carry diseases into areas where they have never been seen before.
This has been aided by the massive growth in international travel.
Effective medicines and control strategies are available to dra-
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matically reduce the deaths and suffering caused by communica-
ble and non-communicable diseases. Despite reduced global
military spending many governments are failing to ensure that
these strategies receive enough funding to succeed. WHO priori-
ties for the control of infectious diseases in developing countries
include childhood immunization, integrated management of
childhood illnesses, use of the DOTS strategy to control TB, a
package of interventions to control malaria, a package of interven-
tions to prevent HIV/AIDS, access to essential drugs, and the
overall strengthening of surveillance and health service delivery
systems. Over 10% of all preventable ill-health today is due to
poor environmental quality-conditions such as bad housing, over-
crowding, indoor air pollution, poor sanitation and unsafe water.
The challenge of disease in the tropics has continued into the new
millennium - never before have we been so well equipped to deal
with disease threats. It remains for humankind to summon the
collective will to pursue these challenges and break the chain of
infection and disease.
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Chapter 4

Underlying Factors in Tropical Medicine

Gerard C. Bodeker

Traditional Medicine

WHY SHOULD TROPICAL MEDICINE
PRACTITIONERS BE INFORMED ABOUT
TRADITIONAL MEDICINE?

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

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

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

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

BACKGROUND

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

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

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

TRADITIONAL HEALTH SYSTEMS

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

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

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

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

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

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

... such cases are first treated with plant medicinals, and
later classed as personalistic in cases that are unresponsive to
herbal remedies or that are either prolonged or progressively
worsen. These patterns of diagnosis have been extensively
described by virtually everyone who has studied the subject.
Diagnosis and treatment frequently involve the intervention of
healers with special powers, such as a pulser or diviner. While
personalistic conditions may at times also be treated with
herbal medications, Maya curers normally employ remedies
that require ceremonial healing rituals and special prayers.
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In the context of tropical medicine, it is sufficient to note that what
may appear to the clinician as the practice of herbal medicine,
with varying degrees of competence, is often grounded in theo-
retical assumptions, beliefs about disease and its origins, and what
constitutes a real cure as opposed to simply the management of
symptoms. An understanding of these perspectives is necessary to
understand the beliefs and health practices of patients, many of
whom will use both conventional and traditional medicine in the
management of a condition.

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

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

DEFINITIONS AND CONCEPTUALIZATIONS OF
TRADITIONAL MEDICINE

The following is a selection of definitions and characterizations of

traditional medicine:

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

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

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

e African Traditional Medicine: The sum total of all knowledge
and practices, whether explicable or not, used in diagnosis,
prevention and elimination of physical, mental, or societal
imbalance, and relying exclusively on practical experience and
observation handed down from generation to generation,
whether verbally or in writing. Traditional medicine might also
be considered to be the sum total of all practices, measures,
ingredients and procedures of all kinds, whether material or not,
which from time immemorial had enabled the African to guard
against disease, to alleviate his suffering and to cure himself.’



The above definitions characterize traditional medicine as a col-
lection of knowledge and skills. While these are aspects of the
traditional systems that can be the subject of training, regulation
and formalization, other aspects such as the traditional theory of
physiological function and disease, and the role of spiritual prac-
tice and belief, are more elusive yet perhaps more fundamental to
most traditional healthcare systems.

THEORETICAL FRAMEWORK

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

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

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

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

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

In the shamanic traditions of the Americas, spiritual healing is
fundamental to the recovery process. ‘Traditional health practices
are part of a cultural identity that goes from the particular to the
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collective and vice versa. The forces which allow traditional health
practices to function are based on spirituality, the wholeness of
the person, the maintenance of balance and harmony with habitat
and Nature. The practice strengthens and reinforces family and
community connections. Therefore the traditional doctor re-
establishes the patient’s lost harmony’.**

UTILIZATION

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

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

Africa

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

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

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

Age and gender are factors in the utilization of traditional
healthcare services. A study of visitors to traditional healers in
central Sudan indicated that children under 10 years did not take
part in visits. Most visitors were between 21 and 40 years (61%)
and were women (62%). They were less educated compared with
the general population in the area. The main reasons given for
attending traditional healers were treatment (60%) and blessing
(26%).2°

In Mali, men are more likely to prefer traditional treatments
for malaria than women,” and more boys than girls believed in
herbal medicine in a survey in the Sudan.”” It has been suggested
that women are less likely to be treated at modern facilities, and
are more likely to resort to traditional medicines.? Travel time can
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be a factor in the choice of traditional over modern medical
services.

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

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

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

In the case of malaria, selection of first-line treatment varies
from area to area. Sometimes, herbal remedies are given at home
as the first-line treatment,”””® especially in mild cases of malaria.”*°
Sometimes, herbs are the second-line treatment when chemo-
therapy has failed.”** Munguti** found that in a rural area of
Kenya 7% used herbs as first choice of treatment, 17% as second
choice and 14% as third choice.

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

Asia

In India, it has been found that the influence of family structure
is significant. The presence of the mother-in-law is associated with
a greater use of traditional healers.?

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

In a study of health service utilization in four villages in India,
the most common complaint by a majority of those surveyed was
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that ‘medicines are never available’ at the Primary Health Centre,
followed by discourteous behaviour of the staff and health person-
nel, ‘doctors never available’, ‘doctors demand money for better
treatment’, and so on. Almost one-quarter of the women initially
tried homeopathic treatment, followed by 9% who administered
Western medicine at home, while 2% opted for traditional home
remedies for cure and treatment, before visiting and consulting a
trained medical practitioner. Medical pluralism was found to be
flourishing as people switched from one medical system to another
depending on affordability and time.*”

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

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

Indigenous communities

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

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

Traditional medicine and the formal health
sector in Africa

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

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

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



themselves as a source of referral for healers, but not the
reverse.**

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

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

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

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

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

A ‘Ghana Herbal Pharmacopoeia’, containing scientific infor-
mation on common medicinal plants, has been published. Efforts
are being made to integrate traditional medicine into the official
public health system, including dispensing certified and effica-
cious herbal medicines in hospitals and pharmacies.

In Nigeria, the National Agency for Food and Drug Administra-
tion and Control (NAFDAC) has taken steps to regulate and control
traditional medicine products with a view to ensuring their safety,
efficacy and quality. In consultation with traditional healers and
researchers NAFDAC has developed guidelines on regulating
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herbal medicines. Recently, the government of Nigeria approved a
national policy on a Traditional Medicine Code of Ethics. There is
also legislation for national and state Traditional Medicine Boards
to enhance the regulation of traditional medicine practice and
promote cooperation and research in traditional medicine.*’

PRIORITY DISEASE AREAS: HIV/AIDS
AND MALARIA

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

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

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

Africa

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

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

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

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

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

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

Traditional healers participating in clinical observational
studies of their herbal medicines have subsequently sought train-
ing in prevention, education and counselling issues, as well as in
basic clinical diagnostic skills. A 1998 UNAIDS-sponsored evalu-
ation of THETA found that it had reached 125 THPs (44 women
and 81 men) in five districts of Uganda. A total of 50000 people
were found to have benefited from the improved services offered
by traditional health practitioners over a period of 2 years.*

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

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

youth groups, etc.) benefited from informal AIDS education’*’

Research

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

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

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

While clinical research has been slow to begin in the evaluation
of traditional herbal treatments for HIV-related illness, there has
been screening for antiviral effects of locally used plants since the
early 1990s. A recent study reported promising antiviral effects
from selected Ethiopian medicinal plants. Asres et al.>* found that
the highest selective inhibition of HIV-1 replication was found
with the acetone fraction of Combretum paniculatum Vent., and the
methanol fraction of Dodonaea angustifolia L.f>* These showed
selectivity indices (ratio of 50% cytotoxic concentration to 50%
effective antiviral concentration) of 6.4 and 4.9, and afforded cell
protection of viral-induced cytopathic effect of 100% and 99%,
respectively, when compared with control samples. Asres et al.
found that the greatest degree of antiviral activity against HIV-2
was achieved with the acetone extract of C. paniculatum (EC(50):
3 mg/mL), which also showed the highest selectivity index (32).
The 50% cytotoxic concentration ranged from 0.5 mg/mL for the



hexane extract of D. angustifolia L.f., the most cytotoxic of the
extracts tested, to >250 mg/mL for some extracts such as the meth-
anol fraction of Alcea rosea L., the least toxic tested. While there is
the obvious potential for commercial development of fractions of
these plants as pharmaceutical leads, there is growing recognition
of the need to evaluate such plants clinically in order to deter-
mined the viability of affordable, locally available medicines for
managing HIV-related illness.

Asia

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

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

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

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

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

Priority Disease Areas: HIV/AIDS and Malaria

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

Malaria

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

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

Resistance, synergism and traditional medicines

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

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

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

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

The research initiative for traditional antimalarial
methods (RITAM)

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

WOUNDS

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

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

This has led to calls for research and rationalization of wound
treatment in this setting.” In non-industrial countries the majority
of the population uses traditional healthcare, and commonly uses
herbal treatment for wounds.”*”® These treatments warrant inves-
tigation for this reason and because they may be more readily
available and efficacious than the alternatives.”
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There is growing evidence that a number of plant treatments
are useful in a variety of dermatological conditions, including
wounds.”*%" Centella asiatica extract is one of the most widely
studied plant-based wound treatments. It is used in Madagascar
and several other tropical countries. In vivo laboratory studies
have shown its topical application to significantly accelerate
wound healing, and in vitro studies of treated granulating tissues
have demonstrated a significant increase in fibroblast activity, total
DNA and collagen content.®>#

Recent research on Aloe barbadensis has shown it to be a power-
ful wound-healing agent.®* Extracts from Aloe barbadensis, or aloe
vera as it is commonly known, have been found to penetrate
tissue, have anaesthetic properties, have antibacterial, antifungal
and antiviral properties, serve as an antiinflammatory agent, and
dilate capillaries and increase blood flow.*%¢

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

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

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

blood

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



OPHTHALMIC CONDITIONS

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

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

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

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

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

SAFETY

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

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

Safety

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

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

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

It is also important to keep a balanced perspective on the
issue of safety of herbal medicines, while recognizing the very real
risks associated with a number of these and with the untrained
use of plants as medicines. A basic question often asked in
addressing safety in herbal medicines is ‘Safe with respect to what?’
Research has found that in the USA, 51% of FDA-approved drugs
have serious adverse effects not detected prior to their approval.
One and a half million people are sufficiently injured by prescrip-
tion drugs annually that they require hospitalization.” Once in
hospital, the problem may be compounded. The incidence of
serious and fatal adverse drug reactions (ADRs) in US hospitals
is now ranked as between the fourth and the sixth leading cause
of death in the USA, after heart disease, cancer, pulmonary
disease and accidents. The first study to evaluate the ADRs in a
large population (8208960) of hospitalized US Medicare
patients found that in a sample of 141398 patients who experi-
enced an ADR, death rates were 19.18% higher and length
of hospital stay was 8.25% higher. Increased charges for patients
with an ADR were: total Medicare 19.86% (US$339496598),
drugs 9.15% (US$24744650) and laboratory charges 2.82%
(US$6221512).'°

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

In developing health systems for traditional medicine, safety
and quality control of herbal medicines go hand in hand. A case
in point is the development of new standards of safety and quality
for herbal medicines produced in India, where regulations were
introduced in 2000 to improve the standard and quality of Indian
herbal medicines. Regulations established standard manufactur-
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ing practices and quality control, requirements for infrastructure
and manpower, and for raw material authenticity and absence of
contamination. The government also established 10 drug-testing
laboratories for the Indian Systems of Medicine and upgraded
existing ones to provide high-quality evidence to licensing author-
ities of the safety and quality of herbal medicines.

Other special considerations

Traditional orthopaedics

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

Refugee populations

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

FOOD AND MEDICINE

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

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

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

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

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

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

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

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



CONCLUSION

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

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

The move towards partnerships is clearly justified in the face of
beneficial outcomes of such programmes in the fields of AIDS
prevention and care and in reducing eye disease associated with
traditional practices. Other research suggests that important dis-
coveries may also result from such collaborative partnerships in a
range of communicable diseases and common ailments, expand-
ing the range of treatment options available for the management
of disease in the tropics.
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Chapter 5

Genetics

INDIVIDUAL VARIATION

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

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

Human disease genetics in the twentieth century was domi-
nated by a set of rules deduced by Gregor Mendel in 1865. The
observable characteristics that Mendel measured in his flowering
peas, and that epidemiologists measure in human subjects, com-
prise the ‘phenotype’ of the individual. Mendelian rules apply
when a specific genetic variant, for example a deletion or change
in part of a DNA sequence, causes a predictable phenotypic
change.® Humans generally have two copies of each gene, one
from the mother and one from the father. A genetic effect is
termed dominant if the phenotypic effect is observed in the het-
erozygote, i.e. when one copy of the gene is affected and the other
copy is not. In contrast, a recessive effect is one where the affected
phenotype is observed only in the homozygous state, i.e. when
both copies of the gene are of the variant type. Here, the affected
individual must receive the genetic variant from both parents, who
may or may not be affected themselves. Genes on the X and Y
chromosomes are a special case, as females carry two copies of the
X chromosome while males carry one X plus one Y chromosome:
thus, only one copy of a recessive X-linked genetic character is
sufficient to cause the affected phenotype in a male. Based on
these principles, clinical investigators have identified many major
genetic diseases simply by analysing how the phenotype segregates
in affected families. A classical example of a recessive effect is
sickle cell disease, caused by a mutation that substitutes valine for
glutamic acid in the sixth position of the 3-globin chain. In homo-
zygotes this causes anaemia and severe clinical complications
resulting from major erythrocyte deformities at low oxygen satura-
tions. Heterozygotes have a much milder phenotype and are nor-
mally asymptomatic. Thus, the typical patient with sickle cell
disease is born to heterozygous parents, who each carry one copy
of the affected gene but have no overt manifestations of the
disease. Molecular geneticists have now identified over 7000 forms
of DNA variation that act in a Mendelian fashion to alter human
phenotype.” Mendelian genetic diseases are mostly at low preva-
lence in the general population, with the notable exception of
erythrocyte defects such as sickle cell disease and thalassaemia.

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

DIVERSITY OF THE HUMAN GENOME

A draft sequence of the human genome was published in early
2001%° and the finished sequence was published in 2004." The
entire sequence can be browsed and interrogated in detail on
websites such as Ensembl." The total size of our genome is slightly
over 3 billion base pairs but genes that encode protein account
for only a small proportion of this. What the rest of our DNA does
is open to question, but there is growing evidence that it may be
extremely important for gene regulation.'” Surprisingly, we are
estimated to have slightly under 23000 genes, which seems a
remarkably small number given that the worm C. elegans has
about 20000 and the fruitfly about 14 000. This highlights the
potential importance of gene regulation in determining uniquely
human attributes. By the same token, a large part of human phe-
notypic diversity may stem from DNA polymorphisms that alter
gene regulation rather than protein structure.

The term polymorphism is used to describe genetic variants
that are found in a significant proportion (e.g. >1%) of the general
population. The most common form of DNA variation, where one
nucleotide is substituted for another, is called a single nucleotide
polymorphism or SNP (pronounced ‘snip’). The different forms
of a polymorphism are called alleles: thus, a typical SNP has two
alleles. Over 6 million common SNPs have so far been discovered
and the total is likely to be in the order of 10 million. If we con-
sider an average 10 kb region of the genome (i.e. one where the
length of DNA sequence is 10000 base pairs), there might typi-
cally be about 30 SNPs. If each SNP has two alleles, this amounts
to over a billion (2%°) possible combinations, but in practice only
a relatively small number of combinations are seen in any popu-
lation. A particular combination of alleles that is seen in the
population is known as a haplotype. One of the most important
advances in human genetics in recent years has been the publica-
tion of a detailed haplotype map of the human genome, and in
the later part of this chapter we will discuss why this is so impor-
tant for investigation of the genetic basis of common diseases."*'*
A second common form of variation involves repetition of a part
of the sequence. In some cases the sequence that is repeated is
very short (e.g. a two-base-pair repeat would be of the form . ..
ATATATAT . . . ) and variation occurs in the number of times it is
repeated (e.g. 10 to 20): this is known as a microsatellite. In other
cases the sequence that is repeated is much larger (e.g. >1 kb): this
is known as copy number variation and it is emerging as a much
more common form of human genome variation than was for-
merly thought."” A third common form of variation is insertion
or deletion of a segment of DNA, known as an indel, which again
may be just a few base pairs or a much larger segment. A fourth
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form of variation, which may be linked to all of the above, involves
structural rearrangements of the genome.'

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

SELECTIVE PRESSURE OF INFECTIOUS DISEASE
ON THE HUMAN GENOME

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

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

The potential value of population genetics in elucidating fun-
damental aspects of infectious disease is beautifully illustrated by



the story of Duffy blood group antigen. West Africans lack Duffy
antigen on their erythrocytes because of a SNP in the correspond-
ing gene, and this makes them highly resistant to infection with
P. vivax.?>?° This discovery has yielded fundamental insights into
the molecular mechanism by which malaria parasites invade
human erythrocytes,” the type of information which could be
invaluable in the development of an effective vaccine.

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

GENETIC CONTRIBUTION TO
COMMON DISEASES

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

Genetic Contribution to Common Diseases

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

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

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

Table 5.1 Severe immunodeficiency disorders with Mendelian inheritance

Example of genetic defect
B cell cytoplasmic tyrosine kinase
CD40 ligand

Interleukin-2 receptor y chain
Adenosine deaminase

System involved
B lymphocyte

T lymphocyte

Cytochrome b558 Neutrophil
Integrin B chain
Interferon-y receptor Macrophage

Terminal complement components Complement

Toll-like receptor 3 Innate sensing

Typical clinical syndrome
Recurrent bacterial infection due to defective antibody production

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

Severe bacterial infection due to defective phagocytosis

Extreme susceptibility to infection with environmental mycobacteria

Recurrent Neisseria infection

Herpes simplex encephalitis®®

Almost 100 severe deficiency disorders have been identified. Each is caused by a rare mutation of a single gene. Different mutations in the same
gene may cause subtle variations in clinical phenotype. Mutations of different genes may lead to similar clinical syndromes if they disrupt a
common immune pathway. For a more in-depth review of the problem see (34).
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Table 5.2 Examples of genetic factors associated with risk of common infectious diseases

Infectious disease Gene locus Function Selected references
HIV/AIDS CCR5/CCR2 Chemokine receptor 36, 37
HLA class | Antigen presentation 38, 39
Meningococcal disease C5to C9 Terminal complement pathway 40, 41
PAI-1 Inhibitor of fibrinolysis 42, 43
Tuberculosis HLA-DR Antigen presentation 44
TIRAP Toll-like signalling 45
Dengue CD209 Attachment receptor 46
Norovirus FUT2 ABO secretor status 47, 48
Malaria HLA class | and Il Antigen presentation 19
o~ and B-globin Haemoglobin structure and regulation 19, 25, 26, 28
SLC4A1 Erythrocyte structure 21, 49
G6PD Cytosolic enzyme 20, 50
Leprosy HLA class Il Antigen presentation 51
PARK/PACRG Molecular chaperone 52

Gene regions in which allelic variants have been associated with increased or decreased susceptibility to infectious disease. Often the variant allele
is common in the population (e.g., above 10%) but the alteration in disease risk is relatively modest (e.g., two to fourfold). These examples
probably represent a small minority of the total number of genetic factors involved. By dissecting the functional basis of such genetic
associations, through detailed epidemiological and experimental analyses of the candidate gene regions in question, it may be possible to gain
important insights into the molecular basis of immunity and pathogenesis. For detailed reviews of these and other examples see 17, 43, 78, 79.

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

The great diversity of human leukocyte antigens (HLA), which
act to present antigens for recognition by T lymphocytes, is pos-
tulated to have arisen as a host strategy to counter antigenic diver-
sity in infectious organisms. Attempts to identify HLA types that
confer resistance or susceptibility to specific pathogens have often
been inconclusive or difficult to replicate, possibly reflecting geo-
graphical and temporal fluctuation in critical microbial antigens,
but a few general themes have emerged. Several studies in Asian
populations and elsewhere have identified HLA-DR2 as a risk
factor for susceptibility to tuberculosis and leprosy.***' HLA-
DRB1*1302 has been associated with resistance to chronic hepa-
titis B infection in both African and European populations.”**
HLA-B*35 is associated with rapid progression of HIV-1 infection
in Caucasian populations® and other associations have also been
reported. HLA-B*5301 and HLA-DRB1*1302 show highly signifi-
cant associations with protection from severe malaria in West
Africa."”

The human chemokine receptors CCR5 and CXCR4 serve as
co-receptors with CD4 for entry on HIV-1 into human cells.
Homozygotes for a 32-base-pair deletion of the CCR5 gene have
a high level of resistance to AIDS infection®® and rates of AIDS
progression appear to be affected by other mutations in CCR5,*
CCR2> and other genes thought to be involved in HIV entry
(reviewed by O’Brien & Nelson®®).

One approach to discovering human disease genes for complex
diseases is to identify mouse strains that differ in disease suscep-
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tibility and then, by a process of cross-breeding and genetic
mapping, to track down some of the genes responsible. For
example, following a laborious and systematic effort to identify
genetic locus for resistance to infection with mycobacteria, Salmo-
nella and leishmania in inbred strains of mice, the gene respon-
sible was eventually identified by positional cloning® and has
subsequently been named SLC11A1. It is a divalent ion transporter
located in the macrophage phagosomal membrane. Another
example of the positional cloning approach is the murine tuber-
culosis susceptibility gene SP110, which appears to inhibit the
multiplication of M. tuberculosis and switches a cell death pathway
in infected macrophages from necrosis to apoptosis.®® There is
some evidence that polymorphisms in SLCI1A1 (also known as
NRAMP1) and SPI10 are associated with human susceptibility to
tuberculosis in West Africa.>

THE FUTURE OF GENETIC EPIDEMIOLOGY

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



In the decade or so before the human genome sequence was
published, significant efforts were made to extend the principle of
linkage analysis to common diseases that are clearly not single
gene defects but are known to have a significant heritable compo-
nent that is most likely to arise from multiple genetic factors,
interacting with multiple environmental factors. One approach,
known as affected sib-pair analysis, which studies large numbers of
families with two or more affected siblings, has had a few major
successes in discovering genes that affect risk of common diseases,
notably the identification of NOD2 as a susceptibility gene for
Crohn's disease.”"*? In infectious diseases, genetic linkage studies
have identified susceptibility loci for schistosomiasis (in the
chromosomal region 5q31-33 containing a high concentration
of Th2 cytokines®®), malaria (also on 5q31-33%), leprosy (on
10p13% and on 6q25°?), tuberculosis (on 15q and Xq*), and
hepatitis B (on 2122 containinga cluster of class II cytokine recep-
tor genes®®). However, it remains a major undertaking to proceed
from the discovery of an interesting chromosomal region by
linkage analysis to identification of the genes responsible, and it is
becoming increasingly clear that common diseases are typically
determined by a large number of different genetic factors, each
with modest effects, most of which would not be apparent using
the genetic linkage approach unless the sample size was vast.

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

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

How is Genetics Going to Shape Medical Practice?

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

A critical requirement of genome-wide association studies is
sample size, for several reasons. First, common diseases may have
many different genetic influences that are individually of modest
magnitude. Second, false-positive associations arise when hun-
dreds of thousands of SNPs are tested, and large sample sizes are
needed to differentiate these from true positives. Third, there are
gene-gene and gene—environment interactions, with a vast number
of combinatorial possibilities; any given combination of factors
may be present in only a small proportion of individuals. This
area of research increasingly relies on the formation of consortia
to bring together large epidemiological sample sizes with state-of-
the-art genome technologies and complex statistical analyses. A
particularly successful example is the Wellcome Trust Case Control
Consortium, which carried out genome-wide association analysis
on a total of 17000 individuals from the UK population, includ-
ing 3000 controls and 2000 cases for each of seven common UK
diseases.®” This has led to important genetic discoveries across a
range of conditions including cardiovascular disease™, type 1 dia-
betes”, type 2 diabetes’, inflammatory bowel disease” and anky-
losing spondylitis™ and has catalysed studies on broader aspects
of human variation including obesity” and height.”

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

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

HOW IS GENETICS GOING TO SHAPE
MEDICAL PRACTICE?

What is the practical purpose of understanding the molecular
genetic basis of susceptibility to infection? Efforts to develop vac-
cines and improved treatments for major diseases such as tuber-
culosis, HIV/AIDS and malaria are hindered by our poor
understanding of the molecular and cellular mechanisms that
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determine clinical outcome. Genetic epidemiology may identify
novel molecular mechanisms and improve understanding of crit-
ical events in the evolution of disease. For example, if an infectious
disease is associated with high levels of factor X in the blood, it is
often difficult to know whether this is of pathogenic importance
or simply an epiphenomenon of the disease process. But if the
production of factor X is known to be determined by a genetic
polymorphism, and if this polymorphism is shown to predispose
to the disease in question, then there is a much stronger case for
factor X playing a causal role.

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

Humankind has evolved in a hostile microbial environment,
and natural selection by infectious disease may be one of the
major causes of human genetic diversity, particularly in the
immune system. The high frequency of the sickle haemoglobin
gene in West Africa, which has arisen because of its protective
effect against malaria and despite the lethal nature of the homo-
zygous state, gives some idea of the strength of genetic selection
that may be involved. It is possible that some chronic non-
infectious ailments such as atopy and autoimmune disease are a
legacy of the evolutionary impact of infectious disease, where
immune gene variants selected for protection against parasites and
other infectious pathogens may have deleterious effects in an
increasingly hygienic environment. The main reason for gaining
a deeper understanding of the genetic factors that determine sus-
ceptibility to major infectious diseases is to learn about molecular
mechanisms of disease and immunity that will inform efforts to
prevent those diseases, but it may at the same time provide clues
to the prevention of a much broader range of common diseases
that afflict populations around the world.
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Chapter 6

Underlying Factors in Tropical Medicine

Ivan M. Roitt and Alimuddin I. Zumla

Immunological Aspects of

Tropical Diseases

INTRODUCTION

COMPONENTS OF THE IMMUNE SYSTEM

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

The human immune system, which has evolved to resist infection
by microorganisms, has traditionally been classified into two
parts:
1. The non-specific immune system consisting of:
a. External barriers
b. Innate immune system
2. The specific immune system, or the acquired immune
response.
Immunology impinges on the practice of tropical medicine* in
four main ways:
1. Protective immunity to particular tropical parasitic infections
is frequently inadequate and sometimes non-existent; this

Table 6.1 Immunopathological consequences of tropical infections

Mechanism
involved

IgE

Hypersensitivity type*

Type | (allergic)

IgE, mast cells
19G
Complement

(anaphylactic)

Type Il (antibody-mediated) Autoantibody

Type lIl (immune complex) Complement

Neutrophils
T cells
Cytokines
Macrophages

Type IV (cell-mediated)

Mast cells, basophils

Immune complexes

Examples

Ascaris larvae (lung)
Schistosomiasis (swimmers’ itch)

Hydatid cyst leak/rupture

Malaria anaemia?

Goodpasture’s syndrome

Chagas’ disease (T. cruzi)

Streptococci (rheumatic heart disease, glomerulonephritis)
Malaria (kidney)

Trypanosomiasis

Schistosomiasis (Katayama fever)

Streptococci

Serum sickness

Pulmonary eosinophilia

Schistosomiasis (egg granuloma)
Tuberculosis

Tuberculoid leprosy

Lymphatic filariasis

Lung flukes (Paragonimiasis)

*

Gell and Coombs’ classification.
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Table 6.2 Immunopathology associated with acute bacterial infections

Bacteria
Staphylococci

Group A streptococci

Toxins

Enterotoxin A
Enterotoxin B
Enterotoxin C1-3
Enterotoxin D
Enterotoxin E

Toxic shock syndrome toxins
Exfoliating toxin A
Exfoliating toxin B
Pyrogenic exotoxin A
Pyrogenic exotoxin B
Pyrogenic exotoxin C
Pyrogenic exotoxin D
Erythrogenic exotoxin
Haemolysis exotoxin

Disease
Food poisoning

Toxic shock syndrome
Scaled-skin syndrome

Streptococcal sore throat

Scarlet fever
Erysipelas

Clostridium perfringens Enterotoxin

Yersinia enterocolitica Enterotoxin

Mycoplasma arthritidis Exotoxin

Gram-negative bacteria

(Endotoxin, LPS)

Gas gangrene
Terminal ileitis
Arthritis
Gram-negative shock

affects both the normal course of the disease and the prospects
for vaccination.

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

3. People afflicted with tropical infections often suffer a general
immunodeficiency that weakens their response to normally
mild infections.

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

Non-specific immunity: external barriers

External barriers (Figure 6.1) are normal mechanical and physi-
ological properties of the host, which include:

e Skin (e.g. keratin, sebum, normal flora)

Mucosal surfaces (e.g. intestinal, vaginal, cornea)

Flushing mechanisms (e.g. urinating, ciliary movement)
Enzymes (e.g. gut, tears)

Normal microbial flora (e.g. commensals in skin, gut, vagina).

Skin

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

Abrasions, ulcers, trauma

Breach in the continuity of the skin permits entry of skin patho-
gens such as staphylococci, streptococci or leptospira.
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Figure 6.1 The first-lines of defence against infection: protection at
the external body surfaces. (Redrawn with permission from Delves P),
Martin SJ, Burton DR, Roitt IM. Roitt’s Essential Immunology.

11th edn. Oxford: ®Blackwell; 2006.)

Insect bites

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



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

Active penetration by parasite larvae

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

Injections and razors

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

Mucosal surfaces

Mucosal surfaces are not keratinized and thus are prone to inva-
sion by bacteria and viruses. However, natural defences occur at
mucosal surfaces’ and these include:

e Ciliary movement to expel the debris

Surface phagocytes

e Enzymes and surface antibody (secretory IgA)

e Mechanical washing by tears or urine

e Bacteriocins from normal flora.

There are a number of physico-chemical barriers which provide
important mechanisms for limiting infectious agents. These
include the tears from the eyes, lysozyme in saliva, ear wax
and vaginal acidity. The mechanical barrier produced by the
cilia. and mucus of the respiratory tract traps 95% of inhaled
organisms. The constant flow of bile in the biliary system as
well as continuous production and flow of urine are other impor-
tant mechanisms by which invading microorganisms may be
kept at bay.

Commensal microbial flora

The role of the normal flora of the mouth, the vagina and
the alimentary and urinary tracts deserves special mention. The
human host provides a safe haven for these less harmful
bacteria, which are then able to antagonize and prevent the flour-
ishing of pathogenic bacteria. The facultative and obligate
aerobes produce potent inhibitors of bacterial growth called
bacteriocins, which act to inhibit the growth of competing organ-
isms. In addition, many obligate anaerobes produce free fatty
acids and alter the local redox potential, making the environment
less supportive to other microorganisms. This delicate balance
can be upset by disease or by the use of antibiotics. There is an
increasing scientific and commercial interest in the use of benefi-
cial microorganisms, or ‘probiotics’, for the prevention and
treatment of disease. The microorganisms more frequently used
as probiotic agents are lactic acid bacteria, such as Lactobacillus
rhamnosus GG (LGG), which has been extensively studied in recent
literature. Multiple mechanisms of action have been postulated,
including lactose digestion, productive antimicrobial agents,
competition for space or nutrients and immunomodulation.
Studies of paediatric diarrhoea show substantial evidence of
clinical benefits from probiotic therapy in patients with viral
gastroenteritis, and data on LGG treatment for Clostridium
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difficile diarrhoea appear promising. However, data to support use
of probiotics for prevention of traveller's diarrhoea are more
limited."

Parasite evasion mechanisms for avoiding
innate immunity

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

Non-specific immune system: innate
immune responses

These can be divided into those that are mediated by:
e Phagocytic cells

e Natural killer (NK) cells

e Soluble factors

e Complement system.

Phagocytic cells

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

The neutrophils are produced in large numbers (10"/day) but
circulate for only a few hours before passing through capillary
walls into the extravascular space. Peripheral blood neutrophils
are appropriately placed to prevent infections with circulating
microorganisms, especially bacteria. Patients with deficiencies in
neutrophil phagocyte function are prone to repeated pyogenic
infections or develop chronic pyogenic granuloma.

Monocytes are larger phagocytic cells produced in the bone
marrow. They circulate for hours to days in the peripheral blood,
before differentiating into tissue macrophages.'>"* They acquire
specific characters depending on the tissue in which they reside,
e.g. liver Kupffer cells, lung alveolar macrophages, synovial mem-
brane A cells. Macrophages secrete lysozyme, neutral proteases,
interleukin 1 (IL-1), tumour necrosis factor (TNF), superoxidases,
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Figure 6.2 Phagocytosis and killing of a bacterium. Stage 3/4, respiratory burst and activation of NADPH oxidase; stage 5, damage by reactive
oxygen intermediates; stage 6/7, damage by peroxidase, cationic proteins, antibiotic peptide defensins, lysozyme and lactoferrin. (Redrawn with
permission from Delves PJ, Martin S|, Burton DR, Roitt IM. Roitt’s Essential Immunology. 11th edn. Oxford: °Blackwell; 2006.)

leukotrienes and complement components. They can ingest bac-
teria via the macrophage mannose receptor or the macrophage
scavenger receptor. They are also capable of ingesting other micro-
organisms, opsonized by IgG and/or complement. They kill the
ingested organisms by using oxygen-dependent mechanisms.
Macrophages are also capable of processing antigens and present-
ing them to T cells as peptides bound to major histocompatibility
complex (MHC) molecules. All three functions of macrophages,
i.e. secretion, phagocytosis and antigen presentation, are enhanced
when macrophages become ‘activated’ by exogenous stimuli, par-
ticularly the lipopolysaccharide (LPS) of invading microorganisms
and interferon-o. (IFNo.) derived from virally infected cells.

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

Denderitic cells are specialized antigen-presenting cells (APCs)
derived from the bone marrow.'*'” They are distributed through-
out the tissues and when activated by inflammatory stimuli
take up and process antigen and migrate to the local lymph
nodes where they present the antigen to naive T cells (Figure 6.3).
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Dendritic cells express high levels of MHC class 1 and class 2
molecules and are highly susceptible to infection by human
immunodeficiency virus (HIV) because they express CD4.

Evasion of killing by phagocytic cells by microorganisms

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

The ability of a wide variety of infectious microorganisms to
survive and sometimes thrive in the intracellular environment in
which they are meant to be killed is the mechanism by which
many of them become chronic infections (Table 6.3). In this
intracellular ‘haven’ they are able to escape other immune mech-
anisms which would lead to their destruction. Herpes simplex
virus and the varicella zoster virus cause recurrent infections by
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Figure 6.3 Migration and maturation of interdigitating dendritic cells (IDC). The precursors of these cells are derived from bone marrow stem
cells. They travel via the blood to non-lymphoid tissues. These immature dendritic cells, e.g. Langerhans’ cells in skin, are specialized for antigen
uptake. Subsequently they travel via the afferent lymphatics as veiled cells to take up residence within secondary lymphoid tissues, where they
express high levels of MHC class Il and co-stimulatory molecules such as B7. These cells are highly specialized for the activation of naive T cells.
The activated T cell may carry out its function in the lymph node, or after imprinting with relevant homing molecules, recirculate to the
appropriate tissue. (Redrawn with permission from Delves P, Martin SJ, Burton DR, Roitt IM. Roitt’s Essential Immunology. 11th edn.

Oxford: ®Blackwell; 2006.)

Table 6.3 Some important persistent intracellular infections

Parasite persistence Site of manifestation Clinical
Herpes simplex virus Dorsal root ganglia Recurrent herpes simplex
Varicella zoster virus Dorsal root ganglia Recurrent shingles
Hepatitis B Liver Chronic hepatitis
Carrier state
Hepatoma
Epstein—Barr virus B cells Burkitt’s lymphoma
Nasal epithelium Nasopharyngeal cancer
Human immunodeficiency virus (HIV) T cells AIDS
Macrophages
Mycobacterium tuberculosis Macrophages Reactivation
Salmonella typhi Macrophages Systemic spread
Carrier state
Brucella Macrophages Chronic infection
Toxoplasma Macrophages Chronic infection or
reactivation
Trypanosoma cruzi Macrophages Chronic infection
Leishmania spp. Macrophages Chronic infection
Plasmodium vivax Hepatocytes Recurrence
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Table 6.4 Viruses, cancer and immunity

Virus implicated Tumour

EB virus Burkitt’s lymphoma
Nasopharyngeal carcinoma

Hepatitis B Hepatic carcinoma

Papilloma Cervical carcinoma

KSAHV (HHV8) Kaposi’s sarcoma

Immune or other component
Immunosuppression by malaria?
High EB virus antibody

Dietary carcinogens?

Neonatal tolerance to virus?
Aflatoxins

Immunosuppression by HIV

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

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

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

Soluble factors

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

Interferons

The interferons*>* (IFNo, B and y), originally described through
their antiviral effect, are now recognized to have antiproliferative
and immunomodulatory roles. In response to viral infections
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Table 6.5 Some activities of T lymphocytes that are
mediated by cytokines

Cytokine Target cell Result
IFNy, IL-4 Macrophage Activation

Parasite killing

MHC class Il increased
IFNy, IL-2 NK cell Activation

Virus killing
IL-1 to-6 B cell Antibody formation
IL-5 Eosinophil Activation

Worm killing
IL-2 CD4 T cell Clonal T cell growth

CD8 T cell Clonal T cell activation

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

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

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



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

The complement system is a complex system of serum proteins
and serum enzymes working as an amplification cascade system
which has important inflammatory and antimicrobial func-
tion.”®?° There are three pathways of complement activation:
the antibody-dependent classical pathway, the mannose-binding
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lectin pathway and the phylogenetically older antibody-
independent alternative pathway, all of which generate enzymes
(C3 convertases) capable of splitting the most abundant com-
plement component, C3, into C3a and C3b fragments.

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

Complement activation by the classical pathway is more highly
effective than by the alternative pathway and genetic deficiencies
of C3 are associated with severe bacterial infections. Deficiencies
of the terminal components C5-9 are specifically associated with
meningococcal septicaemia.
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Figure 6.4 The defensive strategy of the acute inflammatory reaction initiated by bacterial activation of the complement system. Directions:
(1) start with the activation of the alternative pathway C3 convertase through stabilization of the C3b Factor Bb complex by microbial
polysaccharides or of the classical pathway C3 convertase through formation of the C142 complex by IgG or IgM opsonized microbes, (2) notice
the generation of C3b, (3) which binds to the bacterium, C3a and C5a, (4) which recruit mast cell mediators, (5) follow their effect on capillary
dilatation and exudation of plasma proteins and (6) their chemotactic attraction of neutrophils to the C3b-coated bacterium and triumph in

(7) the adherence and final activation of neutrophils for the kill. (Redrawn with permission from Delves PJ, Martin SJ, Burton DR, Roitt IM. Roitt’s

Essential Immunology. 11th edn. Oxford: ®Blackwell; 2006.)
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Specific acquired immune responses

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

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

Cell-mediated immune responses

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

CILs have been implicated in leprosy, where they have
been demonstrated in vitro to kill neuronal Schwann cells and
liberate intracellular Myobacterium leprae, which can then be
taken up by macrophages and killed. Similarly CTLs have been
implicated in the killing of lymphocytes harbouring the protozoa
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Theileria (East Coast fever) in cattle. While the importance of
CTLs in limiting episodes of infection is not in doubt, there is
no established example of CTLs directly killing an infectious
agent.

CD4+ helper T cells (Th) are classified as either ThO, Th1l
or Th2, according to the pattern of soluble factors or cytokines
they secrete. Most human Th cells are ThO, producing a broad
range of cytokines, including IL-2, IFNy, IL-4, IL-5, IL-6 and IL-10.
Highly differentiated Th1 and Th2 cells secrete a narrow, non-
overlapping range of cytokines which tend to have mutually antag-
onistic biological actions. For optimum control on intracellular
infections the Th1 subset is required. They are generated during
strong cell-mediated immune responses in response to IL-12
secreted by macrophages. Thl cells secrete IL-2 and IFNg
and induce delayed hypersensitivity skin reactions to antigens
from the organism in question. In certain situations it is the
Th2 subset which is preferentially stimulated, resulting in the
secretion of IL-4 (induces IgE synthesis in B cells), IL-5 (activates
eosinophils), IL-6 and IL-10 (inhibits Th1 cells). Th2 cell stimula-
tion results in copious antibody production (which is usually
of no benefit against intracellular parasites), while macrophage
activation and intracellular parasite killing are reduced or absent
(Figure 6.5).

Other classes of T cells are capable of downregulating immune
responses. Regulatory T cells (Tregs) produced spontaneously
within the thymus are phenotypically CD4'CD25" and express
the forkhead/winged helix transcription factor Foxp3; deficiency
in this population leads to autoimmunity. Contact with antigen
in the periphery can generate two other classes of Tregs, the
CD4*CD25Foxp3* Trl cells producing IL-10 and induced
Tregs (Th3) of phenotype CD4*CD25*Foxp3* which produce
TGFp.

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

The concept of antagonism between the Th1l and Th2 cell
cytokines is gaining broad acceptance and may account for
many instances of immune suppression. The possibility that
we may be able to switch an immune response from one
spectrum to another is something that makes this hypothesis
an attractive one. A number of academic units as well as pharma-
ceutical companies are trying to produce monoclonal antibodies
and other immunological tools that will enable us to be able
to modulate immune responses in whichever direction we
choose.
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Figure 6.5 The generation of Th1 and Th2 CD4 subsets. Following
initial stimulation of T cells, a range of cells producing a spectrum of
cytokine patterns emerges. Depending on the nature of the pathogen
and the response of cells of the innate immune system during the
initial stages of infection, the resulting population can be biased
towards two extremes. Th1-promoting pathogen products (such as
LPS) engage Toll-like receptors (TLRs) on dendritic cells (DC) or
macrophages and induce the secretion of Th1-polarizing cytokines
such as IL-12 and IL-27. The latter cytokines promote the development
of Th1 cells which produce the cytokines characteristic of cell-mediated
immunity. 1L.-4 possibly produced by interaction of micro-organisms
with the lectin-like NK1.1* receptor on NK-T cells or through
interaction of Th2-promoting pathogen products with TLRs on DCs,
skews the development to the production of Th2 cells, whose
cytokines assist the progression of B cells to antibody secretion and
the provision of humoral immunity. Cytokines produced by polarized
Th1 and Th2 subpopulations are mutually inhibitory. LT, lymphotoxin
(TNFB); ThO, early helper cell producing a spectrum of cytokines; IL,
interleukin. (Redrawn with permission from Delves P}, Martin S|,
Burton DR, Roitt IM. Roitt’s Essential Immunology. 11th edn. Oxford:
©Blackwell; 2006.)

Humoral (antibody) responses

The bone marrow and spleen produce in the region of 10° new B
lymphocytes daily. These cells recognize antigens through their
specific surface immunoglobulin (Ig or antibody) receptor, which
is a product of the single light and heavy chain Ig genes which
each B lymphocyte has been programmed to express. Sometimes
when this surface immunoglobulin binds to the antigens (usually
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with repeating motifs such as polysaccharides) of invading micro-
organisms, the B cell is induced to proliferate and change to
plasma cells, producing specific antibody* to the antigen in ques-
tion. The antigens that are capable of doing this directly are
referred to as T cell-independent antigens and tend to give rise to
the production of low-affinity pentavalent IgM antibodies which,
however, have high ‘functional affinity’ (avidity) for the repeating
groups on these polymeric antigens.

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

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

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

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

In the past we have made use of the production of these anti-
toxin antibodies in animals to ameliorate clinical disease. Anti-
toxin antibodies have also been used to alleviate the symptoms of
snake bites. Unfortunately antibodies produced in other animals
are in themselves immunogenic to humans. Therapy with these
agents is therefore limited as repeated exposure will either give
rise to anaphylactic reactions in humans or to such rapid immune
elimination of the antibodies as to render them non-effective. So
far, attempts to generate human monoclonal antibodies that will
have such an effect has met with very limited success. Attempts

65



6. Immunological Aspects of Tropical Diseases

have therefore been made to ‘humanize’ monoclonal antibodies
generated in laboratory animals by genetically engineering the
antigen binding sites of murine monoclonal antibodies into
human monoclonal immunoglobulin molecules. Interestingly, it
is not in the field of tropical or infectious disease that these
humanized antibodies are being commonly used, as these dis-
eases caused by bacterial toxins have been very effectively con-
trolled by vaccination programmes.

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

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

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

GRANULOMA FORMATION

Granulomas form as a consequence of the body’s defence mecha-
nism for walling off pathogens.”> A granuloma can be defined as a
focal, compact collection of inflammatory cells in which mono-
nuclears predominate and are usually formed as a result of unde-
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gradable or persisting microorganisms, or due to hypersensitivity
responses to the organism antigens. Table 6.6 groups the infectious
aetiologies of granulomatous disorders. The granuloma forms by a
stepwise series of events and is the end result of a complex interplay
between invading organism, prolonged antigenaemia, macrophage
activity, T cell responses, B cell overactivity, circulating immune
complexes and a vast array of biological mediators. Areas of infla-
mation ofimmunological reactivity attract monocyte-macrophages
which may fuse to form multinucleated giant cells. Further cellular
transformation of macrophages to epithelioid cells may occur. The
granuloma is an active site of numerous enzymes and cytokines
and, with ageing, fibronectin and progression factors such as plate-
let-derived growth factor (PDGF), transforming growth factor B
(TGER), insulin-like growth factor (IGF-1) and tumour necrosis
factoralpha (TNFo.). There is a close relationship between activated
macrophages bearing increased expression of major histocompat-
ibility (MHC) Class II molecules and CD4+ T lymphocytes. These
T helper cells recognize protein peptides presented to it by APCs
bearing MHC class II molecules. The T cell induces IL-1 on the
macrophage and thereafter a cavalcade of chemotactic factors pro-
motes granulomagenesis. [FNy increases the expression of MHC
Class 1T molecules on macrophages, and activated macrophage
receptors carry an Fc fraction of IgG to potentiate their ability to
phagocytose. The end result is the epithelioid granuloma, which
progresses under the impact of transforming and platelet-derived
growth factor towards fibrosis.

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

PARASITE EVASION OF HOST DEFENCE
MECHANISMS

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

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

It has often been proposed that parasites adapt to their host by
mimicking their antigens. The acquisition of the ABO blood group
antigen on the surface of mature Schistosoma may be one mecha-
nism by which the mature worms evade antibody reactions.
However, if this ‘antigenic mimicry’ is not fully effective, then the
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in the expulsion, which is achieved by a combination of T-dependent and T-independent mechanisms. (1) T cells (predominantly Th2 cells)
respond to parasite antigens and induce (a) the production of antibody by B cells that have proliferated in response to IL-4 and IL-5, (b) the
proliferation of mucosal mast cells, in response to IL-3, IL-4, IL-9 and IL-10, and (c) hyperplasia of mucus-secreting goblet cells in the intestinal
epithelium. The worms are damaged by antibody together with products of IgE-sensitized mast cells which degranulate following contact with
antigen, and so release histamine which increases the permeability of the intestinal epithelium. These processes are not sufficient to eliminate the
worms. (2) Non-specific inflammatory molecules secreted by macrophages, including TNF and IL-1, contribute to goblet cell proliferation and
cause increased secretion of mucus. The numbers of goblet cells in the jejunal epithelium and the secretion of mucus increase in proportion to
the worm burden. The mucus coats the damaged worms and facilitates their expulsion from the body by increased gut motility induced by mast
cell mediators, such as leukotriene-D,, and diarrhoea resulting from inhibition of glucose-dependent sodium absorption by mast cell-derived
histamine and PGE,. The antigen-specific effector T cells are generated early in infection and the rate-limiting step is the onset of antibody
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development of antibodies to the infection may cross-react with
autoantigens in the host and give rise to immunopathology. Such
mechanisms may be responsible for the rheumatic carditis seen in
Group A B-haemolytic streptococcal infections and the carditis and
neuritis of Chagas’ disease seen in Trypanosoma cruzi infections.
Infectious agents also evade antibody responses through the
mechanism of ‘antigenic drift’ and ‘antigenic shift’ Thus the influ-
enza virus can escape neutralizing antibody by subtly changing its
antigens, not only in going from patient to patient but also within
the individual. ‘Antigenic shift’ is said to occur when a completely
new haemagglutinin gene is incorporated into a new influenza

strain and gives rise to the pandemic that occurs from time to time.
Similar antigenic shift is seen in the envelope proteins of HIV and
makes the epidemiological tracing of infections that much more
difficult. The variation in the pilin genes of gonococci is a good
example of antigenic variation in bacteria. In relapsing fever, the
spirochaete Borrelia hermsi changes its surface major protein with
each episode of fever. Similarly in African sleeping sickness, the
protozoa Trypanosoma brucei constantly changes its variant anti-
genic type (VAT) and its variant specific glycoprotein (VSG) during
the infection.* In this way the antibody response tends to be
primarily of the IgM class, which has low affinity for the organism.
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Table 6.6 Infectious causes of granulomatous disorders

Spirochaetes (syphilis, yaws, pinta)

Bacteria (cat scratch disease: Bartonella henselae)

Actinomyces (Whipple’s disease: Tropheryma whippelii)

GROUP 1: GRANULOMATOUS DISORDERS WITH WELL-RECOGNIZED CAUSAL AGENTS

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

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

Mycobacteria (tuberculosis, leprosy, BCGiosis, Buruli ulcer, fish tank granuloma)
Bacteria

Viruses (infectious mononucleosis, CMV, measles, mumps)

Chlamydia (lymphogranuloma venereum, trachoma)

Fungi

Protozoa (leishmaniasis, toxoplasmosis, amoeboma)

Rickettsia (Q fever)

Nematodes (ascariasis, toxocariasis)
Trematodes (schistosomiasis, paragonimiasis, fascioliasis, opisthorchiasis, clonorchiasis)
Cestodes (echinococcosis, cryptococcosis, sparganosis)

GROUP 2: GRANULOMATOUS DISORDERS WITH RECENTLY IDENTIFIED CAUSAL AGENTS

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

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

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

CONCOMITANT INFECTIONS

Concomitant infections (existence of two or more parasites in one
host) occur in nature and a number of interactions between pro-
tozoa and viruses; protozoa and bacteria; protozoa and other
protozoa, protozoa and helminths; helminths and viruses; hel-
minths and bacteria and helminths and other helminths have
been described.*® The interactions vary and the burden of one or
both of the infectious agents may be increased; one or both may
be suppressed, or one may be increased and the other suppressed.
These interactions may be explained by the effects of parasites
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on the immune system, particularly parasite-induced immuno-
suppression, parasite-induced cytokine production and effects
of cytokines controlling polarization to the Th1l or Th2 type
T cell responses.

IMMUNOPATHOLOGY

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



Table 6.7 Some parasite evasion mechanisms

Malnutrition, Immune Responses and Infection

Immune mechanism Evasion strategy Examples
Complement Cell wall protected Salmonella spp.
Lytic complex expelled Leishmania spp.
Phagocytosis Capsule formation Haemophilus spp.
Phagolysosome blocked Toxoplasmosis
Oxygen radicals neutralized Malaria
Escape into cytoplasm Leishmania spp.
Difficult to kill Mycobacteria
Phagocytes destroyed Staphylococcus spp. (toxins)
Antibody Intracellular habitat Mycobacteria
Viruses
Cyst formation Echinococcus granulosus
Paragonimus westermani
Antigenic variation
by mutation Influenza, poliovirus, HIV
by recombination Influenza
by gene switching Trypanosomes
Borrelia spp.
Brucella spp.
Antibody binding factors Staphylococcus protein A
Antibody destroyed Bacterial proteases
T cells Inhibition of MHC expression ~ Herpesvirus
Adenovirus
Th2 stimulation Leprosy
Polyclonal activation Staphylococcus spp. (enterotoxins)
T and B cells Host antigen uptake Schistosomiasis
Tolerance Congenital cytomegalovirus?
Immunosuppression Measles, HIV
EB virus
Trypanosomes
Malaria
Toxoplasmosis

BACTERIAL TOXINS AND
THE IMMUNE SYSTEM

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

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

MALNUTRITION, IMMUNE RESPONSES
AND INFECTION

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

Table 6.8 Some immunodeficiency syndromes secondary to malnutrition

Deficiency components affected
Calorie (marasmus)

Immune

Neutrophils
Complement

T cells
Protein—calorie (kwashiorkor) T cells Susceptibility to all infections

Antibody

Macrophages
Iron Neutrophils Bacterial infections

Malaria reduced?

Zinc, copper T cells Susceptibility to most infections
Selenium T cells Susceptibility to bacterial and viral infections
Vitamin A T cells Susceptibility to most infections

Effect on disease
Susceptibility to bacterial and viral infections

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

INFECTIONS CAUSING IMMUNODEFICIENCY

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



Table 6.9 Some infections that cause immunodeficiency

Infection Immune Effect on disease
components
affected
HIV CD4 T cells, Opportunistic
macrophages infections, e.g.
Pneumocystis carinii
Toxoplasma gondii
Mycobacterium
tuberculosis
Measles T cells, neutrophils Pneumonia, otitis
media
Malaria Antibody ? increased
infections
T cells ? Burkitt's
lymphoma
Trypanosomiasis Antibody Bacterial infection
(African)

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

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

AIDS AND TROPICAL INFECTIONS

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

Immunodiagnosis

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

IMMUNODEFICIENCY AND CANCER

Some of the best evidence for a role of the immune system in pre-
venting malignancy comes from tropical conditions. In four tropical
tumours a virus has been implicated, and in two, Burkitt's lym-
phoma and Kaposi's sarcoma, immunodeficiency appears to be a
contributory factor (Table 6.4). Burkitt's lymphoma was recognized
by Burkitt himself to have a very similar distribution to malaria in
Africaand Papua New Guinea, and although the full aetiology is still
not established, one plausible theory is that malaria suppresses the
normal cytotoxic T cell response against the EB virus-infected B cells.
The precise stage at which the well-known translocation of the c-myc
proto-oncogene to one or other of the immunoglobulin gene loci
occursis not clear. Kaposi's sarcoma is found mainly in patients with
T cell deficiencies, including AIDS. However, Kaposi’s sarcomais not
particularly associated with malaria, noris Burkitt'slymphoma with
AIDS, which again emphasizes the range of different defects to
which T cells are susceptible. Chronic infection with the human
papilloma virus (HPV) can lead to cervical carcinoma, not only in
the tropics but throughout the world.

IMMUNODIAGNOSIS

While the diagnosis of tropical infections is undoubtedly heavily
reliant on clinical skills of history taking and physical exami-
nation, a number of laboratory tests are extremely helpful in
confirming the diagnosis. However, as microbiological and patho-
logical procedures are tedious, time consuming and relatively inef-
ficient, several immunodiagnostic procedures® have found their
way into general use. The four main immunodiagnostic tests for
detection of antigen or antibody are:
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1. ELISA test (enzyme-linked immunosorbent assay) and its
development into multiplexing diagnostic microarrays where
each spot in the array represents a unique ‘micro-ELISA’. An
alternative multiplexing technology involves the use of mix-
tures of beads, individually capable of binding a specific
antigen or antibody, finally identified with a fluorescent
readout in a flow cytometer.

2. Fluorescent antibody test using either the fluorescence micro-
scope for tissue sections or flow cytofluorimetry for phenotyp-
ing individual cells.

3. Complement fixation test.

4. Agglutination test.

Neither of the latter two are currently being widely used.
Unfortunately, many of the early serological tests, although

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

IS IMMUNITY EVER PROTECTIVE?

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

IMMUNIZATION

A number of infectious diseases can now be controlled by immu-
nization.” Generally speaking, immunization is likely to succeed
in diseases in which good protective immunity follows natural
infection. Sometimes immunization may result in better immu-
nity than that seen after natural infection. In tetanus, the patient
is only immune for about 3 or 4 months after recovery from infec-
tion. However, vaccination with three doses of tetanus toxoid
induces a state of immunity that lasts between 5 and 10 years.
Table 6.10 shows the list of infections that are currently con-
trolled by immunization programmes and is dominated by viruses
and other simple organisms. Eradication of certain viral infections
through vaccines (e.g. smallpox) has been a great success. Immu-
nization may not always evoke a protective immune response. In
dengue fever, an arthropod-borne virus infection, immunization

72

Table 6.10 WHO recommended vaccines

Vaccines against viruses Vaccines against bacteria
Polio Tetanus

Measles Diphtheria

Hepatitis A — not for <12 years Typhoid

Mumps Meningococcal meningitis
Rubella Tuberculosis (BCG)

Hepatitis B Cholera

Rabies

Japanese B encephalitis

Influenza

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

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

The advent of molecular and genetic techniques and availabil-
ity of sophisticated methods for identifying and modifying genes
which produce immunogenic proteins have revolutionalized
vaccine development. As more infectious agents become targets
for immunization programmes, the spectrum of adverse events
linked to vaccines has been widening.** Although some of these
are tenuous, relatively little is known about the immunopatho-
genesis of even the best characterized vaccine-associated adverse
events (VAAEs). The range of possible use of active immunization
is rapidly expanding to include vaccines against infectious diseases
that require cellular responses to provide protection (e.g. HIV
infection, viral hepatitis B and C), and vaccines against non-
infectious conditions (e.g. cancer, autoimmune disease). Less
virulent pathogens (e.g. varicella, rotavirus in the developed
world) are also beginning to be targeted, and vaccine use is being
justified in terms of societal and parental ‘costs’ rather than in
straightforward morbidity and mortality costs. In the developed
world, the paediatric immunization schedule is becoming
crowded, with pressure to administer increased numbers of anti-
gens simultaneously in ever simpler forms (e.g. subcomponent,
peptide and DNA vaccines). This trend, while attractive in many
ways, brings hypothetical risks (e.g. genetic restriction, narrowed
shield of protection and loss of randomness), which will need to
be evaluated and monitored. The available epidemiological and
laboratory tools to address issues outlined above are somewhat
limited. As immunological and genetic tools improve, VAAEs will
decrease and perhaps even avoid some of them.*
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Chapter 7

Underlying Factors in Tropical Medicine

Damian G. Walker and Catherine Goodman

The Economics and Financing of
Tropical and Infectious Disease Control

INTRODUCTION

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

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

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

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

THE DEMAND FOR, AND SUPPLY OF,
HEALTHCARE

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

On the supply-side, the behaviour of providers is influenced
by their knowledge, financial incentives, competition with other
providers, perceptions of patients’ attitudes, and any legal or regu-
latory sanctions for inappropriate behaviour. Treatment and pre-
vention are delivered by a wide range of providers in the
developing world. In the public sector, care is provided through a
mix of hospitals and more peripheral health centres, clinics and
dispensaries, which are generally staffed by nurses or similar
cadres. Staff provide preventive services such as vaccines, growth
monitoring and prevention of mother-to-child transmission
(PMTCT) of HIV, and treatment for common illnesses such as
malaria, tuberculosis, diarrhoea and respiratory infections. Increas-
ingly they are also involved in the delivery of antiretrovirals
(ARVs). There may also be outreach activities to remote areas, or
community-based services delivered through local volunteers. For
example, community-based volunteers in Uganda deliver a pre-
packaged malaria treatment, and community members are widely
used in the provision of directly observed therapy short-course
(DOTS) for tuberculosis.
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Table 7.1 Coverage levels in countries with a gross national
income (GNI) per capita less than US$1200

Vaccination (polio, diphtheria, pertussis and tetanus) 75
Vaccination (measles) 68
Treatment of childhood illnesses (ARI) 59
Treatment of childhood illnesses (diarrhoea) 52
Insecticide-treated nets, residual indoor spraying 2
Treatment of clinical episodes of malaria 31
Short course TB treatment; smear + and — patients 44
HIV/AIDS interventions outside the health sector 10-20
Other HIV/AIDS preventive interventions 0-10
Palliative care for AIDS 6-10
Highly active antiretroviral therapy <1

Source: Commission for Macroeconomics and Health (2001).

While public facilities often provide free or subsidized, and
thus more affordable care, they often have weak management and
poorly motivated and unproductive staff. High rates of absentee-
ism are common.* When staff are present they are often providing
care of low clinical and consumer quality. This is partly because
public sector providers generally have few incentives to increase
coverage or quality as they are often remunerated purely by salary,
and salary levels are often very low. As a result, informal payments
are common. The potential to introduce performance or output-
based payments to staff or facilities is increasingly being consid-
ered, though this brings its own challenges including accurate
performance measurement, and the potential for fraud, demand
inducement and neglect of quality.’

Private providers come in three broad guises:

e For-profit formal providers including registered self-employed
doctors, clinics, hospitals, and diagnostic clinics, but also reg-
istered, organized, formally trained traditional healers

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

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

The private for-profit sector plays a crucial role all over the world,

accounting for a high proportion of treatment and preventive

services. For example, around 60% of all malaria episodes in sub-

Saharan Africa are initially treated by private providers, mainly

through the purchase of drugs from retailers.® In India, more than

80% of children treated for diarrhea or ARI are seen by a private

provider.” Preventive products such as insecticide-treated nets

(ITNs) and condoms are available in some health facilities, but

are primarily distributed through commercial retailers. Box 7.1

illustrates the range of private providers of TB and HIV/AIDS treat-

ment in India, and recent government efforts to work with these
groups.

76

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

In the city of Pune in the western Indian state of Maharashtra,
77% of private providers test for HIV, and 38% treat patients
for HIV/AIDS.2 However, there are major concerns over the
quality of care among some private providers. For example,
private providers predominantly use X-rays rather than sputum
examination for the diagnosis of TB, and administer a variety of
treatment regimens not conforming to national guidelines,
some of which are inadequate and inappropriate. Routine HIV
testing is undertaken without informed consent, and providers
often fail to offer pre-test counselling to patients. ART therapy
is still poorly understood and inappropriately prescribed. For
both TB and HIV patients, private providers lack mechanisms to
monitor treatment, ensure adherence and continuity of care.

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

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

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



malaria, where symptoms such as convulsions may be perceived
as supernatural in origin."

When there is only one provider, e.g. a hospital, in a geo-
graphical area, it has the opportunity to control the price for
services. A monopolistic for-profit provider will set prices in order
to maximize profits. However, if a non-governmental organization
is acting as the monopolist, it can choose to price discriminate
and use its profits from some consumers to subsidize the purchase
of a good or service by other consumers. A real-world example of
such a market is the Aravind Eye Hospital system, which is the
largest eye care provider in the world. It performs 220000 eye
operations per year, 80% of which are cataract surgeries. 47% of
the patients pay nothing for surgery, 18% pay two-thirds of the
cost and 35% pay well above the cost. This private-not-for-profit
monopolistic model with price discrimination ensures greater
access by the poor and hence reduces inequities. It does not mean
that Aravind is a loss-maker either. With this model, they are able
to be self-sustaining and profitable; for every dollar they spend,
they make about US$1.60. Similar models are being piloted for
typhoid vaccination in Vietham by the Ministry of Health in col-
laboration with the International Vaccine Institute, in which a fee
will be charged for the vaccine in private schools in order to cross-
subsidize free provision in public schools. Of course, these models
require individuals to demand the service or good.

Economists use the term demand to refer to the ability and
willingness to pay for a product or service. The concept of demand
therefore differs from ‘medical need’ or ‘capacity to benefit, and
is useful in furthering our understanding of the factors influencing
care seeking, utilization and adherence. These factors include
prices of products and services, incomes, patient preferences and
access to alternative providers. Demand is also influenced by the
information that patients have at their disposal, including their
knowledge of the price, quality and potential benefit of the alter-
natives available. The importance of these influences can be
explored empirically in a number of ways, including cross sec-
tional household surveys, before and after analyses (e.g. the
introduction or removal of user fees), in-depth interviews and
willingness-to-pay studies. Box 7.2 demonstrates the use of regres-
sion analysis of household survey data to assess the importance
of a range of demand determinants.

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

The cost to households of obtaining services is not limited to
the official prices charged. Unofficial payments or bribes are
charged in many public facilities,'® and care-seekers may incur

The Demand for, and Supply of, Healthcare

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

The Demand for Malaria Treatment and Prevention study assessed
the importance of factors influencing demand for bed net
ownership and malaria treatment seeking behaviour in The
Gambia and Tanzania using household surveys and logit
regression models.’>"* Some of the key results for the Farafenni
region of The Gambia are summarized below.

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

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

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

Lack of information on the part of consumers severely limits
the demand for preventive services. Individuals tend to under-
estimate their risk of HIV and other STIs."® In many places there
is demand for untreated mosquito nets; demand for insecticide
treatment is much lower, partly due to poor knowledge about its
effectiveness.” Lack of knowledge about the benefits from inter-
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mittent preventive treatment in pregnancy similarly limits demand,
as does concern amongst some pregnant women that drug use
may pose health risks to the unborn child. However, patients may
be willing to come forward for diagnosis and consultation if they
are aware of the availability and effectiveness of treatment.

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

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

Even in situations of perfect information, utilization of some
health services will be sub-optimal if left to the private market
because of the nature of their benefits.”” Positive externalities are
said to arise when a service provides benefits to the community
above and beyond those enjoyed by the individual. There are
numerous examples in the field of infectious disease. Rational
drug use provides positive externalities to future patients in the
form of a reduction in the rate of growth of drug resistance. Treat-
ment for STIs benefits others through the reduction in disease
transmission to future partners, and ITNs may have positive exter-
nalities if they reduce malaria transmission through the ‘mass
effect’” Vaccination also provides benefits to others, particularly
once levels of ‘herd’ immunity are reached. In making choices,
individuals will not take into account these additional positive
effects and therefore will consume less than the socially desirable
quantity. In such cases, it may benefit society to provide incentives
for people to consume enough of these services — immunizations,
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for example - to ensure that society as a whole is protected. An
innovation in Latin America is the use of conditional cash trans-
fers, which provide direct cash payment contingent on households
accessing preventive health services such as immunization. They
thus represent a negative user fee.'*

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

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

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

THE EFFICIENCY OF HEALTHCARE

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

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

In cost-minimization analysis (CMA) two or more interventions
that have identical outcomes are assessed to see which provides the
cheapest way of delivering the same outcome, e.g. assume two



rotavirus vaccines have equivalent levels of effectiveness against
severe gastroenteritis; this form of analysis would identify the least
costly of the two vaccines. Cost-effectiveness analysis (CEA) measures
the outcome of approaches in terms of ‘natural units’, e.g. if the
outcome of interest were a reduction in childhood pneumonia, this
form of analysis might compare vaccines against Haemophilus influ-
enzae type b (Hib) and pneumococcal diseases in order to identify
which averts a case of pneumonia more cheaply. Cost-utility analysis
(CUA) uses measures of utility, which reflect people’s preferences,
in order to value outcomes. The outcomes are then expressed in
terms of measures such as quality - (QALYs) or disability-adjusted
life-years (DALYs), e.g. it might compare vaccines against rotavirus
and Hib in terms of which averts a DALY more cheaply, but it also
enables comparisons among different health sector interventions,
e.g. those to control HIV/AIDS, TB and malaria. In practice, there
has been a blurring of the distinctions between CEA and CUA, with
the latter seen as an extension of the former. And finally, cost-benefit
analysis (CBA), which expresses health outcomes in terms of mon-
etary units; this form of analysis enables comparisons among
interventions in the health sector, and other sectors, e.g. education,
in order to identify which generates the greatest return on invest-
ment. The Copenhagen Consensus is a recent, and rare, example
of an inter-sectoral priority-setting exercise (Box 7.3). The require-
ment of measuring outcomes in monetary units has limited the use
of this type of analysis in health policy.

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

Box 7.3 The Copenhagen consensus

The goal of the Copenhagen Consensus project was to use cost-
benefit analysis to set priorities among a series of proposals for
confronting ten great global challenges. These challenges,
selected from a wider set of issues identified by the United
Nations, were: civil conflicts; climate change; communicable
diseases; education; financial stability; governance; hunger and
malnutrition; migration; trade reform; and water and
sanitation. A panel of economic experts was invited to consider
these issues. The panel was asked to address the ten challenge
areas and to answer the question, ‘What would be the best
ways of advancing global welfare, and particularly the welfare
of developing countries, supposing that an additional $50
billion of resources were at governments’ disposal?’ Ten
challenge papers, commissioned from acknowledged
authorities in each area of policy, set out more than 30
proposals for the panel’s consideration. The 2004 meeting
found that combating HIV/AIDS had a very high rate of return
and should be at the top of the world’s priority list. About 28
million cases could be prevented by 2010. The cost would be
US$27 billion, with benefits almost 40 times as high. (See
www.copenhagenconsensus.com/ for further details.)

The Efficiency of Healthcare

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

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

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

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

Borgdorff et al.** examined the impact and cost-effectiveness of
TB control measures in developing countries. The authors found
that treatment of smear-positive TB using the WHO DOTS strategy
has by far the highest impact. While BCG immunization reduces
childhood mortality, its impact on TB transmission is probably
minimal. Under specific conditions, an additional impact on
mortality and transmission can be expected through treatment
of smear-negative cases, intensification of case-finding for smear-
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positive TB, and preventive therapy among individuals with dual
TB-HIV infection. Of these interventions, DOTS is the most cost-
effective at around US$5-40 per DALY averted. The cost for BCG
immunization is likely to be under US$50 per DALY averted.
Treatment of smear-negative patients has a cost per DALY averted
of up to US$100 in low-income countries, and up to US$400 in
middle-income settings. Other interventions, such as preventive
therapy for HIV-positive individuals, appear to be less cost-
effective.

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

To date economic evaluations have not taken full account of
the broader economic impacts of measures to control tropical and
infectious diseases, particularly those targeted at infants and chil-
dren. Examples of these broader economic impacts include®*:

e the fact that healthy children are better able to attend school
and to learn effectively while in class
e like school children, healthier workers have better attendance
rates and are more energetic and mentally robust. Workers in
healthy communities, moreover, need to take less time off to
care for sick relatives
e healthier people expect to live longer, so they have a greater
incentive to save for retirement. They are also able to work
productively for longer, giving them more time to save. Workers
and entrepreneurs therefore have a larger capital base to draw
on for investment, leading to greater job creation and higher
incomes.
These impacts stem from the fact that many interventions not only
treat, or protect individuals against getting a disease per se, but also
against the long-term effects of that disease on their physical,
emotional and cognitive development. For example, by stunting
physical growth, childhood diseases can curtail opportunities for
carrying out manual labour during adulthood. In developing
countries, where manual work is frequently the only option,
physical handicaps are particularly damaging. Cognitive develop-
ment may also be affected by tropical and infectious disease.
For example, measles and malaria, among others, can cause
brain damage or impair learning abilities, with severe impacts
on a child’s life prospects.

The importance of these effects is borne out by recent work
demonstrating the link from improved health to economic
growth.”” This research has made clear the importance of health
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interventions for achieving growth and suggests that economic
evaluations, as currently conducted, are likely to underestimate
the benefits of many interventions aimed at tropical and infectious
diseases.

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

FINANCING HEALTHCARE

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

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

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

The most globally prominent and straightforward way to
increase risk pooling in most developing countries is through



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

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

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

In 2000, 189 countries signed the United Nations Millennium
Declaration. The document includes eight Millennium Develop-
ment Goals (MDGs) with specific targets for poverty eradication
and development that are to be achieved by 2015. Three of the
eight MDGs are directly related to health, of which one is specifi-
cally related to infectious and tropical diseases: reducing child
mortality (MDG4); improving maternal health (MDG5); and
combating HIV/AIDS, malaria, and other diseases (MDGH6).
Health also underpins many of the other MDGs. Donor funding
will be critical for most countries to meet the MDGs. Donors need

Conclusions

Box 7.4 Innovative financing mechanisms

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

A second innovative financial instrument is the International
Finance Facility (IFF). The IFF for Immunization (IFFIm) will
provide proof of concept for this novel financing mechanism
by raising up to US$4 billion for financing immunization
programmes in low-income countries over the next 10 years.
The IFFIm mechanism front-loads funding by using long-term
government commitments as security for bonds issued in the
capital markets. The proceeds from the bonds can be disbursed
immediately to fund national immunization programmes or to
guarantee the purchase of future vaccines, for example,
through an AMC. If tied to the latter, the bond issuance would
be timed to correspond with the procurement of the new
product once it is on the market. (See www.iff-immunization.
org/ for further details.)

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

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

CONCLUSIONS

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

81



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

to tackle infectious and tropical diseases. And yet, most develop-
ing countries are being severely challenged to provide essential
services to their populations and to provide financial protection
against infectious and tropical diseases.

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

Chapter 8

Underlying Factors in Tropical Medicine

Solomon R. Benatar

Ethics and Tropical Diseases:
Some Global Considerations

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

INTRODUCTION

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

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

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

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

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

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

MORAL JUSTIFICATION FOR CHANGE

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

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

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

Box 8.1 Some facts about the world today

Gap between the richest 20% and poorest 20% of the world’s

population

— Widened from 9x at the beginning of the century to over 80x
by 2000

Scale of absolute poverty has increased

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

2.8 billion (46% world population) live on <$2/day

2.0 billion lack access to essential drugs

2.8 billion lack access to sanitation

2.0 billion do not have electricity

1.2 billion lack access to safe water

1.0 billion have no adequate shelter

831 million are chronically undernourished

18 million die prematurely every year from poverty related

causes

34000 children die each day from hunger and preventable

diseases

US$50 billion could prevent 50% premature deaths

— (0.2% combined GDP of affluent countries)

90% of annual global expenditure on healthcare is spent on

patients who bear less than 10% of the burden of disease

expressed in disability adjusted life years (DALYs)

90% of expenditure on health research is on those diseases

accounting for 10% of the global burden of disease.
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CAUSES OF WIDENING DISPARITIES AND
ONGOING POVERTY

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

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

Globalization, economic exploitation and
the debt problem

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

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



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

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

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

During the second half of the twentieth century, the evolution
towards a globalized economy has perpetuated and aggravated
centuries of exploitative processes that facilitate the enrichment of
some people at the expense of others - within and between
nations. Such exploitation (made possible by processes that
devalue and dehumanize the ‘other’, relegating them to lower
standards of life), overtly underpinned slavery, racism and indus-
trial labour abuse. Over the past 50 years, covert erosion of the
economies of many poor countries, under the impact of the neo-
liberal economic policies driving globalization, has obstructed
real development and prevented the introduction of effective
forms of modern medicine into many poor countries and the
achievement of widespread access to even basic healthcare for
billions of people.” Average national per capita GNP has risen to
above US$30000 in some countries and remained static or
dropped to less than US$200 in others - and similar gaps can be
observed within many societies.”>”" The debt owed to rich coun-
tries by the poor amounted to US$2.2 trillion in 1997 - a debt
developed and perpetuated through arms trading and ill con-
ceived ‘development projects’ that did more harm than good and
usually benefited developed nations more than those they were

Social Injustice

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

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

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

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

Military expenditure

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

SOCIAL INJUSTICE

Assuming that economic disparities and the causal processes
behind these are a major global problem, the dilemma becomes
one of addressing the question of economic or distributive justice.
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This involves consideration of such overlapping notions as: rights,
fairness (equity), equality and what may be deserved. Each of
these are complex notions and they may be in conflict with each
other. No attempt will be made here to review the many theories
of justice that have been formulated as potentially coherent, com-
prehensive and plausible unifying solutions to such complex
issues,”” except to say that none have provided workable solutions.
Some have proposed that theories of imperfect justice could be
useful in making progress.”

While it is unrealistic to imagine that economic equality can
be achieved globally, it is increasingly agreed that it is an ethical
requirement that extreme poverty should be alleviated and pre-
vented, and that social injustice be addressed within societies and
across national boundaries. Some have suggested that the only
way to achieve social justice is to abandon the capitalist system.
Others have argued that this is both implausible and impossible,
yet agree that major changes are required in the way in which
economic systems operate,'%'14182829

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

ETHICS AT THE LEVEL OF
INTERNATIONAL RELATIONS

It is also necessary to move beyond considerations of justice only
within nations and to attempt reducing injustice at a global level.
Searching for and implementing solutions to the problems of
poverty, inequality and inequity requires some understanding of
how unethical relationships between nations have fostered global
disparities and of seeking means of making such relationships
more ethical in the future.'>**332

INTERNATIONAL LAW AND HUMAN RIGHTS

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

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

"These range from common culture and language in Ancient Greece, through
religion in the medieval era to the concept of the ‘white man's civilization’
during the age of empire, and the sovereignty of states.
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erations have indeed become an everyday, (allegedly) non-partisan
partofforeign policy and are of greatest concern in cases of shocking
barbarism - for example in Rwanda and in Bosnia, but regrettably
also in prisons in the highly industrialized and privileged world.>*?*

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

The impact of globalization on human rights

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

WORLD VIEWS: UNDERSTANDING
OTHER CULTURES

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

REFLECTIONS ON SOME ETHICAL
IMPERATIVES IN OUR MODERN WORLD

The major ethical imperatives of our time - and we should have
no difficulty recognizing these unless we are morally blind - are



to relieve hunger, alleviate profound poverty, sustainably improve
the lives of those living under abominable conditions and to
foster global peace and ecological security.'****" Several United
Nations conferences — Rio 1992, Cairo 1994, Copenhagen and
Beijing 1995 - and others testify to the growing acknowledgement
of these ethical imperatives and the need to enable the processes
by educating and empowering women and children. However,
insufficient attention has been devoted to the ways in which
resources can be generated to achieve these ambitious goals.
Scholarly attention and political action directed at ethical and
effective use of resources are central to the imperatives to be faced.
Suggestions detailed in Chapter 8 in the previous edition include
reduction of military expenditure, debt restructuring, implementa-
tion of appropriate international taxation, development of imagi-
native development programmes and new ways of viewing the
world and international relations in an increasingly interdepen-
dent world." New paradigms of thinking would embrace concern
for population well-being as well as individual well-being; deeper
insights into how complex systems function; and development of
an ethic for institutions and international relations that recognizes
the responsibility to balance individual goods and social goods,
and not to harm weak and poor nations or groups of people
through economic and other forms of exploitation that frustrate
the achievement of human rights and well-being.'*!

SOME PRACTICAL AND ETHICAL
CONSIDERATIONS FOR THE PRACTICE OF
TROPICAL MEDICINE

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

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

Controversies in the Ethics of Clinical Trials

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

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

CONTROVERSIES IN THE ETHICS OF
CLINICAL TRIALS

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

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

Despite seeming agreement on several issues, and widespread
acceptance of the Declaration of Helsinki and the CIOMS guide-
lines for research ethics, some conclude that different viewpoints
persist on fundamental issues and that it unlikely that current
disagreements will be easily resolved.”” We have argued that dis-
agreements may in part be explained by differing perceptions of
social relations and by failure to use moral reasoning to identify
the rational middle ground between ethical universalism and
moral relativism. We contend that progress can be made towards
resolving contentious issues in international research ethics by
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acknowledging many areas of agreement, and developing a frame-
work for understanding the different perspectives on life by
researchers and vulnerable subjects that could facilitate rational
responses to disagreements.*® We reiterate here our summarized
approach to resolving these disagreements by posing and answer-

Attempts to resolve the vexed question of the ‘standard of care’
for research in developing countries by utilizing arguments totally
within a single world-view are unlikely to convince those who
have a different perspective on social relations and how these
should influence social policy in research. An expanded concept

ing a series of questions (Boxes 8.2-8.5).*54 of the standard of care is outlined in Box 8.5.

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

Clinical trials conducted by overseas sponsors in developing countries should be relevant to the health needs of the host country.

For consideration of the host nation’s health priorities host country researchers, research ethics committees and policy makers should be
involved in the design, review and conduct of trials.

They should pursue with overseas investigators, before a trial is approved by the host country research ethics committee, how study
findings and other benefits that flow from the research will be incorporated into local healthcare systems.

Through such advance collaboration host country researchers, subjects and health systems can all benefit in ways that significantly improve
local research processes and build capacity for the public health sector.

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

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

Moral reasoning requires consideration of context in the process of applying general, universally-applicable principles.

Each study in which a placebo arm is anticipated should be considered on its merits, taking into account the research question posed, how
this could best be answered, potential harms and benefits, ethical principles and relevant local circumstances.

Where morally valid reasons can be mounted for placebo-controlled trials, and where such studies are designed specifically for the benefit
of local populations rather than as surrogates for acquiring information for wealthy countries (e.g. studies of ‘me too’ drugs), the use of a
placebo may be justified on rational grounds.

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

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

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

Exploitation in the research context should be defined to include several acts or omissions:

Taking advantage of power differentials to meet the researchers’ goals through any means they choose, without first giving serious
consideration to the harms that may be perceived by research participants or their communities.

Using research subjects as a means to achieving only the ends of researchers, e.g. advancing knowledge and in many cases the commercial
interests of Pharma, when the benefits of the research will not be relevant, affordable, or fairly available to research participants and their
communities.

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

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

To avoid exploitation:

Priority should be given to trials that will provide useful knowledge for the host country.

The balance of benefits and burdens should be fairly distributed.

The benefits of research should be seen to flow into healthcare settings.

While individual subjects’ safety and benefits are always important, community and national health priorities must be identified and
negotiated with relevant authorities, not just left to individual subjects, the IRB, or the local researcher.

In no event should existing disparities be further entrenched by deflecting local human or material resources away from healthcare systems
in host countries towards research that fails to advance subject, community or national health priorities.

""Material is used in this section from previous publications with permission

from the journals.
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Research Ethics Committees

subjects and their communities.

Box 8.5 What is the standard of care? How is this defined and how can it be justified?

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

A well-reasoned universal standard of care should be translatable into feasible local practices and a universally applicable ethical framework

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

In order to apply universal principles to the context of a specific research project in a particular place, researchers should:

— Conduct research with the same respect for the dignity of all subjects wherever they are in the world and always treat them as ends in

their own right and not use them merely to acquire knowledge that could benefit only others.
— Obtain authentic informed consent that reflects the realities of the economic, social, linguistic and cultural framework of research

— Provide care for other diseases concomitantly afflicting the subjects and for which treatment may not otherwise be available.

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

The above require that researchers, research ethics committees and the community of subjects shape an acceptable standard of care for a
particular study through a deliberative, respectful process of moral and scientific reasoning. In this way healthcare could be improved
through successive research projects that would step up the standard of care in research towards a global universal level.*=°

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

Simply put, the above position is based on the obligations to:

e Do no harm, do good and to be fair

e Respect practices within other cultures that pose no significant
risk to health and safety, but reject those that infringe on
universally agreed human rights

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

An improved standard of care that progressively approaches that

of rich countries would enhance, not deter, successful achievement

of research goals in developing countries.

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

Forming partnerships

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

developing countries in the design and planning of clinical
trials.*-¢

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

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

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

RESEARCH ETHICS COMMITTEES

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

Given the growth of research in developing countries and the
relative lack of training in research ethics the United States NIH's
Fogarty International Center has in recent years sponsored capac-
ity building programmes in international research ethics and bio-
ethics in developing countries.” The contribution being made
to educational and capacity-building endeavours by these pro-
grammes is of great importance in an era in which international
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collaborative research is expanding rapidly, and cross-cultural
understanding is required. Research committees are being encour-
aged to proactively work to ensure benefits to participants, and
the community.

BIOBANKS

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

CONCLUSIONS

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

Crucial to a new approach will be the recognition that it is not
merely altruism that is called for but more importantly a long-
term perspective on rational self-interest in an increasingly inter-
dependent world. To achieve this will require a broader approach
to morality that firmly embraces but also goes beyond the concept
of human rights, and includes concern for human needs world-
wide and for the environment on which all life is crucially depen-
dent. Sustainable development and respect for human rights and
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human dignity are in the interest of all worldwide. These can only
be achieved through a combination of analytically incisive and
honest thinking about global problems and the active promotion
of solidarity devoid of economic, cultural, and ethical imperial-
ism. It should also be acknowledged that all people and cultures
have something to contribute to the development of a more just
world. The goal of achieving a global mindset to which all can
contribute is the challenge for the twenty-first century.® If this can
be achieved the prospects of reducing suffering from tropical dis-
eases will be greatly enhanced.
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General Approach to the Patient

INTRODUCTION

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

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

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

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

CLINICAL HISTORY

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

Travel

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