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Foreword to the second
edition

It is a great honour to be writing the foreword for the latest edition of the
Oxford Handbook Infectious Diseases and Microbiology.

Itis put together by a talented and committed group of authors who have
direct experience and insight on the practicalities of delivering specialist clin-
ical care in infectious diseases and microbiology, as well as in running expert
laboratory support and advancing research in the field.

The latest edition of the Handbook provides an ideal and useful com-
bination of being organized into chapters that are both organism-based
and syndrome-based. The new edition importantly provides more infor-
mation and detail on infection prevention which is increasingly important
in the context of addressing antimicrobial resistance as well as protecting
our patients and staff. Well laid out, user-friendly flow charts have been
provided in this edition providing valuable rapid resources, for example in
organism identification. A newly updated section on antibiotic resistance
and antibiotic agents also provides critical information for the now com-
bined ID/Microbiology trainees in the UK, but also valuable for any infec-
tion specialty trainees internationally.

It is marvellous to see that the Handbook is promoting cross-disciplinary
working and provides a shared resource for all of those working in infec-
tious diseases and clinical microbiology, whether they are students, train-
ees or senjor doctors or ID pharmacists, nurses and biomedical scientists,
infection nurses.

Alison Holmes,
Professor of Infectious Diseases,
Imperial College, UK






Preface to the second
edition

Medicine is all about adapting to change as research is published and new
therapies launched. In the years since the publication of the first edition
of this book the treatment of viral hepatitis has transformed beyond rec-
ognition, to the extent that drugs have been introduced and withdrawn
as obsolete, and novel classes of anti-virals and antibiotics are now main-
stream. Those of us working in infection have additional challenges: the
rise of entirely new diseases (MERS, Ebola, Chikungunya and Zika have
each taken their turn in the spotlight), the failure of treatments that have
served us faithfully for many years (multi-resistant organisms now attract
the attention of Presidents and Prime Ministers), and the automation and
molecular revolution in our diagnostic laboratories. UK infection training
has responded with the distinction between classic ‘Infectious Disease’ and
‘Microbiology’ becoming ever harder to spot, recognized with the launch of
Core Infection Training.

Whilst as ever no single book—or at least no single portable book—can
tell you everything you need to know, we hope that this second edition of
the Oxford Handbook of Infectious Diseases and Microbiology will continue to
prompt, guide, and educate those caring for people with infections.

Estée Torok,
Ed Moran, Fiona Cooke
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Symbols and abbreviations

A-a
ABC HSR
ABG
ABPA
ABPI
ACA
ACDP
ACE
ACT
ADH
ADL
AFB
AFLP
AIDS
AKI

ALP

ALT
AME
AMP
AMRHAI

a.m.
ANA
ANCA
aP
APACHE
ARB
ARDS
ARF
ART
ASD
ASOT
AST

ATL

alveolar—arterial

abacavir hypersensitivity reaction

arterial blood gas

allergic bronchopulmonary aspergillosis
ankle—brachial pressure index

acrodermatitis chronica atrophicans

Advisory Committee on Dangerous Pathogens
angiotensin-converting enzyme

artemisinin combination therapy; adenylate cyclase toxin
antidiuretic hormone

acute adenolymphangitis

acid-fast bacilli

amplified fragment length polymorphism
acquired immune deficiency syndrome

acute kidney injury

alkaline phosphatase

alanine aminotransferase
aminoglycoside-modifying enzyme

adenosine monophosphate

Antimicrobial Resistance and Healthcare Associated
Infections Reference Unit

ante meridiem (before noon)
antinuclear antibody

antineutrophil cytoplasmic antibody
acellular pertussis (vaccine)

acute physiology and chronic health evaluation (score)
angiotensin receptor blocker

acute respiratory distress syndrome
acute renal failure

antiretroviral therapy

atrial septal defect

anti-streptolysin O titre

aspartate transaminase

adult T-cell leukaemia/lymphoma
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xiv SYMBOLS AND ABBREVIATIONS

ATN
ATP
AUC
AV

BA
BAL
BC
BCG
BCYE
bd
BHIVA
BIA
BKV
BLNAR
BMT
BNF
bp

BP
BSAC
BSE
BSI
BTS
BV

Ca
cAMP
CA-MRSA

CAP
CAPD
CATT

CBD
CCDC
CCEY
CCF
CCFA
CCHF

ccr

antiretroviral toxic neuropathy
adenosine triphosphate

area under the curve
atrioventricular

blood agar; bacillary angiomatosis
bronchoalveolar lavage

blood culture

bacillus Calmette—Guérin

buffered charcoal yeast extract
twice daily

British HIV Association

British Infection Association

BK virus

{3-lactamase-negative ampicillin-resistant
bone marrow transplant/ation
British National Formulary

base pair

bacterial peliosis

British Society for Antimicrobial Chemotherapy
bovine spongiform encephalopathy
bloodstream infection

British Thoracic Society

bacterial vaginosis

calcium

cyclic adenosine monophosphate

community-acquired meticillin-resistant
Staphylococcus aureus

community-acquired pneumonia
continuous ambulatory peritoneal dialysis

card agglutination tests for Trypanosoma gambiense
trypanosomes

common bile duct

Consultant in Communicable Disease Control
cefoxitin cycloserine egg yolk

congestive cardiac failure

cefoxitin cycloserine fructose agar
Congo—Crimean haemorrhagic fever

cassette chromosome recombinase



CcCcu
CDAD
CDC
CDI
cDNA
CDRN
CDSsC
CE
CEE
CF
CFA
CFTs
CFTR
cfu
CIN

CIS
qp
CcK
CKD
crr
CL
CLED
CLSI
cm
CMI
CMV
CNA
CNS
Cco
CoNS
COPD
COSHH
CPA
CPE
CPK
CQC

SYMBOLS AND ABBREVIATIONS

clean-catch urine

Clostridium difficile-associated disease/diarrhoea
Centers for Disease Control and Prevention
Clostridium difficile infection

complementary deoxyribonucleic acid

Clostridium difficile Ribotyping Network
Communicable Disease Surveillance Centre
California encephalitis

central European encephalitis

cystic fibrosis

colonization factor antigen; circulating filarial antigen
complement fixation tests

cystic fibrosis transmembrane conductance regulator
colony-forming unit

Cefsulodin, Irgasan, Novobiocin; cervical intraepithelial
neoplasia

Commonwealth of Independent States
Creutzfeldt—Jakob disease

creatine kinase

chronic kidney disease

chloride ion

containment level

cystine, lactose, electrolyte-deficient (agar)
Clinical & Laboratory Standards Institute
centimetre

cell-mediated immunity

cytomegalovirus

colistin nalidixic acid agar

central nervous system

carbon dioxide

coagulase-negative staphylococci

chronic obstructive pulmonary disease
Control of Substances Hazardous to Health
Clinical Pathology Accreditation
carbapenemase-producing Enterobacteriaceae
creatine phosphokinase

Care Quality Commission
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SYMBOLS AND ABBREVIATIONS

CT-BSI
CrCl
CRE
CRF
CRP
CSF
CSSD
CcsuU
CT
CvC
CVID
CVS
CXR
DAA
DAIR
DAT
DDT
DEC
DEET
DF
DFA
DH
DHF
DHFR
DHHS
DHP-1
DHPS
DIC
DIPC
DKA
dL
DLA
DMSA
DNA
DNase
DNT
DoH

catheter-related bloodstream infection
creatinine clearance
carbapenem-resistant Enterobacteriaceae
circulating recombinant form

C-reactive protein

cerebrospinal fluid

Centre for Surgical Sterilization and Disinfection
catheter specimen for urine
computerized tomography

central venous catheter

common variable immunodeficiency
cardiovascular system

chest X-ray

direct-acting antiviral

debridement and implant retention
direct agglutination test
dichlorodiphenyltrichloroethane
diethylcarbamazine

diethyltoluamide

dengue fever

direct fluorescent antibody test
Department of Health

dengue haemorrhagic fever
dihydrofolate reductase

Department of Health and Human Services
dehydropeptidase-1

dihydropteroate synthase

disseminated intravascular coagulation
Director of Infection Prevention and Control
diabetic ketoacidosis

decilitre

acute dermatolymphangioadenitis
dimercaptosuccinic acid (scan)
deoxyribonucleic acid
deoxyribonuclease

dermonecrotic toxin

Department of Health



dsDNA
DSN
DSP
DST
DTP
DVT
EASL
EBNA
EBV
ECDC
ECG
EDTA
EEE
EEG
EF
eGFR
El

EIA
EIEC
EITB
ELISA
EM
EMG
EMJH
ENT
EO
epo
EPP
EQA
ERCP
ESBL
ESCAPPM

ESR
ESRD
ET
ETEC

SYMBOLS AND ABBREVIATIONS

double-stranded deoxyribonucleic acid

distal sensory neuropathy

dry sterilization process

drug susceptibility testing

diphtheria, tetanus, polio (vaccine)

deep venous thrombosis

European Association for the Study of the Liver
Epstein—Barr virus nuclear antigen

Epstein—Barr virus

European Centre for Disease Prevention and Control
electrocardiogram

ethylenediaminetetraacetic acid

eastern equine encephalitis
electroencephalography

(o)edema factor

estimated glomerular filtration rate

erythema infectiosum

enzyme-linked immunoassay

enteroinvasive Escherichia coli

enzyme-linked immunoelectrotransfer blot
enzyme-linked immunosorbent assay

electron microscopy; erythema chronicum migrans
electromyography
Ellinghausen-McCullough-Johnson-Harris

ear, nose, and throat

ethylene oxide

erythropoietin

exposure-prone procedure

external quality assessment

endoscopic retrograde cholangiopancreatography
extended-spectrum {3-lactamase

Enterobacter spp., Serratia spp., Citrobacter freundii,
Acinetobacter spp., Proteus vulgaris, Providencia spp.,
Morganella morganii

erythrocyte sedimentation rate
end-stage renal disease
exfoliative toxin

enterotoxigenic Escherichia coli
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xviii SYMBOLS AND ABBREVIATIONS

EUCAST European Committee on Antimicrobial Susceptibility
Testing

EVD external ventricular drain

FAN Fastidious Antibiotic Neutralization (bottle)

FAT fluorescent antibody test

FBC full blood count

FDA Food and Drug Administration

FDG-PET fluorodeoxyglucose positron emission tomography

FEV, forced expiratory volume in 1 second

FFI fatal familial insomnia

FHA filamentous haemagglutinin

FNA fine-needle aspiration

FTA-ABS fluorescent treponemal antibody absorption (test)

FUO fever of unknown origin

g gram

G6PD glucose-6-phosphate dehydrogenase

GAM granulomatous amoebic encephalitis

GAS group A Streptococcus

GBS group B Streptococcus; Guillain—Barré syndrome

GBV-C GB virus type C

GCS Glasgow coma scale

G-CSF granulocyte-colony-stimulating factor

GDH glutamate dehydrogenase

GDP guanosine diphosphate

geq genome equivalent

GFR glomerular filtration rate

GGT gamma-glutamyl transferase

Gl gastrointestinal

GISA glycopeptide-intermediate Staphylococcus aureus

GMC General Medical Council

GMP good manufacturing practice

GNR Gram-negative rod

GORD gastro-oesophageal reflux disease

GP general practitioner

GRE glycopeptide-resistant Enterococcus

GSS Gerstmann-Straussler—Scheinker (disease)

GU genitourinary



GUM
GVHD

h

HA
HAART
HACCP
HAD

HAI
HA-MRSA

HAP
HAT
HAV
Hb
HBcAg
HBeAg
HBIG
HBsAg
HBV
HCAI
HCC
HCO,~
HCoV
HCV
HCW
HDV
H&E
HE
HELLP

HEPA
HEV
HFM
Hfr
HHV
Hib
HICPAC

SYMBOLS AND ABBREVIATIONS

genitourinary medicine
graft-versus-host disease

hour

haemagglutinin

highly active antiretroviral therapy
hazard analysis and critical control point
HIV-associated dementia
hospital-acquired infection

health care-acquired meticillin-resistant
Staphylococcus aureus

hospital-acquired pneumonia
human African trypanosomiasis
hepatitis A virus

haemoglobin

hepatitis B core antigen
hepatitis B e antigen

hepatitis B immune globulin
hepatitis B surface antigen
hepatitis B virus

health care-associated infection
hepatocellular carcinoma
bicarbonate ion

human coronavirus

hepatitis C virus

health-care worker

hepatitis D virus

haematoxylin and eosin (staining)
Hektoen enteric

haemolysis, elevated liver enzymes, low platelets
(syndrome)

high-efficiency particulate air

hepatitis E virus

hand, foot, and mouth (disease)
high-frequency recombination

human herpesvirus

Haemophilus influenzae type b (vaccine)

Healthcare Infection Control Practices Advisory
Committee

Xix



xx SYMBOLS AND ABBREVIATIONS

HIDA hepatobiliary iminodiacetic acid

lll High Impact Intervention: from ‘Saving Lives’ programme
HIV human immunodeficiency virus
HIVAN HIV-associated nephropathy

HLA human leucocyte antigen

HNIG human normal immunoglobulin
H,O, hydrogen peroxide

HPA Health Protection Agency

HPLC high-pressure liquid chromatography
HPU health protection unit

HPV human papillomavirus

H,S hydrogen sulfide

HSE Health and Safety Executive

HSP Henoch—Schénlein purpura

HSV herpes simplex virus

HTLV human T-cell lymphotropic virus
HTM health technical memorandum

HUS haemolytic uraemic syndrome
IAS-USA International Antiviral Society-USA
IBD inflammatory bowel disease

ICC infection control committee

ICD infection control doctor

ICN infection control nurse

ICP intracranial pressure

ICT infection control team

ICU intensive care unit

ID infectious diseases; implanted device
IDSA Infectious Diseases Society of America
IDU injecting drug user

IE infective endocarditis

IFA immunofluorescence assay/indirect fluorescent antibody
IFAT immunofluorescence antibody test
IFN interferon

Ig immunoglobulin (IgA, IgE, IgG, 1gM)
IGRA interferon gamma release assay

IL interleukin

M intramuscular



IMS
INH
INR
IPV
IQA
IQC
IRIS

ISAGA
ITP

IUCD
IUGR

IVC
VIG
jcv
JE

kb

kg
KOH
kPa
KPC
KS

LAM
LAME

LCMV
LDH
LES

LF
LFT
LGV
LOS
LP

SYMBOLS AND ABBREVIATIONS

industrial methylated spirit

inhaled

international normalized ratio
inactivated polio vaccine

internal quality assurance

internal quality control

immune reconstitution inflammatory syndrome
insertion sequence

IgM immunosorbent agglutination assay
idiopathic thrombocytopenic purpura
international unit

intrauterine contraceptive device
intrauterine growth restriction
intravenously

intravascular catheter

intravenous immunoglobulin

JC virus

Japanese encephalitis

potassium

kilobase

kilogram

potassium hydroxide

kilopascal

Klebsiella pneumoniae carbapenemase
Kaposi’s sarcoma

litre

lipoarabinomannan

Listeria, ‘atypical” organisms (Mycoplasma, Chlamydia),
MRSA and enterococci

lymphocytic choriomeningitis virus
lactate dehydrogenase

Liverpool epidemic strain

lethal factor

liver function test
lymphogranuloma venereum
lipo-oligosaccharide

lumbar puncture

XXi



xxii SYMBOLS AND ABBREVIATIONS

LPS lipopolysaccharide

LRTI lower respiratory tract infection
LTR long tandem repeat

LTS long-term storage

LVF left ventricular failure

m metre

MAC Mycobacterium avium complex
MAI Mycobacterium avium intracellulare

MALDI-TOF = matrix-assisted laser desorption/ionization time-of-flight
mass spectroscopy

MALT mucosa-associated lymphoid tissue

MAT micro-agglutination test

MBC minimum bactericidal concentration

MBL metallo-B3-lactamases

MC&S microscopy, culture, and sensitivity

MCD multicentric Castleman’s disease; mild neurocognitive
disorder

MDI microbiological documented infection

MDR multidrug-resistant

MDRD modification of diet in renal disease

MDT multidrug therapy

MEC minimum effective concentration

mg milligram

Mg magnesium

MGE mobile genetic element

MGIT Mycobacteria Growth Indicator Tube

MHC major histocompatibility complex

MIC minimum inhibitory concentration

MIF micro-immunofluorescent antibody

min minute

mL millilitre

MLEE multilocus enzyme electrophoresis

MLS, macrolide-lincosamide-streptogramin B (resistance)

MLST multiple locus sequence typing

MLVA multiple loci variable number repeat tandem analysis

mm millimetre

mmHg millimetre of mercury



SYMBOLS AND ABBREVIATIONS  xxiii

mmol millimole

MMR measles, mumps, rubella (vaccination)

MODS multiple organ dysfunction syndrome

MOTT mycobacteria other than tuberculosis

MR magnetic resonance

MRCP magnetic resonance cholangiopancreatography

MRI magnetic resonance imaging

mRNA messenger RNA

MRSA meticillin-resistant Staphylococcus aureus

MSA mannitol salt agar

MSCRAMM microbial surface components recognizing adhesive matrix
molecule

MSM men who have sex with men

MSSA meticillin-sensitive Staphylococcus aureus

MSU midstream urine

MTB Mycobacterium tuberculosis

NA neuraminidase

NAAT nucleic acid amplification test

NaCl sodium chloride

NAD nicotinamide adenine dinucleotide

NADPH nicotinamide adenine dinucleotide phosphate oxidase

NASBA nucleic acid sequence-based amplification

NASH non-alcoholic steatohepatitis

ND notifiable disease

NDM New Delhi metallo-B-lactamase-1

neb nebulized

NG nasogastric

NGS next-generation sequencing

NH,* ammonium ions

NHL non-Hodgkin’s lymphoma

NHSBT NHS Blood and Transplant (Tissue Services)

NICE National Institute for Health and Care Excellence

NICU neonatal intensive care unit

NINSS Nosocomial Infection National Surveillance Scheme (UK)

NK natural killer

nm nanometre

NNRTI non-nucleoside reverse transcriptase inhibitor



xxiv SYMBOLS AND ABBREVIATIONS

NPA
NRTI

NSAID
NTM
NTS
NYC
NVS
OocCpP
od
OHS
o
OMP
ONPG
OPAT
OPSI
OPV
ORF
PA
PABA
PAE
PaO.
PAS
PAS
PBMC
PBP
PCNSL
PCP
PCR
PCV

PD

PDA
PDH

PE

PEA
PEG-IFN
PEL

2

nasopharyngeal aspirate
nucleoside/nucleotide analogue reverse transcriptase
inhibitor

non-steroidal anti-inflammatory drug
non-tuberculous mycobacteria
non-typhoidal Salmonella species

New York City (agar)

nutritionally variant streptococci

oral contraceptive pill

once a day

oral hydration salts

ocular larva migrans

outer membrane protein
o-nitrophenyl-B-D-galactopyranoside
outpatient antimicrobial therapy
overwhelming post-splenectomy infection
oral polio vaccine

open reading frame

protective antigen

para-aminobenzoic acid

post-antibiotic effect

partial pressure of arterial oxygen
para-aminosalicylic acid

periodic acid-Schiff (staining)

peripheral blood mononuclear cell
penicillin-binding protein

primary central nervous system lymphoma
Pneumocystis pneumonia

polymerase chain reaction
pneumococcal conjugate vaccine
peritoneal dialysis

patent ductus arteriosus

progressive disseminated histoplasmosis
pulmonary embolism

phenyl ethanol agar

pegylated interferon

primary effusion lymphoma



PEP
PEPSE
PEMP1

PFGE
PGL
PHE
Pl
PIA
PICC
PICU
PID
Pll

PJl
p.m.
PML
PO
PPD
PPE
PPI
ppm
PR
PRCA
PrEP
PROM
PrP
PSA
PSS
PT
PTC
PTLD
PUO
PV
PVC
PVE
PVL
QAC

SYMBOLS AND ABBREVIATIONS

post-exposure prophylaxis
post-exposure prophylaxis following sexual exposure

Plasmodium falciparum-infected erythrocyte membrane
protein 1

pulsed-field gel electrophoresis
persistent generalized lymphadenopathy
Public Health England

protease inhibitor

polysaccharide intracellular adhesion
peripherally inserted central catheter
paediatric intensive care unit

pelvic inflammatory disease

period of increased incidence

prosthetic joint infection

post meridiem (after noon)

progressive multifocal leukoencephalopathy
orally

purified protein derivative

personal protective equipment

proton pump inhibitor

part per million

per rectum

pure red cell aplasia

pre-exposure prophylaxis

premature rupture of the membranes
prion protein

prostate-specific antigen
post-splenectomy sepsis

prothrombin time; pertussis toxin
percutaneous transhepatic cholangiography
post-transplant lymphoproliferative disorder
pyrexia of unknown origin

per vagina

peripheral venous catheter

prosthetic valve endocarditis
Panton—Valentine leucocidin

quaternary ammonium compound

XXV
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qds four times a day

qPCR quantitative polymerase chain reaction

RAPD random amplification of polymorphic DNA

RBC red blood cell

RCT randomized controlled trial

REA restriction endonuclease analysis

rep-PCR repetitive element polymerase chain reaction

RFLP restriction fragment length polymorphism

RIDDOR Reporting of Injuries, Diseases and Dangerous
Occurrences Regulations

RMAT rapid micro-agglutination test

RMSF Rocky Mountain spotted fever

RNA ribonucleic acid

RPR rapid plasma reagin

rRNA ribosomal ribonucleic acid

RSSE Russian spring—summer encephalitis

RSV respiratory syncytial virus

RT reverse transcriptase

RT-PCR reverse transcription polymerase chain reaction

RVF Rift Valley fever

s second

SaBTO (Advisory Committee on the) Safety of Blood, Tissues
and Organs

Sa0, arterial oxygen saturation

SARS severe acute respiratory syndrome

SBP spontaneous bacterial peritonitis

s/c subcutaneous

SCC staphylococcal cassette chromosome

SCID severe combined immunodeficiency disease

sCJD sporadic Creutzfeldt—Jakob disease

SDD selective decontamination of the digestive tract

SE staphylococcal enterotoxin

SENIC Study on Efficacy of Nosocomial Infection Control

SHOT Serious Hazards of Transfusion

SIADH syndrome of inappropriate antidiuretic hormone
secretion

SIGN Scottish Intercollegiate Guidelines Network

SIRS systemic inflammatory response syndrome



SIV
SLE
SLST
S-MAC
SMI
SNP
sIpAST
SOP
Spp-
SPA
SPS
SRSV
SSA
SSI
SSPE
ssRNA
SSRI
SSSS
STD
STI
Stx
SVR
SVT
TAC
B
TCBS
TCT
Td
tds
TFT
TINU
TK
TMA
TNF
TOC
TOE
TOP

SYMBOLS AND ABBREVIATIONS

simian immunodeficiency virus
systemic lupus erythematosus

single locus sequence typing

sorbitol MacConkey

Standards for Microbiology Investigations
single nucleotide polymorphism
surface layer protein A gene sequence typing
standard operating procedure

species

suprapubic aspirate

sodium polyanetholesulphonate

small round structured virus
streptococcal superantigen

surgical site infection

subacute sclerosing panencephalitis
single-stranded ribonucleic acid
selective serotonin reuptake inhibitor
staphylococcal scalded skin syndrome
sexually transmitted disease

sexually transmitted infection

shiga toxin

sustained virological response
supraventricular tachycardia

transient aplastic crisis

tuberculosis

thiosulfate citrate bile salts sucrose
tracheal cytotoxin

combined tetanus/low-dose diphtheria vaccine
three times a day

thyroid function test

tubulointerstitial nephritis and uveitis
thymidine kinase
transcription-mediated amplification
tumour necrosis factor

test of cure

transoesophageal echocardiography

topically

XXVii



xxviii  SYMBOLS AND ABBREVIATIONS

TP
TPHA
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cHAPTER 1 Basics of antimicrobials

A history of antibiotics

To start, some definitions: an ‘antimicrobial’ is an umbrella term for drugs
with activity against microorganisms (antibacterials, antivirals, antifungals,
antiparasitic agents); an ‘antibiotic’ is, strictly speaking, a chemical com-
pound made by a microorganism that inhibits or kills other microorganisms
at low concentrations. This does not include synthetic agents, although, in
practice, it is often used for any antibacterial; an ‘antiparasitic’ is used to
treat parasitic diseases and includes antiprotozoals and antihelminthics.

A history

Substances with some form of anti-infective action have been used since
ancient times. The Chinese used ‘mouldy’ soybean curd to treat boils and
carbuncles. The South American Indians chewed cinchona tree bark (con-
tains quinine) for malaria.

In Europe, one of the earliest recorded examples was the use of mercury
to treat syphilis in the 1400s.

In 1877, Louis Pasteur showed that injections of extracts of soil bacteria
cured anthrax in animals.

In 1908-1910, Paul Erlich, Nobel Prize winner and father of chemother-
apy, synthesized arsenic compounds effective against syphilis.

In 1924, the compound actinomycetin, so named because it is produced
by actinomycetes, was discovered.

In 1932, Domagk discovered the dye prontosil that cured streptococcal
infections in animals. The active group turned out to be the sulfonamide
attached to the dye, and, by 1945, over 5000 sulfonamide derivatives had
been developed. Adverse effects and drug resistance have limited clinical
use of these compounds.

In 1939, Dubos isolated two agents that were active against Gram-
positive organisms (gramicidin and tyrocidin) from Bacillus brevis.

In 1944-1945, Waksman isolated streptomycin from the soil microbe
Streptomyces  griseus. It was active against Mycobacterium tuberculosis
and some Gram-negative organisms, and Waksman was awarded the
Nobel Prize.

History of penicillin

(See Table 1.1.) Alexander Fleming returned to St Mary’s Hospital after
a weekend away in 1928 to discover that the mould Penicillium notatum
had contaminated his culture plates. He observed that the colonies of
Staphylococcus aureus nearest to the mould had lysed, while those further
away had not, and hypothesized that the Penicillium had released a product
that caused bacterial cell lysis. He called this product penicillin. Although
Fleming discovered penicillin, he was unable to purify sufficient quanti-
ties for clinical trials. In 1939, Howard Florey, Ernst Chain, and Norman
Heatley, working in Oxford, obtained the Penicillium fungus from Fleming.
They overcame the technical difficulties and conducted clinical trials to dem-
onstrate the efficacy of penicillin. Mass production soon began in the United
Kingdom (UK) and United States (USA). Initially, penicillin was used almost
exclusively for soldiers injured during the Second World War. It became
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widely available by 1946. As soon as he discovered penicillin, Fleming
warned of the development of penicillin resistance, and indeed resistance
was seen almost immediately. Chemical modifications of the drug have
since created derivatives (e.g. ampicillin) that are less susceptible to enzy-
matic degradation.

Table 1.1 A non-exhaustive antibiotic timeline

Year Antibiotic Class of antibiotic

1928 Penicillin discovered B-lactam

1932 .Prontosil discovered éulfonamide

1942 .Penicillin introduced .B-Iactam

1943 .Streptomycin discovered Aminoglycoside

1945 .Cephalosporins discovered .B-Iactam

1947 .Chloramphenicol discovered .Protein synthesis inhibitor

1947 .Chlor‘tetracycline discovered ;I'etracycline

1949 .Neomycin discovered Aminoglycoside

1952 .Erythromycin discovered M acrolide

1956 Vancomycin discovered .Glycopeptide

1960 Flucloxacillin introduced B-lactam

1961 Ampicillin introduced .B—Iactam

1963 .Gentamicin discovered Aminoglycoside

1964 .Cephalosporins introduced .B—Iactam

1964 Vancomycin introduced .Glycopeptide

1966 .Doxycycline introduced ;I'etracycline

1971 .Rifampir_in introduced .Rifamyr_in

1974 .Co—trimoxazole introduced éulfonamide and trimethoprim

1976 Amikacin introduced Aminoglycoside

1979 Ampicillin/clavulanate introduced .B-Iactam/B—Iactamase inhibitor

1987 .Imipenem/cilastin introduced .Carbapenem

1987 .Ciprofloxacin introduced .Quinolone

1993 Azithromycin and clarithromycin .Macrolide
introduced

1999 .Quinupristin/dalfopristin étreptogramin
introduced

2000 .Linezolid introduced .Oxazolidinone

2003 .Daptomycin introduced .Lipopeptide

2004 ;Felithromycin introduced .Ketolide

2005 ;I'igecycline introduced .Glycylcycline

2012 .Fidaxomicin introduced .M acrocyclic

5
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Global antibiotic use

National data on the quantity and trends of antibiotic usage are usually not
available. However, it is generally thought that about 50% of all antimicrobi-
als are used in human medicine, and about 50% for animals and crops. The
total amount of antimicrobials used varies between countries; developed
countries use proportionately more than developing countries. Different
countries have different antibiotics available—just because an antibiotic is
widely prescribed in one country, it does not mean it will be licensed in
another, e.g. teicoplanin is not available in the USA.

Human use of antibiotics

Most infections are treated in the community by general practitioners (GPs)
or through outpatient clinics; this accounts for the greatest number of anti-
biotic prescriptions. Some agents with antimicrobial activity are available
over the counter (e.g. clotrimazole for vaginal thrush and topical aciclovir
for cold sores). The quantity of antibiotics used varies between hospitals,
depending on the specialist units there (e.g. hospitals with large intensive
care units (ICUs) or a renal unit are likely to use more antibiotics). Hospitals
with similar patient populations have different approaches to prescribing
antibiotics, which may be influenced by local antimicrobial susceptibility
data. In the first instance, you should follow your local hospital policy and
consult microbiology/infectious diseases (ID) specialists for advice.

Problems with human use of antibiotics

Overuse of antibiotics has led to rising rates of resistance to antimicrobials,
with the result that a few organisms have become virtually untreatable (e.g.
vancomycin-resistant S. aureus, extensively drug-resistant (XDR) M. tuber-
culosis (MTB), carbapenemase-producing Enterobacteriaceae).

Resistance results in increased morbidity and mortality, with considerable
economic and social consequences. In the USA, the Centers for Disease
Control and Prevention (CDC) estimates that one-third of all outpatient
antibiotic prescriptions is not required. Hence, many organizations have
been working to try to reduce inappropriate prescribing, e.g. public educa-
tion (e.g. most upper respiratory tract infections (URTIs) are caused by
viruses), changing the practice of health-care prescribers (e.g. short course,
narrow-spectrum agents where appropriate).

Other problems associated with the overuse of antibiotics include super-
infection (e.g. with Candida albicans, Clostridium difficile), the unnecessary
risk of adverse effects, drug interactions, and expense.

In the developing world, a number of additional problems exist:
antibiotics are often available without prescription from a cornershop;
if the patient does take an appropriate antibiotic, they may take the
wrong dose for the incorrect duration;

the purchased drug may be inappropriate, so the infection remains
untreated, and patients may therefore develop a more severe or
complicated infection before consulting a doctor;

e some drugs are ‘fake’, substandard, or past their expiry date;

patients may take a combination of traditional therapy along with
antibiotics that may lead to interactions and toxicity.



GLOBAL ANTIBIOTIC USE

Non-human use of antibiotics

Antimicrobials have been used increasingly for the prevention and treat-
ment of infections in animals (e.g. on farms, in fish factories, and for domes-
tic pets) and in the environment (e.g. crop production). Since the discovery
of their growth-promoting abilities, they have also been added to animal
feed (particularly for pigs and poultry). In addition, some antibiotics increase
feed efficiency (the amount of feed absorbed by an animal), increasing the
chance that the animal reaches its target weight on time. Other examples
of non-human use include:

e tetracycline sprayed on apple plantations to treat fireblight;

o oxytetracycline added to water in commercial fish farms to treat infections;
o antibiotics used to eliminate bacterial growth inside oil pipelines.

When farm animals consume antibiotics in their feed, they may excrete
them into the environment. This may select for antibiotic-resistant organ-
isms that may then infect other animal species. Antibiotics in the environ-
ment undoubtedly contribute to increasing antibiotic resistance, particularly
amongst food-borne pathogens such as Salmonella species (spp.) and
Campylobacter spp. Many organizations have developed strategies to try to
control the non-human use of antibiotics (particularly in agriculture and ani-
mal husbandry) and thus reduce the development of resistance.

Responses to the problem of resistance

There is an increasing political awareness of the risk antibiotic resistance
poses to human health. Travel and health tourism make it a global issue,
from which no one country can isolate itself. England’s chief medical
officer described it as a ‘catastrophic threat’, and British and US premiers
have backed national plans for research and control. The World Health
Organization (WHO) recently conducted a worldwide ‘country situation
analysis” and is coordinating national responses. Table 1.2 gives sources of
information on antimicrobial resistance.

Table 1.2 Sources of information on antimicrobial resistance

Information Web address
Alliance for the Prudent Use of S www.tufts.edu/med/apua
Antibiotics
World Health Organization Drug S www.who.int/drugresistance/en/
Resistance
Antibiotic Action £ www.Antibiotic-action.com
UK government bodies S www.gov.uk/defra

S www.gov.uk/phe

S www.hps.scot.nhs.uk/haiic/amr/
European data (Eurosurveillance) R www.eurosurveillance.org/
National Antimicrobial Resistance S www.cdc.gov/narms/

Monitoring System (USA)

British Society for Antimicrobial S www.bsac.org.uk
Chemotherapy
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Mechanisms of action

Antimicrobial agents are classified by their specific modes of action against
bacterial cells. The modes of action of antimicrobial agents against Gram-
positive and Gram-negative bacteria are very similar and can be divided
into five categories:

e inhibition of cell wall synthesis;

inhibition of protein synthesis;

inhibition of nucleic acid synthesis;

inhibition of folate synthesis;

disruption of the cytoplasmic membrane.

Inhibition of cell wall synthesis
Agents that interfere with cell wall synthesis block peptidoglycan synthesis or
cross-linking. They are active against growing bacteria and are bactericidal.

Gram-negative bacteria—f3-lactam antimicrobials enter the cell through
porin channels in the outer membrane and bind to penicillin-binding pro-
teins (PBPs) on the surface of the cytoplasmic membrane. This blocks their
function, causing weakened or defective cell walls, and leads to cell lysis
and death.

Gram-positive bacteria lack an outer membrane, so B-lactam antimicro-
bials diffuse directly through the cell wall and bind to PBPs, which results in
weakened cell walls and cell lysis. Glycopeptides inhibit cell wall synthesis by
binding to the D-ALA-D-ALA terminal end of peptidoglycan precursors,
thus inhibiting the action of transglycosidase and transpeptidases.

Inhibition of protein synthesis

Tetracyclines bind to the 30S ribosomal subunit, and block attachment of
transfer RNA (tRNA) and addition of amino acids to the protein chain.
Tetracyclines are bacteriostatic.

Aminoglycosides also bind to the 30S ribosomal subunit and prevent its
attachment to messenger RNA (mRNA). They can also cause misreading of
the mRNA, resulting in insertion of the wrong amino acid or interference in
the ability of amino acids to connect with each other. The combined effect
of these two mechanisms is bactericidal.

Macrolides and lincosamides attach to the 50S ribosomal subunit, causing
termination of the growing protein chain. They are bacteriostatic.

Chloramphenicol also binds to the 50S ribosomal subunit and interferes
with binding of amino acids to the growing chain. It is also bacteriostatic.

Linezolid (an oxazolidinone) binds to the 23S ribosomal RNA (rRNA) of
the 50S subunit and prevents formation of a functional 70S initiation com-
plex which is necessary for protein synthesis. It is bacteriostatic.

Inhibition of nucleic acid synthesis
Fluoroquinolones interfere with DNA synthesis by blocking the enzyme
DNA gyrase. This enzyme binds to DNA and introduces double-stranded
breaks that allow the DNA complex to unwind. Fluoroquinolones bind
to the DNA gyrase—-DNA complex and allow broken DNA strands to be
released into the cell, resulting in cell death.
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Fig. 1.1 Inhibition of folate synthesis.

Rifampicin binds to DNA-dependent RNA polymerase, which blocks
synthesis of RNA and results in cell death.

Inhibition of folate synthesis
(See Fig. 1.1.)

For many organisms, para-aminobenzoic acid (PABA) is an essential
metabolite which is involved in the synthesis of folic acid, an important pre-
cursor to the synthesis of nucleic acids.

Sulfonamides are structural analogues of PABA and compete with PABA
for the enzyme dihydropteroate synthetase.

Trimethoprim acts on the folic acid synthesis pathway at a point after the
sulfonamides, inhibiting the enzyme dihydrofolate reductase.

Both trimethoprim and sulfonamides are bacteriostatic. When they are
used together (e.g. co-trimoxazole), they produce a sequential blockade of
the folic acid synthesis pathway and have a synergistic effect.

Disruption of the cytoplasmic membrane

Polymyxin molecules diffuse through the outer membrane and cell wall of
susceptible cells to the cytoplasmic membrane. They bind to the cytoplas-
mic membrane, and disrupt and destabilize it. This causes the cytoplasm to
leak out of the cell, resulting in cell death.

Mechanisms of resistance

There are a number of ways by which microorganisms become resistant to
antimicrobial agents. These include:

o production of enzymes;

alteration in outer membrane permeability;

alteration of target sites;

efflux pumps;

alteration of metabolic pathways.

9
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Production of enzymes

B-lactamases are enzymes that hydrolyse B-lactam drugs. In Gram-negative
bacteria, the B-lactam drug enters the cell through the porin channels and
encounters 3-lactamases in the periplasmic space. This results in hydrolysis
of the B-lactam molecules, before they reach their PBP targets. In Gram-
positive bacteria, the 3-lactamases are secreted extracellularly into the sur-
rounding medium and destroy the B-lactam molecules before they enter
the cell.

Aminoglycoside-modifying enzymes—Gram-negative bacteria may pro-
duce adenylating, phosphorylating, or acetylating enzymes that modify an
aminoglycoside, so that it is no longer active.

Chloramphenicol acetyl transferase—Gram-negative bacteria may pro-
duce an acetyl transferase that modifies chloramphenicol, so that it is no
longer active.

Alteration in outer membrane permeability
Gram-negative bacteria may become resistant to 3-lactam antibiotics by
developing permeability barriers.

Mutations resulting in the loss of porin channels in the outer membrane
no longer allow the entrance and passage of antibiotic molecules into
the cell.

Alterations in proton motive force may result in reduced inner membrane
permeability.

Alteration of target sites
PBPs in Gram-positive and Gram-negative bacteria may be altered through
mutations, so that 3-lactams can no longer bind to them.

Methylation of rRNA confers resistance to macrolides, lincosamides, and
streptogramins

Mutations in the chromosomal genes for DNA gyrase and topoisomer-
ase |V confer quinolone resistance.

Efflux pumps

A wide variety of efflux pumps produce antimicrobial resistance in both
Gram-positive and Gram-negative bacteria. Transmembrane proteins form
channels that actively export an antimicrobial agent out of the cell as fast as
it enters. This is the main mechanism of resistance to tetracyclines.

Alteration of metabolic pathways

Some microorganisms develop an altered metabolic pathway that bypasses
the reaction inhibited by the antimicrobial. Mutations that inactivate thymi-
dylate synthetase block the conversion of deoxyuridylate to thymidylate.
These mutants use exogenous thymine or thymidine for DNA synthesis and
therefore are resistant to folate synthesis antagonists.
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Molecular genetics of resistance

Genetic variability is essential for microbial evolution and may occur by a

variety of mechanisms:

e point mutations;

o rearrangements of large segments of DNA from one location of a
bacterial chromosome or plasmid to another;

e acquisition of foreign DNA from other bacteria, via a mobile genetic
element (MGE).

Acquisition of resistance, in the presence of the antibiotic, confers a survival
advantage on the host, thus leading to the emergence of resistant clones.
The overuse, incorrect use, or injudicious use of antibiotics contributes to
this problem, and explains why new resistance patterns tend to emerge in
areas of the hospital with the greatest antibiotic consumption (e.g. ICUs).
This antibiotic resistance may be passed vertically to future generations
through clonal expansion, resulting in a bacterial population that is resistant
to an antibiotic.

Point mutations

These are often referred to as single nucleotide polymorphisms (SNPs).
The bacterial genome is dynamic, in that bacteria are constantly undergo-
ing mutations. Some of these mutations will (by chance) result in a survival
advantage to the organism, e.g. due to increased virulence or antibiotic
resistance. In certain environments, these will be preferentially selected
for; thus, the mutation that arose by chance will be retained and passed to
future generations. Examples of point mutations include the generation of
B-lactamase and fluoroquinolone resistance.

Mobile genetic elements

These are pieces of DNA that can move around between genomes. They
may thus be involved in the horizontal transfer of resistance genes between
bacteria, as opposed to the vertical transfer of resistance by clonal expan-
sion (see list below). Bacterial genomes consist of core genes and accessory
genes; it is the latter that are defined by acquisition and loss. There are
several different MGEs described in the following list.

o Plasmids—these are extrachromosomal pieces of circular DNA, which
vary in size from 10kb to over 400kb. In addition to carrying resistance
genes, they may determine other functions, e.g. virulence factors and
metabolic capabilities. They are autonomous self-replicating genetic
elements that possess an origin for replication and genes that facilitate
their maintenance in the host bacteria. Conjugative plasmids require
additional genes to initiate self-transfer.

Insertion sequences (IS)—these are short DNA sequences that are
usually only 700-2500bp (base pairs) long. They encode an enzyme
needed for transposition (i.e. to excise a segment of DNA from one
position in the chromosome and insert it elsewhere) and a regulatory
protein, which either stimulates or inhibits the transposition activity.
They are thus different from transposons, which also carry accessory

11
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genes such as antibiotic resistance genes. The coding region in an

insertion sequence is usually flanked by inverted repeats.
o Transposons—these are often called ‘jumping genes’ and may contain
IS. They cannot replicate independently but can move between one
replicating piece of DNA to another, e.g. from a chromosome to a
plasmid. Conjugative transposons mediate their own transfer between
bacteria, whereas non-conjugative transposons need prior integration
into a plasmid to be transferred.
Integrons—these may be defined as a genetic element that possesses a
site (attl) at which additional DNA in the form of gene cassettes can be
integrated by site-specific mutation. They also encode a gene, integrase,
which mediates these site-specific recombination events. Gene cassettes
normally consist of an antibiotic resistance gene and a 59-base element
that functions as a site-specific recombination site. The largest integrons
(e.g. in Vibrio cholerae) can contain hundreds of gene cassettes.
Bacteriophages—a bacteriophage is a virus that infects bacteria and may
become integrated into the bacterial chromosome (and is then called a
prophage). They typically consist of an outer protein enclosing genetic
material (which may be single- or double-stranded DNA or RNA).
Bacteriophages may be considered MGEs but are rarely involved in the
transfer of resistance genes. They have been used as an alternative to
antibiotics (phage therapy) in Eastern Europe and the former USSR for
~60 years.

Clonal expansion

Clonal expansion refers to the multiplication of a single ‘ancestor’ cell.
This may result in the propagation of antibiotic resistance into daugh-
ter cells. The antibiotic resistance genes will be passed from one gen-
eration of bacteria to the next, which is also called vertical transfer of
resistance. If an organism becomes resistant to an antibiotic, either by
mutation or acquisition of an MGE, it will have a survival advantage in
an environment where that antibiotic is present. Thus, the daughter
cells that are generated will be positively selected for, over daughter
cells from another antibiotic-sensitive strain of the bacteria, and future
generations will be resistant to that agent. A bacterial clone refers to
all organisms that are likely to have arisen from a common ancestor.
This may not be immediately obvious. Examples of recent clonal expan-
sion relating to the spread of antibiotic resistance genes are meticillin-
resistant S. aureus (MRSA) and penicillin-resistant pneumococci.

Important definitions

Isolate: this refers to a pure culture. It says nothing about typing.

Clone: this refers to bacterial cultures which have been isolated indepen-
dently, from different sources, in different places, and maybe at different
times, but are so similar phenotypically and genotypically that the most
likely explanation is that they arose from a common ancestor.
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Strain: this refers to a phenotypically and/or genotypically distinctive
group of isolates. It is dependent on the typing scheme used, and some
experts suggest avoiding the use of this term.

Type: this refers to organisms with the same pattern or set of markers
displayed by a strain, when the bacteria are subject to a particular typing
system.

Heteroresistance

This is defined as the growth of one bacterial subpopulation at a higher
antibiotic concentration than predicted by the minimum inhibitory concen-
tration (MIC) for most cells. Heteroresistance may be difficult to diagnose
and result in poor response to treatment. Examples include:

o S. aureus and vancomycin;

o Cryptococcus neoformans and azoles;

e MTB and rifampicin;

o Enterococcus faecium and vancomycin;

o Acinetobacter baumanii and carbapenems and colistimethate sodium;

o Helicobacter pylori and metronidazole and amoxicillin;

o Streptococcus pneumoniae and penicillin.

Susceptibility testing

Bacteriostatic

Antibiotics that inhibit growth and replication of bacteria, but are non-lethal
(e.g. drugs that inhibit folic acid synthesis; @) see Trimethoprim, pp. 60-1;
© Co-trimoxazole, pp. 61-2; © Quinolones, pp. 62-4).

Bactericidal

Antibiotics that cause bacterial cell death by inhibition of: (a) cell wall syn-
thesis, (b) nucleic acid synthesis, or (c) protein synthesis. Some antibiot-
ics may be bacteriostatic at low concentrations, but bactericidal at higher
concentrations.

Minimum inhibitory concentration

This is the concentration of antimicrobial required to completely inhibit the
growth of an organism after a defined time period (usually overnight). It
is determined by agar dilution (incubation on multiple plates with differing
antibiotic concentrations) or broth microdilution (liquid broth with varying
concentrations of antibiotic—a technique used by many automated sys-
tems). Performing MIC testing on a number of strains of a single species
allows estimation of the concentration that will inhibit 90% (MIC, ) or 50%
(MIC,)) of that isolate in vitro and can detect shifts in antibiotic susceptibility
in bacterial populations.

13
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Minimum bactericidal concentration

This is the concentration of antimicrobial required to kill a bacterium. It
can be determined from broth dilution tests by subculturing the overnight
culture to agar containing no antibiotic. Minimum bactericidal concentra-
tion (MBC) is considered the lowest concentration capable of reducing the
original inoculum by a factor of 1000 (e.g. from 10° cfu/mL to 10% or less).

Susceptibility testing techniques

Dilution methods—agar and broth dilution () see Minimum inhibitory
concentration, p. 13). The former is considered the gold standard due to
good reproducibility. Both are labour-intensive, if performed manually.
They should be performed, following the standardized guidelines of a ref-
erence body such as the British Society for Antimicrobial Chemotherapy
(BSAC), the European Committee on Antimicrobial Susceptibility Testing
(EUCAST), or the Clinical & Laboratory Standards Institute (CLSI).

Disc diffusion—efficient and cost-effective, and the most widely used
manual method. There are a number of standard methods for perform-
ing disc diffusion (Kirby—Bauer, Stokes), and, as a number of factors can
influence performance (e.g. agar depth, time, temperature), it is important
they are followed. In essence, an agar preparation is evenly seeded with the
organism of interest. Commercially prepared discs, each impregnated with
a standard concentration of a relevant antibiotic, are placed on the agar
surface. The antibiotic diffuses into the agar. After overnight incubation, the
bacterial growth around each disc is observed. The zone around the disc
with no growth (‘zone of inhibition’) contains sufficient agent to prevent
growth. This zone is measured and compared to the published ‘zone break-
point diameter’ for that particular organism/antibiotic combination. It is a
qualitative test, and the MIC cannot be derived, but the organism is classed
as susceptible, intermediate, or resistant.

E-test—a commercial product taking the form of a plastic strip impreg-
nated with a steadily decreasing concentration of a single antibiotic. It is
placed on an agar plate already seeded with the organism of interest. The
MIC can then be read from the strip at the point at which bacterial growth
is inhibited.

Automated systems—a number of commercial systems now exist that
provide standard microdilution plates preloaded with antibiotics (and
biochemical assays relevant to organism identification). They are costly
to purchase and maintain, but they reduce technical errors and lengthy
preparation time.

Mechanism-specific tests—certain phenotypic tests may enable inference
of the presence of a resistance mechanism. For example, chromogenic sys-
tems for detection of MRSA or cephalosporinase.

Genotypic methods—specific genes encoding resistance mechanisms can
be detected by techniques such as polymerase chain reaction (PCR) and
DNA hybridization. However, the presence of a gene may not equate to
treatment failure (its product may be expressed only at a low level), and its
absence clearly does not exclude the presence of another means of resist-
ing a particular agent.
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Sensitive or resistant?

A ‘breakpoint’ is the antibiotic concentration used in the interpretation
of susceptibility testing to define isolates as susceptible, intermediate, or
resistant. This is not the same as the MIC and may take into account in
vitro potency, pharmacokinetics/dynamics, clinical experience, and infection
site. Increasingly, national authorities think in terms of ‘clinical” breakpoints
to guide prescribers for specific patients and ‘microbiological’ breakpoints
which seek to identify strains that do not belong to the normal antibiotic-
naive population for the purposes of surveillance.

In January 2016, the BSAC ceased support and development of the BSAC
disc diffusion method as part of a national move to the EUCAST disc
diffusion method. The EUCAST method is based on the Kirby—Bauer
method and uses Mueller—Hinton agar. Full details on the EUCAST
method and breakpoint setting are available at & www.eucast.org/
clinical_breakpoints/.

Pharmacokinetics

This is what the body does to the drug; it comprises absorption, distribu-
tion, metabolism, and excretion (mnemonic ADME).

Absorption

To be effective, a drug must reach the site of the infection. In some cases,
this is possible by topical application (e.g. nystatin pastilles for oral candidi-
asis), but, in most cases, drugs are transported around the body by the
circulation.

Some drugs are poorly absorbed when given by mouth (e.g. aminoglyco-
sides and glycopeptides) and are therefore given parenterally. Occasionally,
oral drugs may be used to treat luminal infections, e.g. vancomycin for
C. difficile.

If a drug is absorbed when given by mouth, the proportion that is
absorbed into the systemic circulation is called the bioavailability. Drugs
given intravenously (IV) have 100% bioavailability. The time profile of
absorption versus elimination is usually more important than the total
amount of drug absorbed () see Pharmacodynamics, pp. 16-8).

Absorption may be affected by interactions with other drugs or food
that may bind the drug (e.g. tetracyclines should not be given with milk).
Altered physiology (e.g. diarrhoea) may reduce absorption. None of the
commonly prescribed antibiotics are subject to significant first-pass metabo-
lism in the liver.

Distribution

The volume of distribution relates the drug concentration in the blood to
the amount of drug given. A drug with a small volume of distribution is
largely confined to the plasma. A drug with a large volume of distribution is
widely distributed, e.g. fat-soluble drugs.
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Box 1.1 Antimicrobials metabolized by CYP3A4

o Inducers—rifampicin.
o Inhibitors—ketoconazole, itraconazole, erythromycin, clarithromycin.
o Substrates—ritonavir, saquinavir, indinavir, nelfinavir.

Metabolism

Some antibiotics are metabolized in the liver by isoforms of cytochrome
P450, of which the CYP3A4 isoform is the most abundant (see Box 1.1).
Rifampicin induces the activity of CYP3A4, leading to increased metabolism
(and reduced efficacy) of drugs that share this pathway, e.g. human immuno-
deficiency virus (HIV) protease inhibitors (Pls). In contrast, the azole anti-
fungals and the macrolides inhibit the activity of CYP3A4, which will reduce
the metabolism (and may increase toxicity) of drugs also metabolized by
this isoform. Always check for interactions before starting or stopping anti-
biotics, and seek expert advice if unsure.

Excretion

This can be divided into renal (e.g. aminoglycosides, glycopeptides) and
non-renal (biliary tree, e.g. ceftriaxone; gastrointestinal (Gl) tract, e.g.
azithromycin). Clearance determines the half-life of the drug (the time for
the blood concentration to decrease by half). Steady state generally occurs
when a patient has taken the drug for a period of time equal to 5-7 half-
lives. Calculating the creatinine clearance (CrCl) (@) see Antimicrobials in
renal impairment, pp. 21-3) as a measure of renal function can be essential
for safe dosing of some renally excreted drugs, such as once-daily aminogly-
cosides (@) see Aminoglycosides, pp. 46-8).

Pharmacodynamics

The study of the biochemical and physiological effects of a drug on the
body or microorganism, and the mechanism of drug action, including the
link between concentration and effect.

Effects on the body

These may be desired (the therapeutic action of the agent) or undesir-
able (side effects, e.g. diarrhoea, neuropathy, ototoxicity, etc.). The balance
between them is influenced by the therapeutic window—the difference
between the dose that is effective (desired) and the dose that gives more
adverse undesired effects than desired. Drugs with narrow windows may
require therapeutic drug monitoring (e.g. gentamicin).

Synergism

This occurs when the activity of two drugs together is greater than the sum
of their actions if each were given separately. An example is the use of
ampicillin and gentamicin for enterococcal infections (£) see Enterococci,
pp. 245—7) where ampicillin acts on the cell wall to enable gentamicin to gain
entry to the cell and act on the ribosome.
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Antagonism

One drug diminishes the activity of another drug, so giving both antibiotics
together may result in a worse clinical outcome than just giving one antibi-
otic. For example, co-administration of a bacteriostatic agent (e.g. tetracy-
cline) with a B-lactam may inhibit cell growth and prevent the bactericidal
activity of the B-lactam.

Concentration-dependent killing

The antibiotic kills the organism when its concentration is well above the
MIC of the organism. The greater the peak, the greater the killing, e.g. once-
daily dosing of gentamicin () see Aminoglycosides, pp. 46-8).

Time-dependent killing
The antibiotic only kills the bacteria when its concentration is above the
MIC of the organism, but increasing the concentration does not lead to
increased killing. If the concentration rises above four times the MIC,
any additional effect is negligible. Most recommended dosing schedules
account for this (&) see Penicillins, pp. 32-3; © Cephalosporins, pp. 33-5;
Macrolides, pp. 48-50). On a practical level, it is important when adjust-
ing the dose of glycopeptides (&) see Glycopeptides, pp. 42-4).

Post-antibiotic effect

The post-antibiotic effect (PAE) is defined as the time during which bacte-
rial growth is inhibited after antibiotic concentrations have fallen below the
MIC. The mechanism is unclear, but it may be due to a delay in the bacteria
re-entering a log-growth period. Several factors influence the presence or
duration of the PAE, including the type of organism, type of antimicrobial,
concentration of antimicrobial, duration of antimicrobial exposure, and
antimicrobial combinations. In vitro, B-lactam antimicrobials demonstrate
a PAE against Gram-positive cocci, but not against Gram-negative bacilli.
Antimicrobials that inhibit RNA or protein synthesis produce a PAE against
Gram-positive cocci and Gram-negative bacilli. The clinical relevance of the
PAE is probably most important when designing dosage regimens. The pres-
ence of a long PAE allows aminoglycosides to be dosed infrequently; the
lack of an in vivo PAE suggests that B-lactam antimicrobials require frequent
or continuous dosing.

Eagle effect

This is a paradoxical effect, first described by Eagle in 1948, whereby higher
concentrations of penicillin resulted in decreased killing of staphylococci
and streptococci. Eagle also showed that this paradoxical effect seen in
vitro correlated with an adverse outcome in vivo. This effect has since been
described with a number of other antimicrobials and organisms, e.g. ampi-
cillin and Enterococcus faecalis, carbenacillin and Proteus mirabilis, mecillinam
and Providencia stuartii, cefotaxime and S. aureus and Pseudomonas aerugi-
nosa, and aminoglycosides and Gram-negative bacteria.

Preventing the development of resistance

Studies are focusing on defining the breakpoints that predict the emer-
gence of resistance. An ideal antibiotic should have a low rate of resistance
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mutation, high-fitness cost of resistance, and low rate of fitness-restoring
complementary mutation. Novel parameters that are being investigated
include:

e mutant prevention concentration—the ability to restrict the selection of
resistant mutants;

mutant selection window—the concentration range between the
minimal concentration required to block the growth of wild-type
bacteria, up to the concentration needed to inhibit the growth of the
least susceptible single-step mutant. There are different concentration
ranges for each organism/drug combination.

Routes of administration

Oral administration

Most antibiotics used in human medicine are given orally (PO) in the com-
munity. If a drug is absorbed when given by mouth, the proportion that is
absorbed into the systemic circulation is called the bicavailability (&) see
Pharmacokinetics, pp. 15-6). This depends on the formulation of the drug
and how it is taken, e.g. some tetracyclines should not be taken with milk or
antacids, as these decrease their absorption. Some drugs are not absorbed
when given PO. This can be advantageous when treating luminal infections,
e.g. oral vancomycin for C. difficile and neomycin in hepatic failure.

Intravenous administration
The IV route enables higher doses to be given and results in higher, more
reliable drug concentrations (see Box 1.2).

Indications

Antimicrobials are given IV in the following situations:

o life-threatening infections, e.g. meningitis, septicaemia, endocarditis,
require IV therapy. Antibiotics may be given as infusions or bolus doses,
depending on the drug;

inability to take/absorb oral medications, e.g. nil by mouth, severe
vomiting or diarrhoea, oesophageal or intestinal obstruction,
post-operative ileus;

poor oral bioavailability—some drugs are not absorbed if given PO, e.g.
aminoglycosides, glycopeptides, colistimethate sodium.

Box 1.2 Practical points

o Many people believe that IV antibiotics are somehow ‘stronger’ than
oral antibiotics. This is not necessarily the case (e.g. ciprofloxacin is as
effective when given PO as when given IV and much cheaper).

e The oral and IV doses of the same antibiotic may be different (e.g.
metronidazole).



ROUTES OF ADMINISTRATION

Disadvantages

IV therapy may be associated with a number of problems:

o side effects, which may be local (e.g. phlebitis) or systemic (e.g. rapid
infusion may result in anaphylactoid reactions such as the ‘red man
syndrome’ with vancomycin);

line infections, which may be local (e.g. exit site, tunnel or pocket
infections) or systemic (e.g. bacteraemia, endocarditis);

e inconvenience to the patient;

o need to stay in hospital. This may be overcome by the use of outpatient
antimicrobial therapy (OPAT) which is now available in some regions of
the UK;

IV antibiotics are usually considerably more expensive than the oral
formulation.

IV to oral switch

As a result of the problems associated with IV therapy, many hospitals
employ ‘IV to oral switch’ protocols for certain conditions which encourage
clinicians to change to oral antibiotics as soon as is safe. Criteria include:

o suitable oral agent available;

the patient can tolerate, swallow, and absorb oral antibiotics;

no symptoms or signs of ongoing sepsis;

some conditions are specifically excluded (e.g. meningitis and
endocarditis). If in doubt, consult an infection specialist.

Intramuscular administration
This is an infrequent method of administration, largely because absorption
is unpredictable and the injection may be painful. Local side effects include
irritation and development of a sterile abscess. The advantages are that
there is no question of compliance and the agent can be administered easily
in the community. Intramuscular (IM) administration is commonly used for
vaccinations, in genitourinary (GU) clinics, and for tuberculosis (TB) treat-
ment in the developing world.

Never give IM injections to patients with bleeding/clotting disorders, e.g.
thrombocytopenia, haemophilia.

Examples of drugs given intramuscularly

Benzylpenicillin should be given immediately if a GP suspects bacterial men-
ingitis (especially meningococcal disease) in the community, before transfer-
ring the patient urgently to hospital. If it cannot be administered IV, then
deep IM injection is recommended.

Procaine penicillin (procaine benzylpenicillin) is given as daily IM injec-
tions in early syphilis or late latent syphilis. It is only available on a named
patient basis.

Cefotaxime IM may be given as secondary prophylaxis for contacts of
meningococcal disease, if the individual is unable to take rifampicin or cipro-
floxacin (although it is not licensed for this indication).

Ceftriaxone IM is used for gonococcal infection (particularly pharyngeal
or conjunctival infection).

Spectinomycin IM is occasionally given to patients who cannot take ceph-
alosporins or quinolones (e.g. pregnant women with B-lactam allergy).
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Streptomycin IM is commonly given for the treatment of TB in the
developing world.

Gentamicin IM is sometimes given before changing a urinary catheterin a
patient in the community.

Topical administration

Many antimicrobials are available as topical (TOP) preparations. They are

most commonly used in general practice and dermatology. However, they

are not without risk and should be used with caution. Before prescribing a

topical drug, consider the following.

e Does the condition require treatment? Not all skin conditions that are
oozing, crusted, or pustular are infected. Would improving hygiene
resolve the situation? Even if an organism is cultured from a swab, it may
represent colonization and not require treatment.

e Would systemic antibiotics be more appropriate? Some skin infections
(e.g. erysipelas, cellulitis) require systemic antibiotics, as the infection is
too deep for topical antibiotics to penetrate adequately.

o Development of resistance—topical antibacterials should be limited to

those not used systemically, in order to prevent the development of

resistance.

Duration of treatment—topical agents should only be used for short

periods in defined infections.

Examples of drugs given topically
Fusidic acid may be used to treat impetigo, although oral therapy is often
required. It should not be used for >7-10 days.

Mupirocin may also be used to treat impetigo (if MRSA-positive) or
given as part of MRSA decolonization regimens. It should not be used for
>7-10 days.

Neomycin is also used to treat skin infection but may cause ototoxicity, if
large areas of skin are treated, and sensitization.

Chloramphenicol may be given as eye drops or ear drops for conjunctivi-
tis or otitis externa, respectively.

Aciclovir cream may be used for the treatment of oral and genital herpes
simplex infections.

Nystatin pastilles can be used for oral candidiasis.

Clotrimazole cream is used for vulvovaginal candidiasis or athlete’s foot.

Permethrin and malathion are used for scabies.

Malathion, pyrethroids, or dimeticone may be used for head lice.

Aerosolized administration

Aerosolized antibiotics are usually given for treatment or prophylaxis of
respiratory infections. They are administered directly to the site of action
and may have fewer systemic adverse effects. However, they are usually
more difficult to give, and there may still be some systemic absorption. One
of the main groups to benefit from aerosolized antibiotics are cystic fibro-
sis (CF) patients, who may acquire multiresistant organisms (@) see Cystic
fibrosis, pp. 623-5).
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Examples of antimicrobials given by inhalation

Tobramycin (@) see Aminoglycosides, pp. 46-8) is an aminoglycoside often
given by nebulizer for chronic pulmonary infection with P. aeruginosa in CF
patients. It is usually given cyclically (twice daily for 28 days, followed by a
28-day tobramycin-free period). Not all patients respond to treatment, and
some become less responsive as drug resistance develops.

Colistimethate sodium (&) see Polymyxins, pp. 68-9) is a polymyxin anti-
biotic active against many Gram-negative organisms, including P. aeruginosa
and Acinetobacter spp. It is not absorbed PO and is toxic when given sys-
temically, so inhalation of a nebulized (neb) solution is the preferred route
for treating respiratory infections. It is mainly used as an adjunct to standard
antibiotics in CF patients. It has also been used for the prevention and treat-
ment of ventilator-associated pneumonia (VAP) due to Acinetobacter spp.,
although this practice is controversial.

Pentamidine isethionate (@) see Antiprotozoal drugs, pp. 119-24) is used
as a second-line agent for the treatment of Pneumocystis jiroveci pneumonia
(® see Pneumocystis jiroveci, pp. 482—4). In mild disease, inhaled pentami-
dine may be used in patients who are unable to tolerate co-trimoxazole,
but systemic absorption may occur. In severe disease, IV pentamidine is
used in patients who are unable to tolerate, or have not responded to, co-
trimoxazole. Side effects include hypotension following administration, and
severe, sometimes fatal, reactions due to hypotension, hypoglycaemia, pan-
creatitis, and arrhythmias. Intermittent inhaled or IV pentamidine may be
used as prophylaxis in patients unable to tolerate co-trimoxazole (although
inhaled pentamidine does not protect against extrapulmonary disease).

Ribavirin (@) see Antivirals for respiratory syncytial virus, p. 96) is
licensed for the treatment of severe respiratory syncytial virus (RSV) bron-
chiolitis in infants and children, especially if they have other serious diseases.
There is no evidence of mortality benefit. Side effects include worsening
respiration, bacterial pneumonia, and pneumothorax. CAUTION: riba-
virin is teratogenic, and exposure should be avoided in pregnant and
breastfeeding women.

Antimicrobials in renal impairment

General principles
o Avoid nephrotoxic drugs in patients with renal impairment.
o Keep antibiotic prescriptions to a minimum for patients with severe
renal disease.
e Some IV antibiotic preparations contain sodium (e.g. Tazocin®), which
may cause difficulties in patients with renal impairment.
The use of drugs in patients with renal impairment can cause several
problems:
reduced excretion of a drug or its metabolites may cause toxicity;
increased sensitivity to some drugs;
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- many side effects are poorly tolerated in patients with renal
impairment;
- some drugs are not effective when renal function is impaired.
o Some of these problems may be avoided by reducing the dose (or using
alternative drugs).

Assessment of renal function

Renal function can be assessed in a number of ways.

e Serum creatinine is the most commonly used parameter. It is affected

by muscle mass which may be reduced in elderly patients (resulting in
underestimation of renal impairment) or increased in certain races (e.g.
blacks). Serum creatinine does not rise until 60% of total kidney function
is lost.

CrCl can be measured using a 24-h urine collection. Estimated CrCl is
calculated using the Cockcroft and Gault formula (see Box 1.3), which is
based on age, weight, sex, and serum creatinine. Thus, estimated CrCl
may be inaccurate in patients who are obese or have acute renal failure.
Glomerular filtration rate (GFR) is the volume of fluid filtered from the renal
glomerular capillaries into the Bowman’s capsule per unit time, and can be
measured by injecting inulin into the plasma. Estimated GFR (eGFR) can be
calculated using the modification of diet in renal disease (MDRD) formula
(see Box 1.4), which is based on serum creatinine, age, sex, and race. Renal
impairment was previously classified into three grades (mild, moderate, and
severe); this has now been superseded by the use of CrCl or GFR.

Dose modification in renal impairment

e The level of renal function below which the dose of a drug must be
reduced depends on the proportion of the drug eliminated by renal
excretion and its toxicity.

o For drugs with only minor or no dose-related side effects, very precise
modification of the dose regimen is unnecessary, and a simple scheme
for dose reduction is sufficient.

o For more toxic drugs with a small safety margin, dose regimens based
on GFR should be used.

Box 1.3 Cockcroft and Gault formula for estimated
creatinine clearance
[CrCl (mL/min) = (140—age) X lean body weight (kg) < N]/
serum creatinine (micromole/L)
NB. N = 1.23 for males and 1.03 for females.

Box 1.4 MDRD formula for estimated glomerular
filtration rate

eGFR (mL/min/1.73m?) = 186 X (serum creatinine / 88.4)7'>* X (age) *2*
% (0.742 if female) or X (1.21 if black)



ANTIMICROBIALS IN LIVER DISEASE 23

e When both efficacy and toxicity are closely related to plasma drug
concentration, recommended regimens should be regarded only as a
guide to initial treatment; subsequent doses must be adjusted according
to clinical response and plasma drug concentration (e.g. vancomycin,
gentamicin).

The total daily maintenance dose of a drug can be reduced either by
reducing the size of the individual doses or by increasing the interval
between doses. For some drugs, although the size of the maintenance
dose is reduced, it is important to give a loading dose if an immediate
effect is required. The loading dose should usually be the same size as
the initial dose for a patient with normal renal function.

Seek specialist advice from your hospital pharmacist for patients on
haemodialysis, haemofiltration, or chronic ambulatory peritoneal
dialysis.

Drugs to be used with caution

o For up-to-date guidance, always consult your hospital pharmacist, the
British National Formulary (BNF), or the electronic Medicines Compendium
(R www.medicines.org.uk/emc/).

e A wide range of antimicrobials should be used with caution in patients
with renal impairment, including:

- antibacterials, e.g. aminoglycosides, aztreonam, cephalosporins,
carbapenems, chloramphenicol, colistimethate sodium, ethambutol,
isoniazid, linezolid, macrolides, ketolides, penicillins, quinolones,
sulfonamides, tetracyclines, trimethoprim, vancomycin;
antifungals, e.g. amphotericin, flucytosine, fluconazole, itraconazole,
voriconazole;
antimalarials, e.g. atovaquone, chloroquine, atovaquone/proguanil,
proguanil, pyrimethamine, quinine, artemether with lumefantrine,
sulfadiazine;
antivirals, e.g. aciclovir, adefovir, amantadine, antiretrovirals,
famciclovir, foscarnet, ganciclovir, oseltamivir, pentamidine, ribavirin,
valaciclovir, valganciclovir.

Antimicrobials in liver disease

Metabolism by the liver is the main route of elimination for many drugs, but
hepatic reserve is large, and liver disease has to be severe before important
changes in drug metabolism occur. Routine liver function tests (LFTs) are a
poor guide to metabolic capacity, and it is not possible to predict the extent
to which the metabolism of a particular drug may be impaired in an indi-
vidual patient. Drug prescribing should be kept to a minimum in all patients
with severe liver disease.

Effect of liver disease on response to drugs

Liver disease may alter the response to drugs in several ways:

e impaired drug metabolism may lead to increased toxicity;

o hypoproteinaemia results in reduced protein binding and increased
toxicity of highly protein-bound drugs, e.g. phenytoin;
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reduced synthesis of clotting factors increases the sensitivity to oral
anticoagulants;

hepatic encephalopathy may be precipitated by certain drugs, e.g.
sedative drugs, opioid analgesics, diuretics, and drugs that cause
constipation;

fluid overload (ascites, oedema) may be exacerbated by drugs that give
rise to fluid retention, e.g. non-steroidals and corticosteroids;
hepatotoxicity is either dose-related or unpredictable (idiosyncratic),
and is more common in patients with liver disease.

Drugs to be used with caution
o For up-to-date guidance, always consult your hospital pharmacist or
the BNF.
o The following antimicrobials should be used with caution in liver disease:
- antibacterials, e.g. ceftriaxone, chloramphenicol, co-amoxiclav,

co-trimoxazole, daptomycin, flucloxacillin, fusidic acid, isoniazid,
macrolides, ketolides, linezolid, meropenem, metronidazole,
moxifloxacin, neomycin, ofloxacin, rifamycins, sodium fusidate,
quinupristin/ dalfopristin, tetracyclines, tigecycline, tinidazole,
ticarcillin/ clavulanic acid;
antifungals, e.g. azoles, caspofungin, griseofulvin, terbinafine;
antimalarials, e.g. mefloquine, pyrimethamine, artemether with
lumefantrine;
antivirals, e.g. antiretrovirals, interferons (IFNs), ribavirin, valaciclovir.

Antimicrobials in pregnancy

Caution should be exercised in prescribing any medication in pregnancy.
When it is necessary to use antibiotics, the prescriber should bear in mind
the gestational age and balance the risk of teratogenesis or other complica-
tion with the risk of failing to treat the mother effectively. Many antibiotic
agents have very limited data available on their use in pregnancy. The fol-
lowing advice is general, and prescribers should check a current formulary
(e.g. BNF) for the latest data on the agent they plan to use.

Specific agents

o Penicillins—considered safe in pregnancy. Trace amounts can be found
in breast milk, but most are considered safe to use. Limited data
regarding the use of piperacillin with tazobactam (Tazocin®) has led the
manufacturer to recommend its use only if benefit outweighs risk.
Cephalosporins—generally considered safe for use in pregnancy. Some
may cross into breast milk at low levels. The manufacturers of cefixime
and ceftaroline recommend avoiding use when breastfeeding.

o Carbapenems—manufacturers recommend use only if benefit outweighs
the potential risk. All may be found in milk, and, while it is unlikely they
would be absorbed, the manufacturer recommends avoiding.
Tetracyclines—affect skeletal development in the first trimester in
animal studies and deposit in growing bones and teeth. Should not be
given to pregnant or breastfeeding women. Maternal hepatotoxicity has
been reported.
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Aminoglycosides—avoid unless essential (in which case meticulous
therapeutic monitoring is required) due to the risk of auditory and
vestibular nerve damage. The risk is greatest in the second/third
trimesters.

Macrolides—erythromycin is not known to be harmful in pregnancy,

and only small amounts are found in breast milk. The others, including

clarithromycin, have more limited data and should only be used if there
are no alternatives and benefit outweighs risk.

Clindamycin—not known to be harmful in pregnancy, and only very

small amounts cross into breast milk. Bloody diarrhoea has been

reported in one infant.

Glycopeptides—limited data. Use if benefit outweighs risk, and monitor

levels carefully. Present in milk, but significant absorption by infant is

unlikely.

o Co-trimoxazole and trimethoprim—avoid folate antagonists with a
teratogenic risk in the first trimester. Co-trimoxazole has the additional
risks of neonatal haemolysis and methaemoglobinaemia in the third
trimester; and a small risk of kernicterus in jaundiced babies and
haemolysis in the glucose-6-phosphate dehydrogenase (G6PD)-deficient
baby if breastfed.

o Metronidazole—probably safe, but manufacturer recommends avoiding
high-dose regimes.

o Quinolones—avoid in pregnancy. Associated with arthropathy in animal
studies. Present in small amounts in breast milk. Probably harmless, but
manufacturer recommends to avoid.

o Nitrofurantoin—safe to use in pregnancy, but avoid at term due to

association with neonatal haemolysis.

Antimicrobial prophylaxis

Definitions

Prophylaxis is the administration of antibiotics to prevent the infection of
a previously uninfected tissue. Primary prophylaxis aims to prevent initial
infection or disease (e.g. to cover a surgical procedure), while secondary
prophylaxis aims to prevent recurrent disease (e.g. giving penicillin to a
patient who has had rheumatic fever). Surgical prophylaxis is usually pri-
mary and aims to target the operative period when the site may become
contaminated.

Principles of antimicrobial prophylaxis
All hospitals should have a policy for prescribing antimicrobial prophylaxis
for common procedures, which may be area-/unit-/surgeon-specific. The
following factors should be considered.
o Before prescribing, always consider:

does the patient have any known drug allergies?

has the patient received any recent antibiotics?

is the patient known to be colonized with resistant organisms?
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e Which drug? A bactericidal agent should be used which:
is active against the probable infecting organism(s);
penetrates the likely site of infection;
has a favourable safety profile.

o What dose? The aim is to maintain the drug concentration above the
target MIC throughout the operative period. The number of doses
usually depends on the length of procedure and likely blood loss.

e Which route? This depends on the nature of the procedure, whether or
not the patient is nil by mouth, and the pharmacokinetics of the drug.

o Time of administration? Antimicrobial prophylaxis should be

administered 0-2h prior to the procedure, in order to ensure adequate

tissue levels.

Duration? Prophylactic antibiotics should not usually be given for

>24h. If there is evidence of infection, the patient should be carefully

assessed, and appropriate cultures sent. The organisms responsible for

post-operative infections are unlikely to be sensitive to the prophylactic
antibiotics. Seek advice on antimicrobial therapy from an infection
specialist in light of the clinical picture and likely infecting organisms.

Risks of antimicrobial prophylaxis

While the benefit of prophylactic antibiotics is clear, there are also potential
risks. These include:

e adverse effects associated with specific drug (e.g. penicillin anaphylaxis);
o selection of antibiotic-resistant organisms;

e alteration of normal flora.

Before prescribing antimicrobial prophylaxis for a procedure, consider
whether it is actually needed. Consult your local antibiotic policy, or seek
advice from an infection specialist if unsure.

Detailed indications for prophylaxis

For up-to-date information, consult the BNF. Antimicrobial prophylaxis is

currently recommended in the following situations:

e prevention of recurrence of rheumatic fever;

e prevention of a secondary case of group A streptococcal (GAS)
infection;

e prevention of a secondary case of meningococcal infection;

prevention of a secondary case of Haemophilus influenzae type b

disease;

o prevention of a secondary case of diphtheria in a non-immune contact;

e prevention of a secondary case of pertussis in a non-immune or

partially immune contact;

prevention of pneumococcal infection in asplenia or sickle-cell disease;

prevention of gas gangrene in high lower-limb amputations or following

major trauma;

e prevention of TB in susceptible close contacts or those who become

tuberculin skin test (TST)-positive;

prevention of infection in certain Gl procedures;

prevention of infection in certain obstetric/gynaecological, orthopaedic,

urological, and vascular surgery;
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e prevention of endocarditis is now only recommended for ‘at-risk’
patients undergoing a Gl or GU procedure where infection is suspected.
At-risk groups include those with valve replacement, acquired valvular
heart disease with stenosis or regurgitation, structural heart disease
(excluding isolated atrial septal defects (ASDs), fully repaired ventricular
septal defects (VSDs), fully repaired patent ductus arteriosus (PDA),
and endothelialized closure devices), hypertrophic cardiomyopathy, or a
previous episodes of endocarditis.

Other examples of antimicrobial prophylaxis

o Selective decontamination of the digestive tract (SDD)—administration
of antibiotics that are poorly absorbed when given PO to eliminate
normal Gl flora. Some ICUs use it to prevent VAP. This practice is
controversial.

Local infiltration into wound/incision line—current data suggest this
can lead to higher rates of infection, unless combined with systemic
administration. There is no additional reduction in wound infections

if antibiotics are given by both routes simultaneously, compared with
systemic antibiotics alone.

Antibiotic-impregnated materials—gentamicin cement is used routinely
in joint replacement; this is also controversial. Antibiotic-soaked
Dacron® vascular grafts are used in vascular surgery.

Antimicrobial stewardship

Antimicrobial stewardship is the practice of monitoring and improving the
appropriate use of antibiotics by promoting best practice in the choice
of regimen, duration, and route. Inappropriate use includes unnecessar-
ily broad agents, unwarranted prophylaxis, and failing to administer by
the route appropriate for the indication. Such use may lead to avoidable
complications such as C. difficile diarrhoea, promotes the development of
antibiotic resistance, and increases costs. The increase in prevalence of
extended-spectrum B-lactamase (ESBL) organisms and the development
of metallo-B-lactamase-1 (New Delhi metallo-B-lactamase-1, NDM-1) and
other carbapenemase-mediated resistance raise the spectre of a return to
a ‘pre-antibiotic era’, in which increasing resistance is not matched by the
release of new drugs. Such concerns have prompted health systems across
the world to promote stewardship interventions (e.g. the ‘Start smart, then
focus’ toolkit in the UK). Evidence suggests that, just as the use of broad-
spectrum agents promotes resistance, so changing prescribing practices to
narrower agents is associated with a decline in resistant organisms such
as MRSA.

Stewardship programmes

Successful implementation of such programmes requires leadership from
senior hospital management and dedicated time from enthusiastic infection
specialists and pharmacists. The UK Department of Health (DoH) recom-
mends every hospital have an antibiotic prescribing and management group,
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publish treatment and prophylaxis guidelines, and ensure good practice in

prescribing. A typical stewardship programme includes:

e guidance on when to start antibiotics and locally developed treatment

guidelines that balance the use of focused-spectrum agents with clinical

safety;

education of the importance of taking appropriate cultures prior to

initiating therapy, so that a switch can be made from broad empirical

therapy with confidence;

regular review of the diagnosis (are antibiotics really required?),

antibiotic given (switch to narrower agent once culture results

available?), route (can a switch to oral be made?), and stop date

(shortest possible course);

e rigorous enforcement of single-dose surgical prophylaxis guidelines;

e bedside review of those patients on broad agents by infection specialists
to assess clinical indication and need;

o audit of antibiotic use to identify areas requiring specific interventions.

The UK 5-year antimicrobial resistance strategy 2013-2018

This initiative spans government agencies, including environmental and ani-
mal health. The aims are to slow the development and spread of antimicro-
bial resistance through improving understanding of resistance, promoting
stewardship to conserve the effectiveness of existing treatments, and stim-
ulate the development of new agents, novel therapies, and diagnostics.

Guidelines

Infectious Diseases Society of America (IDSA) stewardship guidelines: & www.idsociety.org/
stewardship_policy/.

UK ‘Start smart, then focus’: & www.gov.uk/government/publications/antimicrobial-stewardship-
start-smart-then-focus.

Outpatient parenteral antimicrobial
therapy

OPAT refers to the administration of IV antibiotics to those patients who
require them but are otherwise well enough to remain in the community.
Patients may attend an outpatient unit each day, or community teams may
visit them at home to administer treatment.

The drive to reduce health costs has seen a rapid increase in OPAT, as
health systems look for ways to avoid hospital admissions, reduce length of
stay, and reduce health care-associated infections (HCAIs). Patients inevit-
ably receive less supervision than they would as inpatients, and it is import-
ant that they are carefully selected and OPAT programmes have rigorous
clinical oversight.


http://www.idsociety.org/stewardship_policy/
http://www.idsociety.org/stewardship_policy/
http://www.gov.uk/government/publications/antimicrobial-stewardship-start-smart-then-focus
http://www.gov.uk/government/publications/antimicrobial-stewardship-start-smart-then-focus

OUTPATIENT PARENTERAL ANTIMICROBIAL THERAPY

OPAT programme structure

Several national guidelines exist—all highlight the following key features.

o The team should have a medical lead, an infection specialist, an
antimicrobial pharmacist, and a specialist nurse with expertise in IV drug
administration and vascular access device management.

o Every patient should have a management plan agreed between the

OPAT service and the referring specialty, with clearly defined lines of

responsibility. Any primary care physician and community service would

be kept fully informed, and systems should exist for urgent assessment

or readmission, should it be required, while being managed by the

service.

Patient selection criteria should be well defined, and each patient

assessed before acceptance. Criteria include physical nature of

residence, accessibility/safety of visiting nurses, suitability and safety

of any IV access device, and storage and safety of any prescribed

medications in the home.

The first dose should be administered by a professional competent

and equipped to manage anaphylaxis. Records must be kept of drug

administration.

o While on therapy, patients should be reviewed daily by a nurse or

similar, with a view to oral switch. Patients should be reviewed weekly

in a multidisciplinary team meeting. Those receiving extended therapy

should be seen by a specialist nurse or doctor at agreed intervals and

have appropriate blood tests performed.

Data should be collected prospectively for the purposes of audit.

This should be reviewed to detect issues relating to, for example, line

infection, readmission, and drug reactions.

Guidelines

Chapman AL, Seaton RA, Cooper MA, et al. BSAC/BIA OPAT Project Good Practice
Recommendations Working Group. (2012). Good practice recommendations for outpatient
parenteral antimicrobial therapy (OPAT) in adults in the UK: a consensus statement. | Antimicrob
Chemother. 67:1053-62.

Tice AD, Rehm §), Dalovisio JR, et al.; IDSA. (2004). Practice guidelines for outpatient parenteral
antimicrobial therapy. Clin Infect Dis. 38:1651-71.

29






T

Antibiotics

Penicillins 32
Cephalosporins 33
B-lactamases 35
B-lactamase inhibitors 37
Carbapenems 39
Monobactams 41
Other cell wall agents 41
Glycopeptides 42
Glycopeptide monitoring 44
Lipoglycopeptides 45
Fidaxomicin 45
Aminoglycosides 46
Macrolides 48

Ketolides 50
Lincosamides 51
Streptogramins 52
Lipopeptides 53
Oxazolidinones 54
Chloramphenicol 55
Tetracyclines 56
Sulfonamides 58
Trimethoprim 60
Co-trimoxazole 61
Quinolones 62
Nitroimidazoles 64
Nitrofurans 66
Novobiocin 67
Rifamycins 67
Polymyxins 68

Fusidic acid 69
Mupirocin 70
Antituberculous agents 71
Antileprotics 75



32

cHAPTER 2 Antibiotics

Penicillins

Penicillin was discovered by Alexander Fleming in 1928 but did not become
widely available until the 1940s. The penicillins are closely related com-
pounds comprising a B-lactam ring, a five-membered thiozolidine ring, and
a side chain (see Fig. 2.1). The ring structures are essential for antibacterial
activity, and the side chain determines the spectrum and pharmacological
properties. Most penicillins in current use are semi-synthetic derivatives of
6-aminopenicillic acid. They inhibit bacterial cell wall synthesis and are thus
bactericidal.

Classification
e Group 1—benzylpenicillin and its long-acting parenteral forms.

o Group 2—orally absorbed penicillins, e.g. phenoxymethylpenicillin.

e Group 3—antistaphylococcal penicillin, e.g. meticillin, flucloxacillin.

o Group 4—extended-spectrum penicillins, e.g. amoxicillin.

e Group 5—antipseudomonal penicillins, e.g. ticarcillin, piperacillin.

e Group 6—f-lactamase-resistant penicillins.

Mode of action

The penicillins inhibit cell wall synthesis by binding to PBPs and inhibiting
transpeptidation of peptidoglycans.

Resistance

Bacteria may become resistant to penicillins by a number of mechanisms:

e destruction of the antibiotic by B-lactamases (&) see B-lactamases,
pp. 35—7)—this is the commonest mechanism;

o failure to penetrate the outer membrane of Gram-negative bacteria;

o efflux across the outer membrane of Gram-negative bacteria;

e low-affinity binding of antibiotic to target PBPs.

R-CONH
CH,

/— N CH,

@)
COOH
Side chain P-lactam Thiazolidine
ring ring

Fig. 2.1 Structure of penicillin.



CEPHALOSPORINS

Some bacteria may display >1 resistance mechanism, e.g. in MRSA, the
mecA gene encodes an additional PBP (i.e. altered target site), and most
also produce a B-lactamase.

Clinical use

o Benzylpenicillin is used in infections due to group A and group B
streptococci; meningitis due to S. pneumoniae (if penicillin-susceptible)
and Neisseria meningitidis, streptococcal and enterococcal endocarditis,
neurosyphilis.

e Aminopenicillins are used in respiratory tract infections, endocarditis,

meningitis, and urinary tract infections (UTls) caused by susceptible

organisms, and treatment of H. pylori.

Extended-spectrum and antipseudomonal penicillins are used

in infections due to resistant Gram-negative bacteria, usually in

combination with an aminoglycoside.

o Phenoxymethylpenicillin is also used prophylactically to prevent recurrent
rheumatic fever, secondary cases in outbreaks of GAS disease, and
pneumococcal and H. influenzae infections in asplenic patients.

Pharmacology

o Penicillins differ markedly in their oral absorption (phenoxymethylpenicillin
60%, amoxicillin 75%, antipseudomonal penicillins 0%).

o They vary in their degree of protein binding, and metabolism is minimal.

o They are rapidly excreted by renal tubular cells; excretion may be
blocked by probenecid. Dose modification may be required in renal
failure.

Toxicity and side effects

o Allergic reactions (skin rashes, serum sickness, delayed
hypersensitivity)—occur in <10% of those exposed. Anaphylactic
reactions are rare (0.004-0.4%).

o Gl—diarrhoea, enterocolitis (2-5%, usually ampicillin).

o Haematological—haemolytic anaemia, neutropenia; thrombocytopenia

(1-4%).

Laboratory—elevated transaminases (usually flucloxacillin), electrolyte

abnormalities (hypernatraemia, hypo- or hyperkalaemia).

o Renal—interstitial nephritis, haemorrhagic cystitis.

o Central nervous system (CNS)—encephalopathy or seizures are rare,
but may occur in renal failure or if high, prolonged doses of penicillin
are used.

Cephalosporins

Giuseppe Brotzu first demonstrated the antimicrobial activity of culture
filtrates of the mould Cephalosporium acremonium in 1945. However, the
cephalosporin class of antibiotics did not become widely used for another
20 years. Cephalosporins consist of a B-lactam ring and a six-membered
dihydrothiazine ring modified at certain positions to produce different com-
pounds. Most available cephalosporins are semi-synthetic derivatives of
cephalosporin C.
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Classification

The classification into ‘generations’ is the most commonly used with each

successive generation acquiring better Gram-negative activity, usually at

the expense of some Gram-positive, until more broad-spectrum activity
appears in generations 4 and 5. Not every country agrees on which agent
belongs in which generation.

o First generation—primarily active against Gram-positive bacteria, e.g.
cefazolin, cefalotin, cefradine, cefalexin.

e Second generation—enhanced activity against Gram-negative bacteria,
with varying degrees of activity against Gram-positive bacteria, e.g.
cefuroxime, cefamandole, cefaclor. The cephamycin group (e.g.
cefotetan and cefoxitin) have additional anaerobic activity against e.g.
Bacteroides fragilis.

e Third generation—markedly increased activity against Gram-negative
bacteria, e.g. cefotaxime, ceftriaxone, ceftazidime (NB. poor activity
against Gram-positives), cefdinir, cefixime, cefpodoxime.

o Fourth generation—broad spectrum of activity against Gram-positive

cocci, and Gram-negative bacteria, including Pseudomonas spp., e.g.

cefepime, cefpirome.

Fifth generation—active against MRSA, e.g. ceftaroline (no pseudomonal

or vancomycin-resistant enterococci (VRE) activity) and ceftobiprole

(active against Pseudomonas and enterococci).

Mode of action

They inhibit cell wall synthesis by binding to PBPs and inhibiting transpepti-
dation of peptidoglycans. They are bactericidal and exhibit significant post-
antibiotic effect against Gram-positive (but not Gram-negative) bacteria.

Resistance

o Due to: destruction of the antibiotic by B-lactamases () see
B-lactamases, pp. 35-7), reduced penetration through the outer
membrane of Gram-negative bacteria, and enhanced efflux or alteration
in PBP target, resulting in reduced-affinity binding.

Listeria, ‘atypical’ organisms (Mycoplasma, Chlamydia), MRSA and
enterococci (‘LAME’) were considered intrinsically resistant to
cephalosporins—however, some fifth-generation agents have activity
against the latter two.

Clinical use

o First generation—staphylococcal and streptococcal skin and soft tissue
infections, UTls.

e Second generation—severe community-acquired pneumonia (CAP),
otitis media, sinusitis, streptococcal pharyngitis, early Lyme disease.

o Cephamycins—intra-abdominal, pelvic, and gynaecological infections,
infected decubitus ulcers, diabetic foot infections, mixed aerobic—
anaerobic soft tissue infections.

o Third generation—penicillin-resistant pneumococci, meningitis, URTls
and lower respiratory tract infections (LRTIs), sinusitis, otitis media,
nosocomial infections caused by Gram-negative bacilli, Neisseria
gonorrhoeae, chancroid, Lyme disease, typhoid, severe Shigella spp. and



B-LACTAMASES

Box 2.1 CAUTION!

The second- and third-generation cephalosporins are susceptible to inac-
tivation by inducible B-lactamases (&) see B-lactamases, pp. 35-7). They
should never be used to treat organisms that may have these enzymes,
e.g. Enterobacter spp., Serratia spp., Citrobacter freundii, Acinetobacter spp.,
Proteus vulgaris, Providencia spp., Morganella morganii (ESCAPPM).

non-typhoidal Salmonella infection, outpatient antibiotic therapy for
endocarditis and osteomyelitis.

o Fourth generation—role not yet clear, but effective in severe Gram-
negative infections. Active against P. aeruginosa, Enterobacter spp.,
Citrobacter spp., and Serratia spp.

Pharmacology

May be given PO, IV, or IM. Fourth-generation drugs are all parenteral. Oral
preparations have 80-95% bioavailability. Protein binding is variable (10—
98%). Drugs are largely confined to the extracellular compartment. Poor
cerebrospinal fluid (CSF) penetration, unless meningeal inflammation. Cross
the placenta. Most drugs are not metabolized, except cefotaxime and ceal-
othin which are metabolized in the liver. Most drugs are excreted by the
kidneys. Ceftriaxone and cefoperazone are excreted by the biliary system
(see Box 2.1).

Toxicity and side effects

o Hypersensitivity—rash (1-3%), urticaria and serum sickness (<1%),

anaphylaxis (0.01%).

Gl—diarrhoea (1-19%), nausea and vomiting (1-6%), transient hepatitis

(1-7%), biliary sludging (ceftriaxone).

Haematological—eosinophilia (1-10%), neutropenia, thrombocytopenia,

clotting abnormalities, platelet dysfunction, haemolytic anaemia.

o Renal—interstitial nephritis.

o CNS—seizures.

o False-positive laboratory tests—Coombs’ test, glycosuria, serum
creatinine.

o Other—drug fever, disulfiram-like reaction, phlebitis.

B-lactamases

B-lactamases are enzymes that bind covalently to the 3-lactam ring, hydro-
lyse it, and make the antibiotic ineffective. Emergence of resistance to
B-lactam antibiotics began even before penicillin was widely available, with
the first B-lactamase (penicillinase) being described in Escherichia coli in
1940. This was followed by the emergence of resistance in S. aureus, due to
plasmid-encoded penicillinase. Many genera of Gram-negative bacilli pos-
sess naturally occurring chromosomally mediated B-lactamases (AmpC);
these enzymes are thought to have evolved from PBPs, to which they are
very similar. The first plasmid-mediated B-lactamase in Gram-negative
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bacteria TEM-1 was described in 1960. Within a few years, it had spread
worldwide and was found in many different species. Over the past 20 years,
many antibiotics have been developed to be resistant to these -lactamases.
However, with each new class of drugs, new (-lactamases have emerged.

Classification

There are two classification systems for 3-lactamases.

e Molecular (Ambler)—four classes (A to D) based on the nucleotide/
amino acid sequences of the enzymes:

- classes A, C, and D are serine B-lactamases;

- class B are zinc-dependent enzymes (metallo-B-lactamases, MBLs)
that hydrolyse the B-lactam ring by a different mechanism.

o Functional (Bush—Jacoby—Medeiros)—three groups, each with
subgroups:

- group 1 B-lactamases are cephalosporinases that are not inhibited by
clavulanic acid. They correspond to Ambler group C;

- group 2 B-lactamases are penicillinases and/or cephalosporinases
that are inhibited by clavulanic acid. This group corresponds to
Ambler groups A and D, and includes the TEM and SHV enzymes;

- group 3 B-lactamases are zinc-dependent (MBLs) and are not
inhibited by clavulanic acid. They correspond to Ambler group B;

- group 4 is no longer used—it included enzymes that would have
been included in one of the other groups, if more information had
been available.

AmpC B-lactamases

These are chromosomally mediated B-lactamases that are active against
third-generation cephalosporins and are not inhibited by clavulanic acid.
They fall into molecular group C/functional group 1. They are found in
the ESCAPPM group of organisms, e.g. Enterobacter spp., Serratia spp.,
Citrobacter freundii, Acinetobacter spp., Proteus vulgaris, Providencia spp., and
Morganella morganii. The use of third-generation cephalosporins to treat
these infections results in the selection of stably derepressed mutants that
hyperproduce AmpC, and has been associated with clinical failure. These
infections are therefore usually treated with carbapenems.

Extended-spectrum B-lactamases
These are B-lactamases which are capable of conferring bacterial resist-
ance to the penicillins, first-, second-, and third-generation cephalosporins,
and aztreonam (but not the cephamycins or carbapenems) by hydrolysis
of these antibiotics, and which are inhibited by 3-lactamase inhibitors such
as clavulanic acid. They fall into functional groups 2be and 2d. ESBLs are
most commonly found in E. coli and Klebsiella pneumoniae, but have been
described in many other Gram-negative bacilli. Most ESBLs are derivatives
of the TEM and SHV enzymes (see below).

o TEM B-lactamases—TEM-1 is the commonest B-lactamase in Gram-
negative bacteria and is able to hydrolyse penicillins and early-generation
cephalosporins. TEM-2 has a similar spectrum. TEM-3 was the first
ESBL, reported in 1989. Since then, over 160 TEM enzymes have been
described. Most of these are inhibited by clavulanic acid, but some



B-LACTAMASE INHIBITORS

inhibitor-resistant variants exist, particularly in Europe. TEM enzymes
are commonest in E. coli and K. pneumoniae, but are increasingly found
in other species of Gram-negative bacilli.

o SHV B-lactamases—the SHV-1 B-lactamase is most commonly found
in K. pneumoniae and accounts for <20% of ampicillin resistance in this
species. Unlike TEM, there are relatively few SHV-1 derivatives.

o CTX-M B-lactamases—this family of plasmid-mediated B-lactamases
preferentially hydrolyses cefotaxime. They have been found in
Salmonella enterica serovar Typhimurium and E. coli, as well as other
enterobacteria. These enzymes are quite different to the TEM and SHV
enzymes, and show greater similarity to chromosomal AmpC enzyme
of Kluyvera ascorbata, suggesting CTX-M may have originated from this
species. CTX-M B-lactamases have previously been associated with
outbreaks in Europe, South America, and Japan, although they are now
reported worldwide.

o OXA f3-lactamases—these are characterized by their high hydrolytic

activity against oxacillin and cloxacillin, and are poorly inhibited by

clavulanic acid. They belong to molecular group D/functional group
2d. OXA-type ESBLs are mainly found in P. aeruginosa but have been
detected in other Gram-negative bacteria. More recently, non-ESBL

OXA derivatives have been described.

Other ESBLs—a number of ESBLs that are unrelated to the established

families of ESBLs have been described, e.g. PER-1, PER-2, VEB-1, GES,

BES, TLA, SFO, and IBC.

ESBL detection methods

In general, ESBL detection methods use a -lactamase inhibitor (clavula-
nate) in combination with an oximino-cephalosporin, e.g. ceftazidime or
cefotaxime. Clavulanate inhibits the ESBL, thereby reducing the level of
resistance to the cephalosporin. A number of methods exist, e.g. Jarlier

double disc method, Etest® for ESBLs.

B-lactamase inhibitors

B-lactamase inhibitors are clavulanic acid and penicillanic acid sulfone deriv-
atives. They have weak antibacterial activity but are potent inhibitors of
many B-lactamases, e.g. penicillinases produced by S. aureus, H. influenzae,
Moraxella catarrhalis, and Bacteroides spp., and of TEM and SHV B-lactamases
produced by Enterobacteriaceae. They can restore the antibacterial activity
of certain antibiotics, e.g. amoxicillin, ampicillin, piperacillin, mezlocillin, and
cefoperazone. Three B-lactamase inhibitors are in clinical use: clavulanic
acid, sulbactam, and tazobactam. All are only available in combination with
a B-lactam antibiotic; the antibiotic spectrum is determined by the com-
panion antibiotic. Although there are minor differences in potency, activity,
and pharmacology between the three compounds, they can be considered
therapeutically equivalent (except for some Klebsiella spp. where clavula-

nate inhibits isolates resistant to sulbactam and tazobactam).
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Co-amoxiclav

Clavulanate is a potent inhibitor of many plasmid-mediated
B-lactamases and a weak inducer of some chromosomal 3-lactamases.
It is available as a combination with amoxicillin and used for the
treatment of a wide range of infections where B-lactamase-producing
organisms may be present. Examples include otitis media, sinusitis,
pneumonia, skin and soft tissue infections, diabetic foot infections, and
bite infections.

It is available as oral or parenteral formulations. In the oral formulation,
the ratio of amoxicillin to clavulanic acid is 2:1, e.g. 250mg/125mg,
whereas, in the IV formulation, it is 5:1, e.g. 1000mg/200mg.

Side effects are similar to ampicillin. Cholestatic jaundice may

occur during/after therapy and is six times commoner than with
amoxicillin alone.

Ticarcillin/clavulanic acid

This combination is useful against infections caused by Pseudomonas spp.
and Proteus spp.

It has been used for the treatment of pneumonia, intra-abdominal
infections, gynaecological infections, skin and soft tissue infections, and
osteomyelitis.

e Itis only available in parenteral form and is given IV.
o Side effects are similar to those of other B-lactams. Cholestatic jaundice

may also occur because of the clavulanic acid component.

Ampicillin-sulbactam

Sulbactam is 6-desaminopenicillin sulfone. It has a broader spectrum of
activity but is less potent than clavulanic acid.

o In the USA, it is available as a combination with ampicillin and is given IV.
e Itis used for the treatment of skin and soft tissue infections, intra-

abdominal infections, and gynaecological infections caused by
[3-lactamase-producing bacteria. It has also recently been used to
treat carbapenem-resistant A. baumanii infections.

Side effects are similar to those of ampicillin.

Piperacillin-tazobactam

Tazobactam is penicillanic acid sulfone B-lactamase inhibitor, with a
similar structure to that of sulbactam. Its spectrum of activity is similar
to that of sulbactam, but its potency is comparable to clavulanic acid.
It is available as a combination with piperacillin (an antipseudomonal
penicillin) and is given parenterally.

It has a broad spectrum of activity and is used in the treatment of
pneumonia (especially P. aeruginosa), skin and soft tissue infections,
intra-abdominal infections, UTls, polymicrobial infections, bacteraemia,
and febrile neutropenia (in combination with an aminoglycoside).

Side effects are similar to those of piperacillin.



CARBAPENEMS

Carbapenems

The carbapenems are B-lactam antibiotics derived from thienamycin, a
compound produced by Streptomyces cattleya. Three carbapenems are
licensed for use in the UK: imipenem, meropenem, and ertapenem. Other
drugs in the same class include panipenem, doripenem, and faropenem.

Mode of action

These agents show high affinity to most high-molecular-weight PBPs of
Gram-positive and Gram-negative bacteria. Carbapenems, particularly imi-
penem, traverse the outer membrane of Gram-negative bacteria through
different outer membrane proteins (OprD) than those that are used by
penicillins and cephalosporins (OmpC and OmpF). They also have excel-
lent stability to B-lactamases. Consequently, carbapenems have the broad-
est antibacterial spectrum of all the B-lactam antibiotics. Imipenem is
slightly more active against Gram-positive bacteria, whereas meropenem
and ertapenem are slightly more active against Gram-negative species.
Meropenem is the most active against P. aeruginosa. Ertapenem has poor
activity against P. aeruginosa and Acinetobacter spp.

Resistance

Resistance is due to one of four mechanisms: the production of a low-
affinity PBP target, reduced outer membrane permeability due to the
absence of OprD in Gram-negative bacteria, efflux of the drug in Gram-
negative bacteria, or the production of B-lactamases (©) see B-lactamases,
pp. 35-7) that hydrolyse carbapenems (carbapenemases). Carbapenem
resistance in Enterobacteriaceae may be due to a combination of porin
loss PLUS an ESBL or AmpC enzyme (such strains rarely spread) OR an
acquired carbapenemase (such a strain being more likely to spread, and
often occurring in strains already resistant to many antibiotics). For a sum-
mary of carbapenemases, see Table 2.1.

Clinical use

o Carbapenems may be used to treat a wide variety of severe infections,
e.g. bacteraemia, pneumonia, intra-abdominal infections, obstetric and
gynaecological infections, complicated UTls, and soft tissue and bone
infections.

Imipenem and meropenem are most appropriate for treatment of
infections caused by the cephalosporin-resistant AmpC-producing
organisms, e.g. Enterobacter spp., Serratia spp., C. freundii, Acinetobacter
spp., P. vulgaris, Providencia spp., M. morganii (the ESCAPPM group).
Imipenem and meropenem are also used for the treatment of

serious infections, e.g. patients with polymicrobial infections, febrile
neutropenia, and nosocomial infections such as those caused by

P. aeruginosa and Acinetobacter spp.

o Meropenem is also licensed for the treatment of bacterial meningitis—
imipenem should not be used because of its propensity to cause seizures.
Ertapenem has similar uses to those of imipenem and meropenem, but
cannot be used in infections caused by P. aeruginosa and Acinetobacter
spp. Its long plasma half-life means that it can be administered once daily,
making it useful for OPAT.
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Table 2.1 A summary of the main carbapenemases

Enzyme Class Characteristics

IMP-type Metallo (class B) Plasmid-mediated, at least 17 varieties,
originated in Japan in 1990s in enterics.
Now worldwide. Also found in
Pseudomonas and Acinetobacter

VIM Verona Integron- Originally from Italy (1999), at least
encoded metallo ten types, now wide geographic
(class B) distribution. Mainly found in P. aeruginosa
and Pseudomonas putida, only rarely in
Enterobacteriaceae
OXA Oxacillinase Occurs mainly in Acinetobacter. Also
(class D) OXA-48 K. pneumoniae in the Middle

East, North Africa, and imported into the
UK. Both plasmid and clonal spread

KPC K. pneumoniae Ten variants, KPC-2 to KPC-11 which
carbapenemase differ by one or two amino acid
(class A) substitutions. Also clonal spread, including

global K. pneumoniae ST258 lineage

CMY .Class C First class C carbapenemase, isolated
from Enterobacter aerogenes in 2006 on
plasmid pYMG-1

SME, IMI, Class A Little clinical significance at present

NMC, CcrA

NDM-1 New Delhi metallo-  Described originally in New Delhi in
B-lactamase 2009. Mainly plasmid spread in E. coli and

K. pneumoniae

Pharmacology

o Imipenem, meropenem, and ertapenem have poor oral absorption and
are given parenterally.

Imipenem and meropenem are pharmacologically similar, with a plasma
half-life of 1h, whereas ertapenem has a plasma half-life of 4h, which
permits once-daily dosing.

All carbapenems are widely distributed and penetrate inflamed
meninges.

All are renally excreted and require dose modification in renal failure.
Imipenem is a substrate for renal dehydropeptidase-1 (DHP-1) enzyme
and is therefore co-administered with cilastatin, a DHP-1 inhibitor.

Toxicity and side effects

o Carbapenems are generally well tolerated.

o B-lactam allergic reactions are the commonest side effects, e.g. rash,
urticaria, immediate hypersensitivity, and cross-reactivity with penicillin.

o Imipenem causes nausea (if infused too quickly) and can cause seizures.



OTHER CELL WALL AGENTS

Carbapenemases

Carbapenem antibiotics () see Carbapenems, pp. 39—40) are the corner-
stone agents for treating ESBL infection. The emergence of carbapenem-
hydrolysing -lactamases has prompted great concern. Enzymes have been
identified belonging to classes A and B (the MBLs) and can be chromo-
somally or plasmid-mediated, the latter facilitating transmission between
strains and species. K. pneumoniae carbapenemase (KPC) is the most clinic-
ally important of class A carbapenemases—they are plasmid-mediated and
confer resistance to all B-lactams. NDM-1, a novel MBL, was first described
in 2009 in a European patient hospitalized in India with a K. pneumoniae
infection. It has been identified in other Enterobacteriaceae, including E. coli
and Enterobacter. In general, bacteria carrying NDM-1 are sensitive to colis-
timethate sodium or tigecycline.

Monobactams

The monobactams are monocyclic B-lactam antibiotics produced by some
bacteria (e.g. Chromobacterium violaceum). They are only active against
Gram-negative bacteria.

Aztreonam

o Aztreonam is the only commercially available compound.

o Itis active against most Enterobacteriaceae, H. influenzae, and

Neisseria spp. Stenotrophomonas maltophilia, Burkholderia cepacia, and

many Acinetobacter spp. are resistant. Some strains of P. aeruginosa,

Enterobacter cloacae, and C. freundii are resistant.

Aztreonam passes through the outer membrane and binds to PBP3

of Gram-negative bacteria. It is resistant to hydrolysis by most 3-

lactamases, apart from AmpC B-lactamases.

o Aztreonam is not absorbed PO and is given IV or IM. It is widely

distributed and penetrates inflamed meninges. It is mainly renally

excreted and requires dose modification in renal failure.

It is used for the treatment of a variety of infections, e.g. UTls,

pneumonia, septicaemia, skin and soft tissue infections, intra-abdominal

infections, gynaecological infections, and wound and burn infections.

o Aztreonam should never be used alone as empiric therapy, as it has no
activity against Gram-positive organisms.

o Side effects are similar to those of the other B-lactams, except for
hypersensitivity which does not occur.

Other cell wall agents

Bacitracin

Bacitracin binds to isoprenyl phosphate and prevents dephosphorylation
of the lipid carrier that transports the cell wall building block across the
membrane. Without dephosphorylation, the native compound cannot be
regenerated for another round of transfer. Similar reactions in eukaryotic
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cells may be why this agent is so toxic, and it is therefore used topically. It is
also used to identify GAS (bacitracin-resistant) in the diagnostic laboratory.

Fosfomycin

Fosfomycin inhibits pyruvyl transferase, and therefore formation of
N-acetylglucosamine from N-acetylmuramic acid. It is a naturally occurring
antibiotic with a fairly broad spectrum, particularly against Gram-negative
rods (GNRs). It is mainly used to treat UTls.

Cycloserine

This drug is often part of the second-line regimen for drug-resistant TB.
It is a structural analogue of D-alanine, and acts on alanine racemase and
synthetase to inhibit the synthesis of terminal D-alanyl-D-alanine. It thus
prevents formation of the pentapeptide chain of muramic acid (@) see
Antituberculous agents, second line, pp. 73-4).

Isoniazid and ethambutol

These are first-line drugs used in the treatment of TB. They interfere with
mycolic acid synthesis in mycobacterial cell walls (€) see Antituberculous
agents, first line, pp. 71-3).

Glycopeptides

The glycopeptide antibiotics vancomycin and teicoplanin are bactericidal
against most Gram-positive bacteria. Vancomycin was first isolated from
Nocardia orientalis and introduced into clinical practice in 1958. Teicoplanin
was obtained from Actinoplanes teichomyceticus in 1978 and is available in
Europe and Asia, but not in the USA.

Mode of action

Glycopeptides inhibit cell synthesis by binding to the D-alanyl-D-alanine tail
of the muramyl pentapeptide. This complex cannot be processed by the
enzyme glycosyltransferase, inhibiting the incorporation of murein mono-
mers (N-acetylmuramic acid and N-acetylglucosamine) into the growing
peptidoglycan chain.

Antimicrobial activity

Glycopeptides have broad activity against Gram-positive organisms, e.g.
staphylococci, E. faecalis, S. pneumoniae, groups A, B, C, and G strepto-
cocci, Streptococcus bovis, Streptococcus mutans, viridans group streptococci,
Listeria monocytogenes, Bacillus spp., Corynebacterium spp., Peptostreptococcus
spp., Actinomyces spp., Propionibacterium spp., and most Clostridium spp.
Glycopeptides show no activity against Gram-negative species (except
non-gonococcal Neisseria spp.). The MICs of teicoplanin against coagulase-
negative staphylococci (CoNS) are more variable than that of vancomycin.

Resistance

Vancomycin resistance may be intrinsic or acquired.

o Intrinsic vancomycin resistance occurs in Leuconostoc, Pediococcus,
Lactobacillus, and Erysipelothrix rhusiopathiae. Intrinsic teicoplanin
resistance is seen in Staphylococcus haemolyticus.
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Table 2.2 Vancomycin resistance in enterococci and staphylococci

VanA VanB VanC VanD VanE VanG
Vanc MIC  64->500 4-—>500 2-32 64-128 16 12-16
TeicMIC  16->500 05-2  0.5-2 464 05 05
Expression .Inducible .Inducible .Constitutive, Constitutive .Inducible )
inducible
locaton PRC  RC  C fe fe fe

Species E. faecalis, E. faecalis, E. gallinarum, E. faecium  E. faecalis E. faecalis
E. faecium, E. faecium E. casselflavius,
S. aureus E. flavescens

C, chromosome; MIC, minimum inhibitory concentration (microgram/mL); P, plasmid; Teic,
teicoplanin; Vanc, vancomycin.

Enterococci—six types of glycopeptide resistance have been described
(VanA, VanB, VanC, VanD, VanE, and VanG), named on the basis of
their ligase genes (vanA, vanB, etc.; see Table 2.2). These result in

the formation of a peptidoglycan precursor with decreased affinity

for glycopeptides. Resistance may be intrinsic (e.g. in Enterococcus
gallinarum, Enterococcus casseliflavus) or acquired (e.g. in E. faecium and
E. faecalis).

S. aureus—the first clinical isolate of S. aureus with diminished
susceptibility to vancomycin was reported in Japan in 1997. This

is referred to as a vancomycin-intermediate S. aureus (VISA) or
glycopeptide-intermediate S. aureus (GISA). VISA isolates have a
thickened cell wall which may prevent glycopeptides from reaching their
target sites. In 2002, two isolates of truly vancomycin-resistant S. aureus
(VRSA) were reported, both of which carried the vanA gene, suggesting
horizontal transfer of this gene from enterococci.

o S. pneumoniae—vancomycin tolerance has recently been reported.

Clinical use

Glycopeptides are used to treat the following conditions:

severe infections caused by MRSA;

meningitis due to penicillin-resistant S. pneumoniae;

C. difficile-associated diarrhoea (oral vancomycin);

febrile neutropenia;

continuous ambulatory peritoneal dialysis (CAPD) peritonitis;
endophthalmitis;

empiric treatment of intravascular catheter-related infections and
cerebrospinal fluid (CSF) shunt infections.

Pharmacology

e Vancomycin is usually given intravenously but may also be given orally,
intraperitoneally, intrathecally or intraocularly. It is widely distributed
but has poor CSF penetration in the absence of meningeal inflammation.
Vancomcyin is excreted unchanged in the kidneys, and dose reduction
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is required in renal impairment. Vancomycin shows time-dependent
killing: if the trough level is too high, it is better to reduce the dose
rather than increase the dosing interval.

Teicoplanin is usually administered IV and IM, but may also be given
intraperitoneally. It has a long plasma half-life (83—168h), enabling daily
dosing. Teicoplanin has better bone penetration than vancomcyin. It is
excreted by the kidneys.

Toxicity and side effects

Toxicity is commoner with vancomycin than teicoplanin.

o Ototoxicity is rare, unless there is renal impairment.

o Nephrotoxicity occurs with high doses and is often associated with
concomitant aminoglycoside usage.

o Infusion-related reactions can occur, e.g. ‘red man syndrome’ with rapid
infusion of vancomcyin.

o Others, e.g. neutropenia, thrombocytopenia, rashes, drug fever.

Glycopeptide monitoring

Basic principles of glycopeptide monitoring are described on @) pp. 42—4.

Please consult your hospital guidelines, antibiotic pharmacist, or infection

specialist for specific advice.

o Recommended initial dose of vancomycin or teicoplanin depends on the
type of infection, patient weight, and renal function. Loading doses (based
on actual body weight) are commonly given, if CrCl >20mL/min.

e Vancomycin trough (pre-dose) levels are usually monitored to reduce

the risk of nephrotoxicity and guide future dosing. Always review any

other nephrotoxic drugs your patient is taking (e.g. gentamicin) (see

Table 2.3).

Teicoplanin trough (pre-dose) levels are usually monitored in severe

infections to ensure therapeutic levels. Monitoring is not needed for

toxicity (see Table 2.4).

Table 2.3 Interpretation of vancomycin pre-dose (trough) levels

<10mg/L Subtherapeutic Check sample timing. If a true sample,
increase dose (usually by 500mg
increments, either as once daily (od) or in
divided doses)

10-20mg/L  Optimum dose* Continue on current dose; re-assay 1-2
times a week if no change in renal function

20-25mg/L Above recommended .Reassessment/extend dosing interval, e.g.

target level from twice daily (bd) to od. Re-assay after
third dose
>25mg/L Above recommended  Omit further dosing until level <20mg/L.
target level Reassessment/extend dosing interval

* For severe infections (e.g. MRSA pneumonia, osteomyelitis, endocarditis, and bacteraemias),
many experts aim for a target concentration of 15-20mg/L.
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Table 2.4 Interpretation of teicoplanin pre-dose (trough) levels

<20mg/L Subtherapeutic level, Increase dose (usually by ~50%).
especially if severe infections Re-assay after five doses

20-60mg/L  Optimum dose Continue on current dose, and
re-assay in 1 month, if no change
in renal function

>60mg/L Above recommended target Reassess dose according to renal
level function. Consider reducing daily
dose or extending the dosage
interval (e.g. to every 48h)

o Information: always state the time of last dose, time of sample, and
current dosing regimen, to aid interpretation of result.

o Timing of levels: vancomycin is usually monitored before the third dose
(unless CrCl <10mL/min, then before second dose). Teicoplanin is
usually monitored after 7 days of treatment.

Lipoglycopeptides

Dalbavancin, oritavancin, and telavancin are semi-synthetic lipoglyco-
peptides, not yet licensed in the UK. They have been developed to treat
infections with multiresistant Gram-positive pathogens. The heptapeptide
core (common to all glycopeptides) results in inhibition of cell wall synthe-
sis (transglycosylation and transpeptidation), and the lipophilic side chain
prolongs the half-life, helping to anchor the drug to the cell membrane.
Telavancin and oritavancin also disrupt bacterial membrane integrity and
increase membrane permeability, while oritavancin also inhibits RNA syn-
thesis. All three agents are active in vitro against S. aureus (including MRSA),
Staphylococcus epidermidis, Streptococcus spp., and VanB-VRE. Oritavancin
is also active against VISA, VRSA, and VanA-VRE, while dalbavancin and
telavancin are also active against VISA, but not against VanA-VRE or VRSA.
These may be potential alternatives for complicated skin and skin structure
infections, if cheaper options, such as vancomycin, have been ineffective or
in cases of reduced vancomycin susceptibility or resistance. Dalbavancin is
given once weekly which may facilitate outpatient treatment.

Fidaxomicin

Fidaxomicin is the fermentation product of the actinomycete Dactylos-
porangium aurantiacum subspecies hamdenesis. It is the first in a new class
of macrocyclic antibiotics, and is bactericidal, poorly absorbed systemically,
and more selective for C. difficile, with minimal disruption to normal gut
flora. Evidence from two double-blind randomized controlled trials (RCTs)
indicates it is non-inferior to vancomycin in curing patients with mild to
severe C. difficile infection (CDI). It reduces the recurrence rate of CDI,
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and its side effect profile is similar to oral vancomycin. There are no clinical
trials comparing fidaxomicin to metronidazole. The National Institute for
Health and Care Excellence (NICE) guidance in 2012 recommended con-
sidering fidaxomicin for patients with severe or recurrent CDI." Consult an
infection expert, and weigh up the potential benefits alongside the medical
need, risks of treatment, and relatively high cost of fidaxomicin (&) see
Clostridium difficile diarrhoea, pp. 654-6).

Reference

1 National Institute for Health and Care Excellence (2012). Clostridium difficile infection: fidaxomicin.
Available at: R http://www.nice.org.uk/advice/esnm1/chapter/Relevance-to-NICE-guidance-
programmes.

Aminoglycosides

Streptomycin, produced by Streptomyces griseus, was the first amino-
glycoside used in the initial treatment trials of TB in the 1940s. Today
aminoglycosides remain an important part of the antibiotic arsenal. All
aminoglycosides have an essential six-membered ring with amino group
constituents (aminocyclitol). The term aminoglycoside results from glyco-
sidic bonds between aminocyclitol and two or more sugars. They are active
against many Gram-negative, and some Gram-positive, organisms. In the
UK, the currently available aminoglycosides are: streptomycin, neomycin,
kanamycin, paromomycin, gentamicin, tobramycin, amikacin, netilmicin, and
spectinomycin. Other drugs (e.g. sisomicin, dibekacin, and isepamicin) are
available in Japan and continental Europe.

Mode of action

Aminoglycosides bind to the A site of the 30S ribosomal subunit, result-
ing in a conformational change that interferes with mRNA translation and
translocation, and hence inhibit protein synthesis. Avidity of binding varies
between aminoglycosides. The transport of aminoglycosides into the cell
by energy-dependent mechanisms (EDP-I and EDP-I) results in accumula-
tion of high concentrations of the drug in the cell. The onset of cell death is
coincident with the transition from EDP-I to EDP-II.

Resistance

Resistance to aminoglycosides may be intrinsic or acquired.

e Intrinsic resistance may be non-enzymatic or enzymatic:
anaerobes are unable to generate a sufficient electrical potential
difference across the membrane and are intrinsically resistant;
mutations in the 16S ribosomal subunit can result in resistance to
streptomycin in MTB;
methylating enzymes that modify 16S rRNA may cause intrinsic
resistance; this has not yet been seen in clinical isolates.

e Acquired resistance may occur by a variety of mechanisms:
reduced drug uptake;
efflux pumps, e.g. activation of the Mex XY pump in P. aeruginosa;
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enzymatic modification of the drug may occur as a result of
aminoglycoside-modifying enzymes (AMEs) that phosphorylate,
acetylate, or adenylate exposed amino or hydroxyl groups. The
enzymatically modified drugs bind poorly to ribosomes, resulting in
high levels of resistance.

Clinical use

o Empiric therapy—aminoglycosides may be given as empiric therapy

for serious infections suspected to be due to Gram-negative bacteria.

Depending on the clinical indication, they are usually combined with a

B-lactam, vancomycin, or an anaerobic agent.

Specific therapy—once culture results are available, aminoglycosides

may be useful for the specific treatment, e.g. infections due to

Pseudomonas spp. or resistant Gram-negative species, endocarditis.

Prophylaxis—aminoglycosides are sometimes used prophylactically, e.g.

to prevent enterococcal endocarditis in ‘at-risk’ patients undergoing GU

or Gl procedures.

e Gentamicin is the most commonly used aminoglycoside in the UK.

Its main use is in the empirical treatment of serious infections (e.g.

septicaemia, febrile neutropenia, biliary sepsis, acute pyelonephritis,

endocarditis). It is often incorporated into cement in orthopaedic

procedures. Gentamicin drops are used in superficial eye infections and

bacterial otitis externa.

Amikacin is used in gentamicin-resistant infections, mycobacterial

infections, or nocardiosis.

o Tobramycin is slightly better for P. aeruginosa than gentamicin, and may
be used in CF patients.

o Neomycin is given PO for bowel sterilization pre-surgery or for

selective decontamination of the digestive tract () see Antimicrobial

prophylaxis, pp. 25-7).

Netilmicin is used in Gram-negative infections that are resistant to

gentamicin.

Streptomycin is used to treat TB, particularly in the developing world. It

is sometimes used synergistically in enterococcal endocarditis (if there is

gentamicin resistance).

o Spectinomycin is used to treat gonococcal infections.

e Paromomycin is used to treat cryptosporidiosis.

Pharmacology

e The aminoglycosides share a number of important characteristics
(® see Pharmacodynamics, pp. 16-8):

concentration-dependent bactericidal activity;
significant PAE;
synergism particularly with cell wall-active agents.

e Aminoglycosides have poor oral absorption and are usually
administered [V or IM. They may also be administered PO (e.g.
neomycin, paromomycin), TOP, intrapleurally, intraperitonally, or
intrathecally.
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Fig. 2.2 Hartford nomogram for once-daily aminoglycosides.
Reproduced with permission from Nicolau et al. (1995). Antimicrob Agents Chemother 39:650-5.

Aminoglycosides are highly soluble with low protein binding, resulting
in distribution in the vascular and interstitial compartments. CSF
penetration is poor, apart from in neonates. Aminoglycosides are
excreted unchanged in the urine (99%).

Aminoglycosides may be given od or in multiple daily doses. od dosing
is simpler and as efficacious as multiple dosing, and may lower the risk
of drug-induced toxicity. The usual suggested dose of gentamicin is
5-7mg/kg/day. The dose is reduced in renal failure to 3mg/kg/day.
Exceptions: children, pregnancy, burns, endocarditis. If patients need to
continue therapy beyond 48h, trough drug levels should be monitored,
and the dosing interval adjusted according to the Hartford nomogram
(see Fig. 2.2).

Toxicity and side effects

o Nephrotoxicity is the commonest adverse effect (5-25%).
o Ototoxicity (cochlear and vestibular) may be irreversible.
o Neuromuscular blockade is rare.

Macrolides

The macrolides (erythromycin, clarithromycin, azithromycin) and the lin-
cosamides (lincomycin and clindamycin), although chemically unrelated,
have some similar properties such as antimicrobial activity, mechanisms
of action, and resistance and pharmacology. The ketolides are a new class
of antibiotics, derived from erythromycin, with activity against macrolide-
resistant strains.
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Erythromycin

o Erythromycin was derived from Saccharopolyspora erythraea in 1952.
Erythromycin A is the active component. It consists of a 14-membered
macrocyclic lactone ring attached to two sugars.

e Mode of action—inhibits RNA-dependent protein synthesis at the step

of chain elongation by interacting with the peptidyl transferase site. It

also inhibits the formation of the 50S ribosomal subunit.

Resistance—there are four resistance mechanisms:

- decreased outer membrane permeability, e.g. Enterobacteriaceae,
Pseudomonas spp., Acinetobacter spp. are intrinsically resistant;

- efflux pumps, e.g. msr(A) gene of S. aureus and mef(A) gene of
S. pneumoniae and GAS;

- alterations of 23S rRNA by methylation of adenine. This confers
resistance to macrolides, lincosamides, and streptogramins type
B, and is referred to as the MLS, phenotype. It is encoded by erm
(erythromycin ribosomal methylase) genes;

- enzymatic inactivation by phosphotransferases, mediated by mph
genes. Hydrolysis of the macrocyclic lactone is encoded by esterase
genes ere(A) and ere(B) on plasmids.

Clinical use—CAP, atypical pneumonia (e.g. Mycoplasma pneumoniae,
Chlamydia pneumoniae, Legionella pneumophila), Bordetella pertussis,
Campylobacter gastroenteritis.

Pharmacology—given PO (stimulates Gl motility) or IV. Widely
distributed in tissues. Excreted in the bile and urine; some is inactivated
in the liver.

Toxicity and side effects—GI symptoms (nausea, vomiting, abdominal
cramps, diarrhoea) are common; skin rash, fever, eosinophilia,
cholestatic jaundice, transient hearing loss, QT prolongation, torsades
de pointes, candidiasis, pseudomembranous colitis, infantile pyloric
stenosis.

Clarithromycin

o Structure—714-membered ring with a methoxy group at position 6.

e Mode of action—same as erythromycin. More active than erythromycin
against S. pneumoniae, GAS, MRSA, M. catarrhalis, and L. pneumophila.
Also active against Mycobacterium leprae, Mycobacterium avium complex
(MAC), and Toxoplasma gondii.

Resistance—similar to erythromycin.

Clinical use—similar to erythromycin. Treatment of MAC and other
non-tuberculous mycobacterial (NTM) infections, H. pylori eradication,
Lyme disease.

Pharmacology—given PO or IV. Metabolized in the liver to active
metabolites.

Azithromycin

o Structure—15-membered lactone ring (azalide).

e Mode of action—same as erythromycin. Greater activity against Gram-
negative species than with erythromycin and clarithromcyin. Also active
against MAC and T. gondii.

o Resistance—similar to erythromycin.
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o Clinical use—similar to erythromycin. Also use for treatment of
trachoma, Babesia microti, Borrelia burgdorferi, cryptosporidiosis.

o Pharmacology—given PO, but should be taken 1h before or 2h after
food. Widely distributed in tissues, with a half-life of 2—4 days. Mostly
not metabolized and excreted in the bile.

o Toxicity and side effects—similar to erythromycin.

Spiramycin
e Used in treatment of cryptosporidia and prevention of congenital
toxoplasmosis.

Ketolides

Ketolides are a new class of antibiotics derived from erythromycin A that
have increased potency against bacteria that have become resistant to mac-
rolides, e.g. S. pneumoniae and Streptococcus pyogenes. Telithromycin is cur-
rently the only available drug.

Telithromycin
o Structure—a 14-membered ring with ketone, instead of I-cladinose,
at position 3; this prevents induction of macrolide—lincosamide—
streptogramin B (MLS,) resistance (Q see Lincosamides, pp. 51-2; see
Box 2.2).
e Mode of action—similar to that of erythromycin.
Resistance—this is uncommon, as ketolides are poor inducers of efflux
pumps and MLS, methylase genes. S. aureus strains with constitutive erm
genes are resistant, whereas S. pneumoniae strains with constitutive erm
genes remain sensitive.
Toxicity and side effects—similar to clarithromycin and azithromycin.
Reports of exacerbation of myasthenia gravis.
Pharmacology—good oral absorption and bioavailability. Metabolized in
the liver by CYP3A4.
Clinical use—CAP, acute exacerbation of chronic obstructive
pulmonary disease (COPD), tonsillitis, pharyngitis, and sinusitis.

Box 2.2 MLS, resistance (also known as inducible
resistance)

Macrolides, lincosamides, and streptogramin type B (MLS;) antibiotics
bind to closely related sites on the 50S ribosome of bacteria. One conse-
quence is that some bacteria (e.g. staphylococci, streptococci, and ente-
rococci) with inducible resistance to erythromycin also become resistant
to the other MLS, agents, in the presence of erythromycin. The methylase
enzyme involved is not induced by lincosamides or streptogramins, which
therefore remain active in the absence of macrolides. Over 20 erm genes
encode the MLS, resistance, and it is becoming commoner in GAS and
pneumococci.
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Lincosamides

This group of antibiotics includes lincomycin (not available in the UK) and
clindamycin. Lincomycin was isolated from Streptomyces lincolnensis in 1962.
Clindamycin, which was produced by the chemical modification of lincomy-
cin, has better oral bioavailability and increased bacterial potency, compared
with lincomycin. Although chemically unrelated to erythromycin, many of
the biological properties of lincosamides are similar to the macrolides.

Mode of action

Lincosamides inhibit protein synthesis by interacting with the peptidyl trans-
ferase site of the 50S ribosomal subunit. They also inhibit the formation of
the 50S ribosomal subunit. Clindamycin is highly active against anaerobes
(e.g. B. fragilis), pneumococci, GAS, meticillin-sensitive S. aureus (MSSA),
T. gondii, and Plasmodium falciparum.

Resistance

There are several resistance mechanisms.

o Alteration of 50S ribosomal proteins of the receptor site confers
resistance to macrolides and lincosamides.

Alteration in the 23S subunit by methylation of adenine results in the
MLS, phenotype (see Box 2.2) and confers resistance to macrolides,
lincosamides, and type B streptogramins. This MLS, phenotype is
encoded by erm (erythromycin ribosomal methylase) genes.
Inactivation by 3-lincomycin, 4-clindamycin O-nucleotidyl transferase.
This is plasmid-mediated and encoded by [inA and linA" genes.
Decreased membrane permeability in Gram-negative species, e.g.
Enterobacteriaceae, Pseudomonas spp., Acinetobacter spp.

Clinical use

o Alternative to B-lactams in penicillin-allergic patients with skin and soft
tissue infections.

o Staphylococcal bone and joint infections.

o Severe GAS infections, e.g. necrotizing fasciitis, toxic shock
syndrome (TSS).

o Anaerobic infections, e.g. intra-abdominal sepsis, anaerobic
bronchopulmonary infections.

o P jiroveci pneumonia (in combination with primaquine).

o P. falciparum malaria (in combination with quinine).

Pharmacology

o Clindamycin is given PO or IV, or by deep IM injection.

o Well absorbed orally and widely distributed with good tissue
penetration, especially bone. CSF penetration is negligible.

Most of the drug is metabolized to products with variable antibacterial
activity.

Excreted in the bile and urine—dose modification required in severe
renal and liver disease.
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Toxicity and side effects

o C. difficile colitis—discontinue clindamycin.

o Allergic reactions—rashes, fever, erythema multiforme, anaphylaxis.

o Laboratory abnormalities—transient hepatitis, neutropenia,
thrombocytopenia.

Streptogramins

Streptogramins are a group of antibiotics derived from various Streptomyces

spp. They consist of two macrocyclic lactone peptolide components referred

to as streptogramin A and streptogramin B. A number of compounds exist:

o quinupristin—dalfopristin is the only drug available in the UK and used for
the treatment of resistant Gram-positive infections;

e pristinamycin (used for treatment of skin and soft tissue infections);

o virginiamycin (mainly used as an animal growth promoter);

e mikamycin.

Mode of action

Streptogramins exert their action on the second or elongation stage of pro-
tein synthesis. The two components act synergistically as follows:

e streptogramin A molecules (e.g. dalfopristin) bind to the 50S ribosomal
subunit and prevent aminoacyl-tRNA from attaching to the catalytic

site of the peptidyl transferase, thus inhibiting transfer of the growing
peptide chain;

streptogramin B molecules (e.g. quinupristin) prevent the peptide bond
from forming, which leads to the premature release of incomplete
polypeptides.

Quinupristin—dalfopristin is active against most Gram-positive organisms
(except E. faecalis, which is intrinsically resistant).

Resistance
There are three mechanism of resistance:
o modification of the ribosomal target site (quinupristin). This results
in resistance to macrolides, lincosamides, and streptogramin B (MLS,
phenotype) and is encoded by various erm genes () see L|ncosam|des
pp. 51-2; see Box 2.2);
e enzymatic inactivation by acetyltransferases, encoded by vat(A), vat(B),
vat(C) in staphylococci, and vat(D) in E. faecium (quinupristin and
dalfopristin);
active transport out of cells by efflux pumps, encoded by vga(A) and
vga(B) genes in staphylococci (quinupristin and dalfopristin).

Clinical use

e Vancomycin-resistant E. faecium (not active against E. faecalis).

o Skin and soft tissue infection caused by MSSA or GAS.

o Serious Gram-positive infections where there is no alternative antibiotic
available.
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Pharmacology

o Quinupristin—dalfopristin is given IV, preferably into a central vein.

o Exhibits significant PAE: 2.8h for pneumococci, 4.7h for staphylococci,
and 2.6-8.5h for enterococci.

e Wide volume of distribution, but poor CSF penetration.

o Metabolized in the liver and excreted in the faeces.

Toxicity and side effects

e Injection site reactions occur in >30%, so the drug should be given via a
central vein.

o Arthralgia and myalgia are common.

o Nausea, vomiting, diarrhoea, skin rash, pruritus.

o Laboratory abnormalities—hepatitis, hyperbilirubinaemia.

e Inhibition of hepatic CYP3A4, resulting in increased levels of drugs
metabolized by this enzyme.

Lipopeptides
Daptomycin, a fermentation product of Streptomyces roseosporus, was dis-
covered in the 1980s. It is a 13-membered cyclic amino acid lipopeptide

antibiotic with a lipophilic tail. It was approved in the UK in 2003 for the
treatment of complicated skin and soft tissue infections.

Mode of action

The exact mechanism of action is unknown, although it appears to bind to
the cell membrane of Gram-positive bacteria in a calcium-dependent man-
ner, disrupting the cell membrane potential. Daptomycin is active against
Gram-positive organisms, e.g. staphylococci and streptococci, including
those that are glycopeptide-resistant.

Resistance
Resistance to daptomycin is rare, but strains with reduced susceptibility
have been obtained after serial passage in vitro.

Clinical use

Daptomycin is used for complicated skin and soft tissue infections caused
by Gram-positive bacteria.

Pharmacology

Daptomycin is given by IV infusion. The area under the curve (AUC)/MIC
profile and prolonged PAE enable od dosing. Daptomycin is highly protein-
bound and is eliminated largely unchanged by the kidneys.

Toxicity and side effects

o Common side effects—nausea, vomiting, diarrhoea, headache, rash,
injection site reactions.

e Muscle toxicity—myalgia, muscle weakness, and myositis are
uncommon; rhabdomyolysis is rare. Serum creatine kinase (CK) should
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be checked before starting treatment, and weekly during treatment.
Stop treatment if symptoms develop.

o Interference with prothrombin time (PT)/international normalized
ratio (INR) assay—clotting sample should be taken just prior to
administration of daptomycin.

Oxazolidinones

Oxazolidinones are a purely synthetic class of antimicrobials with activity
against staphylococcal and streptococcal species. Linezolid was introduced
in 2001. It is active against Gram-positive bacteria and is used for infections
that are resistant to other antibiotics (e.g. MRSA and VRE). Always involve
an infection specialist when initiating therapy.

Mode of action

Oxazolidinones are protein synthesis inhibitors that are bacteriostatic
against Gram-positive organisms. They bind to the 50S ribosomal subunit
at its interface with the 30S ribosomal subunit, preventing formation of the
70S initiation complex.

Resistance

Despite its recent introduction, resistance to linezolid among strains of
MRSA and VRE has already been reported. The mechanism appears to be
mutation in the 23S RNA domain V region. It is usually associated with long
durations of therapy or prior exposure to linezolid.

Clinical use

e Linezolid is approved for use in Gram-positive pneumonia and
complicated skin/soft tissue infections, and serious infections due

to resistant Gram-positive bacteria (e.g. MRSA, VRE, and penicillin-
resistant pneumococci).

Tedizolid is a related agent currently approved for acute Gram-positive
skin and skin structure infections only.

Pharmacology

Linezolid may be given PO (100% bioavailability) or IV. Linezolid is widely
distributed, with good tissue and CSF penetration. It is metabolized by
oxidation in the liver and excreted in the urine (85%) or faeces. No dose
adjustment is required for renal or hepatic disease. It is given bd; tedizolid
is given daily.

Toxicity and side effects

Linezolid is generally well tolerated.

o Gl symptoms, e.g. nausea, vomiting, diarrhea, are common.

e Myelosuppression—thrombocytopenia, neutropenia, and pancytopenia
have been reported. Commoner with prolonged therapy (>10 days)
and usually reversible. Full blood count (FBC) should be monitored
weekly in patients taking linezolid.
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e Monoamine oxidase inhibition—linezolid is a monoamine oxidase
inhibitor. Patients should be told to avoid tyramine-rich foods. Linezolid
has been associated with serotonin syndrome in patients taking
concomitant selective serotonin reuptake inhibitors (SSRIs).

Optic neuropathy has been reported in patients taking >28 days’
treatment. Patients should be told to report visual symptoms and
referred to an ophthalmologist, if necessary.

Lactic acidosis has been associated with prolonged treatment.

Chloramphenicol

Chloramphenicol, initially called chloromycetin®, was first isolated from
Streptomyces venezuelae in 1947. It has a broad spectrum of activity against
a wide range of bacteria, spirochaetes, rickettsiae, chlamydiae, and myco-
plasmas. Soon after its introduction in 1949, reports of aplastic anaemia
emerged, limiting its use. Furthermore, widespread use in the developing
world has resulted in resistance, particularly in Salmonella typhi. Despite
this, chloramphenicol remains useful for the treatment of serious infections
that are resistant to other antibiotics.

Mode of action

Chloramphenicol inhibits protein synthesis by binding to the 50S subunit of the
70S ribosome at a site that prevents the attachment of tRNA—this prevents
association of the amino acid with peptidy! transferase and peptide band forma-
tion. This is a bacteriostatic effect in most organisms but is bactericidal in some
meningeal pathogens, e.g. H. influenzae, S. pneumoniae, and N. meningitidis.

Resistance

There are several resistance mechanisms:

o reduced permeability or uptake;

o ribosomal mutation;

o production of acetyl transferase, an enzyme that acetylates the
antibiotic into an inactive form. This mechanism also confers resistance
to tetracyclines (@) see Tetracyclines, pp. 56-8) and is responsible for
widespread epidemics of chloramphenicol resistance to S. Typhi and
Shigella dysenteriae seen in the developing world.

Clinical use

In the developed world, chloramphenicol is rarely used (because of toxi-

city), but it remains a commonly used antibiotic in the developing world.

e Enteric fever due to S. Typhi and S. Paratyphi—high rates of drug resistance
have been reported in India, Vietnam, and Central and South America.

o Severe infections such as meningitis, septicaemia, epiglottitis due to
H. influenzae.

o Sometimes used in infective exacerbations of COPD.

o An alternative agent for infections in pregnancy, young children, or
patients with immediate penicillin hypersensitivity.

o Eye drops/ointment are widely used for superficial eye infections.

o Ear drops are used for bacterial otitis externa.
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Pharmacology

Chloramphenicol may be administered PO, IV, IM, or TOP. It has high
lipid solubility and low protein binding, resulting in a wide volume of dis-
tribution in body fluids and tissues. CSF and ocular penetration is good.
Chloramphenicol is metabolized in the liver by glucuronidation and excreted
in the bile. Only 5-10% is excreted in the urine.

Toxicity and side effects

e Bone marrow suppression is common, dose-related, and reversible. It is
a direct pharmacological effect of the antibiotic, resulting from inhibition
of mitochondrial protein synthesis. Manifestations include anaemia,
reticulocytosis, leucopenia, and thrombocytopenia. Monitor FBC twice
weekly during treatment.

Aplastic anaemia is a rare, idiosyncratic, and often fatal complication,
which may occur during or after completion of therapy. It occurs in

1in 25000—40000 patients. The pathogenesis of this condition is
incompletely understood. Monitor FBC twice weekly during treatment,
and discontinue the drug if the white cell count (WCC) falls below 2.5
x 10°/L.

There are also reports of haemolytic anaemia in patients with G6PD
deficiency and childhood leukaemia after chloramphenicol therapy.
Grey baby syndrome—high doses in neonates may result in grey

baby syndrome (abdominal distension, vomiting, cyanosis, circulatory
collapse) due to inability to metabolize and excrete the drug. If the drug
is required in neonates, the dose should be reduced and drug levels
monitored.

Other side effects—rash, fever, Jarisch—Herxheimer reactions, Gl
symptoms, glossitis, stomatitis, optic neuritis, bleeding disorders, acute
intermittent porphyria, interference with development of immunity after
immunization.

Tetracyclines

Tetracyclines are a group of broad-spectrum bacteriostatic antibiotics
active against Gram-positive, Gram-negative, and intracellular organisms,
e.g. Chlamydia, mycoplasmas, rickettsiae, and protozoan parasites. The first
tetracycline chlortetracycline was isolated from Streptomyces aureofaciens,
a soil organism. Since then, a number of other tetracyclines have been
developed. Tetracyclines differ in their pharmacological properties, rather
than their spectrum of cover, although minocycline has a slightly broader
spectrum.

Classification

o First generation—tetracycline, chlortetracycline, oxytetracycline,
demeclocycline, lymecycline, and metacycline.

o Second generation—doxycycline and minocycline.

e Third generation (glycylcyclines)—tigecycline.
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Mode of action

e Tetracyclines inhibit bacterial protein synthesis by reversibly binding to
the 30S ribosomal subunit. This blocks binding of aminoacyl-tRNA to
the ribosomal ‘A’ site, preventing the addition of new amino acids. As
their binding is reversible, these agents are mainly bacteriostatic.
Tetracyclines also inhibit mitochondrial protein synthesis by binding to
70S ribosomal subunits in mitochondria in eukaryotic parasites. The
mechanism of their antiprotozoal activity is unknown.

Resistance

The widespread use of tetracyclines has been accompanied by increasing
drug resistance. This is mediated by acquisition of genes on MGEs (&) see
Molecular genetics of resistance, pp. 11-2). Many tetracycline resistance
genes have been identified; most belong to the tet family, and some belong
to the otr family. These genes confer resistance by the following mechanisms:
o efflux pumps—these membrane-associated proteins pump tetracyclines
out of the cell. They confer resistance to first-generation tetracyclines;
ribosomal protection proteins are cytoplasmic proteins that release
tetracyclines from their binding site by guanosine diphosphate (GDP)-
dependent mechanisms. They protect the ribosome from first- and
second-generation tetracyclines;
e enzymatic inactivation—this mechanism is seen in B. fragilis where

the tet(X) gene codes for a protein that modifies tetracyclines in the

presence of nicotinamide adenine dinucleotide phosphate oxidase

(NADPH) and oxygen.

Clinical use

o Chlamydial infections—trachoma, psittacosis, salpingitis, urethritis,
lymphogranuloma venereum (LGV).

Rickettsial infections.

Q fever.

Brucellosis (doxycycline with either streptomycin or rifampicin).
Lyme disease (B. burgdorferi).

Mycoplasma spp. infections.

Infective exacerbations of COPD (due to their activity against

H. influenzae).

Also used in acne, destructive (refractory) periodontal diseases, sinusitis,
chronic prostatitis, pelvic inflammatory disease (PID), melioidosis.

Pharmacology

e Tetracyclines are usually given PO. Absorption of tetracycline and
oxytetracycline is reduced by milk, antacids, and some salts. Doxycycline
and minocycline are highly bioavailable.

o They are sometimes divided into three groups on the basis of their
half-lives: short-acting (tetracycline, oxytetracycline), intermediate-acting
(demeclocycline), and long-acting (doxycycline, minocycline).

o Tetracyclines are widely distributed and show good tissue penetration.

e Tetracycline is eliminated in the urine. Minocycline is metabolized in the
liver. Doxycycline is mainly eliminated in the faeces.
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Toxicity and side effects

e Nausea, vomiting, diarrhoea, dysphagia, and oesophageal irritation are
common.

o Photosensitivity reactions are common and appear to be toxic, rather

than allergic.

Prolonged minocycline administration can cause skin, nail, and scleral

pigmentation.

Deposition occurs in growing bones and teeth, so tetracyclines should

not be given to children <12 years or pregnant/breastfeeding women.

o Hepatotoxicity due to fatty change may be fatal.

o Tetracyclines exacerbate renal impairment. All tetracyclines (except
minocycline and doxycycline) should be avoided in renal failure.
Demeclocycline causes nephrogenic diabetes insipidus and is used as a
treatment for inappropriate antidiuretic hormone (ADH) secretion.

e Vertigo is unique to minocycline.

e Benign intracranial hypertension has been described with all tetracyclines.

o Superinfection—mucocutaneous candidiasis is common. C. difficile colitis
may occur.

o Allergic reactions (rashes, urticaria, anaphylaxis) are uncommon.

Tigecycline

o A glycylcycline antibiotic, structurally related to tetracyclines.

o Active against Gram-positive and Gram-negative bacteria, including
tetracycline-resistant organisms, and some anaerobes. It is also active
against MRSA and VRE, but not against P. aeruginosa and Proteus spp.
Reserved for the treatment of complicated skin and soft tissue infections,
and complicated abdominal infections caused by multidrug-resistant (MDR)
organisms. The UK MHRA and US FDA advise use only if it is known or
suspected that other antibiotics are unsuitable—pooled analysis of phase
3 and 4 trials suggested higher death rates in patients receiving tigecycline
compared to those receiving comparator drugs.

Side effects are similar to those of tetracyclines.

Sulfonamides

Prontosil was discovered in 1932, the result of 5 years of testing dyes for
antimicrobial activity. It exerted its antibacterial effect through the release
of sulfanilamide, an analogue of PABA. PABA is essential for bacterial folate
synthesis (see Fig. 2.3). Although many sulfonamide drugs were developed,
relatively few are in clinical use today, mainly because of their toxicity and
increasing drug resistance. Those currently available in the UK include sul-
famethoxazole, sulfadiazine, sulfadoxine, sulfasalazine, mafenide acetate,
and sulfacetamide sodium.

Classification

The sulfonamides can be classified as follows:

e short-/medium-acting sulfonamides, e.g. sulfamethoxazole, sulfadiazine;
o |ong-acting sulfonamides, e.g. sulfadoxine;
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Fig. 2.3 Action of sulfonamides and trimethoprim on the bacterial folate synthesis
pathway.

o sulfonamides limited to the Gl tract, e.g. sulfasalazine;
o topical sulfonamides, e.g. silver sulfadiazine, mafenide acetate,
sulfacetamide sodium.

Mode of action

Sulfonamides inhibit bacterial growth by competitive inhibition of the incor-
poration of PABA into tetrahydropteroic acid by the enzyme tetrahydrop-
teroic acid synthetase. They are bacteriostatic and slow to act—several
generations of bacterial growth are required to deplete the folate pool.
They are active against a broad spectrum of Gram-positive and Gram-
negative bacteria, Actinomyces, Chlamydia, Plasmodium, and Toxoplasma
spp. Activity against enterococci (which are auxotrophic for folic acid),
Pseudomonas spp. (possess drug efflux pumps), and anaerobes is poor.

Resistance

Resistance to sulfonamides is widespread and increasingly common; cross-

resistance between different sulfonamides occurs. Resistance may be due to:

e chromosomal mutations that result in overproduction of PABA (e.g.
S. aureus, N. gonorrhoeae) or alterations in dihydropteroate synthetase
resulting in reduced affinity for sulfonamides (e.g. E. coli);

o plasmids that carry genes coding for the production of drug-resistant
enzymes or decreased bacterial permeability.

Plasmid-mediated sulfonamide resistance is common in Enterobacteriaceae
and has increased greatly in recent years, often in conjunction with tri-
methoprim resistance.

Clinical use

They have only a limited role as single-agent antimicrobials but are still
found in combination products with trimethoprim, pyrimethamine, etc.
Sulfasalazine is used for its anti-inflammatory properties (e.g. ulcerative col-
itis, rheumatoid arthritis)—which are probably a result of its breakdown
product 5-aminosalicylic acid.
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o Sulfadiazine is used in combination with pyrimethamine () see
Antiprotozoal drugs, pp. 119-24) for toxoplasmosis (unlicensed).

o Sulfadoxine is used in combination with pyrimethamine for treatment of

falciparum malaria (@) see Antimalarials, pp. 112-13).

Silver sulfadiazine is used TOP to prevent/treat burn infections. Its

activity is likely to owe much to the silver component.

o Sulfacetamide is used TOP in eye drops.

Pharmacology

e Usually administered PO. Sulfadiazine and sulfisoxazole are available as
IV or subcutaneous (s/c) preparations.

Oral sulfonamides are rapidly absorbed. Topical sulfonamides are also

absorbed and may be detectable in blood.

o Widely distributed, with high concentrations in body fluids,

including CSF.

Metabolized in the liver and excreted in the urine. Dose modification is
required in renal impairment.

Toxicity and side effects

Around 3% of people experience some form of side effect, much higher in
patients with HIV. Hypersensitivity reactions are usually a class effect.

o General—nausea, vomiting, diarrhoea, rash, fever, headache,
depression, jaundice, hepatic necrosis, drug-induced lupus, serum
sickness-like syndrome.

Haematological—acute haemolytic anaemia, aplastic anaemia,
agranulocytosis, leucopenia, thrombocytopenia.

Hypersensitivity reactions—drug eruption, vasculitis, erythema nodosum,
erythema multiforme, Stevens—Johnson syndrome, anaphylaxis.
Neonatal kernicterus if given in the last month of pregnancy.

Trimethoprim

Trimethoprim is a diaminopyrimidine. The other members of this class
are pyrimethamine (an antiprotozoal), cycloguanil (a product of proguanil;

see Antimalarials, pp. 112—13), and flucytosine (an antifungal). Trimethoprim
has a fairly broad spectrum of activity against many Gram-positive bacteria and
most Gram-negative rods, except P. aeruginosa and Bacteroides spp.

Mode of action

Trimethoprim inhibits the bacterial enzyme dihydrofolate reductase
(DHFR), preventing the conversion of dihydrofolate to the active form of
the vitamin tetrahydrofolate () see Sulfonamides, pp. 58-60; see Fig. 2.3).
It works on the pathway at a later point than the sulfonamides, and their
combination is synergistic. It is bactericidal or bacteriostatic, depending on
the organism and drug concentration.

Resistance

Resistance is common in Enterobacteriaceae. May be caused by:

o chromosomal mutations in the gene for DHFR (or its promoter),
resulting in overproduction or modification of the target enzyme;
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o plasmid-encoded resistance, e.g. dfr genes in Enterobacteriaceae,
producing an additional trimethoprim-resistant DHFR enzyme;

o change in cell permeability/efflux pumps;

e alterations in metabolic pathway.

More than one mechanism can occur in the same cell, resulting in higher
resistance levels.

Clinical use

o UTls—treatment and prophylaxis.

o Treatment of prostatitis and epididymo-orchitis.

o Option for oral MRSA treatment (in combination with rifampicin or
fusidic acid).

Pharmacology

o Trimethoprim is given PO and is rapidly absorbed from the gut.

o Widely distributed in tissues and body fluids, including CSF. High
concentrations are achieved in the kidney, lung, sputum, and

prostatic fluid.

Sixty to 80% is excreted in the urine within 24h, the remainder excreted
as urinary metabolites or in the bile.

e Synergy with sulfamethoxazole, polymyxins, and aminoglycosides.

Toxicity and side effects

e Avoid in pregnancy, especially first trimester (antifolate).

o Contraindicated in blood dyscrasias.

o Side effects are similar to those of co-trimoxazole, but less severe and
less frequent with trimethoprim alone.

e Other side effects include Gl disturbance, pruritus, rashes, and
hyperkalaemia.

e Known to decrease the tubular secretion of creatinine which can lead to
rises in serum creatinine that do not reflect a true fall in the GFR.

Co-trimoxazole

Co-trimoxazole is a synergistic combination of trimethoprim and sulfa-
methoxazole, in the ratio of 1:5.

Mode of action
Sequential inhibition of two enzymes (tetrahydropteroic acid synthetase

and dihydrofolate reductase) in the bacterial folate synthesis pathway
(® see Sulfonamides, pp. 58-60).

Resistance

Resistance may be due to a variety of mechanisms (for details, @) see
Sulfonamides, pp. 58-60; ©) Trimethoprim, pp. 60-1). Increasing drug
resistance rates have been seen in S. aureus, many Enterobacteriaceae, and
Pneumocystis jiroveci.
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Clinical use

Apart from the following exceptions, consider using standard trimethoprim
when possible—it is often as effective an antibacterial as co-trimoxazole,
with fewer side effects:

® Pneumocystis jiroveci pneumonia (treatment and prophylaxis);
toxoplasmosis (prophylaxis and second-line therapy);

nocardiosis (second-line therapy);

MDR organisms, e.g. Acinetobacter spp.; B. cepacia; Stenotrophomonas
maltophilia; Mycobacterium marinum; Mycobacterium kansasii. Seek advice
from an infection specialist;

o acute exacerbations of COPD (if sensitive and no other options);

UTls (if sensitive and no other options);

e acute otitis media in children (if sensitive and no other options).

Pharmacology

Co-trimoxazole may be given PO or IV. Oral bioavailability is around 85%.
Components have different volumes of distribution, so seek advice if treat-
ing complicated cases (e.g. at an unusual site).

Toxicity and side effects

Avoid in blood disorders, infants <6 weeks, hepatic impairment, renal

impairment, pregnancy, and breastfeeding. Side effects are mainly due

to the sulfonamide component, may be more severe in the elderly, and

are more frequent in those with HIV. See also individual agents (&) see

Sulfonamides, pp. 58-60; © Trimethoprim, pp. 60-1).

o Common: nausea, vomiting, diarrhoea, anorexia, and hypersensitivity.

o Rashes: rare but can be severe, including erythema multiforme,
Stevens—Johnson syndrome, and toxic epidermal necrolysis.

o Other: haematological toxicity, renal dysfunction, interstitial nephritis,

hyperkalaemia, drug-induced hepatitis, pancreatitis, hepatic failure.

Patients with low urine output and low urinary pH may be at increased

risk of urinary tract crystal formation due to the sulfa component.

Quinolones

Nalidixic acid, the first quinolone antibiotic, was produced as a side product
of attempts to manufacture chloroquine. The majority of quinolones now
in use are fluoroquinolones (fluorine atom attached to the central molecular
ring) with an expanded spectrum of activity and greater potency.

Mode of action

The only antibiotics in clinical use that directly inhibit bacterial DNA synthe-
sis. This is via inhibition of DNA gyrase (primary target in Gram-negatives)
and topoisomerase |V (primary target in Gram-positives). DNA gyrase
consists of a- and B-subunits (encoded by the gyrA and gyrB genes, respect-
ively), and is responsible for DNA supercoiling. Topoisomerase IV also con-
sists of two subunits, encoded by the parC and parE genes, and is involved
in DNA relaxation and chromosomal segregation. Quinolones bind to the
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complex of enzyme with DNA, blocking progress of the DNA replication
enzyme, damaging bacterial DNA—they are thus bactericidal.

Resistance

The likelihood of developing resistance is related to the duration of therapy
(as little as 5 days in in vitro conditions) and may be a result of:

e spontaneous chromosomal mutations occurring in genes that either
alter target enzymes (with increasing resistance occurring by selection
of resistant strains produced by sequential mutations in gyrA, gyrB,

parC, or parE) or alter cell membrane permeability by mutations that
reduce entry through porin channels or increase efflux. In P. aeruginosa,
resistance has been shown to be due to overexpression of genes that
encode the MexAB-OprM efflux pump;

plasmid-encoded proteins, e.g. Qnr proteins that protect DNA gyrase
from quinolone action. They have been reported in K. pneumoniae, E. coli,
Enterobacter, and other enteric bacteria. While alone conferring only low-
level resistance, they are often found in strains with additional chromosomal
mutations leading to high-level MDR. Other plasmid-mediated mechanisms
include efflux pumps (QepA) and antibiotic-modifying enzymes;

acquired fluoroquinolone resistance may be seen with MRSA and

P. aeruginosa. They are no longer recommended for the treatment

of gonorrhoea in the UK or USA, and treatment failures are well
recognized with S. Typhi strains of decreased susceptibility.

Clinical use
o The greatest activity of quinolones is against aerobic Gram-negative
bacilli (Enterobacteriaceae, Haemophilus spp., and certain Gram-negative
cocci, e.g. Neisseria spp.).
o Fluoroquinolones are active against non-enteric Gram-negatives (e.g.
P. aeruginosa), staphylococci, and the common causes of atypical
pneumonla (L. pneumophilia, M. pneumoniae, C. pneumoniae).
Ciprofloxacin is the most potent against Gram-negatives but has
limited activity against streptococci (see Box 2.3).
Levofloxacin (the active L-racemer of ofloxacin) is more potent
against Gram-positives but sacrifices some Pseudomonas activity.
Moxifloxacin has enhanced activity against anaerobes and
streptococci, but further loss of activity against P. aeruginosa (not
reliable for clinical treatment), Proteus spp., and Serratia marcescens,
compared to ciprofloxacin.
Mycobacteria—great potential in the treatment of resistant TB
(moxifloxacin has early bactericidal activity similar to that of
ethambutol in patients with pulmonary TB); active against a number
of NTM species (@) see Non-tuberculous mycobacteria, pp. 361-2).

Box 2.3 Indications for consideration of higher-dose
ciprofloxacin

Serious infections in which antibiotic penetration may be suboptimal, e.g.
septic arthritis, osteomyelitis, pseudomonal pneumonia, neurological and
intraocular infections.
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Note that activity against enterococci is marginal, and, while most MSSA
strains are sensitive, many MRSA strains have high-level resistance to the
class as a whole.

Not recommended for routine use in those <18 years (animal studies
demonstrate arthropathy), but often used in those with CF and
complicated UTls under specialist guidance.

Pharmacology

Well absorbed, with bioavailability ranging from 50% to 100%. Oral
bioavailability is reduced by co-administration of antacids.
Moxifloxacin, nalidixic acid, and norfloxacin are only given PO;
ciprofloxacin and levofloxacin may also be given IV. Protein binding

is low, and volumes of distribution are high. Concentrations in the
prostate, lung, bile, and stool may exceed plasma concentrations.
Ofloxacin, levofloxacin, and gatifloxacin are renally eliminated. Nalidixic
acid and moxifloxacin undergo hepatic metabolism. Most others are
excreted by renal and non-renal pathways. Dose adjustments may be
required in renal or liver disease.

Toxicity and side effects

Gl—common (3—17%), e.g. nausea, vomiting, abdominal discomfort,
diarrhoea (risk factor for C. difficile disease).

CNS (0.9-11%), e.g. headache, dizziness, insomnia, altered mood.
Rarely hallucinations, delirium, seizures (lower threshold in those prone
to them, thus should not be given to epileptics), and profound muscle
weakness in those with myasthenia gravis (avoid use).

Allergic reactions—rash, photosensitivity, drug fever, urticaria, angio-
oedema, vasculitis, serum sickness, interstitial nephritis.

Arthropathy and tendon rupture (usually Achilles) in adults. Not
recommended in adults with a history of tendon disorders.
Arrhythmias—moxifloxacin is contraindicated in those with risk factors
for prolonged QT, and other agents should be used with caution.
Laboratory abnormalities (vary with agents) include leucopenia,
eosinophilia, hepatitis (severe with moxifloxacin), and dysglycaemia.

Nitroimidazoles

Metronidazole

The imidazoles are remarkable in that members of the class are effective
across the whole microbiological spectrum: bacteria, fungi, protozoa, and
helminths. Metronidazole, a 5-nitroimidazole, was introduced for the treat-
ment of Trichomonas vaginalis infections in 1959 and subsequently found
to be bactericidal for most anaerobic and facultatively anaerobic bacteria
(when a patient’s acute ulcerative gingivitis ‘spontaneously’ improved, while
receiving therapy) and protozoa. Related compounds (e.g. tinidazole) share
its properties but have longer half-lives.
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Mode of action

Metronidazole has a low molecular weight and enters the bacterial cell by
passive diffusion. It is a pro-drug and activated intracellularly by reduction
of its nitro group by a nitroreductase under conditions achievable only in
anaerobes. The highly reactive resulting compounds interact with nucleic
acids and proteins, causing breakage, destabilization, and cell death.

Resistance

Resistance to metronidazole is rare, and a combination of mechanisms is
required. Both chromosomally mediated and plasmid-mediated resist-
ance have been described. Reports of resistance in Bacteroides spp. have
been attributed to the transferable genes nimA and nimD. Metronidazole
resistance in H. pylori is associated with mutational inactivation of the rdxA,
frxA, and fdxB genes. Metronidazole resistance in T. vaginalis and Giardia is
probably multifactorial, with reduced activation of metronidazole and/or
reduced transcription of the ferredoxin gene.

Clinical use

e Parasitic infections, e.g. bacterial vaginosis, intestinal amoebiasis,
giardiasis, amoebic liver abscess.

o Anaerobic infections, including C. difficile colitis, H. pylori eradication
therapy, small bowel bacterial overgrowth, pouchitis (inflammatory
bowel disease, IBD), infected leg ulcers and pressure sores, PID, dental
infections, and acute ulcerative gingivitis (see Box 2.4).

o Surgical prophylaxis.

Pharmacology

o Metronidazole may be given PO, IV, per vagina (PV), per rectum (PR),
or TOP. It should never be taken with alcohol because of the risk of a
disulfiram-like reaction () see Toxicity and side effects below).

o When given PO, it is absorbed rapidly and almost completely.

o Protein binding is low, and the drug is widely distributed in fluids and

tissues. Metronidazole shows excellent penetration into abscesses.

It is metabolized in the liver by the CYP450 enzyme system.

o Metronidazole and its metabolites are primarily eliminated by the
kidneys.

Toxicity and side effects
o Metronidazole is generally well tolerated.
o Abnormal metallic taste is commonly reported.

Box 2.4 Antibiotics with anaerobic cover

If your patient is on one of the following drugs, seek advice about whether
it is necessary to continue metronidazole:

e co-amoxiclav;

e imipenem or meropenem;

o clindamycin;

o piperacillin—tazobactam.
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o Gl—nausea, anorexia, epigastric discomfort, vomiting, diarrhoea,
constipation.

o Peripheral neuropathy occurs with prolonged treatment.

Disulfiram-like reaction with alcohol, e.g. nausea, vomiting, flushing,

tachycardia, hypotension, acute confusion/psychosis, sudden death.

GU—transient darkening of the urine, dysuria, cystitis, incontinence.

Allergic reactions—rash, urticaria, flushing, bronchospasm, serum

sickness.

o CNS symptoms include headache, dizziness, syncope, vertigo, sleep
disturbance, confusion, excitation, and depression. Cerebellar toxicity
has been seen with high doses and/or prolonged therapy.

o Other—fever, mucocutaneous candidiasis, neutropenia,
thrombophlebitis with [V infusion.

Nitrofurans

The nitrofuran group of antibiotics comprises nitrofurantoin, furazolidone,
and nitrofurazone (the latter two are not available in the UK).

Mode of action

The mechanism of action is poorly understood but requires enzymatic
reduction within the bacterial cell (like metronidazole). The reduced deriva-
tives bind to ribosomal proteins and block translation. They also appear to
directly damage bacterial DNA (like quinolones) and inhibit DNA repair.
Nitrofurans are bactericidal against urinary pathogens such as E. coli,
Citrobacter, group B streptococci (GBS), Staphylococcus saprophyticus, E. fae-
calis, and E. faecium. However, note that only a minority of Enterobacter
spp. are sensitive, and most members of Proteus, Providencia, Morganella,
Serratia, Acinetobacter, and Pseudomonas spp. are resistant.

Resistance
Resistance is rare. In E. coli, resistance may be chromosomal or plasmid-
mediated, and is associated with inhibition of nitrofuran reductase activity.

Clinical use

It is rapidly excreted into the urine after oral absorption and achieves no
useful blood or tissue level. It is therefore restricted to the treatment of
lower UTls in those with adequate renal function.

o Acute uncomplicated cystitis (not pyelonephritis)—3 days;

o Treatment of recurrent UTIs—7 days;

e Prophylaxis of recurrent UTls.

Pharmacology

o Nitrofurantoin has good oral absorption, which is enhanced by food.
e Serum concentrations are low, but urine concentrations are high.

e Activity is enhanced by acid conditions.



RIFAMYCINS g7

Toxicity and side effects

e Gl—nausea, vomiting.

o Pulmonary—acute hypersensitivity (fever, cough, dyspnoea, pulmonary
infiltrates, myalgia, eosinophilia), chronic (pulmonary fibrosis,
bronchiolitis obliterans organizing pneumonia).

Novobiocin

This was once commonly used as a reserve drug for staphylococcal infec-
tions but is now out of favour because of problems with resistance and
toxicity. It acts on the B-subunit of DNA gyrase (like quinolones). It is
used in the diagnostic microbiology laboratory to identify S. saprophyticus
(coagulase-negative, novobiocin-resistant), a urinary pathogen.

Rifamycins

These are semi-synthetic derivatives of rifamycin B, one of a number of
antibiotic compounds produced by Streptomyces mediterranei. They bind
to the B-subunit of DNA-dependent RNA polymerase, resulting in inhibi-
tion and bactericidal activity against a variety of bacteria. Resistance arises
readily by mutation in the rpoB gene (encoding the subunit), and they are
therefore used in combination with other agents to suppress the emergence
of resistance. They stimulate hepatic metabolism by the CYP450 enzyme
system and are primarily excreted in the bile.

Rifampicin (rifampin)

This is the most important rifamycin and is widely used for the treatment of
TB, leprosy, and other bacterial infections.

o Activity—bactericidal against S. aureus (including MRSA), GAS,

S. pneumoniae, N. gonorrhoeae, N. meningitidis, H. influenzae, MTB,

M. kansasii, M. marinum, M. leprae, Legionella spp., L. monocytogenes,
Brucella spp.

Clinical use—TB, leprosy, serious or device-related infections with
antibiotic-resistant staphylococci, pneumococci, Legionella, elimination
of nasopharyngeal carriage of N. meningitidis and H. influenzae.
Pharmacology—>90% oral absorption, widely distributed, low CSF
penetration unless meningeal inflammation, metabolized in the liver
(cytochrome P450), predominantly excreted in the bile and undergoes
enterohepatic circulation, some excreted in the urine. Dose reduction in
renal failure.

Interactions—enhances its own metabolism and that of other drugs, e.g.
warfarin, oral contraceptives, corticosteroids, Pls.

Toxicity and side effects—orange discoloration of body fluids

(contact lenses may discolour), skin rashes, Gl upset, hepatitis,
thrombocytopenia, purpura (stop drug), ‘rifampicin flu” 2-3h after
taking (worse with intermittent therapy than daily regimes), ‘red man
syndrome’ (overdose).
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Rifabutin

Longer half-life and some activity against rifampicin-resistant organisms.
Good in vitro activity against MAC.

o Clinical use—prophylaxis against MAC in acquired immune deficiency
syndrome (AIDS) patients, treatment of NTM disease, treatment of
TB in those who cannot have rifampicin (unacceptable interactions, e.g.
with certain antiretrovirals; intolerance).

Pharmacology—12-20% oral absorption, widely distributed with
concentrations in organs being higher than in plasma.
Interactions—clarithromycin and ritonavir inhibit CYP450, increasing
rifabutin levels.

Toxicity and side effects—skin rashes, Gl upset, hepatitis, neutropenia,
uveitis, and arthralgia (with higher doses).

Rifapentine

Not widely used in the UK. Similar to rifampicin, its prolonged half-life
allows once-weekly dosing for the continuation phase of TB treatment in
non-cavitatory, drug-susceptible, smear-negative (at 2 months) TB. It can
be used weekly with isoniazid for the supervised treatment of latent TB and
may help improve compliance. Should not be given in HIV-infected patients,
as it has high treatment failure rates.

o Pharmacology—70% oral absorption; well distributed, with tissue
concentration exceeding plasma concentrations, except in CSF

and bone.

Interactions—potent inducer of CYP450, resulting in reduced
concentrations of co-administered drugs, e.g. Pls.

Toxicity and side effects—neutropenia, hepatitis, animal evidence of
teratogenicity and fetal toxicity (avoid in pregnancy).

Other rifamycins

e Rifamide—used in staphylococcal and biliary infections (limited
availability).

o Rifamycin SV—can be given parenterally or TOP (not available in
the UK).

o Rifaximin—used in traveller’s diarrhoea, hepatic encephalopathy (not
available in the UK). May have a role in C. difficile-associated disease
(CDAD).

Polymyxins

The polymyxins (polymyxin B, and polymyxin E or colistimethate sodium)
are produced by Bacillus polymyxa. They were used parenterally until the
development of aminoglycosides and fell into disuse in the 1980s. With
the emergence of MDR Gram-negative organisms, e.g. Pseudomonas
spp. and Acinetobacter spp., injectable polymyxins began playing a greater
role. Colistimethate sodium is available as colistin sulfate (TOP and non-
absorbable PO products) and colistimethate sodium (IV). Polymyxin B is
available TOP and as a parenteral preparation that can be given IV or IM.
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Mode of action

Polymyxins are cyclic cationic polypeptide detergents. They penetrate cell
membranes and interact with phospholipids, disrupting the membranes and
causing cytoplasmic leakage. They are rapidly bactericidal. The effect is not
very selective, explaining their toxicity. Their spectrum of action includes
many GNRs (exceptions include Proteus spp., S. marcescens, M. catarrhalis,
and B. cepacia). Gram-positive bacteria and Gram-negative cocci are inher-
ently resistant. They are primarily used in the treatment of multiresistant
P. aeruginosa and A. baumanii, in which acquired resistance is uncommon.

Clinical use

o Polymyxins are used for the treatment of severe infections caused by

MDR Gram-negative organisms, e.g. VAP, joint infection.

Colistin sulfate has been used for intestinal decontamination.

o Aerosolized colistimethate has been used to treat multiresistant VAP
and CF patients with pulmonary colonization or infection with MDR
Pseudomonas spp.—usually in combination with additional [V agents.
There is, however, minimal evidence of outcome benefit of the neb
route over [V when used in patients with MDR VAP.

o Greater use has seen a rise in resistance—polymyxin-resistant variants
of the K. pneumoniae KPC clone have been reported from Greece, the
UK, and other countries. The BSAC Respiratory Surveillance (2011/
2012) reported 15% colistin resistance (mostly MIC >64mg/L) in
Enterobacter spp.

Pharmacology

Not absorbed PO. Good serum levels after IV administration, but poor
penetration of CSF, biliary tract, pleural fluid, and joint fluid. Renally
excreted—reduce the dose in renal impairment.

Toxicity and side effects
Dose-related nephrotoxicity and neurotoxicity (paraesthesiae, peripheral
neuropathy, and neuromuscular blockade). Bronchospasm with inhalation.

Fusidic acid

Fusidic acid is a member of the fusidane class of antibiotics, derived from
the fungus Fusidium coccineum and chemically related to cephalosporin
P. The sodium salt of fusidic acid (fucidin) was introduced into clinical prac-
tice in 1962.

Mode of action

Bacteriostatic, inhibiting protein synthesis by blocking elongation fac-
tor G. Fusidic acid also has in vitro and in vivo immunosuppressive effects.
It is active against S. aureus, most CoNS, B-haemolytic streptococci,
Corynebacterium spp. and most Clostridium spp. It is active against M. leprae,
but not useful against MTB.
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Resistance

Occurs by chromosomal mutations in the fusA gene which codes for elon-
gation factor, and by plasmid-mediated resistance resulting in reduced
permeability to the drug. This is of particular concern with long-term mon-
otherapy, so fusidic acid is often combined with another agent.

Clinical use

Fusidic acid is mainly used for the treatment of staphylococcal infections,
and many MRSA strains remain sensitive. In most clinical settings, it should
be used in combination with another agent to reduce the risk of resistance
developing. Useful in skin and soft tissue infections, bacteraemia, endocardi-
tis, septic arthritis, osteomyelitis, and LRTIs in CF patients. It has been used
to treat erythrasma due to Corynebacterium minutissimum and lepromatous
leprosy.

Pharmacology

Fusidic acid may be given PO, TOP, or IV. Oral absorption is rapid and
almost complete. It is highly protein-bound and widely distributed in most
tissues. Metabolized in the liver by CYP450 and eliminated in the bile.

Toxicity and side effects

Generally well tolerated, but the oral form may cause nausea, vomiting, and

reversible jaundice (6%). The IV form is associated with thrombophlebitis

and jaundice (17%). Ophthalmic preparations may cause itching or stinging.

A drug-induced immune-mediated thrombocytopenia has been described.
Systemic fusidic acid should not be given with statins because of the risk

of serious and potentially fatal rhabdomyolysis.

Mupirocin
Mupirocin is a pseudomonic acid, produced by Pseudomonas fluorescens,

that is not related to any other antibiotic in clinical use. Available prepara-
tions are for external use only.

Mode of action

Bacteriostatic—inhibits bacterial RNA and protein synthesis by binding to
bacterial isoleucyl tRNA synthetase, preventing the incorporation of isoleu-
cine into protein chains in the bacterial cell wall. It is active against staphylo-
cocci and certain other Gram-positive organisms.

Resistance

Low-level resistance is due to spontaneous mutation resulting in altered
access to binding sites in isoleucyl tRNA synthetase. High-level resistance
is mediated on transferable plasmids by the mupA gene, which codes for a
modified enzyme. Mupirocin resistance in MRSA has been associated with
widespread use—prolonged use (>7 days) is discouraged.
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Clinical use

Primarily used for skin infections, e.g. impetigo and folliculitis, and for nasal
decolonization of S. aureus or MRSA carriage. Mupirocin has also been used
for treatment of secondarily infected eczema, burns, lacerations, and ulcers.

Pharmacology
Given TOP as a cream or nasal ointment.

Toxicity and side effects
Local reactions, such as pruritus, burning sensation, rash, and urticarial, may
occur, particularly if used on broken skin.

Antituberculous agents

The traditional first-line drugs (rifampicin, isoniazid, pyrazinamide, and eth-
ambutol) remain the most effective and least toxic. Agents vary in their
activity under different conditions. In classic pulmonary TB, most organ-
isms are in cavities open to the bronchi (oxygenated, more alkaline, actively
multiplying), with a smaller less active population in necrotic tissue or inside
macrophages (less oxygen and more acidic). An agent’s bactericidal activ-
ity against rapidly multiplying bacteria determines the effectiveness of the
early response to treatment, whereas sterilizing activity against less active
persisters influences the risk of relapse after treatment finishes. Rifampicin
acts against intra- and extracellular organisms, in addition to those dor-
mant in nodules. Isoniazid and streptomycin are bactericidal against repli-
cating tubercle bacilli in cavities. Pyrazinamide is active against intracellular
organisms in acidic environments (e.g. necrosis—hence its importance in
the induction phase of ‘short-course’ therapy). For treatment guidelines,
© see Pulmonary tuberculosis, pp. 627-8.

First line

Isoniazid (H)

e Isonicotinic acid hydrazide, synthetic agent. Penetrates rapidly into
tissues and lesions.

e Mode of action—inhibits mycolic acid synthesis. Rapidly bactericidal

against actively replicating MTB (MIC 0.01-2mg/L). Most other

mycobacteria are resistant.

Resistance—isoniazid resistance is one of the two most frequent forms

of resistance (5.5% of isolates mono-resistant in 2014 in England).

Associated with mutations in inhA (mycolic acid synthesis), katG (catalase

peroxidase), and oryR-ahpC genes.

Clinical usage—treatment of all forms of TB infection,

chemoprophylaxis in contacts and highly susceptible patients. LFTs

should be measured before starting treatment, as a comparison for any

subsequent adverse reactions.

Pharmacology—>95% oral absorption, widely distributed, good

CSF penetration (50-80% of serum levels), metabolized in liver

(N-acetyltransferase), excreted in urine. Given as a single daily dose,

as high peak concentrations are more important than a continuously
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inhibitory level. Patients may be fast or slow acetylators, depending on
genetic polymorphism—this is of clinical significance only if intermittent
weekly regimes are considered. Dose reduction in renal failure.

Toxicity and side effects—neurotoxicity (interferes competitively

with pyridoxine metabolism; reduced by co-administration of the
vitamin), hepatitis (potentially serious and risk increases with age;

for management, é; see Acute hepatitis, pp. 671-3), arthralgia,
hypersensitivity, antinuclear antibody-positive lupus-like syndrome;
inhibits the hepatic metabolism of several drugs, increasing plasma levels
(e.g. warfarin, diazepam, phenytoin, carbamazepine).

Rifampicin (R)
(& see Rifamycins, pp. 67-8.)

Highly potent and effective TB drug; 1.4% of English isolates mono-
resistant in 2014, much higher (>20%) in Thailand and countries of the
former Soviet Union.

Bactericidal against actively replicating MTB and other mycobacteria
(M. kansasii, M. marinum, M. leprae).

Pyrazinamide (Z)

Pyrazinoic acid amide, synthetic nicotinamide analogue. Particularly
effective against intracellular tubercle organisms in acidic environments
(e.g. necrotic inflammatory foci) and an essential component of the first
2 months of ‘short-course’ (6-month) treatment regimes.

Mode of action—unknown. Activity requires conversion to pyrazinoic
acid by mycobacterial pyrazinamidase.

Resistance—uncommon and is due to mutations in the pncA
(pyrazinamidase) gene. Mycobacterium bovis is inherently resistant;
consider this organism if preliminary sensitivities of a presumed TB
culture indicated pyrazinamide mono-resistance.

Pharmacology—>90% oral absorption, widely distributed, good

CSF penetration. Metabolized in the liver; excreted by kidneys. Dose
reduction in renal failure. Increase the dose in dialysis patients.

Toxicity and side effects—rare but include Gl upset, hepatotoxicity, gout
(inhibits excretion of uric acid), arthralgia, photosensitivity.

Ethambutol (E)

Hydroxymethylpropylethylene diamine, synthetic compound.
Mechanism of action—inhibits arabinosyl transferase enzymes (synthesis
of arabinogalactan and lipoarabinomannan). Bacteriostatic and active
against mycobacteria (MTB, M. kansasii, M. xenopi, M. malmoense) and
Nocardia.

Resistance is uncommon—develops slowly during therapy, caused by
point mutations in the genes encoding arabinosyl transferase enzyme
(embA, embB, and embC).

Pharmacology—75-80% oral absorption, widely distributed, 25-40%
CSF penetration. Metabolized in the liver, renal excretion. Dose
modification in renal failure.

Adverse effects—optic neuritis (dose-dependent, resulting in changes
in acuity and colour vision; reversible in early stages if treatment
discontinued promptly; measure acuity before, and monitor during,
treatment), peripheral neuropathy, arthralgia, hyperuricaemia, rashes.
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Streptomycin (S)

(® see Aminoglycosides, pp. 46-8.)

o An aminoglycoside. Use limited by toxicity and resistance. pH-
dependent activity, thus antimicrobial effect reduced in lung secretions
(low pH). Bactericidal against MTB in the proliferative phase.
Resistance—emerged rapidly in the past when given as a single agent.
Due to mutations in ribosomal binding protein or the ribosomal binding
site (e.g. rpsL gene encodes ribosomal protein $12). Primary resistance is
seen in populations with a high incidence of isoniazid resistance.
Pharmacology—not absorbed from the Gl tract, administered IM.
Widely distributed, but poor penetration of CSF (better if meninges
inflamed), bone, aqueous humour, and abscesses; 99% renal excretion.
Monitor serum levels in those over 40 years old.

Adverse effects—ototoxicity is the most important problem, with
vestibular damage in <30%. Perform baseline testing. Other—injection
site reactions, hypersensitivity, neuromuscular blockade, peripheral
neuritis, optic neuritis.

Second line

Considered to have less favourable pharmacokinetic profiles, a relative lack
of clinical data, or an increased incidence/severity of adverse events, com-
pared to first-line agents. Some are considerably more expensive. They are
used in cases of intolerance or resistance to first-line drugs. Treatment in
these situations may be complicated, and advice should be sought from a
specialist experienced in treating such patients. Certain agents are used in
the treatment of atypical mycobacterial infections (@) see Non-tuberculous
mycobacteria, pp. 361-2).

Para-aminosalicylic acid (PAS)

e Mode of action—interferes with folate synthesis and iron uptake (by
inhibition of the salicylate-dependent biosynthesis of iron-chelating
‘mycobactins’). Bacteriostatic against MTB.

Clinical usage—used for MDR-TB in developed countries. Cost limits
use elsewhere. Evidence for its effectiveness compares unfavourably
with that for cycloserine or the thioamides.
Pharmacology—incomplete oral absorption, hepatic metabolism, renal
excretion (metabolites accumulate in severe renal impairment and
contraindicated, unless no alternative).

Adverse effects—Gl upset, interferes with iodine metabolism (check
thyroid function tests (TFTs) at baseline and 3-month intervals),
hepatitis (check LFTs at baseline), coagulopathy.

Capreomycin

o Cyclic polypeptide antibiotic, produced by Streptomyces capreolus; its
mode of action is unknown.

Resistance—mechanism unknown. No cross-resistance with
streptomycin, but some kanamycin/amikacin-resistant isolates are cross-
resistant to capreomycin.

Clinical usage—first-line injectable agent in MDR-TB, particularly if
streptomycin-resistant.
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Pharmacology—administered IM or IV daily (lower dose for those over
60 years). It may be possible to reduce frequency once the sputum

is culture-negative. Renally excreted (reduce the dose and frequency

in renal impairment); no useful CSF penetration. Toxicities may be
potentiated by aminoglycoside use.

Adverse effects—injection site reactions, ototoxicity, nephrotoxicity
(potassium (K) and magnesium (Mg) wasting, proteinuria),
neuromuscular blockade. Perform baseline audiometry and vestibular
testing. Monthly renal function, and K/Mg and audiology testing while
on therapy.

Cycloserine

Naturally occurring amino acid that inhibits cell wall synthesis. Derived
from Streptomyces orchidaceus. Mechanism of resistance unknown.
Activity—broad: S aureus, streptococci, enterococci, Enterobacteriaceae,
Nocardia spp., Chlamydia spp., and mycobacteria.

Clinical use—usually given bd; start with a low dose, and increase as
tolerated. No data to support intermittent therapy.
Pharmacology—well absorbed PO; widely distributed, including

CSF; 50% metabolized, 50% excreted unchanged in the urine (dose
modification required in renal impairment).

Adverse events—CNS (psychosis, depression, convulsions); pyridoxine
may help. Assess the neuropsychiatric status monthly.

Thioamides (ethionamide, prothionamide)

Thioisonicotinic acid derivatives that inhibit mycolic acid synthesis.
Bacteriostatic for TB, weakly bactericidal to M. leprae. Resistance
mechanism unknown. Some isolates are resistant to both isoniazid and
the thioamides which may be associated with mutations in the inhA gene
promoter region (involved in mycolic acid synthesis).
Pharmacology—well absorbed; widely distributed, including CSF;
metabolized in the liver, 99% excreted as metabolites in the urine (dose
reduction in renal failure). Contraindicated in pregnancy.

Adverse effects—Gl upset (nausea may be severe enough to require
bedtime administration with anti-emetic), hypersensitivity, hepatitis,
CNS (pyridoxine may help).

Thiacetazone

Acetylaminobenzaldehyde thiosemicarbazone.

Mode of action—poorly understood, inhibits mycolic acid synthesis.
Resistance—mechanism unknown. Primary and acquired resistance are
common in developing countries where it has been used widely.
Clinical usage—rarely used because of low efficacy and frequency of
adverse effects. Should never be given to an HIV-infected patient.
Pharmacology—uwell absorbed, 20% eliminated in the urine.

Adverse events—rash, exfoliative dermatitis, Stevens—johnson
syndrome (especially in HIV patients), Gl upset, vertigo, conjunctivitis.

Others

Fluoroquinolones (@) see Quinolones, pp. 62—4)—later-generation
drugs (e.g. moxifloxacin) are significantly associated with cure in MDR-
TB. Their use is recommended in the treatment of such patients.
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Aminoglycosides (&) see Aminoglycosides, pp. 46-8)—kanamycin and

amikacin. Ototoxic and nephrotoxic—perform baseline audiometry and

vestibular testing.

o Viomycin—a cyclic polypeptide antibiotic, related to capreomycin with
which it displays cross-resistance. Limited usage.

o Bedaquiline—a novel agent which acts by inhibiting mycobacterial ATP

synthase. Approved in 2012 for the treatment of MDR-XDR-TB and on

the WHO essential drugs list. For specialist use only—risk of increased

mortality and prolonged QT interval.

Delamanid—approved in 2014 for the treatment of MDR-XDR-TB.

Blocks synthesis of mycolic acids. On the WHO essential drug list.

Limited data on effectiveness.

Drugs with limited evidence base used in the treatment of MDR-

TB and XDR-TB include linezolid (increasing evidence supporting

its effectiveness may see it used more routinely in resistant TB),

co-amoxiclay, clarithromycin, imipenem, clofazimine, carbapenems,

thioacetazone.

Always seek specialist advice when managing resistant TB. The British

Thoracic Society (BTS) operate an online clinical advice service on the

following link: 8 forums.brit-thoracic.org.uk.

Antileprotics

Introduced by the WHO in 1982, multidrug therapy (MDT) with a combi-
nation of dapsone, clofazimine, and rifampicin is the current treatment for
infections with M. leprae (see Table 2.5). It has been very successful, with
a high cure rate, few side effects, and low relapse rate. However, disability

caused by leprotic neuropathy and eye damage may not be reversible.

Dapsone

Since first used to treat leprosy by Cochrane in 1947, dapsone has remained
the cornerstone of treatment. The emergence of drug resistance in the

1960s led to the MDT recommendations.

Table 2.5 MDT regimens for the treatment of M. leprae infections

Regimen Drug Duration
Paucibacillary leprosy ~ Dapsone 100mg daily 6 months
@, ) Rifampicin 600mg monthly

Multibacillary leprosy .Dapsone 100mg daily .2 years
(LL, BL, BT)

Clofazimine 50mg daily and 300mg monthly
Rifampicin 600mg monthly

BL, borderline lepromatous leprosy; BT, borderline tuberculoid leprosy; LL, lepromatous leprosy;
TT, tuberculoid leprosy.

NB. The regimens shown in Table 2.5 are those of the WHQO. The guidance of the American
National Hansen’s Disease Programme differs with longer durations (12 months for
paucibacillary, 24 months for multibacillary) and daily rifampicin dosing.

75
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e Mode of action—a diaminodiphenyl sulfone which is active against many
bacteria and some protozoa. It inhibits the synthesis of dihydrofolic acid.
Bacteriostatic and weakly bactericidal. Resistance acquired by sequential
mutations.

Pharmacology—>90% oral absorption; widely distributed, but
selectively retained in the skin, kidneys, and liver; metabolized by
oxidation and acetylation; mostly renally excreted.

Toxicity and side effects—Gl upset, anorexia, headaches, dizziness,
insomnia, ‘dapsone syndrome’ (fever, skin rash + lymphadenopathy,
jaundice, hepatomegaly), haemolysis (especially if G6PD deficiency),
methaemoglobinaemia, sulfhaemoglobinaemia.

Clinical use—leprosy, malaria (treatment and prophylaxis),
toxoplasmosis (prophylaxis), pneumocystis pneumonia (PCP)
(treatment and prophylaxis), dermatitis herpetiformis. Patients should
be screened for G6PD deficiency before treating.

Clofazimine

e Mode of action—unknown. An iminophenazine dye with anti-
inflammatory properties, active against mycobacteria (MTB,

M. scrofulaceum, M. leprae, M. avium intracellulare (MAI), M. fortuitum,
M. chelonae), Actinomyces spp., and Nocardia spp. While weakly
bactericidal alone, it displays pronounced synergy with dapsone.
Resistance is rare.

Pharmacology—well absorbed PO, taken up by adipose tissue and
monocytes/macrophages, long half-life (10-70 days), excreted in the
urine and faeces.

Adverse effects—Gl upset, skin discoloration (dose-related, reversible,
and particularly pronounced in leprotic skin lesions, as the drug is
lipophilic and accumulates in the organism’s mycolic cell wall), small
bowel oedema/subacute obstruction (prolonged use).

o Clinical use—leprosy.

Rifampicin

o Most effective antileprotic; highly bactericidal, even with monthly dosing.
Renders the patient non-infectious within days of starting therapy
(® see Rifamycins, pp. 67-8).

Alternative agents

Evidence for the use of alternative combinations is limited. Other antibiot-

ics with bactericidal activity against M. leprae are shown below; all are less

bactericidal than rifampicin.

e Minocydline (the only tetracycline with significant activity; ©) see
Tetracyclines, pp. 56-8);

o Ofloxacin (levofloxacin and moxifloxacin are also effective, but there are
less clinical data; ©) see Quinolones, pp. 62-4);

e Clarithromycin (the only effective macrolide; @) see Macrolides,
pp. 48-50).
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Short-course therapy

Recent research has focused on determining alternative regimens of
shorter duration. A single-dose regimen of rifampicin, ofloxacin, and mino-
cycline has been trialled for single-lesion paucibacillary leprosy and is slightly
less effective.

Immunological reactions

Systemic inflammatory complications can occur before, during, or years

after treatment. Symptoms include: fatigue, malaise, fever, neuritis, arthritis,

and iritis. Neuritis must be treated aggressively, in an effort to avoid nerve
damage and disability.

o Reversal reactions (type 1 reactions) can be treated with aspirin (if mild)
or prednisolone (if moderate to severe). Up to 60mg prednisolone for
20 weeks or more may be required. Around 70% of patients improve;
second-line: ciclosporin.

o Erythema nodosum leprosum (type 2 reactions) can be treated with
aspirin (if mild), prednisolone, or thalidomide (if severe; may require
years of treatment). Clofazimine may have a role in chronic cases.
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Antifungals: introduction

A number of antifungal agents are available:

e alkylamines inhibit ergosterol biosynthesis by inhibiting squalene
epoxidase, e.g. terbinafine;

antimetabolites that interfere with DNA synthesis, e.g. flucytosine;
azoles inhibit ergosterol synthesis by blocking 14-a-demethylase, e.g.
imidazoles and triazoles;

o glucan synthesis inhibitors, e.g. echinocandins;

e polyenes bind to the fungal cell membrane and cause it to leak
electrolytes, e.g. nystatin, amphotericin;

miscellaneous agents, e.g. griseofulvin.

Polyenes

Two are in clinical use—nystatin and amphotericin. Neither is absorbed PO,
and only amphotericin can be administered IV. Amphotericin acts against
a wide range of pathogenic fungi. It is a cornerstone in the treatment of
invasive fungal infections (e.g. disseminated candidiasis, cryptococcosis,
aspergillosis), including the dimorphic fungi. Organisms intrinsically resist-
ant to amphotericin are: dermatophytes, Aspergillus terreus, Fusarium spp.,
Pseudallescheria boydii, Scedosporium prolificans, Trichosporon beigelii, and
some mucormycoses.

Mode of action

Polyenes bind to ergosterol in the fungal cell membrane, resulting in
increased membrane permeability. Essential cell contents leak and the
cell dies.

Resistance
o Candida lusitaniae may develop resistance to amphotericin B during
treatment.
o Otherwise acquired resistance is rare, apart from in AIDS patients with
relapsing cryptococcal disease, and cancer patients with prolonged
neutropenia and yeast infections.

Clinical use

Ampbhotericin

o Conventional IV amphotericin deoxycholate may be used to treat

systemic fungal infections. It is the drug of choice for aspergillosis and

also commonly used for disseminated candidiasis and cryptococcosis,

either alone or with flucytosine (€) see Other antifungals, pp. 86-7).

Toxicity is a major problem with systemic therapy. Lipid formulations

of amphotericin are better tolerated and recommended if toxicity or

renal impairment preclude the use of conventional amphotericin. Other

licensed indications include:

- Abelcet® for systemic fungal infections not responding to

conventional amphotericin or other antifungals (it can be given at a
higher dose than the other lipid formulations);
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AmBisome® for infections in febrile neutropenia unresponsive to
broad-spectrum antibacterials, and visceral leishmaniasis.
o Amphotericin is used for mucosal candidiasis, and a solution can be used
for continuous bladder irrigation in mycotic infections.

Nystatin

o Nystatin is limited to topical treatment of mucosal infections, and
Candida infections of the oropharynx, oesophagus, intestinal tract, and
vagina.

o Drops are used for mucosal Candida.

o Nystatin cream or pessaries are used to treat vaginal candidiasis. It stains
clothes yellow and damages latex condoms and diaphragms.

Pharmacology

Amphotericin is usually given IV with a carrier (e.g. deoxycholate). It is
highly protein-bound and penetrates the CSF and other body fluids poorly.
Liver or renal impairment and dialysis have little effect on serum levels. The
lipid formulations have widely diverse pharmacokinetics.

Toxicity and side effects

o Despite the theoretical selective toxicity to fungal cell membranes,
compared to human cell membranes, conventional amphotericin is
associated with infusion-related reactions (chills, fever, headache,
nausea, vomiting) and nephrotoxicity. A test dose is required (because
of the risk of anaphylaxis), and close supervision is necessary (monitor
FBC, LFTs, renal function, and electrolytes). Prophylactic antipyretics
or hydrocortisone may be tried in patients with previous acute adverse
reactions, in whom ongoing treatment is essential. Toxicity has driven
the development of new lipid formulations (see Table 3.1) that may be
preferred in well-resourced health systems.

Additional side effects of IV amphotericin include Gl (anorexia,

nausea and vomiting, diarrhoea, epigastric pain), muscle and joint pain,
anaemia and other blood disorders, cardiovascular toxicity (including
arrhythmias, especially if infused too quickly), neurological disorders,
abnormal LFTs, and rash and pain at the infusion site.

Table 3.1 Lipid formulations of amphotericin

Name Formulation

Liposomal Drug encapsulated in phospholipid-
amphotericin(AmBisome®) containing liposomes

Amphotericin colloidal dispersion Drug complexed with cholesterol sulfate
(ABCD; Amphocil®) to form small lipid discs

Amphotericin lipid complex Drug is complexed with phospholipids to

(ABLC; Abelcet®) form ribbon-like structures
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Imidazoles

Commonly used imidazoles include clotrimazole, miconazole, and ketocon-
azole. Other rarely used agents: econazole, fenticonazole, sulconazole, and
tioconazole. They should be considered for topical use only; ketoconazole
can be given PO but has been implicated in fatal hepatotoxicity, and the
triazoles are now preferred for the treatment of systemic fungal infections.

Mode of action

The imidazoles inhibit the synthesis of ergosterol, the main sterol in fungal
cell membranes, by inhibiting the cytochrome P450-dependent enzyme 14-
a-demethylase. The damaged cell membrane becomes permeable, lead-
ing to cell lysis. However, the imidazoles should be considered fungistatic,
although some may be fungicidal at high concentrations.

Resistance

Acquired ketoconazole resistance is rare, but there are case reports of
ketoconazole resistance in patients treated for chronic mucocutaneous
candidiasis, and AIDS patients with mucosal candidiasis.

Clinical use

o Ketoconazole—oral use for systemic mycoses, serious chronic resistant
mucocutaneous candidiasis (including vaginal), serious resistant Gl
mycoses, and resistant dermatophyte infections of fingernail skin (not
toe), non-life-threatening infections with dimorphic fungi. Largely
replaced by triazoles. It should not be used for trivial dermatophyte
infections due to potentially fatal hepatotoxicity.

Miconazole—oral gel for the treatment or prophylaxis of oral and intestinal
fungal infections. Hold in the mouth near localized lesions, after food.
Clotrimazole or miconazole cream/pessaries are used to treat vaginal
candidiasis. They can damage latex condoms and diaphragms. Topical
preparations are used for many fungal skin infections, e.g. dermatophyte
infections, pityriasis versicolor, and candidiasis.

o Clotrimazole solution is used for fungal otitis externa infections.

Pharmacology

o Ketoconazole is better absorbed by mouth than the other imidazoles,
but levels are highly variable. It is only available PO, and co-
administration of antacids should be avoided. Poor CSF penetration.

o Miconazole is available as an oral gel for mouth infections, but systemic
absorption may result in significant drug interactions. Clotrimazole is
used topically.

Toxicity and side effects

Ketoconazole has been associated with fatal hepatotoxicity—consult an
expert before use, and monitor liver function. Ketoconazole and micona-
zole are contraindicated in hepatic impairment, pregnancy, and breastfeed-
ing. Side effects of these two drugs include Gl (nausea, vomiting, abdominal
pain), rashes, and headache. With topical preparations, avoid contact with
eyes and mucous membranes, and discontinue if severe local irritation or
hypersensitivity reactions occur.
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Triazoles

The triazoles are important agents in the treatment of systemic mycoses.
They differ widely in their spectrum of activity. Varying kinetics, with
potential for significant drug interactions—check product details. Avoid in
pregnancy.

Mode of action

As for imidazoles. Essentially fungistatic, but voriconazole is fungicidal
against Aspergillus. Well absorbed PO, but only fluconazole and voricona-
zole penetrate into the CSF in useful concentrations.

Fluconazole
o Active against yeasts, but no meaningful activity against Aspergillus spp.
or most other moulds.
- Useful against most Candida spp. (not Candida krusei), Cryptococcus
spp., Coccidioides immitis.
Limited activity against Histoplasma capsulatum, Blastomyces
dermatitidis, and Sporothrix schenkii.
Resistance—C. krusei is intrinsically resistant to fluconazole. Candida
glabrata has high fluconazole MICs; 10-15% are resistant. Acquired
resistance to fluconazole has been reported in C. albicans in HIV
patients.
Pharmacology—available as PO and IV preparations. Well absorbed
PO (90% bioavailable); CSF levels of 60-80% of serum CSF. Renal
excretion; reduce the dose in impairment.
Clinical use—treatment of oropharyngeal, vulvovaginal, and invasive
candidiasis. Also used for prophylaxis in transplant patients.
Side effects and toxicity—generally well tolerated. May cause
abnormal LFTs.

Itraconazole
o Active against yeasts (including fluconazole-resistant C. krusei and
C. glabrata), moulds, and dimorphic fungi.
- Useful against: Candida spp., Cryptococcus spp., Aspergillus spp.,
P. boydii, S. schenkii, H. capsulatum, B. dermatitidis, C. immitis,
Paracoccidioides brasiliensis, Penicillium marneffei, and dermatophytes.
Limited activity against Fusarium spp. and Zygomycetes.
Resistance—detectable in most of the aforementioned species, as well
as others.
Pharmacology—available as oral capsule, oral suspension, or [V
formulation. Absorption differs between formulations and is highly
variable—suspension is best, but Gl upset is common. Gastric
acidity and food affect absorption. Highly lipophilic; achieves high
concentrations in fatty tissues and purulent exudates.
Clinical use—used in the treatment of yeast and mould infections,
especially fluconazole-resistant Candida spp. and Aspergillus spp. Variable
bioavailability limits its use in the severely ill.
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Side effects and toxicity—side effects are rare and similar to those of
fluconazole. Hypertension, hypokalaemia, oedema, headache, and
altered mental state have been reported. Seek advice before giving
itraconazole to patients at risk of heart failure (e.g. elderly, those with
cardiac disease or on negative inotropes, e.g. calcium channel blockers,
or those on long courses/high doses of itraconazole).

Voriconazole

Structurally similar to fluconazole. Inhibits P45014DM to a greater
extent than fluconazole and enhanced activity against Aspergillus spp.
- Widely active: Candida spp. (fungistatic), Cryptococcus spp.
(fungistatic), Aspergillus spp. (fungicidal), B. dermatitidis, C. immitis,
H. capsulatum, Fusarium spp., and P. marneffei. Active against
fluconazole-resistant C. krusei, C. glabrata, and Candida guilliermondii.
- Not useful for Zygomycetes, e.g. Mucor spp. and Rhizomucor spp., due
to high MICs.
Pharmacology—available PO or IV; 90% PO bioavailability. [V
formulation contains a vehicle known to accumulate in renal
failure, thus limited to those with CrCl of >50mL/min. Non-linear
pharmacokinetics, and therapeutic drug monitoring may be useful.
Clinical use—licensed for treatment of invasive aspergillosis and
invasive candidiasis. Salvage therapy of Scedosporium apiospermum and
Fusarium spp.
Side effects and toxicity—dose-related, transient visual disturbance, skin
rash, abnormal LFTs, visual hallucinations.

Posaconazole

The only azole with consistent activity against Zygomycetes.
- Excellent activity against Candida spp. (including those with
reduced fluconazole susceptibility), Aspergillus spp., S. schenkii,
H. capsulatum, B. dermatitidis, C. immitis, P. brasiliensis, P. marneffei,
and many causative agents of chromoblastomycosis, mycetoma, and
phaeohyphomycosis.
Pharmacology—oral suspension available. IV formulation under
development.
Clinical use—used in prevention of invasive antifungal infections
in high-risk patients with neutropenia or graft-versus-host disease
(GVHD). Also used as salvage therapy in patients with invasive fungal
infections that failed primary therapy (usually amphotericin). Preliminary
data suggest that posaconazole may be effective for zygomycosis
unresponsive to amphotericin.
Toxicity and side effects—more favourable side effect profile than
that of the other triazoles; nausea, headache, rash, dry skin, taste
disturbance, abdominal pain, dizziness, and flushing may occur.

Ravuconazole

Currently in phase Il trials as oral formulation.

Active against Candida spp., C. neoformans, Aspergillus fumigatus,
and dermatophytes. Likely to be active against fluconazole-resistant
Candida spp.
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Echinocandins

Target the fungal cell wall. They are rapidly fungicidal for yeasts, but more
bacteriostatic for filamentous fungi. They are primarily effective against
Candida and Aspergillus spp.—their relatively weak action against other fungi
may reflect differences in fungal wall construction. A large lipopeptide mol-
ecule; all agents are for IV administration.

Mode of action

Blocks the synthesis of glucan (a fungal cell wall component) by inhibiting
the 3-1,3-D-glucan synthase enzyme complex. 3-glucans contribute to cell
wall integrity. They account for <60% of the cell wall mass in yeasts, and
depletion results in cell lysis. Filamentous fungi (e.g. Aspergillus) concen-
trate their 3-glucan synthesis in the tips and hyphal branching points; thus,
echinocandins merely result in impeded growth. Selective fungal-specific
targeting results in fewer side effects, fewer drug interactions, and lack of
cross-resistance with other antifungals. Agents differ in pharmacokinetics
but have similar spectrums of activity.

Spectrum of activity
o Candida—potent activity against Candida spp. Thought to be particularly
effective against biofilm-embedded organisms (a setting in which the
MIC for amphotericin and fluconazole rises dramatically). Active against
fluconazole-resistant C. glabrata and C. krusei.
- C. albicans, C. glabrata, and C.tropicalis are highly susceptible.
- Elevated MICs have been seen for C. parapsilosis, C. guilliermondii.
- Resistance is rare overall. Sporadic acquired resistance occurs.
o Aspergillus—growth is inhibited; most species susceptible. Rather
than ‘MICs’, the ‘MEC’ (minimum effective concentration) endpoint is
determined by the lowest concentration, resulting in grossly abnormal
hyphal forms.
o Other—not considered useful against dimorphic fungi, Cryptococcus
or non-Aspergillus moulds. No role in treatment or prevention of
Pneumocystis (glucan synthase is expressed only during the cystic, not
trophic, part of the life cycle).

Clinical use

All are approved for invasive candidiasis (adults) and oesophageal candidi-
asis. Further specific approvals are as follows.

Caspofungin

o Pharmacology—protein binding is >90%. Widely distributed, with high
levels in the lungs, liver, spleen, and kidneys, and lower levels in the
CSF. Loading dose is followed by lower daily dosing. Metabolized by the
liver. Reduce the dose in moderate hepatic impairment. Metabolites
eliminated in the urine and faeces. No dose adjustment is required in
renal impairment. Dose increase may be needed with rifampicin and
potent inducers of cytochrome P450.

Clinical use—as with pharmacology plus: invasive Aspergillus infections
where other therapies fail or are not tolerated; empirical therapy in
neutropenic patients.
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o Toxicity and side effects—nausea, vomiting, abdominal pain, diarrhoea,
flushing, fever, headache, and injection site reactions. Transient LFT
abnormalities occur in 11-24% of patients.

Anidulafungin

o Pharmacology—Iloading dose necessary for rapid therapeutic
concentrations. No dose adjustment needed for renal or liver impairment.

o Toxicity and side effects—abnormal LFTs.

Micafungin

o Clinical use—as with anidulafungin plus: prevention of Candida infections
post-bone marrow transplantation (BMT).

o Toxicity and side effects—fever, electrolyte disturbances,
abnormal LFTs.

Other antifungals

Flucytosine

A fluorine analogue of cytosine (pyrimidine) that inhibits DNA synthesis.
e Mode of action—inhibits thymidylate synthetase. Also converted to
5-fluorouracil which is incorporated into fungal RNA. Active against
yeasts—no useful action on filamentous fungi.

Resistance—emerges rapidly with monotherapy, thus usually given with
amphotericin (may facilitate entry of flucytosine into the cell). May be
due to loss of cytosine permease (that permits entry of the drug) or
loss of enzymes that convert it into its active metabolites.

Clinical use—cryptococcosis, candidiasis, chromoblastomycosis, in
combination therapy with amphotericin or fluconazole.
Pharmacology—given IV or PO. Rapidly and almost completely
absorbed. Low protein binding. CSF concentrations are 74% of

plasma concentrations; 90% is excreted unchanged in the urine—dose
reduction required in renal impairment.

Toxicity and side effects—rash, diarrhoea, and abnormal LFTs.
Leucopenia, thrombocytopenia, and enterocolitis may occur in patients
with renal impairment—monitor FBC, renal function, LFTs, and serum
flucytosine concentrations weekly during treatment. Flucytosine is
teratogenic in rats and contraindicated in pregnancy.

Griseofulvin

Griseofulvin was previously used for fungal nail infections, but poor

response rates and significant relapse rates have limited its use. Used in

children for tinea capitis. Given PO.

e Mode of action—disruption of fungal cellular microtubules.

o Clinical use—tinea capitis in children. Dermatophyte infections of skin,
scalp, nails, and hair where topical therapy has failed or is inappropriate.

o Toxicity and side effects—impaired performance of skilled tasks,
enhancement of effects of alcohol, headache, nausea, vomiting, and
rashes. May diminish the anticoagulant effect of warfarin. Avoid in
pregnancy, breastfeeding, systemic lupus erythematosus (SLE) (risk of
exacerbation), and liver disease.
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Terbinafine

e Mode of action—acts on the enzyme squalene epoxidase, blocking the
transformation of squalene to lanosterol and thus inhibiting ergosterol
synthesis. The intracellular accumulation of squalene also results in
disruption of fungal cell membranes. Accumulates in keratin.

o Resistance—not yet reported.

o Clinical use—dermatophyte and ringworm infections (including tinea

pedis, cruris, and corporis) where oral therapy is appropriate. Fingernail

infections need a 6-week course, toenails usually 12 weeks. Also

available TOP to treat fungal skin infections.

Pharmacology—given PO or TOP. Metabolized by cytochrome P450

enzymes.

Toxicity and side effects—abdominal discomfort, anorexia, nausea,

diarrhoea, headache, rash, and urticaria. Rare events include liver

toxicity and serious skin reactions (e.g. Stevens—Johnson syndrome).
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Antivirals for herpes simplex virus

and varicella-zoster virus
For therapy, see Table 4.1.

Aciclovir and analogues

Aciclovir was the first agent with demonstrated effectiveness against herpes
simplex virus (HSV) infection. Valaciclovir is the I-valyl ester pro-drug of
aciclovir and is preferred due to its better oral bioavailability. It is rapidly and
nearly completely converted to aciclovir in first-pass enzymatic hydrolysis
in the liver. Penciclovir and its pro-drug famciclovir are similar to aciclovir.

Mode of action
e A nucleoside analogue and substrate for HSV-specific thymidine kinase
(TK); it is phosphorylated only in HSV-infected cells to form aciclovir
triphosphate, a competitive inhibitor of viral DNA polymerase.
Incorporated into viral DNA chain. Causes chain termination. Chain—
enzyme complex formation may irreversibly inactivate the polymerase.
o Most active against HSV 1 and 2, then varicella-zoster virus (VZV) and
Epstein—Barr virus (EBV). Cytomegalovirus (CMV) (does not encode
TK) is resistant at standard therapeutic levels—it has been used for
CMV prophylaxis.

Table 4.1 Antiviral therapy for HSV and VZV

Drug Preparations Use
Aciclovir Oral Treatment and prophylaxis for HSV,
treatment of VZV
I\ Treatment of HSV in the

immunocompromised; treatment of severe
genital herpes, VZV, and HSV encephalitis

Topical Skin and eye infections (e.g. dendritic
corneal ulcer)

Valaciclovir Oral Treatment of herpes zoster and HSV
infections of skin and mucous membranes.
Prevention of CMV disease following solid
organ transplantation

Penciclovir Topical Similar to aciclovir in potency and spectrum
(acyclic of activity. Cross-resistance common. Labial
guanosine HSV treatment

analogue)

Famciclovir Oral Treatment of herpes zoster, acute and
(penciclovir recurrent genital HSV

pro-drug)

Cidofovir () I\ Aciclovir-resistant HSV strains, as activation
see Cidofovir, is not dependent on virus-specified enzymes

pp. 93-4)
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Resistance

o Rarely seen in the immunocompetent host. Mechanisms include:

- reduced/absent TK or altered activity of TK for aciclovi—these
strains may exhibit reduced virulence;
decreased affinity of viral DNA polymerase for aciclovir
triphosphate—emerge particularly in those receiving repeated or
prolonged treatment (e.g. HIV patients).

o HSV may show cross-resistance to related agents (valaciclovir,
famciclovir, penciclovir), and, where resistance is due to TK deficiency,
this may extend to ganciclovir (requires phosphorylation for activity).
Foscarnet tends to be used for the treatment of aciclover-resistant
infections. Resistant HSV is seen in <1% of immunocompetent patients,
6-8% of immunocompromised patients, and up to 17% of patients with
AIDS and transplantation patients receiving over 2 weeks of aciclovir
therapy.

o Aciclovir-resistant VZV is less common—increased risk in chronic
suppressive therapy with subtherapeutic doses.

Pharmacology

o Oral bioavailability: aciclovir 15-20%, valaciclovir up to 54%.

o Oral valaciclovir achieves total aciclovir exposure similar to that of IV

aciclovir, but with lower peak plasma concentrations.

Sixty to 90% renally excreted, the remainder metabolized. Removed by

haemodialysis. Reduce the dose in renal impairment.

o Topical absorption low.

o Crosses the placenta, high levels in breast milk. Not known to be
harmful in pregnancy, but manufacturers advise caution.

Interactions

o Zidovudine—lethargy.

o Ciclosporin and other nephrotoxic agents—renal impairment.

o Probenecid—decreased clearance and prolonged half-life.

o May decrease the clearance of other drugs eliminated by active renal
secretion (e.g. methotrexate).

Side effects and toxicity

o Topical may cause skin irritation.

o Nausea, rash, headache.

o Neurotoxicity in 1-4% of those receiving IV aciclovir, increased in renal
impairment.

e Reversible renal impairment in up to 5% receiving IV aciclovir.

o High-dose valaciclovir may cause Gl disturbance, confusion, and
hallucinations.

Other agents

o Foscarnet (@) see Foscarnet, p. 93)—used to treat mucocutaneous
HSV infections unresponsive to aciclovir.

o Inosine pranobex—effectiveness in HSV unproven.
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Antivirals for cytomegalovirus

Ganciclovir, foscarnet, and cidofovir act by inhibiting viral DNA polymerase
and are used to treat CMV end-organ disease.

Ganciclovir

Inhibits herpesviruses (including HSV and VZV). Particularly potent inhibi-
tion of CMV replication; ~33% of patients receiving IV therapy interrupt or
prematurely stop therapy due to marrow or CNS toxicity. Due to its side
effects, it is restricted to life-threatening or sight-threatening CMV infections
in immunocompromised patients, or to prevention of CMV disease during
immunosuppressive therapy after organ transplantation. It is the preferred
agent for the treatment of symptomatic simian herpes B.

o Mode of action—nucleoside analogue of guanosine. Phosphorylated by
a CMV viral protein kinase (not TK as in HSV). Inhibits viral DNA chain
elongation but does not necessarily cause chain termination (unlike
aciclovir), leading to accumulation of short non-infectious viral DNA
fragments. Unlike aciclovir (phosphorylated only by viral TK in HSV-
infected cells), cellular enzymes also phosphorylate ganciclovir, resulting
in much greater toxicity than the former drug.

Resistance—due to mutations in the protein kinase or DNA
polymerase. High-level resistance seen in prolonged therapy for those
with AIDS or transplantation-related disease (28% of patients acquired
resistance after 9 months of treatment for CMV retinitis in one study).
Pharmacology—ganciclovir oral bioavailability 5-10%, thus given IV

only. Aqueous, vitreous, and subretinal levels similar to serum. Most
eliminated unaltered renally (dose-adjust in impairment). Removed by
haemodialysis. Available as intravitreal implant which requires replacing
every 6 months—Iess used since advent of oral valganciclovir.
Interactions—increases didanosine levels and may increase ciclosporin
levels. Zidovudine and other cytotoxic agents—myelosuppression
significantly increased; they should not normally be given together.
Probenecid decreases clearance and prolongs half-life. Renal dysfunction
with concurrent ciclosporin or amphotericin.

Adverse effects—myelosuppression, e.g. neutropenia and
thrombocytopenia occur in 15-20% of AIDS patients receiving IV
therapy (less in transplantation patients). Usually seen in second

week of therapy and reversible within 1 week of cessation in most
cases. Recombinant granulocyte-colony-stimulating factor (G-CSF)

may be useful. Note that CMV itself can cause marrow suppression
which may improve with therapy; 5-15% have CNS effects—from
headache to confusion and convulsions. Others—renal impairment, LFT
abnormalities, rash, fever, phlebitis at IV site.
Contraindications—pregnancy (ensure effective contraception up to

90 days after therapy), breastfeeding, low haemoglobin (Hb), low WCC
or platelets.

Monitoring—FBC and renal function during treatment.
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Valganciclovir

An ester of ganciclovir that may be given PO; valganciclovir is licensed for
induction and maintenance of CMV retinitis in AIDS and prevention of
transplant-associated CMV disease. The bioavailability of ganciclovir from
oral valganciclovir is 60%. Other properties as those of ganciclovir.

Foscarnet

Principal use is the treatment of ganciclovir-resistant CMV retinitis and
aciclovir-resistant mucocutaneous HSV or VZV. Ninety per cent of retinitis
patients experience clinical stabilization. In those with persistent or relapsed
retinitis, combined foscarnet/ganciclovir delays progression longer than
high doses of the individual agents.

e Mode of action—inorganic pyrophosphate analogue inhibitory for
herpesviruses and HIV. No intracellular metabolism. Directly inhibits
viral DNA polymerase or reverse transcriptase (RT) (100-fold greater
effect, compared with cellular DNA polymerase). Active against most
ganciclovir-resistant CMV strains (and aciclovir-resistant HSV/VZV).
Resistance—due to point mutations in DNA polymerase of HSV/CMV
or RT of HIV. Occurs in <5% of patients.

Pharmacology—oral bioavailability 8%. Vitreous concentrations 1.4
times higher than plasma. Renal elimination—most unaltered (dose-
adjust in impairment). Removed by haemodialysis. Prolonged terminal
half-life due to bone deposition.

Interactions—hypocalcaemia with concomitant IV pentamidine. Renal
dysfunction with concurrent ciclosporin, amphotericin, and other
nephrotoxic agents.

Side effects and toxicity—nephrotoxicity, proteinuria, sometimes acute
tubular necrosis (one-third develop significant renal impairment—
reversible within 3—4 weeks of cessation of therapy). Saline loading may
reduce incidence. Metabolic—hypo- and hypercalcaemia, hypo- and
hyperphosphataemia, hypomagnesaemia, hypokalaemia. CNS—
secondary to hypocalcaemia, and direct effects: seizures, hallucinations.
Nausea, rash, abnormal LFTs, heart block.

o Contraindications—pregnancy and breastfeeding.
Monitoring—electrolytes, calcium (Ca), Mg, phosphate, and renal
function.

Cidofovir

Usedin CMV retinitis in AIDS patients where ganciclovir or foscarnet therapy

not tolerated or failed. Topical gel used in mucocutaneous lesions. Available

intravitreally for CMV retinitis, but very toxic. Conflicting evidence for its

use in the treatment of progressive multifocal leukoencephalopathy (PML).

e Mode of action—acyclic phosphonate nucleotide analogue of
deoxycytidine monophosphate. Active against herpesviruses and other
DNA viruses (e.g. hepatitis B). Activation does not require virus-specific
enzymes, therefore inhibitory for certain aciclovir- and ganciclovir-
resistant HSV and CMV strains. Cellular enzymes metabolize it to the
active form—competitively inhibits viral DNA polymerase.
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Resistance—some ganciclovir and foscarnet cross-resistance associated
with DNA polymerase mutations. Development of resistance
secondary to cidofovir therapy uncommon.

Pharmacology—oral bioavailability <5%. Renal elimination—active
metabolite has a prolonged half-life, allowing fortnightly dosing.

o Side effects and toxicity—dose nephrotoxicity; concomitant probenecid
and saline prehydration reduce incidence. Neutropenia 20%; Fanconi-
like syndrome; intravitreal dosing can cause iritis/ vitritis.
Contraindications—renal impairment (CrCl <55mL/min, proteinuria
2+). Other nephrotoxic agents. Pregnancy and breastfeeding. Men
should not father a child during, or within, 3 months of finishing
treatment.

Antivirals for influenza

The neuraminidase inhibitors oseltamivir and zanamivir are licensed for the
treatment and prophylaxis of influenza A and B. The adamantanes aman-
tadine and rimantadine are only active against influenza A and, due to an
increase in resistant strains, are no longer recommended. Vaccination is the
most effective way of preventing influenza. In the UK, NICE (& www.nice.
org.uk) issues evidence-based guidance on the use of these agents (©) see
Influenza—treatment/prevention, pp. 378-9).

Neuraminidase inhibitors

Sialic acid analogues that inhibit viral neuraminidase and are effective against
both influenza A and B. They have been shown to shorten symptom dura-
tion by 1-3 days, the greatest benefit seen when given to febrile patients
within 24h of symptom onset. Little to no benefit if given after 2 days of
symptoms.

Oseltamivir
o Given PO, with good bioavailability. Shortens symptom duration and
reduces the duration of viral shedding. May also reduce illness severity
and frequency of complications. Some studies suggest a mortality
benefit in severe influenza.
Licensed for treatment within 48h of first symptoms, and prophylaxis
within 48h of exposure—they may provide benefit beyond these times
in severe cases or the immunocompromised.
Resistance results from mutations in either the active site of
neuraminidase (usually drug-specific) or in haemagglutinin at the site
responsible for binding sialic acid residues (resulting in broader cross-
resistance). It may arise during drug therapy, but resistant strains have
spread widely, even in the absence of therapy.
Between 2007 and early 2009, oseltamivir resistance became
widespread among seasonal H1N1 isolates (H274Y mutation)—
90-100% of isolates in most regions. They remained susceptible to
zanamivir and adamantanes.


http://www.nice.org.uk
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- This predominantly resistant strain was replaced in 2009 by the
predominantly oseltamivir-susceptible (but adamantane-resistant)
H1N1 influenza A pandemic strain.

Low levels of resistance have since been reported in the pandemic
strain, often associated with immunocompromised patients, perhaps
a result of prolonged viral shedding despite therapy.

In 2010/11, a variant of pandemic H1N1 with moderate resistance
to both oseltamivir and zanamivir was detected. This was found to
have a mutation in residue 247 of the neuraminidase gene (S247N).
Strains possessing both this and the H274Y mutation have high-level
resistance to both oseltamivir and zanamivir.

Resistance has been observed in influenza B only rarely.

° To><|C|ty and side effects—nausea, vomiting, abdominal pain, headache,
fatigue, and insomnia. Rarely rashes, hypersensitivity, Stevens—Johnson
syndrome.

o Contraindications—use only if benefit outweighs risks in pregnancy and
breastfeeding. Avoid in severe renal impairment.

Zanamivir

o Inhaled. An IV preparation is in development. Poor oral bioavailability.
Levels far above those required for viral inhibition achieved at the
respiratory mucosa after inhalation.

Licensed for treatment within 48h (36h in children) of first symptoms,
or prophylaxis within 36h of exposure. Those with severe disease or
immunocompromise may benefit after this time.

Resistance is rare, and most oseltamivir resistance does not result in
cross-resistance. It is the preferred agent for oseltamivir-resistant virus.
Toxicity and side effects—Gl disturbance. Rarely angio-oedema, rash,
bronchospasm (use with care in those with asthma and COPD—
bronchodilators should be available).

Contraindications—asthma or other chronic respiratory disease,
breastfeeding, caution in pregnancy.

Peramivir

In development. An IV neuraminidase inhibitor used on a compassionate
use basis during the 2009 pandemic. No published large clinical trials at
the time of writing. Preliminary data suggest it is as effective as oseltamivir.

Adamantanes

Amantadine and rimantadine are active only against influenza A. Initiating
therapy within 2 days of symptoms caused by a susceptible virus reduces
the duration of illness by 1-2 days. Their use is limited by side effects, lim-
ited antiviral spectrum, and the rapid development of resistance.

e Mode of action—block viral M2 protein at low concentrations,
preventing viral uncoating in endosomes. Higher concentrations increase
lysosomal pH and inhibit virus-induced membrane fusion.
Resistance—often acquired in the course of treatment of seasonal flu,
and the 2009 pandemic H1N1 strain was resistant.

Pharmacology—well absorbed PO. Amantadine excreted unchanged

by the kidney (decrease doses in the elderly and renally impaired).
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Rimantadine extensively metabolized by the liver before renal excretion
(reduce doses in those with severe liver or renal dysfunction).
Interactions—increased CNS side effects with concomitant
antihistamines or anticholinergics.

Toxicity and side effects—diarrhoea, nausea, difficulty concentrating,
neurotoxicity at high doses or in those with renal impairment,
anticholinergic symptoms with high doses (dry mouth, pupillary dilation,
toxic psychosis, and cardiac arrhythmias). It is a weak dopamine agonist
with modest antiparkinsonian effects.

Contraindications—epilepsy, pregnancy and breastfeeding, gastric
ulceration, severe renal impairment. Use with caution in congestive
cardiac failure (CCF). Not licensed for use in children <10 years.

Antivirals for respiratory syncytial virus

Ribavirin

Broad-spectrum antiviral, used in the treatment of RSV, hepatitis C, influ-

enza, and Lassa fever. Studies assessing its role in the treatment of RSV

infection in children have been small, and, although they show no reduction

in hospital stay, there is a beneficial effect on pulmonary function at 1 year.

Currently used in the treatment of RSV bronchiolitis and pneumonia in

hospitalized children—especially those with complicated or severe disease.

e Mode of action—guanosine analogue: interferes with nucleic acid
synthesis and may also block production of viral MRNA.

o Resistance—not demonstrated in RSV.

o Pharmacology—excreted renally (around 40%) and in faeces (15%),

and metabolized by the liver. Some is retained in tissues (especially red

blood cells (RBCs)). Given by nebulizer in bronchiolitis, PO or [V in

other conditions.

Toxicity and side effects—dose-related anaemia (extravascular

haemolysis) and marrow suppression at high doses. Itch, nausea,

depression, and cough. With aerosolized preparations—conjunctivitis,

rash, bronchospasm.

Contraindications—pregnancy (teratogenic risk—contraception for

6 months after therapy in both men and women, and condoms must be

used if the partner of the male patient is pregnant, as ribavirin is present

in semen) and breastfeeding. Avoid oral therapy in: severe cardiac

disease, haemoglobinopathies, severe hepatic dysfunction, autoimmune

disease.

Monitoring—FBC and biochemistry on initiation of therapy, and at

weeks 2 and 4. Electrocardiogram (ECG) if history of cardiac disease.

Other therapies for respiratory syncytial virus

These are discussed in more detail later () see Bronchiolitis, pp. 609—11).
Some authorities advocate the use of ribavirin in combination with RSV
immunoglobulin, particularly in the immunosuppressed. This has not been
well studied, however.
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Antivirals for hepatitis B

A number of drugs are licensed for the treatment of chronic hepatitis B. The
aim of therapy is to reduce the risk of progressive chronic liver disease, cir-
rhosis, and hepatocellular carcinoma, by suppressing hepatitis B virus (HBV)
replication and hence histological activity, leading to biochemical remission
and a reduced risk of cirrhosis. For details and treatment guidelines, ©) see
Hepatitis B virus, pp. 413—7. In the UK, NICE has approved the following
for treatment of hepatitis B.

Interferon-a

o IFN-as are part of the innate immune antiviral response and have a

role in adaptive immunity. They induce genes that activate an antiviral

state: blocking the synthesis of some viral proteins, decreasing viral RNA

stability, and stimulating the adaptive immune response.

Attaching polyethylene glycol to IFN (pegylated) slows both its absorption

after s/c injection and renal clearance—enhancing its half-life, achieving

higher steady-state concentrations, and allowing weekly dosing.

Most likely to benefit those who are hepatitis B e antigen (HBeAg)-positive,

with high alanine aminotransferase (ALT), and HBV DNA-positive but with

low viral load. The course is 48 weeks. Seroconversion may occur months
after therapy has stopped. Around 35% of HBeAg-positive patients become
eAg-negative. Of these, 30-50% also become hepatitis B surface antigen

(HBsAg)-negative (mostly genotype A), associated with a loss of HBV DNA

in most cases. Response seems more durable than with lamivudine; <85%

remain eAg-negative after 3 years.

o HBeAg-negative patients who are DNA-positive with high ALT require
longer courses (12—24 months) and are more likely to relapse on
cessation; 25% of patients have a durable virological response (HBV
DNA <10000 copies/mL).

o Pharmacology—IM or s/c 3 times weekly if standard, weekly if pegylated.

o Side effects—fever, chills, fatigue, myalgia, myelotoxicity (monitor FBC),

impaired concentration, altered mood, exacerbation or development

of autoimmune thyroid diseases, alopecia, arthralgia, hypersensitivity

(rare), pulmonary infiltrates (rare).

It should NOT be used in patients with decompensated cirrhosis—

consider oral agents. Also avoid if a history of suicidal tendency,

active psychiatric illness, autoimmune disease, severe leucopenia, or

thrombocytopenia.

Lamivudine

e Nucleoside analogue used in the treatment of HIV and HBV infection.

o Mechanism—inhibits viral RT enzyme.

o Resistance emerges with monotherapy, the principal mutation occurring
in the YMDD motif of the catalytic domain of HBV polymerase.
Suspect it in previously well-suppressed patients with an increase in
HBV DNA. Resistance rates of 24% at 1 year, and <65% at 5 years.
Virological breakthrough leads to biochemical relapse within 2 years.
Pharmacology—usual dose 100mg od (unless part of highly active
antiretroviral therapy (HAART)), well absorbed, renal excretion (reduce
the dose in renal impairment).
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Telbivudine

e A thymidine nucleoside analogue. Inhibits viral DNA polymerase.

o Data suggest that it is slightly more effective than lamivudine at

suppressing HBV DNA in HBeAg-positive patients, BUT this does

not translate into a useful clinical benefit, as measured by HBeAg

seroconversion or histological improvement.

It may be more effective at viral suppression than adefovir.

Displays cross-resistance with lamivudine and, to a lesser extent, entecavir.

e It cannot be used with pegylated IFN (PEG-IFN) due to a high risk of
myopathy/neuropathy.

o NICE does not recommend telbivudine.

Adefovir

o Nucleotide analogue of adenosine monophosphate (AMP) that inhibits
RT and DNA polymerase.
Monotherapy achieves viral load reduction, but not as great as that
caused by entecavir, tenofovir, or lamivudine.
It should not be used in countries where tenofovir is available. Adefovir
is less potent and shows cross-resistance.
o Lamivudine-resistant strains are sensitive to adefovir.
o Side effects—renal toxicity (rare at doses used), headache,

abdominal pain.

Tenofovir

o A synthetic nucleotide analogue related to, and significantly more effective
than, adefovir at achieving HBV DNA reduction (75% get HBV DNA levels
of <400 copies/mL) and normalizing ALT. Rates of HBeAg seroconversion
(20%) and histological improvements are similar, however.

o Effective at suppressing lamivudine-resistant HBV.

Resistance—most cases of breakthrough currently attributed to

compliance, rather than acquisition of resistance mutations.

Pharmacology—25% oral absorption, not metabolized, renal excretion.

Dose requires adjusting in renal insufficiency—caution.

Side effects—GIl symptoms, renal impairment, lactic acidosis, and

hepatic steatosis (rare).

Entecavir

o An oral nucleoside analogue—inhibits HBVY DNA polymerase.

e Superior to lamivudine and adefovir in achieving viral suppression.

o |tis active against lamivudine-resistant strains, but less so than against

wild-type virus. A higher dose (1mg daily) is used.

Monotherapy achieves HBeAg seroconversion in 20% of HBeAg-

positive treatment-naive patients.

Drops in HIV RNA have been noted in patients receiving entecavir

monotherapy—thus it should not be used in HIV/HBV co-infected

patients, unless they are on HAART.

Virological resistance rate of 1% at 5 years of follow-up in treatment-

naive patients, but <50% after 5 years in lamivudine-resistant patients.

o Dosing should be decreased in those with renal impairment.

o Side effects—Gl symptoms, lactic acidosis, hepatomegaly with steatosis,
and CNS symptoms.
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General prescribing points

Entecavir or tenofovir are preferred in those requiring long-term
therapy (e.g. HBeAg-negative patients, those with cirrhosis), as
resistance is less likely to arise than with lamivudine.

IFN cannot be used in patients with decompensated liver disease. Its
main use is in the treatment of younger patients who do not wish to be
on long-term therapy.

Lamivudine achieves viral suppression more rapidly than adefovir, but
not as potently as the other agents. There are increasing rates of drug
resistance, but it is still frequently used in HIV/HBV co-infection.
Adefovir is active against lamivudine-resistant virus, but up to 25% of
patients show minimal viral suppression. Tenofovir has superseded it in
most countries.

Entecavir is potent, with low rates of drug resistance among the
treatment-naive. It is favoured in those with decompensated cirrhosis or
renal insufficiency.

Tenofovir is more potent than adefovir, and effective against wild-type
and lamivudine-resistant virus. Its efficacy in those with adefovir-
resistant HBV is limited.

Investigational treatments

Selective targeting—conjugating antiviral agents to ligands that are
selectively taken up by the liver.

Viral entry inhibitors—a bile salt transporter (NTCP) is the host
receptor for HBV. Trials of agents that block this receptor are ongoing.
Interfering with transcription/translation of HBV DNA and RNA with
antisense molecules or short interfering RNAs

T-cell stimulation with thymic-derived peptides (thymosin)—studies
suggest it increased the chance of clearing HBV DNA.

HBV immunomodulatory vaccines—incorporating the pre-S antigens
into hepatitis B vaccines might increase immunogenicity. A small trial
suggested such a vaccine was associated with a higher rate of antiviral
response, but its size and confounders made interpretation difficult.
DNA and T-cell vaccines are in trials.

Improving fibrosis—IFN-y inhibits collagen synthesis and improved
fibrosis scores in a small trial. Long-term significance is not clear.

Antivirals for hepatitis C

The aim of the treatment is the elimination of hepatitis C virus (HCV) RNA,
predicted by achieving a ‘sustained virological response’ (SVR), defined as
the absence of HCV RNA by PCR testing 6 months after stopping treat-
ment. Treatment of genotype 1 infection has been revolutionized by the
development of NS3/4A Pls and the direct-acting antivirals (DAAs). Dual
therapy (IFN/ribavirin) saw only 40-50% of patients with genotype 1 HCV
achieve an SVR. New combination therapies produce SVRs in 90% or more
in some patient groups. Regimes vary with the genotype and nature of
the initial response. For more details of treatment regimes and SVR rates,
9 see Hepatitis C virus, pp. 418-21.
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Interferon alfa

o IFN monotherapy has a role only in those who cannot tolerate ribavirin
(e.g. severe haemoglobinopathies, renal failure). SVR rates are around
25% with genotype 1, and 54% with genotypes 2 and 3.

Ribavirin

o A guanosine analogue with broad-spectrum anti-RNA virus activity.
Decreases hepatitis C infectivity by depletion of intracellular
triphosphate pools and inhibition of viral-dependent RNA polymerase,
potentiating IFN, and may induce mutations in viral RNA.

e Used in combination with peginterferon alfa (dual therapy) and, in some

settings, a protease Pl or DAA. No role as monotherapy outside special

settings such as liver transplantation (modest improvement in histology
does not improve morbidity/mortality).

Cautions—it should not be used in those with severe renal insufficiency.

It can cause haemolysis that may be severe in those with thalassaemia—

transfusions may be required, and it may be appropriate to start

chelation therapy before treatment in such patients.

Pharmacology—rapidly absorbed PO, rapidly metabolized in the liver;

excreted in the urine (50%) and faeces (15%), or retained in tissues.

o Side effects—haemolytic anaemia (monitor FBC; 10-15% require dose
reduction, erythropoietin (epo) can help), pruritus, rash, hypersensitivity
(rare), teratogenicity (accumulates in gonadal tissue—women AND
men must adhere to strict contraception, while on therapy and for
6 months after), insomnia.

Protease inhibitors
The HCV RNA genome encodes a single polyprotein of 3000 amino acids.
NS3/4A contains a serine protease that cleaves the viral protein.
o Telaprevir and boceprevir competitively inhibit the NS3 protease
complex of HCV genotype 1.
Resistance—used alone, resistance emerges (within 2 weeks in
some trials), due to the large number of quasi-species in an infected
individual (poor fidelity of the RNA-dependent RNA polymerase).
Interactions—numerous. Cleared by CYP3A4/5 and should
not be given in conjunction with medications that are inducers
(carbamazepine, phenytoin, rifampicin, certain antiretrovirals) or are
highly dependent upon it for clearance (methadone, certain triazoles,
non-nucleoside reverse transcriptase inhibitors (NNRTIs), etc.).
They also interfere with tacrolimus and ciclosporin dosing.
Side effects—telaprevir can cause rash, pruritus, anaemia, nausea,
haemorrhoids, diarrhoea, anal discomfort, and fatigue. Severe rashes
should prompt cessation of therapy with all three drugs. Stevens—
Johnson syndrome/toxic epidermal necrolysis have occurred.
Mild rashes may respond to topical steroids. Boceprevir may cause
fatigue, anaemia, nausea, headache, diarrhoea, and QT prolongation.
Neutropenia occurs more commonly in boceprevir than telaprevir
regimes.
o Simeprevir is a second-generation Pl used in combination for the
treatment of genotype 1 or 4. Better tolerated, with fewer drug—drug
interactions, than first-generation agents.
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Other agents

o NS5A inhibitors—daclatasvir, ledipasvir. NS5A is a multifunction protein,
important in viral replication and assembly. Inhibitors are active across
genotypes, but with low barriers to resistance. Some agents available in
fixed-dose combination tablets with other DAAs.

NS5B inhibitors—NS5B is a viral RNA polymerase. Highly conserved
across genotypes; thus agents have efficacy across all six genotypes.
Two classes: nucleotide/side polymerase inhibitors and non-nucleoside
analogues. The former group includes sofosbuvir and has a high barrier
to resistance (NS5B active site intolerant to mutations). The latter class
are less potent and more genotype-specific (mostly 1), e.g. dasabuvir
available in a combination tablet.

Investigational treatments

o Ribavirin derivatives, e.g. taribavirin, modified with the intention of
causing less anaemia and allowing higher doses. In trials.

o Novel viral targets, e.g. NS2/3 autoprotease, NS3 RNA helicase, NS5B

RNA-dependent RNA polymerase (the development of the most

promising NS5B polymerase inhibitors had to be halted due to severe

neutropenia).

Host factor targets—cyclophilin inhibitors (cyclophilin is a host cellular

protein that modulates NS5A function; a non-immunosuppressive

form of ciclosporin—alisporivir—is active against HCV and HIV in

cell culture, but caused pancreatitis in clinical trials); microRNA (miR-

122 is a liver microRNA which interacts with the HCV RNA genome,

upregulating viral RNA in infected cells. An oligonucleotide designed

to antagonize miR-122 has been shown to inhibit HCV RNA in

chimpanzees).

Vaccines—challenges include the substantial sequence diversity (six

known genotypes), large number of viral quasi-species, and lack of an

animal model. Several therapeutic vaccines in development (boosting

the immune response with the aim of clearing a chronic infection).

Principles of HIV treatment

The development of potent combination antiretroviral drug therapies
(ARTS) has resulted in dramatic falls in HIV-related morbidity and mortality.
A number of problems remain: ongoing viral replication, emergence of drug
resistance, high treatment failure rates, and concerns about the long-term
metabolic complications of ART. Drug selection is more complex, with >20
agents now available. The benefits of ART in reducing morbidity and mor-
tality in patients with CD4 counts of <200 cells/mm?® are well established.
Mounting evidence indicates that even earlier therapy leads to improved
immunological recovery, and the treatment threshold is lowering steadily
with the increasing number of better tolerated, more potent agents, and
simpler regimes. Untreated HIV is itself a risk factor for coronary artery dis-
ease, kidney disease, neurological deficits, and malignancy, perhaps due to
HIV-induced chronic inflammation. In 2012, the US Department of Health
and Human Services (DHHS) and International Antiviral Society-USA
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(IAS-USA) guidelines were revised to recommend ART to be offered to
all HIV-infected, including asymptomatic, patients, regardless of the CD4
count. There is good evidence for this approach in those with CD4 counts
of <500 cells/cm?, and, while there are no RCTs comparing the treatment
of those treated above 500 cells/cm?® with those treated under, some
observational data suggest a survival benefit.

Antiretroviral drugs

There are five main classes of antiretroviral drugs:

e nucleoside/nucleotide analogue reverse transcriptase inhibitors
(NRTIs) (® see Nucleoside/nucleotide analogue reverse transcriptase
inhibitors, pp. 104-6);

NNRTIs (%) see Non-nucleoside reverse transcriptase inhibitors,

pp. 106-8);

Pls (© see HIV protease inhibitors, pp. 108-9);

entry inhibitors (€ see Other HIV therapies, pp. 109-10);

o integrase strand transfer inhibitors (&) Other HIV therapies, pp. 109-10).

Considerations when starting antiretroviral therapy
(See Table 4.2.)

Table 4.2 Recommendations for starting ART in adults

Disease stage UK guidelines® US guidelines®

Primary HIV infection In AIDS-defining illness or Consider treatment
CD4 <350 cells/mm? or
neurological involvement

Established infection, Treat—strong RCT evidence

CD4 <350 cells/mm?

Established infection, If HBV or HCV co-infection Treat—observational
CD4 350-500 cells/ evidence

mm?

Established infection, Only in the situations below Treat—expert opinion
CD#4 >500 cells/mm?

Symptomatic disease Treat Treat

or AIDS, including HIV

nephropathy

Regardless of CD4, AIDS-defining condition, pregnant women,

offer treatment to: HBV co-infection (UK: only if HBV treatment is

indicated if CD4 >500 cells/mm?), those at risk

of transmitting to an uninfected partner and they
choose it, non-HIV-associated malignancy requiring
immunosuppressive or radiotherapy

CD4, CD4 T-cell count.
*BHIVA guidelines (2012). Available at: & www.bhiva.org.
5US DHHS guidelines (2012). Available at: & www.aidsinfo.nih.gov.
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The aim of ART is to prolong and improve quality of life by maintaining
viral load suppression and increasing the CD4 count for as long as pos-
sible. Suppression has the additional benefit of reducing the risk of onward
transmission to an uninfected sexual partner. Factors determining when,
and with what, to treat include:

o risk of disease progression (CD4 count, viral load);

o willingness of the patient to start therapy and ability to adhere;

o clinical effectiveness of the combination regimen;

e co-morbidity, e.g. TB, liver and cardiovascular disease, mental health;
o pill burden, dosing schedule, food considerations;

o adverse effects and drug—drug interactions (check the Liverpool
interaction database at & www.hiv-druginteractions.org; available as
an app);

gender, pregnancy potential, and CD4 count (if considering nevirapine);
drug resistance potential/results of genotypic testing;

future therapeutic options.

Primary HIV infection

The rationale for starting treatment during, or shortly after, infection is to
attempt to maintain specific and robust CD4 T-cell responses, which are
generally lost in chronic HIV infection. This should be balanced against the
risks of toxicity, development of drug resistance, and difficulties of long-
term adherence. It is not known whether treatment at this stage results in
long-term benefit, and this remains an area of active research.

Established HIV infection

Any patient who is symptomatic or has a CD4 count of <500 cells/mm?
should be offered therapy. The data supporting this recommendation are
strongest for patients with a CD4 count of <200 cells/mm? or an AIDS-
defining condition. It should be started, regardless of the CD4 cell count, in
pregnant women, those with HIV-associated nephropathy, or HBV infection
requiring treatment.

Initial regimen in treatment-naive patients

Any antiretroviral regimen should be individualized to achieve the best
potency, adherence, and tolerability, and to minimize drug interactions and
toxicity. Although baseline drug resistance testing is recommended prior
to starting ART, this is unavailable in developing countries. Regimens are
described as having a ‘backbone’ and a ‘base’. The backbone is usually two
NRTIs, and the base an NNRTI or PI. A 2006 meta-analysis demonstrated
that efavirenz-including regimes were superior to contemporary alterna-
tives. More recent data have led the British HIV Association (BHIVA) (2013)
to recommend efavirenz, raltegravir, ritonavir-boosted darunavir or ataza-
navir, or elvitegravir/cobicistat as suitable third agents in treatment-naive
patients. Mono- and dual therapy, or triple therapy with three NRTIs are
not recommended. Recommended initial combinations are:

o NNRTI-based—NNRTI plus two NRTIs;

o Pl-based—one to two Pls plus two NRTIs.


http://www.hiv-druginteractions.org
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Nucleoside/nucleotide analogue reverse

transcriptase inhibitors

HIV RT is an RNA-dependent DNA polymerase that is essential for virus
replication. It enables transcription of viral RNA into a DNA copy, which is
then integrated into the host genome. NRTIs are all nucleosides, with the
exception of tenofovir which is a nucleotide. Within the cell, host enzymes
phosphorylate the parent drug to an active triphosphate. This inhibits viral
replication through competitive binding to the viral RT, resulting in termi-
nation of DNA chain elongation. They also inhibit mitochondrial DNA
polymerase to a greater or lesser extent, resulting in toxicity. NRTls (see
Table 4.3) are commonly used in pairs as the backbone of HIV therapy
in combination with an antiretroviral with a different mechanism of action
(e.g. Pl or NNRTI). Studies suggest the most effective pairing is tenofovir—
emtricitabine. Certain pairing can be antagonistic, as they compete for
phosphorylation, and should be avoided (zidovudine and stavudine; emtric-
itabine and lamivudine—both are cytosine analogues; didanosine and
tenofovir—combined use associated with early virological failure and the
selection of resistance mutations). For treatment guidelines, see S www.
bhiva.org and & www.AIDSinfo.nih.gov.

Specific drugs

There are seven agents currently available. They vary in their efficacy and
toxicity profiles.

e Didanosine (ddl) and stavudine (d4T) are no longer first choice, due

to problems of mitochondrial toxicity (neuropathy, lactic acidosis) and
relatively inferior potency, compared to other agents. They should not
be used together, as they are synergistically toxic. d4T continues to be
widely used in the developing world, but the 2010 WHO guidelines
emphasize the need to eliminate its use, where possible, due to toxicity.
Lamivudine (3TC) and emtricitabine (FTC) are both cytosine analogues
and are essentially therapeutically interchangeable (and cannot be
combined). They and tenofovir (TDF) have activity against hepatitis B
and are useful in treating dual-infected patients.

o Abacavir (ABC), zidovudine (AZT, ZDV).

Resistance

o Caused by one or more mutations in the RT gene.

e Some specific mutations confer cross-resistance to other NRTIs.

e The rates of resistance in treatment-naive patients in the UK is
increasing, and the BHIVA recommends routine pre-therapy resistance
testing. Knowledge of the predominant mutations present allows
inference of resistance to various antiretrovirals.'

Pharmacology

o Variable oral absorption (25-93%), which may be reduced by food (ddl
especially). Variable CSF penetration (12-50%).

o Pregnancy—cross the placenta, secreted in breast milk. 3TC and AZT
have the most data on use in pregnancy and tend to be preferred.
Other NRTIs, excepting tenofovir, are considered alternatives.


http://www.bhiva.org
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Table 4.3 Characteristics of NRTIs
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Drug Pharmacology Adverse effects
Abacavir 83% oral bioavailability; May be associated with
metabolized in liver, thus an increased risk of
useful in those with severe myocardial infarction—use
renal impairment. May be with caution in those at
less effective in those with risk of cardiovascular
high viral loads disease. Potentially fatal
hypersensitivity associated
with HLA B5701. Usually
appears within 6 weeks.
Immediately discontinue,
and NEVER rechallenge
Didanosine Take 1h before, or 2h Pancreatitis (<7%),

Emtricitabine

Lamivudine

Stavudine

Tenofovir

Zidovudine

after, meals; 30-40%
oral bioavailability; renal
excretion 50%—adjust
dose in renal impairment

93% oral bioavailability,
not affected by food; renal
excretion—adjust dose in
renal impairment

86% oral bioavailability,
not affected by food; renal
excretion—adjust dose in
renal impairment. Can be
given od or bd

86% oral bioavailability;
renal excretion 50%—
adjust dose in renal
impairment

Bioavailability: 25% if
fasting, 39% with high-fat
meal; renal excretion—
adjust dose in renal
impairment, but best
avoided in these cases,

if possible, particularly

in those receiving other
nephrotoxic medications.
Monitor renal function
every 612 months in all
patients

60% oral bioavailability;
metabolized to
glucuronide, renal
excretion of metabolite

peripheral neuropathy
(25%). Co-administration
with tenofovir increases
didanosine levels

Minimal toxicity

Minimal toxicity

Peripheral neuropathy,
pancreatitis, lipodystrophy,
rapidly progressive
ascending neuromuscular
weakness (rare)

Renal insufficiency, Fanconi
syndrome (glycosuria,
hypophosphataemia,
acute tubular necrosis).
Co-administration with
didanosine increases
didanosine levels. Do

not use with unboosted
atazanavir (reduces
atazanavir levels)

Bone marrow suppression
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Excretion—most NRTIs are renally excreted, and doses must be
reduced or dosing intervals extended in renal impairment. The
exceptions are abacavir and zidovudine which are metabolized in the
liver. They may not require dose change in renal impairment but may
need reduction in hepatic impairment. Combination preparations are
not recommended in renal impairment, as the components may need
separate dose adjustments.

Relatively few drug—drug interactions, as they do not interact with P450
enzymes.

Adverse effects

Mitochondrial toxicity—neuropathy, pancreatitis, lipodystrophy, hepatic
steatosis, lactic acidosis (rare but may be fatal). Risk depends on the
relative affinity for the mitochondrial DNA polymerase—dd| and d4T
are the worst.

Other—myelosuppression (AZT), hypersensitivity (ABC).

Reference

1

Stanford University HIV Drug Resistance Database. Available at: 2 hivdb.stanford.edu.

Non-nucleoside reverse transcriptase
inhibitors
RT inhibitors that act at a site separate from that of NRTIs. Highly effective

at reducing HIV-1 viraemia and increasing CD4 counts when included in
combination therapy. Not active against HIV-2 (see Table 4.4).

Specific drugs

First generation: efavirenz, nevirapine, and delaviridine. Nevirapine-
containing regimens are as potent as efavirenz but have a higher
incidence of serious adverse toxicities (hepatitis, Stevens—Johnson
syndrome). It should be considered as an alternative to efavirenz, e.g. in
those hoping to become pregnant.

Second generation (diarylpyrimidines): etravirine, rilpivirine.

Resistance

Associated with mutations in the RT gene. A mutation associated with
resistance to one first-generation agent will show cross-resistance to the
other two. Second-generation agents may remain effective, depending
on the specific mutation.

Potential for the emergence of resistance when an NNRTI-containing
regime is discontinued, due to their long half-life (‘the tail’). When a
combination is stopped, the NRTI components are quickly cleared from
the serum, while the NNRTI remains for 7-10 days. It is suggested that
stopping the NNRTI 7 days before the NRTIs may prevent this.


http://hivdb.stanford.edu

Table 4.4 Characteristics of NNRTIs

NON-NUCLEOSIDE REVERSE TRANSCRIPTASE INHIBITORS

Drug Pharmacology Adverse effects

Efavirenz Take on an empty stomach at night CNS/neuropsychiatric
(reduces levels and side effects); symptoms (>50%, e.g. sleep
mixed CYP3A4 inducer and inhibitor; disturbance, rarely agitation,
variable serum levels due to genetic hallucinations), increased
variations in CYP metabolism; transaminases. Most settle
excretion: 14-34% in urine, 16-61% in  over 2—4 weeks. Also rash,
faeces. No dose adjustment required  false-positive cannabinoid
in renal failure test, teratogenic in monkeys,

liver failure

Nevirapine ~ >90% oral bioavailability; CYP3A4 Rash, hepatitis, Stevens—
inducer, thus multiple drug Johnson syndrome, toxic
interactions—rifampicin can reduce epidermal necrolysis,
levels; excretion: 80% in urine, DRESS syndrome (drug
10% in faeces. Used in pregnancy if rash with eosinophilia and
CD4 <250 cells/mm? systemic symptoms)

Rilpivirine Well absorbed with food. Inhibits QT prolongation.
CYP3A. Many interactions. Little data Otherwise well tolerated,
on renal or hepatic dosing. Do not use with less rash/CNS effects
in patients on proton pump inhibitors than efavirenz

Etravirine Take with food; oral bioavailability Rash, Gl symptoms,

not known; 99% protein-bound;
metabolized by CYP3A4; eliminated
in faeces and urine. Effective in those
with documented NNRTI resistance
mutations

fatigue, peripheral
neuropathy, headache,
hypertension

Pharmacology and side effects

o Well absorbed PO and metabolized by cytochrome P450 system, thus
multiple drug interactions. All have long half-lives.
o Excretion of metabolites in the urine and unchanged drug in the faeces.

Prescribing points

o Delaviridine—least potent NRTI, requires dosing three times daily (tds).

Rarely used.

Efavirenz—>50% of patients experience sleep disturbance and mild

neuropsychiatric effects. Reduced by evening dosing on an empty

stomach (reduces peak levels) and often settles over 2—4 weeks.

Suitable for patients with high viral loads and high CD4s. Potentially

teratogenic (animal data).

o Nevirapine—relatively high rates of hypersensitivity. Discontinue in
any patient who presents with rash, fever, or weight loss. This usually
occurs in the first 6 weeks. Risk factors include CD4 >250 cells/mm?>.
Hepatotoxicity is commonest in the first 3 months, and the risk is

increased in women with CD4 >250, and men with CD4 >400 cells/mm?.

However, treatment-experienced patients with high CD4 and viral
suppression have no increased risk of hepatotoxicity when switching to
nevirapine. It can be used in pregnancy.
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o Nevirapine—induces its own metabolism (like efavirenz); thus, to
reduce the incidence of side effects, it is started at a lower dose (200mg
od) for 2 weeks before increasing to the standard dose (200mg bd).

If treatment stops for >1 week, it should be started at the lower dose
once again.

Rilpivirine—for use only in patients with baseline viraemia of <100000
copies/mL; studies comparing it to efavirenz demonstrated greater
virologic failure in those with viral loads above this. Those developing
virologic failure on rilpivirine are more likely to be cross-resistant to
other NNRTIs than those who develop virologic failure on efavirenz.
They are also more likely to develop resistance to their NRTlIs. Available
as od combination with tenofovir and emtricitabine.

Etravirine—a flexible molecule that can fit into the RT active site in a
number of ways, even in the presence of certain NNRTI resistance
mutations. Thus, it may be effective where other members are not.
Useful in highly treatment-experienced patients, but it should be
combined with more than just two NRTIs (e.g. with a Pl).

HIV protease inhibitors

Structurally related molecules that represent synthetic analogues of one of
the HIV gag-pol cleavage sites. They are used in combination with NRTIs
for treatment and post-exposure prophylaxis (PEP) of HIV infection. They
differ widely in absorption, half-life, and metabolism, and thus also vary in
administration (e.g. with/without food) and dosing frequency. Incorrect
administration can reduce bioavailability significantly, predisposing to the
development of resistance. There is also significant potential for drug inter-
actions; even garlic supplements can drop levels by 50%, and proton pump
inhibitors (PPIs) may increase (saquinavir) or dramatically decrease (ataza-
navir) levels.

Pharmacology

o Oral absorption varies with the agent. Metabolized by cytochrome
P450. Eliminated primarily in the faeces. Poor CNS penetration.

o Ritonavir—rarely used simply therapeutically, is co-administered with
other Pls to boost their levels through potent inhibition of hepatic
CYP450 3A4 (which all Pls do to a greater or lesser extent). This
results in better trough levels and less pills. Saquinavir, atazanavir,
fosamprenavir, tipranavir, and darunavir are all approved for use in
boosted regimes (ritonavir administered separately), and lopinavir is
available in co-formulation with ritonavir (LPV/r, Kaletra®).

Mechanisms of action and resistance

Inhibits HIV protease-mediated cleavage of viral polypeptides into struc-
tural proteins and viral enzymes. Resistance emerges as a result of muta-
tions in the HIV protease gene—many confer cross-resistance to other Pls.
The newer Pls, especially if boosted with ritonavir, have a high genetic bar-
rier to resistance (an accumulation of multiple mutations is required), and
treatment failure is rarely due to Pl resistance.
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Prescribing points

o Lopinavir/ritonavir (Kaletra®)—the preferred Pl for pregnant treatment-
naive patients.

Saquinavir—may be used as an alternative to lopinavir/ritonavir in
pregnancy. However, high pill burden (some formulations), Gl side
effects, and may cause PR/QT prolongation, thus not preferred.
Fosamprenavir—pro-drug of amprenavir. Levels reduced by ranitidine.
Atazanavir—a newer agent with favourable effects on lipids, compared
to other Pls. Trials suggest it is as effective as efavirenz in treatment-
naive patients. Uniquely, it requires an acidic gastric pH for absorption.
Tipranavir—active against strains of HIV resistant to other Pls. For use
only in treatment-experienced patients with Pl resistance.

o Darunavir—active against many Pl-resistant HIV strains. od dosing
possible for treatment-naive patients. Higher dosing for those with
resistance mutations.

Indinavir and nelfinavir are older Pls with inconvenient dosing schedules
and poor side effect profiles (e.g. renal stones in 25% with the
former)—they are less widely used today.

Toxicity and side effects

o Gl symptoms (nausea, vomiting, diarrhoea), hepatotoxicity.

o Neurological symptoms (headache, paraesthesiae).

e Skin rash, lipodystrophy (long-term).

o Metabolic (insulin resistance, diabetes, hyperlipidaemia).

o QT prolongation, bleeding in haemophilia patients.

o Darunavir, fosamprenavir, and tipranavir have a sulfa component and
should be used cautiously in those with allergies to sulfonamides.

Interactions

There are numerous, potentially dangerous drug interactions. Check an
online interaction database.? Common drugs that should not be adminis-
tered with Pls include amiodarone, lidocaine (1V), terfenadine, ergot deriva-
tives, midazolam, rifampicin, simvastatin, sildenafil, St John’s wort.

Reference

2 University of Liverpool. HIV drug interactions. Available at: 2 www.hiv-druginteractions.org.

Other HIV therapies

o The fusion entry inhibitor enfuvirtide (T20).

e Chemokine receptor antagonists—maraviroc, vicriviroc (in phase Il
trials).

Integrase inhibitors—raltegravir, dolutegravir, elvitegravir.
Experimental therapies such as therapeutic vaccines designed to boost
host response to HIV and immunotherapy (interleukin (IL)-2 was
thought promising but was of no clinical benefit, despite increases

in CD4).
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Enfuvirtide (T20)

e The first of a new class of drugs called the entry inhibitors; it binds to
the HIV surface protein gp41, preventing binding of gp41 to CD4 cells.

o Reserved for use in treatment-experienced patients.

e Given bd by s/c injection.

o Side effects include injection site reactions, increased risk of bacterial
pneumonia, and hypersensitivity reactions (<1%).

Maraviroc (MVC)
o HIV enters cells via CD4 and one of its co-receptors, either CCR5
or CXCR4. HIV viral strains from patients with early infection use
CCRS, whereas about half of the strains in patients with advanced
immunosuppression use CXCR4 or both.
e MVC is a chemokine receptor antagonist that prevents the binding of
CCR5-tropic HIV virus to the CCR5 receptor on CD4 T cells.
Used in highly treatment-experienced patients and requires a tropism
assay prior to initiating treatment to determine if the virus is CCR5
(susceptible) or CXCR4 (not susceptible). This is determined by
amplifying the HIV env gene from RNA in the patient’s plasma
to generate recombinant virions that are used to infect cell lines
expressing CD4 and either CXCR4 or CCR5. Genotypic assays are in
development.
Given PO (no food effect), metabolized in the liver by CYP3A.
Side effects—abdominal pain, cough, dizziness, musculoskeletal
symptoms, pyrexia, rash, URTIs, hepatotoxicity, postural hypotension.
Generally well tolerated.

Raltegravir (RAL) and dolutegravir (DTG)

o Inhibits HIV-1 integrase and hence prevents the insertion of viral genetic
material into the human chromosome (strand transfer inhibitor). Used
in treatment-experienced patients.
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Antimalarials

Antimalarial drugs are used for both the treatment and prevention of
malaria (see Box 5.1). Most drugs act upon the erythrocytic stage of the
parasite life cycle. Artemisinins additionally act on gametocytes—potentially
reducing onward transmission—and have been shown to reduce mortality,
compared to quinine. As ever, the emergence of resistance is a major threat
to malaria control and treatment. Combination treatment can reduce the
chance of resistance emerging, and the WHO has called for the banning of
all oral artemisinin monotherapy.

Resistance

Arises through the selection of rare naturally occurring mutants with
reduced drug susceptibility. Unlike bacteria, plasmodia do not have trans-
ferable resistance mechanisms, but they are eukaryotes, and can acquire
or lose polygenic resistance mechanisms during meiosis. Individual mecha-
nisms are discussed on ©) Plasmodium species (malaria), pp. 512—4.

Combination therapy

Treating malaria with a suitably chosen drug combination increases efficacy,
may shorten treatment duration (increasing compliance), and decreases the
risk of resistant parasites arising by mutation. If each drug has a different mech-
anism of action, then the per-parasite probability of developing resistance is the
product of their individual per-parasite probabilities. They are, however, more
expensive (but short-term cost is easily outweighed by longer-term benefits),
and, if there is already high resistance to one of the components (perhaps
through previous monotherapy), then resistance can arise to the other.

Box 5.1 Guidelines for prevention and treatment
of malaria

Treatment
o UK guidelines:
- Lalloo D, Shingadia D, Pasvol G, et al. UK malaria treatment
guidelines. J Infect 2016;72(6):635—64
- Public Health England. Guideline for malaria prevention in travellers
from the UK 2015
- Both available at & www.britishinfection.org/guidelines-resources/
published-guidelines/
- See also sections on treatment and prophylaxis of malaria in the BNF
(D www.bnf.org)
o US guidelines:
- Treatment of malaria (guidelines for clinicians) 2013. Available at
R http:/ /www.cdc.gov/malaria/resources/ pdf/ clinicalguidance.pdf
- The Yellow Book. CDC health information for international travel
2016, Chapter 3, Malaria. Available at & wwwnc.cdc.gov/travel/
yellowbook/2016/infectious-diseases-related-to-travel/malaria
o World Health Organization:
. 2015 Guidelines for the treatment of malaria, third edition. Available at
R www.who.int/malaria/publications/atoz/ 9789241549127 /en/
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QUINOLINES

Key prescribing points

e Uncomplicated non-falciparum malaria can be treated with chloroquine.
Resistance should be considered in cases of Plasmodium vivax acquired
from Indonesia or Papua New Guinea, or if parasitaemia fails to fall after
4 days of therapy.

Where P. falciparum co-circulates with non-falciparum species, it is wise
to treat with a falciparum-active agent.

Following treatment of P. vivax or Plasmodium ovale, anti-relapse therapy
should be given with primaquine (contraindicated in pregnancy)—the
only quinoline with reliable activity on hypnozoites. It should ideally start
after G6PD testing and near the start of chloroquine therapy. P. vivax is
treated at a higher dose than P. ovale.

While chloroquine-sensitive falciparum malaria does occur, it should
only be used for treatment when there is certainty about the region of
exposure and local parasite sensitivities.

o The WHO recommends artemisinin combination therapies (ACTs) as
first-line treatment for uncomplicated falciparum malaria. They have the
fastest parasite clearance times.

Severe falciparum malaria should be treated with IV artesunate, if available
(studies demonstrate mortality benefit, compared to quinine). It has a
short half-life, and monotherapy of <5-7 days has been associated with
parasite recrudescence. Thus, in practice, once patients are well enough to
take oral medication, they should be switched to complete a full course of
ACT (usually 3 days). Alternative—IV quinine (watch for hypoglycaemia),
combined with a second agent (e.g. doxycycline, clindamycin), for 7 days
or a complete course of ACT, once well enough to swallow.

Quinolines

Quinolines (not to be confused with quinolones) have been the mainstay of
antimalarial therapy since the seventeenth century when Peruvian Indians
used the bark of the cinchona tree. Chloroquine has succumbed to global
resistance in P. falciparum. Quinine remains widely used. Primaquine is nota-
ble for its additional activity on intrahepatic forms and gametocytes.

Quinine
o A quinoline methanol derived from the bark of the cinchona tree.
Inhibits erythrocytic stages of human malaria parasites, but not all
liver stages. It is active against gametocytes of P. vivax, P. ovale, and
P. malariae. It is the most widely available parenteral agent.
o Mode of action—accumulates in the parasite food vacuole, forming a
complex with haem. This results in the inhibition of haem polymerase
and accumulation of cytotoxic free haem.
Resistance—widespread in South East Asia where some strains are also
resistant to chloroquine, mefloquine, and sulfadoxine—pyrimethamine.
Cross-resistance with mefloquine in Central Africa.
Pharmacology—uwell absorbed PO; IM administration more predictable
than IV administration. Hepatic metabolism. Urinary clearance <20%.
Give a loading dose if the patient has not received a related agent.
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Adverse effects—cinchonism (tinnitus, vomiting, diarrhoea, headache),
hypoglycaemia (stimulates insulin production—monitor blood glucose),
hypotension, cardiac arrhythmias, haemolytic anaemia (blackwater
fever). Cinchonism is observed in most patients, resolves upon
completion, and should not prompt a change in dose.

o Use—treatment of falciparum malaria and can be given [V in severe
disease. Quinidine (a stereoisomer of quinine) is more commonly used
in the USA but has greater cardiotoxicity (QT prolongation, ventricular
tachycardia).

Chloroquine

o A synthetic 4-aminoquinoline, active against erythrocytic stages of all
four human malaria species and gametocytes of P. vivax, P. ovale, and

P. malariae. However, P. falciparum resistance is now widespread, due to
increased drug efflux (mutation in the pfmdr1 gene) and/or decreased
drug uptake (mutation in the pfCRT gene). It remains effective for the
treatment of P. ovale, P. malariae, and P. vivax in most regions.
Pharmacology—=80-90% oral absorption. Widely distributed. Extensive
tissue binding, with high affinity for melanin-containing tissues. Extensive
metabolism to active metabolite; 50% renal excretion.

Adverse effects—dizziness, headache, rashes, nausea, diarrhoea,
pruritus. Long-term treatment may cause CNS effects and retinopathy.
Rarely, photosensitivity, tinnitus, and deafness may occur.

o Use—prophylaxis and treatment of chloroquine-sensitive malaria.

Mefloquine

o A synthetic 4-quinoline methanol. Active against erythrocytic stages

of Plasmodium spp. Effective against strains of P. falcipbarum that are

resistant to chloroquine, sulfonamides, and pyrimethamine. Also active

against bacteria (e.g. MRSA) and some fungi.

Resistance—increasing; 15% high-grade resistance and 50% low-

grade resistance in South East Asia. Cross-resistance with quinine and

halofantrine. Inverse relationship with chloroquine resistance.

Pharmacology—well absorbed PO, concentrated in erythrocytes,

metabolites not active, predominantly excreted in the bile.

Adverse effects—nausea, dizziness, fatigue, confusion, sleep

disturbance, pneumonitis (steroids may be required). Psychosis,

encephalopathy, and convulsions in 1/1200-1700 patients (thus, when

used as prophylaxis, tends to be started 2—3 weeks before it is required,

to assess tolerability); 1/10000 risk of serious toxicity in prophylaxis.

o Use—prophylaxis in areas of chloroquine resistance. Treatment of
uncomplicated MDR malaria.

Amodiaquine

e A 4-aminoquinoline, active against P. falciparum and P. vivax.

o Pharmacologically similar to chloroquine, with which it is cross-resistant.
Elimination half-life of 1-3 weeks.

o Adverse effects appear to be related to immunogenic properties of
its metabolites, rather than direct toxicity. Severe/life-threatening
adverse events have been associated with prophylaxis—agranulocytosis,
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hepatotoxicity, aplastic anaemia—but it is well tolerated when given as a
3-day treatment course. Adverse events increased in those with HIV.

e Use—treatment of falciparum malaria, often in combination with
artesunate. No longer available in the USA.

Piperaquine

o A 4-aminoquinoline; structurally related to chloroquine, but active
against chloroquine-resistant P. falciparum.

o Pharmacology—uwell absorbed PO; elimination half-life 17 days.

e Combination with dihydroartemisinin has shown excellent tolerability
and high cure rates of MDR falciparum malaria.

Primaquine

o A synthetic 8-aminoquinoline, formulated as diphosphate. Active

against hepatic stages of Plasmodia spp., including the hypnozoite stage

of P. vivax. Poor activity against erythrocytic stages, but active against

gametocytes. Also active against Pneumocystis spp., Babesia spp.,

Leishmania spp., and Trypanosoma cruzi.

Resistance—failure rates of up to 35% reported in South East Asia in

patients treated for P. vivax.

Pharmacology—well absorbed PO, extensive tissue distribution,

metabolized to carboxyprimaquine, methoxy and hydroxy metabolites;

<4% excreted unchanged in the urine.

Adverse effects are generally mild—abdominal cramps, anaemia,

leucocytosis, methaemoglobinaemia. Haemolysis occurs in G6PD

deficiency (check G6PD levels first).

o Use—treatment of P. vivax and P. ovale. Second line for treatment of
P. jiroveci (in combination with clindamycin).

Tafenoquine

e An 8-aminoquinoline with activity against P. falciparum and hepatic stages
of P. vivax and P. ovale.

o Pharmacology—similar to primaquine, but more potent, less toxic, and
longer half-life (14 days), enabling weekly or monthly administration.

o Adverse effects—methaemoglobinaemia, haemolysis in G6PD deficiency.

o Use—prophylaxis and treatment of malaria.

Lumefantrine

o Similar structure to 4-methanol quinolines. Inhibits erythrocytic stages
of Plasmodium spp., including most chloroquine-resistant parasites.
Mostly used in combination with artemether derivatives. Halofantrine is
a related compound with greater cardiac toxicity.

Resistance reported in Central and West Africa and Thailand. Cross-
resistance with mefloquine.

Pharmacology—uwidely variable absorption, bioavailability increased by
a fatty meal. Not concentrated in erythrocytes; 20-30% metabolized by
the CYP450 enzyme system. Little excreted in the urine.

Adverse effects—abdominal pain, diarrhoea, pruritus. High doses are
cardiotoxic with prolongation of PR and QT intervals; mefloquine
enhances these effects, and sequential use is contraindicated.

o Use—treatment of MDR falciparum malaria.
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Antifolates

The antimalarial activity of the biguanides (proguanil) was discovered dur-
ing the Second World War. Along with the diaminopyrimidines (pyrimeth-
amine), they are referred to as the antifolate drugs and used in combination
with other agents for both prophylaxis and treatment.

Proguanil

o A synthetic arylbiguanide. Its metabolite cycloguanil inhibits the
erythrocytic stages of all four Plasmodium spp. and the hepatic stage of
P. falciparum. Acts synergistically with atovaquone.

o Resistance arises easily by point mutation in the DHFR gene. Worldwide
for P. falciparum, and reported for P. vivax and P. malariae in South East Asia.

o Pharmacology—>90% oral absorption; 75% protein-bound;
concentrated in erythrocytes; 20% metabolized by the CYP450 enzyme
system to cycloguanil (active metabolite). Non-metabolizers occur in
Japan and Kenya, leading to resistance; 60% excreted in the urine.

o Adverse effects—Gl and renal effects at high doses (>600mg/day).

o Use—antimalarial prophylaxis (with chloroquine); treatment and
prophylaxis of drug-resistant falciparum malaria (with atovaquone).

Pyrimethamine

o A synthetic diaminopyrimidine. Active against Plasmodium spp., T. gondii,
and P, jiroveci.

o Awvailable as a single agent or in combination with sulfadoxine (not

considered combination therapy, as components act on enzymes in the

same pathway), dapsone, or mefloquine and sulfadoxine.

Resistance is due to point mutations on the DHFR gene and is widespread

in Africa and Latin America. Sequence variations in P. falciparum and

mutations in the pfmdr1 gene may also be important. Sulfadoxine resistance

is due to mutations in its target dihydropteroate synthase (DHPS).

Pharmacology—uwell absorbed PO. Long plasma half-life (111h). CSF

levels 10-25% of plasma levels. Secreted in breast milk and crosses the

placenta. Hepatic metabolism.

Adverse effects—megaloblastic anaemia, leucopenia,

thrombocytopenia, pancytopenia. Very large doses in children have

caused vomiting, convulsions, respiratory failure, and death. Aggravation

of subclinical folate deficiency. Teratogenic in animals.

o Use—treatment of malaria in combination with other drugs; treatment
of toxoplasmosis and PCP.

Other agents and combination therapies

Atovaquone

e Atovaquone is a hydroxynaphthoquinone that is more active than
standard antimalarials against all stages of P. falciparum. It is also active
against Babesia spp., T. gondii, and P. jiroveci. It blocks the parasite
mitochondrial electron transport chain.
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Malaria resistance emerges rapidly, due to point mutations in the
parasite’s cytochrome bc, gene. It is therefore used in combination with
proguanil, with which it has synergistic activity.

Pharmacology—poor oral absorption, improved when given with meals;
99% protein-bound; poor CSF penetration (<1%). Not metabolized.
Elimination half-life 73h.

o Adverse effects—fever, nausea, diarrhoea, and rash.

Use—prophylaxis and treatment of malaria in combination with
proguanil; treatment of PCP (atovaquone alone).

Chlorproguanil-dapsone

o Dapsone (&) see Antileprotics, pp. 75-7) is a sulfa drug that has

been combined with chlorproguanil and developed as an affordable
combination treatment for African children.

Although well tolerated and efficacious, it is associated with a higher
frequency of serious haematological toxicity than sulfadoxine—pyrimethamine.
There are also concerns about the potential emergence of cross-
resistance to this combination in areas where resistance to sulfadoxine—
pyrimethamine is already high.

Tetracycline and doxycycline

o Tetracycline and doxycycline (&) see Tetracyclines, pp. 56-8) are both
protein synthesis inhibitors. They are well absorbed PO, with elimination
half-lives of 8h (tetracycline) and 20h (doxycycline).

Quinine plus tetracycline has been used for treatment of MDR
falciparum malaria in Thailand for years.

Quinine plus doxycycline is recommended for treatment of falciparum
malaria in the UK. Doxycycline is also used in prophylaxis of malaria in
regions with chloroquine or mefloquine resistance.

Main limitations—contraindicated in children and pregnant women;
photosensitivity with doxycycline; emergence of parasite resistance to
tetracycline in areas where it has been extensively used.

Clindamycin

o Clindamycin (@) see Lincosamides, pp. 51-2) is a lincosamide antibiotic
that also acts on the malaria parasite’s apicoplast.

o Although numerous studies of quinine plus clindamycin have shown
good efficacy and safety profiles in various populations, it has never
been widely used.

Artemisinin and its derivatives

Artemisinin (ginghao) is derived from Artemisia annua (sweet wormwood).
Chinese herbalists have used it for 2000 years. Most clinically important
artemisinins are metabolized to dihydroartemisinin, in which form they have
comparable antimalarial activity. They are the most effective group of anti-
malarial agents and act against quinine-resistant parasites. Although widely
used in the developing world to treat malaria, their use in the developed
world is hampered by a lack of availability of good manufacturing practice
(GMP) products. Oral use in uncomplicated malaria should always be in
combination with another agent.
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Mode of action

Unclear. They contain an unusual peroxide bridge, believed to be respon-
sible for its action. This may disrupt redox homeostasis, resulting in the
production of reactive oxygen radicals. Blood stages of Plasmodium spp.
are rapidly killed, including gametocytes (the form infective to mosquitoes),
thus leading to reduced transmission. In both uncomplicated and severe
infections, they have shown faster fever and parasite clearance times than
any other agent (including quinine), and are effective in cerebral malaria.

Resistance

Reduced susceptibility has been reported in Cambodia (2008) and Thailand
(2012). This resulted in delayed parasite clearance times and it is thought
that this has arisen as a result of oral monotherapy. The WHO has called
for the banning of all artemisinin monotherapy worldwide.

Agents
o Artemisinin—the original agent. It has poor bioavailability (improved
upon in the semi-synthetic derivatives; ©) see Artemisinin combination
therapies, pp. 118-9). Concentrated in erythrocytes and hydrolysed
to dihydroartemisinin. Metabolized by hepatic cytochromes. Peak
concentrations after 1-3h. Elimination half-life <30min. Can be given
PR. Adverse effects include drug-induced fever, reversible decrease in
reticulocytes, and neurotoxicity in animal models. Also active against
T. gondii, Leishmania major, and Schistosoma mansoni in experimental models.
o Dihydroartemisinin—the active metabolite of artemisinin. Can be given
PO and used in treatment of uncomplicated malaria.
o Artemether and arthether—esters of dihydroartemisinin; preparations
are oil-based and can be given PO, PR, or IM. Absorbed slowly and
erratically, so not suitable for severely ill patients.
Artesunate—water-soluble hemisuccinate of dihydroartemisinin that may
be given PO, PR, or IV. Widely used in the developing world. It is not
licensed in the UK or USA, but available on request from most regional
ID units (and the CDC in the USA). It is the drug of choice for severe
P. falciparum malaria, being superior to quinine in efficacy (mortality 15%
versus 24%) and tolerability. Counterfeit artesunate (containing little or
no active drug) has been sold in South East Asia since the late 1980s. This
threatens successful treatment and may have facilitated the emergence of
reduced susceptibility recently observed in Cambodia. Side effects include
transient neurological abnormalities (e.g. balance) and neutropenia.

Artemisinin combination therapies

The best treatments for uncomplicated falciparum malaria. They combine
a highly effective short-acting artemisinin with a longer-acting agent to pro-
tect against resistance, and are rapidly and reliably effective. Resistance in
the partner drug limits the use of certain combinations. They are safe and
well tolerated, although hypersensitivity may occasionally occur. The part-
ner drug determines the adverse effect profiles. They should not be used in
the first trimester of pregnancy (safety not established), unless there is no
alternative. They are usually given as a 3-day course in a fixed-dose tablet.
o Artesunate-mefloquine—safe, well tolerated, and highly effective.
Used in Thailand, South America, and Africa. Disadvantages include its
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price and the pharmacokinetic mismatch of its components. However,

in Thailand, resistance to mefloquine has actually decreased since its

introduction.

Artesunate—sulfadoxine—pyrimethamine—initially gave promising results

in African children, but subsequent studies have been disappointing.

Artesunate—amodiaquine—one African multicentre trial showed better

overall efficacy than amodiaquine alone, but 6% of patients developed

neutropenia. The pharmacokinetic mismatch of the components raises
concerns about prolonged exposure of parasites to amodiaquine. There
is increasing resistance in eastern and southern Africa.

Artemether—lumefantrine—first fixed-dose combination of artemisinin

derivative and another drug. It has become increasingly available in

tropical countries, and is well tolerated and affordable ($1). It has been
associated with irreversible hearing loss. Pharmacokinetic mismatch

of components necessitates a complex 3-day dosing regimen. Widely

available in the UK.

o Dihydroartemisinin—piperaquine—good tolerability, high cure rates in
MDR falciparum malaria in Cambodia, Vietnam, and Thailand. The slow
elimination of piperaquine determines parasitological efficacy and post-
treatment prophylactic effect.

Antiprotozoal drugs

Albendazole

e Binds to tubulin, affecting cytoskeleton function. Active against a
variety of helminths and some protozoal infections, including giardiasis,
microsporidiosis, intestinal worm infections, trichinosis, cutaneous larva
migrans, hydatid disease, neurocysticercosis, and lymphatic filariasis.

Amphotericin

(® See Polyenes, pp. 80-1.)

o A polyene antifungal active against a variety of fungi and some protozoa,
e.g. Leishmania spp., Naegleria, and Hartmanella. Used in the treatment
of leishmaniasis.

Antimony compounds

e Sodium stibogluconate is a pentavalent antimonal compound used in
the treatment of leishmaniasis. It is active against amastigotes within
macrophages. Different species vary in sensitivity.

Acquired resistance results in poor response and high resistance rates.
Relapse also common in immunosuppressed or HIV patients.
Pharmacology—given IM or IV, with peak concentrations occurring after
1h. Slow accumulation in the CNS and tissues. Excreted in the urine.
Adverse effects—cough/vomiting (if infused too quickly), arthralgia,
myalgia, bradycardia, abdominal cramps, diarrhoea, rash, pruritus, raised
LFTs, raised creatinine, raised amylase.

Atovaquone

(® See Antimalarials, pp. 112-3.)

o Antimalarial with activity against other protozoa, e.g. Babesia spp.,
T. gondii, and P. jiroveci.
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Benznidazole

o A synthetic 2-nitroimidazole active against T. cruzi (Chagas’ disease).

e Pharmacology—uwell absorbed PO.

o Adverse effects—photosensitivity (50%), anorexia, nausea, vomiting,
abdominal pain, disorientation, insomnia, paraesthesiae, polyneuritis,
seizures.

Ciprofloxacin

(©® See Quinolones, pp. 62-4.)

o A fluoroquinolone antibiotic with activity against Cyclospora cayetanensis
and Isospora belli. Used as a second-line treatment option.

Clarithromycin

(® See Macrolides, pp. 48-50.)

e A macrolide antibiotic with activity against T. gondii. A second-line
treatment option.

Clindamycin

(® See Lincosamides, pp. 51-2.)

o A lincosamide antibiotic with activity against some protozoa, e.g.
P. falciparum, Babesia spp., T. gondii, and P. jiroveci.

o Use—second-line treatment of P. jiroveci pneumonia; second-line
treatment and secondary prophylaxis of cerebral toxoplasmosis.

Co-trimoxazole

(® See Co-trimoxazole, pp. 61-2.)

o A diaminopyrimidine—sulfonamide antibiotic with useful activity against
P. jiroveci (first line), T. gondii, C. cayetanensis, and I. belli.

Dapsone

(& See Antileprotics, pp. 75-7.)

o Sulfonamide derivative, active against M. leprae, Plasmodium spp.,
T. gondii, and P. jiroveci. Main use is the treatment and prophylaxis of
P. jiroveci pneumonia and cerebral toxoplasmosis.

Diloxanide furoate

o Dichloromethylacetamide, active against Entamoeba histolytica.

Resistance—none reported.

Pharmacology—Iimited human data. Animal data show rapid oral

absorption, hydrolysed in the gut, 75% excreted via kidneys within 24h.

Adverse effects—nausea, vomiting, abdominal distension, flatulence,

pruritus, urticarial.

o Use—treatment of intestinal amoebiasis, eradication of cysts after acute
amoebiasis.

Eflornithine

o Inhibits parasite growth by inhibition of ornithine carboxylase (required
for cellular replications and differentiation). Active against Trypanosoma
brucei gambiense. In vitro (not used clinically) activity against P. falciparum,
Leishmania promastigotes, and Giardia lamblia.

e Pharmacology—given IV, plasma half-life 3h, good CNS penetration,
rapid renal excretion.
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o Adverse effects—osmotic diarrhoea, bone marrow suppression,
convulsions, hair loss.

o Use—Ilate-stage T.b. gambiense infections. NOT effective in T.b.
rhodesiense infections. Has been used speculatively in PCP.

Fluconazole

(® See Triazoles, pp. 83-4.)
o Antifungal with activity against Leishmania spp. Used to treat cutaneous
leishmaniasis.

Fumagillin

o Antibiotic derived from A. fumigatus. Mechanism of action not clear.
Suppresses microsporidial proliferation. A second-line treatment of
microsporidiosis.

o Given PO. Adverse effects—neutropenia, decreased platelets.

Furazolidone

(® See Nitrofurans, pp. 66-7.)

o A nitrofuran antibiotic, active against a variety of bacteria, G. lamblia,
and T. vaginalis.

o Adverse effects—disulfiram reaction with alcohol. Occasionally,
fever, urticaria, hypotension, arthralgia, nausea, vomiting, headache,
haemolysis (G6PD deficiency).

lodoquinol

e An 8-aminoquinoline, active against E. histolytica and Dientamoeba fragilis.

e Pharmacology—slowly and incompletely absorbed (<10%), hepatic
metabolism, and renal excretion.

o Adverse effects—nausea, abdominal cramps, rash, acne, optic neuritis
with prolonged courses. Contraindicated if allergic to iodine.

e Use—asymptomatic or mild intestinal (non-invasive) amoebiasis.

Melarsoprol

e An arsenical compound, active against T. brucei spp. Prevents
trophozoite multiplication by binding thiol groups. Very toxic.
Resistance—due to reduced uptake by trypanosomes.
Pharmacology—given IV, rapidly metabolized to melarsen oxide which
crosses the blood-brain barrier, biphasic elimination.
Adverse effects—fever, abdominal pain, vomiting, peripheral
neuropathy; 10% risk of post-treatment encephalopathy (may be
reduced by prednisolone), 2—4% risk of death secondary to treatment.
o Use—late-stage (CNS) African trypanosomiasis caused by T.b.
gambiense and T.b. rhodesiense.

Mepacrine (quinacrine)

o A synthetic acridine derivative with broad antiprotozoal activity—
Blastocystis hominis, E. histolytica, G. lamblia, Leishmania spp., Plasmodium
spp., T. vaginalis, T. cruzi. Also active against tapeworms.

e Pharmacology—well absorbed PO, extensive tissue binding,
concentrated in leucocytes, 10% daily dose excreted in the urine (turns
it yellow).
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o Adverse effects—yellow staining of skin, dizziness, headache, vomiting,
psychosis, haemolytic anaemia, decreased WCC, decreased platelets,
urticaria, fever, rash.

o Use—giardiasis, prophylaxis of malaria, treatment of tapeworm,
cutaneous leishmaniasis.

Metronidazole

(& See Nitroimidazoles, pp. 64-6.)

o A nitroimidazole antibiotic, active against anaerobic bacteria and protozoa,
e.g. T. vaginalis, G. lamblia, E. histolytica, Balantidium coli, B. hominis.

o First line for giardiasis, intestinal/extraintestinal amoebiasis, trichomoniasis.

Miltefosine

o Hexadecylphosphocholine, active against Leishmania spp., Trypanosoma
spp., and E. histolytica.

o Pharmacology—uwell absorbed and widely distributed.

o Adverse effects—vomiting, diarrhoea, teratogenic (avoid in pregnancy).

o Use—treatment of leishmaniasis.

Nifurtimox

e A nitrofuran antibiotic, active against a variety of bacteria and T. cruzi.

o Adverse effects—Gl symptoms (40—-70%), CNS symptoms (33%), skin
rash, haemolysis (G6PD deficiency).

o Use—treatment of acute T. cruzi infection. Little effect in chronic
Chagas’ disease. Used in combination with eflornithine or melarsoprol
for the treatment of African trypanosomiasis due to T.b. gambiense.

Nitazoxanide

e A broad-spectrum antiparasitic used in the treatment of diarrhoea due
to Cryptosporidium parvum in children and giardiasis. Previously used
in the treatment of HIV-associated cryptosporidiosis, but of doubtful
effectiveness in this context.

Ornidazole

(©® See Nitroimidazoles, pp. 64-6.)

o A nitroimidazole antibiotic used in the treatment of giardiasis, intestinal/
extraintestinal amoebiasis.

Paromomycin

(© See Aminoglycosides, pp. 46-8.)

e Aminoglycoside antibiotic, similar to neomycin. Poorly absorbed PO,
and used as second line for non-invasive amoebiasis (oral) and for non-
severe giardiasis in pregnancy when metronidazole contraindicated.
Used TOP for cutaneous leishmaniasis and nitroimidazole-resistant
trichomiasis (topical).

Pentamidine isethionate

o A synthetic diamidine, active against P. falciparum, T. gondii, Leishmania
spp., Trypanosoma spp., Babesia spp., and P. jiroveci.

o Pharmacology—negligible oral absorption, given IV or by nebulizer,
hepatic metabolism, 15-20% excreted in the urine. Poor CSF
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penetration (<1%). Retained in tissues, e.g. liver; kidneys, adrenals,

spleen, and lungs, resulting in long terminal half-life (>12 days).

Adverse effects—phlebitis, injection site abscess, Gl symptoms,

hypotension, hypo-/hyperglycaemia, hypocalcaemia, neutropenia,

decreased platelets, raised creatinine, raised LFTs, pancreatitis, rash.

o Use—treatment of African trypanosomiasis (early stage), prophylaxis
and treatment of PCP, treatment of leishmaniasis (antimony-resistant).

Primaquine

(® See Antimalarials, pp. 112-3.)

o A synthetic 8-aminoquinoline, active against hepatic stages of P. vivax
and P. ovale, P. jiroveci, Babesia spp., Leishmania spp., and T. cruzi.

o Use—treatment of P. vivax or P. ovale malaria, treatment of PCP (with
clindamycin).

Pyrimethamine

(® See Antimalarials, pp. 112-3.)

o A synthetic diaminopyrimidine, active against Plasmodium spp., T. gondii,
and P, jiroveci.

o Adverse effects—abdominal pains, rash, folate deficiency with longer
courses (folinic acid replacement is required).

o Use—treatment of malaria (in combination with sulfadoxine or
dapsone), toxoplasmosis (with sulfadiazine), and PCP (with dapsone).

Spiramycin

(® See Macrolides, pp. 48-50.)

e A macrolide antibiotic; active against T. gondii and an alternative to
antifolates, e.g. in pregnancy.

Sulfadiazine

(® See Sulfonamides, pp. 58-60.)
o Active against T. gondii. Used in combination with pyrimethamine.

Suramin

o A sulfated naphthylamine, active against T. brucei spp. and used to treat
the early stages of African trypanosomiasis. First line for T.b. rhodesiense.
Second line for T.b. gambiense (in which pentamidine is effective and
better tolerated).

o Mode of action—binds to plasma proteins and taken up into trypanosomes
by endocytosis. Acts synergistically with nitroimidazoles and eflornithine.

o Resistance—<clinical relapse rates of 30-50% reported in East Africa.

e Pharmacology—poor oral absorption, given by slow IV infusion, >99%

protein-bound, poor CSF penetration, plasma half-life >40 days, not

metabolized, high tissue distribution (liver, kidney, adrenal glands), renal

excretion.

Adverse effects—highly toxic, especially in malnourished patients.

Immediate reactions (nausea, vomiting, cardiovascular collapse) can

be avoided by slow IV injection. May be followed by fever, urticaria.

Anaphylaxis is rare (<1 in 2000). Delayed reactions include exfoliative

dermatitis, anaemia, leucopenia, jaundice, and diarrhoea.

o Use—African sleeping sickness (early stage), onchocerciasis.
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Tetracycline

(& See Tetracyclines, pp. 56-8.)

o A tetracycline antibiotic, active against a variety of bacteria, Chlamydia,
Rickettsia, spirochaetes, P. falciparum, B. coli, D. fragilis.

o Use—treatment and prophylaxis of drug-resistant falciparum malaria,
treatment of B. coli and D. fragilis.

Tinidazole

(© See Nitroimidazoles, pp. 64-6.)
o Similar to metronidazole, used for amoebiasis, giardiasis, trichomoniasis.

Antihelminthic drugs

Most antihelminthics were discovered and developed for use in veterinary
medicine. Although no new antihelminthics have come to the market in
recent years, satisfactory results can be achieved with current drugs. The
exceptions to this are the treatment of larval cestodes, disseminated stron-
gyloidiasis, and guinea worm.

Generic properties

e Mode of action—cause degenerative alterations in the tegument and
intestinal cells of the worm by inhibiting its polymerization into microtubules.
This results in inability to uptake glucose by the larval and adult stages.

o Side effects—the main side effects are Gl and neurological symptoms,
although allergic/anaphylactic reactions may rarely occur as a result of
the death of large numbers of worms.

Benzimidazoles

o Act by binding free B-tubulin, blocking its polymerization and hence
inhibiting microtubule-dependent glucose uptake.

o All cause Gl side effects and should be avoided in pregnancy.

Albendazole

o Active against Enterobius vermicularis, Ascaris lumbricoides, Ancylostoma

duodenale, Necator americanus, Strongyloides stercoralis, Trichuris trichiura,

Trichinella spiralis, animal hookworms, microfilaria, and Echinococcus spp.

Also active against G. lamblia and microsporidia.

Pharmacology—well absorbed PO, metabolized to albendazole

sulfoxide (active metabolite), half-life 8h, renal excretion.

Adverse effects—leucopenia and raised LFTs with prolonged use.

Rarely, neutropenia, pancytopenia, agranulocytosis, thrombocytopenia.

o Use—intestinal worm infections, trichinosis, cutaneous larva migrans
(TOP), hydatid disease (% surgery), neurocysticercosis, lymphatic
filariasis (£ ivermectin), giardiasis, microsporidiosis.

Mebendazole

o Active against E. vermicularis, A. lumbricoides, A. duodenale,
N. americanus, S. stercoralis, and T. trichiura.

e Pharmacology—poor oral absorption; most of the drug and its
metabolites (inactive) are retained in the Gl tract and excreted in the
faeces, <2% excreted by kidneys.

e Use—intestinal worms, trichinosis.
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Flubendazole
e A benzimidazole carbamate used in some countries, instead of
albendazole, for treatment of ascariasis. Less well absorbed PO.

Tiabendazole (thiabendazole)

o Active against commonest intestinal nematodes. Poor side effect profile
and now primarily used for cutaneous larva migrans (topical for single
tracks, PO for multiple).

Triclabendazole
e Drug of choice for the treatment of Fasciola hepatica liver infections.

Piperazine

o Active against E. vermicularis and A. lumbricoides.

o Adverse effects—transient mild Gl or neurological symptoms;
hypersensitivity. Avoid in epilepsy, liver or kidney disease.

Diethylcarbamazine

o A carbamyl derivative of piperazine used in the treatment of lymphatic
filariasis and loiasis (Loa loa, Brugia malayi, Wuchereria bancrofti,
Onchocerca volvulus).

Pharmacology—>90% oral absorption, 50% metabolized and excreted
in the faeces, 50% excreted unchanged in the urine.

Adverse effects—usually related to the microfilarial burden and may

be due to the release of lipopolysaccharide (LPS) from Wolbachia spp.,
e.g. fever, headache, dizziness, transient worsening of lymphangitis. The
Mazotti reaction (itch, ocular and constitutional symptoms) may occur in
onchocerciasis.

Ivermectin

o A mixture of two semi-synthetic derivatives of avermectins, antibiotics
produced by Streptomyces avertimilis. Active against A. lumbricoides,
S. stercoralis, O. volvulus, L. loa, and Sarcoptes scabiei.

o Pharmacology—60% oral absorption, rapidly metabolized by the liver,
highest concentrations in the liver and fat, excreted in the faeces.

o Adverse effects—Mazotti reactions, Gl symptoms, neurological
symptoms. Not recommended in pregnancy/breastfeeding.

e Use—onchocerciasis, non-disseminated strongyloidiasis. May be used
for lymphatic filariasis (with albendazole), loa loa, and scabies.

Levamisole

o Active against A. lumbricoides and hookworms. Paralyses worms that are
then passed out in the faeces.

o An alternative to mebendazole for the treatment of ascariasis.

Praziquantel

o A synthetic pyrazinoquinoline; active against schistosomes (causes
paralysis and tegumental damage), larval tapeworms, Fasciolopsis buski,
Metagonimus yokogawi, Heterophyes heterophyes, Nanophyetus salmincola,
Clorchis spp., Opisthorchis spp., Paragonimus spp., and F. hepatica (variable
activity).



126

cHAPTER 5 Antiparasitic therapy

Pharmacology—>80% oral absorption, undergoes rapid first-pass
metabolism to inactive metabolites, low plasma levels, 90% excreted in
the urine by 24h.

Adverse effects—Gl symptoms, mild neurological effects during
treatment of schistosomiasis; cerebral inflammation and oedema during
treatment of neurocysticercosis; risk of visual impairment with ocular
cysticercosis.

o Use—schistosomiasis, tapeworm infections, trematode infections
(except F. hepatica). Resistance is emerging in schistosomes.

Metrifonate

o An organophosphate compound, active against Schistosoma
haematobium.

o Superseded by praziquantel and no longer readily available.

Niclosamide

o A synthetic chlorinated nitrosalicylanide, active against Taenia saginata,
Taenia solium, Diphyllobothrium latum, Hymenolepis nana.

o Pharmacology—Ilevel of absorption uncertain, metabolized in the liver,
passed in the urine and faeces (stains them yellow).

o Use—the most widely used drug for tapeworm infections. Not effective
against larval worms.

Oxamniquine

o A synthetic quinoline methanol, active against S. mansoni.

e Pharmacology—well absorbed PO. Can be given IM.

o Adverse effects—dizziness, sleepiness, nausea, and headache.

o Use—second-line treatment of S. mansoni infections. Higher doses
required in Egypt and southern Africa for partially resistant strains.

Pyrantel

o A pyrimidine derivative; active against E. vermicularis, A. lumbricoides,
A. duodenale, and N. americanus. Induces paralysis, allowing worm
expulsion.

o Pharmacology—<5% absorbed PO, metabolized, and excreted the in
urine; the rest passes unchanged in the faeces.

o Adverse effects—Gl symptoms and neurological effects (rare).
Antagonistic with piperazine (do not use together).

o Use—single-dose curative in pinworm, ascariasis, and trichostrongyliasis.
Several doses required for hookworm.
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Introduction to infection control

At any one time, in the UK, ~10% of hospital inpatients are suffering from
a nosocomial infection." In total, estimates suggest that 300000 patients a
year in England acquire a HCAI as a result of care within the NHS. The top
five commonest nosocomial infections are as follows:

e intravascular device-related bacteraemia;

o UTI

e LRTI;

e surgical wound infection;

e skin infection.

The socio-economic impact, in terms of increased length of stay and finan-
cial cost, is immense, as is the personal cost to each individual who acquires
an essentially preventable infection. In 2007, MRSA bloodstream infections
(BSls) and CDIs were recorded as the underlying cause of, or a contribu-
tory factor in, ~9000 deaths in hospitals and primary care in England.

HCAIs are estimated to cost the NHS ~£1 billion a year. These infections
have triggered considerable political interest over recent years, resulting in reor-
ganization of hospital and community infection control services and the publica-
tion of numerous documents. A ‘zero tolerance’ approach has been adopted. It
is likely that infection control will maintain its high political profile.

Information which will guide reading of this chapter and provide informa-
tion on current practice and trials in infection control can be found in Boxes
6.1 to 6.4 and Table 6.1.

Box 6.1 Important definitions in infection control
Infection—the deposition and multiplication of organisms in tissues or on
body surfaces, which usually causes adverse effects.

Colonization—organisms are present but cause no host response.

Carrier—an individual who harbours a pathogen without manifesting
symptoms, thus acting as a distributor of infection. Typhoid Mary was one
of the most famous carriers of all time () see Enteric fever, pp. 649-51).

Nosocomial infection—hospital-/health care-acquired infection that was
not present or incubating at the time of admission. Often an arbitrary cut-
off of >48h post-admission is used. Nosocomial infections also include
infections that only appear after discharge, e.g. post-operative wound
infection. It also includes occupational infections amongst health-care staff.

Community infection—infection in the community. Be careful to differenti-
ate between community-onset (may include patients recently discharged
from hospitals) and community-acquired (community patients with no
history of direct or indirect contact with health care) infections.

Decontamination—a process or treatment that cleanses a medical device,
instrument, or environmental surface to remove contaminants such as
microorganisms.
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Box 6.1 (Contd.)

Disinfection—the destruction of pathogenic and other microorganisms
by physical or chemical means. Disinfection is less lethal than steriliza-
tion, because it destroys most recognized pathogenic microorganisms,
but not necessarily all microbial forms such as bacterial spores (&) see
Disinfection, pp. 172-4).

Sterilization—a physical or chemical procedure that destroys all organ-
isms, including large numbers of resistant bacterial spores (&) see
Sterilization, pp. 174-6).

Box 6.2 Infection control abbreviations used in the UK

o ACOP—Approved Code of Practice, e.g. for Legionella.

o CCDC—Consultant in Communicable Disease Control.

o CDC—Centers for Disease Control and Prevention (Atlanta, USA).

o CDSC—Communicable Disease Surveillance Centre: now CFl (Centre

for Infections).

COSHH—Control of Substances Hazardous to Health.

CQC—Care Quality Commission.

o CSSD—Centre for Surgical Sterilization and Disinfection (also called
Theatre Supplies Unit, TSU).

o DH—Department of Health.

DIPC—Director of Infection Prevention and Control.

o ECDC—European Centre for Disease Prevention and Control

(Stockholm, Sweden).

EPIC—Evidence-based Practice in Infection Control.

HACCP—Hazard Analysis Critical Control Points.

HAl—hospital-acquired infection.

HBN—Health Building Note.

HCAl—health care-associated infection.

HELICS—Hospital in Europe Link for Infection Control through

Surveillance.

HGM—Health Guidance Memorandum.

HICPAC—Hospital Infection Control Practices Advisory Committee

(Atlanta, USA).

HIl—High Impact Intervention: from ‘Saving Lives’ programme.

HSE—Health and Safety Executive.

HTM—health technical memorandum.

ICC—infection control committee.

|CD—infection control doctor.

ICN—infection control nurse.

ICT—infection control team.

LACORS—Local Authorities Coordinators of Regulatory Services.

MESS—MRSA Enhanced Surveillance System.

MHRA—Medicines and Healthcare products Regulatory Agency.

PEAT—Patient Environment Action Team.

PPE—personal protective equipment.

(Continued)
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Box 6.2 (Contd.)

o RCA—root cause analysis.

o RIDDOR—Reporting of Injuries, Diseases and Dangerous Occurrences
Regulations.

o SUl—serious untoward incident.

o UICP—universal infection control precautions.

o UKAP—UK Advisory Panel for health-care workers infected with
blood-borne viruses.

Box 6.3 Current emphasis on infection control
The Health and Social Act came into force in April 2011. This states that
‘good infection prevention and control are essential to ensure that people
who use health and social care services receive safe and effective care.
Effective prevention and control of infection must be part of everyday
practice and be applied consistently by everyone’. This code of practice
details ten criteria that will be used by the CQC to judge how a reg-
istered provider complies with infection control. Registered providers
include: primary care, primary dental care, independent sector ambulance
workers, and secondary care.

o High Impact Interventions were published by the DH, based on the
care bundle approach. These are simple evidence-based tools, which
reinforce the practical actions that clinical staff need to undertake to
5|gnn°cantly reduce HAI. The Hills focus on:

central venous catheter (CVC) care (see Box 6.25);

- peripheral IV cannula care (see Box 6.27);

- renal dialysis catheter care;

- prevention of surgical site infection (see Box 6.24);

- care for ventilated patients (or tracheostomies, where
appropriate);

- urinary catheter care (see Box 6.26);

- reducing the risk of C. difficile (see Box 6.28);

- cleaning and decontamination of clinical equipment.

The revised Saving Lives tools include summaries of best practice for anti-
microbial prescribing and isolating patients with HAI.
. Important approaches include the following:
care bundles—these involve multiple discrete steps in the
prevention of infection, and should be implemented and
monitored by multidisciplinary teams;
- aculture of zero tolerance and accountability, with adequate
administrative support.

See Institute for Healthcare Improvement, available at: & www.ihi.org.
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Box 6.4 Clinical trials in infection control/hospital
epidemiology

Historically, there have been few controlled trials in infection control, and
the evidence base for many procedures is sparse. Initiatives to rectify this
include the formation of ORION (Outbreak Reports and Intervention
Studies of Nosocomial Infection) and the publication of a CONSORT
(Consolidated Standards of Reporting Trials) equivalent statement, in
order to raise the standards of research and publication. The most recent
version (the CONSORT 2010 Statement) consists of a 25-item checklist
and a participant flow diagram. The full text of the ORION Statement and
checklist is available at: & www.idrn.org/orion.php. These guidelines have
been incorporated, with others, into the EQUATOR Network (Enhancing
the QUAIity and Transparency Of health Research, available at: & www.
equator-network.org). The emphasis is on transparency to improve the
quality of reporting and on the use of appropriate statistical techniques, so
that the work is robust enough to influence policy and practice.

Table 6.1 Some of the significant UK documents relating to infection
control (published since 2000)

National Audit Office (2000). The management and control of hospital acquired
infection in acute NHS trusts in England. Available at: 2 www.nao.org.uk/
publications/9900/hospital_acquired_infection.aspx.

Pratt RJ, Pellowe C, Loveday HP, et al.; Department of Health (England) (2001).
The epic project: developing national evidence-based guidelines for preventing
healthcare associated infections. Phase I: Guidelines for preventing hospital-
acquired infections. | Hosp Infect 47:S3-82.

(Epic2 was updated in 2006.)

Department of Health (2002). Getting ahead of the curve: a strategy for infectious
diseases. Available at: & webarchive.nationalarchives.gov.uk/+/dh.gov.uk/en/
consultations/closedconsultations/dh_4016942.

Department of Health (2007). Towards cleaner hospitals and lower rates of
infection: a summary of action. Available at: S http://webarchive.nationalarchives.
gov.uk/+/www.dh.gov.uk/en/Publicationsandstatistics/Publications/
PublicationsPolicyAndGuidance/Browsable/DH_4096315.

Department of Health (2007). Saving lives: reducing infection, delivering
clean and safe care. Available at: & http://webarchive.nationalarchives.
gov.uk/+/www.dh.gov.uk/en/Publicationsandstatistics/Publications/
PublicationsPolicyAndGuidance/DH_078134.

Department of Health (2006). The Health Act 2006: code of practice for the
prevention and control of healthcare associated infections. London: Department of
Health.

(Under the 2006 Health Bill, trusts have a duty of care to comply with this code
of practice, which will be overseen by the Health Care Commission. The code
is divided into three areas: (1) management, organization, and the environment;
(2) clinical care protocols; (3) health-care workers.)

(Continued)
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Table 6.1 (Contd.)

Department of Health (2007). The decontamination of surgical instruments with
special attention to the removal of proteins and inactivation of any contaminating
human prions: 2006 report. Available at: R http://webarchive.nationalarchives.
gov.uk/20130107105354/http:/ /www.dh.gov.uk/en/Publicationsandstatistics/
Publications/PublicationsPolicyAndGuidance/DH_072443.

National Audit Office (2009). Reducing healthcare associated infections in hospitals
in England. Available at: 2 www.nao.org.uk/publications/0809/reducing_
healthcare_associated.aspx.

Public Health England (2010). Guidance on infection control in schools and other
childcare settings. Available at: & https://www.gov.uk/government/uploads/
system/uploads/attachment_data/file/353953/Guidance_on_infection_control_
in_schools_11_Sept.pdf.

National Institute for Health and Care Excellence (2011). Healthcare-associated
infections: prevention and control. NICE guidelines PH36. Available at: & http://
www.nice.org.uk/guidance/ph3é.

Public Health England (2011). Infection control in prisons and places of

detention: manual for healthcare workers and other staff. Available at: 8 https://
www.gov.uk/government/uploads/system/uploads/attachment_data/file/
329792 /Prevention_of_infection_communicable_disease_control_in_prisons_and_.
places_of_detention.pdf.

Public Health England (2012). Guidelines for the management of norovirus outbreaks
in acute and community health and social care settings. Available at: & https://www.
gov.uk/government/uploads/system/uploads/attachment_data/file/322943/
Guidance_for_managing_norovirus_outbreaks_in_healthcare_settings.pdf.

Public Health England (2014). Acute trust toolkit for the early detection, management
and control of carbapenemase-producing Enterobacteriaceae. Available at: R https://
www.gov.uk/government/uploads/system/uploads/attachment_data/file/
329227/ Acute_trust_toolkit_for_the_early_detection.pdf.

Department of Health (2013). Prevention and control of infection in care homes: an
information resource. Available at: & www.gov.uk/government/uploads/system/
uploads/attachment_data/file/214929/Care-home-resource-18-February-2013.
pdf

Public Health England (2013). Updated guidance on the management and treatment
of C. difficile infection. Available at: & https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/321891/Clostridium_difficile_
management_and_treatment.pdf.

References to relevant topics in other chapters
° Management of rash contact in pregnancy, pp. 790-1.

. Bioterrorism, pp. 846-8.

° Vancomycin-resistance, pp. 42-3.

° Antimicrobial stewardship, pp. 27-8.

. Glycopeptide resistance in Staphylococcus aureus, pp. 239—40.
Reference

1 Plowman R, Graves N, Griffin MA, et al. (2001). The rate and cost of hospital-acquired infections
occurring in patients admitted to selected specialties of a district general hospital in England and
the national burden imposed. | Hosp Infect. 47:198-209.
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Further reading

Public health bodies—England (Public Health England & www.gov.uk/phe), Scotland (Health
Protection Scotland & www.hps.scot.nhs.uk), and Wales (Public Health Wales & www.wales.
nhs.uk/healthprotection) each have devolved public health agencies.

Healthcare Infection Society—§R www.his.org.uk.

The UK Department of Health website provides information on mandatory surveillance schemes,
& www.doh.gov.uk.

Health and Safety Executive—S® www.hse.gov.uk.

World Health Organization—JS® www.who.int.

Centers for Disease Control and Prevention, Hospital Infection Program—J§® www.cdc.gov/hai.

Infection Prevention Society—R www.ips.uk.net.

Care Quality Commission— http://www.cqc.org.uk. This is the independent regulator of all
health and adult social care in England.

National Institute for Health and Care Excellence (NICE)—JS& www.nice.org.uk.

Society for Healthcare Epidemiology of America—S2 www.shea-online.org.

Medicines and Healthcare products Regulatory Agency—S® www.mhra.gov.uk.

National electronic Library of Infection—SR www.neli.org.uk.

European Centre for Disease Prevention and Control—J® http://ecdc.europa.eu.

Basic epidemiology of infection (1)

In order to introduce effective infection control measures, the basic epide-
miology of an infection (route of transmission, host risk factors, etc.) must
be considered. The incidence and nature of a HAI (as with any infection)
depend on the:

® organism;

o host (patients and staff);

e environment.

The organism
The organisms responsible for common nosocomial infections are listed in
Table 6.2. These may be acquired endogenously or exogenously.

Endogenous infection

An infectious agent that is already present in the host causes endogenous
infection. The infectious agent is usually part of the normal host flora.
Antibiotics and exposure to the hospital environment can change the
normal flora of the host and may select for resistant organisms. Risk of
infection may be reduced by protecting any potential sites of entry, e.g.
intravascular lines.

Exogenous infection

When the infectious agent originates from outside of the host. The path-
ogen is usually acquired from the environment by various routes, includ-
ing: airborne, direct contact, or percutaneous routes. Within the hospital
setting, environmental infection is usually due to a contaminated item of
equipment and can be minimized by implementing the correct decontami-
nation, sterilization, and infection control procedures. Cross-infection (or
transmission) refers to infection acquired in hospital from another person,
either patients or staff. Risks can be reduced by focusing on measures to
interrupt transmission, e.g. handwashing.
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Table 6.2 Organisms commonly involved in HAIs

Infection Organism(s) involved

UTls Gram-negative bacteria, e.g. E. coli, Proteus spp.,
Klebsiella spp., Serratia spp.

Gram-positive bacteria less common, e.g.
Enterococcus spp.

Fungi are a rare cause, e.g. C. albicans

Respiratory infections Bacteria, e.g. H. influenzae, S. pneumoniae, P. aeruginosa,

(non-ventilated Enterobacteriaceae

patients) Viruses: respiratory viruses
Fungi, e.g. Aspergillus spp.

Wounds and skin Bacteria, e.g. S. aureus, S. pyogenes, anaerobes

sepsis Uncommon cause—(surgical wounds) Gram-negative
organisms. e.g. E. coli

BSI Gram-positive bacteria, e.g. S. aureus, including MRSA,
Enterococcus spp., CoNS

Gram-negative bacteria, e.g. E. coli, Proteus spp.,
Klebsiella spp., Serratia spp., P. aeruginosa

Fungi, e.g. Candida spp.
Gl infections Bacteria, e.g. C. difficile

Viruses, e.g. norovirus

The host

Patient risk factors that result in increased likelihood of acquiring an infec-

tion in hospital include:

o severity of the underlying acute illness and patient co-morbidities.
Severely ill patients are more vulnerable to acquiring an infection and
more likely to have a worse outcome;

o use of medical devices—these breach host defences and provide
possible portals of entry for organisms;

o extremes of age—the elderly and very young are at higher risk;

immunosuppression.

Staff risk factors include:

e immunosuppression, e.g. HIV; pregnancy;

o staff who perform exposure-prone procedures are more likely to be
exposed to blood-borne viral infections;

skin conditions (e.g. eczema) increase prolonged carriage of organisms
such as MRSA.
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Basic epidemiology of infection (2)

The environment

The hospital environment includes all of the physical surroundings of the
hospital patients and staff, i.e. the building, fittings, fixtures, furnishings,
equipment, and supplies. The following are important environmental issues
in the control of infection:

e environmental cleaning (see Box 6.5);

e environmental disinfection;

o decontamination of equipment;

e building and refurbishment, including air-handling systems;

e clinical waste management;

e pest control;

o food services/food hygiene;

e isolation facilities/ability to cohort patients.

Routes of transmission

The isolation precautions required depend on the likely route of transmis-
sion of the organism. The main routes are:

o airborne—this is when the infection usually occurs by the respiratory
route, with the agent being carried in aerosols (<5 micrometres in
diameter);

droplet—large droplets carry the infectious agent (>5 micrometres in
diameter);

direct contact—infection occurs through direct contact between the
source of infection and the recipient, i.e. person-to-person spread;
indirect contact—infection occurs through ‘indirect contact’, i.e. via
equipment contaminated with body fluids such as urine, faeces, and
wound exudates. This route also includes contact via an environmental
source, e.g. an outbreak of gastroenteritis transmitted by food;
inoculation—infection occurs through direct inoculation, e.g. needlestick
injury. Other routes include via blood products (hepatitis A, Yersinia
enterocolitica, Serratia), total parenteral nutrition (TPN), and other fluids
(Enterobacter, B. cepacia, Bacillus cereus). Multidose vials should be avoided.

Box 6.5 Hospital cleaning

‘Dirty hospitals’ are frequently reported by the media, with attention
drawn to the lack of investment and poor support for hospital cleaning.
Providing a clean and safe environment for health care is a key priority
for the NHS and is a core standard in Standards for better health. Other
publications, such as Towards cleaner hospitals and lower rates of infection,
have further emphasized this and recognize the role of cleaning in mini-
mizing HAIls by the physical removal of dirt, fomites, dust, and human
body fluids. In 2007, the National Patient Safety Agency produced guide-
lines for cleaning (The national specifications for cleanliness in the NHS: a
framework for setting and measuring performance outcomes). The results
of PEAT (Patient Environment Action Team) assessments are calculated
against these specifications.
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Infection control committee

The National Audit Office report (July 2004) stated that all NHS trusts
are responsible for clarifying and explaining accountabilities, including the
role, membership, and responsibilities, of the hospital ICC. Thus, the chief
executive and trust board are responsible for ensuring effective arrange-
ments for infection control.

Director of Infection Prevention and Control

In 2003, it became mandatory for every trust to appoint a DIPC, to lead the
ICC. This was the first time an infection-related post was created at board
level, with direct reporting to the chief executive. Clear competencies of
the DIPC have been defined by the DH (2004).

Responsibilities of hospital infection control committee

o Endorsing all infection control policies, procedures, and guidelines.

o Providing advice and support on the implementation of policies.

o Collaborating with the ICT to develop the annual infection control
programme and monitor its progress.

Membership of hospital infection control committee

Membership may include the:

DIPC;

ICT (& see Infection control team below);
chief executive or representative;
occupational health physician and nurse;
senior clinical representatives;

nurse executive director or representative;

CCDC.

Infection control team

The ICT should be led by the DIPC and include the infection control

doctor(s) and nurse(s). The ICT is mainly accountable to the trust chief

executive and trust board. ICT responsibilities include:

e ensuring advice on infection control is available on a 24h basis;

o producing the annual infection control programme, in consultation with
the ICC, health professionals, and senior managers. This programme will
include surveillance of infection, and an audit of the implementation and
compliances with selected policies;

e providing education and training on prevention and control of HAI to all
grades of hospital staff.

Management of infection control in the community

The CCDC has a key role to play in collaborating with the ICT on the
management of hospital and community outbreaks. They are responsible
for advising health authorities and primary care organizations. They provide
epidemiological advice and have overall responsibility for the surveillance,
prevention, and control of communicable diseases and infections in the
community () see Infection control in the community, p. 202).
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Overview of surveillance

Definitions

Surveillance comes from the French ‘to watch over’ and means ‘vigilant
supervision” or ‘ongoing scrutiny’. Langmuir, the founder of the CDC in
Atlanta, described surveillance as ‘the continued watchfulness over the dis-
tribution and trends of diseases through systematic collection, consolida-
tion, and evaluation of data’. Often, in the real world, total accuracy of the
data must be sacrificed in favour of the practicability, cost-effectiveness,
uniformity, and timeliness in which the information can be collected. An
important point to remember is there is no point just collecting interesting
data; you need to do something with them—as emphasized by an alterna-
tive definition of surveillance: ‘information for action’.
Surveillance may be active or passive.
o Active surveillance is when special effort is made to collect the data, e.g.
investigation of an outbreak or survey of a particular disease.
o Passive surveillance uses routine data that have already been collected,
e.g. the UK national census.

Aims of surveillance

The main aims of surveillance of hospital infection are to keep infection
to a minimum level, and prevent and control outbreaks. Every member of
medical and nursing staff and every department have a responsibility to
collect relevant data on infection rates and to perform regular audits. The
ICT advises on this. In addition, routine surveillance from the laboratory can
identify new antibiotic-resistant or ‘alert’ organisms.

Methods of surveillance employed in HAI usually involve a combination of
active and passive surveillance systems. Practice varies within and between
hospitals, and is largely dependent on the availability of staff and resources.
In practice, a number of surveillance methods are used, as each provides
different information. These include:

o department-specific—each department collects data on their patient
risk factors and infection rates. This is particularly relevant in areas such
as the ICU and surgical wards;

laboratory-based ward liaison, i.e. the ICN reviews patients with
‘significant” microbiology cultures and also visits each ward to discuss all
patients with the ward staff/infection control link nurse;

others, including infection control link nurses, and review of patients on
antibiotics with known risk factors or indwelling devices.

Evaluation of a surveillance system

o Define the event to be measured (‘case definition’).

o Define the population under surveillance.

o List the objectives of the system.

o Define the public health importance of the health event (e.g. number of
deaths, case fatality ratio, morbidity, economics, preventability).

Some characteristics of a surveillance system are listed in Box 6.6.
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Box 6.6 What makes a good surveillance system?

For surveillance to succeed, it should have the following attributes:
simple (well-designed reporting forms make all the difference!);
flexible;

acceptable to the population studied;

sensitive;

representative;

timely;

reasonable cost.

The quality of the data provided can be evaluated in terms of:

o sensitivity and specificity;

o predictive value (positive and negative);

o usefulness, in relation to the goals of the surveillance (quality
indicators).

Itis sometimes more valuable (although usually more difficult) to focus on
the outcome (e.g. the number of cases of polio), rather than the process
(e.g. the number of polio vaccinations).

Ownership is important—feeding the data back to those who collected
it will make them more willing to help again in the future!

Does surveillance work?

There is good evidence that surveillance in hospitals actually reduces infec-
tion rates. The SENIC study (the Study on Efficacy of Nosocomial Infection
Control) was carried out over two decades ago in the USA.2 One of the main
objectives was to determine whether surveillance and infection control pro-
grammes lowered the rate of nosocomial infection. SENIC demonstrated
that hospitals with active surveillance and infection control programmes
could reduce the incidence of infection by 32%. Another important finding
of the SENIC study was the need to close the loop and present data back
to the clinicians. Clinical audit was also found to be important.

Reference
2 Haley RW, Morgan WM, Culver DH, et al. (1985). Update from the SENIC project. Hospital

infection control: recent progress and opportunities under prospective payment. Am J Infect
Control. 13:97-108.

Surveillance of alert organisms

This may vary between institutions, but, in most UK hospitals, the ICT
should be informed of patients suffering from the following conditions, in
order to ensure all staff are aware of infection control precautions:

e infectious diarrhoea (Campylobacter, Salmonella, Shigella, C. difficile,
rotavirus, norovirus, etc.);

GAS (S. pyogenes);

GBS (invasive infections in neonatal or maternity units);

meningococcal disease;

influenza;
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TB;

HIV;

hepatitis A-E;

severe herpes simplex;
legionnaires’ disease;

VZV (shingles or chickenpox);
lice/scabies;

RSV.

Multiresistant organisms

Practice varies between hospital trusts, but, in general, the following organ-

isms should be reported to the ICT. Often patients’ notes and electronic

records are ‘flagged’ if a multiresistant organism has been isolated in

the past:

o MRSA;

o VRE;

o penicillin-resistant/non-susceptible Pneumococcus;

o multiresistant Gram-negative organisms, e.g. ESBL-producing organisms,
carbapenem-resistant Enterobacteriaceae (CRE).

Surveillance of hospital-acquired
infection

Definition

HAI is an infection that was neither present nor incubating at the time of
hospital admission, which normally manifests itself >48h later. The term
health care-associated infection (HCAI) encompasses any infection by any
infectious agent acquired as a consequence of a person’s treatment by the
NHS or which is acquired by a health-care worker (HCW) in the course of
their NHS duties (Health Act 2006).

Criteria for hospital-acquired infection surveillance
schemes

In order to obtain accurate results that can be compared to other hospitals,
the following criteria are important:

o agreed definitions of infection;

e accurate denominator data;

o correction of infection rates for risk factors, e.g. pre-existing diseases;

e identification of HAI post-discharge.

Brief history of national surveillance schemes

The Nosocomial Infection National Surveillance Scheme (NINSS), launched
in the UK in 1996, was set up to monitor the rate of HAI. Trusts enrolled
for 3-month modules and were able to compare their performance to oth-
ers. This was replaced by mandatory laboratory-based MRSA bacteraemia
surveillance in 2001 which has evolved over the last decade to include a
number of pathogens (see Table 6.3).
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Table 6.3 National surveillance schemes in the UK

Surveillance activity Date Notes

S. aureus (including MRSA) 2001 6-monthly reports, now

bacteraemia quarterly

Glycopeptide-resistant enterococcal 2003 Annual reports initially, now

(GRE) bacteraemia quarterly

CDI 2004 Annual reports initially, now
quarterly

Orthopaedic surgical site infection 2004 Annual reports

MESS: MRSA Enhanced Surveillance .2005 .Enhanced surveillance data
Scheme—additional details of cases
of MRSA bacteraemias

MRSA 2011 Quarterly

E. coli bacteraemia .2011

International surveillance schemes

Most other countries have established surveillance programmes, although
data are often not comparable between countries/continents because of
variations in definitions and methods.

Nature of risk and its assessment

Risk management is something we do every day in our personal lives—such
as when crossing the road—but has recently evolved as an important sci-
ence in health-care settings. In combination with total quality management
(TQM), it aims to integrate and coordinate all quality assessment activities,
and focus on the identification and correction of any problems, with the
ultimate goal of protecting patients.

Key definitions

o Risk management—a systematic process of risk identification, analysis,
treatment, and evaluation of potential and actual risks.

o Hazard versus risk—a hazard is the potential to cause harm, while a risk

is the likelihood of harm (in defined circumstances and usually qualified

by some statement of the severity of the harm).

Total quality management—a management strategy aimed at embedding

awareness of quality in all organizational processes. For how this applies

to the diagnostic laboratory, € see Quality assurance and accreditation,

pp. 231-3.

Controls assurance—the need to be seen to be doing our ‘reasonable

best’ to reduce risk by using resources effectively.

Clinical governance—a framework through which NHS organizations are

accountable for continually improving the quality of their services and

safeguarding high standards of care, by creating an environment in which

excellence in clinical care will flourish.



NATURE OF RISK AND ITS ASSESSMENT 143

Risk
identification

' ) Develo
Risk evalution i ;
al risk-treatment
(monitoring) i
techniques
- » Select best
mplement ris risk-treatment
treatment technique

\_/

Fig. 6.1 The risk management cycle.

Risk management and economics

Health economics and cost-effectiveness play a big part in risk management.
Itis particularly important today because of rising health-care costs, govern-
mental cost containment, and adverse claims experience.

Goals of risk management

e Survival of the organization (the NHS).

Enhanced quality and standard of care.

Minimization of risk of medical or accidental injuries and losses.

Improvement of programme effectiveness and efficiency through

administrative direction and control.

e Coordination and integration of current policies, functions,
programmes, committees, and other aspects relative to the risk
management process.

o Avoidance of adverse publicity.

e Minimization of cost of risk transfer (insurance).

The risk management cycle is outlined in Fig. 6.1.
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Management of outbreaks

Definition
There are various definitions of the word ‘outbreak’, but essentially an out-
break is an incident where the observed number of cases unaccountably
exceeds the expected number of cases. In certain circumstances, the emer-
gence of one new infection may constitute an outbreak. Here are some
examples to illustrate these definitions:
o one case of human avian flu or one case of vancomycin-resistant
S. aureus or one case of carbapenem-resistant Klebsiella;
e two new hepatitis C-positive haemodialysis patients, identified by
regular screening tests;
e an unusual number of cases of diarrhoea on a medical ward;
increased numbers of Campylobacter isolates sent to the national
reference laboratory, compared to the same period in previous years.

Steps in outbreak management
e l|dentification of an outbreak.

o Investigation of an outbreak.

e Case definition.

o Describing the outbreak.

e Propose and test hypothesis.

e Control measures and follow-up.

o Communication.

Management of hospital outbreaks

Outbreaks of nosocomial infections must be identified and thoroughly
investigated, because of their importance in terms of morbidity and mor-
tality. Also there is a need to identify any breakdown in a process and to
prevent spread or future recurrences. The declaration of an outbreak is a
decision that should be made by the ICT, in conjunction with senior mem-
bers of staff from the affected area. The declaration of an outbreak can
have a significant impact on patient care, bed pressures, as well as political
and financial implications. Before an outbreak is declared, there is often a
‘period of increased incidence’ (PII).

Period of increased incidence
This situation may result from the transmission of an infecting organism
(which would be seen in an outbreak), e.g. norovirus, or may be due to an
increase in the number of sporadic cases (the same organism is isolated, but
the organisms are found to be unrelated), e.g. CDI where the ribotypes are
all different. During a PlI, a formal outbreak meeting does not need to be
held. However, a full investigation (which does not differ from the investiga-
tion performed during an outbreak) should be performed. The main aim
is to identify whether there has been a breakdown in infection control and
should include:
o review of hand hygiene—review hand hygiene audits, and perform ad
hoc audits when necessary. Any deficiencies should be dealt with in real
time with educational sessions for staff;
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review ward cleaning—audits are usually performed regularly to

review practice. Deficiencies should be addressed, and decisions made
regarding enhanced cleaning. Enhanced cleaning can include increased
frequency of cleaning of the entire ward or certain areas at greatest risk
of causing transmission, e.g. high-touch surfaces, etc.;

review of ward equipment—the same pieces of equipment have the
potential to be used throughout the ward, and they should be properly
cleaned and maintained, e.g. commodes. All equipment used in patient
areas should be examined;

review of the environment—determine if there are potential reservoirs
in the environment. Remedial building work should be carried out,

e.g. repairing cracks in walls, broken ceiling tiles. Rarely environmental
screening is required but should be considered;

review of antibiotic prescribing—antibiotic prescribing can add a
selection pressure in favour of the infecting organism.

The PIl may become an outbreak. There are often no formal criteria for
declaring an outbreak, but it is dependent on a number of factors, includ-
ing: the pathogenicity of the organism, if the number of cases continues to
rise, or if transmission is confirmed. Transmission is usually confirmed once
organism-typing results have been obtained. If the organisms are highly
related or identical, then a transmission between patients is confirmed, and
the cases are highly unlikely to be sporadic. A key strategy for controlling
an outbreak or Pl is restricting the movement of patients by ward closure,
patient isolation, and assessing the risk to contacts.

Ward closure

The decision to close a ward has a significant impact on the functioning of
the entire hospital. Most hospitals will experience bed pressures, and the
loss of an entire ward due to closure can be devastating. In response to
the number of ward closures due to norovirus, the DH produced infection
control guidance that allowed bays to be closed, while the remainder of
the ward remained open. The principles of this guidance can be useful for
managing any outbreak. The decision to close bays or the ward is based on
a number of factors, including:

o geographical spread of the patients affected. If the infected cases

are clustered within the same bay, then the bay can be closed, and
admissions and transfers from this bay restricted. However, if the
infected cases are distributed throughout the ward, it is more practical
to close the ward than manage >2 bays closed;

rate of acquisition of new cases. A rapid increase in the number of new
cases suggests control will be challenging;

o staff members affected. Staff will interact with numerous patients
throughout a ward and also socialize with other members of staff.
Therefore, there will be a large number of contacts and potentially
infected cases;

the nature of the ward. Closure of an ICU has enormous implications
for patient safety, operating lists, and pressures for the ICU in
neighbouring hospitals. Therefore, the decision to close an ICU requires
major planning and involvement of senior management;
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o the pathogenicity of the organism, e.g. Legionella. Any hospital-acquired
cases of Legionella will often result in the closure of that unit, until water
quality can be assessed and the source determined.

Patient isolation and cohorting

Ideally, all infected patients and their contacts should be isolated promptly.
This is often impractical due to the lack of side room facilities, and patients
who are already symptomatic with the infection should be prioritized for
isolation. Contacts should be cohorted into one bay. In a complex out-
break, symptomatic patients may have to be cohorted into one bay, their
contacts in another, and unaffected patients in another. When patients are
in a cohort, admission to, and discharge from, their bay is restricted. For
example, in a bay where contacts are cohorted, no other patients can be
admitted to this bay, as there is a risk of exposing an uninfected patient to
a potentially infected patient. Likewise, patients can only be transferred out
of that bay if they are moving to a side room or being discharged home,
or remain asymptomatic beyond the incubation period of the infection to
which they were exposed.

Contact tracing

Another key element of controlling an outbreak or Pll is identifying contacts
of the infected patients. A significant contact is one where the patient has
had exposure to the route of transmission of a particular infection and so
potentially may be infected, e.g. all patients in a bay where a patient with
norovirus has vomited. All patients who are a contact should be observed
and appropriately isolated for the incubation period of the illness. If they do
not manifest symptoms following the incubation period, then they are highly
unlikely to be infected. As part of an outbreak/PIl, it is essential to identify
and appropriately isolate/cohort all contacts of the index case.

Further reading

Public Health England (2012). Guidelines for the management of norovirus outbreaks in acute and com-
munity health and social care settings. Available at: & https://www.gov.uk/government/publica-
tions/norovirus-managing-outbreaks-in-acute-and-community-health-and-social-care-settings.

Handwashing

The importance of handwashing has been recognized since the nineteenth
century when Semmelweiss encouraged medical students in Vienna to wash
their hands in chlorinated lime solution on the delivery unit. The maternal
mortality rate from puerperal fever in patients attended to by medical stu-
dents was far lower than those attended to by midwives who did not wash
their hands. Today HCW hand hygiene is a topic of global importance. The
WHO produced the first global patient safety challenge relating to hand
hygiene ‘Clean Care is Safer Care’. The goal of Clean Care is Safer Care is
to ensure that infection control is acknowledged universally as a solid and
essential basis towards patient safety. A fundamental part of this campaign
relates to improving hand hygiene amongst HCWs.


http://https://www.gov.uk/government/publications/norovirus-managing-outbreaks-in-acute-and-community-health-and-social-care-settings
http://https://www.gov.uk/government/publications/norovirus-managing-outbreaks-in-acute-and-community-health-and-social-care-settings
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e The National Audit Office report (2000) noted a lack of adherence to
handwashing procedures (& https://www.nao.org.uk/report/the-
management-and-control-of-hospital-acquired-infection-in-acute-nhs-
trusts-in-england/). Average compliance of HCWs with handwashing is
<50%, and technique is often poor and rushed.
Research has begun to focus on how to change the culture and
behaviour on the ward, and improve adherence to policies.
There is no doubt that good handwashing practice reduces transmission
of infections, but, to be effective, all HCWSs must comply all of the time.
o The WHO has identified compliance with hand hygiene as a quality
indicator for health care.

Skin flora can be divided into two types:

e transient organisms—these are not normally part of the normal flora,
and can be picked up from the patient or their environment. Examples
include E. coli, S. aureus, Klebsiella spp., and Pseudomonas spp. They

are usually removed by a ‘social’ handwash (see Box 6.7), with soap
and water. ‘Hygienic hand disinfection’ (see Box 6.8), e.g. with alcohol
gel, aims to remove or destroy all transient flora, and there may be a
prolonged effect;

resident organisms—these organisms are usually found deep in the
dermis. They do not usually cause infection, except if introduced during
invasive procedures, e.g. line insertion or surgical procedures. Examples
include CoNS, and aerobic and anaerobic diphtheroids. They are not
usually removed by a single handwashing procedure.

Box 6.7 Common handwashing terms

Social handwash

o Cleaning of hands with plain, non-medicated bar or liquid soap and
water for the removal of dirt, soil, and various organic substances.

Hygienic handwash

o Cleaning of hands with antimicrobial or medicated soap and water.
Most antimicrobial soaps contain a single active agent and are usually
available as liquid preparations.

Kampf G, Kramer A (2004). Epidemiologic background of hand hygiene and evaluation of the
most important agents for scrubs and rubs. Clin Microbial Rev 17:863-93.

Box 6.8 Hygienic hand disinfection

o Normally consists of the application of an alcohol-based hand rub
onto dry hands without water.

Surgical scrub

o This procedure aims to remove or destroy all transient flora, and
reduce resident flora. There must also be a prolonged effect.
Chlorhexidine, povidone—iodine, or alcohol are usually used.


http://www.nao.org.uk/report/the-management-and-control-of-hospital-acquired-infection-in-acute-nhs-trusts-in-england/
http://www.nao.org.uk/report/the-management-and-control-of-hospital-acquired-infection-in-acute-nhs-trusts-in-england/
http://www.nao.org.uk/report/the-management-and-control-of-hospital-acquired-infection-in-acute-nhs-trusts-in-england/
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How to wash?

e Using a good handwashing technique (see Fig. 6.2) will clean areas that
are often missed (e.g. between the fingers, thumbs, fingertips, areas of
the palms, and back of the hands). This should only take 15-30s. Make
sure hands are wet before applying soap, and rinse thoroughly before
drying. If using a gel, effective decontamination only occurs when the
alcohol is rubbed in until the skin is dry.

2. Right palm over left
dorsum and left palm over
right dorsum

3. Palm to palm fingers 4. Backs of fingers to
interlaced opposing palms with
fingers interlocked

5. Rotational rubbing of 6. Rotational rubbing,

right thumb clasped in left backwards and forwards

palm and vice versa with clasped fingers of
right hand in left palm and
vice versa

Fig. 6.2 Hand decontamination.

Based on the procedure described by Aycliffe et al. in | Clin Pathol 1978;31:923. Reproduced with
permission from BM] Publishing Group.
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When to wash?

e Wash hands after any process that contaminates the skin, and before
food preparation, patient contact, or any clinical procedure. Examples
include after leaving a source isolation room or before entering a
protective isolation room.

o The WHO has produced ‘5 moments of handwashing’. This is designed
to be easy to learn, logical and applicable in a wide range of settings, and
to promote a strong sense of ownership.

Measuring compliance with handwashing

The gold standard for measuring compliance with handwashing is direct
observation. This may, however, be subject to the Hawthorne effect, in
that behaviour tends to improve when an individual is being watched.
Alternative methods include devices to electronically monitor the use of
soap and handwash dispensers.

What to use?

o In most clinical situations, soap and water, or an alcohol rub, are
adequate. The length of time and handwashing technique are more
important than which soap is used. There are specifications for sinks in
clinical areas. Hand lotions and creams may be used after handwashing
to prevent soreness.

Hand care in general

o Nail care—keep nails short and clean. False nails have been the source
of HAI, including endocarditis, so should not be worn.

o Jewellery and watches may harbour bacteria and hinder handwashing.
Trusts often limit jewellery to a plain wedding band.

o If hands get dry and sore, as often occurs after repeated handwashing,
then transient flora may become resident in skin cracks. HCWs should
consult occupational health if they are concerned.

Changing the culture

The main factors preventing compliance with hand hygiene are time and
system constraints. Many feel that full compliance with complete guidance
is unrealistic. Washing with soap and water can take 60-90s; therefore,
many institutions have moved to alcohol-based hand rub at the point of
care (i.e. at the bedside, rather than at the entrance to the ward). This is
easier, takes only 15-20s, is generally microbiologically efficacious, and is
better for hands.

Multifaceted approach
Evidence suggests a multipronged approach is the only way to bring about
change. For example, key parameters in compliance with alcohol-based
hand rubs include education of HCWs, monitoring and feedback to HCWs,
good administrative support, and introducing a system change (i.e. putting
alcohol gel by each patient).
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Cleanyourhands Campaign

The National Patient Safety Agency produced a Cleanyourhands toolkit.

The key elements of the campaign were:

o place disinfectant hand rubs near to where staff have patient contact;

e display posters and promotional material where they will influence staff
and patients;

e involve patients in improving hand hygiene.

Evaluation of the national Cleanyourhands campaign in 2012 showed that
increased procurement of soap was independently linked with reduced
CDI, and increased procurement of alcohol hand rub was independently
associated with reduced MRSA infection.> The Cleanyourhands campaign
is no longer active, but the underlying principles are still relevant and used
within hospitals.

Reference

3 Stone SP, Fuller C, Savage J, et al. (2012). Evaluation of the national Cleanyourhands campaign to
reduce Staphylococcus aureus bacteraemia and Clostridium difficile infection in hospitals in England
and Wales by improved hand hygiene: four year, prospective, ecological, interrupted time series
study. BMJ. 344:e3005.

Patient isolation

The use of universal infection control precautions should minimize the need
forisolation of most patients. In practice, isolation depends on a risk assess-
ment for each patient, and the side rooms/facilities available in each trust.
Always act on the patient’s clinical presentation, and do not wait for labora-
tory results to be available, as it may be too late. Involve your ICT early, and
consult the DH guidance for further advice (see Box 6.9).

Effective isolation relies on all staff following the necessary procedures,
to make sure that none of the transmission barriers are breached. The sim-
plest solution is to use single rooms, but, in an outbreak, multi-bedded bays,
or even whole wards, may be used.

Box 6.9 Isolating patients with HAI
Guidance and summary of best practice on isolating patients with HCAI
have been published by the DH. These aim to provide all health-care pro-
viders with a framework to review and improve isolation practices, and
reduce the risk of the spread of infections, thus resulting in a reduction
in the total number of infections, and provide safer clinical care of an
individual with an infection.
Recommendations cover the following:

1. single room nursing;
2. cohort nursing;
3. management of the patient once isolated:

hand hygiene and personal protective equipment (PPE);

cleaning and decontamination;

movement of the patient.
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Patients are isolated for two reasons:

source isolation—to minimize the chance of infecting other patients,

e.g. patient with open TB. The air inside the isolation room should be
at negative pressure (exhaust-ventilated), compared to the corridor.
Patients with highly contagious infections, such as viral haemorrhagic
fevers (VHFs), ideally should be nursed in a high-security isolation unit;
protective isolation—to minimize that patient becomes infected, e.g. to
protect susceptible or immunosuppressed patients. The air inside the
isolation room should be at positive pressure (pressure-ventilated),
compared to the corridor. In some critical situations, such as BMT units,
where airborne contamination with fungal spores is a problem, the
efficiency of air filtration may be increased and laminar flow maintained
as a barrier around the patient.

Source isolation

The following measures apply to patients in source isolation.

o Limit transport to other departments (e.g. X-ray) to essential

investigations only.

If a patient does need to go to another department, brief the porters

and other staff what precautions are necessary.

e Do not transfer the patient to another ward or health-care institution
without discussion with the ICT.

o If the patient is well enough, consider sending them home.

o Keep staff caring for infected patients to a minimum. Try not to let these

staff work elsewhere in the hospital.

After death of an infected patient, maintain infection control

precautions, and consult your trust policy for dealing with the body.

Management of risks to health-care
workers from patients

Practices are in place to reduce the risk of HCWs acquiring infections from
their patients. However, HCWs (including laboratory staff) do become
infected at work, with organisms ranging from the relatively benign norovi-
rus to life-threatening conditions. Infection control procedures for patients
infected with HIV, hepatitis B, or hepatitis C may be considered together,
because routes of acquisition are similar. The main risk of transmission is
from the accidental inoculation of blood () see Management of risk from
sharps, pp. 153-7). Clearly, it is impossible to identify all carriers of blood-
borne viruses, so universal infection control precautions (UICP) (@) see
Universal infection control precautions and barrier nursing, pp. 163—4) are
required for all patients.

Infectivity of body fluids from patients with HIV and

hepatitis B

The following fluids are potentially infectious:

o blood, CSF, peritoneal fluid, pleural fluid, pericardial fluid, synovial
fluid, amniotic fluid, breast milk, semen, vaginal secretions, saliva in the
context of dentistry.

151
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NB. The following are not regarded as infectious, unless visibly contami-
nated with blood: faeces, nasal secretions, saliva (except in dentistry), spu-
tum, sweat, tears, urine, and vomit.

Care of patients with HIV or hepatitis B or C

Patients known to be positive for these viruses (or likely to be positive as

a result of certain risk factors) should have a risk assessment performed.

The risk assessment should fully respect patient confidentiality. The likeli-

hood of exposure of staff or other patients to the patient’s blood/body

fluids should be considered. Medical and nursing care of infected patients
depends on local hospital policy, but here are a few practical suggestions:

o single room isolation—this is only usually required if uncontrolled bleeding

or loss of other body fluids is likely, or if the patient has another condition

requiring isolation (e.g. diarrhoea, open pulmonary TB, salmonellosis,
herpes zoster). On vacation of the room, terminal cleaning is necessary if
contamination with blood or body fluids has occurred;

HBV/HCV-positive patients should not be nursed in close proximity to

patients who require haemodialysis/haemofiltration;

disposal of sharps—if the patient needs single room isolation, sharps

must be disposed of in a sharps bin inside the room;

spills—any spills of blood/body fluids should be covered immediately

with chlorine-releasing granules or strong (10000ppm available chlorine)

hypochlorite;

equipment disinfection and sterilization—use single-use/disposable

items, whenever possible;

protective clothing—depends on the likelihood and degree of exposure

to the patient’s blood and body fluids. Apron and gloves must be

worn when dealing with blood or bloodstained body fluids. Masks and

protective eyewear are required, wherever there is a possibility of

aerosolization/splashing;

linen from patients in isolation or contaminated with blood or body

fluids should be regarded as ‘infected linen’ (@) see Laundry, p. 179);

toilet/bathroom facilities—patients may use the ward facilities, except

if there is bleeding (or risk of bleeding) when toilet/bathroom facilities

must be reserved for this patient only (or use a commode);

crockery—disposable crockery is rarely required. If there is excessive
bleeding from the mouth, the patient can retain their own crockery and
cutlery, which they or the nursing staff wash up;

o waste—clinical waste and disposable items must be placed in yellow
bags (@) see Waste, pp. 180-1), with double-bagging if leakage of body
fluids is possible;

e specimen transport—Iabel specimens and accompanying forms with
‘Danger of Infection’ stickers.

Other infections acquired by health-care workers

from patients

Many infections may be transmitted to hospital staff, but the following are

recognized more frequently or have more significant consequences:

e viral gastroenteritis;

o N. meningitidis—HCWSs who intubate the patient or perform mouth-to-
mouth resuscitation;
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Box 6.10 Education in infection control procedures works!
During the severe acute respiratory syndrome (SARS) epidemic (2004),
the proportion of infected HCWs varied from 20% to 60% of cases
worldwide, with notable differences between hospitals. The better the
education in infection control, the lower the risk of acquiring the infection
(McDonald LC, Simor AE, Su ], et al. (2004). SARS in healthcare facilities,
Toronto and Taiwan. Emerg Infect Dis 10:777-81).

o MTB;
e varicella-zoster;

e influenza;

o others, including pertussis, diphtheria, rabies, VHFs.

Box 6.10 shows an example of education in infection control working
effectively.

Further reading

Health and Safety Executive. Sharps injuries. Available at: & www.hse.gov.uk/healthservices/
needlesticks.

Health and Safety Executive. Advisory Committee on Dangerous Pathogens Protection against blood-borne
infections in the workplace: HIV and hepatitis. Available at: S http://www.hse.gov.uk/biosafety/
diseases/bbv.pdf.

Joint Working Party of the Hospital Infection Society and the Surgical Infection Study Group (1992).
Risks to surgeons and patients from HIV and hepatitis: guidelines on precautions and management
of exposure to blood or body fluids. BMJ 305:1337-43.

Management of risk from sharps

By following UICPs, all HCWs can minimize risks of infection associated

with blood and body fluids. The main risk associated with needlestick and

other sharps injuries is transmission of blood-borne viruses; with a signifi-

cant inoculation of blood through a hollow-bore needle, the rate of trans-

mission to the recipient is as follows:

e ~30% if the donor is HBsAg-positive (the risk is as high as 30% if the
patient is HBeAg-positive, while it decreases to 3% if HBeAb-positive);

o ~3% if the donor is hepatitis C antibody-positive;

o ~0.3% if the donor is HIV-positive.

There is also the risk of emerging or unknown agents.

Prevention of sharps injuries

The National Audit Office report (2000) noted poor practice in sharps
disposal. Good clinical practice is important in preventing needlestick
injuries, e.g.:

e handle needles and other sharps carefully;

o never re-sheathe needles;

o staff using needles or other sharps are responsible for their safe disposal;

o use sharps bins as indicated.


http://www.hse.gov.uk/healthservices/needlesticks
http://www.hse.gov.uk/healthservices/needlesticks
http://www.hse.gov.uk/biosafety/diseases/bbv.pdf
http://www.hse.gov.uk/biosafety/diseases/bbv.pdf
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Action in event of sharps injury

Immediate first aid—encourage bleeding of the area; wash with soap
under running water, and cover with waterproof dressing. If eye splash,
irrigate well with running water. If splash into mouth, do not swallow,
and rinse out the mouth several times with cold water.

Report the incident to the senior person in that area. Complete an
incident form/accident book.

Contact occupational health or another expert about hospital guidelines
(e.g. microbiology/ID physician).

Risk assessment—consider the hazard (potential to cause harm) and
risk (likelihood that harm will occur), based on the injury, the source,
and the recipient (see Box 6.11).

Box 6.11 Risk assessment
Consider the injury, the source, and the recipient.
o Injury:

- extent and depth of injury;

- size and type of needle;

. visible contamination with blood;
. site.

o Source (usually the patient undergoing the procedure but may be

unknown):
- hepatitis B and C, HIV status (if known);
- viral load/stage of illness if HIV-positive.

o Recipient:

- hepatitis B vaccine status/antibody level;
- any conditions that may affect treatment, e.g. pregnancy.

Management of a ‘needlestick’ injury
(See Table 6.4.)

Always seek expert advice, usually from occupational health,
microbiology, or ID.

Refer the recipient to occupational health/microbiology/ID
immediately. They will make a risk assessment of the severity of the
injury.

If this was a significant injury, then a member of the team looking after
the donor (but not the recipient of the injury) should counsel the donor.
Blood should be requested for HIV, HBsAg, and HCV antibody. For
management of sharps injury from an infected donor, see Table 6.5.

If pre-test counselling is required, involve trained personnel.

Note that the source patient may decline to be tested, and this will not
affect their medical care.

Provide patient information leaflets, as appropriate.

General Medical Council (GMC) guidance offers advice on difficult
situations, e.g. if there is conflict between the needs of the recipient and the
wishes of the source, or if the source patient is unconscious or has died.
Decisions about testing an incapacitated patient must take account of the
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Table 6.4 Summary flow chart for needlestick injury

o Check basic first aid has been performed.
o Discuss with occupational health/ID/microbiology.
o Risk assessment—significant injury?

No Yes

e Occupational health e Recipient sample for LTS and anti-HBs if unknown
referral for routine o Request source sample for urgent testing for HIV,
assessment HBsAg, and HCV, LTS

* Recipient sample for ¢ Unknown source: gather as much information as
long-term storage possible to make a risk assessment
(LTS) and anti-HBs if :
UG Further risk assessment:

Known or highly likely to be HIV +ve—

URGENT: infection expert will consider PEP

Known or highly likely to be HBV +ve—

URGENT: infection expert will consider HBIG and
accelerated vaccine/booster, depending on the
recipient’s anti-HB status/vaccine history

Known or highly likely to be HCV +ve—no
immediate intervention. Infection expert will check
HCV RNA on source if known anti-HCV +ve donor.
Follow up recipient at 6 and 12 weeks (PCR), 12 and
24 weeks (anti-HCV)

Encourage HBV
vaccination if not
done

Table 6.5 Management of sharps injury from an infected donor

Donor known Action

positive or

likely positive

HIV URGENT. Discuss with an infection expert who will consider

PEP. The risks associated with PEP versus the risk of acquiring
HIV will be explained to the recipient. PEP usually consists

of a 3-day starter pack of antiviral therapy, with plans for
ongoing counselling/treatment, depending on results. For
further information, see Department of Health (2008) HIV
post-exposure prophylaxis: guidance from the UK Chief Medical
Officers” Expert Advisory Group on AIDS, 8 http://webarchive.
nationalarchives.gov.uk/20130107105354/http://www.
dh.gov.uk/en/PublicationsandStatistics/Publications/
PublicationsPolicyandGuidance/DH_088185.

HBV .URGENT. Discuss with an infection expert who will consider
HBIG and accelerated vaccination or booster(s), as in Table 6.6.

HCV No immediate intervention. If donor anti-HCV-positive, they
will be tested for HCV RNA to determine whether they are
viraemic (greater risk)—HCV RNA tested in the recipient
by PCR at 6 and 12 weeks, and anti-HCV tested at 12 and
24 weeks. If signs of infection in the recipient, the test will
be confirmed, and the patient will be referred for specialist
assessment as soon as possible.



http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/en/PublicationsandStatistics/Publications/PublicationsPolicyandGuidance/DH_088185
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/en/PublicationsandStatistics/Publications/PublicationsPolicyandGuidance/DH_088185
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/en/PublicationsandStatistics/Publications/PublicationsPolicyandGuidance/DH_088185
http://webarchive.nationalarchives.gov.uk/20130107105354/http://www.dh.gov.uk/en/PublicationsandStatistics/Publications/PublicationsPolicyandGuidance/DH_088185
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current legal framework governing capacity issues and the use of human
tissue. Consult local occupational health services and infection experts.
Currently, blood should not be tested for blood-borne viruses from an
unconscious patient if it is not in the medical interests of that patient.

If the injury was significant, then blood will be taken from the recipient
for storage. The hepatitis B vaccination history of the recipient should
be taken, and a course of vaccination or booster dose considered,

as appropriate. With a high-risk donor, HIV PEP and/or hepatitis B
immune globulin (HBIG) may be considered. Management of exposure
to hepatitis B is discussed in Table 6.6.

Reporting

All injuries should be reported to the senior on duty and recorded on an
incident form/accident book. If the injury was with a used needle or instru-
ment, advice should be sought from infection experts/occupational health.
A review of equipment/procedures should occur, led by a senior member
of the department.

Table 6.6 Management of significant exposure to HBV

In addition to percutaneous inoculation (needlestick, scratch, bite, etc.),
this may result from contamination of mucous membranes (e.g. spillage
into eyes or mouth) or contamination of non-intact skin (open wounds,
dermatitis, eczema). For management of HBV exposure in newborn
infants and in sexual contacts, see Public Health England (2013, updated
September 2014) The Green Book (Immunisation against infections disease),
R https:/ /www.gov.uk/government/ organisations/ public-health-england/
series/immunisation-against-infectious-disease-the-green-book.

HBV status of Significant exposure

person exposed

HBsAg-positive source

Unknown source

One dose or less
of HBV vaccine
pre-exposure

Two doses or more
of HBV vaccine pre-
exposure (anti-HBs
not known)

Known responder to
HBV vaccine (anti-HBs
>10mlU/mL)

Known non-responder
to HBV vaccine
(anti-HBs <10mIU/
mL) 2—4 months
post-immunization

Accelerated course of
HBV vaccine (doses at 0,

1, and 2 months; may need
booster dose at 12 months
if continuing risk of
exposure)

Also give HBIG x 1
One dose of HBV vaccine,

followed by second dose
1 month later

Consider booster dose of
HBV vaccine

HBIG x 1

A second dose of HBIG
should be given at 1 month

Consider booster dose of
HBV vaccine

Accelerated course of
HBV vaccine (doses at
0, 1, and 2 months; may
need booster dose at
12 months if continuing
risk of exposure)

One dose of HBV vaccine

Consider booster dose of
HBV vaccine

HBIG x 1

A second dose of HBIG
should be given at

1 month

Consider booster dose of
HBV vaccine



http://https://www.gov.uk/government/organisations/public-health-england/series/immunisation-against-infectious-disease-the-green-book
http://https://www.gov.uk/government/organisations/public-health-england/series/immunisation-against-infectious-disease-the-green-book

RISK FROM TISSUES FOR TRANSPLANTATION

Additional notes regarding management of significant
exposure to HIV

Factors known to increase the risk of transmission of HIV

o Deep and penetrating injury.

o Visibly bloodstained device.

o Needle involved has been in the source patient’s artery or vein.
o Source has terminal HIV disease/high viral load.

Risk from tissues for transplantation

The number of organs and tissues that can be successfully transplanted is
increasing. The current list of organ transplants includes the heart, kidneys,
liver, lungs, pancreas, and intestine. Tissues include bones, tendons, cor-
nea, heart valves, veins, and skin. Rejection and infection arising from anti-
rejection therapy are the main risks. Haematology and oncology patients
who have received BMTs are at particularly high risk of infection. Infection
in a transplant recipient may either be transmitted from the donor with
the organ or arise due to the immunosuppressed state of the recipient.
Certain infectious agents are particularly recognized as causing infections
post-transplant. Depending on which organ has been transplanted, differ-
ent infection agents are commonly implicated at different time periods.
Box 6.12 describes typical problems after a renal transplant.

Surveillance of infections amongst tissue donors

A tissue donation and banking programme is operated by NHS Blood and
Transplant (NHSBT) Tissue Services. Donations may come from living and/or
cadaveric donors, and include surgical bone (mainly femoral heads), tendons,
skin, and heart valves. NHSBT also operate the National Bone Marrow Registry
and a cord blood bank. Al tissue donors (including stem cell and cord blood
donors) are routinely tested for HIV, HCV, HBV, human T-cell lymphotropic
virus (HTLV), and syphilis infections. The Advisory Committee on the Safety
of Blood, Tissues and Organs (SaBTO) has specific guidance on microbiological
safety in transplantation.* Data concerning rates of infection are collated by the
PHE Centre for Infections and NHSBT.

Box 6.12 Example—infections post-renal transplant

Minor infections are common after a kidney transplant. Urine infections
affect ~50% of transplant recipients, especially if the patient has reflux
nephropathy or diabetes. More serious infections in the first 6 months
post-transplant include pneumonia (e.g. PCP, Pneumococcus), CMV, chick-
enpox, BK virus, and disseminated fungal infection. Each transplant unit
will have guidelines for prophylaxis, which may include:

e co-trimoxazole (PCP);

o fluconazole (Candida);

isoniazid for those at risk of TB;

antibiotics (if UTIs are common);

valganciclovir or valaciclovir if CMV-positive donor into CMV-negative
recipient;

o vaccination, e.g. influenza, Pneumovax®.
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Surveillance of infections in blood donors
Every blood donation is tested for markers of HIV, HCV, HBV, HTLV, and
syphilis, and only used if all tests are negative. If an infection is detected, the
donor is invited to return to the blood centre, when they will be told about
their test results, asked for a repeat sample, asked to stop donating blood, and
referred to a specialist. In addition to ensuring our blood supply is safe, these
data improve our understanding of the epidemiology of blood-borne infec-
tions. The National Blood Service and PHE manage a series of schemes which
monitor infections in blood and tissue donor and transfusion recipients. This
benefits patient safety and public health. For details on blood-borne infections in
blood donors, see & www.phe.gov.uk. Epidemiological data are also available
by testing all pregnant women for HIV, HBsAg, and syphilis.

SHOT (Serious Hazards of Transfusion) is a scheme for reporting investi-
gations into infections in transfusion recipients (& www.shotuk.org).

Reference

4 Department of Health (2011). Guidance on the microbiological safety of human organs, tis-
sues and cells used in transplantation. Available at: S https://www.gov.uk/government/
publications/guidance-on-the-microbiological-safety-of-human-organs-tissues-and-cells-used-in-
transplantation.

Infection control on renal dialysis units

Outbreaks of blood-borne viruses (HBV, HCV, and HIV) are a well-recognized
hazard for patients and staff on haemodialysis units. Adoption of universal pre-
cautions has resulted in a fall in the incidence of HBV and HCV in dialysis units
over the last 30 years. However, increasing numbers of patients on haemodi-
alysis, increasing numbers of immigrants, and increased foreign travel of dialysis
patients may increase future risk. Other blood-borne viruses (hepatitis G; GB
virus type C) are higher in dialysis patients, compared to the general population,
but their clinical significance is uncertain.

The UK Renal Association has produced NICE-accredited guidelines
(2009) on the prevention of spread of blood-borne viruses in the renal
unit, including issues of surveillance, segregation, and immunization (see &
www.renal.org/guidelines).

Management of risk from virally infected
health-care workers

Virally infected staff are usually managed by the occupational health depart-
ment. Please note that up-to-date guidance from the DH should be con-
sulted. The information provided in this section is a guide.

Hepatitis B-infected health-care workers

o Health Service Guidelines HSG (93)40: Protecting health care workers and
patients from hepatitis. This guidance recommends that HBV carriers who
are e antigen-positive must not carry out procedures where there is a risk that
injury to themselves will result in their blood contaminating a patient’s open
tissues (i.e. should not perform exposure-prone procedures (EPPs)).


http://www.phe.gov.uk
http://www.shotuk.org
http://https://www.gov.uk/government/publications/guidance-on-the-microbiological-safety-of-human-organs-tissues-and-cells-used-in-transplantation
http://https://www.gov.uk/government/publications/guidance-on-the-microbiological-safety-of-human-organs-tissues-and-cells-used-in-transplantation
http://https://www.gov.uk/government/publications/guidance-on-the-microbiological-safety-of-human-organs-tissues-and-cells-used-in-transplantation
http://www.renal.org/guidelines

RISK FROM VIRALLY INFECTED HEALTH-CARE WORKERS

Health Service Circular (HSC) 2000/020: Hepatitis B infected health workers.
This circular recommends testing HBV-infected HCWs who are HBeAg-
negative and perform EPPs. Those with higher viral loads (>1000 genome
equivalents (geq)/mL) should have their working practices restricted.

o HCWs on antiviral therapy who are HBeAg-negative and who have
pre-treatment HBV DNA levels between 10° and 10° geq/mL could

be allowed to perform EPP on antiviral therapy if their viral load is
suppressed below 10° geq/mL and monitored regularly.®

Hepatitis C-infected health-care workers

e Health Service Circular HSC 2002/010: Hepatitis C infected health care
workers (and associated guidance). This circular builds upon previous
advice from the Advisory Group on Hepatitis and recommends that
HCWs who know they are carrying HCV (i.e. are HCV RNA-positive)
should not perform EPPs. HCWs who have responded successfully to
HCV treatment should be allowed to resume EPPs. Successful response
to treatment is defined as HCV RNA-negative 6 months after cessation
of treatment. Testing of HCWs for HCV RNA should be done in
laboratories where the assay has a minimum sensitivity of 501U/mL.

HIV-infected health-care workers

The risk of a HCW infecting a patient during an EPP is very low. Worldwide,
there are only three reported cases of HCW transmission to patients.
These transmissions occurred during high-risk procedures, and the HCWs
were not on ART. In the UK, between 1988 and 2008, 39 incidents of
potential HIV transmission from a HCW to a patient occurred. Over 10000
patients were tested, and no cases of HCW transmission to patients were
found. PHE guidance (2014) The management of HIV infected healthcare
workers performing exposure prone procedures recommends:

e all HCWs who undertake EPPs should be tested for HIV antibody;

o HIV-infected HCWs can perform EPPs if they are on effective ART and
have a plasma viral load of <200 copies/mL;

HIV-infected HCWs undertaking EPPs must have the plasma viral load
monitored every 3 months. If the viral load is >1000 copies, the HCW
must stop performing EPPs immediately;

patient notification exercises following patient exposure to blood/
bodily fluids from HIV-infected HCWs, in general, would only be done

if the HCW had a viral load of >1000 copies/mL and on treatment.
However, all exposure incidents should be risk-assessed locally;

patients who are exposed to blood from an infected HCW would

only be considered for PEP and HIV testing if the viral load was >200
copies/mL. Otherwise, no action is taken.

Further advice is shown in Box 6.13.

Box 6.13 Further advice from UK Advisory Panel

for Healthcare Workers Infected with Bloodborne

Viruses (UKAP)

o Although this was originally set up to consider individual cases of HIV-
infected HCWs, the UKAP now considers other blood-borne viruses, in
particular hepatitis B and C. They can provide advice for specific situations,
as well as general policies, and can be contacted at ukap@phe.gov.uk.
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Reference

5 Department of Health (2007). Hepatitis B infected healthcare workers and antiviral therapy. Available
at: R http://webarchive.nationalarchives.gov.uk/20130107105354/ http:/www.dh.gov.uk/en/
Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_073164.

Hazard groups

In 1995, the Advisory Committee on Dangerous Pathogens (ACDP) (&
www.hse.gov.uk/aboutus/meetings/committees/acdp/)  classified  all
microorganisms into hazard groups 1-4, based on their hazard and contain-
ment level (CL) (see Table 6.7). The framework is based on their pathogenic
potential, route of transmission, epidemiological consequences of escape,
and host susceptibility. The hazard groups 1—4 are thus handled at differ-
ent CLs in the laboratory, defined by Control of Substances Hazardous to
Health (COSHH). ACDP category 3 organisms are listed in Box 6.14. For
the complete approved list of biological agents for all categories, see R
www.hse.gov.uk/pubns/misc208.pdf.

Table 6.7 ACDP hazard groups 1-4

Hazard group EL (9 see Examples
ontainment
levels, pp. 162-3)

Group 1 CL1 CoNS
Unlikely to cause human disease
Group 2 CL2 S. aureus
May cause human disease S. enterica serotype
May be a hazard to laboratory Enteritidis
workers L. pneumophila
Unlikely to spread in the Influenza, norovirus
community
Treatment or prophylaxis
available
Group 2+ organisms N. meningitidis, Legionella
Group 3 CL3 See full list in Box 6.14
May cause severe human disease Examples
Serious hazard to laboratory include: $. enterica
workers serotype Typhi (S. Typhi);

MTB; Brucella spp.; HIV;
hepatitis B, C, D
Prion diseases

May spread in the community
Treatment or prophylaxis

available

Group 4 Haemorrhagic fevers, e.g.
Severe disease Ebola, Lassa fever
Serious hazard to laboratory Note that this group
workers only contains viruses, not

High risk of spread in the bacteria

community
No treatment or prophylaxis



http://webarchive.nationalarchives.gov.uk/20130107105354/%20http:/www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_073164
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http://www.hse.gov.uk/pubns/misc208.pdf
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Box 6.14 List of ACDP category 3 organisms
o Bacteria:
- Bacillus anthracis;
. Burkholderia mallei;
- Burkholderia pseudomallei;
- Chlamydophila psittaci (avian strains);
- Coxiella burnetii;
- Ehrlichia sennetsu (Rickettsia sennetsu);
- E. coli, verocytotoxigenic strains (e.g. O157:H7 or O103);
- Francisella tularensis (type A), not type B;
- S. Typhi S. Paratyphi A, B, G
- MTB;
- Mycobacterium (certain species);
- Brucella;
- Rickettsia spp.;
- S. dysenteriae type 1;
Yersinia pestis.
° Vlruses (certain viruses from the following groups):
HIV and other retroviruses;
. hepatms B, C, D, E;
- arenaviridae;
- bunyaviridae;
- hantaviruses;
- phleboviruses;
- nairoviruses;
- caliciviruses;
. togaviruses;
- flaviviruses, e.g. dengue;
- tick-borne virus group;
- poxviruses;
- rhabdoviruses, e.g. rabies;
SARS coronavirus.
° Para5|tes (certain parasites from the following groups):
- Echinococcus spp.;
- Leishmania spp.;
- P falciparum;
- Naegleria fowleri;
- T. solium;
T. cruzi and T.b. rhodesiense.
o Fung|
B. dermatidis;
. C. immitis;
- P brasiliensis;
« H. capsulatum;
- P marneffei;
- Cladophialophora bantiana.
. Others
- Creutzfeldt—Jakob disease (CJD) and variant CJD (vC|D);
- Kury;
- Gerstmann-Straussler—Scheinker disease (GSS) and other
transmissible spongiform encephalopathies (TSEs).
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Containment levels

The CL refers to the physical requirements necessary for working with
organisms of different pathogenicity and includes guidance about the
facilities, working environment, and safety equipment and procedures (e.g.
staff training). There are four different levels (CL1-CL4), and the CL of
an organism usually corresponds with its categorization, e.g. all group 3
organisms must be handled at CL3. Guidance from the ACDP with detailed
technical information, especially regarding CL2 and CL3, is available on the
Health and Safety Executive website (S www.hse.gov.uk). This includes the
legal requirements in the provision of COSHH, with particular attention to
how these influence laboratory design, construction, and operation.

Summary of requirements

Containment level 1 (CL1), i.e. low individual and community risk

e No special facilities, equipment, or procedures are required. Standard
well-designed laboratory facilities and basic safe laboratory practices
suffice.

o Handwashing facilities must be provided.

e Disinfectants must be properly used.

Containment level 2 (CL2), i.e. moderate individual risk, limited community risk
e The laboratory should be separated from other activities, biohazard
sign, room surfaces impervious and readily cleanable.

Equipment should include an autoclave, certified high-efficiency
particulate air (HEPA)-filtered class | or Il biological safety cabinet for
organism manipulations, and PPE to include laboratory coats worn only
in the laboratory.

o All contaminated material should be properly decontaminated.

Containment level 3 (CL3), i.e. high individual risk, low community risk

o Specialized design and construction of laboratories, with controlled-
access double-door entry and body shower. All wall penetrations must
be sealed. Ventilation system design must ensure that air pressure is
negative to surrounding areas at all times, with no recirculation of air;
air should be exhausted through a dedicated exhaust or HEPA filtration
system. Minimum furnishings, all readily cleanable and sterilizable
(fumigation). Laboratory windows sealed and unbreakable. Backup
power available.

Equipment must include an autoclave, certified HEPA-filtered class Il
biological safety cabinet for organism manipulations, and a dedicated
handwashing sink with foot, knee, or automatic controls, located near
the exit. PPE should include solid front laboratory clothing worn only
in the laboratory, head covers and dedicated footwear, gloves, and
appropriate respiratory protection, depending on the infectious agents
in use.

All activities involving infectious materials to be conducted in biological
safety cabinets or other appropriate combinations of personal
protective and physical containment devices.


http://www.hse.gov.uk
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Laboratory staff must be fully trained in the handling of pathogenic

and other hazardous material, use of safety equipment, disposal
techniques, handling of contaminated waste, and emergency response.
Standard operating procedures must be provided and posted within the
laboratory, outlining operational protocols, waste disposal, disinfection
procedures, and emergency response. The facility must have a medical
surveillance programme appropriate to the agents used.

Containment level 4 (CL4), i.e. high individual risk, high community risk

o CL4 is the highest level of containment and represents an isolated unit
that is completely self-contained to function independently. Facilities are
highly specialized and secure, with an air lock for entry and exit, class Ill
biological safety cabinets or positive pressure-ventilated suits, and a
separate ventilation system with full controls to contain contamination.
Only fully trained and authorized personnel may enter the CL4
containment laboratory. On exit from the area, personnel will shower
and re-dress in street clothing. All manipulations with agents must be
performed in class Il biological safety cabinets or in conjunction with
one-piece, positive pressure-ventilated suits.

Universal infection control precautions
and barrier nursing

UICP involve following simple infection control precautions for all patients.
It is difficult to tell which patients are infected and which are not, so all
patients should be regarded as ‘potentially infected’. Adherence to UICP
for all patients should minimize the transmission of HIV, hepatitis B and C,
and other infectious agents. It also eliminates confusion amongst staff as to
which patients are to be treated as ‘infected’, and should also prevent any
breach of confidentiality.

Main components of universal infection control precautions
Handwashing () see Handwashing, pp. 146-50).

Protective clothing.
Gloves and aprons should be worn if the episode of patient contact
involves blood or body fluids, but the risk of splashing is low. If the

risk of splashing is high, a waterproof gown, mask, and eye protection
should also be worn.

Disposal of linen and waste (&) see Laundry, p. 179; © Waste, pp. 180-1).
Broken skin:

- clinical staff should cover all skin lesions with a waterproof dressing.
Sharps (&) see Management of risk from sharps, pp. 153-7; see

Box 6.15):

- never re-sheathe, bend, or break a needle or any other sharp;

- dispose of all sharps as a single unit, in a suitable sharps bin;

- never attempt to retrieve anything from a sharps bin;

- only fill a sharps bin to full, and secure the lid before disposing of it

according to local policy.
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Box 6.15 Preventing the risk of microbial contamination
from Saving lives: high-impact intervention no. 1. Central
venous catheter care bundle (2007)

The elements of the care process listed below form the basis of reduc-
ing the risk of bacterial contamination. This underpins all other Hils and
should be recorded at the time of the procedure. The three elements
are as follows.

Hand hygiene

o Decontaminate hands before and after each patient contact.

e Use correct hand hygiene procedure.

o PPE.

o Wear examination gloves if there is risk of exposure to body fluids.

o Gloves are single-use items.

o Gowns, aprons, and eye/face protection may be indicated if there is a
risk of splashing with blood or body fluids.

Aseptic technique
e Gown, gloves, and drapes, as indicated, should be used for the
insertion of invasive devices.

Sharps

Safe disposal of sharps.

o Sharps container available at point of use.

o No disassembling of needle and syringe.

o Sharps should not be passed from hand to hand.
o The container should not be overfilled.

o Spills:
- any spill of blood or other body fluids that contains blood should be

treated with chlorine-releasing granules and left in place for 2min.
Afterwards, this should be cleared up with paper towels, wearing
gloves and aprons. The area should then be washed with hot water
and detergent;

- if granules are not available, a solution of hypochlorite diluted to
10000 ppm (1%) should be used in the same way;

- any spill of urine should be dealt with immediately using hot water
and detergent.

Management of antibiotic-resistant
organisms, including MRSA

In the section @) Control of outbreaks of antibiotic-resistant organisms
below, management of antibiotic-resistant organisms will be discussed at
the population level. For treatment of individuals, see MRSA, VISA, and
Gram-negative bacteria, including CRE (see Boxes 6.16 and 6.17).



ANTIBIOTIC-RESISTANT ORGANISMS, INCLUDING MRSA

Box 6.16 MRSA treatment of nasal/extranasal
colonization
o Likely to be beneficial:
mupirocin nasal ointment.
o Unknown effectiveness:
antiseptic body washes;
chlorhexidine-neomycin nasal cream;
mupirocin nasal ointment for 5 days (compared with >5 days);
systemic antimicrobials.
o Unlikely to be beneficial:
- tea tree preparations.

Box 6.17 Treatment of MRSA—infection of any body site

o Trade-off between benefits and harms:
linezolid (compared with glycopeptides);
glycopeptides, compared with linezolid, quinupristin-dalfopristin, or
trimethoprim—sulfamethoxazole.

o Unknown effectiveness:

azithromycin, clarithromycin, erythromycin;

ciprofloxacin, levofloxacin, moxifloxacin;

clindamycin;

daptomycin;

doxycycline, minocycline, oxytetracycline;

- fusidic acid;

quinupristin—dalfopristin;
rifampicin;

- trimethoprim.

Control of outbreaks of antibiotic-resistant organisms
The main steps in controlling an outbreak of antibiotic-resistant organisms
are as follows.
o |dentify reservoirs of resistant organisms:
colonized and infected patients;
environmental contamination.
o Halt transmission:
improve handwashing and asepsis;
isolate colonized and infected patients;
eliminate any common source, and disinfect the environment;
separate susceptible from infected and colonized patients;
consider closing the unit to new admissions.
. Modn‘y host risk:
discontinue compromising factors, if possible;
control antibiotic use (consider rotation, restriction, or discontinuing
antibiotics).
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Control of endemic antibiotic resistance

o Appropriate use of antibiotics—this should include optimal choice of
agent, the dose, and its duration, based on defined antibiotic policies for
both treatment and prophylaxis. The use of topical antibiotics should be
limited.

Infection control—institute guidelines for intensive infection control
procedures, and provide adequate facilities and resources, especially for
handwashing, barrier precautions (isolation), and environmental control
measures.

o Improve antimicrobial prescribing practices through educational and
administrative methods.

Monitor local antibiotic resistance rates, and ensure antimicrobial
guidelines are up-to-date.

UK MRSA prevention guidelines
(See Table 6.8.)

In 2009/2010, the UK DH introduced mandatory screening of all elective
and emergency hospital admissions, with the aim of preventing MRSA infec-
tions. It was subsequently noted that settings without universal screening
(e.g. Wales) also saw marked falls in MRSA infection, and the NOW study
was commissioned.® This demonstrated poor compliance with screen-
ing and big falls in MRSA prevalence (often <1%) that meant compliance
was unlikely to be cost-effective. At current prevalence levels, it is consid-
ered cost-effective to screen only high-risk specialties. Cost-effectiveness
increases with increasing prevalence.

Table 6.8 UK guidelines for management of MRSA

Publication

Reference

Notes

Implementation of
modified admission MRSA
screening guidance for
NHS (2014)

UK standards for

microbiology investigations:

investigation of specimens
for screening for MRSA

Guidelines for the
control and prevention
of meticillin-resistant
Staphylococcus aureus
(MRSA) in healthcare
facilities

Department of Health
expert advisory
committee on
Antimicrobial Resistance
and Healthcare
Associated Infection
(2014)

Public Health England
(2014)

Coia JE, Duckworth GJ,

Edwards DI, et al. (2006).

J Hosp Infect 63 Suppl
1:51-44

Outlining a more
focused ‘cost-effective’
MRSA screening policy,
reflecting the overall
decline in MRSA

Reliable detection of
MRSA colonization

Infection control
guidance and strategies
for preventing spread of
MRSA or infection with
MRSA

Reference

6 Fuller C, Robotham J, Savage J, et al. (2013). The national one week prevalence audit of universal
meticillin-resistant Staphylococcus aureus (MRSA) admission screening 2012. PLoS One. 8:€74219.



CONTROL OF CPE

Control of carbapenemase-producing
Enterobacteriaceae

The UK has seen a rapid increase in the incidence of infection and coloni-
zation by MDR carbapenemase-producing organisms. Organisms express-
ing this resistance mechanism are highly resistant and extremely difficult
to treat. PHE published Carbapenemase-producing Enterobacteriaceae: early
detection, management and control toolkit for acute trusts (Dec 2013). The key
to controlling the spread is through early detection and prompt isolation.
The major risk factors for colonization are:

o admission to a health-care facility abroad in the last 12 months. The
range of countries at risk is extremely broad, from Malta to Taiwan;
previously colonized or infected with a carbapenemase-producing
organism;

admission to a UK hospital where spread of carbapenemase-producing
Enterobacteriaceae (CPE) has been a problem (Manchester, London).

If a patient falls into an at-risk group, they must be isolated immediately and
screened, and there must be strict adherence to standard infection control
precautions.

Screening
Do not wait for screening results before isolating a patient. Screening is
done using a rectal swab, and, for an effective screen, faeces must be vis-
ible on the swab. Contacts should only be screened when the index case
is confirmed.

Infection control precautions

Isolate the patient in an en suite side room. Standard precautions must be
strictly adhered to. However, if during patient contact there is the potential
that the staff member’s uniform will come into contact with a patient, long-
sleeved disposable aprons must be used. Enhanced cleaning of the environ-
ment must take place, focusing on high-touch surfaces.

Decolonization
There is currently no evidence to attempt skin or gut decolonization.

Environmental cleaning
Following discharge, the isolation room must be deep cleaned.

Rescreening

There are limited data relating to how long humans remain colonized with
CPE. Therefore, how long to consider a patient is colonized and when to
rescreen are matters for debate. All trusts should produce their own infec-
tion control guidance relating to the management of patients colonized
with CPE.

Further reading

Public Health England (2013). Carbapenemase-producing Enterobacteriaceae: early detection, man-
agement and control toolkit for acute trusts. Available at: S https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/329227/ Acute_trust_toolkit_for_the_early_
detection.pdf.
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Control of tuberculosis in hospitals

While most TB infections are acquired in the community, the risk of health
care-associated TB remains for patients and HCWs. Most health care-
acquired TB cases result from delayed diagnosis of TB, inadequate treat-
ment of latent TB, and lack of isolation facilities. An understanding of the
routes of transmission is fundamental to preventing the spread of infection.
TB is primarily transmitted by the inhalation of small droplets. An important
distinction to make in the risk assessment of a patient suspected of having
TB is whether they have open pulmonary TB or non-pulmonary TB.

Open pulmonary TB—patients who have ‘smear’-positive sputum, i.e.
sputum microscopy has detected acid-fast bacilli (AFB) in the sample.
These patients are at high risk of transmitting the infection and must be
isolated. Smear-negative patients (three sputum samples, spontaneously
produced on 3 separate days, which are all smear-negative) are not
considered infectious and do not need isolation.

Non-pulmonary TB—TB infection at any other site, e.g. renal TB. Non-
pulmonary TBis at low risk of transmission, and these patients can be
nursed in the open bay. However, if they have a procedure that may
aerosolize the organism, e.g. irrigation of an infected wound, washout
of the abscess, then they must be isolated during the procedure, and
appropriate respiratory precautions must be used.

The successful control and prevention of TB in hospitals may be achieved
through three main approaches:”

administrative—early investigation and diagnosis of those suspected

to have TB. All patients suspected of having pulmonary TB must be
isolated promptly, while appropriate investigations are carried out;
environment/engineering—patient isolation and the extent of the
precautions are dependent on whether the patient is at risk of MDR- or
XDR-TB. Al patients suspected of having TB must be risk-assessed and
isolated appropriately, pending culture results:

- low risk of MDR/XDR-TB—can be nursed in a standard side room
under normal atmospheric pressure. Respiratory precautions only
to be used during aerosol-generating procedures. Following 2 weeks
of appropriate treatment, this patient is considered low risk and can
be moved out of isolation. However, they remain at a low risk of
infectivity and therefore must not be moved into the same bay as an
immunocompromised patient, e.g. HIV, oncology patient;

- high risk of MDR/XDR-TB—risk factors include: history of prior
treatment or treatment failure, known contact, birth in a country
with a high incidence, HIV co-infection, residence in London,
male, age 25-44. If considered high risk, this patient group must
be isolated in a negative pressure side room throughout their
admission. All contacts with the patient must involve PPE and
appropriate respiratory precautions, regardless of whether they are
of an aerosol-generating nature or not. Smear-positive material can
be rapidly assessed for rifampicin resistance genes by PCR to aid
diagnosis.
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personal respiratory protection—barrier nursing, gowns, filtered masks
(‘duck masks’ or FFP3). In the UK, filtered masks are only indicated for
patients with suspected/proven MDR-TB and XDR-TB or for aerosol-
generating procedures (e.g. bronchoscopy). All masks must be correctly
fitted. For further information, see NICE clinical guidelines (2011).

Transmission of tuberculosis from patients
DH guidance includes the importance of being able to identify patients with
infectious/potentially infectious TB or who have drug-resistant TB, and
facilitate access to, and ensure staff are aware of, the appropriate isolation
facilities and infection control precautions to be taken.

Transmission of tuberculosis from health-care workers
When a HCW develops TB, this may lead to expensive, time-consuming,
large-scale contact investigations to determine the extent of transmission
and prevent further spread. The incidence of acute and latent TB is higher
amongst foreign-born HCWs. Difficulties arise in the interpretation of TSTs
in this group. Management of HCWs with TB is usually shared by occu-
pational health, infection control, and the clinical teams. For advice about
screening all new NHS employees who will have contact with patients or
their samples, see NICE clinical guidelines (2011).

Reference

7 Humphreys H (2008). Control and prevention of healthcare-associated tuberculosis: the role of
respiratory isolation and personal respiratory protection. | Hosp Infect. 69:91-2.

Further reading

National Institute for Health and Care Excellence (2011). Tuberculosis: clinical diagnosis and man-
agement of tuberculosis, and measures for its prevention and control. NICE clinical guideline 117.
Available at: & https://www.nice.org.uk/guidance/cg117.

Control of Creutzfeldt—Jakob disease
and transmissible spongiform

encephalopathies

The TSEs include CJD (which may be sporadic, familial, iatrogenic, or vC|D),
variably protease-sensitive prionopathy, and GSS (@ see Gerstmann—
Straussler—Scheinker syndrome, p. 468). The prion proteins associated with
TSEs are unusually resistant to inactivation by heat and chemicals, so special
decontamination procedures are required. Cases of iatrogenic CJD have
been transmitted by contaminated pituitary-derived hormones, dura mater
grafts, neurosurgical instruments, corneal transplantation, organ transplan-
tation, and blood transfusion. Current challenges faced are in the early
detection and diagnosis of vC]D, therapy and support for those affected,
and improved understanding of transmission risks.
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Variant C)JD/new variant CJD

This emerged in the late 1990s and has a distinct clinical presentation ()
see Creutzfeldt—Jakob disease (CJD) and variant CJD, pp. 466-7), tending
to infect a younger age group than classical CJD. The number of new cases
of vCJD is falling, but the total number of predicted cases is a topic of
debate. In vCJD, prion proteins have been detected in systemic lymphoid
tissue before the patient is symptomatic, and the infectious agents are more
resistant to inactivation than previously observed. Therefore the greatest
risk of cross-infection comes from potential contamination and subsequent
failure to remove the prions from clinical equipment. Thus, there are wide-
spread consequences in infection control procedures such as traceability of
endoscopes and quarantining of surgical instruments. The quarantining of
equipment can have significant financial implications for the hospital.

Risk assessments

All patients admitted for surgery should have a risk assessment performed.
The infection control measures are dependent on the risk status of the
patient and the nature of the surgery. Patients at increased risk of CJD or
vCJD include:

o those who are symptomatic with a neurological condition that is
consistent with CJD;

individuals who have had one or more blood relatives affected by CJD
or who have been shown by genetic testing to be at risk;

those who have received blood products, organs, or tissues from
someone who developed vC|D, or they have donated blood and the
recipient subsequently developed CJD;

o those who received hormones derived from human pituitary tissue;

o those who have received >300 blood products since 1990.

Patients who fall into one or more of these groups are at risk. The risk
of the surgery should then be stratified. This is effectively dependent on
whether the surgery involves at-risk tissue.
Medium- to high-risk surgery involves tissues, including:
e neural—brain, spinal cord, and cranial nerves, including olfactory
epithelium;
o ocular—posterior eye, retina;
endocrine—pituitary gland.

Classification of risk and outcomes

If the patient is considered to be at risk and the surgery involves medium- to
high-risk tissue, the options are:

e quarantine the equipment for re-use exclusively in the same patient;

e use single-use equipment;

o destroy the equipment.

If the surgery involves an at-risk patient and low-risk tissue, then no special
equipment processing is required.



CONTROL OF CJD AND TSE

Prevention of transmission of CJD

Always consult trust policy, and involve the ICT. Some general principles are
advised for the processing of instruments (see Box 6.18) and in blood trans-
fusion (see Box 6.19), in order to minimize transmission of CJD. Guidance
for care of symptomatic or at-risk patients is detailed in Box 6.20. There
have been four cases of blood transfusion-associated CJD in the UK. The
blood products were all donated when the donor was in the preclinical
stage of the disease, and none were leucodepleted. There is no evidence
of any UK clinical case of vC]D being linked to a blood transfusion given
after 1999. All clinical specimens from known, suspected, or at-risk patients
should be handled at CL3 in the microbiology laboratory, as the agent of
CJD is in hazard group 3.

Box 6.18 Precautions regarding processing

of instruments exposed to low-risk tissue to minimize

transmission of CJD

o Staff should practise universal precautions.

o Clean all surgical instruments to remove organic matter before
sterilization.

o Consider using single-use instruments, whenever possible. Never
reprocess single-use kits—throw them away immediately. Use single-
use kits for all lumbar punctures (LPs).

o High-vacuum porous-load autoclaving at 134—137°C for 18min for six

cycles can reduce infectivity.

The following methods are ineffective for prions: autoclaving at 134°C

for 3min; alcohol; ethylene oxide; glutaraldehyde; formalin.

Record the unique identification number of all flexible endoscopes

every time they are used, and ensure all instruments are traceable

through the audit trail.

Research in mice has suggested that dental tissue may be infective;

thus, instruments used for root canal work should be single-use.

Box 6.19 Precautions regarding blood transfusion

to minimize transmission of CJD

® Blood donors who have themselves received a blood transfusion or

tissue donation are now excluded (2005).

Leucodeplete all blood donations—this will reduce infectivity but not

eliminate it.

o Plasma for use in those <16 years old is purchased outside the UK.

o Note that screening tests are being developed to detect the prion
protein in blood products, but none are currently in use.
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Box 6.20 Care of symptomatic or at-risk patients

All patients should be subject to universal precautions. There is no evi-
dence to suggest CJD is spread from person to person by close contact.
Patients known to have CJD do not require special nursing precautions
or special precautions for management of sharps injuries, exposure to
blood and body fluids, used and infected linen, and the disposal of clinical
waste. However, particular care must be taken to adhere to trust policy
for the following:

o collection, labelling, and transport of clinical specimens—use ‘Danger
of Infection’ stickers, and provide adequate clinical information for
laboratory staff to undertake a risk assessment;

CNS and lymphoid tissue biopsies—these procedures should be
performed by experienced staff using disposable equipment. Gloves,
goggles, and aprons should be worn, and any contaminated objects
should be incinerated.

Further reading

Advisory Committee on Dangerous Pathogens Spongiform Encephalopathy Advisory Committee
(2015). Transmissible spongiform encephalopathy agents: safe working and the prevention of infection.
Available at: 2 https://www.gov.uk/government/uploads/system/uploads/attachment_data/
file/260961/report.pdf.

Public Health England (2015). Infection prevention and control of CJD and variant (D in healthcare and
community settings. Available at: 2 https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/427854/ Infection_controlv3.0.pdf.

Disinfection

Disinfection is the process of killing of microorganisms by physical or chem-
ical means, to render the object ‘safe’. It does not imply complete inactiva-
tion of all viruses or removal of bacterial spores (as occurs in sterilization).

A disinfectant is defined as a chemical used to destroy microorganisms.
These agents only act on surfaces (environmental surfaces, equipment, or
body surfaces) and do not penetrate layers of dirt or grease. Thus, disin-
fection is not a substitute for cleaning. Disinfectants do not usually have a
persistent effect.

Use of disinfectants

The environmental use of disinfectants should be restricted to accidental
spills or build-up of infected material in areas where this may be a hazard
to patients or HCWs.

Different disinfectants have different properties; many are corrosive and
toxic, and the speed of action is highly variable. Others, if used correctly,
can kill all microorganisms (i.e. sterilize), but most are highly selective and
only kill a limited range of organisms. They fall into two main groups (see
Table 6.9):

o environmental disinfectants—often too toxic for use on skin; may
require protective clothing. Hypochlorite is most commonly used;


http://https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/260961/report.pdf
http://https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/260961/report.pdf
http://https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/427854/Infection_controlv3.0.pdf
http://https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/427854/Infection_controlv3.0.pdf

Table 6.9 Environmental and skin disinfectants
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Class Examples

Use

Notes

Environmental disinfectants

Hypochlorite
(bleach)

Hypochlorite
powder,

e.g. Titan®
sanitizer;
detergent
hypochlorite
(liquid or
tablet), e.g.
Domestos®,
Presept®

Black fluids,
e.g. ‘Jeyes®
fluid’; white
fluids, e.g.

‘Izal®’; clear

Phenolics

phenolics, e.g.

‘Stericol®

Chloroxylenols  ‘Dettol®

Skin disinfectants

Alcohols Ethyl alcohol
(available

as industrial
methylated
spirit (IMS));
isopropyl
alcohol (e.g.
‘Mediswabs’)

Best general-
purpose disinfectant
available. However,
not suitable for
particularly dirty
situations. Generally
use a solution of
1000 ppm (parts/
mL) available
chlorine, but increase
concentration to

1 ppm if need to
destroy hepatitis
viruses (e.g.

dialysis units). Use
hypochlorite granules
for spillage of body
fluids, except urine

Not for routine
environmental
cleansing or
disinfection; used in
laboratory and post-
mortem rooms

Household
disinfectant

Often used as a
base for other
skin disinfectants,
e.g.iodine or
chlorhexidine

Sodium hypochlorite
acts by the release of
chlorine on contact
with organic matter,

so rapidly destroys all
bacteria and viruses.
However, some agents
are unstable, and
disinfecting properties
may be lost by the rapid
release of chlorine on
contact with blood,
faeces, or textiles.
Strong solutions are
corrosive to aluminium
and other metals

Derived from coal tar,
and in common use

in hospitals for over a
century. Reasonable in
visibly dirty situations.
However, many bacteria
and viruses are resistant,
and prolonged exposure
is needed for effective
action. Also toxic, so
handle with special
precautions

Said to combine some
of the properties of
the phenolics with
hypochlorites. Less
effective at killing
Gram-negatives than
the phenolics, and
expensive

Ethy! alcohol (70%)
effectively kills organisms
on the skin, but this effect
ceases after evaporation.
Isopropyl alcohol
evaporates less rapidly
but is thought to be less
effective against some
viruses

(Continued)
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Table 6.9 (Contd.)

Class Examples Use Notes
lodine Huge variety  Surgical scrubs, lodine dissolved in 70%
of products,  shampoos, etc. alcohol is less popular,
e.g. Betadine® as it is messy and may
be an irritant
Chlorhexidine Hibitane®, Surgical scrubs, Often marketed with
Hibiscrub® popular disinfectant  other disinfecting agents
in hospitals and and in alcoholic or
laboratories aqueous solution. Some

hospital organisms show
resistance to it, but this
is not a problem when
using the alcoholic

solution
Quaternary Cetrimide Trauma wounds Ineffective against some
ammonium and other special hospital organisms, e.g.
compounds situations, not used  Pseudomonas spp.
(QAGCs) in routine wound
cleaning
e skin disinfectants (also called antiseptics)—often have limited range of

action so are inappropriate for environmental disinfection, and usually
relatively expensive. Chlorhexidine is the preferred agent. Alternatives
are alcohol (inferior) and iodine (irritant).

Other disinfectants may be used to sterilize instruments, but heat treatment
is usually preferred (&) see Sterilization, pp. 174-6).

Selection of a disinfectant

Considerations include:

e which organisms do you want to destroy?

e what is the construction of the object to be disinfected?

o does the object need cleaning first?

e when an agent has been chosen, what concentration of disinfectant is
required?

Sterilization

Sterilization is the process by which transmissible agents are killed or elimi-

nated. This includes fungi, bacteria, viruses, and spores, but not prions.

There are two main types of sterilization:

o physical sterilization—this includes heat sterilization and radiation (e.g.
electron beams, X-rays, <y rays);

o chemical sterilization—this includes ethylene oxide, ozone, chlorine bleach,
glutaraldehyde, formaldehyde, hydrogen peroxide, and peracetic acid.
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Cleaning of instruments

Whichever sterilization process is deemed most appropriate, thorough
cleaning is essential; otherwise, any dirt or biological matter may shield any
organisms present. Physical scrubbing with detergent and water is recom-
mended. Cool water is needed to clean organic matter from instruments,
as warm or hot water may cause coagulation of organic debris. Alternative
cleaning methods include ultrasound or pulsed air.

Physical sterilization: heat

This can be either dry heat or moist heat sterilization.

e Dry heat sterilization uses hot air that is free (or almost free) from water
vapour, so any moisture plays no role in the process of sterilization.
Methods include the hot air oven, radiation, and microwave. The dry
heat coagulates proteins in any organism and causes oxidative free
radical damage and drying of cells.

Moist heat (steam under pressure) sterilization uses hot air heavily
laden with water vapour. Moist heat destroys microorganisms by the
irreversible denaturation of enzymes and structural proteins. Water
vapour has a very high penetrating property and also causes damage
through the formation of oxidative free radicals. Methods include
autoclaving, pressure cooking, pasteurization of milk, boiling, and steam
sterilizing (steam at atmospheric pressure for 90min).

Autoclaves—steam sterilization using autoclaves is commonly used in hospi-
tals and provides an inexpensive means of sterilizing large numbers of surgical
instruments. To achieve sterility, a holding time of >15min at 121°C, or 3min
at 134°C, is required. Liquids and instruments packed in cloth may take longer
to reach the specified temperature so usually need more time. Autoclave treat-
ment inactivates all bacteria, fungi, viruses, and spores. Certain prions may be
eradicated by autoclaving at 121-132°C for 60min or 134°C for >18min, but
this process is not 100% reliable for CJD (see Box 6.18). Monitoring an auto-
clave cycle is important and involves recording temperature and pressure over
time. To ensure adequate conditions have been met, most hospitals use indi-
cator tape which changes colour. Bioindicators (e.g. based on the spores of
Bacillus stearothermophilus) are also used to independently confirm autoclave
performance. These indicators should be positioned to ensure that steam pen-
etrates the most difficult places. Note that autoclaving is often used to sterilize
medical waste prior to disposal.

Chemical sterilization

Chemical sterilization is generally used when heat methods are inappropri-

ate, e.g. for sterilizing heat-sensitive materials such as plastics, paper, bio-

logical materials, fibre optics, and electronics. Options include:

o ethylene oxide (EO) sterilization is very common, particularly for
disposable medical devices. Sterilization is usually carried out between
30°C and 60°C for objects that are sensitive to higher temperatures,
e.g. plastics and optics. EO gas penetrates well and is highly effective,
killing all viruses, bacteria, fungi, and spores. However, it is highly
flammable, takes longer than any heat treatment, and produces toxic
residues. Bacillus subtilis spores are used as a rapid biological indicator
for EO sterilizers;
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ozone is used to sterilize water and air in industrial settings, and as a
surface disinfectant. It can oxidize most organic matter but may be
impractical, because it is toxic and unstable and must be produced

on site;

chlorine bleach will kill bacteria, fungi, viruses, and most spores.
Household bleach (5.25% sodium hypochlorite) is usually diluted to
1/10 before use. To kill MTB, it should only be diluted 1/5, and, to
inactivate prions, it should be 1/2.5 (1 part bleach and 1.5 parts water).
For full sterilization, bleach should be allowed to react for 20min. It is
highly corrosive (including some stainless steel surgical instruments);
glutaraldehyde and formaldehyde are volatile liquids, which are only
effective if the immersion time is long enough. It can take up to 12h
to kill all spores in a clear liquid with glutaraldehyde, and even longer
with formaldehyde. Both liquids are toxic if inhaled or if they come into
contact with skin. Glutaraldehyde is expensive and has a shelf life of <2
weeks. Formaldehyde is cheaper but much more volatile (in fact, it may
be used as a gaseous sterilizing agent);

ortho-phthalaldehyde has many advantages over glutaraldehyde—shows
better mycobactericidal activity, kills glutaraldehyde-resistant spores, is
more stable, less volatile, less irritating, and acts faster. However, it is
more expensive, and stains skin and proteins grey;

hydrogen peroxide is a non-toxic chemical at low concentrations and
leaves no residue. It can be used to sterilize endoscopes, either in low-
temperature plasma sterilization chambers or mixed with formic acid.

It can also be used at a concentration of 30-35% under low pressure
conditions in the dry sterilization process (DSP). This process achieves
bacterial reduction of 1071078 in ~6s, and the surface temperature is
increased only 10-15°C;
guidelines on the decontamination of endoscopes are available at:

- Rhttps://www.brit-thoracic.org.uk/guidelines-and-quality-standards/

bronchoscopy-diagnostic-flexible-bronchoscopy-in-adults-guideline;
- R www.bsg.org.uk/ clinical-guidance/endoscopy/guidelines-for-
decontamination-of-equipment-for-gastrointestinal-endoscopy.html.

Ventilation in health-care premises

Definitions of different ventilation systems

Positive-pressure ventilation

Positive-pressure isolation rooms are used to prevent the entry of micro-
organisms, if patients are susceptible to infections. The air is filtered before
entering a sealed room, with a HEPA filter, and air is pumped into the room
at a greater rate than it is expelled. This forces air out of the isolation room,
keeping the room free of microorganisms. There is usually an anteroom to
facilitate the donning of protective clothing and airflows of at least 12 air
changes/hour.


http://https://www.brit-thoracic.org.uk/guidelines-and-quality-standards/bronchoscopy-diagnostic-flexible-bronchoscopy-in-adults-guideline
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VENTILATION IN HEALTH-CARE PREMISES

Negative-pressure ventilation

Negative-pressure isolation rooms are used to prevent pathogens (e.g. TB)
from an infected patient infecting other patients or HCWs in the hospital.
It is usually a sealed room, except for a small gap under the door, through
which air enters. Direction of airflow can be confirmed by a smoke test
(hold a smoke tube ~5cm in front of the bottom of the door, and, if the
room is at negative pressure, the smoke will travel under the door and into
the room).

HEPA filter
HEPA filters can remove almost all airborne particles of 0.3 micrometres in
diameter, e.g. Aspergillus spores.

Plenum ventilation

This is the most frequently used system in general-purpose operating thea-

tres. Atmospheric air is filtered in two stages:

o coarse filter to remove dust and debris;

o bacterial filter of ~2 micrometres in pore size, with 95% efficiency, is
used inside the inlet grill.

Some air may recirculate within the suite. An exhaust system removes the
air to the outside. There are ~20 air changes/hour.

Laminar flow

Laminar flow is used in orthopaedic theatres to reduce the number of
microorganisms present. This is of particular value in preventing prosthetic
joint infections (PJIs). A continuous flow of filtered air recirculates under
positive pressure into the operating field, and any air contaminants gener-
ated under surgery are removed from the site. There are ~300 air changes/
hour, which should result in <10 cfu/m®. Different systems include intro-
duction of air horizontally or vertically, in an enclosed, semi-enclosed, or
open manner.

Operating theatres

Health Technical Memorandum (HTM) 2025 (specialist ventilation in health-
care premises) has been revised as HTM 03-01 (part A covers design and
validation, and part B covers operational management and performance
ventilation). This is a new set of standard schemes for ventilation of con-
ventional and ultraclean ventilation (UCV) operating theatres. There are
four main sections:

e management policy—management responsibilities/legal issues;

o design requirements;

o validation/verification—commissioning (i.e. when a new theatre is built
or after major constructional changes), performance tests, handover;
operative management—day-to-day issues such as minimum standards,
maintaining performance, routine maintenance, etc.

For a discussion of practices in operating theatres, see Box 6.21.
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Box 6.21 Rituals and behaviours in operating theatres

All operating theatres should have their own up-to-date infection control

policy. This should include standard precautions for every invasive pro-

cedure and outline the need for an additional risk assessment for each
patient, to see if other specific precautions are required. There are many

‘rituals and behaviours’ that have crept into ‘standard practice’ in many

operating theatres—some of which are beneficial, some are harmful. The

standard of evidence varies, but a few practical pointers are listed below.

For further discussion, see Woodhead et al.’

o Patients’ clothes—it may not be necessary to change, e.g. for cataract

surgery. Jewellery only needs to be removed (for infection control

purposes) if near the site of operation.

Shaving should be avoided. Depilatory cream the day before surgery is

preferable, or clippers in the anaesthetic room immediately preop.

o Hand hygiene—scrubbing brushes should not be used on the skin.

o Drapes—there is no evidence for adhesives around the edge of
wounds.

o Gloves—needle puncture is not an indication to change gloves; if
necessary, a second pair should be worn on top.

o Masks—there is no good evidence that masks reduce infection rates;
however, they are recommended to protect the surgeon. The scrub
team should wear masks and hats for implants, and the mask should
be changed for each procedure. Non-scrubbed staff in plenum
ventilated theatres do not require masks or hats.

o Linen—should be waterproof and disposable (European standard).

Air sampling
Microbiological tests are needed to complement the physical monitoring
systems, although few studies have demonstrated a link between micro-
biological air quality and wound infections. For details of performing air
sampling and testing infection control rooms, see Walker et dl.,® and, for
operating theatres, see Health Technical Memorandum 03-01: specialized
ventilation for healthcare premises (UK DH). Separate guidance is given for
empty and in-use theatres.
o If an empty theatre fails the air sampling tests, check the technique,
and repeat sampling. If it fails again, discuss the findings with the ICT,
engineers, or other experts. Consider testing the particle penetration of
filters and/or the air velocity.
o If an in-use theatre fails the air sampling tests, check the technique, and
repeat sampling when the theatre is empty.

References

8 Walker T, Hoffman P, Bennett AM, et al. (2007). Hospital and community acquired infection and
the built environment—design and testing of infection control rooms. | Hosp Infect. 65 Suppl
2:43-9.

Woodhead K, Taylor EW, Bannister G, Chesworth T, Hoffman P, Humphreys H (2002).
Behaviours and rituals in the operating theatre. A report from the Hospital Infection Society
Working Party on Infection Control in Operating Theatres. | Hosp Infect. 51:241-55.
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Laundry

Hospital linen should be processed, so it is not an infection risk to future
users. The laundry should remove evidence of previous use, including
organisms, but cannot be expected to kill bacterial spores. NHS Executive
guidance (HSG(95)18) differentiates used (soiled or fouled) and infected
linen, and describes a framework to reduce risk to all staff concerned (por-
ters, laundry staff, etc.), as is shown in Table 6.10. Washing temperature
requirements vary between countries. In the UK, the temperature of the
cycle should reach 65°C for at least 10min or 71°C for at least 3min. Heat-
labile laundry that would be damaged at high temperatures can be washed
at 40°C with sodium hypochlorite to give a final concentration of 150 ppm
available chlorine to the final rinse. Monitoring of critical points is important
under hazard analysis and critical control point (HACCP). These include
temperature and exposure times, treatment of rinse water (if potentially
contaminated), in-use detergent concentrations, and drying temperatures.
Curtains should be laundered as follows:

if visibly soiled;

e after an outbreak of viral gastroenteritis, as part of the terminal clean;

o if they are around the bed of a patient who has been barrier-nursed
(e.g. with MRSA, C. difficile), they should be washed on patient
discharge;

routinely (3 months minimum).

Table 6.10 Categories of linen

Linen Definition Bag colour
category
Soiled All used linen that is not fouled or White nylon bag
infected
Fouled Contaminated with any bodily fluid White or clear plastic bag,

then white linen outer bag
Treat as potentially infected,
so wear gloves and aprons
when handling it

Infected Linen from patient with, or suspected  Red alginate bag, then red
to have, infection with enteric nylon outer bag, labelled
organism, e.g. diarrhoea and/ with point of origin

or vomiting, Campylobacter, viral
gastroenteritis, Salmonella, Shigella,
hepatitis A, etc.

Blood-stained linen from patient with
HIV/hepatitis B or C

Linen visibly contaminated with
sputum from patient with open TB
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Waste

Disposal of waste is subject to strict legislation set out by the DH,
Department of the Environment, the Health and Safety Commission
Advisory Group, and the amended European Communities Framework
Directive on Waste. This legislation places a duty of care on anyone handling
clinical waste, including porters and incineration staff. Thus, hospital guide-
lines apply not only to clinical areas, but throughout the hospital. There is
a move towards a unified approach for disposal of infectious and medicinal
waste, and to operate the same category codes throughout Europe.

Apart from the direct environmental benefits achieved by the compliant
management of health-care waste, the 2013 guidance'® presents opportuni-
ties for introducing cost savings, safer working practices, and reducing car-
bon emissions related to managing waste.

Clinical waste

Clinical waste is always incinerated and is defined as follows:

e all human tissue and body fluids and related items (e.g. dressings,
incontinence pads, stoma bags, and urine containers);

e sharps and contaminated sharp items, e.g. glass;

e certain pharmaceutical products and their containers;

potentially infected laboratory waste.

Table 6.11 summarizes other types of waste, the national colour-coded sys-
tem, and recommendations for disposal.

Table 6.11 National colour-coded system for waste disposal containers

Type of waste Container Notes

Clinical waste Yellow plastic bags ~ Make sure bags are only two-thirds full.
(orange/red in Tie them securely, and label each bag
some hospitals) with ward of origin, before sending for

incineration. If there is a chance that
body fluids may leak from a single yellow
bag, then use double-bagging

Non-clinical Black plastic bags

waste

Sharps Yellow rigid plastic Do not overfill these boxes. Never

boxes re-sheathe needles or separate needles

from a syringe, unless using an approved
safe method. Put IV giving sets into
these boxes too

Glass (larger Black dustbins

items)

CSSD Brown bags

marked CSSD

Confidential or Local policies apply
cytotoxic waste

CSSD, Centre for Surgical Sterilization and Disinfection.
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Reference

10 Department of Health (2013). Health technical memorandum 07-01: safe management of health-
care waste. Available at: R https://www.gov.uk/government/uploads/system/uploads/attach-
ment_data/file/167976/HTM_07-01_Final.pdf.

Introduction to prevention of
hospital-acquired infection

Results from the 2011 HAI point prevalence survey, conducted in England
by the Health Protection Agency (HPA, now PHE), show that 6.4% (a
reduction from 8.2% in 2006) of hospital inpatients had a HAI during their
stay." Patients on ICUs are at increased risk, and estimates suggest that 15—
40% of patients will have at least one HAI. The impact varies from increased
length of stay and discomfort to prolonged and permanent disability, and,
in some cases, death. The estimated cost to the NHS in 2004 was £1 billion
annually.”

It is estimated that around 15% of HAIs are preventable through better
application of ‘good practice’.” It is difficult to calculate the costs of intro-
ducing prevention methods on a trust basis, but all research so far suggests
that it is cheaper to focus on prevention, rather than pay for costs of treat-
ing HAI. The National Audit Office report noted that a reduction in HAI by
15% could save £150 million.™

Prevention is everyone’s business ... not just the infection
control team!

There is clearly a need to change the culture and staff behaviour. Currently,
this has been highlighted as one of the biggest obstacles. Evidence suggests
that a variety of approaches are required, so that the individual HCW
accepts personal responsibility. Training and education must be continual,
and constant reminders, e.g. poster campaigns, handwashing publicity, and
infection awareness days, are effective. Named individuals acting as liaison
representatives and role models in each specialty are beneficial. Feedback
of infection rates at ward/team level is vital to engage staff, encourage a
sense of ownership, and encourage continual review of practice.

Focus points on prevention

e Education and training for health-care staff, especially doctors.

o Better compliance with hand hygiene, care of indwelling lines, catheter
care, and aseptic technique.

e Good antibiotic prescribing.

o Hospital cleanliness.

o Consultation with the ICT on wider issues, e.g. new-build projects.
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Infections in intensive care

Nosocomial infections complicate 25-40% of all ICU admissions. Although
ICUs represent <5% of hospital beds, nosocomial infections in the ICU
consume a significant amount of hospital resources.

Patients on the ICU are exposed to more broad-spectrum antibiotics (up
to 60% of all patients on the ICU are on antibiotics) and medical devices,
and more procedures than those on normal hospital wards. Hand hygiene,
barrier precautions, cohorting of personnel, and antibiotic policies are par-
ticularly important in controlling infection (see Box 6.22).

Organisms

e The causal organism(s) isolated depend on the length of ICU stay (see

Table 6.12).

Recent shift from a preponderance of Gram-negative infections to

Gram-positives, probably due to increased line and device-associated

infections.

Increasing prevalence of Candida infections, including non-albicans,

which may be more drug-resistant.

o More infections with antibiotic-resistant organisms—MRSA, VRE, multi-
resistant Gram-negative species such as E. coli, Klebsiella spp., Serratia
spp., Acinetobacter spp., S. maltophilia, Enterobacter spp.

Box 6.22 Studies of HAIs on the ICU

o The European Prevalence of Infection in Intensive Care (EPIC) study
(1992) was a 1-day point prevalence study looking at >10000 patients
from 17 countries on all ICUs, except paediatrics and coronary care
units." The infection data were linked to the patients’ APACHE
(Acute Physiology and Chronic Health Evaluation) score and 6-week
outcome, presence of lines, specific interventions, and demographics.
Overall, 45% of patients had some sort of infection, and 20% had

at least one infection acquired on the ICU. The commonest were
pneumonia (47%), LRTI (18%), UTI (18%), bacteraemia (12%), and
wound infection (7%). Organisms were split 50/50 Gram-positive and
Gram-negative, the commonest being S. aureus, P. aeruginosa, CoNS,
and Enterococcus.

The Study on the Efficacy of Nosocomial Infection Control (SENIC)
looked at the relative change in nosocomial infection over a 5-year
period.™ Overall, when infection control measures were introduced,
nosocomial infections were reduced by 32%.
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Table 6.12 Organisms isolated depend on the length of ICU stay

Early infection (<4 days) Late infection (>4 days)
S. pneumoniae Enterobacter spp.

H. influenzae Serratia spp.
Enterobacteriaceae P. aeruginosa

S. aureus—MSSA Acinetobacter spp.
Streptococcus spp. S. aureus—MRSA
Anaerobes Enterococcus spp.

Fungi

MRSA, meticillin-resistant S. aureus; MSSA, meticillin-sensitive S. aureus.

Patients

o Increasing population of immunosuppressed patients, e.g. HIV, BMT,
solid organ transplant patients.

o Increasing use of devices, e.g. lines, balloon pumps, pacing wires,
endotracheal tubes.

o More invasive procedures, e.g. ventilator, drains.

ICU environment

o Isolating patients with resistant organisms is the aim. As a minimum,
there should be at least one side room for every six beds. There should
also be sufficient space around each bed (20m?), wash handbasins
between every other bed, adequate ventilation, and sufficient storage
space and utility space.

How to minimize infections on the ICU

o Follow evidence-based guidelines and policies.

o Good infection control measures, e.g. handwashing.

o Good ‘antibiotic control’, e.g. specific policy based on local knowledge.
o Close liaison with infection services, pharmacy, engineers, estates, etc.
o Feed back results of surveillance of resistant organisms.

Selective decontamination of the digestive tract

This is a prophylactic technique, which remains controversial. It aims
to eradicate aerobic GNRs from the oropharynx and consists of four
components:

e oral antimicrobial applied TOP to the mouth four times daily (qds);

e aliquid suspension containing the same antimicrobials given via NG tube;

o |V antimicrobials for 3 days;

e stringent infection control measures.

A systematic review and meta-analysis of >50 RCTs showed that SDD
resulted in a significant decrease in levels of overall BSls, Gram-negative
BSls, and overall mortality, but had no effect on Gram-positive BSls.' There
are concerns, however, about the generation of resistant organisms and
the risk of CDI.

183



184

cHAPTER 6 Infection control

Department of Health guidance: infection prevention
and control in adult critical care

This contains recommendations for reducing the risk of infection through

best practice and sustaining this reduction.

o Sustainable reductions in HCAI require the engagement and active
involvement of all staff working in the ICU, supported by the ICT and
clinical champions.

o No single action will produce effective infection prevention and control

practice. This is achieved by sustained and close adherence to best

practice by every member of the ICU team.

All individuals who come into contact with ICU patients have a

responsibility to ensure effective infection prevention and control

afforded to them.

Infections in neonatal intensive care

Neonates often have indwelling devices, invasive procedures, and high
exposure to antibiotics—and are more vulnerable to infection due to their
immature skin and immune systems. More than 10% of neonates develop
a neonatal ICU (NICU)-acquired infection,” with the commonest sites
being the bloodstream (~50%), lower respiratory tract, ear, nose, and
throat (ENT), and urinary tract. The commonest organisms are CoNS and
enterococci. Many of the principles surrounding the prevention of infection
apply to neonatal and special care baby units. In addition, there have been
particular issues such as the need to wash babies with sterile water after the
outbreaks due to pseudomonal contamination of wash handbasin water
taps (see Box 6.23).

Box 6.23 Pseudomonas in taps in NICUs

After outbreaks in neonatal units in Wales (2010) and Northern Ireland
(2011/2012), during which many babies suffered from invasive pseu-
domonal infections and some died, there have been huge efforts to
reduce the risk to vulnerable babies. The DH published a review of
the scientific evidence behind the contamination of hospital water sup-
plies and outlets with Pseudomonads, which was followed by new infec-
tion control advice and technical guidance. These documents remind
everyone to maintain high standards of infection control, and gives
advice on best practice to prevent P. geruginosa in specialist care units
and how to manage the risks. This includes only using the handwash sta-
tion for handwashing, flushing taps regularly, and establishing a Water
Safety group (Department of Health (2012). Pseudomonas aeruginosa
bacteria preventing and controlling contamination. Available at: & www.
gov.uk/government/ publications/pseudomonas-aeruginosa-bacteria-
preventing-and-controlling-contamination; Department of Health (2012).
Technical guidance issued for healthcare providers on managing Pseudomonas.
Available at: R www.dh.gov.uk/health/2012/03/technical-guidance-
pseudomonas/).
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Surgical site infection

Introduction

Surgical site infections (SSIs) are seen in at least 5% of patients undergoing
a surgical procedure. They range from a minor wound discharge through
to osteomyelitis. SSIs make up almost 20% of all HAls, and cause signifi-
cant morbidity, increased length of stay, and increased costs. Most infec-
tions are endogenous (i.e. result from contamination of the incision by the
patient’s own microbes during surgery). The other route of acquisition
is exogenous from the environment or other people. Factors associated
with SSls have been well defined (see Table 6.13), and multiple guidelines
and recommendations have been published to aim to prevent SSIs from
occurring. This includes the Hll as part of the DH Saving Lives Programme
(see Box 6.24).

Table 6.13 Factors associated with SSI'®

Patient-related Procedure-related
Colonization with S. aureus Antimicrobial prophylaxis
Corticosteroid use .Duration of procedure
Diabetes mellitus .Duration of surgical scrub
Extremes of age .Foreign material
Immunosuppression .Sterilization of instruments
Longer hospital stay Operating room ventilation
Malnutrition .Preoperative shaving

Obesity Preoperative skin preparation
Remote infection .Skin antisepsis

Smoking

185



186

cHAPTER 6 Infection control

Box 6.24 Care Bundle for Preventing SSI: ‘Saving Lives’
High Impact Intervention No. 4

Preoperative

MRSA screening—follow trust policy. The care bundle recommends

screening all patients undergoing implant and cardiothoracic surgery and

neurosurgery, and considering other patients according to local policy, e.g.

orthopaedic, vascular.

o MRSA decontamination—see recommendations on Healthcare
Infection Society website (S www.his.org.uk);

o hair removal—use a clipper with a disposable head. Shaving with a
razor is not recommended.

Perioperative

o Prophylactic antimicrobia—where indicated, at correct timing, with
appropriate agent. Remember repeat dosing in longer procedures.

o Glucose control—maintaining blood glucose <11mmol/L has been
shown to reduce wound infections in diabetic patients.

o Normothermia—maintaining a body temperature above 36°C in the
perioperative period has been shown to reduce infection rates.

National surveillance of surgical site infection

Mandatory reporting of SSls in orthopaedic surgery has shown that rates
are highest in hip hemiarthroplasty—partly due to the increased risk of
infection in these patients and also due to increased detection of infection,
as the patients tend to have a long hospital stay. Most of the SSls reported
affect the superficial layers of the wound, but ~25% involve deeper tissues.
Annual reports are published by PHE.

Non-pharmacological measures for reducing surgical site
infection

e Appropriate hair removal.’®

o Appropriate operating room air exchanges.

o Appropriate surgical attire.

o Glycaemic control.

o Maintenance of good oxygenation.

o Limit in-and-out traffic.

e Maintain normothermia.

e Proper preparation of the surgical field.

Rates of surgical infection in different types of operation are shown in
Table 6.14.
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BLOODSTREAM INFECTION—MANDATORY SURVEILLANCE

Table 6.14 Rates of surgical infection in different types of operation

Type of operation Average infected wounds
in 100* operations

Knee joint replacement <1

Hip joint replacement .1

Abdominal hysterectomy 2

Vascular surgery .2

Coronary artery bypass graft .5

Large bowel (gut) surgery 9

*Detected while patients are in hospital or at readmission following the operation.

Data source: HPA. Healthcare-Associated Infections and Antimicrobial Resistance: 2009/10.

Other useful resources

o MRSA guidelines on the Healthcare Infection Society website (S www.
his.org.uk/resources-guidelines).

The Health Technology Assessment programme; Drug and Therapeutics
Bulletins and the Scottish Intercollegiate Guidelines Network (SIGN), all
referenced in Saving Lives High Impact Intervention No. 4.

American Healthcare Infection Control Practices Advisory Committee
(HICPAC) guidelines for prevention of SSI (1999)."®

NICE guidelines: prevention and treatment of surgical site infection,
October 2008. & www.nice.org.uk/guidance/CG74.
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Bloodstream infection—mandatory
surveillance

Definitions

Primary bacteraemia is commonly defined as organisms cultured from the
blood, without a documented distal source of infection, but including those
resulting from an IV or arterial line infection. Over 95% of BSI on ICUs
are primary bacteraemias, most of which are line-related.”” The 2011 point
prevalence survey found that 64% of patients who had a BSI had a vascular
access device (peripheral or central) in situ for the 48h prior to the onset
of infection.” Secondary bacteraemia is when organisms are cultured from
the blood and are related to a documented focus of infection, e.g. infected
leg ulcer.
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Catheter-related bloodstream infections
Peripheral venous catheters (PVCs) are more commonly used for vascular
access, but the risk of BSl is low () see Line-related sepsis, pp. 193-6).
BSls are more commonly associated with CVC insertion and are a signifi-
cant cause of morbidity. Estimates suggest that up to 6000 patients a year in
England may acquire a catheter-related BSI (CR-BSI). In 2000, the National
Audit Office estimated the additional cost of a BSI to be over £6000 per
patient.

Prevention of catheter-related bloodstream infections
The combination of a CVC insertion guideline and a monitoring tool has
been shown to significantly reduce the incidence of CR-BSI in an ICU (see
Box 6.25).2" Coated catheters and antibiotic-containing locks are helpful
(& see Antibiotic-containing locks, p. 196).

For further discussion of line-related sepsis, including the care of periph-
eral lines and visual infusion phlebitis (VIP) score, see @) Line-related sepsis,
pp. 193-6.

Department of Health Guidance—Taking blood

cultures: a summary of best practice

These recommendations aim to ensure that blood cultures are taken for

the correct indication at the correct time using the correct technique. See

‘Saving Lives’ document for details.”

o Only take blood cultures (BCs) when there is a clinical need—ideally
before antibiotics are started. Document the date, time, site, and
indications. Do not take ‘routine’ cultures.

o Competence—only by trained staff.

Box 6.25 ‘Saving Lives’ High Impact Intervention
No. 1: central venous catheter care

On insertion

o Catheter type—single lumen, unless indicated otherwise for patient
care; consider antimicrobial-impregnated line if 1-3 weeks duration
likely and high risk of BSI.

Insertion site—subclavian or internal jugular.

Use alcoholic chlorhexidine gluconate for skin preparation, and allow
to dry.

o Prevent microbial contamination—hand hygiene, aseptic technique.
o Sterile, transparent, semi-permeable dressing.

Continuing care

o Full documentation.

o Regular observation of line insertion site—at least daily.
o Catheter site care—intact, clean dressing.

o Catheter access.

o Aseptic techniques when accessing catheter ports.

o No routine catheter replacement.
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o Always make a fresh stab—never take from peripheral lines or sites, or
immediately above them. If a central line is present, time to positivity of
paired peripheral and central BCs may aid diagnosis.

e Thoroughly disinfect the skin before inserting the needle.

o Once disinfected, do not touch the skin again (no touch technique).

o Disinfect the bottle cap before transferring the sample.

Other useful resources

o American Healthcare Infection Control Practices Advisory Committee
(HICPAC) guidelines (2002).
o EPIC guidelines—available through the PHE website.
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Urinary catheter-associated infection

UTls are one of the largest groups of HAls, accounting for 23% of all
HAIs.2 The presence of a urinary catheter and the length of time it is in
place are contributory factors. Estimates from the National Audit Office
report (2000) put the extra financial cost of urinary infections at >£1100
per patient.? This report also suggested that revised urinary catheter man-
agement policies could reduce the number of UTIls. The DH ‘Saving Lives’
programme includes a care bundle for insertion and ongoing care of urinary
catheters (see Box 6.26).

Risk factors

o Presence of urinary catheter/convene.

o Duration of catheter.

o Advanced age/diabetes/immunosuppression.

Prevention

Before inserting a urinary catheter

o Is it really necessary? Review the indication for inserting a catheter in
this particular patient at this particular time. Only use an indwelling
urethral catheter after considering alternative options (penile sheath,
incontinence pads). Suprapubic catheters, commonly used for acute
retention, have a lower risk of infection.
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Box 6.26 Urinary catheter care bundle: High Impact
Intervention No. 6

At insertion

o Assess need for catheterization—avoid if possible.

o Clean the urethral meatus prior to catheter insertion.
o Sterile, closed drainage systems are recommended.

o Correct hand hygiene, aseptic technique, and PPE.

Continuing care

o Sterile sampling of urine—perform aseptically via designated
catheter port.

Drainage bag position—above floor, but below bladder level to
prevent reflux or contamination.

Examination gloves—should be worn to manipulate a catheter,
preceded and followed by hand decontamination.

o Correct hand hygiene.

o Clean the catheter site regularly.

o Remove the catheter as soon as possible.

Choose the correct catheter type, catheter size, and drainage system.
By selecting the optimum equipment, the risk of infection from
recatheterization can be reduced. Use the smallest catheter possible
which allows adequate drainage, and make sure the length is appropriate
for male/female patients. In general, a catheter with a 10mL balloon
capacity should be used, except for specific urology cases.

o Document the date of insertion, and the type and size of catheter.

Insertion of the catheter

e Use sterile equipment and an aseptic technique. Clean the urethral
meatus prior to insertion, using soap and water (antiseptic preparations
are not necessary). Using a sterile lubricant in both male and female
patients should reduce urethral trauma, thus decreasing the risk of
infection.

Antibiotic prophylaxis is NOT indicated in most patients. However, in
some individual cases, it may be beneficial, e.g. recent culture-positive
midstream urine (MSU).

Ongoing management of a catheterized patient

o Review the need for the catheter daily. Remove it as soon as possible.

o Empty the urinary drainage system frequently, to ensure adequate
flow and prevent reflux. Use a separate container for each patient,
and avoid contact between the drainage tap and container. The
drainage bag should only be changed when necessary, according to the
manufacturer’s instructions.

e Management of the drainage bag requires universal precautions. Wash
your hands, and wear a new pair of gloves before manipulating the
catheter. Always position the drainage bag below the level of the
bladder (to prevent backflow). If this is not possible, e.g. when the
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patient is being moved, clamp the drainage tube, and ensure that the
clamp is removed as soon as dependent drainage can be resumed.
o Clean the catheter urethral meatus junction daily with soap and water.
Do not use antiseptic creams, as these may increase infection. Advise
the patient to have a shower, rather than a bath.
Maintain the connection between the urinary catheter and the drainage
system, and only break it for good clinical reasons.
Only flush a drainage bag if there is a clear indication (e.g. after some
surgical procedures, or to manage obstructive problems).
e Do not change a catheter routinely—assess each patient’s needs.
o Record ongoing management in the care plan/nursing notes.

Obtaining a urine sample from a catheterized patient

Clean the sampling port with an alcohol swab, then use sterile equipment
and an aseptic no-touch technique. If there is no sampling port available,
send a sample from the drainage bag (and label it as such).

Other useful resources

o EPIC guidelines for urinary catheter management, including insertion and
management of short-term indwelling urinary catheters in acute care
(available through the PHE website).
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Ventilator-associated pneumonia

Hospital-acquired pneumonia

Respiratory infections are one of the largest contributors to HAls in
England.”® ~1% of hospital inpatients suffer from hospital-acquired pneu-
monia (HAP), which results in increased length of stay (7-9 days), increased
morbidity, and increased health complications. The causes of HAP are
divided into those causing early-onset (<5 days after admission) and late-
onset (>5 days) infections (see Table 6.15). For more detail, see the BSAC's
2009 Guidelines for the management of hospital-acquired pneumonia in the
UK (8 bsac.org.uk/standards). @) See also Hospital-acquired pneumonia,
pp. 617-8.

Ventilator-associated pneumonia

Pneumonia occurring during mechanical ventilation is the commonest infec-
tion in ICUs, and a leading cause of death. In the European Prevalence of
Infection in Intensive Care study, VAP contributed to 45% of all infections in
ICUs in Europe. Its incidence can vary between 9% and 68% in mechanically
ventilated patients. VAP may be due to micro-aspiration of oropharyngeal
secretions, aspiration of gastric contents, inhalation of infected aerosols,
haematogenous spread from a distant site, and direct inoculation from staff
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Table 6.15 Microbiology of hospital-acquired pneumonia

Early onset <5 days Late onset >5 days ~ Others based on specific risks

S. pneumoniae P. aeruginosa Anaerobic bacteria
H. influenzae .Enterobacter Spp. L. pneumophila
S. aureus Acinetobacter Spp. Viruses: influenza A and B; RSV
Enterobacter spp. .Klebsiella Spp. Fungi
S. marcescens
E. coli
Other GNRs

S. aureus/MRSA

(cross-infection). Predisposing factors include impaired conscious level,
presence of endotracheal or NG tubes, replacement of normal flora due
to prior antibiotic treatment, and severely ill and immunocompromised
patients. About 50% is defined as early VAP, i.e. within the first 5 days. VAP
has significant consequences at the individual and population level:

e increased duration of ventilation;

e increased length of ICU stay and hospital stay;

o increased cost (estimated at almost US $12000 per patient);

o possible increased mortality.

Emphasis here is on prevention of VAP; for further discussion of pathogen-
esis, clinical features, diagnosis, and treatment of VAP, see @) Ventilator-
associated pneumonia, pp. 618-9.

Prevention of ventilator-associated pneumonia

Recommendations to prevent VAP in the ICU include:

o appropriate disinfection and care of tubing, ventilators, and humidifiers
to limit contamination—passive humidification and closed suction have
not been shown to reduce the incidence of VAP;

e no routine changes of ventilator tubing (have not been shown to reduce

incidence and may be harmful);

avoid antacids and H, blockers;

sterile tracheal suctioning;

nurse in head-up position;

SDD—controversial () see Selective decontamination of the digestive

tract, p. 183).

The Ventilator Care Bundle was initially introduced as part of the 100000
Lives Campaign in the USA. Its success in preventing VAP depends on all
five individual steps of the bundle being performed. These five steps are:

e elevation of head of bed to 30-45°;

e daily ‘sedation vacations’ or gradually lightening the use of sedatives;

o daily assessment of readiness to extubate or wean from the ventilator;

o peptic ulcer prophylaxis;

o deep venous thrombosis (DVT) prophylaxis.
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Additional elements, from ‘Saving Lives’ HIl No. 5

o Appropriate humidification of inspired gas (to prevent inspissation of
secretions).

e Tubing management—only replace when visibly soiled or mechanically
malfunctioning.

o Continuing care—suctioning of respiratory secretions; wear gloves, and
decontaminate hands before and after the suction procedure.

Impact of ventilator care bundle

There have been many studies on the impact of introducing ventilator bun-
dles on ICUs, with positive outcomes overall. One year after introducing a
ventilator bundle to a general ICU in the UK, the mean ICU length of stay
and the mean number of ventilator days were reduced.?® Other benefits
associated with reduced VAP include better patient outcome, shorter hos-
pital stay, lower costs, and improved staff morale.

Other useful resources

o Centers for Disease Control and Prevention guidelines—Mortality
Morbidity Weekly Report 2004;53:1-36 (available at: & www.cdc.gov)

o Canadian Critical Care Society guidelines (Ann Intern Med
2004;141:305-13).

o American Healthcare Infection Control Practices Advisory Committee
(HICPAC) guidelines (2003).
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Line-related sepsis

Intravascular devices may be complicated by local infections (e.g. phlebitis)
or systemic infections (e.g. BSI, endocarditis, osteomyelitis). The common-
est organisms that cause line-related sepsis are CoNS, S. aureus (including
MRSA), enterococci, Enterobacteriaceae, Pseudomonas spp., and Candida
spp. Infection may arise in numerous ways. Usually lines become contami-
nated by the patient’s skin flora at the insertion site, or by the introduction
of other organisms via the cannula hub or injection port.

Always consider whether a line is absolutely necessary, or whether an
alternative route of administration may suffice (e.g. NG, PR, s/c). Review
the continued need for a line daily.

Peripheral venous catheters

PVCs or ‘venflons’ are used most frequently for vascular access. Although
they have a low risk of systemic complications, the overall total morbid-
ity is high, because they are so widely used. Almost all systemic infections
are preceded by a visible phlebitis, which should act as a trigger for their
removal (see Table 6.16). The care bundle approach for minimizing periph-
eral line infections is summarized in Box 6.27.
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Table 6.16 Visual infusion phlebitis (VIP) score

Score  Description

0 Site looks healthy

1 .Mild pain or redness near site

2 ;I'wo of the following evident at site: redness, pain, swelling

3 AII of the following evident: redness, pain along cannula site, swelling
4 AII of the following evident and extensive: redness, pain along path of

cannula, swelling, palpable venous cord

5 All of the following evident and extensive: redness, pain along path of
cannula, swelling, palpable venous cord, and pyrexia

Box 6.27 Peripheral line care: High Impact
Intervention No. 2

On insertion

o Asepsis—prevent microbial contamination by correct hand hygiene
and PPE.

Skin preparation—use (2%) alcoholic chlorhexidine gluconate; allow
to dry for maximal effect.

Dressing—a sterile, semi-permeable, transparent dressing to allow
observation of insertion site.

o Documentation—date and site of insertion recorded in notes.

Continuing care

o Continuing clinical indication—ensure all lines and associated devices
are still indicated. If there is no indication, then the lines or devices
should be removed.

Line insertion site—regular observation for signs of infection, at

least daily.

o Dressing—an intact, dry, adherent transparent dressing is present.
Line access—use aseptic techniques, and swab ports or hub with
alcohol prior to accessing the line or administering fluids or injections.
Administration set replacement—immediately after administration of
blood, blood products, or lipid feeds. Replace all other fluid sets after 72h.
Routine line replacement—replace in a new site after 72h, or earlier if
indicated clinically.

O See Bloodstream infection—mandatory surveillance, pp. 187-9, and
for ‘Saving Lives’ High Impact Intervention No. 1: central venous catheter
care, see Box 6.25.

Central vascular catheters

CVCs (non-tunnelled) or ‘central lines’ have the highest rates of CR-BSI.
These are harder to prevent than PVC infections. There have been several
advances in the diagnosis, prevention, and management of CVCs (see High

Impact Intervention No.1; see Box 6.25).27
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Risk factors
Risk factors associated with line infection include:

patient characteristics—age, underlying illness, immunosuppression etc.;
catheter characteristics—material, type, size, coating/impregnation;
infusate and dressing type;

experience of person inserting the line, site preparation, anatomical
insertion site, and duration of insertion;

standard of daily line care.

Minimizing line infections

Hand decontamination—wash hands thoroughly first (£ see
Handwashing, pp. 146-50).

Aseptic techniqgue—maintain a strict non-touch aseptic technique when
manipulating any part of the line or cannula.

Cannula selection—choose the smallest possible lumen for the fluid to
be infused; use a single-lumen CVC, unless multiple ports are required;
consider antimicrobial-impregnated or coated CVCs if a line is needed
for >3 days. Peripherally inserted central catheter (PICC) lines may be
considered for patients anticipated to need vascular access for a longer
time period.

Insertion site—for PVCs, look on the distal arm, away from previous
sites and joint areas. For non-tunnelled CVCs, consider each case
carefully, as the choice of site is important in minimizing infection. The
subclavian has the lowest risk of infection.

Skin preparation—for PVCs, use a 70% alcohol swab; for CVCs, use
alcoholic chlorhexidine gluconate.

Dressing—a transparent film or sterile gauze is ideal. Write the date of
insertion on the dressing. Always replace the dressing after inspecting
the insertion site, or if it becomes damp, loosened, or soiled.
Observation—at least daily, or whenever the line is manipulated. The VIP
score may be useful (see Table 6.16).% It is the responsibility of the person
completing the VIP score to act on the results of a cannula assessment. In
general, a cannula should be removed if the score is 2 or greater.
Catheter removal—replace any lines inserted as an emergency within
24h. Remove any catheter after 72h (PVC) or 7 days (CVC) or if there
are signs of infection, e.g. VIP score 22. It is the responsibility of the
medical staff to review the need for a cannula on a daily basis and to
remove it if it is no longer necessary.

Training and audit play an integral part.

Antimicrobial-coated or impregnated catheters

There has been increased interest in using antimicrobial-coated or impreg-
nated catheters. Agents include antiseptics (e.g. chlorhexidine and silver
sulfadiazine, silver, quaternary ammonium compounds) or antibiotics
(e.g. minocycline and rifampicin). Ideally, compounds should be active on
internal and external surfaces, and mainly target Gram-positive organisms.
Evidence supports their use, but some trials were poorly designed, and
cost-effectiveness has been queried. Follow your hospital guidelines. One
approach is to use coated or impregnated catheters if the line is likely to be

in place for >3 days.
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Antibiotic-containing locks

A meta-analysis has shown that vancomycin lock solutions in high-risk
patients being treated with long-term central intravascular devices reduce
the risk of BSI.? There may be concerns regarding increasing resistance,
e.g. VRE.

Other useful resources

o American Healthcare Infection Control Practices Advisory Committee
(HICPAC) guidelines (2002).

o EPIC guidelines (available through the PHE website).
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Hospital epidemics of diarrhoea and
vomiting

Most outbreaks of diarrhoea and vomiting in hospitals are caused by viruses
(norovirus/small round structured virus (SRSV)/winter vomiting virus).
However, remember to exclude other important causes, such as C. difficile,

Salmonella spp., and Shigella spp., although these bacteria predominantly
cause diarrhoea, rather than vomiting.

Enteric precautions
In cases of viral diarrhoea, these precautions apply from when the diar-
rhoea first starts until 48h after symptoms have settled. If an alternative
cause for the diarrhoea is found, enteric precautions are required for differ-
ent lengths of time, so seek advice from the ICT.
e As soon as the diarrhoea starts, move patients to single rooms, if
available. Do not wait for the stool culture/PCR result to come back.
Ideally, each patient with diarrhoea or vomiting should have their own
toilet, commode, or bedpan. If isolation is not feasible, clean equipment
after use with a detergent hypochlorite solution (1000ppm).
Clean the bed space from which the patient has moved with a detergent
hypochlorite solution (1000ppm).
e Staff and visitors should wear gloves and aprons when entering

the room.

Visiting may be restricted to exceptional circumstances, if a bay/ward is

closed due to norovirus.

o Careful handwashing is vital, after each contact with the patient. Use
soap and water, followed by alcohol gel.

e Mask may be considered only if there is a risk of droplets or aerosol
generation.
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e Prompt decontamination of soiling and spillages should take place. The
area should be cleaned with a neutral detergent and hot water, followed
by 0.1% hypochlorite (1000ppm available chlorine).

o Some products have been developed which both clean and disinfect at

the same time.

Aerosols from vomiting are an important route of transmission in viral

gastroenteritis.

e During an outbreak, clean all toilets on the ward with a disinfectant
hypochlorite solution (1000ppm) at least twice a day. Pay particular
attention to toilet flush handles, toilet seats, and door handles.

o Dispose of used linen as infected laundry.

o No special treatment is needed for washing crockery or cutlery.

Hospital outbreaks of diarrhoea and vomiting

Patients

e Involve the ICT, and consider holding an outbreak meeting. Notify the
ICT of any new cases immediately.

Patients may need to be cohort-nursed in bays, if there is a lack of

side rooms.

For each patient, send one stool sample for virology, culture, and

C. difficile toxin.

Involve the PHE regional laboratory. Patients must be asymptomatic for
48h, before they can be transferred to another health-care setting or
nursing home.

Patients who have not yet developed symptoms should not be
transferred elsewhere without consulting the ICT, as they may be
incubating the infection.

o Patients may be sent home at any time, even if they still have symptoms.

Staff

o Staff should pay particular attention to handwashing.

o No food or drink should be consumed in clinical areas.

o If symptoms develop, staff should stop work immediately and inform
the line manager/occupational health/infection control, as appropriate
to their institution. They can return to work 48h after symptoms have
settled.

Nursing staff must not work in any other clinical area without consulting
the ICT.

Key areas of the ward should be cleaned at least twice daily with

a neutral detergent and hot water, followed by disinfection with
hypochlorite solution at 1000ppm available chlorine. This includes the
environment around symptomatic patients, the toilets/commodes/
bedpans, bathrooms and showers, and the sluice (especially the
macerator/bedpan washer).

e Terminal cleaning/environmental decontamination is important.

Further reading

Public Health England (2012). Guidelines for the management of norovirus outbreaks in acute and
community health and social care settings. Available at: & www.hpa.org.uk/webc/HPAwebFile/
HPAweb_C/1317131639453.
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Clostridium difficile infection

C. difficile was originally defined as the cause of antibiotic-associated coli-
tis in 1978 and continues to have a significant impact on patient morbidity
and mortality. On average, patients with C. difficile-associated diarrhoea
(CDAD) have an increased length of stay of 21 days, with all the conse-
quent costs. The political profile is high, with compulsory reporting of C. dif-
ficile rates by acute trusts. For epidemiology, clinical features, pathogenesis,
diagnosis, and management of CDI, @) see Clostridium difficile diarrhoea,
pp. 654-6.

Diagnosis

Diagnosis of CDI is controversial—there are many laboratory methods,
compounded by two reference methods. In 2012, the HPA published the
results of a large prospective observational diagnostic study to determine
the best testing strategy for C. difficile, so that patients could be appro-
prlately categorized.’® There are three main categories of laboratory tests:
o glutamate dehydrogenase (GDH) enzyme-linked immunoassay (EIA)
which detects whether the organism is present in the gut. Some trusts
may use a GDH PCR or nucleic acid amplification test (NAAT) that are
approved alternative tests;

toxin EIA detects whether the organism is producing toxin. Toxin
production is a classic feature of CDI;

toxin gene NAAT or PCR determines whether the organism has the
gene encoding the toxin and therefore has the potential to produce it.

The study found that C. difficile toxin EIA was not suitable as a stand-alone
test for the diagnosis of CDI. A combination of tests, one of which should
detect GDH (EIA or PCR if available) and the other should be a sensitive
toxin test, must be used. The results are interpreted as follows.

o If GDH EIA is positive and toxin EIA is positive (positive predictive value
of 91.4%), then CDl is highly likely.

If GDH EIA is positive and toxin EIA is negative, then C. difficile is
present but not producing toxin. These patients are considered to

be ‘excretors’ or ‘carriers’ of the organism. Therefore, the diarrhoea
may have a cause other than CDI. Many laboratories are employing

a third test at this stage and use a toxin gene PCR. If the toxin gene

PCR is positive, then this suggests the organism has the potential to
produce toxin. If the patient has worsening diarrhea, this may suggest
the organism has ‘switched on’ toxin production, and the patient

may now have CDI. However, if the toxin gene PCR is negative, then
the organism has no potential to produce toxin; therefore, some
laboratories will class this as an overall negative result which will be
reflected in the report.

If GDH EIA is negative and the toxin EIA is negative (negative predictive
value of 98.9%), then CDl is very unlikely, and this is effectively a
negative result.

Other tests also available include vero-cell culture for cytopathic effect, and
examination under fluorescent light after culture on specific agar (cefoxitin
cycloserine fructose agar (CCFA) or cefoxitin cycloserine egg yolk (CCEY)).



CLOSTRIDIUM DIFFICILE INFECTION

Policies for testing samples vary; in some hospitals, tests for C. difficile
must be specifically requested, while elsewhere all unformed stools will be
tested. It is usual practice not to repeat the test within 28 days, once a
patient has a positive result. In general, three negative results are needed
to exclude CDI. If a patient tests positive after 48h of admission, then this
is classed as a hospital-acquired case and must be reported to the DH.
There are strict targets relating to the number of cases a trust is allowed
before they are penalized (financially). The number is determined by the
DH, based on the previous year’s total.

Typing

Various typing techniques have recently been placed in order of decreas-
ing discriminatory ability. These are (most discriminatory first): multiple loci
variable number tandem repeat analysis (MLVA), restriction endonuclease
analysis (REA), pulsed-field gel electrophoresis (PFGE), surface layer protein
A gene sequence typing (sIpAST), PCR ribotyping, multiple locus sequence
typing (MLST), and amplified fragment length polymorphism (AFLP).>" The
commonest technique used in the UK is PCR ribotyping, which is coor-
dinated by the Clostridium difficile Ribotyping Network (CDRN) Service.
Further DNA fingerprinting using MLVA can be carried out to investigate
clusters, to identify closely related isolates and probable transmission.
Antimicrobial susceptibility testing surveillance (metronidazole and vanco-
mycin) is performed on selected isolates.

Control of infection

CDl is transmitted by clostridial spores, which are shed in large numbers by
infected patients and are capable of surviving for long periods in the envi-
ronment. Enteric precautions should be followed, as outlined in ©&) Hospital
epidemics of diarrhoea and vomiting, pp. 196—7.

Box 6.28 Reducing the risk of infection from C. difficile:

‘Saving Lives’ High Impact Intervention No. 7 and 8

o Prudent antibiotic prescribing, as per local policy. Minimize broad-
spectrum agents; review prescription daily; include stop dates.

o Hand hygiene—wash hands with soap and water before and after

each patient contact.

Enhanced environmental cleaning—use chlorine-based disinfectants

to reduce environmental contamination with C. difficile spores, as

per local policy. Deep-clean and decontaminate a room after a CDI

patient has been discharged.

Isolation—always use a single room, if available; cohort patient care

should be applied if a single room is not available.

o PPE—always use disposable gloves and apron when handling body

fluids and when caring for CDl-infected patients.

Cleaning and decontamination must be thorough and follow best

practice for all clinical equipment, and not just that used for patients

with CDI. Intervention 8 covers location of cleaning activity, correct

hand hygiene and PPE, cleaning and decontamination, and correct

documentation.
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Box 6.29 SIGHT protocol
S—Suspect that a case may be infective where there is no clear alternative
cause for diarrhoea.

|—lsolate the patient, and consult with the ICT, while determining the
cause of the diarrhoea.

G—Giloves and aprons must be used for all contacts with the patient and
their environment.

H—Handwashing with soap and water should be carried out before and
after each contact with the patient and the patient’s environment.

T—Test the stool for toxin by sending a specimen immediately.

General guidance on C. difficile is contained within the document
Clostridium difficile infection: how to deal with the problem, published by the
DH in 2009. There are ten key recommendations for providers and com-
missioners aimed at reducing cases. These included use of the SIGHT pro-
tocol when managing suspected potentially infectious diarrhoea (see Box
6.29). PHE issued updated management and treatment guidance in 2013,
emphasizing the importance of a multidisciplinary team review of all CDI
patients.*?

C. difficile infection

Management of the patient

e Review the individual’s antibiotic prescription. Consider stopping
antimicrobial agents and PPls. Seek advice from an infection expert, if
in doubt.

Most trusts recommend metronidazole as first line, as it is cheaper and
results in less VRE than using PO vancomycin. However, PO vancomycin
may be indicated in cases of severe or persistent disease. There is a
suggestion that metronidazole may be less efficacious for ribotype 027.
Consult your local trust policy. There is no benefit of adding rifampicin
to metronidazole.

Enteric precautions must continue, until the diarrhoea resolves. Patient
isolation can discontinue when they have had 48h without diarrhoea and
passed a formed stool. If in doubt, seek advice from the ICT. Note that
stool may remain positive for C. difficile toxin for a considerable time
afterwards, so microbiological clearance and repeat specimens are not
required.

Management of recurrence (which can be as high as 25%) may include
probiotics, faecal implants, anion exchange resins to absorb toxins, IV
immunoglobulin (IVIG), Saccharomyces boulardii, and vancomycin with
tapering doses or pulse doses. Fidaxomicin (g see Fidaxomicin,

pp. 45-6) was reviewed by NICE, which concluded that ‘fidaxomicin
may have advantages in reducing the rate of recurrence, and that

local decision makers should take into account the potential benefits
alongside the medical need, the risks of treatment, and the relatively
high cost of the antibiotic in comparison with other CDI treatment
options’.
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o Areas of research/development include tolevamer (a polymer that
binds toxin and reduces the recurrence rate), rifaximin, monoclonal
antibody, and nitazoxanide (antiparasitic agent).

Prevention of infection

o C. difficile spores survive in the environment. Disinfect all furniture and
horizontal surfaces with dilute hypochlorite solution (1000ppm). Many
trusts are now using hydrogen peroxide vapour to clean side rooms, as
the coverage of the gas is much greater than physical surface cleaning.
However, there are numerous disadvantages to this system, including
the cost, staff training, necessity of room sealing, etc.

o When enteric precautions are discontinued, the curtains around the
patient’s bed must be laundered.

o Handwashing—by washing with soap and water, the dilutional effect of

the water and friction through rubbing the hands may help to remove

some of the spores. The only way to reduce transmission is to wear

gloves, but overall the environment is more important in transmission.

Probiotics/yoghurt drink are used in some hospitals to try to prevent

C. difficile, but firm evidence is lacking.

C. difficile vaccines and anti-toxin immunoglobulins are still in research/

development stages.

e There is no evidence that giving ‘pre-emptive’ metronidazole or
vancomycin, when a patient starts broad-spectrum antibiotics, is
beneficial.

C. difficile 027

CDI due to ribotype 027 strains (known in the USA as NAP1) is associated
with increased severity, requirement for switching from metronidazole to
vancomycin, recurrence, and mortality. Ribotype 027 produces more toxin
A and B in vitro (due to an 18bp deletion in the tcdC gene) and also more
binary toxin. It is resistant to fluoroquinolones and has higher MICs to met-
ronidazole (but remains sensitive). It emerged in North America in 2002/
2003 and then spread to northern Europe, accounting for over half of cases
in England referred for ribotyping in 2007/2008. This then fell markedly to
21% in 2009/2010, coinciding with reduced incidence and mortality in the
UK overall. Epidemiology of CDI shows large regional variation, and man-
datory surveillance, with possible fines for exceeding the targets set by local

commissioners, keeps it high on the political agenda.
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Infection control in the community

Infection control in the community is defined as the infection control ser-
vice provided outside acute and major hospitals to those in another care
setting such as the community or primary care setting. This covers a wide
group, including nursing home residents, prisons, renal patients on home
dialysis, and outbreaks of diseases in school and places of work. HCWs,
family members, and carers are at risk of acquiring infections when caring
for patients in the community. The community ICN may have other remits
such as contact tracing for TB.

It is estimated that HAIls cost the NHS ~£1 billion a year, and £56 mil-
lion of this is estimated to be incurred after patients are discharged from
hospital. As more patients continually move between hospitals and the
community, particularly the older and more dependent patients, the bound-
aries between hospital infections and community infections are becoming
blurred. In addition, the rapid turnover of patients in acute care settings
has resulted in more complex care being delivered in the community, which
often involves more indwelling devices. It is envisaged that, in the future,
HAI in hospitals and the community will be managed as one.

The clinical guideline Healthcare-associated infections: prevention and con-
trol in primary and community care was published by NICE in 2012 (CG139).
In addition to general guidance on hand decontamination, use of PPE, and
disposal of waste and sharps, there is detailed information about long-term
urinary catheters, enteral feeding, and vascular access devices.

o Community C. difficile—CDI is being increasingly recognized in the
community. It is generally defined as patients who are diagnosed with
CDI in the community, or within 48h of hospital admission. Not all
patients have been in a health-care setting recently, and not all have
received antibiotics. For further information, 9 see Clostridium difficile
infection, pp. 198-201.

Community-acquired MRSA—this is genetically distinct for hospital-
acquired MRSA and is becoming commoner (@) see Meticillin-resistant
Staphylococcus aureus, pp. 237-9).

Control of antimicrobial resistance in the community

Many countries have launched campaigns to educate doctors and patients
about antibiotic misuse and the threat of drug resistance. In the USA, the
‘Get Smart’ campaign has been driven by the CDC. There are many similar
initiatives in the UK (for further information, @) see Antimicrobial steward-
ship, pp. 27-8). Recommended standards for infection control in the com-
munity are detailed in Box 6.30.
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Box 6.30 Recommended standards for infection control
in the community

e The ICNs should be competent for this role and maintain their
competence through appropriate professional development.

There should be sufficient staffing resource to enable the function to
be carried out satisfactorily and in accordance with accepted national
standards (e.g. decontamination, infection control).

There should be sufficient support for the team that undertakes the
infection control in the community function for a defined population.
o Primary care trusts must have robust arrangements to fulfil their
infection control functions.

There should be a formally agreed infection control guidance for
community health-care settings and other establishments that have
particular infection control needs.

(Infection Control in the Community Study, CDSC, 2002)






(]
Systematic
(] (]

microbiology
7 Bacteria 207
8 Viruses 365
9 Fungi 469
10 Protozoa 511
11 Helminths 541

12 Ectoparasites 571







Chapter 7 207

Bacteria

Basic principles of
bacteriology 209

Bacterial structure and
function 270

Bacterial genetics 212

Bacterial growth and
metabolism 214

Bacterial virulence and
pathogenicity 216

Microbiological specimens 218

Bacterial culture media 279

Identification of bacteria 221

Biochemical tests 225

Automated diagnostics 228

Molecular organism
identification 229

Molecular typing methods 229

Quality assurance and
accreditation 237

Overview of Gram-positive
cocci 233

Staphylococcus aureus 234

Meticillin-resistant Staphylococcus
aureus 237

Glycopeptide resistance in
Staphylococcus aureus 239

Coagulase-negative
staphylococci 240

Micrococcus species 242

Rothia mucilaginosus 242

Streptococci—overview 242

Streptococcus pneumoniae 243

Enterococci 245

Streptococcus bovis 247

Viridans streptococci 248

Group A Streptococcus 249

Group B Streptococcus 252

Other B-haemolytic
streptococci 254

Other Gram-positive cocci 254

Overview of Gram-positive
rods 256

Bacillus species 257

Bacillus anthracis—ADCP 3 258

Corynebacterium diphtheriae 260
Non-diphtheria
corynebacteria 262
Listeria 263
Erysipelothrix rhusiopathiae 265
Rhodococcus equi 266
Arcanobacterium haemolyticum 267
Clostridium botulinum 267
Clostridum tetani 269
Other clostridia 270
Actinomyces 271
Nocardia 272
Actinomadura and Streptomyces 273
Gram-negative
cocci—overview 274
Neisseria meningitidis 274
Neisseria gonorrhoeae 277
Non-pathogenic Neisseria 279
Moraxella 279
Anaerobic Gram-negative
cocci 280
Escherichia coli 280
Klebsiella 283
Proteus 284
Enterobacter 285
Citrobacter 286
Serratia 287
Salmonella 288
Shigella 291
Other Enterobacteriaceae 292
Overview of Gram-negative rod
non-fermenters 293
Glucose non-fermenters 294
Pseudomonas aeruginosa 295
Acinetobacter 297
Stenotrophomonas maltophilia 299
Burkholderia cepacia complex 300
Burkholderia gladioli 302
Burkholderia
pseudomallei—ACDP 3 302
Overview of fastidious Gram-
negative rods 303
Haemophilus influenzae 303
Other Haemophilus species 305



208

cHAPTER 7 Bacteria

HACEK organisms 306
Gardnerella 309

Bordetella 310
Brucella—ACDP 3 311
Yersinia pestis—ACDP 3 314
Yersinia enterocolitica 315
Yersinia pseudotuberculosis 316
Pasteurella 316
Francisella—ACDP 3 317
Legionella 318
Capnocytophaga 320
Vibrios 321

Vibrio cholerae 321

Vibrio parahaemolyticus 323
Vibrio vulnificus 324

Other Vibrio species 324
Aeromonas 325

Plesiomonas 326
Campylobacter 326
Helicobacter 327

Bacteroides 329

Prevotella and Porphyromonas 331

Fusobacterium 332
Spirochaetes—an
overview 333
Treponema species 335
Borrelia species 337
Leptospira species 340
Overview of
Rickettsia—ACDP 3 342
Rickettsial diseases 344
Coxiella burnetii—ACDP 3 346
Bartonella species 348
Mycoplasma 350
Chlamydia 352
Chlamydia trachomatis 353
Chlamydophila psittaci 354
Chlamydophila pneumoniae 355
Mycobacterium
tuberculosis—ACDP 3 355
Mycobacterium
leprae—ACDP 3 359
Non-tuberculous
mycobacteria 361



BASIC PRINCIPLES OF BACTERIOLOGY 209

Basic principles of bacteriology

Taxonomy

Taxonomy is the art of dividing into ordered groups or categories. With
respect to bacteria, it refers to two main concepts:

o classification—the division of organisms into related groups, based

on similar characteristics. The species is the most definitive level of
classification. Organisms may be reclassified from time to time, as new
information (e.g. genetic relatedness) becomes available;
nomenclature—the naming of groups and members of a group.

This is governed by the International Committee on Systematics of
Prokaryotes (S www.the-icsp.org). The most recent revision of the
International Code of Nomenclature of Bacteria was published in 1992.
Amendments are published in journal form (The International Journal of
Systematic and Evolutionary Microbiology). The basic rules for naming are
outlined in Boxes 7.1 and 7.2.

Identification

Taxonomy is dynamic and, throughout its history, has been dependent on
the techniques of identification available—originally phenotypic character-
istics, and more recently methods of determining the genetic ‘relatedness’
(phylogenetics) of a group of organisms, which should hopefully lead to
a more stable classification, with fewer revisions in the future. Changes
are overseen by the Judicial Commission of the International Union of
Microbiological Societies.

o Phenotypic characteristics—cellular morphology, staining (e.g. Gram

or acid-fast; see Box 7.3), motility, growth characteristics (speed,
requirements, colonial appearance), biochemical characteristics (e.g.
acid from specific carbohydrates), serology, analysis of metabolic
end-products).

Phylogenetic identification—nucleic acid hybridization (denaturation of
double-stranded DNA (dsDNA) into single strands and assessing their
ability to anneal to the single strands of another related organism), 16S
rRNA sequence analysis.

For identification purposes, simple phenotypic characteristics continue
to be used which often (but not always) correlate with genotypes. These
methods of phenotypic characterization have been developed and codified
over years to facilitate laboratory identification of organisms (collected in
texts such as Bergey’s Manual of Systematic Bacteriology).

Box 7.1 Microorganism nomenclature rules

o Each organism should have only one correct name. Where >1 exists,
the oldest legitimate name takes precedence.

o Confusing names should be abandoned.

o Regardless of origin, all names are in Latin or are latinized.

o The first word (genus) always starts with a capital letter.

o The second word (species) is in small letters.

e The genus and species name are underlined or italicized when printed.
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Box 7.2 The naming hierarchy

o Order—names ending -ales.

o Families—names ending -aceae.

o Tribes—names ending -eae.

e Genus.

o Species—a collection of strains sharing common characteristics.
o Strain—a bacterial culture derived from a pure isolate.

Box 7.3 The Gram stain

Named after the Danish bacteriologist who devised it in 1884, the Gram

stain remains a useful test—the outcome of which is determined largely

by the structure of the cell wall. The procedure is simple:

o Cells are stained with crystal violet.

o Then they are treated with iodine, forming a crystal violet/iodine
complex in the cell.

o Next they are washed with an organic solvent (acetone-alcohol).

o Then they are stained with a red counterstain, e.g. safranin.

Gram-positive organisms retain the crystal violet/iodine complex within
the cell, because of the thick peptidoglycan cell wall, and appear dark
purple. In Gram-negative organisms, the stain is leached from the cell, due
to disruption of the lipid-rich outer membrane by the organic solvent, and
they appear pink.

Bacterial structure and function

Bacteria are prokaryotic—they have a single chromosome that is not
enclosed in a nuclear membrane. They are around 0.2—2 micrometres wide
by 1-6 micrometres long and exist in four basic shapes: cocci (spheres),
bacilli (rods), spirillia (spirals), and vibrios (comma-shaped).

Cytoplasm

Cytoplasm is a gel containing the enzymes, ions, subcellular organelles, and
energy reserves of the organism. Energy and food are stored in membrane-
bound granules. Glycogen is the major storage material of enteric bacte-
ria. Ribosomes are the sites of protein synthesis. Bacterial ribosomes are
70S (the ‘S’ referring to a unit of sedimentation on ultracentrifugation) and
are formed from two subunits—30S (which contains 16S RNA) and 50S.
Ribosomes are formed from specific ribosomal proteins and rRNA (they
account for 80% of total cell RNA). They complex with an mRNA tran-
script from DNA to form polyribosomes (polysomes). Extrachromosomal
DNA is often found within the cytoplasm in the form of plasmids. These
are covalently closed dsDNA circles and capable of replication, and are
inherited by progeny cells. They may contain genetic information encoding
structure or functions relating to bacterial virulence (antibiotic resistance,
adhesions, toxins, etc.).
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Cytoplasmic membrane

The cytoplasm is surrounded by the cytoplasmic membrane, a phospholipid
bilayer into which various proteins are inserted. The membrane is involved
in the synthesis and secretion of enzymes and toxins, and active transporta-
tion of materials into the cytoplasm.

Bacterial cell wall

This provides rigidity and a physical barrier to the outside world.
Peptidoglycan provides strength and is found in all bacterial species, except
Mycoplasma and Ureaplasma spp. It comprises a carbohydrate backbone
cross-linked by short peptides. Variations in the peptide linkages are respon-
sible for different cell wall characters (see Box 7.3).

Gram-positive cell walls

These are composed of several layers of peptidoglycan, within which are
trapped a variety of proteins, polysaccharides, and teichoic acids (polymers
of glycerol or ribitol), which stabilize the cell wall and maintain its associa-
tion with the cell membrane, as well as have roles in cellular interaction and
growth. They are antigenic in some organisms. Certain organisms will pos-
sess cell wall structures that confer virulence characteristics, e.g. M protein
of GAS.

Gram-negative cell walls

These are thinner, but more complex, than those of Gram-positive organ-
isms. Outside the cytoplasmic membrane is a periplasmic space. The outer
part of this is bounded by a single peptidoglycan layer, beyond which lies the
outer membrane—a phospholipid bilayer within which lie other large mole-
cules. Lipoproteins link this membrane to the peptidoglycan below. Unique
to Gram-negative bacteria are the LPS in the outer membrane. These are
key surface antigens and endotoxins of Gram-negative organisms. They
are composed of lipid A (principally responsible for the endotoxin activ-
ity), attached to a core polysaccharide, with side chains which vary within a
species and confer the serological identity (O antigen) of individual strains.
Other components of the outer membrane include: porin proteins (allow
entry to the periplasmic space from the outside) and non-porin proteins
(such as PBPs).

‘Acid-fast’ cell walls

Mycobacterium spp., Nocardia spp., and Corynebacterium spp. have a modi-
fied Gram-positive cell wall. They have a higher cell wall lipid content which
is due to mycolic acids, which can also confer virulence characteristics. Acid-
fast organisms are so-called because, once stained with red carbol fuchsin
dye, they are resistant to decolorization with acid-alcohol—a property con-
ferred by the cell wall lipids.

Bacterial surface structures

Capsules

Certain bacteria possess a capsule around their cell wall, usually composed
of polysaccharide, but polypeptide in some organisms. They are manufac-
tured at the cell membrane. They serve to protect cells from toxins, desic-
cation, complement proteins, and antibodies, and play a role in adherence

211



212

cHAPTER 7 Bacteria

(e.g. the glucan capsule of S. mutans forms the matrix of dental plaque).
Capsules are antigenic and can be used to identify certain organisms (e.g.
H. influenzae type B), and may be detectable in body fluids.

Flagellae

These are long, thin appendages that are anchored in the cytoplasmic mem-
brane and extend through the cell wall into the surrounding medium; they
are responsible for cellular motility. They are usually found on GNRs, but
motile Gram-positive organisms also exist. Flagellar number and arrange-
ment vary from single (monotrichous) to multiple over the whole surface
(peritrichous). The filament is composed of multiple flagellin proteins which
have the capacity to self-assemble. The cell membrane-anchored base
rotates as part of an energy-dependent reaction, causing the rigid flagella to
rotate. They are antigenic, and several genuses, e.g. Salmonella spp., are able
to alter the antigenic type of flagella they produce (phase variation) by the
differential expression of the genes coding various flagellin proteins.

Fimbriae

These are smaller appendages (~15-20 micrometres in length), composed
of fibrillin and found on many Gram-negative bacteria. They form hollow
tubes and are involved in attachment to cells or mucosal surfaces (also called
adhesins). Different adhesins display different binding properties (e.g. man-
nose), which are partly responsible for the tissue tropism seen with certain
species of bacteria. They are also involved in bacterial conjugation and the
exchange of DNA from one cell to another. The term ‘pili’ is given to the
fimbriae used by Gram-negative bacteria for DNA transfer in conjugation.

Bacterial genetics

Bacterial DNA

Bacterial genetic information is encoded in the cell’s DNA, of which there
are two types:

o chromosomal DNA—prokaryotic organisms have a single, covalently
closed, circular chromosome of dsDNA. It lies in a supercoiled state
within the cytoplasm, not enclosed, but attached to the bacterial cell
membrane at certain points. Individual genes are arranged linearly. In

E. coli, the chromosome contains around 5 million bp. DNA replication
and transcription to mRNA occur continually (unlike eukaryotes);
extrachromosomal DNA—plasmids are small DNA molecules
consisting of circular dsDNA. Replication is autonomous and occurs
independently of the host cell. Multiple copies of the same plasmid and
many different plasmids can coexist in the same cell. Plasmids pass to
daughter cells, and some are capable of transferring to other bacteria of
the same (or other) species. They code for many different functions and
structures, e.g. antibiotic resistance.

Genetic material can move between plasmids and from plasmid to chromo-
some (and vice versa) via transposons. These are DNA sequences that can
copy themselves to a new site, carrying associated genes with them.
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In manufacturing proteins, single-stranded ‘messenger’ RNA (mRNA) is
synthesized from dsDNA during transcription by a DNA-dependent RNA
polymerase, using the ‘sense’ strand of the DNA as a template. The mRNA
forms a complex with several ribosomes (a polysome-mRNA complex).
The mRNA is translated as transfer RNA (tRNA) molecules bearing the
appropriate amino acid, and its ‘sense’ bases associate with the mRNA
‘antisense’ bases.

Genetic variation
Genetic variation can occur by mutation or direct gene transfer.

Mutation

This occurs when one or more bases in the DNA sequence changes. It is

permanent (barring re-mutation to the original sequence) and will be inher-

ited by any progeny. Such changes may alter the amino acid sequence of

the encoded protein or may change the circumstances in which a normal

protein is produced (transcription changes). Mutations can be:

o deletion—losing a base will cause a frameshift mutation, changing the

amino acids represented by the sequence from the point of mutation

onwards. Deletions can involve several bases;

insertion—additional base or bases will also cause a frameshift;

o substitution—change of a single base to one of the other three changes
the amino acid represented by the code.

Gene transfer

This is the main means by which bacteria achieve their rapid genetic vari-
ability. There are three mechanisms:

o transformation—the uptake of free bacterial DNA from the
surrounding environment into recipient cells. Cells able to take up and
incorporate free DNA are termed ‘competent’. This state is usually
transient, occurring towards the late exponential phase of growth, with
the expression of surface receptors for DNA. DNA that enters can
only be incorporated into the genome if there are homologous regions
with which it can integrate (only DNA from related species is likely to
achieve it) and requires the presence of the recA gene;
transduction—the exchange of genes by bacteriophages (or simply
‘phages’). Phages are viruses that infect only bacteria. Certain phages
integrate their genetic material into the bacterial host DNA. During
phage replication, excision of a viral sequence from the host DNA may
result in fragments of bacterial DNA becoming enclosed within the
viral particle. When this particle infects a new bacterial cell, the DNA
fragment recombines into the chromosome of the second bacterium.
Transduction may be generalized (random accidental host DNA is
transferred) or specialized (specific host genes are transferred, as the
phage DNA integrates at specific sites). Phage conversion refers to the
phenomenon of phage DNA becoming integrated into the bacterial
chromosome and bringing about a change in the bacterial phenotype,
e.g. toxin production in Corynebacterium diphtheriae. This is due to
phage DNA precipitating the expression of otherwise unexpressed
bacterial genes;
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e conjugation—the only mechanism that requires cell-to-cell interaction,
and the major means by which bacteria acquire additional genes. Gram-
negative cells achieve this by means of the sex pilus, which is encoded
on a specific plasmid (the F plasmid). The pilus establishes contact
with another cell and is the tube through which DNA is passed. Some
organisms integrate the F plasmid into chromosomal DNA—such cells
are termed Hfr (high-frequency recombination) cells. Gram-positive
cells achieve conjugation by aggregating in response to the production
of pheromones by the donor bacterium.

Bacterial growth and metabolism

Bacterial growth requires, logically enough, materials for the manufacture
of cell components and a source of energy.

Materials

Some bacteria can synthesize all they require from simple raw materials.
However, most pathogenic bacteria require a ready-made supply of the
organic compounds they need for growth. Most of these nutrients diffuse
freely across the cell membrane to enter the cell. Some are required at high
concentration, and uptake is energy-dependent. Enzymes involved in these
processes may be inducible (produced in the presence of the substrate) or
constitutive (produced constantly and independent of the substrate).

Carbon

Lithotrophic bacteria are able to use carbon dioxide (CO,) as the sole
source of carbon, and use it as the basis of their organic metabolites. Thus,
the only other materials needed are water, inorganic salts, and energy.
Organotrophic bacteria require organic carbon such as glucose—thus, their
energy source is also used in the synthesis of materials. Different bacterial
species can utilize different organic carbon sources, Pseudomonas spp. being
amongst the most versatile.

Nitrogen

Ammonium ions (NH,*) provide the nitrogen required by bacterial cells.
This is turned into glutamate and glutamine, which, in turn, are processed
into certain amino acids, purines, etc. Certain bacterial species and blue-
green algae can make ammonium directly from atmospheric nitrogen—
predominantly soil-dwelling organisms, but certain human pathogens, such
as Klebsiella and Clostridium spp., can ‘fix’ nitrogen in this manner. Other
organisms produce their NH,* by nitrate reduction or from deamination of
amino acids released from proteins.

Growth factors

Substances, such as B vitamins, minerals, certain amino acids, purine, and
pyrimidines, are required by many bacteria, although not all are capable
of synthesizing their own. An organism is described as prototrophic for a
growth factor if it is capable of synthesizing it and does not require an exog-
enous source. All bacteria need certain inorganic ions such as magnesium
and calcium, and some need zinc and copper, amongst others.
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Environmental conditions

As well as (of course) water and CO,, bacteria have specific optimal envi-
ronmental requirements for growth, including temperature and pH. Oxygen
requirements are discussed in the next section.

Energy

o Bacterial metabolism is a balance between biosynthesis (anabolic)
and degradation (catabolic reactions). Catabolic reactions power the
biosynthetic processes, as hydrolysis of substances being broken down
liberates energy which is captured in the formation of the phosphate
bonds of ATP.

e An organism’s ability to utilize certain carbohydrates (e.g. sucrose,
mannose) and convert them to glucose (the starting point for both
aerobic and anaerobic catabolism) for metabolism is a useful feature for
characterizing bacteria. Many tests in clinical microbiology detect the
acidic end-products of bacterial metabolism in controlled conditions.

o The oxygen requirement of a specific organism reflects the means it

uses to meet its energy needs.

Obligate anaerobes—grow only in conditions of high reducing intensity,

and oxygen is toxic.

Aerotolerant anaerobes—anaerobic metabolism, but not killed by the

presence of oxygen.

Facultative anaerobes—can grow in anaerobic and aerobic conditions.

Obligate aerobes—need oxygen to grow.

o Microaerophilic organisms—best growth is seen in low oxygen levels;

high levels may be inhibitory.

Aerobes produce a free radical superoxide (O,”) which is reduced to

oxygen and hydrogen peroxide (H,O,). Catalase enzymes convert the

latter to water and oxygen.

Anaerobic metabolism

Glucose use in anaerobic conditions is fermentation. This occurs via gly-
colysis, producing pyruvate and two molecules (net) of ATP per glucose
molecule. Pyruvate can then enter several different pathways, producing
different end-products (e.g. lactic acid, acetaldehyde, ethanol, etc.)

Aerobic metabolism

Glucose use in aerobic conditions is respiration. Pyruvate forms in glycoly-
sis, as in anaerobic conditions, but then enters the Krebs’ cycle. Complete
oxidation of glucose by these paths results in 38 molecules (net) of ATP
per glucose molecule. The Krebs cycle also produces precursors for several
other important cellular components such as purines, pyrimidines, amino
acids, and lipids.

Bacterial growth

o Bacterial growth occurs, as the mass of cellular constituents increases.
Cell division starts once a critical mass is reached, and occurs by binary
fission. In a liquid medium, bacteria display a uniform growth curve.

o Lag phase—the cell synthesizes new enzymes and cofactors, and
imports nutrients from the media.
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Increasing growth phase—enzymatic reaction rates approach steady
state, and cell growth begins.

Logarithmic growth phase—cell growth and division are at maximum.
This is influenced by temperature, the carbon source, oxygen, nutrient
availability, and so on.

Declining growth phase—nutrients are exhausted, and growth slows.
Stationary phase—new organisms produced equal those dying.

o Death phase—cells die off.

Bacterial virulence and pathogenicity

Definitions

Pathogenicity is defined as the ability of an organism to cause disease,
whereas virulence is the degree of pathogenicity within a group of organ-
isms. Virulence is determined by several factors related to the organism and
the host, most particularly the infectivity of the bacteria and the severity of
the condition it produces. To be considered to be pathogenic, organisms
will have strains of varying degrees of virulence.

Pathogenicity

Infection of the host is the necessary first step—infection does not, how-
ever, equate with disease. We are all colonized with many bacteria. These,
however, only become disease-causing in certain abnormal situations.

The organism must enter the host and attach to the mucous membrane
surfaces. Some go no further than this, and disease is caused by exotoxins
(e.g. V. cholerae); others penetrate deeper and multiply, causing tissue dam-
age and eventually gaining access to blood and potentially disseminating.
Some species, such as mycobacteria, are able to reside within cells, taking
up long-term residence within the host. Still others are highly specific in
the organs they will infect (e.g. N. gonorrhoeae). This may be related to the
presence of specific receptors for bacterial attachment, or the presence
of nutrients (e.g. Brucella abortus has a requirement for erythritol, which is
found in the bovine placental tissue and results in localization of infection
to this site).

Virulence factors

Adhesins

Bacterial cell surface adhesins adhere to complementary structures on
the surface of susceptible cells. These adhesins may be fimbriae () see
Bacterial structure and function, pp. 210-2), components of the bacterial
capsule (see below), and other cell surface antigens. The adherence process
is a prerequisite if a microorganism is to infect a cell.

Aggressins

These substances allow the cell to evade host defence mechanisms. These
may act to prevent an initial attack and phagocytosis, or to enable to cell to
survive once phagocytosed (with the added benefit that, once settled within
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a phagocytic cell, they are safe from continued exposure to antibody and
complement).They include:

o capsules—enable organisms to avoid phagocytosis by preventing
interaction with the bacterial cell surface and the phagocytic cell, or
by concealing surface antigens. Specific antibodies against the capsular
material will opsonize the organism and allow its ingestion. Examples
include S. pneumoniae and H. influenzae type B. Mycobacteria have
components in their cell wall that prevent lysosome/phagosome fusion,
once ingested;

extracellular slime substances—these are surface proteins or
carbohydrates (polysaccharides). Examples include the M protein

of GAS (8. pyogenes) which impairs complement function, protein

A of S. aureus which binds IgG by the Fc region, interfering with the
phagocytosis of opsonized organisms, and LPS of Gram-negative
bacteria which may delay or blunt the acute inflammatory response;
enzymes—some bacteria produce proteases which can hydrolyse and
inactivate IgA, aiding mucosal colonization. L. monocytogenes secretes
enzymes that inhibit destruction by the myeloperoxidase system of
phagocytic cells. S. aureus produces hyaluronidase, an enzyme that
depolymerizes hyaluronic acid (responsible for cell-to-cell adhesion),
thereby easing the spread of the organism. GAS produce streptokinases
that lyse fibrin clots; Clostridum perfringens produces collagenases,
contributing to its ability to produce necrotizing skin infection;
siderophore—are molecules produced by most pathogenic bacteria,
and they scavenge iron from the host. Iron is required for virulence by
several bacteria, and siderophores seem to protect bacteria from the
killing effects of human serum;

plasmids—although these are not conventional virulence factors, they
may code for a wide range of additional features promoting virulence
such as antibiotic resistance, sex pili, and chromosomal mobilization
(allowing the transfer of genetic material such as antibiotic resistance,
toxin, etc. to other cells).

Toxins

Exotoxins are amongst the most potent biological toxins and are mainly
produced by Gram-positive organisms. They are usually heat-labile pro-
teins, and many can be inactivated by proteolytic enzymes or neutralized by
specific antibodies. The effects are highly varied, e.g. the clinical manifesta-
tions of tetanus, botulism, and diphtheria are all due to toxins. Some toxins
are secreted in the active form, whereas others require cleavage to become
active, e.g. C. diphtherige.!

Endotoxins are only produced by Gram-negative bacteria and consist
primarily of LPS. They are heat stable and are only partly neutralized by
specific antibodies. They are relatively low toxicity, compared to exo-
toxins. They cause fever, hypotension, haemorrhage, and disseminated
intravascular coagulation (DIC), and stimulate cytokine release from
macrophages.

1 Interestingly, only those strains that contain a lysogenic bacteriophage (3-corynephage) are able to
produce the toxin. The toxin genes exist on the phage genome.
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Microbiological specimens

This is a brief overview of specimen collection. Consult your hospital
guidelines, laboratory handbook, and the UK Standards for Microbiology
Investigations (SMI) available on the PHE website for full details.

A laboratory will perform different tests on different samples, depend-
ing on the site, clinical setting, and nature of the specimen. It is therefore
important to consider whether the sample you are planning to send will
help answer your clinical question, particularly when sending from a site that
is not normally sterile. For example, a skin swab may be useful for screening
for MRSA but is unlikely to identify the cause of an abscess. Contrariwise,
any growth from an LP is likely to be important. Provide full clinical informa-
tion, including specific organisms in which you may be interested if they are
not routinely included.

Blood cultures

BCs are taken to identify patients with bacteraemia. They usually com-
prise two bottles (aerobic and anaerobic) in adults, but practice may vary.
Single ‘paediatric’ bottles are available. Haematology patients may have
a third FAN (Fastidious Antibiotic Neutralization) bottle. BACTEC and
BacT/Alert automated systems provide continual monitoring for growth.
Recommendations from the DH aim to keep the BC contamination rate to
<3% () see Chapter 6).

Urine samples

Urine samples, including MSU, CCU (clean-catch urine), CSU (catheter
specimen of urine), bag urine in infants, SPA (suprapubic aspirate), and
nephrostomy fluid, are taken to investigate suspected UTIs. Should be ster-
ile. Laboratory practice varies in terms of which samples have dipstick (&)
see Chapter 17, Introduction, p. 679), microscopy (white cells, red cells,
epithelial cells), culture (e.g. chromogenic agar), level of speciation, and
antibiotic susceptibilities. Epithelial cells may indicate contamination.

Respiratory samples

Respiratory samples, e.g. sputum, bronchoalveolar lavage (BAL), tracheal
aspirate, induced sputum, bronchial washings, nasopharyngeal aspirate
(NPA), are taken to investigate a suspected infection, along with samples
for virology and serology. Laboratory methods may include Gram stain
(rarely performed), routine bacterial culture (plus Legionella on BAL),
Pneumocystis antigen detection/PCR, AFB smear, and culture if indicated.
Clinical details are critical, e.g. patients with CF require additional investiga-
tions for Burkholderia, etc. () see Cystic fibrosis, pp. 623-5).

Tuberculosis samples

TB samples include sputum, urine, bronchial washings, etc., and tissue/
biopsy specimens and others, as relevant (CSF, bone marrow, fluids, etc.).
Smear may be stained by auramine-phenol or Ziehl-Neelsen (ZN) () see
Mycobacterium - tuberculosis—ACDP 3, pp. 355-9). Lowenstein—Jensen
slopes largely replaced by the automated Mycobacteria Growth Indicator
Tube (MGIT) system.
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Stool samples

Stool samples are usually taken to investigate diarrhoea. Routine culture includes
Salmonella, Shigella, Campylobacter, E.coli O157. Clinical history important in
terms of parasitology, TCBS (thiosulfate citrate bile salts sucrose) plates for
Vibrio, etc. C. difficile testing should be specifically requested.

Biopsies

Biopsies, including tissue, bone, and pus, can come from most body sites.
Pus is always preferable to a swab, where possible, because of the higher
culture yield, especially for anaerobes. These samples usually have Gram
stain and routine bacterial culture, with additional culture and tests as indi-
cated by the clinical picture.

Fluids

Fluids (ascitic, pleural, joint, etc.) should be sterile. Gram stain and culture
performed as indicated by the clinical picture. More than 250 white cells in
ascitic fluid may indicate spontaneous bacterial peritonitis (SBP).

Swabs

Swabs (wound/ulcer, conjunctiva, ear, nose, throat, vaginal, genital) have dif-
ferent culture plates, dictated by the site and suspected infection. Always thor-
oughly clean a wound first, to avoid colonizing flora. Culture results need careful
interpretation to determine the significance of organisms, and remember that
superficial swabs are poor predictors of deep/invasive infection.

Cerebrospinal fluid

CSF will undergo cell count (polymorphs, lymphocytes, red cells) and Gram
stain. CSF protein and glucose are usually performed in biochemistry. Gram
and special stains, such as ZN, India ink, as indicated by the clinical picture.
Antigen tests (e.g. cryptococcal antigen), culture, and PCR are available.
CSF samples from neurosurgical shunts require careful interpretation due
to colonization.

Intravascular catheter line tips

Intravascular catheter (IVC) line tips—not all laboratories process IVC tips.
Using a quantification technique, such as the Maki roll, >15 cfu is regarded
as significant.

Serum or EDTA blood samples
Serum or EDTA blood samples are required for serological and molecular
tests. Consult your local laboratory guidelines.

Bacterial culture media

Selective media enable certain organisms to grow, while inhibiting other
organisms, e.g. adding an antibiotic to an agar will select for organisms which
are resistant to that agent.

Differential media help distinguish different organisms growing on the same
media by virtue of their different biochemical behaviours. For example,
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those organisms that can ferment lactose will do so if it is present produc-
ing acid. pH indicators in the media (neutral red in the case of MacConkey
agar) will indicate a change in pH. There are a number of commercial chro-
mogenic agar available, designed to facilitate rapid identification.

Enriched media contain specific nutrients required by certain organisms,
including fastidious ones (i.e. H. influenzae).

Specific media include:
e blood agar—an enriched differential media used to demonstrate
haemolysis and isolate fastidious organisms. It contains 5-10% sheep or
horse blood;
MacConkey agar—selects for Gram-negatives. Contains bile salts (to
inhibit most Gram-positives), crystal violet (inhibits certain Gram-
positives), lactose, peptone, and a dye (neutral red) that is turned pink
by lactose fermenters. Sorbitol MacConkey (S-MAC) helps differentiate
enteropathogenic E. coli, such as O157, as most are non-sorbitol
fermenters;
o CLED (cystine, lactose, electrolyte-deficient agar) is used to isolate and
differentiate Gram-negatives, as it inhibits Proteus swarming and can
differentiate between lactose fermenters and non-fermenters;
chocolate agar—enriched with heat-treated blood (40-45°C).
Particularly good for isolating S. pneumoniae and H. influenzae;
Hektoen enteric (HE) agar—Gram-negative selective used for distinguishing
between Salmonella and Shigella. It contains peptone, as well as other
various sugars. Salmonella/ Shigella cannot use the latter but can use the
former, alkalinizing the agar and turning a pH indicator blue. Other enteric
bacteria use the latter in preference, producing acidic products, turning the
indicator yellow/red. In addition, the presence of thiosulfate produces a
black precipitate in the presence of hydrogen sulfide (H,S)—which Shigella
does not produce (appears green), but Salmonella does (black);
xylose lysine deoxycholate (XLD)—also facilitates discrimination of
Salmonella from Shigella, utilizing thiosulfate (as under HE agar) and
differential use of the sugar xylose (Shigella appears red; Salmonella red
with black centres; coliforms yellow/orange);
mannitol salt agar (MSA)—a high level of salt (7.5-10%) selects
Gram-positives such as staphylococci. The presence of mannitol helps
separate S. aureus (can ferment mannitol, turning phenol red to yellow)
from other staphylococci (small pink/red colonies);
o buffered charcoal yeast extract (BCYE) agar—selects for L. pneumophila;
o Thayer—Martin agar or New York City (NYC) agar—used to isolate
pathogenic Neisseria spp. (N. gonorrhoeae and N. meningitidis).
Mueller Hinton agar—contains beef infusion, peptone, and starch, and is
used primarily for antibiotic susceptibility testing. It is non-selective and non-
differential, and facilitates the diffusion of antibiotic from testing discs;
o cetrimide agar—used for the selective isolation of P. aeruginosa;
o Tinsdale agar—contains potassium tellurite, which can isolate C. diphtheriae.
Loeffler's and Hoyle’s tellurite agar are also useful for C. diphtheriae;
Sabouraud agar—used to culture fungi. Its low pH (5.6) inhibits the growth
of most bacteria. It contains dextrose and peptones. Chloramphenicol is
commonly added for the purpose of inhibiting Gram-negative organisms.
The growth of fungal structures facilitates identification.
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Identification of bacteria

Identification of bacteria in the diagnostic laboratory is based on phenotypic
characteristics such as (see Figs. 7.1 to 7.4):

microscopic appearance;

growth requirements;

colonial morphology;

haemolysis pattern;

biochemical tests;

antimicrobial susceptibility patterns;

mass spectrometry.

AEROBIC GRAM-POSITIVE COCCI

| Appearance on Gram stain |

Gram-positive cocci Gram-positive cocci
CLUMPS CHAINS

Catalase-positive Catalase-negative
STAPHYLOCOCCI STREPTOCOCCI
[ COAGULASETEST | [ HAEMOLYSIS ON BLOOD AGAR |
COAGULASE || COAGULASE ALPHA BETA GAAs
POSITIVE NEGATIVE HAEMOLYTIC
l l ‘
LANCEFIELD GROUP
S. aureus Coagulase-negative

A =S. pyogenes
(sensitive to bacitracin)
B = S. agalactiae

(S. schleiferi) (S. saprophyticus C = . dysgalactiae
= D = S. bovis /enterococci
F/G = S. anginosus

staphylococci
(S. lugdunensis)

Resistant to
novobiocin)

S. milleri

S. pneumoniae
Anaerobic (sensitive to optochin) Some enterococci
Gram-positive cocci

Viridans-type streptococci

Peptostreptococcus
Others

Peptococcus

Fig. 7.1 Identification of Gram-positive cocci.
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GRAM-POSITIVE RODS

| GROWTH REQUIREMENTS |

/\

AEROBIC | [ ANAEROBIC
CATALASE CATALASE
NEGATIVE POSITIVE
Actinomyces Clostridia
(branching) (spores)
Erysipelothrix Corynebacterium Propionibacterium
Lactobacillus Bacillus (tend to grovw better
anaerobically)
Listeria
Nocardia
(branching)
Others

Fig. 7.2 Identification of Gram-positive rods.

Many laboratory technicians are able to make a preliminary identification
to genus level, based on clinical data, cultural characteristics, and a lim-
ited range of tests. Commercial identification systems, such as the API®
(Analytical Profile Index) system (biomérieux), contain a battery of bio-
chemical tests that can identify the organism to species level. The last few
years have seen a revolution in bacterial identification, following the intro-
duction of matrix-assisted laser desorption ionization time-of-flight mass
spectroscopy (MALDI-TOF).

Microscopy
Staining and microscopic examination of samples or cultures reveal the size,
shape, and arrangement of bacteria and the presence of inclusions, e.g.
spores. The following stains are commonly used (for full details, see the
PHE 2014 UK SMI ‘Staining procedures’).
o Gram stain—a fixed slide is flooded with crystal violet (30s), followed
by Lugol’s iodine (30s), followed by rinsing with 95-100% ethanol or
acetone, followed by counterstaining with 0.1% neutral red, safranin, or
carbol fuchsin (2min). Gram-positive organisms stain deep blue/purple,
and Gram-negative organisms stain pink/red.
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GRAM-NEGATIVE COCCI

| GROWTH REQUIREMENTS |

/\

AEROBIC | | ANAEROBIC
Veillonella
(spores)
OXIDASE OXIDASE
NEGATIVE POSITIVE

Neisseria meningitidis

Acinetobacter
(Ferments glucose and maltose)

(May appear as
short GNR) Neisseria gonorrhoeae
(Ferments glucose only)

Moraxella

Pasteurella
(May appear as short GNR)

Fig. 7.3 Identification of Gram-negative cocci.

o Acridine orange stain—this is used to identify T. vaginalis in vaginal

specimens. The slide is stained with acridine orange (5-10s), decolorized
with alcoholic saline (5-10s), and rinsed with normal saline. Once dry, a
drop of saline or distilled water and a coverslip are added, and the slide
is examined under fluorescence microscopy. Trophozoites of T. vaginalis
stain brick red with green nuclei.

Auramine stain—this is used to identify mycobacteria in clinical
specimens. It is considered more sensitive than the ZN stain. A heat-
fixed slide is flooded with auramine-phenol (1:10) for 10min. It is rinsed
with water and then decolorized with 1% acid-alcohol for 3—5min (until
no further stain seeps from the film). It is rinsed and stained with 0.1%
potassium permanganate for 15s. It is rinsed and allowed to air dry
before examination under fluorescence microscopy. AFB appear bright
yellow/green against a dark background.

ZN stain—this is used to identify mycobacteria in cultures and provides
better morphological detail than an auramine stain. A heat-fixed slide

is flooded with strong carbol fuchsin and heated gently until it is just
steaming. It is left to cool (3—5min), rinsed with water, and decolorized
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GRAM-NEGATIVE COCCI

[ GROWTH REQUIREMENTS |

FASTIDIOUS

l ANAEROBIC

Fig. 7.4 Identification of Gram-negative rods.

AEROBIC
LACTOSE FERMENTATION
Haemophilus Bacteroides
(H. influenzae requires X and V Porphyromonas
factors)

(H. parainfluenzae requires V Prevotella
factor) Fusobacterium
Brucella

Bordetella
Campylobacter
| NON-LACTOSE FERMENTERS |
Legionella l
OXIDASE TEST |
LACTOSE FERMENTERS |
E. coli \
Klebsiella OXIDASE
NEGATIVE
Enterobacter
Serratia 1
Others Salmonella
OXIDASE
POSITIVE Shigella
1 Proteus
OXIDATIVE FERMENTATIVE Yersinia
Pseudomonas Vibrio Stenotrophomonas
Aeromonas Acinetobacter

with a 3% acid-alcohol solution (5-7min, until the slide is faintly
pink). The slide is rinsed with water and counterstained with 1% v/v

methylene blue or malachite green (30s). It is allowed to air dry before
examination under oil immersion light microscopy. AFB appear red on a
blue or green background. A modified ZN stain is used for identification
of Nocardia spp. and cryptosporidia.

Nigrosin (India ink) stain—this stain is used to identify C. neoformans in
clinical specimens. A drop of India ink is put on the slide, followed by a
drop of the specimen and mixed together. A coverslip is applied, and
the slide is examined under light microscopy. C. neoformans is identified
by a clear zone (capsule) around the organism.
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Growth requirements

These can vary considerably and include:

e atmosphere—organisms can be divided into categories, according to
their atmospheric requirements:

- strict aerobes grow only in the presence of oxygen;
strict anaerobes grow only in the absence of oxygen;

- facultative organisms grow aerobically or anaerobically;
microaerophilic organisms grow best in atmospheres with reduced
oxygen concentration (e.g. 5-10% CO,);

- capnophilic organisms require additional CO, for growth.
temperature—organisms can also be differentiated by their temperature
requirements:

psychrophilic organisms grow at temperatures of 10-30°C;
mesophilic organisms grow at temperatures of 30-40°C;
thermophilic organisms grow at temperatures of 50-60°C;
most clinically encountered organisms are mesophilic.
nutrition—some organisms grow readily on ordinary nutrient
media, whereas others have particular nutritional requirements,
e.g. H. influenzae requires specific growth factors such as factor X
(haemin) and factor V (NAD). Halophilic organisms require high salt
concentrations.

Colonial morphology

Bacterial colonies of a single species, when grown on specific media under
controlled conditions, are described by their characteristic size, shape,
texture, and colour. Colonies may be flat or raised, smooth or irregular,
and pigmented (e.g. P. aeruginosa is green/blue, or S. marcescens is pink) or
non-pigmented. Experienced laboratory technicians can often provisionally
identify an organism, using colonial appearance alone.

Haemolysis

Some organisms produce haemolysins that cause partial or complete lysis
of RBCs in blood-containing media. This haemolysis may be:

o B-haemolytic—a clear zone of complete haemolysis around the colony;
o a-haemolytic—a green zone of incomplete haemolysis;

e non-haemolytic.

This feature is often used in the initial identification of streptococci.

Further information

For information on the identification of bacteria, see the UK SMI, which are
a comprehensive referenced collection of recommended algorithms and
procedures for clinical microbiology (web search for ‘UK SMI’).

Biochemical tests

A variety of biochemical tests may be used for the identification of bacteria
in the diagnostic laboratory. These may be performed manually but more
commonly are done as part of a multi-test commercial kit (e.g. API) or an
automated identification system.
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Catalase test

Catalase is an enzyme that catalyses the breakdown of H,O, into water and
oxygen. Many aerobic and facultatively anaerobic organisms are catalase-
positive, whereas streptococci and enterococci are catalase-negative. H,0,
solution is drawn up into a capillary tube, and the tip is then touched onto
a colony. Vigorous bubbling indicates the presence of catalase. NB. Media
containing blood may produce a false-positive result.

Coagulase test

Coagulase is an enzyme that enables breakdown of fibrinogen to fibrin.
This test is used to differentiate the staphylococci. Coagulase exists in two
forms: bound coagulase/clumping factor (detected by the slide coagulase
test) and free coagulase (detected by the tube coagulase test).

Slide coagulase test

A colony is emulsified in a drop of distilled water on a slide. A loop or wire
is dipped into plasma and then mixed into the bacterial suspension. A posi-
tive test result occurs if agglutination is seen within 10s.

Tube coagulase test

A colony is emulsified in a tube containing plasma and incubated at 37°C for
4h. A visible clot indicates a positive result. If negative at 4h, the tube should
be reincubated overnight. NB. MRSA may give a negative result at 4h.

Deoxyribonuclease (DNase) test

DNase is an enzyme that enables the degradation of DNA. This test is
used to identify pathogenic staphylococci (e.g. S. aureus and S. schleiferi)
that produce large quantities of extracellular DNase. A colony is streaked
onto a DNase plate and incubated at 37°C for 18-24h. The following day,
the plate is flooded with hydrochloric acid—unhydrolysed DNA is precipi-
tated, producing a white opacity in the agar. Cultures surrounded by a clear
zone (hydrolysed DNA) are DNase-positive. NB. Some strains of MRSA
are DNase-negative, and S. epidermidis may be weakly positive.

Optochin test

This test is used to differentiate S. pneumoniae (optochin-sensitive) from
other a-haemolytic streptococci (optochin-resistant). Optochin (ethylhy-
drocupreine hydrochloride) is a chemical that causes lysis of the cell wall
of S. pneumoniae. An optochin disc is placed in the centre of the bacterial
inoculum and incubated at 37°C in 5% CO, for 18-24h. A zone of inhibition
of 25mm indicates a positive result.

Aesculin hydrolysis test

This test is used to differentiate enterococci (aesculin-positive) from strep-
tococci (aesculin-negative). It tests the ability of the organism to hydrolyse
aesculin to aesculetin and glucose in the presence of 10-40% bile. The aes-
culetin combines with ferric ions in the medium to form a black complex.
The organism is inoculated onto a bile aesculin plate or slope, and incubated
at 37°C for 24h. Presence of a dark brown or black halo indicates a posi-
tive result.
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Indole test

The indole test is used to differentiate Enterobacteriaceae. It detects the
ability of an organism to produce indole from the amino acid tryptophan.
A coloured product is obtained when indole is combined with certain alde-
hydes. There are two methods.

Spot indole test
A piece of filter paper is moistened with the indole reagent, and a colony is
smeared onto the surface. A green/blue colour indicates a positive result.

Tube indole test

The organism is emulsified in a peptone broth and incubated at 37°C for
24h. A volume of 0.5mL of Kovac’s reagent is added; a pink colour in the
top layer indicates a positive result.

ONPG (B-galactosidase) test

This test is used as an aid to differentiate Enterobacteriaceae. Two enzymes,
permease and B-galactosidase, are required for lactose fermentation. Late
lactose fermenters do not possess permease but do have (-galactosidase.
Tubes containing o-nitrophenyl-B-D-galactopyranoside (ONPG) are
inoculated with the organism and incubated at 37°C for 24h. If present,
B-galactosidase hydrolyses ONPG to produce galactose and o-nitrophenol,
a yellow compound.

Urease test

This test is used to differentiate urease-positive Proteus spp. from the other
Enterobacteriaceae. Some strains of Enterobacter and Klebsiella spp. are
urease-positive. Inoculate a slope of Christensen’s medium with the test
organism and at 37°C for 24h. A pink/purple colour indicates a positive
result.

Oxidase test

This test determines if an organism has the cytochrome oxidase enzyme and
is used as an aid in the differentiation of Pseudomonas, Neisseria, Moraxella,
Campylobacter, and Pasteurella spp. (oxidase-positive). Cytochrome oxidase
catalyses the transport of electrons from donor compounds (e.g. NADH)
to electron acceptors (usually oxygen). The test reagent N, N, N', N'-
tetra-methyl-p-phenylenediamine dihydrochloride acts as an artificial electron
acceptor for the enzyme oxidase. The oxidized reagent forms the coloured
compound indophenol blue.

Further information

For information on the identification of bacteria, see the UK SMI, which are
a comprehensive referenced collection of recommended algorithms and
procedures for clinical microbiology (web search for ‘UK SMI’).
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Automated diagnostics

Automated identification systems allow rapid identification * antibiotic sus-
ceptibility testing of organisms. Different methodologies have strengths and
weaknesses. Selection for use in a diagnostic laboratory depends on factors
such as assay throughput, turnaround times, labour, and compatibility with
existing systems. The benefits include reduction in labour, faster reporting,
and reduced human transcription errors (systems can link directly to labo-
ratory databases). Problems include inoculum preparation (over/under-
inoculation or missing a mixed culture), the ability to test only a certain
range of organisms (slow-growing, fastidious, or heavily mucoid organisms
may need to be processed manually), culture conditions, and data entry.
Currently available methods include the following.

VITEK® 2 (biomérieux)

The unknown organism is automatically placed in suspension at an appro-
priate dilution and inoculated onto a small card that has 64 microwells. Each
well contains identification biochemical substrates or antimicrobial dilutions.
After inoculation and incubation, the system measures turbidity and colour
changes within the card wells. Results are available within 4-24h. There are
several caveats to the interpretation of certain organism/antibiotic combi-
nations, but overall the system is accurate, rapid, and safe.

Phoenix™ (Becton Dickinson)

Panels are inoculated manually, thus may require a specific organism dilu-
tion for accuracy. It uses colorimetric oxidation—reduction indicator for sus-
ceptibility testing, and several fluorometric and colorimetric indicators for
identification. Results are available in 4-16h.

MALDI-TOF

MALDI-TOF (matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry) is a novel technique used for the identification of bacteria
or fungi. The organism is mixed with a suitable matrix material and irradi-
ated with a laser pulse. The resulting hot plume is accelerated in an electric
field and enters the flight tube, in which different molecules are separated
according to their mass-to-charge ratio, reaching the detector at different
times. The mass spectra generated are analysed and compared with stored
profiles of known organisms. It is normal practice in a routine laboratory
to set a ‘cut-off” for acceptable identification. Some species are difficult to
distinguish, notably the a-haemolytic streptococci. Mixed cultures can be
challenging, and Shigella cannot be differentiated from E. coli. Despite these
limitations, MALDI has been a significant advance in diagnostic bacteriology.

Next-generation sequencing

(® See Molecular typing methods, p. 231.) The cost and speed of DNA
sequencing are falling rapidly. Although still largely a research tool, it is cer-
tain that next-generation sequencing (NGS) will begin to replace traditional
culture-based diagnostics for many purposes in the near future.
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Molecular organism identification

Real-time or quantitative PCR

Real-time or quantitative PCR (qPCR) is used to amplify and simultaneously
quantify a targeted DNA/RNA molecule, as the reaction progresses. The
process involves extraction, amplification, and detection. Detection is
either by non-specific fluorescent dyes that intercalate with any dsDNA,
or by fluororescent marker-labelled DNA probes specific to the reaction
concerned. The DNA/RNA quantity is inferred either by reference to a
standard control curve (absolute) or relative to an internal control within
the reaction (e.g. target is present at four times the quantity of the internal
control).

Multiplex PCR

Multiplex PCR allows the detection of multiple PCR targets in a single reaction.
Multiplex reactions have been developed for specific clinical syndromes, e.g.
respiratory panel for influenza A (H1N1, swine flu), influenza B, RSV, human
metapneumovirus, parainfluenza viruses 1-3.

16S rRNA PCR

16S rRNA PCR—16S rRNA is a component of the 30S subunit of the
bacterial ribosome. The genes coding it are highly conserved but contain
hypervariable genus- or species-specific regions. Thus, ‘universal’ primers
allow gene amplification. This is then sequenced and compared to known
sequences for genus/species level identification. Advantages include diag-
nosis of fastidious or unculturable organisms (e.g. Tropheryma whipplei), or
identification of a pathogen after antibiotic therapy. 16S rRNA PCR may be
negative on a culture-positive specimen—this may be due to low levels of
the organism below the detection threshold of the assay or the presence
of PCR inhibitors. Certain bacteria can be difficult to identify, because they
share most of their 16S sequences (e.g. E. coli from Shigella, members of
the Streptococcus milleri complex, S. pneumoniae from Streptococcus oralis).

18S rRNA PCR

18S rRNA PCR (pan-fungal PCR)—18S rRNA is the eukaryotic homologue
of 165 rRNA in prokaryotes. PCR of 18S sequences allows the classification
of most Candida spp. and many other fungi.

Molecular typing methods

Epidemiological typing of bacteria facilitates infection control investigations
and surveillance (i.e. to monitor vaccine effectiveness). Traditional methods
are based on phenotypic characteristics, e.g. antibiogram, serotype, phage
type. The development of a variety of molecular typing methods has ena-
bled genetic comparison of strains, providing improved discrimination.

Pulsed-field gel electrophoresis
PFGE has been considered the gold standard method for typing bacterial
isolates and is still widely used. A highly purified genomic DNA sample is
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cleaved with a restriction endonuclease that recognizes infrequently occur-
ring restriction sites in the genome of the bacterial species. The resulting
restriction fragments can be separated on an agarose gel by ‘pulsed-field’
electrophoresis, in which the orientation of the electric field across the gel
is changed periodically. The separated DNA fragments can be visualized
on the gel as bands. Limitations—technically demanding, labour-intensive,
time-consuming, may lack the resolution to distinguish bands of nearly iden-
tical size, and analysis of results is prone to subjectivity.

Amplified fragment length polymorphism

Genomic DNA is cut with two restriction enzymes, and double-stranded
adaptors are ligated to the sticky ends of the restriction fragments. A subset
of the fragments are amplified by PCR, using primers complementary to the
adaptor sequence, the restriction site sequence, and a number of additional
nucleotides from the end of the unknown DNA template. Amplified frag-
ments are separated and visualized on gels. Analysis enables the determi-
nation of genetic relatedness amongst bacterial isolates. AFLP is at least
as discriminatory as PFGE and is reproducible and portable. However, its
major limitations are that it is labour-intensive and expensive.

Random amplification of polymorphic DNA and arbitrarily
primed polymerase chain reaction (RAPD PCR)

Random amplification of polymorphic DNA (RAPD) does not require any
specific knowledge of the DNA sequence of the target organism. Short
arbitrary primers (usually ten bases) are used in a reaction conducted at
low, non-stringent annealing temperatures, allowing the hybridization of
multiple mismatched sequences. If the distance between two primer bind-
ing sites is within 0.1-3kb, an amplicon may be generated. The number and
positions of primer binding sites are unique to a particular strain. Amplicons
can be analysed by gel or DNA sequencing. RAPD is less discriminatory
than PFGE but is widely used, because it is simple, inexpensive, and rapid.
The main limit is low intra- and inter-laboratory reproducibility (due to very
low annealing temperatures, differences in reagents, protocols, machines).

Repetitive element polymerase chain reaction (rep-PCR)
This method uses primers that hybridize to non-coding intergenic repetitive
sequences scattered across the genome. DNA between adjacent repetitive
elements is amplified using PCR, and multiple amplicons can be produced.
The sizes of these amplicons are then electrophoretically characterized, and
the banding patterns are compared to determine the genetic relatedness
between the isolates. It is quick, cheap, and discriminatory. Limitations—
lacks reproducibility, which may result from variability in reagents and gel
electrophoresis systems.

Multilocus variable-number tandem repeat analysis

Bacterial genomes possess many regions with nucleotide repeats. Variable-
number tandem repeats (VNTRs) are repeating patterns of one or more
nucleotides occurring adjacent to each other (e.g. ATTC ATTC ATTC)
and show variations between species. Multilocus variable-number tandem
repeat analysis (MLVA) types an organism by differences in the number of
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tandem repeats at different loci. PCR of the VNTR loci is followed by sizing
of the PCR products, allowing calculation of the number of repeats at each
locus, creating an MVLA profile.

Single locus sequence typing

Single locus sequence typing (SLST) uses sequence variation within a single
gene to distinguish bacterial isolates, e.g. spa typing (S. aureus protein A) for
S. aureus. Not as discriminatory as other methods such as PFGE or multilo-
cus sequence typing (MLST).

Multilocus sequence typing

A total of 450-500bp of 7-8 housekeeping genes are amplified by PCR and
sequenced. For each locus, unique sequences (alleles) are assigned arbitrary
numbers. Based on the combination of alleles, the sequence type is deter-
mined. MLST is unambiguous and reproducible, and has an internationally
standardized nomenclature. Allele sequences and sequence typing profiles
are available in central databases (& pubmlst.org and & www.mlst.net).
Main disadvantages of MLST—costly, labour-intensive, and may not be suf-
ficiently discriminatory for outbreak investigations.

Comparative genomic hybridization

A collection of DNA probes attached in an ordered fashion to a solid sur-
face (microarray) is hybridized to DNA extracted from a pathogen. The
probes on the array may be PCR amplicons (>200bp) or oligonucleotides
(up to 70 mers). Successful hybridization events measured by a scanner.
Routine application of this technique is hindered by the high costs of materi-
als and the specialized equipment needed for the tests.

Next-generation sequencing

NGS or whole-genome sequencing (WGS) sequences the genome of
organisms much more rapidly and at a much lower cost than traditional
sequencing methods. Millions of short sequence reads (35-700bp in length)
are produced, and either mapped to a reference genome or assembled to
generate the genome. This enables genomic comparison at a nucleotide
level and is much more discriminatory than other typing methods. WGS
has been used to investigate outbreaks of infections in both hospital and
community settings, and rapidly diagnose MDR organisms, e.g. XDR-TB.
Cost limits routine clinical use, but this is falling rapidly. It is likely that this
technology will replace many of the previously discussed typing methods in
the near future.

Quality assurance and accreditation

A TQM system ensures that microbiology laboratories provide a prompt,
quality-assured, and clinically appropriate service to its users. This is done
through a process of quality planning, which is the part of quality manage-
ment focused on setting quality objectives and specifying necessary opera-
tional processes and related resources to fulfil quality objectives. The main
components of a quality management system are:
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written quality objectives consistent with the quality policy;

a quality manual which is reviewed and updated as required;

o a quality manager responsible for implementation and maintenance of
the quality management system;

document control;

control of process and quality records, according to current regulations;
control of clinical material, according to current regulations;

an annual review of the laboratory's quality management system by the
laboratory management.

Quality assurance

The total process whereby the quality of laboratory reports can be guar-
anteed. A comprehensive quality assurance system includes provision and
control of standard operating procedures (SOPs)—education and train-
ing, planned maintenance and calibration of equipment, monitoring of
turnaround times.

Internal quality control
The processes carried out to check that media, reagents, and equipment
are performing within specifications.

Internal quality assurance

Internal quality assurance (IQA) is usually measured by the routine repro-
cessing of a sample. By assessing two results from the same sample, any
discrepancies can be investigated, and, if necessary, practice can be changed
to improve the consistency of that particular laboratory test. Part of the
laboratory internal quality control (IQC) procedures.

External quality assessment

Provision by an external body of a specimen of known, but undisclosed,
content for analysis. External quality assessment (EQA) is not a substitute
for other components of the quality system, and, in particular, EQA can-
not replace IQC. The National External Quality Assessment Service for
Microbiology (NEQAS; & ukneqasmicro.org.uk) is organized by PHE. It
was established in 1971 and is recognized as a major contributor to qual-
ity assurance in clinical diagnostic microbiology. The scheme provides
participants with a wide range of specimens and constructive feedback.
Participants can monitor the effectiveness of their quality assurance meas-
ures, and detect and remedy problems, thus allowing continuing quality
improvement.

Laboratory accreditation

Clinical Pathology Accreditation (CPA) UK Ltd was established by vari-
ous professional organizations, such as the Institute of Biomedical Science
(IBMS) and the Royal College of Pathologists, together with the private
health sector and the DH. CPA is now a subsidiary of the UK accredita-
tion service (S www.ukas.com) and is managing the transition of all CPA-
accredited laboratories to the internationally recognized ISO 15189:2012
standard.
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OVERVIEW OF GRAM-POSITIVE COCCI

Pathology networks

Lord Carter of Coles published his Independent Review of Pathology
Services for the DH in 2008. His recommendations suggested that the
standard district general hospital with a full range of services would be
increasingly unsustainable. He proposed consolidation of acute trust pathol-
ogy services into managed pathology networks. Arrangements for this ‘hub
and spoke” model vary by specialty and by region, with some ‘spoke’ micro-
biology laboratories retaining *hot labs’ for tests needed within 4h, but many
having no on-site microbiology laboratory. Whereas the last few years have
seen some service aggregation (e.g. single laboratories for multisite hospital
trusts, within London where hospitals are closely located), there has been
nothing like the scale of consolidation originally envisioned.

Overview of Gram-positive cocci

Gram-positive cocci are commonly isolated from clinical specimens. They
are widely distributed in the environment and are found as commensals of
the skin, mucous membranes, and other body sites. Because of their ubig-
uitous nature, recovery of these organisms from specimens should always
be interpreted in the context of the clinical presentation. The two medically
most important groups are staphylococci and streptococci.

Classification

The classification of Gram-positive cocci is based on a combination of phe-
notypic and genotypic characteristics, and has changed over time as a result
of genetic sequencing data. The current classification of some medically
important Gram-positive cocci is as follows:

family Staphylococcaceae, genus Staphylococcus;

family Streptococcaceae, genus Streptococcus;

family Enterococcaceae, genus Enterococcus;

family Leuconostocaceae, genus Leuconostoc;

family Micrococcaceae, genus Micrococcus and genus Rothia;

family Lactobacillaceae, genus Pediococcus;

family Aerococcaceae, genus Aerococcus and genus Abiotrophia;

family Carnobacteriaceae, genus Alloiococcus;

family Peptococcaceae, genus Peptococcus;

family Peptostreptococcaceae, genus Peptostreptococcus;

other anaerobic cocci, e.g. genus Anaerococcus, genus Finegoldia, genus
Parvimonas, and genus Peptoniphilus.

Staphylococci

o Staphylococci are non-motile, non-spore-forming, catalase-positive,
Gram-positive cocci.

e They occur as single cells, pairs, tetrads, or grape-like clusters (most
common).

e Most species are facultative anaerobes, except S. aureus subspecies

anaerobius and S. saccharolyticus, which are anaerobic.

Staphylococci are normally found on the skin and mucous membranes

of animals. In some cases, their location may be very specific, e.g.
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S. capitis subspecies capitis on the scalp or S. auricularis in the external
auditory canal.

S. aureus, S. epidermidis, S. lugdunensis, and S. saprophyticus are the main
human pathogens.

They may be differentiated on the basis of the coagulase test (see Fig.
7.1) into coagulase-positive (e.g. S. aureus) and coagulase-negative
(CoNS, e.g. S. epidermidis).

In addition, S. aureus produces DNase, while other staphylococci are
usually DNase-negative.

There are 30 or so species of CoNS, but it is rarely necessary to identify
them at the species level.

Streptococci

o The streptococci are non-sporing, non-motile organisms, and catalase-
negative, Gram-positive cocci that grow in pairs and chains.

e Some species are capsulated.

e They are facultative anaerobes and may require enriched media to grow.

e The streptococci are subdivided on the basis of their ‘classic’
appearance on horse blood agar into a-, 8-, and non-haemolytic
streptococci.

e The a-haemolytic streptococci (incomplete haemolysis on blood agar,
resulting in a greenish tinge) include S. pneumoniae (@) see Streptococcus
pneumoniae, pp. 243-5) and the viridans streptococci.

e The B-haemolytic streptococci (complete haemolysis/clear zone on

blood agar) are grouped on the basis of their Lancefield carbohydrate

antigens. The medically important ones are groups A, B, C, F, and G.

The enterococci (E. faecalis and others; ©) see Enterococci, pp. 245-7)

were originally called Streptococcus faecalis and often react with group D

antisera, but are now a separate genus.

o Non-haemolytic streptococci make up the remainder and include the
viridans (S. mutans, S. salivarius, S. anginosus, S. mitis, and S. sanguinis
groups), anaerobic, and nutritionally variant streptococci.

o For a comprehensive review of taxonomic and nomenclature changes
of the streptococci, see Facklam (2002)."

Other Gram-positive cocci

These include: Peptococcus, Peptostreptococcus, Leuconostoc, Pedioccoccus,
Abiotrophia, Micrococcus, and Stomatococcus.

Reference

1 Facklam R (2002). What happened to the streptococci: overview of taxonomic and nomenclature
changes. Clin Microbiol Rev. 15:613-30.

Staphylococcus aureus

S. aureus is a facultatively anaerobic, non-motile, non-spore-forming,
catalase-positive, coagulase-positive, Gram-positive coccus. It is a major
human pathogen and can cause a wide variety of infections, ranging from
superficial skin infections to severe life-threatening conditions, e.g. TSS.
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Epidemiology

S. aureus is a skin colonizer and is found in the anterior nares of 10-40% of
people. Chronic carriage is associated with an increased risk of infection,
e.g. in haemodialysis patients. Nasal carriage has contributed to the persis-
tence and spread of MRSA.

Pathogenesis

S. aureus possesses a wide array of virulence factors, including:

o ability to form a biofilm—this is an extracellular polysaccharide network
produced by staphylococci (and other organisms) that results in
colonization and persistence on prosthetic material. Polysaccharide
intracellular adhesin (PIA) is synthesized by the ica operon;
capsule—>90% of S. aureus isolates have a capsule, with 11 serotypes
reported;

surface adhesins (also known as microbial surface components
recognizing adhesive matrix molecules, MSCRAMMs)—enables the
organism to adhere to host extracellular matrix. These include protein A,
clumping factors A and B, collagen-binding protein, fibronectin-binding
protein, serine aspartate repeat protein, plasmin-sensitive protein, and
surface proteins A to K;

techoic and lipotechoic acids—these are components of the cell wall.
Lipotechoic acids trigger release of cytokines by macrophages;
peptidoglycan—is the scaffold for anchoring the MSCRAMM . It also
triggers the release of cytokines. Modification of peptidoglycan synthesis
is associated with antimicrobial resistance;

o haemolysins—S. aureus possesses four haemolysins (a, 3, 7y, 8);

o Panton-Valentine leucocidin (PVL)—this is a haemolysin (induces a pore
in the membrane of host leucocytes) encoded by two genes (JukS and
lukF) that are carried on a mobile phage (¢SLT). PVL-producing strains
are associated with furunculosis, severe haemorrhagic pneumonia, and
clusters of MRSA skin infections;

exfoliative toxins (ETs)—ETA and ETB are encoded by the eta and etb
genes, respectively. They cause staphylococcal scalded skin syndrome
(SSSS);

superantigens—this group includes TSS toxin (TSST)-1 and
staphylococcal enterotoxins (SEs). Enable a non-selective activation of
T cells. TSST-1 is associated with TSS, whereas SEs are associated with
food poisoning;

pathogenicity (genomic) islands—these are structures that vary in size
from 15 to 70kb, and harbour virulence and drug resistance genes, e.g.
SaPI1 and SaPI2 carry the gene for TSST-1;

resistance islands—MRSA contains a resistance island called SCCmec
which confers resistance to meticillin;

small colony variants—slow-growing subpopulations with atypical colony
morphology, unusual biochemical characteristics (e.g. coagulase tube
test positive only after 18h, thus harder to identify), less susceptible to
antibiotics, and implicated in persistent infections. They downregulate
genes for metabolism and virulence, while upregulating those for
persistence and biofilm formation.
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Clinical features

S. aureus can cause a wide spectrum of clinical infections, including:

e skin and soft tissue infections, e.g. impetigo, folliculitis, hidradenitis, mastitis,
wound infections, erysipelas, cellulitis, pyomyositis, necrotizing fasciitis;

e bone and joint infections, e.g. septic arthritis, osteomyelitis, discitis;

o systemic infections, e.g. bacteraemia, endocarditis, meningitis;

o prosthetic device-related, e.g. IVC-associated, pacemaker infections,
PJls, etc.;

o toxin-mediated, e.g. scalded skin syndrome, TSS.

Diagnosis

o In some cases, e.g. skin and soft tissue infections, the diagnosis is clinical.
In others, appropriate samples, e.g. pus, tissue, or blood, should be
taken and submitted to the laboratory for microscopy, culture, and
sensitivity (MC&S).

e Gram stain—Gram-positive cocci in clusters.

o Culture on blood agar or liquid media—growth usually occurs within

18-24h. Prolonged incubation detects small colony variants.

Biochemical tests—catalase-positive, coagulase-positive,

DNase-positive.

Identification—API® Staph, automated methods (i.e. VITEK®, MALDI);

o Typing methods include PFGE, toxin, SCCmec, or spa typing;

e Molecular diagnosis, e.g 16S or 23S RNA PCR, or mecA gene (for
meticillin resistance) and PVL gene PCR.

Treatment

o Treatment depends on the type of infection and drug susceptibility of

the organism. Control and removal of any source is vital (e.g. cannula).

Flucloxacillin PO or IV is used for MSSA isolates.

Vancomycin or daptomycin IV for suspected S. aureus infections where

MRSA is a possibility or in penicillin-allergic patients.

Aminoglycosides exhibit synergism; however, routine combination with

flucloxacillin or vancomycin for the treatment of S. aureus endocarditis is not

recommended. Unlike streptococcal endocarditis, studies have shown little
clinical benefit—and an increased incidence of renal dysfunction.

o Other active agents include clindamycin, teicoplanin, and linezolid.

o Duration of treatment depends on the source—7 days for skin and soft
tissue infections, and up to 6 weeks for endocarditis. For short-lived
bacteraemia with a removable source, e.g. IVC, 2 weeks of treatment is
adequate.

Prevention

o Prevention of S. aureus infections is based on bacterial decolonization
of carriers with local antiseptics, e.g. nasal mupirocin and chlorhexidine
soap. This is routinely done for MRSA carriers. MSSA decolonization is
performed in some high-risk settings, i.e. dialysis units. There are DH
guidelines for the prevention of SSIs. S. aureus is the leading cause of
such infections.

Vaccines—a subject of ongoing research, with the aim of reducing
bacteraemia rates in those at high risk (e.g. haemodialysis patients).
None in use outside of clinical trials.
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Meticillin-resistant Staphylococcus aureus

MRSA was first detected in 1961, a few months after meticillin was intro-
duced into clinical practice. However, it was not until the 1980s that
endemic strains of MRSA with MDR became a global nosocomial problem.

Mechanism of resistance

MRSA strains are resistant to all B-lactams due to alteration in PBP2¢ and
consequently the structure of the cell wall. Meticillin resistance is due to
the mecA gene that codes for the low-affinity PBP2. mecA is usually located
on an MGE called SCC-mec (staphylococcal cassette chromosome). It is
believed the mec gene was acquired from CoNS—some MRSA strains have
also acquired other virulence and resistance genes from CoNS. There are
six major SCC-mec clones, defined by the class of the mecA gene and type
of ccr (cassette chromosome recombinase) complex. SCC-mec types | to IlI
are usually found in health-care settings and are often resistant to additional
antbiotics, while types IV and V are commoner in the community, and resist-
ance to non-fB-lactam agents is uncommon.

Epidemiology

e Risk factors for MRSA include increasing age, prior antibiotics, indwelling
catheters, severe underlying disease, and ICU stay.

o Health care-acquired MRSA (HA-MRSA\) rates vary in different parts
of the world. During the 1990s, the UK saw an emergence of two
epidemic MRSA strains (EMRSA 15 and 16), resulting in a year-on-year
increase in MRSA bacteraemias. These strains were also resistant to
erythromycin and ciprofloxacin. In 2002, between 25% and 50% of
S. aureus bacteraemias were due to MRSA in the UK, Ireland, France,
Italy, and Portugal. Finland, Denmark, and the Netherlands had very low
rates (<5%). The last decade has seen a fall in MRSA rates in the UK
to <10% of S. aureus bacteraemias in 2013/2014, as a result of good
infection control practice and national mandatory surveillance.

o Community-acquired MRSA (CA-MRSA) is a significant issue in the
USA, due, in part, to the widespread dissemination of a specific clone
USA300. While this has been identified in a number of European
countries, it exists only at low levels. Its success in the USA relates to its
transmissibility and the presence of other virulence factors such as PVL.

Clinical features

o HA-MRSA (defined as that occurring >48h after hospital admission),
community-onset HA-MRSA (that occuring within 12 months of
exposure to health care, e.g. dialysis, residence in a care home) causes
similar infections to MSSA (@) see Staphylococcus aureus, pp. 234-6).
However, patients have higher mortality and longer inpatient stays, and
thus cost the health system more than those with MSSA infection.

o CA-MRSA was originally seen in people with a previous history of
hospitalization or who were related to HCWs. The emergence of the
USA300 clone in the USA was associated with a rise in skin and soft
tissue infections in young, healthy individuals. There have also been
community outbreaks of CA-MRSA in settings such as sports teams,
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day-care centres, prison inmates and guards, and men who have sex
with men (MSM). CA-MRSA has evolved from community MSSA, rather
than HA-MRSA, and is often sensitive to non-B-lactam antibiotics (e.g.
ciprofloxacin) and is PVL toxin-positive.

Laboratory diagnosis of MRSA

Conventional methods—direct plating onto selective media may
produce results within 24h but is of limited sensitivity. Such media
include MSA (7% sodium chloride, NaCl), commercial chromogenic
products, and Baird—Parker media (isolation rate higher than MSA

but contains ciprofloxacin, so only suitable for ciprofloxacin-resistant
strains). Enrichment in 2.5% NaCl nutrient broth prior to plating on
selective media may increase the diagnostic rate but increases the time
for diagnosis. Chromogenic selective MRSA agar is the recommended
means if direct plating.

Molecular detection of the mecA gene—commercial systems are
available that can detect MRSA directly from screening swabs within 2—
3h. Some may fail if there are polymorphisms in the conserved regions
of the SCC-mec region.

Detection of a presumptive MRSA strain should be followed by full
identification by S. aureus and resistance testing. Oxacillin susceptibility
disc testing tends to be affected by test conditions; thus, cefoxitin disc
testing is considered more reliable (it is also a more potent inducer

of mecA expression). Criteria for meticillin resistance—oxacillin MIC
>2mg/L or meticillin MIC >4mg/L or cefoxitin MIC >4mg/L.

Isolates with suspected toxin-mediated diseases (e.g. PVL) should be
submitted to the Antimicrobial Resistance and Healthcare Associated
Infections Reference Unit (AMRHAI), PHE-Microbiology Services,
Colindale.

For full details, web search ‘PHE SMI B29".

Treatment of MRSA

UK isolates are so far susceptible to glycopeptides (e.g. vancomycin,
teicoplanin). There are concerns about an upward ‘creep’ in vancomycin
MIC (attributed to a thicker cell wall), and serum levels should be
monitored during therapy, with current practice tending towards a
trough of >15mg/L.

Daptomycin has evidence for its use in complicated skin/soft tissue
infections, right-sided endocarditis, and MRSA bacteraemia. It should
not be used for pneumonia (it is inhibited by pulmonary surfactant).
Daptomycin MIC may increase during therapy, which can lead to
microbiologic failure—repeat susceptibility testing is important, if
therapy is prolonged and there is evidence of persistent infection.
There is variable susceptibility to trimethoprim, rifampicin, tetracycline,
doxycycline, fusidic acid, aminoglycosides, and nitrofurantoin (treatment
of UTIs only). These may provide alternative treatment choices if oral
therapy or a second agent is required.

Other agents active against MRSA include linezolid and quinupristin with
dalfopristin. Both may be used to treat MRSA pneumonia.
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Infection control issues

The main strategies to control MRSA are screening and decolonization, iso-
lation/ cohorting of patients, appropriate hand hygiene by HCWs, and effec-
tive cleaning of shared equipment. For more details, @) see Management of
antibiotic-resistant organisms, including MRSA, pp. 164—6.

Glycopeptide resistance in
Staphylococcus aureus

Mechanism of resistance

The mechanisms of vancomycin resistance in S. aureus are:

e anincrease in cell wall turnover that leads to an increase of non-cross-
linked D-alanyl-D-alanine side chains that bind vancomycin outside the
cell wall and inhibit binding to target peptides;

transfer of the enterococcal vanA determinant from Enterococcus spp. to
S. aureus.

Intermediate resistance

Strains of S. aureus with reduced susceptibility to glycopeptides have
been reported in several countries. These organisms have been termed
vancomycin-intermediate (VISA) or resistant S. aureus (VRSA). The CLSI
breakpoints, upon which the definitions are based, were reduced in 2006,
in response to reports of treatment failures in infections due to strains with
MICs of 2 micrograms/mL:

o susceptible <2 micrograms/mL;

o intermediate 4-8 micrograms/mL (VISA);

e resistant 216 micrograms/mL (VRSA).

EUCAST recommends reporting all strains with MIC >2 micrograms/mL
as resistant on the basis that glycopeptides should not be used to treat such
organisms, even at increased doses.

Heteroresistance

A much commoner situation is for a strain to yield a small proportion of
daughter cells (1 in 10°) able to grow in the presence of 8 micrograms/mL
of vancomycin. Such heterogeneously resistant strains are called hetero-
VISA, and there is considerable debate about their clinical significance.

Vancomycin resistance
The first VISA infection occurred in 1995 in France in a child with leukaemia
and catheter-associated MRSA bacteraemia.

The first clinical VRSA infection was reported in the USA in 2002. VRSA
(vancomycin MIC >128mg/L, teicoplanin MIC 32mg/L) was isolated from a
haemodialysis catheter tip and a chronic foot ulcer of a patient in Michigan.
Vancomycin-resistant E. faecalis was also isolated from the ulcer, and the
transfer of the vanA determinant was confirmed by PCR. The first VRSA in
Europe was reported from Portugal in May 2013. Once again, a vanA-positive
vancomycin-resistant E. faecalis was co-isolated, suggesting sporadic trans-
fer from one to the other.
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Laboratory detection

The detection of glycopeptide resistance in S. aureus is problematic, as both
VISA and hetero-VISA isolates appear susceptible to vancomycin by routine
disc diffusion tests. Furthermore, there have been conflicting recommen-
dations regarding methods of detection. Current advice from the BSAC
(September 2013) is as follows.

e A MIC-based method should be used, not disc testing. A control

strain should be tested in parallel with each run of test organisms. The
acceptable control MIC ranges (mg/L) are ATCC 25923 (vancomycin
0.25-1) and ATCC29213 (vancomycin 0.5-2).

Laboratories should target testing to invasive or serious infections, or
cases of treatment failure. This is supported by the rarity of resistant
isolates in the UK (0.2% in BSAC bacteraemia surveillance).

Infection control issues

MRSA is known to be highly transmissible in health-care settings, and it
seems reasonable to assume that VISA and VRSA will be likewise highly
transmissible. Although infection control experience with VRSA is limited,
implementation of rigorous infection control procedures is crucial for con-
taining an outbreak of VRSA in a hospital setting.

Prevention

The appropriate use of antimicrobials, especially vancomycin, is paramount in
preventing the continued emergence of VISA and VRSA. Several studies have
shown that vancomycin is frequently used for inappropriate reasons. Strategies
to reduce inappropriate vancomycin use are essential, e.g. minimize the use
of temporary CVCs, diagnostic techniques to avoid prolonged empiric use of
vancomycin, prompt removal of S. aureus-infected prosthetic devices.

Coagulase-negative staphylococci

CoNS may present as culture contaminants or as true pathogens. Infection
is often associated with the presence of prosthetic material, e.g. IVCs,
cardiac valves, joint prostheses. Infections are often indolent, but treat-
ment may require removal of the foreign material. These organisms are
frequently resistant to multiple antibiotics, which can make therapy difficult.

Epidemiology

CoNS are ubiquitous and are natural inhabitants of the skin. S. epidermidis
is the commonest species, accounting for 65-90% of all isolates, followed
by S. hominis. S. saprophyticus is a urinary pathogen in young, sexually active
women. S. saccharolyticus is the only strict anaerobe. Other less frequent
species include S. haemolyticus, S. warneri, S. xylosus, S. cohnii, S. simulans,
S. capitis, S. auricularis, S. lugdunensis (coagulase-positive), and S. schleiferi
(coagulase-positive).

Pathogenesis

Plasmid DNA is abundant in all species of CoNS, but only a few of the
plasmid-encoded genes have been identified. Plasmid-mediated antibiotic
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resistance to a wide variety of antibiotics is known to occur and may be
transferred by conjugation with other organisms. CoNS also produce PIA,
resulting in biofilm formation, particularly on prosthetic devices. This bio-
film protects the organisms from antibiotics and host defence mechanisms.
S. saprophyticus produces a number of substances that enable it to attach
and invade the uroepithelium.

Clinical features

Nosocomial device-related bacteraemia (commonest cause).
Prosthetic valve endocarditis.

CSF shunt infections.

Peritoneal dialysis catheter-associated peritonitis.
UTls (S. saprophyticus).

Bacteraemia in immunocompromised patients.
Sternal osteomyelitis (post-cardiothoracic surgery).
PJls.

Vascular graft infections.

Neonatal nosocomial bacteraemias.
Endophthalmitis (after surgery or trauma).

Diagnosis

Appropriate samples, e.g. blood, pus, tissues, should be taken and submit-
ted to the laboratory for microbiological examination. The following tests
may be performed:

e Gram-positive cocci in clusters, cultures on blood agar or liquid media;

o catalase-positive, DNase test-negative/weakly positive;

o coagulase-negative (exceptions: S. lugdunensis, S. schleiferi);

o antimicrobial susceptility testing—S. saprophyticus is
novobiocin-resistant;

e biochemical tests, e.g. API® Staph, automated methodologies;

o typing, e.g. PFGE;

e molecular diagnosis, e.g 16S or 23S rRNA PCR; mecA gene PCR;

o MALDI-TOF.

Treatment

Infections usually require the removal of prosthetic material, if present.
CoNS are often resistant to multiple antibiotics; >80% are resistant to
meticillin. Most CoNS are sensitive to vancomycin, linezolid, quinupristin/
dalfopristin, and daptomycin. Sensitivity to teicoplanin is variable, and a
teicoplanin MIC must be checked before using this antibiotic. Note that
S. haemolyticus frequently demonstrates reduced susceptibility to teicopla-
nin. S. saprophyticus UTls may be treated with trimethoprim, nitrofurantoin,
or a fluoroquinolone.

S. lugdunensis was first described in 1988 and was differentiated from
other CoNS via DNA relatedness and a positive slide coagulase (but nega-
tive tube coagulase) result. Like other CoNS, it ranges from a harmless skin
commensal to a life-threatening pathogen. Unlike other CoNS, it can cause
virulent infections similar to S. aureus, such as aggressive native valve infec-
tive endocarditis (IE), and is susceptible to most antibiotics tested.
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Micrococcus species

These are strict aerobes, and Micrococcus luteus produces yellow colonies.
The Gram-positive cocci are often arranged in tetrads. Micrococcus spp. give
a positive modified oxidase test, while other Staphylococcus spp. (except
S. sciuri, S. lentus, and S. vutulus) are oxidase-negative.

Rothia mucilaginosus

Formerly known as Micrococcus mucilaginosus or Staphylococcus salivarius,
these facultative anaerobe are weakly catalase-positive and are similar to
the other CoNS.

Streptococci—overview

For an introduction to streptococci, 9 see Overview of Gram-positive
cocci, pp. 233—4. For classification of streptococci, see Table 7.1.

Table 7.1 Classification of streptococci

Haemolysis Lancefield  Species name Clinical syndromes
group
a S. pneumoniae Pneumococcal
pneumonia,

bacteraemia, meningitis,
otitis media, sinusitis

o« Viridans streptococci Dental caries,
endocarditis, abscesses

B A S. pyogenes Invasive (necrotizing
fasciitis, GAS TSS,
bacteraemia, etc.),
tonsillitis, skin infections,
etc.

B B S. agalactiae Neonatal meningitis and
bacteraemia

B @ S. dysgalactiae Sore throat, cellulitis
subspecies dysgalactiae,
S. dysgalactiae subspecies
equisimilis, S. equi
subspecies equi, S.equi
subspecies zooepidemicus

Boryx D S. bovis and others S. bovis bacteraemia,
endocarditis, S. suis
bacteraemia and
meningitis

(Continued)
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Table 7.1 (Contd.)

Haemolysis Lancefield  Species name Clinical syndromes
group
B G Sore throat,
bacteraemia, cellulitis
Boryx A CFG S. milleri (reclassified Infective endocarditis,
as S. constellatus, abscesses

S. intermedius, and
S. anginosus)

X or non - Viridans streptococci Infective endocarditis
Non; = Peptostreptococcus Abscesses

anaerobe

Genera Enterococcus, Leuconostoc, Pediococcus, Abiotrophia,
closely Gemella, Aerococcus

related to

streptococci

Streptococcus pneumoniae

S. pneumoniae was first isolated in 1881 by Sternberg in the USA and Louis
Pasteur in France. It became recognized as the commonest cause of lobar
pneumonia and was given the name pneumococcus. S. pneumoniae is an
important bacterial pathogen of humans, causing meningitis, sinusitis, oti-
tis media, endocarditis, septic arthritis, peritonitis, and a number of other
infections. It is a Gram-positive coccus that grows in pairs (diplococci) or
chains. It produces pneumolysin that causes a-haemolysis (green discolora-
tion due to breakdown of Hb) of blood agar.

Epidemiology

e S. pneumoniae colonizes the nasopharynx of 5-10% of healthy adults,
and 20-40% of healthy children. The rate of colonization is seasonal,
with an increase in winter.

The rate of invasive pneumococcal disease is 15/100000 persons/year.
The incidence is up to 10-fold higher in certain populations, e.g. African-
Americans, Alaskans, and Australian aboriginals. Invasive pneumococcal
disease is commoner at the extremes of age (age <2 years or

>65 years).

Risk factors for pneumococcal infection include antibody deficiencies,
complement deficiency, neutropenia or impaired neutrophil function,
asplenia, corticosteroids, malnutrition, alcoholism, chronic diseases
(liver, renal, diabetes, asthma, COPD), and overcrowding.
Antimicrobial resistance is increasing. Penicillin resistance rates are high
in certain European countries, e.g. Spain, Portugal, Hungary, Iceland,
and in Asia, e.g. Thailand, Hong Kong, Vietnam, and Korea. The major
source of resistance is the worldwide geographic spread of a few clones
that harbour resistance determinants. Rates of resistance in Europe
correlate with the total consumption of 3-lactams in that country.
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Pathogenesis

A number of virulence factors have been identified:

o capsular polysaccharide >90 serotypes (prevents phagocytosis,
activates complement), cell wall polysaccharide (activates complement,
cytokines);

pneumolysin (activates complement and cytokines);

PspA (blocks deposition of complement, inhibits phagocytosis);

PspC (inhibits phagocytosis by binding complement factor H);

PsaA (mediates adherence);

autolysin (causes release of bacterial components, resulting in trigger of
cytokine cascade);

e neuraminidase (possibly mediates adherence).

Antimicrobial resistance

o Penicillin resistance mediated by alterations in PBP2A (low-level
resistance) and mutations in PBP2X (high-level resistance). Lower-level
B-lactam resistance may be overcome by higher concentrations of the
antibiotic. Site of infection determines antimicrobial management.
Macrolide resistance is mediated by acquisition of the ermB (ribosomal
methylase) and mefA (efflux pump) genes.

Clinical features

S. pneumoniae may cause infection by direct spread of the organism from
the nasopharynx to contiguous structures (e.g. middle ear, lungs) or by
haematogenous spread (CNS, heart valves, joints). Unusual infections in
young people should prompt investigation for HIV. Clinical syndromes
include otitis media, sinusitis, exacerbation of chronic bronchitis, pneumo-
nia, meningitis, endocarditis, septic arthritis/osteomyelitis, pericarditis, epi-
dural/ cerebral abscess, and skin/soft tissue infection.

Diagnosis

e BC bottles may flag positive, but no organisms are seen on Gram stain
due to autolysis of the pneumococcus. The blood may look lysed, and
pneumococcal antigen test directly on blood is often positive.

o Grows on routine media—causes a-haemolysis of blood agar. May see

central autolysis of colonies (draughtsmen), occasionally mucoid.

Gram-positive lanceolate diplococci, often with visible capsule.

Identification—catalase-negative, optochin-sensitive, soluble in 10% bile

salts. Commercial identification tests (e.g. API® Strep, latex agglutination

tests, serotyping tests) are available. MALDI-TOF identification cannot

be relied on for S. pneumoniae.

e Penicillin MIC should be determined for invasive isolates.

Treatment

e The original MIC thresholds for determining penicillin resistance were in
the setting of meningitis and levels of drug needed in the CSF. Thus, an

organism considered resistant for the purposes of meningitis treatment
may be susceptible if causing pneumonia.

Penicillin MIC <0.1mg/L—treat with penicillin or ampicillin.



ENTEROCOCCI

Penicillin MIC 0.1-1.0mg/L—treat meningitis with ceftriaxone or
cefotaxime. High-dose penicillin or ampicillin is likely to be effective for
non-meningeal sites of infection, e.g. pneumonia.

Penicillin MIC >2.0mg/L—vancomycin % rifampicin. If non-meningeal
site, consider ceftriaxone, high-dose ampicillin, carbapenem,
fluoroquinolone.

o Pneumococcal meningitis may benefit from adjunctive corticosteroids.

Prevention

e The 7-valent pneumococcal conjugate vaccine (PCV7) was introduced
into the UK childhood immunization schedule in 2006, replaced by a
13-valent product in 2010. Three doses: at age 2 months, 4 months, and
12 months.

e The 23-valent unconjugated polysaccharide vaccine (PPV23) is given

to adults of 65 years and ‘at-risk’ groups, e.g. homozygous sickle-

cell disease, asplenia or severe splenic dysfunction, chronic renal

disease or nephrotic syndrome, coeliac disease, immunodeficiency

or immunosuppression due to disease or treatment, including HIV

infection, chronic diseases (cardiac, respiratory, liver, renal), diabetes

mellitus, patients with cochlear implants. It is also recommended for
those with CSF leak.

Children at special risk (e.g. sickle, asplenia) should have PCV13,

followed by PPV23 after their second birthday (web search ‘UK Green

Book pneumococcal’ for full details).

Prophylaxis—PO penicillin V is recommended for the prevention of

pneumococcal disease in asplenic patients, but not for CSF leaks.

Enterococci

Enterococci are environmental organisms that are found in the soil, water,
food, and the Gl tract of animals. They are Gram-positive cocci that occur
singly, in pairs, or in chains, and thus resemble streptococci. Until fairly
recently, they were classified amongst the Lancefield group D streptococci.
In the 1980s, they were reclassified as a separate genus Enteroccoccus,
because of different pathogenic, biochemical, and serological profiles. At
least 12 different species exist. E. faecalis is the commonest clinical isolate
(80-90%), followed by E. faecium (5-10%). Others include E. avium, E. cas-
seliflavus, E. durans, E. gallinarum, E. hirae, and E. raffinosus.

Epidemiology

Enterococci are part of the normal gut flora and can cause endogenous
or exogenous infections, both in and out of hospital. In the hospital set-
ting, enterococci are readily transmissible between patients and institutions.
Risk factors for nosocomial enterococcal infections include Gl colonization,
severe underlying disease, prolonged hospitalization, prior surgery, renal
failure, neutropenia, transplantation, urinary or vascular catheters, ICU
admission, and prior antibiotic use.
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Pathogenesis

e Enterococci are less intrinsically virulent than organisms such as S. aureus

and GAS. They do not have classical virulence factors but are able to

adhere to heart valves and renal epithelial cells. Several extracellular

molecules play an important role in colonization and adherence,

e.g. aggregation factor and extracellular surface protein. Other

virulence factors include extracellular serine protease, gelatinase, and

haemolysins.

Enterococci are frequently found in cultures of intra-abdominal and

pelvic infections—their role in this setting has not been clearly defined.

Enterococcal bacteraemia carries a high mortality (42-68%), but it

is not clear whether this is due to the organism itself or a marker of

severe debilitation. However, epidemiological studies have calculated

an attributed mortality of 31-37% in patients with enterococcal

bacteraemia.

e The intrinsic resistance of enterococci to many antibiotics enables them
to survive and multiply in patients receiving broad-spectrum agents, and
accounts for their ability to cause nosocomial infections.

Clinical features

UTls (commonest), bacteraemia and endocarditis, intra-abdominal and
pelvic infections, skin and soft tissue infections, meningitis (associated with
anatomical defects, trauma, or surgery), respiratory infections (rare), neo-
natal sepsis, and device-related infections (i.e. prosthetic valve endocarditis,
CNS shunt infections).

Diagnosis

o Gram stain—elongated Gram-positive cocci (‘cigar-shaped’), often in
pairs and short chains.

Culture—facultative anaerobes that can grow under extreme
conditions, e.g. 6.5% NaCl, pH 9.6, temperatures of 10-45°C.
Biochemical tests—enterococci hydrolyse aesculin and
[-pyrrolidonyl-B-naphthylamide (PYR).

o Often agglutinate with group D in streptococcal grouping kits.
Intrinsically resistant to aminoglycosides (low levels), cephalosporins,
lincosamides (low level), quinupristin/dalfopristin (E. faecalis), co-
trimoxazole (in vivo).

All isolates should be tested for susceptibility to ampicillin, gentamicin,
vancomycin, teicoplanin, linezolid, quinupristin/dalfopristin,
chloramphenicol, and nitrofurantoin (UTls).

Treatment

e Enterococci are intrinsically resistant to many agents (e.g.

cephalosporins, ciprofloxacin) and readily acquire new resistance

mechanisms.

Ampicillin is the usual first-line agent for E. faecalis infections, with

vancomycin as an alternative. E. faecium is usually resistant to ampicillin.

e When bactericidal therapy is needed (e.g. endocarditis, meningitis),
combination synergistic therapy of a cell wall agent plus an
aminoglycoside should be considered.
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o Ciprofloxacin may be active in vitro but is not usually recommended
clinically (apart from occasionally for UTls). Newer fluoroquinolones are
said to be more active against enterococci, but not against ciprofloxacin-
resistant strains.

For details of vancomycin resistance mechanisms, ©) see Glycopeptides,

pp. 42-4. E. gallinarum and E. casseliflavus are intrinsically resistant to

glycopeptides (pentapeptide terminates D-alanine-D-serine) (see Box

7.4). High-level resistance to aminoglycosides and vancomycin resistance

(VRE) are increasing problems, particularly on renal units.

o VRE bacteraemia has a worse prognosis than vancomycin-sensitive
enterococcal bacteraemia, but this may be related to co-morbidity and
delay in receiving appropriate antibiotic therapy. Agents which may
be active against VRE include linezolid, tigecycline, and daptomycin.
Quinupristin/dalfopristin is difficult to obtain in the UK. Linezolid
resistance has been detected in enterococci in the UK and is potentially
transferable. Choice of agent depends on the source of infection.

Streptococcus bovis

S. bovis bacteraemia and endocarditis are associated with Gl disease (pri-
marily colonic malignancy). S. bovis biotype 1 (S. gallolyticus subspecies gallo-
lyticus) bacteraemia has a higher correlation with underlying Gl malignancy
and endocarditis (71% and 94%, respectively, in one study) than S. bovis
biotype 2.

Pathogenesis

It is not clear whether S. bovis is a marker for malignancy or has an aetio-
logical role. In some cases, S. bovis bacteraemia is the only pointer to the
Gl disease. There are also reports of the malignancy being found up to
2 years after the initial S. bovis infection. There seems to be an increase
in stool carriage of S. bovis in patients with malignancy or pre-malignancy,
compared to healthy subjects. Biotype 1 has a type-specific adherence
mechanism, which may assist adherence to both cardiac valves and abnor-
mal colonic mucosa.

Clinical features

The main clinical infections due to S. bovis are bacteraemia and endocardi-
tis. Occasionally, S. bovis causes other infections such UTls, meningitis, or
neonatal sepsis. The Gl tract is the usual portal of entry for bacteraemia.
Most patients with endocarditis have an underlying valve abnormality or
prosthetic valve. They tend to have a subacute course, indistinguishable
clinically from endocarditis due to the Streptococcus viridans group, but stud-
ies suggest S. bovis endocarditis has a higher mortality rate (45%), compared
to non-S. bovis endocarditis (25%). All patients with S. bovis bacteraemia
should have a comprehensive work-up to exclude colonic malignancy and
endocarditis.
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Diagnosis

e S. bovis may be misidentified as enterococci or viridans streptococci.

o Biochemical tests—S. bovis shares a number of properties with
enterococci, e.g. they agglutinate with group D antisera, hydrolyse
aesculin, and are bile-tolerant. However, they differ from enterococci by
growing in 6.5% salt and in the results of the PYR test.
Identification—the API® Rapid Strep reliably identifies S. bovis and
differentiates it to the biotype level, which is important for association with
malignancy and endocarditis. Generally, S. bovis biotype 1 strains produce
extracellular glucan from sucrose, hydrolyse starch, and ferment mannitol.
S. bovis biotype 2 strains are usually negative for these tests. Automated
methods, i.e. VITEK® and MALDI-TOF, can reliably identify S. bovis. A PCR
to differentiate the biotypes has been developed.

Treatment

Penicillin is the treatment of choice for S. bovis infections; vancomycin is an
alternative in 3-lactam-allergic patients.

Viridans streptococci

The viridans streptococci, sometimes known as the oral streptococci, are
important in dental caries, endocarditis, bacteraemia, and deep-seated
infections (abscesses). They include S. sanguinis, S. mutans, S. mitis, and
S. salivarius. This heterogenous group has been reclassified into five distinct
groups, on the basis of 16S rRNA analysis:

o S. mutans group—now divided into seven species and collectively
known as the ‘mutans streptococci’. The commonest are S. mutans and
S. sobrinus;

S. sanguinis group—now divided into S. sanguinis, S. gordonii,

S. parasanguinis, and S. crista;

o S. milleri group—now divided into three species: S. constellatus,

S. intermedius, and S. anginosus—called the S. anginosus group/group F;
S. mitis group—includes S. mitis, S. mitior, and S. oralis;
S. salivarius group—includes S. salivarius and S. vestibularis.

Epidemiology

The viridans streptococci are commensals of the human upper respiratory
tract, female genital tract, and Gl tract, with large numbers present in the
mouth. Each species has its own particular ecological niche.

Pathogenesis

These organisms seem to possess few virulence factors.

e The ability to produce acid, especially by S. mutans, is thought to be
important in dental caries.

Production of various carbohydrates, which aid adherence to tooth
enamel and gums, is important in colonization.

Extracellular dextran production is important in the adherence of
organisms to heart valves and in resistance to antimicrobial therapy.
Fibronectin production also mediates adherence to heart valves.
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Clinical features

e Endocarditis (common cause in patients with abnormal valves).

o Bacteraemia (may cause severe sepsis in neutropenic patients).

o Meningitis.

o Pneumonia.

o Other infections—abscesses, pericarditis, peritonitis, sialadenitis,
odontogenic infections, endophthalmitis.

Diagnosis

o Facultatively anaerobic Gram-positive cocci, catalase-negative.

e Most are a-haemolytic on blood agar; some are non-haemolytic.

o Resistant to optochin and lack bile solubility (unlike pneumococci).

e Unable to grow in 6.5% NaCl (unlike enterococci).

e Can be identified by biochemical tests, API® Strep, or automated
methods.

Treatment

o Community-acquired infections are usually sensitive to penicillin—the
treatment of choice.

o Other B-lactams, e.g. ceftriaxone, also have good in vitro activity against
viridans streptococci.

o Nosocomial infections are associated with increased resistance to
penicillin and other 3-lactams.

e Some strains, e.g. S. sanguinis and S. gordonii, exhibit tolerance, i.e. they
are inhibited at low concentrations of antibiotic, but high levels are
required for bactericidal activity.

o Often resistant to aminoglycosides (when traditional breakpoints
are applied) but exhibit synergy in combination with B-lactam
antibiotics. This principle underlies combination treatment for bacterial
endocarditis.

e Vancomycin is used in penicillin-allergic patients and penicillin-resistant
infections.

Group A Streptococcus

Group A Streptococcus (GAS), also known as S. pyogenes, is responsible for
a variety of conditions—pyogenic (pharyngitis, cellulitis, necrotizing fascii-
tis), toxin-mediated (scarlet fever), or immunological (glomerulonephritis).

Epidemiology

GAS are upper respiratory tract commensals in 3-5% of adults, and up
to 10% of children. Transmission is mainly via droplet spread. Some peo-
ple develop pharyngitis/tonsillitis; others are asymptomatic, and a handful
will become carriers of GAS in the throat. In the 1990s, the number of
reports of invasive GAS increased globally, probably due to a re-emergence
of more virulent strains. Risk factors for sporadic disease include people
>65 years old, those with recent VZV infection, HIV-positive individuals,
those with diabetes, heart disease, cancer, and injecting drug use, or those
on high-dose steroids. Over time, the epidemiology of GAS infection, in
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terms of clinical manifestation of disease, has changed, e.g. acute rheumatic
fever has become less common, and toxic shock commoner, over the last
few decades. The years 20142015 have seen an increase in the incidence
of scarlet fever cases.

Pathogenesis

GAS possess a number of virulence factors:

e somatic constitutents—hyaluronic capsule (resists phagocytosis),

M protein (evasion of phagocytosis inhibits binding of antibody with

opsonin), serum opacity factor, lipotechoic acid, fibronectin-binding

proteins;

extracellular products—streptolysin O and S (a-haemolysis on blood

agar), DNases A to D, hyaluronidase (facilitates spread through tissues),

streptokinase (catalyses plasminogen to plasmin), streptococcal

pyrogenic exotoxins (SpeA, SpeB, SpeC, SpeF—superantigens that

induce fever), C5a peptidase, streptococcal superantigens (SSA);

e immune-mediated disease, e.g. immune cross-reactions between
components of the glomerular basement membrane and cell
membranes.

Clinical features

o Pharyngitis—commonest infection. Suppurative complications include
tonsillitis, peritonsillar abscess, retropharyngeal abscess, suppurative
cervical lymphadenitis, mastoiditis, sinusitis, otitis media.

Impetigo, erysipelas, cellulitis, necrotizing fasciitis, pyomyositis.

Scarlet fever—notifiable disease. Pharyngitis associated with scarlatinal
rash due to erythrogenic toxin production. Around 90% of cases occur
in children under 10 years of age. UK reports of scarlet fever have been
increasing since 2013.

Rheumatic fever—may occur 1-5 weeks after pharyngitis. Migratory
arthritis, pancarditis, chorea, rash, and subcutaneous nodules.
Post-streptococcal glomerulonephritis—may occur after throat
infections (commonly M types 12, 1, 25, 4, and 3) and skin infections
(commonly M types 49, 52, 53-55, and 57-61).

Bacteraemia—recent increase in GAS bacteraemia in previously healthy
adults. A small proportion of invasive GAS infections start with a
respiratory tract infection. Other risk factors—burns, trauma, HIV,
injection drug use, alcoholism, immunosuppression, diabetes mellitus,
and malignancy.

Streptococcal TSS—fulminant disease with high mortality is mainly
associated with types M1 and 3, but types 12 and 28 are also involved.
It involves rapidly progressive symptoms with low blood pressure and
multiorgan failure.

e Others—meningitis, osteomyelitis, puerperal sepsis, and septic arthritis.
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Diagnosis

o Facultative anaerobic, catalase-negative, Gram-positive cocci, which
tend to form long chains when observed on Gram stain. They are non-
sporing, non-motile, and usually non-capsulate.

Culture on blood agar produces smooth, circular colonies 2-3mm

in diameter, usually B-haemolytic (large zone), and may be mucoid.
Strains that produce haemolysin O, and not haemolysin S, will only
demonstrate [3-haemolysis when cultured anaerobically. Usually
sensitive to bacitracin.

Serology is used to diagnose immunological complications, e.g rheumatic
fever. A rise in anti-streptolysin O titre (ASOT) confirms recent GAS
disease. ASOT is reliable in the throat-associated disease, while anti-
DNase B is higher and more frequently raised in pyoderma-associated
disease.

Treatment

o The treatment of choice is PO phenoxymethylpenicillin (mild infections)
or IV benzylpenicillin (severe infections). Pharyngitis is treated for

10 days, invasive disease for at least 14.

In penicillin-allergic patients, options include azithromycin (comparative
clinical and bacteriological response rates to penicillin, but higher Gl side
effects) or erythromycin. Clindamycin may be used.

Recent evidence suggests bacteraemia should be treated with IV
penicillin and clindamycin. There is no synergy, but clindamycin is
associated with a better outcome (perhaps due to protein synthesis
inhibition) if the organism is sensitive (penicillin is included empirically, in
the event the isolate is clindamycin-resistant).

Urgent surgical debridement is required in necrotizing fasciitis. May be a
role for IVIG in those with invasive infection and shock.

Prevention

e Infection control—GAS can spread from infected patients to close

contacts, so isolate patients with invasive disease; use droplet

precautions, and involve the ICT early. The available evidence suggests

that routine administration of prophylactic antibiotics for close contacts
of invasive disease is not justified, but all household contacts should be

informed of clinical manifestations of invasive disease and instructed

to seek medical attention immediately if they develop any symptoms.

Antibiotics are only given to certain ‘high-risk’ groups (e.g. mother/

neonate contact).

Hospital outbreaks of GAS have been described in the literature. For

PHE guidance, see & www.gov.uk/streptococcal-infections.

e The main difficulties associated with the development of a GAS
vaccine are the widespread diversity of circulating GAS strains and M
protein types, the immunological cross-reactivity between epitopes
in the M protein and several human tissues, and the lack of a relevant
animal model.


http://www.gov.uk/streptococcal-infections
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Group B Streptococcus

Group B streptococci (GBS, Streptococcus agalactiae) were first reported as
causes of puerperal sepsis in 1938. By the 1970s, GBS had become the main
cause of neonatal sepsis in infants aged <3 months.

Epidemiology

o Five to 40% of women are colonized with GBS (genital tract or lower
Gl tract). Around 25% in UK studies. Colonization of neonates usually
occurs via the mother’s genital tract. Risk factors—African ethnicity,
diabetes.

Early-onset neonatal GBS disease (<7 days)—risk factors include maternal
GBS bacteruria, premature rupture of membranes (PROM), delivery
<37 weeks, intrapartum fever or amnionitis, and prolonged rupture of
membranes. Affects around 1 in 2000 births in the UK and Ireland.
Late-onset neonatal GBS disease (7-90 days)—risk factors include
overcrowding, poor hand hygiene, and increased length of stay.

Over the past 20 years, there has been an increase in invasive GBS
disease in non-pregnant adults, most of whom had underlying medical
conditions. Risk factors include diabetes, chronic diseases (liver, renal,
cardiovascular, pulmonary, Gl, urological), neurological impairment,
malignancy, HIV, corticosteroids, and splenectomy.

Pathogenesis

Bacterial virulence factors that influence the outcome between exposure
and development of colonization/invasive disease include the polysaccha-
ride capsule (in particular, high amounts of sialic acid and type llI virulent
strains).

Clinical features
o Early-onset neonatal disease (defined as systemic infection in the first
6 days of life; mean age of onset 12h; pneumonia or meningitis) tends to
result from vertical transmission in utero or at the time of delivery.
o Late-onset neonatal disease (onset 7 days to 3 months of age, mean
24 days, bacteraemia) arises from either horizontal transmission (often
nosocomial, due to suboptimal nursery conditions) or horizontal
transmission.
GBS infection in adults and older children, especially those with an
underlying disease includes bacteraemia, post-partum infections,
pneumonia, endocarditis, meningitis, arthritis, osteomyelitis, otitis media,
conjunctivitis, UT], skin and soft tissue infections, and meningitis.

Diagnosis

o GBS are facultative anaerobic, catalase-negative, Gram-positive cocci.
They form chains on Gram stain, and are non-sporing, non-motile, and
usually capsulate.

e Culture on blood agar produces smooth, circular colonies of 2-3mm in
diameter, usually surrounded by a very small zone of 3-haemolysis.
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Selective media containing Todd Hewitt broth and antimicrobials are
used to enhance the recovery of GBS.

Identification—Lancefield group B, resistant to bacitracin, hydrolyse
sodium hippurate, do not hydrolyse aesculin, production of CAMP
factor (results in synergistic haemolysis with the B-lysin of S. aureus on
sheep blood agar plate). Identified using API® Strep or via automated
methods.

Typing—GBS may be classified as serotypes | to VIII, based on the basis
of capsular polysaccharide and surface protein antigens. Other typing
methods—MLST, PFGE.

Treatment

Neonatal infections are usually treated with IV benzylpenicillin. Adults usu-
ally receive 10—14 days of IV benzylpenicillin (plus 2 weeks of gentamicin for
endocarditis); vancomycin if penicillin-allergic.

Prevention

Routine screening for antenatal carriage is controversial and varies in differ-

ent countries. Systematic screening is not recommended in the UK for the

following reasons.

e The impact of screening on mortality and morbidity is not proven.

e Many screen-positive women may no longer be carriers at the point of
treatment or delivery.

e Many thousands of low-risk women would receive |V antibiotics during

labour—the consequences of such an expansion in antibiotic use are

unknown.

The incidence of early-onset neonatal GBS disease in the UK (0.5/1000

births) is similar to that seen in the USA (which has a universal screening

and treatment programme), despite similar vaginal carriage rates.

Antenatal antibiotic treatment of GBS carriage, if detected incidentally,

is not recommended, as it does not reduce the chance of colonization

at the time of delivery.

Intrapartum prophylaxis should be offered if GBS is detected

incidentally during pregnancy and to women with a previous baby with

neonatal GBS disease (IV penicillin until delivery, clindamycin if penicillin-

allergic) or women with GBS bacteruria. Observe the infant for 24-48h

if well and no risk factors (PROM, chorioamnionitis, etc.)

o Newborns with signs of sepsis should be treated with broad-spectrum

antibiotics that cover GBS.

If chorioamnionitis suspected, treat with broad-spectrum antibiotics

active against GBS.

Vaccines—capsular polysaccharide vaccines are under development.

One of the difficulties is the existence of a multiplicity of serotypes with

different geographical distributions.

For more information, web search ‘RCOG green-top guideline 36’
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Other (3-haemolytic streptococci

e Group C streptococci—there are four species in this group: S. dysgalactiae
subspecies dysgalactiae, S. dysgalactiae subspecies equisimilis, S. equi
subspecies equi, S. equi subspecies zooepidemicus. They are primarily
animal pathogens (S. equi causes strangles in horses), but S. equisimilis and
S. zooepidemicus can cause a range of infections in humans. The commonest
problem in humans is outbreaks of tonsillitis, especially in schools and
institutions. Group C streptococci can cause syndromes similar to GAS such
as post-partum sepsis, septicaemia, meningitis, pneumonia, and skin and
wound infections, but group C infections are usually less severe. Group C
streptococci are usually sensitive to penicillin.

o Group F streptococci—formerly known as S. milleri, which has
a characteristic caramel odour when cultured in the laboratory.

S. milleri has been reclassified within the viridans streptococci group
into S. constellatus, S. intermedius, and S. anginosus () see Viridans
streptococci, pp. 248-9).

o Group G streptococci—these produce infections similar to group
A and C streptococci such as sore throat, erysipelas, cellulitis, bone
and joint infection, pneumonia, and septicaemia. Occasionally, group G
streptococci bacteraemia is associated with underlying malignancy.

Other Gram-positive cocci

Leuconostoc

Leuconostoc are catalase-negative, Gram-positive cocci or coccobacilli,
which occasionally cause opportunistic infections. They are usually found on
plants and vegetables, or rarely in dairy products and wine. There are only
a few case reports of human infections, including bacteraemia (% indwelling
line infection), meningitis, and dental abscess.

Note that Leuconostoc are intrinsically resistant to glycopeptides (see
Box 7.4), because the pentapeptide cell wall precursors terminate in D-
alanine-D-lactate. The usual agent of choice for these infections is penicillin
or ampicillin, but they are generally susceptible to most agents with activity
against streptococci.

Box 7.4 Gram-positive organisms resistant
to glycopeptides
o Leuconostoc.
o Lactobacillus.
o Pediococcus.
o E. rhusiopathiae.
o Nocardia.
o S. haemolyticus (resistant to teicoplanin).
o E. gallinarum and E. casseliflavus:
Both carry VanC which is not transferrable, and are considered
intrinsically resistant to vancomycin.
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Abiotrophia

Abiotrophia is the new name for the nutritionally variant streptococci (NVS).
These organisms have been classified in various ways, but 165 rRNA
sequencing defined the new genus Abiotrophia to be distinct from the strep-
tococci. NVS are defined by the need for pyridoxal or thiol group supple-
mentation for growth, and thus appear as satellite colonies around bacteria
such as S. aureus. Gram staining tends to show pleomorphic variable-staining
cells. The two main species (Abiotrophia defectiva and Abriotrophia adiacens)
are resistant to optochin and susceptible to vancomycin. Because they grow
poorly on solid media, they are easily overlooked if not cultured in broth
or subcultured appropriately (e.g. with a S. aureus streak or onto selective
media).

Abiotrophia are normal flora in the upper respiratory, urogenital, and Gl
tract, and are clinically important, as they cause ~5% of cases of endocardi-
tis. Abiotrophia endocarditis responds less well to antibiotics, and has higher
morbidity and mortality, compared to endocarditis due to other strep-
tococci. Correlation of in vitro antibiotic susceptibility testing and clinical
outcome is a specialist field, and the general recommendation is for long-
term combination therapy (e.g. penicillin and gentamicin for 4-6 weeks).
Bacteriological failure and relapse rates are high.

Anaerobic Gram-positive cocci

The anaerobic Gram-positive cocci have undergone multiple taxo-
nomic changes. There are currently six genera that may be isolated
from humans: Peptostreptococcus, Peptoniphilus, Parvimonas, Finegoldia,
Anaerococcus, and another group of uncertain taxonomy. The majority of
human isolates are Peptostreptococcus, Peptoniphilus, and Anaerococcus. Less
common isolates include Atopobium parvula, Coprococcus spp., Ruminococcus
spp., and Sarcina spp.

The anaerobic Gram-positive cocci are part of the normal flora of
the mouth, upper respiratory tract, Gl tract, vagina, and skin. They
can cause abscesses (e.g. brain abscess, often associated with otitis
media, mastoiditis, chronic sinusitis, and pleuropulmonary infections),
anaerobic pleuropulmonary disease, and bacteraemia (notably due to
oropharyngeal, pulmonary, and female genital tract sources). When
mixed with other bacteria, they may be involved with serious soft tissue
infections such as necrotizing fasciitis. Anaerobic Gram-positive cocci
cause osteomyelitis and arthritis at all sites, including bites and cranial
infections. Little is known about virulence factors or pathogenesis of
infection. Regarding treatment, anaerobic Gram-negative cocci are often
mixed with aerobes and other anaerobes on culture plates. Obtaining
appropriate specimens may be difficult; culture can be prolonged, and
anaerobic sensitivity testing can also be challenging. Usually, a combina-
tion of surgery (e.g. drainage/debridement) and antibiotic therapy is
required, e.g. metronidazole, penicillin, clindamycin.
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Aerococcus

e Aerococcus viridans and Aerococcus urinae are catalase-negative,
Gram-positive cocci. They tend to form tetrads and may resemble
staphylococci on Gram stain, but their biochemical and growth
characteristics are more characteristic of a-haemolytic streptococci.

o A. viridans is generally considered a contaminant on culture but
occasionally may be implicated in bacteraemia and endocarditis. It is
a low-virulence organism and only causes systemic infections in the
immunocompromised. Optimal treatment of such cases is unclear, so
consult an infection specialist.

o A. urinae, first reported in 1989, has been implicated as a cause of ~0.5%
of UTls. Most patients were elderly with predisposing conditions. It
has also been found in patients with urogenic bacteraemia/septicaemia
with or without endocarditis. A. urinae does not grow on CLED, and
is usually susceptible to penicillin and resistant to sulfonamides and
aminoglycosides.

Overview of Gram-positive rods

Gram-positive rods can be divided into three groups, based on growth

characteristics and/or morphology (see Table 7.2):

o aerobic Gram-positive rods, e.g. Bacillus, Lactobacillus, Corynebacterium,
Arcanobacterium, Listeria, E. rhusiopathiae, Rhodococcus equi;

e anaerobic Gram-positive rods, e.g Clostridium, Propionibacterium;

e branching Gram-positive rods, e.g. Actinomyces, Nocardia, Actinomadura,
Streptomyces.

Table 7.2 Classification of Gram-positive rods

Group Examples

Aerobic Bacillus spp.
Corynebacterium spp.
Listeria spp.
E. rhusiopathiae
R. equi
Anaerobic .C/ostrr'dium Spp.
Propionobacterium spp.
Branching Actinomyces
Nocardia spp.
Actinomadura

Streptomyces
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Bacillus species

Bacillus spp. are environmental saprophytes that are found in water, vegeta-
tion, and soil. They are Gram-positive (or Gram-variable) aerobic or facul-
tatively anaerobic, rod-shaped bacilli with rounded or square ends. They
form endospores that tolerate extremes of temperature and moisture. The
ubiquitous nature of Bacillus spp. means that isolation from clinical speci-
mens may represent contamination. Members of the group include:

B. anthracis () see Bacillus anthracis—ADCP 3, pp. 258-60);

B. cereus;

B. circulans;

B. licheniformis;

B. megaterium;

B. pumilis;

B. sphaericus;

B. subtilis;

B. stearothermophilus.

Clinical features

e Food poisoning—B. cereus is the commonest Bacillus causing food
poisoning, followed by B. licheniformis and B. pumilis. Symptoms occur
within 24h of ingestion of the preformed toxin in food and usually
resolve in 24h. The emetic form presents after 1-5h, with nausea,
vomiting, and abdominal cramps. The diarrhoeal form occurs 8-24h
after ingestion of food. Production of a heat-labile toxin results in
profuse diarrhoea and abdominal cramps (fever and vomiting are rare).
Bacteraemia is often associated with the presence of an IVC. B. cereus is
the commonest isolate, but other species, e.g. B. licheniformis, have been
reported. Bacteraemia or endocarditis may occur in injecting drug users
(IDUs).

Disseminated infection has been reported in neonates and young
children. Neonatal infection is acquired perinatally. Multisystem
involvement may occur. Immunocompromise, e.g. neutropenia, is
associated with severe, and sometimes fatal, infections.

CNS infections may occur, following trauma or neurosurgery, or in
association with a CSF shunt. Removal of prosthetic material hardware
is required. LP may result in Bacillus spp. meningitis.

Eye infections—endophthalmitis may occur, following trauma, eye
surgery, or haematogenous dissemination. B. cereus is the commonest
cause. Keratitis may occur after corneal trauma.

Soft tissue and muscle infections may occur after injuries or wounds,
e.g. road traffic accidents or after orthopaedic surgery.

Diagnosis

Bacillus spp. grow readily on ordinary culture media at environmental tem-
peratures (25-37°C). All species may form spores, but they vary in their
colonial morphology, motility, and nutritional requirements. Microscopically,
they are large bacteria and are usually Gram-positive (older cultures may
be Gram-variable or Gram-negative). Most non-anthracis Bacillus spp. are
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B-haemolytic and motile (unlike B. anthracis). They also lack the glutamic
acid capsule (thus negative McFadyean’s stain). B. cereus grows as charac-
teristic blue colonies in PEMBA media.

Treatment

e There is no specific treatment for food poisoning syndromes, and most
cases settle in 24h.

e For IVC- or prosthetic device-related infections, removal of the catheter

or device is required for cure.

Most Bacillus spp. isolates are susceptible to vancomycin, clindamycin,

fluoroquinolones, aminoglycosides, and carbapenems. They are usually

penicillin-resistant.

Serious infections are usually treated with vancomcyin or clindamycin £

an aminoglycoside.

Bacillus anthracis—ACDP 3

The name anthrax is derived from a Greek word for coal and refers to
the eschar seen in cutaneous anthrax. Anthrax occurs most commonly in
wild and domestic animals in Asia, Africa, South and Central America, and
parts of Europe. Humans are rarely infected, and the commonest form of
infection is cutaneous anthrax, which is associated with occupational expo-
sure to animal products, e.g. wool, hair, meat, bones, and hides. There have
also been outbreaks amongst drug users (2012/2013 in Europe), and cases
associated with animal-hide drums. Anthrax was used as an agent of bioter-
rorism in the USA in 2001 when B. anthracis spores were sent in contami-
nated letters () see Bioterrorism, pp. 846-8).

Pathogenesis

B. anthracis has a number of virulence factors:

o capsule—under anaerobic conditions, a polypeptide capsule consisting
of poly-D-glutamic acid is produced. Synthesis of the capsule is by
three enzymes encoded by the capA, capB, and capC genes on the pX-
02 plasmid. A fourth protein, encoded by the dep gene, catalyses the
formation of polyglutamates that inhibit phagocytosis;

o toxin—two binary toxins (o)edema factor (EF) and lethal factor (LF)
bind a third toxin component protective antigen (PA), before entering
the target cell. The three toxin components are also encoded on
plasmid pX-01. LF is a zinc-dependent metallopeptidase that inhibits
dendritic cell function. EF converts AMP to cyclic AMP (cAMP), resulting
in dysregulation of water and ions.

Clinical features

There are four forms of human disease:

o cutaneous anthrax—>95% of cases, usually acquired by direct contact
with infected animals/animal products. The incubation period is
1-12 days. The initial pruritic papule gradually becomes a vesicular or
bullous lesion, surrounded by extensive non-pitting oedema. The central
part becomes necrotic and haemorrhagic, and may develop satellite
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vesicles. Finally, there is a classic black eschar which falls off in 1-2

weeks, unless systemic disease ensues;

Gl anthrax—accounts for <5% of cases. Oropharyngeal anthrax

presents with fever and neck swelling due to cervical adenopathy and

soft tissue oedema after ingestion of contaminated meat. Intestinal
anthrax is commoner, and presents with fever, syncope, and malaise,
followed by abdominal pain, nausea, and vomiting. Examination shows
abdominal distension and a mass in the right iliac fossa or periumbilical
area. The third phase is characterized by paroxysmal abdominal pain,
ascites, facial flushing, red conjunctivae, and shock;

e inhalational anthrax—very rare. Occurs after inhalation of spores. The
incubation period is <1 week. It presents as a flu-like illness with non-
productive cough, haemorrhagic mediastinal lymphadenopathy, and
multilobar pneumonia % pleural effusions, and bacteraemia. Chest X-
ray (CXR) typically shows a widened mediastinum. High mortality rate
(45-85%);

o CNS disease—very rare. Presents with haemorrhagic
meningoencephalitis; 95% mortality.

Diagnosis

o B. anthracis is an ACDP category 3 organism.

Specimens—aB. anthracis may be isolated from wound swabs (if
cutaneous disease); tissue, nasal swabs, and BCs.
Microscopy—Gram-positive rods in ‘box car’- or cigar-shaped chains.
The spore is oval-shaped, and central or subterminal. McFadyean’s stain
shows capsulated, dark, square-ended bacilli in short chains.
Culture—B. anthracis grows readily on ordinary media (optimal
incubation temperature 35°C) after 2-5 days’ incubation. Colonies are
white or grey-white, with a characteristic ‘medusa head” appearance. In
contrast to most other Bacillus spp., B. anthracis is non-haemolytic and
non-motile. It is penicillin-sensitive, unlike other Bacillus spp.
Identification—B. anthracis can be identified by PCR or phage lysis.

If B. anthracis is suspected, no further identification should be
performed—the case should be discussed with the reference laboratory
urgently.

Treatment

o Cutaneous anthrax without systemic disease—ciprofloxacin or
doxycycline. Duration is 60 days for bioterrorism-related cases and 7—
10 days for naturally acquired cases.

Systemic anthrax with meningitis—ciprofloxacin and meropenem with
either linezolid or clindamycin.

Systemic anthrax without meningitis—ciprofloxacin with either linezolid
or clindamycin.

Monoclonal antibody preparations have been approved by the FDA for
use in anthrax treatment.

For full details, see Centers for Disease Control and Prevention Expert Panel
Meetings on Prevention and Treatment of Anthrax in Adults (Hendricks and
Wright, 2014).
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Prevention

Anthrax is a notifiable condition.

o Pre-exposure prophylaxis—human and animal vaccines are available
to prevent anthrax. Vaccination is recommended for workers at risk
of cutaneous anthrax such as those who work with leather, textiles, or
animals. For details, see the UK DH Green Book.

e PEP—vaccination is recommended post-exposure to inhalational
anthrax. In addition, antibiotic prophylaxis (PO ciprofloxacin or
doxycycline) is indicated for PEP of inhalational anthrax.

Corynebacterium diphtheriae

The name for C. diphtheriae is derived from the Greek ‘korynee’ mean-
ing club and ‘diphtheria’ meaning leather hide (for the leathery pharyngeal
membrane it provokes). The organism spreads via nasopharyngeal secre-
tions and can survive for months in dust and contaminated dry fomites.
Incidence is highest in young children (>3—6 months old) when protective
maternal antibodies wane. Diphtheria is rare in the UK (around ten cases
reported in England and Wales each year) but remains a problem in devel-
oping countries and the former Russian states. In 2008, an unimmunized
boy in London died from Corynebacterium diphtheriae var. mitis.

Pathogenesis

C. diphtheriae produces a potent exotoxin, the result of the infection with
a lysogenic bacteriophage. It consists of two fragments: fragment A (which
inhibits polypeptide chain elongation at the ribosome) and fragment B
(which helps transport fragment A into the cell). Inhibition of protein syn-
thesis probably accounts for the toxin’s necrotic and neurotoxic effects,
which are mainly on the heart, nerves, and kidneys. Cell death accounts for
the characteristic pharyngeal membrane. It is important to note that other
toxigenic Corynebacterium strains may cause diphtheria (e.g. Corynebacterium
ulcerans). Milder infections without toxin production do occur and resem-
ble streptococcal pharyngitis, and the pseudomembrane may not develop.
Asymptomatic carriers are important for transmission. Immunity—whether
vaccine or natural—does not prevent carriage.

Clinical features

o Respiratory tract—asymptomatic upper respiratory tract carriage

is common in endemic countries and is an important reservoir of
infection. Anterior nasal infection presents with a serosanguinous or
seropurulent nasal discharge, often associated with a whitish membrane.
Clinical features include fever, malaise, sore throat, pharyngeal injection,
and development of a pseudomembrane, which is initially white, then
grey with patches of green or black necrosis. Cervical lymphadenopathy
may result in a characteristic ‘bull neck’ and inspiratory stridor.

Cardiac disease—myocarditis occurs after 1-2 weeks, usually as the
oropharyngeal disease is improving. Patients should have cardiac
monitoring for ST segment changes, heart block, or arrhythmias. Clinical
features include dyspnoea, cardiac failure, and circulatory collapse.
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o Neurological disease—local paralysis of the soft palate and posterior
pharynx leads to nasal regurgitation of fluids. Cranial nerve palsies and
ciliary muscle paralysis may follow. Peripheral neuritis occurs 10-90 days
after onset of pharyngeal disease and presents with motor deficits.

Skin infections—in the countries where public hygiene is poor, cutaneous
diphtheria is the predominant presentation, causing chronic non-
healing ulcers with grey membranes. Outbreaks have been described in
homeless alcoholics in the USA.

Invasive disease—endocarditis, mycotic aneurysms, septic arthritis, and
osteomyelitis may be caused by non-toxigenic strains.

Diagnosis

o Culture—nasopharyngeal, throat, or skin swabs should be immediately
transported to the laboratory and cultured on suitable culture media
(e.g. Loeffler’s, Hoyle’s tellurite, Tinsdale media). The colonies are black
on tellurite media. C. diphtheriae shows a halo effect on Tinsdale agar.
Microscopy—Gram staining of C. diphtheriae shows characteristic
palisades, resembling Chinese letters. The beaded appearance obtained
by Neisser or Albert stains, whereby the volutin/metachromatic
granules are dark purple, compared to brown/green counterstain, is
characteristic.

Identification—C. diphtheriae is a non-motile, non-sporing, and non-
capsulate Gram-positive rod. It is catalase-positive, urease-negative,
nitrate-positive, pyrazinamidase-negative, and cystinase-negative. It can
be reliably identified with API® Coryne. Isolates should be submitted

to the reference laboratory at PHE Colindale for toxigenicity testing.
Several methods are available—PCR has replaced the Elek plate or
rapid EIA.

Biotyping—colonial appearance on tellurite and also biochemical tests
(e.g. Hiss serum sugars) subdivide C. diphtheriae into the biotypes var.
gravis, intermedius, and mitis. These biotypes correspond with clinical
severity. Gravis and intermedius (and some mitis) biotypes are usually
toxigenic. The fourth biotype var. belfanti is rare and cannot produce the
lethal exotoxin.

Treatment

o Antibiotics—if high clinical suspicion, treat immediately with [V
penicillin for 14 days. Alternatives—erythromycin, azithromycin, or
clarithromycin. Confirm elimination by nasopharyngeal swab; if cultures
are positive, give a further 10 days of antibiotics.

o Anti-toxin may be given at different doses, depending on site severity

and patient age (&) see Guidelines below). First, test the patient with

a trial dose to exclude hypersensitivity to horse serum. This can be

obtained from the PHE Colindale laboratory.

Infection control—isolate and barrier-nurse the case. Identify close contacts;

take nose and throat swabs, and arrange clinical surveillance for 7 days.

Provide prophylactic antibiotics (single dose of benzylpenicillin or 7 days of

erythromycin) and booster vaccination for close contacts.

o Diphtheria is a notifiable disease—contact your local health protection
unit (HPU).
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Prevention

Diphtheria toxoid is part of the triple vaccine DTP (diphtheria, tetanus,
polio), given at 2, 3, and 4 months as part of the UK immunization schedule.
As a result of vaccination, toxigenic strains lose their selective advantage
and become less prevalent, with reduced transmission to unvaccinated indi-
viduals. There is no reduction in non-toxigenic carriage. Note that diphthe-
ria can occur in immunized individuals, but disease is less severe.

Guidelines

Bonnet JM, Begg NT (1999). Control of diphtheria: guidance for consultants in communicable disease
control. World Health Organization. Commun Dis Public Health 2:242-9.

Public Health England (2015). Public health control and management of diphtheria (in England and
Wales): 2015 guidelines. Available at: R https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/416108/Diphtheria_Guidelines_Final.pdf.

Non-diphtheria corynebacteria

Corynebacteria are also known as coryneforms or diphtheroids. They are
environmental organisms found in water and soil, and commensals of the
skin and mucous membranes of humans and other animals. In the hospital
environment, they may be cultured from surfaces and equipment. Thus,
corynebacteria are frequently considered contaminants but may cause
severe disease in hospitalized or immunocompromised patients.

Classification
Corynebacteria are classified, according to cell wall composition and bio-
chemical reactions, into the following groups:
o non-lipophilic fermentative, e.g. C. ulcerans, C. pseudotuberculosis,
C. xerosis, C. striatum, C. minutissimum, C. amycolatum,
C. glucuronolyticum;
e non-lipophilic, non-fermentative, e.g. C. pseudodiptheriticum;
o lipophilic, e.g. C. jeikeium, C. urealyticum.

Clinical features

Infections may be classified into two groups:

e community-acquired, e.g. pharyngitis, native valve endocarditis, GU tract
infections, periodontal infections;

o nosocomial, e.g. IVC-associated bacteraemia, endocarditis, prosthetic
device-related infections, SSIs.

Diagnosis

o Microscopy—club-shaped, Gram-positive rods. Cells demonstrate
variable size and appearance, from coccoid to bacillary forms, depending
on the stage of their life cycle. Corynebacteria typically aggregate to
form ‘Chinese letter’ arrangements when viewed on Gram stain.

o Culture—grow readily on blood agar and BC media. Thioglycolate
broth may be used for wound cultures. Special media used for species
identification include tryptic soy agar, with or without 1% TWEEN® 80,
to assess lipid-enhanced growth.
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Identification—catalase-positive, nitrate-positive, and urease-positive. They
can be identified to species level by the API® Coryne system or MALDI-TOF.
The CAMP test (named after Christie, Atkins, and Munch—Petersen)
was used historically. A streak of 3-lysin-producing S. aureus is plated
onto blood agar, with the test strain streaked perpendicular. A positive
reaction is seen if CAMP factor (a haemolysin secreted by some
corynebacteria) enhances the haemolysis produced by S. aureus.
Susceptibility testing is problematic, but isolates are usually sensitive to
vancomycin, teicoplanin, and daptomycin.

Infections caused by various corynebacteria

o C. ulcerans is primarily a cause of bovine mastitis. However, it has

the potential to produce diphtheria toxin and cause an exudative

pharyngitis, indistinguishable from C. diphtheriae. Several reported

outbreaks of diphtheria have been found to be due to C. ulcerans.

C. pseudotuberculosis is an animal pathogen that causes caseous

lymphadenitis in sheep. Human disease is rare, but granulomatous

lymphadenitis has been seen in farm workers and vets.

o C. xerosis is a commensal of the human nasopharynx, conjunctiva, and

skin. It may cause invasive disease in the immunocompromised.

C. striatum is a commensal of the skin and mucous membranes. It can

rarely cause severe invasive disease in hospitalized patients.

o C. minutissimum is a skin commensal which was previously thought to
cause erythrasma. Bacteraemia and endocarditis may occur in patients
with indwelling catheters or immunocompromise.

o C. amycolatum is another skin commensal. There are case reports of

invasive disease.

C. glucuronolyticum—normal flora of the GU tract. May cause UTI and

prostatitis.

C. pseudodiphtheriticum—normal flora of the upper respiratory

tract. Primarily associated with respiratory tract infections in the

immunocompromised.

C. jeikeium colonizes the skin of hospitalized patients. It may cause severe

nosocomial infections, e.g. bacteraemia, endocarditis, meningitis, CSF shunt

infections, PJls. Risk factors include immunocompromise (malignancy,
neutropenia, AIDS), indwelling devices, prolonged hospital stay, broad-
spectrum antibiotics, and impaired skin integrity. C. jeikeium is resistant to
many antibiotics, and vancomycin is the treatment of choice.

C. urealyticum colonizes the skin of hospitalized patients. It causes

chronic and recurrent UTls in the elderly or immunosuppressed.

Listeria

L. monocytogenes is the main pathogen in this genus and affects pregnant
women, neonates, the immunocompromised (especially if impaired cell-
mediated immunity (CMI)), and the elderly. L. ivanovii occasionally causes
human infection. Generally, L. innocua, L. welshimeri, and L. seeligeri are
non-pathogenic to humans. Up to 5% of healthy adults carry Listeria spp. in
the gut. Listeria infections are rare in the general population but can cause
life-threatening bacteraemia and meningoencephalitis in susceptible groups.
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Epidemiology

Disease is mainly sporadic but may be part of an epidemic associated with
contaminated foodstuffs such as paté, unpasteurized milk, chicken, or soft
cheese. Hospital outbreaks have been reported. Vets or farmers may
become infected through direct animal contact. Human—human transmis-
sion occurs vertically (i.e. mother—baby). Cross-infection in neonatal units
has been reported. Note there was a dramatic rise in non-pregnancy-
associated listeriosis between 2001 and 2010 in the UK, especially in those
>60 years, reasons for which are unclear.

Pathogenesis

Animal studies have identified listeriolysin O—this is important for bacte-
rial survival after phagocytosis, and its production is related to extracellular
iron. In rodents, T lymphocytes are important in protective immunity, rather
than antibodies. T cells attract monocytes to the infection, activate them,
and destroy the Listeria, resulting in granuloma. The organisms themselves
show tropism for the brain itself, particularly the brainstem and meninges.
In humans, Gl disease (e.g. low gastric pH or disrupted normal flora) may
help establish Listeria infection in the bowel.

Clinical features

o Pregnancy—maternal listeriosis is rare before 20 weeks’ gestation. After
this, infection may be asymptomatic or present with mild symptoms
(fever, back pain, sore throat, headache). Fever may result in reduced
fetal movements, premature labour, stillbirth, abortion, or early-onset
neonatal disease.
Neonate—(i) early neonatal disease occurs <5 days post-delivery,
usually presents with septicaemia, and has a mortality of 30-60%;
20-40% of survivors develop long-term sequelae such as lung disease
or CNS defects; (i) late neonatal disease occurs >5 days post-delivery,
usually presents as meningitis, and may be hospital-acquired; mortality in
late disease is lower (~10%).
o Adults—the main syndromes are meningitis, septicaemia, and
endocarditis. Rare manifestations include other CNS disease
(e.g. encephalitis, cerebritis, CNS abscesses), arthritis, hepatitis,
endophthalmitis, continuous ambulatory peritoneal dialysis (CAPD)
peritonitis, gastroenteritis, and pneumonia. Risk factors include age,
immunosuppression due to steroids, cytotoxic therapy, and HIV.
Mortality is high—CNS 20-50%, bacteraemia 5-20%, endocarditis
50%. Up to 75% of survivors of CNS infection have sequelae such as
hemiplegia or CNS defects.

Diagnosis

o Microscopy—Listeria are short intracellular Gram-positive rods.
However, in clinical specimens, they may appear Gram-variable and look
like diphtheroids, cocci, or diplococci.

o Note that, in Listeria meningitis, a high lymphocyte count in the CSF is
not always seen. Gram stain is often negative for organisms, but Listeria
may be cultured from the CSF * blood.
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o Culture—Listeria grow on blood agar, but selective media are available
such as those containing aesculin. Colonies are usually 3-haemolytic on
blood agar and can be mistaken for streptococci or enterococci.
Identification—Listeria are non-sporulating, catalase-positive, aesculin-
positive, and oxidase-positive. They show tumbling motility at 25°C and
grow optimally at 30-37°C, but better than most bacteria at 4-10°C
(refrigeration temperature). L. monocytogenes, L. ivanovii, and L. seeligeri
show enhanced haemolysis in the presence of S. aureus (positive CAMP
test). Species can also be differentiated by fermentation of D-xylose,
L-rhamnose, and a-methyl-D-mannoside, or by API® Listeria/Coryne
and MALDI-TOF.
o Typing techniques in current use include phage typing, serotying,

PFGE, and multilocus enzyme electrophoresis (MLEE). Serotyping of

L. monocytogenes with rabbit antisera results in 13 serovars—serovar 4 is

the commonest in human infections.

Treatment

IV ampicillin £ gentamicin is the usual regimen for meningitis, with co-
trimoxazole or meropenem as an alternative in penicillin-allergic patients.
There are no RCTs to establish the most effective drug or duration of ther-
apy. In meningitis, antibiotics are usually given for at least 14 days (21 days
in the immunocompromised). Most other clinical syndromes should be
treated with ampicillin, with consideration given to adding gentamicin for
synergy. Vancomycin may be given for bacteraemia but has been associated
with relapse of disease. NB. Cephalosporins should never be used to treat
listeriosis due to inherent resistance.

Prevention

Invasive listeriosis is a notifiable condition. Health education and dietary
advice to pregnant women, the immunocompromised, and others who
are at risk of disease. Co-trimoxazole prophylaxis may prevent Listeria
infections.

Erysipelothrix rhusiopathiae

E. rhusiopathiae is a thin, pleomorphic, non-sporing, Gram-positive rod. It
was first isolated in mice by Robert Koch in 1878 and from swine by Louis
Pasteur in 1882. It was identified as a human pathogen in 1909.

Epidemiology

E. rhusiopathiae is found in a variety of animals and invertebrates—the
reservoir is thought to be swine—and transmission to humans is by direct
contact. Most human cases are associated with occupational exposure, e.g.
fishermen, fish handlers, farmers, vets, butchers, abattoir workers.

Clinical features

There are three clinical presentations:
o erysipeloid—a localized skin lesion. The organism enters the skin by
trauma, and, after an incubation period of 2—7 days, pain and swelling
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of the affected digit occur. The lesion is well defined, slightly raised,
and violaceous. It spreads peripherally with central fading. Regional
lymphadenopathy and lymphangitis may occur;

diffuse cutaneous eruption—this is rare and caused by progression of
the primary lesion. Fever, arthralgia, and lymphadenopathy may occur.
Recurrence is common;

bacteraemia—this is also rare but frequently associated with
endocarditis.

Diagnosis

Microscopy—E. rhusiopathiae is a straight to slightly curved Gram-
positive rod (1-2.5 micrometres); it decolorizes readily and may appear
Gram-negative. Rods may be arranged singly, or in V-shaped pairs, short
chains, or non-branching filaments.

Culture—colonial and microscopic appearances vary with the medium,
pH, and incubation temperature. Incubation in 5-10% CO, improves
culture.

Identification—E. rhusiopathiae is catalase-negative, oxidase-negative,
indole-negative, and Voges—Proskauer- and methyl red-negative.

Drug susceptibility—E. rhusiopathiae is usually susceptible to penicillins,
cephalosporins, clindamycin, carbapenems, and ciprofloxacin. It is
resistant to vancomycin, teicoplanin, sulfonamides, co-trimoxazole, and
aminoglycosides.

Treatment

Penicillin is the treatment of choice.
Alternatives include ampicillin, cephalosporins, and ciprofloxacin.
Erysipelothrix is intrinsically resistant to vancomycin.

Rhodococcus equi

R. equi (previously known as Corynebacterium equi) was identified in 1923 as an
animal pathogen causing pneumonia in horses. Since then, it has been found in a
wide variety of animals. The first human case was reported in 1967—but, since
the 1980s, the increase in immunosuppressed patients (HIV, transplantation,
etc.) has been mirrored by an increase in R. equi infections.

Clinical features

Necrotizing pneumonia is the commonest clinical presentation (80%)
and is characterized by cavitation on the CXR. BCs are positive in 50%
of HIV patients and 25% of solid organ transplant recipients.
Extrapulmonary infection may affect the brain or present as s/c or
organ abscesses. Bacteraemia may also occur, usually associated with IV
catheters.

Diagnosis

R. equi is a Gram-positive obligate aerobe that is non-sporing and
non-motile.

Microscopy—it may appear coccoid or bacillary on Gram stain,
depending on growth conditions. It can be acid-fast.
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o Culture—R. equi grows optimally at 30°C and produces salmon-pink
colonies. Selective media include colistin nalidixic acid agar (CNA),
phenyl ethanol agar (PEA), or ceftazidime novobiocin agar.

o |dentification—R. equi is catalase-, lipase-, urease-, and phosphatase-
positive. It differs from other coryneforms by its lack of ability to
ferment carbohydrates or liquefy gelatin. It can be identified using API®
Coryne, ribotyping, or RFLP.

Treatment

Optimal treatment has not been determined by clinical trials. R. equi is sus-
ceptible to vancomycin, erythromycin, fluoroquinolones, rifampicin, carbap-
enems, and aminoglycosides. Combinations of two or three antimicrobials
are usually used, until antimicrobial susceptibility results are available.

Arcanobacterium haemolyticum

Arcanobacterium haemolyticum is a B-haemolytic, catalase-negative, Gram-
positive rod which pits the agar when a colony is removed. Identification
can be confirmed by API® Coryne. It causes acute pharyngitis (difficult to
distinguish from GAS pharyngitis), and has also been associated with infec-
tive endocarditis and skin sepsis. It is sensitive to most antibiotics, except
co-trimoxazole. Treatment is usually with penicillin or erythromycin.

Clostridium botulinum

C. botulinum is widespread in the soil and environment. It produces one of
the most potent toxins known, which causes botulism.

Pathogenesis

Toxins A to G have identical pharmacological effects, despite possessing
different antigens. All can cause human disease, but A, B, and E are com-
monest. Note that type-specific antibody must be given to a patient with
suspected botulism (5 see Clinical features below).

Clinical features

o Food-borne botulism—the preformed toxin is ingested from food (hams,
sausages, tinned fish, meat, and vegetables, particularly home-preserved,
and honey). The food itself may not appear spoiled. Botulinum
toxin is absorbed from the human Gl tract and blocks the release of
acetylcholine mainly in the peripheral nervous system. Initial symptoms
include nausea and vomiting, diplopia, and bilateral ptosis (due to
oculomotor muscle involvement), followed by progressive descending
motor loss with flaccid paralysis. Speech and swallowing become
difficult, but the patient maintains consciousness and has normal
sensation. Botulism is fatal in 5-10% of cases. Death is usually due to
cardiac or respiratory failure.
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Wound botulism—causes a similar clinical picture but is due to toxin
release secondary to growth of the organism. Outbreaks and ongoing
sporadic cases occur in IDUs.

Intestinal botulism—is also due to organism proliferation in the gut and
toxin production in vivo.

Infant botulism—presents as the ‘floppy child syndrome’, usually in
babies <6 months, as the gut is not yet resistant to colonization.

Diagnosis

If there is a suspected clinical case, involve experts, and always alert labora-
tory staff, as the toxin is dangerous. Blood (taken prior to the administra-
tion of anti-toxin), stool, vomit, and food samples should be tested for the
organism and toxin. C. botulinum is a motile, strictly anaerobic rod, with
optimal growth at 35°C, but some strains are able to grow at as low as
1-5°C. The oval subterminal spores are very hardy—some spores persist,
despite boiling at 100°C for several hours. Moist heat at 120°C for 5min
usually destroys spores.

Treatment

Involve the ICU, as the patient is likely to need organ support. A polyva-
lent anti-toxin is available to neutralize unfixed toxin. In food-borne dis-
ease, any unabsorbed toxin should be removed from the stomach and Gl
tract. In wound botulism, give benzylpenicillin and metronidazole, and sur-
gical debridement (reduces organism load and ongoing toxin production).
Antibiotics are not recommended for food-borne or intestinal botulism.

Prevention

o Botulinum anti-toxin is effective at reducing the severity of symptoms, if
given early in the course of disease. Surgical debridement and antibiotic
therapy.

o Avoid home canning. Do not give honey to infants.

Table 7.3 Diseases caused by Clostridium spp.

Organism Clinical syndrome Toxin production

C. botulinum® Botulism Neurotoxin

C. tetani® ;Fetanus .Neurotoxin

C. difficile Antibiotic—associated diarrhoea/ ;Foxin Aand B
pseudomembranous colitis

C. perfringens® fype A causes gas gangrene .Histiotoxic

C. novyi® ;pre A causes gas gangrene .Histiotoxic

C. sporogenes .Debate regarding pathogenicity .

C. septicum .Gas gangrene .Histiotoxic

C. histolyticum .Gas gangrene .Histiotoxic

C. sordellii .Gas gangrene .Histiotoxic

2 Clusters in IDUs in Europe.
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Clostridum tetani

C. tetani causes ~10 cases of tetanus/year in the UK. However, this vaccine-
preventable disease still causes considerable morbidity and mortality in the
developing world. Tetanus is a notifiable disease.

Pathogenesis

Resilient spores survive in soil and the Gl tract of horses and other animals.
Transmission usually occurs via introduction of spores into open wounds
(particularly in IDUs), patients with recent abdominal surgery, patients with
ear infections (otogenic tetanus), and neonates after cutting the umbilical
cord (tetanus neonatorum). C. tetani produces the exotoxins tetanospas-
min (powerful neurotoxin which diffuses to the CNS and causes localized or
generalized disease) and tetanolysin (oxygen-labile haemolysin).

Clinical features

Localized tetanus involves muscle rigidity and painful spasms near the
wound site. The symptoms of generalized tetanus are summarized by
ROAST (rigidity, opisthotonus, autonomic dysfunction, spasms, trismus).

Diagnosis

Tetanus is a clinical diagnosis. These microbiological tests support the
diagnosis:

e isolation of C. tetani from the infection site. C. tetani is a motile, obligate
anaerobe which classically produces ‘drumstick’ terminal spores. It is
Gram-variable. C. tetani produces a thin spreading film on enriched
blood agar, due to the motility by peritrichous flagella. If C. tetani is
suspected, involve the Anaerobe Reference Laboratory;

presence of tetanus toxin in serum (performed at Colindale Food Safety
Laboratory);

o low/no antibody levels to tetanus toxin.

Treatment

Involve the ICU early. Give tetanus immunoglobulin, wound debridement,
and antimicrobials, including metronidazole or penicillin. Vaccination with
tetanus toxoid following recovery is important to prevent future episodes
(see Table 7.4).

Tetanus-prone wound risk factors

e Puncture-type wound.

o Contact with soil or manure.

o Clinical evidence of sepsis.

o Significant degree of devitalized tissue.

o Any wound with delay of >6h before surgical treatment.

Prevention

Tetanus immunization, introduced in the UK in 1961, now involves the com-
bined tetanus/low-dose diphtheria vaccine (Td) (previously single-antigen
vaccines (T) were given). Five doses of tetanus toxoid are considered to
give lifelong immunity (usually three as DTP as part of childhood immuniza-
tions, and two doses of Td later). See the DH Green Book.
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Table 7.4 Recommendations for vaccination

Immunization status Clean Tetanus-prone wound
wound
Vaccine Vaccine Tetanus
immunoglobulin
Full, i.e. five doses No No Only if high risk
Primary immunization No No Only if high risk

complete, boosters
incomplete but up-to-date

Primary immunization Yes—one Yes—one Yes—one dose in a
incomplete/boosters dose and dose and different site

not up-to-date/never plan to plan to

immunized/status unknown  complete complete

or uncertain schedule schedule

Other clostridia

These anaerobic Gram-positive, spore-forming organisms are responsible

for a variety of conditions, many of which involve exotoxin production (see

Table 7.3). The rods are pleomorphic, but typically large, straight, or slightly

curved, with rounded ends.

o C. perfringens causes gas gangrene. It is occasionally isolated from BCs
and may be associated with food poisoning (enterotoxin production),
endocarditis, or a contaminant. In developing countries, it may cause
enteritis necroticans (‘pig bel’).

o C. histolyticum and C. sordellii may also cause gas gangrene.

e C. novyi gas gangrene is due to C. novyi type A (C. novyi types B, C,
and D are differentiated by toxin permutation and soluble antigen
production, and do not cause human disease). Compared to
C. perfringens, C. novyi bacilli are larger and more pleomorphic. Itis a
stricter anaerobe and has peritrichous flagella, but motility is inhibited
in the presence of oxygen. The oval spores are central or subterminal.
There are at least four toxins which possess haemolytic, necrotizing,
lethal, lipase, and phospholipase activities. There was a large outbreak
amongst IDUs in Scotland in 1999-2000.

o C. sporogenes is probably not pathogenic in its own right. It is usually
encountered in a mixed wound culture containing accepted pathogens,
and may have a role in enhancing local conditions and accelerating an
established anaerobic infection.

o C. septicum usually lives in the soil, human, or animal gut, and can
cause gas gangrene in humans and animals. C. septicum bacteraemia
is seen with breakdown of gut integrity, e.g. in leukaemia. Gram stain
appearance of the organism may be variable, with long, short, and
filamentous Gram-positive rods, together with some older Gram-
negative cells. Spores start off as swollen Gram-positive ‘citron bodies’,
then tend to be oval, bulging, and either central or subterminal.
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C. septicum grows well on ordinary media at 37°C and has numerous
peritrichous flagella, hence is actively motile. Colonies are often initially
transparent and ‘droplet-like’, with projecting radiations, then become
grey and opaque with time. The a exotoxin has lethal, haemolytic, and
necrotizing properties, and can be demonstrated in cultures.

o C. difficile () see Clostridium difficile infection, pp. 198-201) is a HCAI,
subject to mandatory reporting. It can cause CDI and colitis. Clinical
features vary, and diagnosis is usually by toxin tests, rather than culture.
Infection control measures are paramount to control spread.

Actinomyces

Actinomyces spp. are mouth, gut, and vaginal commensals that may cause the
chronic granulomatous infection actinomycosis. The main species of human
importance are A. israelii and A. gerencseriae. Others include A. meyeri (iso-
lated from brain abscesses), A. viscosus (found in dental caries), and also
A. naeslundii and A. odontolyticus.

Pathogenesis

Actinomycosis is endogenously acquired, and those with dental caries and
intrauterine contraceptive devices (IUCDs) are atincreased risk. Itis unclear
why males are affected more than females. Historically, rural farm workers
were affected more than those living in towns, purportedly because of poor
dental hygiene. Chronic abscesses, tissue destruction, fibrosis, and sinus for-
mation are typical findings. The masses of mycelia in relatively young lesions
may be visible as yellow sulphur granules; later on, they form dark brown,
hard granules due to calcium phosphate deposition.

Clinical features

Most human cases of actinomycosis are in the cervicofacial area, especially
around the jaw. Infection may follow dental procedures. Haematogenous
spread to the liver, brain, and other organs is well recognized. In addition to
facial disease, clinical presentations include thoracic actinomycosis (due to
aspiration of oral Actinomyces; characterized by chest wall sinuses and bony
erosion of the ribs and spine), appendix or colonic diverticular actinomyco-
sis, pelvic actinomycosis (linked with [UCDs), cerebral actinomycosis, and
‘punch actinomycosis’ (knuckle infection due to human bite).

Diagnosis

o Histology—tissue biopsies of suspect lesions are stained with
fluorescein-conjugated specific antisera, to demonstrate characteristic
sulphur granules and mycelia. Any sulphur granules available should be
crushed and stained with Gram stain—organisms appear as branching
Gram-positive rods. Nocardia spp. are morphologically indistinguishable.
However, Actinomyces are NOT acid-fast, and Nocardia are weakly
acid-fast.

Culture—Actinomyces often fail to grow aerobically. Growth requires
enriched culture (e.g. brain—heart infusion medium or selective

media) incubated under micro-aerophilic conditions (i.e. 5-10% CO,).
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Colonies may appear after 3—7 days but may take up to 14. A. israelii
and A. gerencseriae colonies have a ‘molar teeth’-shape on agar. Further
identification can be confirmed by MALDI-TOF or at a reference
laboratory by biochemical tests, fluorescent antisera staining, or gas
chromatography of metabolic products of carbohydrate fermentation.
Note that sputum often contains oral Actinomyces.

Treatment

Surgical involvement is vital, and debridement reduces scarring, deformity,
and recurrence rate. Removal of an IUCD is the primary treatment for
pelvic disease. Actinomycosis is usually treated with penicillin or ampicil-
lin, for up to 6 months. Broad-spectrum antibiotics, e.g. co-amoxiclav, or
ceftriaxone and metronidazole may be needed if there are concomitant
pathogens. Despite large doses of antibiotics given for long periods, recur-
rence is common. The issue seems to be one of tissue penetration, rather
than drug resistance.

Nocardia

Nocardia spp. are environmental saprophytes that occasionally cause chronic
granulomatous infections in humans and animals. Thirty-three species of
Nocardia have been shown to cause disease in humans, with members of
the Nocardia asteroides complex (N. asteroides sensu stricto, N. farcinica, and
N. nova) being the commonest worldwide. Other species isolated from
clinical samples include N. abscessus, N. brasiliensis, N. cyriacigeorgica, N. oti-
tidiscaviarum, N. paucivorans, N. pseudobrasiliensis, and N. transvalensis.

Pathogenesis

Pulmonary nocardiosis is acquired through inhalation of the bacilli.
Cutaneous nocardiosis occurs as a result of inoculation injury. Disseminated
or CNS nocardiosis occurs following haematogenous spread. Pulmonary
and disseminated disease is commoner in immunosuppressed patients.

Clinical features

Pulmonary nocardiosis is commoner in the immunosuppressed and those
with pre-existing lung disease, particularly alveolar proteinosis. Presentation
and clinical/radiological findings are variable, making the diagnosis difficult.
Patients tend to develop multiple lung abscesses. Secondary abscesses,
mainly in the brain, occur in approximately one-third of patients with pul-
monary nocardiosis. Other clinical presentations include cutaneous disease
(e.g. post-trauma) with lymphatic involvement (sporotrichoid), which may
progress to a fungating mycetoma.

Diagnosis

e Branching, aerobic Gram-positive rods, weakly acid-fast when
decolorized with 1% sulphuric acid (modified ZN stain). Other
specialist stains that aid the diagnosis of Nocardia include the Gomori
methenamine silver method.
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Colonies of Nocardia may be coloured (orange/cream/pink), and the
surface may be dry or chalky. Nocardia can take up to a month to grow
on standard media (e.g. Lowenstein—Jensen media, brain—heart infusion
agar, and trypticase—soy agar with blood enrichment).

Nocardia organisms can be differentiated from Actinomyces, because
they are strict aerobes (whereas Actinomyces organisms are facultative
anaerobes), and Nocardia grow over a wide range of temperatures
(whereas Actinomyces only grow at 35-37°C). Actinomyces are not
acid-fast.

Treatment

Seek expert advice. Usually a long course (e.g. >3 months in normal hosts,
6 months if immunocompromised) of a sulfonamide * trimethoprim, e.g.
as co-trimoxazole. Alternatives include minocycline, carbapenems, and ami-
kacin. In refractory cases, involve the reference laboratory for sensitivity
testing.

Actinomadura and Streptomyces

Actinomadura and Streptomyces spp. are aerobic filamentous actinomycetes
implicated in mycetoma, also known as Madura foot. This is a chronic granu-
lomatous condition that mainly occurs in Africa, Asia, and Central America.
The important subspecies are Actinomadura madurae, Actinomadura pelle-
tieri, and Streptomyces somaliensis.

Mycetoma can be divided into actinomycetoma (bacterial) or eumyce-
toma (fungal), which has important treatment implications. Other bacterial
causes include species of Madurella, Exophila, and Nocardia.

Diagnosis

Clinically, grains seen within host tissues or in the discharge from sinus tracts
are diagnostic of mycetoma. These grains are colonies of the organism, and
should be crushed in potassium hydroxide (KOH) and Gram-stained to dis-
tinguish between actinomycetoma (Gram-positive filaments) and eumycetoma
(septate fungi). These grains should be rinsed in 70% alcohol before culture, to
try to eliminate any surface contaminants, and appropriate plates set up at 26°C
and 37°C. Macroscopically, grains are often red. Actinomadura spp. show many
similar properties to Actinomyces spp. but strictly Actinomadura are not acid-fast
when decolorized with 1% sulphuric acid.

Clinical features

Mycetomas usually involve the hand or foot, and arise from traumatic inocu-
lation from soil or plants, usually via thorns or splinters. The chronic granu-
loma of the skin, s/c tissue, and bone may progress to sinus formation.

Treatment

Seek expert advice, as the regimen depends on the cause, and courses may
be up to 9 months. Actinomycetoma tend to respond to therapy better
than eumycetoma, which usually requires surgery. A combination of strep-
tomycin with dapsone, rifampicin, co-trimoxazole, or sulfonamides may
be used.
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Gram-negative cocci—overview

The Gram-negative cocci include a variety of pathogenic and non-
pathogenic species (see Table 7.5).

NB. Acinetobacter spp. are GNRs that may appear coccoid or bacillary.
Unlike Neisseria spp., they are oxidase-negative. They are discussed further
on 9 Acinetobacter, pp. 297-9.

Table 7.5 Gram-negative cocci

Organism Microbiology Syndrome
N. meningitidis Aerobic, Gram-negative Meningitis
diplococci, oxidase-positive, Septicaemia

grow at 37°C on blood and
chocolate agar, glucose- and
maltose-positive

N. gonorrhoeae Aerobic, Gram-negative Gonorrhoea
diplococci, oxidase-positive, grow  Septic arthritis
at 37°C on blood and chocolate

| - Ophthalmia

agar, glucose-positive B —

Non-pathogenic Aerobic, Gram-negative Oral commensals—

Neisseria spp. diplococci, oxidase-positive, grow  rarely cause invasive
at 22°C on nutrient agar infections

M. catarrhalis Aerobic, Gram-negative cocci, Respiratory pathogen

oxidase-positive, grow at 37°C on
blood and chocolate agar

Anaerobic Gram- Anaerobic, Gram-negative cocci
negative cocci, e.g.
Veillonella spp.

Neisseria meningitidis

Vieusseaux first described epidemic cerebrospinal fever in 1805. In 1887,
Weichselbaum isolated N. meningitidis from CSF. In the late nineteenth cen-
tury, meningococcal carriage was described. In 1909, different serotypes of
N. meningitidis were recognized.

Epidemiology

Humans are the only known reservoir of N. meningitidis, and ~20% of the
population carry the organism in their throat. However, half of these car-
riage strains are non-capsulate and thus non-pathogenic. During outbreaks,
the carrier rate of an epidemic strain may reach 90%. Risk factors for
meningococcal disease include:

lack of bactericidal antibody;

age—bimodal distribution: 3 months to 3 years and 18-23 years;

travel to endemic areas, e.g. Africa, Mecca;

complement deficiencies;

splenectomy;

host genetic polymorphisms, e.g. MBL, TNFA, Fc/Rlla, and PAI-1.
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Pathogenesis

To cause infection, the organism must cross the nasopharyngeal mucosa
and enter the circulation. The type IV pilus (encoded by pilC) is involved in
mucosal colonization. The polysaccharide capsule is important in avoiding
host immunity (and defines the serogroup of the isolate; see Table 7.6).
Various secretion systems help deliver toxins, and IgA protease enhances
survival within epithelial cells.

Clinical features

o Acute—meningitis and septicaemia, purulent conjunctivitis (occasionally
becomes systemic), monoarthritis, endocarditis, pericarditis, pneumonia.
o Chronic septicaemia with joint and skin involvement is less common.

Diagnosis
o N. meningitidis is Hazard group 2. Suspected and known isolates of
N. meningitidis should always be handled in a safety cabinet.
o CSF examination—in meningitis, the CSF pressure is elevated, and the
CSF appears turbid. CSF polymorphs and protein are normally raised,
and CSF glucose level is low (normal is >60% of serum level). In very
early infection, CSF results may be normal, as the meningeal reaction
has not had time to take place.
Microscopy—Gram-negative intracellular diplococci. Note that, in
meningococcal meningitis, CSF usually has a higher yield than BCs. If
the Gram stain is negative, a methylene blue stain may pick up scanty
meningococci.
Culture—fastidious, transparent, non-pigmented, non-haemolytic
colonies. May be mucoid if capsule production. Oxidase-positive.
Identified by APl NH, MALDI-TOF, and molecular methods.
Serogrouping—capsular polysaccharide antigens are identified by slide
agglutination test using polyclonal antibodies. There are at least 13
serogroups; the commonest ones are summarized in Table 7.6.
Serotyping—identification of (PorB) class 2/3 outer membrane protein
by a dot-blot enzyme-linked immunosorbent assay (ELISA) using
monoclonal antibodies.
Serosubtyping—identification of (PorA) class 1 outer membrane protein
by a dot-blot ELISA using monoclonal antibodies.
o MLST is being evaluated for routine surveillance.
e Meningococcal PCR (send to the meningococcal reference
laboratory)—can be performed on CSF, serum, plasma, EDTA blood,
or joint fluids.

Microbiology

N. meningitidis produces a capsule which forms the basis of the serogroup
typing system. There are now at least 13 serogroups, but the commonest
ones are summarized in Table 7.6.
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Table 7.6 Major serogroups of N. meningitidis

Serogroup Pattern of disease Vaccines

A Epidemic meningitis, associated ~ Yes
with different clones

B Epidemic strains (and Meningitis B vaccine licensed
outbreaks). Main serotype in 2013. For introduction into
in the UK routine schedule in 2015

C Local outbreaks MenC vaccine introduced

into routine schedule in 1999
W-135 Pilgrims returning from the Yes—in high-risk groups
Hajj
X, Y, Z, 29, 7' Rare

Treatment

e See management of acute bacterial meningitis (£) see Acute meningitis,
p. 718) and septicaemia. Reduced susceptibility to penicillin has
resulted in empirical therapy for meningitis being a third-generation
cephalosporin (usually ceftriaxone in the UK).

o After treatment, antibiotics—usually ciprofloxacin—should be given for
nasopharyngeal eradication, unless ceftriaxone was used for treatment.

Infection control issues

This is a notifiable condition. Droplet infection control precautions are rec-
ommended, particularly before the patient has completed 24h of appropriate
antibiotic therapy. Public health will arrange chemoprophylaxis—indicated
for those who had prolonged close contact in a household-type setting dur-
ing the 7 days before illness, or transient close contact if exposed to respira-
tory droplets or secretions around the time of admission. Ciprofloxacin is
recommended for all ages and in pregnancy. The advantages of ciprofloxa-
cin over rifampicin (previous choice) are single dose, no interaction with
the oral contraceptive pill (OCP), and availability in community pharmacies.
The risk of complications is negligible from a single dose. The alternatives
(e.g. if ciprofloxacin-allergic) include ceftriaxone. Vaccination may also be
offered. For complete guidelines, web search ‘PHE meningococcal public
health 2012’

Vaccination

e Group C conjugate vaccine—capsular polysaccharides linked to a carrier
protein. Part of the routine UK schedule since 1999. Reported cases fell
by 90% in all age groups immunized, and by 66% in other age groups as
a result of herd immunity. A booster dose was introduced in 2006, as
a result of studies demonstrating waning protection during the second
year of life. Similarly, an adolescent booster dose was started in 2013
(for further details, see the PHE website and the DH Green Book). Given
at 3 months, 12 months, and 14 years of age. Also available combined
with H. influenzae type B (Hib) vaccine.
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e Quadrivalent ACWY vaccine—conjugate and polysaccharide version
available. Conjugate is preferred. Recommended for those travelling to
areas of risk, including Hajj pilgrimage, parts of Africa, and Asia. See
www.nathnac.org.

o Group B protein vaccine—three N. meningitidis proteins produced by
recombinant technology and a preparation of group B-derived outer
membrane vesicles. Shown to be immunogenic and may protect against
88% of MenB strains in the UK. Effectiveness in preventing disease
yet to be proven. Licensed. Initially restricted to risk groups (asplenic
children, laboratory workers, etc.) due to issues of cost; it entered the
routine UK vaccination schedule in 2015. Doses at 2, 4, and 12 months.

Neisseria gonorrhoeae

N. gonorrhoeae only infects humans and causes the sexually transmitted
infection (STI) gonorrhoea (@) see Gonorrhoea, pp. 709-11). This is the
second commonest bacterial STl in the UK. Increasing rates of antimicrobial
resistance, together with its persistence and association with poor repro-
ductive health outcomes, have made it a major public health concern.

Pathogenicity

Gonococci are divided into four Kellogg types, by colonial appearance, abil-
ity to auto-agglutinate, and virulence. Kellogg types T1 and T2 are more vir-
ulent and possess many fimbriae, while types T3 and T4 are non-fimbriate
and avirulent. In gonococci, the fimbriae are associated with attachment to
mucosal surfaces and resistance to killing by phagocytes. Epidemiological
typing of gonococci uses both auxotyping (nutritional requirements of argi-
nine, proline, hypoxanthine, uracil, etc.) and monoclonal antibodies against
specific proteins.

Clinical features

Gonorrhoea commonly presents as a purulent disease of the urethral
mucous membrane and the cervix in females. Secondary local complica-
tions (e.g. epididymitis, salpingitis, PID; @) see Pelvic inflammatory disease,
pp. 705-6) and metastatic complications (e.g. arthritis) may occur if the
primary infection is inadequately treated. Other manifestations of disease
include disseminated gonococcal infection (skin lesions, painful joints, and
fever), ophthalmia neonatorum (purulent conjunctivitis of the newborn—
a notifiable condition), perihepatic inflammation (Fitz-Hugh—Curtis), and
rarely endocarditis or meningitis. Rectal or pharyngeal infection is often
asymptomatic and identified through contact tracing. If cultured, gonococ-
cus should always be treated, as it is never a commensal.

Diagnosis

o Microscopy—Gram-negative, intracellular diplococci. This can be done
within the GU medicine (GUM) clinic, ensuring prompt treatment of
patients.
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o Culture—culture remains essential where infection persists after

treatment and treatment failure is suspected. Culture is specific,
sensitive, and cheap. Urethral swabs from males and endocervical swabs
from females should be Gram-stained, and then immediately inoculated
onto selective media and placed in enriched CO, conditions. Typical
Gram stain appearance of N. gonorrhoeae (Gram-negative diplococci

in association with neutrophils) from urethral/endocervical swabs,
together with a consistent clinical presentation, is regarded as adequate
for treatment in many cases. However, culture is critical for legal cases
and for antimicrobial sensitivity testing. After 24—48h, oxidase-positive
colonies appear, and identification can be confirmed by testing for acid
production from sugars (API® NH). Identification must be confirmed by
two different methods. Selective agars (e.g. NYC or VCAT—containing
vancomycin, colistimethate sodium, amphotericin, and trimethoprim)
are used. Many laboratories still test for (3-lactamase production by

the chromogenic cephalosporin (nitrocefin), acidometric, and paper
strip methods, although patients are likely to be treated with a third-
generation cephalosporin, according to current guidelines.

NAATSs are generally more sensitive (96% in both symptomatic and
asymptomatic infections), compared to culture. Males should send first-
pass urine, and females a vaginal or endocervical swab. Other specimen
types can be tested—NAATSs are recommended for asymptomatic
individuals (urethral/endocervical) and MSM (rectal/pharyngeal).
Positive NAATs from extragenital sites and low-prevalence populations
must be confirmed.

If gonococcus is isolated from a prepubertal girl with vulvovaginitis, it
may indicate sexual abuse. A paediatrician should deal with the case
sensitively, and senior laboratory staff should be involved. ‘Chain of
evidence’ documentation is required, since evidence may be needed

in court.

Testing for co-infection with Chlamydia is recommended, as Chlamydia
trachomatis commonly accompanies genital gonorrhoea (35% of
heterosexual men and 41% of women with gonorrhoea; GRASP 2008).
For further details, see United Kingdom national guideline for gonorrhoea
testing 2012 (available at: & www.bashh.org/documents/4490.pdf).

Treatment

The UK national guideline for the management of gonorrhoea in adults, 2011
(available at: R www.bashh.org/documents/3920.pdf) recommends
IM ceftriaxone with PO azithromycin as first-line treatment (azithromycin
aims to delay the onset of cephalosporin resistance). Cephalosporins have
replaced fluoroquinolones, due to increasing resistance rates. Alternative
choices are limited with increasing resistance to penicillin (22% in 2009),
tetracyclines (68% in 2009), and azithromycin, and reduced susceptibility
to cefixime. Infection with a resistant organism results in an adverse clinical
outcome for the patient and results in transmission to other contacts. The
2011 guidelines recommend a test of cure for all cases. A screen for further
STls and contact tracing are indicated in all cases.
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Non-pathogenic Neisseria

The non-pathogenic Neisseria spp. are upper respiratory tract commensals
and include: N. lactamica, N. polysaccharea, N. subflava, N. sicca, N. mucosa,
N. flavescens, N. elongata, N. cinerea, and N. weaveri.

Microbiology

N. lactamica and N. polysaccharea are the species most commonly isolated
from nasopharyngeal swabs during meningococcal surveys. Colonies appear
similar to N. meningitidis, and they also grow on selective media, unlike the
nasopharyngeal commensals. N. lactamica is easy to distinguish, as it pro-
duces acid from glucose, maltose, and lactose, and gives a positive ONPG
test result for B-galactosidase. It is thought that non-pathogenic species
have contributed to the acquisition of resistance mechanisms by pathogenic
organisms. Neisseria spp. are naturally competent for DNA uptake; thus,
N. meningitidis and N. gonorrhoeae have acquired penicillin resistance by
picking up the genes from other ‘neisserial’ flora.

Clinical features

Can occasionally cause invasive diseases such as meningitis, endocarditis,
bacteraemia, ocular infections, pericarditis, osteomyelitis, empyema—in
such cases, full susceptibility testing should be performed, as penicillin resist-
ance is increasing.

Moraxella

For decades, M. catarrhalis was regarded as an upper respiratory tract com-
mensal. However, since the 1970s, it has been recognized as an important
and common respiratory tract pathogen.

Microbiology

M. catarrhalis grows well on many media, including blood and chocolate
agar. It shows the ‘*hockey-stick’ sign, in that it slides across the agar sur-
face when pushed and can be difficult to pick up onto a loop. M. catarrhalis
is oxidase-positive, catalase-positive, and DNase-positive, and produces
butyrate esterase.

Clinical features

M. catarrhalis causes otitis media, LRTIs in COPD patients, pneumonia
(particularly in the elderly), nosocomial respiratory tract infections, sinusi-
tis, and occasionally bacteraemia. Outer membrane proteins (OMPs), lipo-
oligosaccharide (LOS), and pili are probably important in pathogenesis.

Treatment

Almost all strains of M. catarrhalis produce an inducible B-lactamase.
Regardless of the results of ampicillin susceptibility testing, ampicillin should
not be used. Suitable agents include co-amoxiclav, cephalosporins, fluoro-
quinolones, or tetracyclines.
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Anaerobic Gram-negative cocci

o Veillonella spp. organisms are part of the normal flora of the Gl tract
of humans and animals. Veillonella may be isolated from a variety of
clinical conditions, though their role in causing infection is unclear. The
commonest species is Veillonella parvula, which fluoresces red under
ultraviolet (UV) light. Veillonella are able to use some of the lactic acid
produced by streptococci, lactobacilli, and other bacteria that may
induce dental caries. They are associated with supragingival dental
plaque and also found as part of the tongue microflora. They are
generally regarded as minor components of mixed anaerobic infections.

e Acidominococcus spp. and Megosphora spp. are other anaerobic
Gram-negative cocci found in the human gut. They are considered
non-pathogenic.

Escherichia coli

E. coli is the type species of the genus Escherichia in the family Entero-
bacteriaceae. It contains a variety of strains, ranging from commensal organ-
isms to highly pathogenic variants. Infections tend to infect the gut and
urinary tract, but almost any extraintestinal site may be involved. E. coli may
be a marker of faecal contamination, e.g. in food and water testing, as it
does not otherwise exist outside the animal body.

Pathogenesis

e O and K polysaccharide antigens protect E. coli from complement and
phagocytic killing, unless antibodies are present. Phagocytosis is usually
successful if there are antibodies to K antigens present alone, or to both
O and K antigens.

o Haemolysin is more commonly produced by strains causing

extraintestinal infections, and is thought to increase virulence.

The ColV plasmid, harboured by some E. coli, encodes an aerobactin-

mediated iron uptake system. This is commoner in strains isolated from

cases of septicaemia, pyelonephritis, and lower UTlIs than in commensal

faecal strains.

Fimbriae—type 1 fimbriae adhere to cells containing mannose

residues, possibly contributing to pathogenicity, but their role in UTls

is debated. Other filamentous proteins may cause mannose-resistant

haemagglutination, e.g. colonization factor antigens (CFAs) in human

enterotoxigenic E. coli (ETEC), K88 in pigs. P fimbriae bind specifically

to receptors on P blood group antigens of human erythrocytes and

uroepithelial cells.

o Other—enteric strains demonstrate specific interactions with the Gl
mucosa, release toxins, and may harbour plasmid-encoded virulence
factors.

Epidemiology
Serotying of E. coli is based on O (somatic), H (flagellar), and K (surface/
capsular) antigens, as detected in agglutination reactions.
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e There are >160 O antigens, and cross-reactions occur between E. coli
O antigens and O antigens of other species, e.g. Citrobacter, Salmonella.

o H antigens are usually monophasic and are determined from cultures on
semi-solid agar.

o Kantigens traditionally prevented O agglutination (thus, agglutination
tests are done on boiled samples). K antigens are acidic polysaccharide
capsular antigens, and are divided into groups | and Il

Clinical features

Urinary tract infections

E. coli is the commonest cause of community-acquired uncomplicated UTls
(® see Urinary tract infections: introduction, pp. 678-9), and also causes
nosocomial UTls. Clinical manifestations range from urethritis and cystitis
to pyelonephritis and sepsis. Many uropathogenic strains originate in the
patient’s own gut and cause infection by the ascending route. Specific P
fimbriae or ‘pili associated with pyelonephritis’ (known as the PAP pilus),
which attach to uroepithelial cells, are important in pathogenesis. These
uropathogenic strains may contain additional virulence factors such as hae-
molysin, ColV plasmids, and resistance to complement-dependent bacteri-
cidal effect of serum.

Enteric infections

E. coli is responsible for many cases of diarrhoeal disease, ranging from
acute gastroenteritis, particularly in the tropics (‘traveller’s diarrhoea’;
© see Viral gastroenteritis, p. 408), to life-threatening haemorrhagic colitis.
The strains involved fall into 4-5 groups, with different pathogenic mecha-
nisms (see Table 7.7).

Bacteraemia

The usual sources of nosocomial E. coli bacteraemia are the urogenital, Gl,
and respiratory tracts, and foreign bodies such as IV lines and endotracheal
tubes. The hallmark of cases of Gram-negative bacteraemia is the systemic
reaction to LPS or endotoxin, which may be fatal.

Neonatal sepsis

E. coli may cause neonatal meningitis and septicaemia, especially in prema-
ture babies. The strains responsible may express the K1 or K5 surface/
capsular antigens, which have enhanced virulence.

Other non-enteric infections

E. coli may cause post-operative wound infections and deep abscesses.
Respiratory tract infection is usually opportunistic, often in debilitated
patients such as diabetics or alcoholics. Nosocomial pneumonia (£ empy-
ema) is usually due to aspiration, rather than haematogenous spread.

Diagnosis

E. coli are usually smooth, colourless colonies on non-selective media and
may appear haemolytic on blood agar. Most ferment lactose, appearing yel-
low on CLED agar (and produce acid and gas in 24—48h), but ~5% are non-
lactose fermenters. Usually motile, and those responsible for extraintestinal
infections often have a polysaccharide capsule. Usually positive for indole
production, ornithine decarboxylase, lysine decarboxylase, and methyl red,
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Table 7.7 Clinical features and pathogenic mechanisms of different E. coli

Abbreviation Full name Clinical Pathogenesis
features
EHEC/VTEC/  Entero- Haemorrhagic  Verotoxins (VT1 and 2), also
STEC haemorrhagic colitis/HUS called shiga-like toxins (SLT1
E. coli and 2), are phage-encoded
Verotoxin- toxins thought to target
producing E. coli vascular endothelial cells.
Shiga toxin- The A subunit mediates
producing E. coli blO|OgIC?.| activity, lwhlle B
subunit is responsible for
binding and toxin uptake. Risk
of developing HUS depends
on the type of shiga toxin,
plus host and environmental
factors
ETEC Enterotoxigenic  Traveller’s ST (heat-stable enterotoxin)
E. coli diarrhoea causes increased guanosine
monophosphate (GMP),
thus altering ion transport,
and increased fluid secretion
by mucosal cells of small
intestine
LT (heat-labile enterotoxin)—B
polypeptide binds to the
mucosal surface of the
small intestine, allowing the
A polypeptide to enter the
cell and catalyse adenosine
diphosphate ribosylation
of the guanine nucleotide
component of adenylate
cylase, thus increased AMP
and increased fluid secretion
(as with V. cholerae)
Colonization/adherence
factors—see text
EIEC Enteroinvasive  Disease similar
E. coli to shigella-like
dysentery
EPEC Entero- Childhood
pathogenic diarrhoea
E. coli
EAEC Entero- Traveller’s
aggregative diarrhoea,
E. coli especially in
Mexico and
North Africa

NB. A novel strain of E. coli O104:H4 caused a serious outbreak of bloody diarrhoea/HUS in
Germany in 2011. This was an EAEC strain which had acquired shiga toxin Stx2.
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and negative for urease, citrate utilization, H,S production, and Voges—
Proskauer test. E. coli O157 are usually non-sorbitol fermenters (appear
colourless/white on CT-SMAC agar). However, some do ferment sorbitol,
so, if high clinical suspicion (e.g. haemolytic uraemic syndrome, HUS), send
to the reference laboratory for PCR testing. Remember E. coli O157 is an
ACDP category 3 organism.

Treatment

The management of E. coli depends on the site and severity of the infection.
Simple E. coli UTls may respond to trimethoprim or ampicillin. Some hospital-
acquired E. coli infections are due to multiresistant organisms, and may require
treatment with a cephalosporin, fluoroquinolone, aminoglycoside, piperacillin—
tazobactam, or carbapenem. Susceptibility data vary geographically (due to
prior antibiotic usage), so follow your hospital antibiotic policy. Be guided by
antibiotic susceptibility results, and use the narrowest possible targeted therapy.
Antibiotics may be harmful in cases of E. coli O157.

Klebsiella

Klebsiella spp. are usually harmless colonizers of the human gut. The clas-
sification can be confusing, but the main species defined by DNA hybridiza-
tion studies are K. pneumoniae subspecies aerogenes (formerly K. aerogenes),
K. pneumoniae subspecies pneumoniae (formerly K. pneumoniae), and K. oxy-
toca. Other rare respiratory subspecies include K. pneumoniae subspecies
ozaenae and K. pneumoniae subspecies rhinoscleromatis. Note that some
Klebsiella have recently been reclassified as Raoultella, e.g. Raoultella ornithino-
Iytica and Raoultella terrigena (&) see Other Enterobacteriaceae, pp. 292-3).

Pathogenesis

Klebsiella that express capsular K antigens are resistant to complement-
mediated serum killing. Those with O antigens are resistant to phagocytosis.
Klebsiella spp. have two iron uptake systems—one uses aerobactin (related
to virulence), and the other uses enterochelin (plasmid-encoded).

Epidemiology

There are about 80 K (capsular) antigens recognized overall, and K2, K3, and
K21 are common in the UK. There are also five different somatic O antigen
types, but these are rarely used for typing. There is an association between the
antigenic structure, habitat, and biochemical reactivity, e.g. capsular types 1-6
are commonest in the human respiratory tract. Capsular serotyping, bacteri-
ocin typing, and phage typing are used for epidemiological studies.

Clinical features

Klebsiella infections are rare in the immunocompetent normal host. They
tend to cause nosocomial and opportunistic infections (UTls, pneumo-
nia, other respiratory infections, surgical wound infections, bacteraemia)
in those with risk factors (diabetes, COPD, alcoholism). Severe pneu-
monia with ‘redcurrant jelly’ sputum and multiple lung abscesses is called
Friedlander’s pneumonia and has a high mortality.

283



284

cHAPTER 7 Bacteria

Diagnosis

Klebsiella spp. are facultatively anaerobic, catalase-positive, and oxidase-
negative, and ferment glucose. Organisms are capsular, which may give
colonies a mucoid appearance. The capsule is made of glucuronic acid and
pyruvic acid. On Gram stain, organisms may look fat and chunky. They
are lactose fermenters and are usually fimbriate, but non-motile. They are
H,S- and indole-negative (except K. oxytoca which is indole-positive), are
Voges—Proskauer-positive, grow in KCN, and can use citrate as a sole car-
bon source. Different species of Klebsiella are usually recognized by differ-
ent biochemical tests. They can be identified biochemically (APl 20E), via
MALDI-TOF, or by using automated systems.

Treatment

Most Klebsiella spp. are inherently resistant to ampicillin and other penicil-
lins. Many are now multiresistant due to ESBLs and KPCs. Aminoglycoside
susceptibility varies between regions. Treat according to local hospital policy
and sensitivity data. Carbapenems and fluoroquinolones may be the only
options.

Proteus

Proteus mirabilis is most commonly isolated from community UTls, while
Proteus vulgaris and Proteus myxofaciens tend to cause nosocomial infections.
Proteus belongs to the tribe Proteae.

Pathogenesis

Factors that contribute to the ability of Proteus to colonize and infect the
urinary tract include:

e production of the enzyme urease which splits urea into ammonium
hydroxide. This increases urinary pH and encourages struvite stone
formation. These stones act as a nidus for persistent infection and also
obstruct urinary flow;

fimbriae help uroepithelial colonization;

flagella-dependent motility helps spread in the urinary tract;

o uropathogenic Proteus synthesizes several haemolysins.

Clinical features

In addition to urine infections, Proteus also causes bacteraemia, wound
infections, and respiratory infections in debilitated hospital patients. The
human Gl tract is the main reservoir of infection for patients who subse-
quently become infected.

Diagnosis

Proteus organisms rapidly hydrolyse urea. The presence of hundreds of
flagellae on each organism makes them extraordinarily motile, which
appears as ‘swarming’ on agar plates, and can produce the Dienes phenom-
enon (a line of inhibited growth where two strains meet). Proteus organisms
give positive methyl red reactions, are usually Voges—Proskauer-negative
(except some strains of P. mirabilis), and can grow in the presence of KCN.
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Table 7.8 Biochemical reactions useful to distinguish Proteus, Providencia,
and Morganella

Proteus Proteus Providencia Providencia Providencia Morganella
mirabilis vulgaris alcalifaciens rettgeri stuartii morganii
Ornithine  + - = - - +
decarboxyl-
ase
Gas from  + + \ = = +
glucose
H.,S aF \ = = = =
production
Indole = + + + + +
formation
Urease aF aF = + = =
formation

+, most strains positive; —, most strains negative; V, variable.

Adapted from Greenwood et al. Medical Microbiology; A guide to microbial infections: pathogenesis,
immunity, laboratory diagnosis and control. 15th edition (2000) Churchill Livingstone.

Most P. mirabilis strains are indole-negative, while the other subspecies are
indole-positive (see Table 7.8).

Phage typing, bacteriocin typing, and serotyping schemes have been
developed. The Dienes phenomenon may be exploited for typing—two
test organisms are viewed as identical if they show no line of demarcation
where the swarming growths meet (after inoculation onto the surface of
an agar plate).

Treatment

Antibiotic resistance is increasing, but the indole-negative P. mirabilis is gen-
erally more sensitive than the indole-positive species (e.g. P. vulgaris), which
may carry inducible AmpC {-lactamase. Amikacin, new quinolones, and
carbapenems may be the only options. Note that Proteus is inherently resist-
ant to colistimethate sodium, tetracyclines, and nitrofurantoin.

Enterobacter

The genus Enterobacter includes E. aerogenes, E. cloacae, E. sakazakii, E. tay-
lorae, E. gergoviae, E. asburiae, E. hormaechei, E. cancerogenus, and E. agglo-
merans. The genus was previously known as Aerobacter spp. and belongs to
the tribe Klebsiellae.

Epidemiology
Enterobacter organisms are common human gut commensals, which rarely
cause infection in the immunocompetent host.
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Clinical features

E. aerogenes and E. cloacae (and occasionally E. taylorae) colonize hospital
inpatients and cause nosocomial opportunistic infections such as wound
infections, burn infections, pneumonia, and UTIs. Risk factors for infection
include indwelling lines, frequent courses of antibiotics, a recent invasive
procedure, diabetes, and neutropenia. They can often be isolated from dia-
betic ulcers. Enterobacter infections have been associated with [V fluid con-
tamination. E. sakazakii has been implicated in severe neonatal meningitis
(mortality rate 40-80%), and there have been outbreaks associated with
dried infant formula.

Diagnosis

In common with the other Enterobacteriaceae, Enterobacter spp. are facul-
tative anaerobes that give a positive catalase result and a negative oxidase
result. They ferment glucose (with the production of acid and gas) and
also lactose. They do not produce H,S on triple sugar iron media; they
are indole-negative and methyl red-negative; they are Voges—Proskauer-
positive, and they can grow in the presence of KCN. They use citrate as
a sole carbon source and are ONPG-positive. Unlike Klebsiella, they are
usually motile and are less likely to be heavily capsulated. The two most
important clinical species are E. aerogenes (which usually decarboxylates
lysine, but not arginine) and E. cloacae (usually decarboxylates arginine, but
not lysine). Enterobacter can be identified by biochemical properties (API®
20E), MALDI-TOF, or automated methods.

Treatment

Enterobacter organisms (except E. sakazakii) are usually resistant to first-
generation cephalosporins, and readily develop resistance to second- and
third-generation cephalosporins due to inducible B-lactamases such as
AmpC. Carbapenems are the mainstay of treatment; alternatives include
ciprofloxacin and aminoglycosides. E. sakazakii tends to be more sensitive
to antibiotics overall, and ampicillin and gentamicin in combination are the
usual treatment of E. sakazakii neonatal meningitis.

Citrobacter

C. koseri (formerly C. diversus), C. freundii, and occasionally C. amalonati-
cus are associated with nosocomial respiratory and urinary tract infec-
tions. Their role as primary pathogens or secondary infections/colonizers
is debated. C. koseri has also been associated with outbreaks of neonatal
meningitis.

Pathogenesis

Animal studies on neonatal meningitis showed that pathogenic strains of

C. koseri were more virulent and had an extra outer membrane protein,
compared to non-pathogenic strains.
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Clinical features

The clinical significance of isolation of Citrobacter spp. from the urinary and
respiratory tracts of debilitated hospital patients is often unclear. When iso-
lated from BCs, it is usually one of a number of species present, and such
polymicrobial infections are often associated with a poor clinical outcome
(probably due to the patient’s general debilitated state, rather than the
organism’s virulence). However, Citrobacter is a recognized cause of endo-
carditis, and, in neonates, Citrobacter organisms (particularly C. koseri) can
cause severe meningitis and brain abscesses.

Diagnosis

Citrobacter is so named because the organisms can grow on Simmons cit-
rate media. They are usually motile, and methyl red-positive and Voges—
Proskauer-negative, and slowly hydrolyse urea. They are usually non-lactose
fermenters but may appear as late lactose fermenters. C. freundii may be
mistaken for Salmonella, as it produces H.,S. Note there is considerable
cross-reactivity with the O antigens of other Enterobacteriaceae.

Treatment

Like many of the other Enterobacteriaceae that cause nosocomial infections,
Citrobacter tend to be multiresistant, so reliance on laboratory antimicrobial
susceptibility testing is paramount. C. freundii has the inducible AmpC (-
lactamase. Plasmid-mediated ESBLs are becoming commoner. Treatment
options may include aminoglycosides, antipseudomonal penicillins, carbap-
enems, and quinolones.

Serratia

There are many named species of Serratia, which belong to the tribe
Klebsielleae. S. marcescens is the main one that causes human dis-
ease. Infections with S. liquefaciens, S. rubidaea, and S. odorifera are very
uncommon.

Epidemiology

Unlike the other Enterobacteriaceae, Serratia is more likely to colonize
the respiratory and urinary tracts of hospital patients (rather than the
gut). However, in neonates, the Gl tract may be the reservoir for cross-
contamination. There have been reports of outbreaks in the USA due to
contaminated syringes.

Clinical features

Serratia spp. are opportunistic pathogens, particularly in the health-care set-
ting, and cause respiratory and urinary tract infections, bacteraemias, and
skin and wound infections. Patients with IVCs and urinary catheters are at
increased risk. Serratia infections have been associated with contaminated
IV therapy and septic arthritis in patients who have had intra-articular injec-
tions. Serratia also causes endocarditis and osteomyelitis in injecting drug
users (IDUs), and cellulitis in patients on haemodialysis.
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Diagnosis

Serratia can be recognized by the production of a characteristic red/deep
pink pigment. They are slow or non-lactose fermenters, and usually motile.
They have the characteristics of Enterobacteriaceae. Like Enterobacter,
most Serratia do not produce H.S or lactose on triple sugar iron media,
are Voges—Proskauer-positive, grow in the presence of KCN, and use cit-
rate as a sole carbon source. Serratia can be differentiated from the other
Enterobacteriaceae by the production of an extracellular DNase.

Treatment

Serratia are often multiresistant to antibiotics. Treat according to local epi-
demiology, until sensitivity results are available. Options are often limited
to amikacin, piperacillin—tazobactam, and carbapenems. Efforts focused on
good infection control practice, especially handwashing, are vital in reducing
horizontal transmission between patients. Note that Serratia organisms are
inherently resistant to colistimethate sodium.

Salmonella

Salmonellae belong to the family Enterobacteriaceae. There are seven subspe-
cies and over 2400 serovars. The correct nomenclature is Salmonella enterica,
followed by the serotype (e.g. Salmonella enterica serotype Typhimurium). This
is commonly abbreviated to S. Typhimurium (serotype not italicized).

Epidemiology

Salmonellae are commensals and pathogens of a wide range of domesti-
cated and wild animals. Some species, e.g. S. Typhi and S. Paratyphi, are well
adapted to humans and have no other host. Others are more adapted to
animals and rarely affect humans, e.g. S. Arizonae and reptiles. In humans,
salmonellae can be divided into those that cause enteric fever (S. Typhi and
S. Paratyphi) and the non-typhoidal Salmonella spp. (NTS). Salmonellae are
usually transmitted by the faeco-oral route.

Pathogenesis

o Infection begins with ingestion of organisms in contaminated food

and water.

Salmonellae express an array of distinct fimbriae that help them to

adhere to the intestinal wall.

e They also encode a type Ill secretion system (T3SS) within Salmonella
pathogenicity island 1 (SPI-1) that is needed for bacteria-mediated
endocytosis and intestinal epithelial evasion.

o A number of SPI-1 translocated proteins (SipA, SipC, SopE, and SopE?2)

promote membrane ruffling and Salmonella invasion.

Salmonellae are also adapted to survival and replication in the

intracellular environment.
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Clinical features

o Gastroenteritis (@) see Infectious diarrhoea, pp. 647-9), enteric fever
(© see Enteric fever, pp. 649-51), bacteraemia and endovascular
infection, localized infections, chronic carrier state.

o Salmonella bone and joint infections are seen in patients with underlying
haemoglobinopathies.

o Salmonellosis in HIV—20- to 100-fold increased risk. More likely to
have severe invasive disease (enterocolitis, bacteraemia, meningitis).

Diagnosis

e S. Typhiand S. Paratyphi are ACDP category 3 organisms.

o Salmonellae are facultative anaerobic GNRs, which grow readily on
routine media. Their growth in specialized media is summarized in Table
7.9. They are motile, oxidase-negative, urease-negative non-lactose
fermenters.

o Salmonellae possess LPS somatic (O) heat-stable antigens, and flagellar
(H) heat-labile antigens. Usually, the H antigens exhibit diphasic
variation, so can exist in phases 1 and 2 (see Table 7.10).

o S. Typhi, S. Paratyphi C, and some strains of S. Dublin and Citrobacter
produce the Vi polysaccharide capsule, which may mask the O antigens.
If only the Vi antiserum is positive, heat the bacterial suspension in
boiling water to remove the capsule, and test it again using the same
antisera. Rough strains, in which the O antigens are absent, tend to
cross-agglutinate with different antisera.

Table 7.9 Appearance of Salmonella spp. in different media

Agar Salmonella spp.

MacConkey agar Non-lactose fermenters appear white

CLED (cysteine, lactose, Non-lactose fermenters appear blue

electrolyte-deficient)

DCA (deoxycholate) Yellow or colourless, often with a dark centre

XLD agar (xylose lysine Salmonella appear red, some with black centres

deoxycholate)

SSA (Salmonella, Shigella) Non-lactose fermenters appear colourless, some
with black centres

Hektoen agar Salmonella are blue-green. S. Typhimurium and
others that reduce sulphur produce a black
precipitate

Brilliant green agar Red-pink colonies surrounded by brilliant red zones

Selenite broth Growth of Salmonella results in a cloudy tube

Tetrathionate broth Tetrathionate-reducing bacteria (Salmonella and

Proteus) can grow
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Table 7.10 Antigenic structure of some Salmonella spp.

Serotype O antigen H (phase 1) H (phase 2)
Typhi 9,12 (Vi) d -
Paratyphi A .1 2,12 .a -
Paratyphi B 145.12 b 12
ParatyphilC 6,7[Vi] G 15
Tyl 14,512 i 12
Enteritidis 1912 2m 17
Virchow .6,7 .r .1 2
Hadar .6,8 210 .e,n,x
Heidelberg .1 4,512 .r .1,2
Dublin 1912 (Vi) Gp =

o Most diagnostic laboratories identify the organism as Salmonella by

biochemical tests (e.g. API® 20E or shorter panel) or MALDI, and
partially determine the antigenic structure with different Poly-O and
Poly-H antisera (see Table 7.10). This identifies the causes of enteric
fever or invasive serotypes.

All Salmonella should be submitted to a reference laboratory for
confirmation of the serotype and further epidemiological investigations,
as necessary.

Salmonella isolates are notified to PHE automatically via the CoSurv
system.

Treatment

o Enteric fever—the first-line treatment for imported cases of typhoid
fever in the UK is ceftriaxone. When susceptibility results are available,
options may include ciprofloxacin, azithromycin, ampicillin, or co-
trimoxazole. Notifiable condition.

o NTS—gastroenteritis does not usually require treatment, except in

the immunosuppressed, neonates, the elderly, and those at risk of

bacteraemia. Suitable antibiotics may include—ampicillin, ciprofloxacin,
trimethoprim, or chloramphenicol, depending on in vitro susceptibility.

Invasive disease due to NTS (e.g. bacteraemia, meningitis)—always

requires therapy. Ceftriaxone penetrates the CSF well so may be used

for Salmonella meningitis. Source of infection should be investigated.

Chronic asymptomatic carriers. Management of chronic carriers is

debated. Good personal hygiene should prevent spread of disease.

In the absence of biliary disease, prolonged antibiotics (e.g. ampicillin,

ciprofloxacin) may cure 80% of carriers. Cholecystectomy may be

considered for patients with gallstones or chronic cholecystitis, but there
is a risk of contiguous spread during surgery.




SHIGELLA

Shigella

The genus Shigella is divided into four species: S. dysenteriae, S. flexneri,
S. boydii, and S. sonnei, based on serology and biochemical reactions (see
Table 7.11). The organisms cause bacillary dysentery by an invasive mecha-
nism identical to enteroinvasive E. coli (EIEC). Shigella belongs to the tribe
Escherichiaeae, and DNA hybridization studies show that E. coli and Shigella
are a single genetic species.

Epidemiology

There are ten serotypes of S. dysenteriae and 15 serotypes of S. boydii.
S. flexneri can be divided into six serotypes by group- and type-specific anti-
gens, and each serotype can be further subdivided. S. sonnei must be typed
by other means, such as colicine production or plasmids, as they are sero-
logically homogenous. Most cases of shigellosis in the UK occur in young
children, although infection occurs in any age after travel to areas where
hygiene is poor. S. sonnei is endemic in the UK, while S. boydii and S. dysente-
riae, and most S. flexneri infections, originate outside the UK.

Pathogenesis

The infecting dose of Shigella is only 10-100 organisms—when one mem-
ber of a family has acquired the disease, the secondary attack rate is high.
Infection can spread rapidly in institutions, especially amongst young chil-
dren. It is commonly spread by food and water. Laboratory-acquired infec-
tion has been reported.

Dysentery results from invasion of the wall of the large bowel, with
accompanying inflammation and capillary thrombosis. As the organisms
invade and multiply within epithelial cells, cell death results in ulcer for-
mation. Shiga toxin (Stx) inhibits protein synthesis within target cells, by a
mechanism similar to ricin toxin production. Some strains also produce an
exotoxin, which results in water and electrolyte secretion from the small
bowel (similar to cholera toxin), which may result in watery diarrhoea pre-
ceding bloody diarrhoea.

Table 7.11 Biochemical reactions of Shigella

Shigella spp. Gas from ONPG  Indole Catalase Acid from
glucose

Lactose  Mannitol  Dulcitol

dysenteriae 1 =

dysenteriae 2-10 - V \/ .+ - — _
flexneri 1-5 = - \/ '+ - '+ _
flexneri 6 v _ . ¥ — v v
boydii = — \/ ¥ _ " V
sonnei = + - + '(+) - '_

(+), positive after incubation for 248h; ONPG, ortho-nitrophenyl-B-D-galactopyranoside;
V, variable.
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Clinical features

e S. dysenteriae usually causes a more severe illness, possibly with marked
prostration, paediatric febrile convulsions, toxic megacolon, and HUS.

o S. flexneri and S. boydii may also cause severe disease, while S. sonnei
usually causes mild symptoms (&) see Viral gastroenteritis, p. 408).

o Shigella rarely invades elsewhere; metastatic infection is unusual.

Diagnosis

Shigella organisms are non-motile, non-capsulated GNRs. Most appear as
non-lactose fermenters after 18—-24h incubation on MacConkey or DCA
(deoxycholate citrate) agar, but S. sonnei is a late lactose fermenter. Shigella
is urease-, citrate-, and H,S-negative. S. dysenteriae is the only species that
cannot ferment mannitol. Suspicious colonies should be confirmed with
species-specific antisera, followed by type-specific antisera for all, except
S. sonnei. S. dysenteriae type 1 is an ACDP category 3 organism. Note
that MALDI cannot reliably differentiate Shigella from E. coli due to their
close relatedness. Shigella isolates are notified to PHE automatically via the
CoSurv system.

Treatment

Most cases of Shigella are mild and self-limiting, so are treated with oral
rehydration therapy, rather than with antibiotics. Antibiotics may be indi-
cated in severe infections, patients at extremes of age, or the immuno-
compromised. Options include ciprofloxacin, ampicillin, co-trimoxazole,
tetracycline, or cephalosporins, according to in vitro susceptibility testing.
Antibiotics are unlikely to reduce the period of excretion.

Other Enterobacteriaceae

o Hafnia alvei (formerly an Enterobacter)—belongs to the tribe Klebsielleae.
Found in human and animal faeces, sewage, soil, water, and dairy
products. Produces greyish colonies on blood agar and ferments fewer
sugars than Enterobacter. All H. alvei are lysed by a single phage, which
does not act on any other Enterobacteriaceae. H. alvei occasionally
causes opportunistic/nosocomial infections, and antibiotic sensitivities
are usually similar to those of the Enterobacter group.

Pantoea agglomerans (previously known as Enterobacter agglomerans)—
occasionally causes opportunistic infections in humans (UTls,
bacteraemia, and chest infections) and has contaminated IV fluids in
the past. May be isolated from superficial skin swabs and respiratory
specimens.

Edwardsiella tarda—infections in humans probably originate from
contact with cold-blooded animals. Motile, ferment glucose to produce
gas. H,S-positive, and, as non-lactose fermenters, may be mistaken for
Salmonella spp. on enteric media. Edwardsiella spp. rarely cause disease
but are occasionally associated with gastroenteritis, which usually
resolves without antibiotics. Reports of bacteraemia, liver abscess, soft
tissue infection, and meningitis.



OVERVIEW OF GRAM-NEGATIVE ROD NON-FERMENTERS

Morganella morganii—member of tribe Proteeae. Motile, deaminates
phenylalanine rapidly, gives positive methyl red reactions, is usually
Voges—Proskauer-negative, and can grow in the presence of KCN.
Most are indole-positive and hydrolyse urea rapidly (see Table 7.8).
Morganella organisms cause HAIs, which are often multiresistant,
carrying inducible AmpC, so treatment is usually with carbapenems.
Providencia alcalifaciens, Providencia stuartii, and Providencia rettgeri—also
tribe Proteeae. Motile and deaminate phenylalanine rapidly, positive
methyl red reactions, usually Voges—Proskauer-negative and indole-
positive, grow in the presence of KCN. Most P. rettgeri hydrolyse urea
rapidly, while the others are urease-negative (see Table 7.8). Providencia
causes nosocomial infections in debilitated patients, and treatment is
with carbapenems.

Raoultella—oxidase-negative, capsulated, GNRs (formerly designated
Klebsiella), named after the French bacteriologist Didier Raoult. Unlike
most Klebsiella, they grow at 10°C, consistent with their recovery from
plants, soil, and water. Human infections are rare.

Kluyvera—motile GNRs, oxidase-negative, and ferment D-glucose with the
production of acid and gas. K. ascorbata is a potentially virulent pathogen,
isolated from various clinical specimens and reports of UTls, Gl infections,
soft tissue infections, and bacteraemia. K. cryocrescens is an environmental
organism. Usually resistant to penicillins and cephalosporins.
Elizabethkingia meningoseptica or meningosepticum—colonies grow
slowly and are very pale yellow. Found in fresh and salt water, plants,
and soil. Initially recognized as a cause of outbreaks of neonatal
meningitis. Linked to nosocomial pneumonia, endocarditis, post-
operative bacteraemia, and meningitis in immunocompromised

adults. Associated with sepsis and soft tissue infection in the
immunocompetent. Isolates are usually multiresistant to antibiotics,
and co-trimoxazole/fluoroquinolones may be beneficial. Colistimethate
sodium resistance and vancomycin sensitivity/intermediate growth is
paradoxical for a Gram-negative bacteria.

Overview of Gram-negative rod
non-fermenters

These organisms derive energy from carbohydrates by oxidative (rather

than fermentative) metabolism.

Pseudomonads

The pseudomonads are a large and diverse group of aerobic, oxidative
GNRs. Most are saprophytes found in soil, water; and moist environ-
ments. P. aeruginosa is the species most commonly associated with human
disease, particularly nosocomial infections. Other opportunistic species
of Pseudomonas include P. putida, P. fluorescens (which has been associ-
ated with blood transfusions), and P. stutzeri. Organisms recently allo-
cated to new genera include Burkholderia (B. cepacia and B. pseudomallei),
Stenotrophomonas (S. maltophilia), Comamonas () see Delftia acidovorans

below), and Brevundimonas (&) see Brevundimonas below).
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Delftia acidovorans

Formerly known as Comamonas acidovorans or Pseudomonas acidovorans, this
rare organism may cause endocarditis in drug users. Confusion arises, as it
may grow on B. cepacia-selective media and may be resistant to colistimeth-
ate sodium and gentamicin.

Brevundimonas

Brevundimonas diminuta and Brevundimonas vesicularis are rare and of uncer-
tain clinical significance. There are recent reports of bacteraemia in immu-
nocompromised hosts, treated with piperacillin—tazobactam, amikacin,
carbapenems, and tigecycline.

Glucose non-fermenters

This diverse group is taxonomically distinct from the oxidative pseu-
domonads and the carbohydrate-fermenting Enterobacteriaceae. They are
mainly opportunistic pathogens and often multiresistant to antibiotics.
Identification difficulties arise, because they tend to be biochemically inert.
e Eikenella corrodens—oral commensal and cause of endocarditis (‘E’ in
HACEK; @ see HACEK organisms, pp. 306-8), meningitis, skin and
soft tissue infections (particularly human bites), pneumonia. Facultative
anaerobe, requiring incubation in CO,. The colonies pit (‘corrode’) the
surface of the agar.

Flavimonas oryzihabitans—found in soil, water, and damp

environments, and may cause line-associated bacteraemias in the
immunocompromised.

Flavobacterium—this group of yellow-pigmented organisms is so
genetically diverse that many have been reclassified. Flavobacterium
meningosepticum is now Elizabethkingia meningoseptica (@) see Other
Enterobacteriaceae, pp. 292-3). Other flavobacteria now belong to the
genus Sphingobacterium (@) see Sphingobacterium below).
Chryseobacterium—other than Chryseobacterium meningosepticum

(& see Elizabethkingia meningoseptica, p. 293), isolation of these
organisms from clinical samples usually reflects colonization.
Sphingobacterium—contains high amounts of sphingophospholipid
compounds in cell membrane. Most human isolates of this genus are
Sphingobacterium multivorum and Sphingobacterium spiritivorum which can
cause nosocomial infections in various sites. Isolation from respiratory
samples from CF patients are of uncertain significance.
Shewanella—Shewanella putrefaciens (formerly Pseudomonas putrefaciens)
is commonly isolated from water and the environment, but rarely
causes human disease. It is usually found as part of a polymicrobial
infection, typically from cellulitis complicating a leg ulcer or burn.

o Roseomonas—known as the ‘pink-pigmented coccoid’ group.
Roseomonas gilardii is the commonest species isolated from humans and
has been reported to cause community-acquired bacteraemia.
Chryseomonas—infection with the rare Chryseomonas luteola is usually
associated with peritoneal dialysis catheters or indwelling lines, and may
result in peritonitis, endocarditis, bacteraemia, or meningitis.
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Ochrobactrum—previously called Achromobacter, Ochrobactrum anthropi
causes nosocomial opportunistic infections, particularly catheter-related
bacteraemia.

Oligella—Oligella urethralis (formerly Moraxella urethralis) is a GU tract
commensal, while Oligella ureolytica is usually found in patients with long-
term indwelling urinary catheters. They are of low pathogenicity.
Alcaligenes—three clinically relevant species: Alcaligenes xylosoxidans,
Alcaligenes faecalis, and Alcaligenes piechaudii. Found in soil and water,
and the Gl and respiratory tracts of hospital patients. Nosocomial
outbreaks have occurred (generally immunocompromised patients)
with a wide range of clinical manifestations. A. xylosoxidans is often
multiresistant; carbapenems or co-trimoxazole may be required.
Agrobacterium—plant pathogens, usually non-pathogenic to humans,
with <50 case reports of human disease in the literature.

Sphingomonas paucimobilis—implicated in nosocomial outbreaks
associated with contaminated water. It may be confused with
flavobacteria, as it produces a non-diffusible yellow pigment.

Pseudomonas aeruginosa

P. aeruginosa is widespread in soil, water, and other moist environments.
Hospitalized patients may be colonized with P. aeruginosa at moist sites
such as the perineum, ear, and axilla. It is a highly successful opportunistic
pathogen, especially in the hospital setting. This success is largely due to its
resistance to many antibiotics, ability to adapt to a wide range of physical
conditions, and minimal nutritional requirements.

Epidemiology

P. aeruginosa is found almost anywhere in the environment, including surface
waters, vegetation, and soil. It usually colonizes hospital and domestic sink
traps, taps, and drains. It also colonizes moist areas of human skin, leading
to ‘toe web rot’ in soldiers stationed in swampy areas, and otitis externa in
divers in saturation chambers.

Pathogenesis
The broad range of conditions caused by P. aeruginosa may be explained
by the fact that the pathogen is both invasive and toxigenic. P. aeruginosa
has low intrinsic virulence in man and animals. Infection occurs when host
defences are compromised or the skin/mucous membranes are breached
(e.g. neutropenia, burns patients, intensive care patients, indwelling
devices), or when a relatively large inoculum is introduced directly into the
tissues. The process can be divided into three stages: bacterial attachment/
colonization, local invasion, and dissemination/systemic disease. Different
virulence factors are produced, depending on the site and nature of the
infections, and include:
o exotoxins (exotoxin A and exo-enzyme S) and endotoxins (LPS);
e cytotoxic substances—proteases (elastase and alkaline phosphatase
(ALP)), cytotoxin (previously called leukocidin), haemolysins,
phospholipases, rhamnolipids, pyocyanin;
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e porins;
e pili and fimbriae (important in epithelial adherence, e.g respiratory).

Clinical features

P. aeruginosa causes a wide spectrum of conditions.

o Community-acquired infections are rare, and tend to be mild and
superficial. Examples include otitis externa, varicose ulcers, and folliculitis
associated with jacuzzis.

o Nosocomial infections with P. aeruginosa tend to be more severe and

more varied than community infections. P. aeruginosa may account for

~10% of all HAls. Examples include pneumonia, UTIs, surgical wound
infections, BSls, and respiratory infections.

CF patients (see Box 7.5), burns patients, and mechanically ventilated

patients are at particular risk.

Other conditions associated with P. aeruginosa include endocarditis

(IDUs and prosthetic valves), eye infections, bone and joint infections,

post-operative neurosurgical infections, and ear infections.

Diagnosis

Non-sporing, non-capsulate, motile GNR. Strict aerobe (hence often used
in testing anaerobic cabinets) but can grow anaerobically in the presence
of nitrate. It grows in many different culture media and produces a char-
acteristic ‘freshly cut grass’ odour. The typical green-blue colour is due to
the diffusible pigments pyocyanin (blue phenazine pigment) and pyoverdin
(yellow-green fluorescent pigment; principal siderophore). Other pigments
include pyorubrin (red) and pyomelanin (brown). Note that ~10% do not
produce detectable pigments, even in pigment-enhancing media. P. aerugi-
nosa is oxidase-positive (usually within 10s) and appears relatively inactive
in carbohydrate fermentation tests (only glucose is used). It grows best at
37°C and also at 42°C, but not at 4°C. Confusion occasionally arises in
differentiating P. aeruginosa from other Pseudomonas spp. with commercial
kits—growth at 42°C; flagella stains and differential sugar fermentation tests
may prove useful.

Box 7.5 P. aeruginosa in CF patients

P. aeruginosa colonizes up to 80% of CF patients and causes chronic lung
infection. Once established, it is refractory to treatment, partly due to
the formation of biofilms. Many isolates appear mucoid due to the pro-
duction of an alginate-like exopolysaccharide capsule (glycocalyx) that
resists phagocytosis and contributes to biofilm formation. Isolates may
have atypical growth requirements such as appearing auxotrophic for
specific amino acids and non-motile. Primary culture plates often show
mixed colonial forms that are usually genetically identical. Results for sus-
ceptibility testing often vary, and CF clinicians may base their choice on
multiple factors, including prior response to treatment. Some strains, such
as the Liverpool epidemic strain (LES), are transmissible and may be more
aggressive. Typing is available, and CF patients colonized with LES may be
segregated to prevent transmission.
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For epidemiological studies, serotyping may be useful; four ‘O serotypes’
account for ~50% of clinical and environmental isolates. PFGE may help dis-
criminate between serotypes. VNTR typing is useful for cross-infection and
outbreak investigations, and for surveillance among CF patients.

Treatment

Antipseudomonal agents include ciprofloxacin (the only oral option), cef-
tazidime, ticarcillin, piperacillin, carbapenems, aminoglycosides (gentamicin,
tobramycin, amikacin), polymyxins (colistimethate sodium), and aztreonam.
Theoretically, the use of dual therapy should reduce the development of
antibiotic resistance and may also have the potential for bacterial synergy,
but there is little clinical evidence for this.

Acinetobacter

Historically, a pathogen of tropical climates, Acinetobacter spp. are an
important cause of nosocomial infections. They accumulate multiple antibi-
otic resistance mechanisms. Increasing antibiotic-selective pressure and the
ability to survive well in the environment (including on curtains and in dust)
have contributed to its success as an opportunistic pathogen. There are ~19
genospecies, based on DNA-DNA hybridization studies; seven of these
have species names (see Table 7.12).

Epidemiology

Acinetobacter has been an increasingly common nosocomial pathogen since
the 1970s, affecting debilitated patients. Infections tend to peak in the
summer, and are associated with wars and natural disasters. Nosocomial
spread in ICUs is common, and may occur via fomites, the environment,
and colonized HCWs. Dramatic multi-hospital outbreaks have occurred.
Colonization of British military casualties repatriated to the UK from lIraq
and Afghanistan has caused infections and onward transmission to other
hospitalized patients. In the UK, there have been outbreaks of two mul-
tiresistant clones carrying carbapenem-hydrolysing class D (3-lactamases
(OXA-23 and OXA-51). These are now widespread.

Table 7.12 Genomic species of Acinetobacter

Genospecies Species name
1 A. calcoaceticus
2 A baumannii

4 A haemolyticus
5 A junii

7 A johnsonii

8 A, Iwoff

12 A. radioresistens

Other Acinetobacter spp. unnamed (>14)
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Risk factors

Risk factors include:

e community-acquired infections—alcoholics, smokers, chronic lung
disease, diabetes, and living in a tropical, developing country;

o HAIs—ICU, ventilation, urinary catheter, IV lines, length of stay,
treatment with broad-spectrum antibiotics, TPN, surgery, wounds.

Pathogenesis

This organism has very few virulence factors, which explains why it only
causes opportunistic infections. It occurs naturally as a saprophyte in soil
and water, and occasionally colonizes moist human skin. The ability to sur-
vive in the environment is probably related to the capsule, the production
of bacteriocin, and prolonged viability under dry conditions.

Clinical features

Acinetobacter spp. are able to infect almost every organ system, though it is vital
to distinguish true infection from pseudo-infection (e.g. pseudo-bacteraemia
due to skin colonization). The commonest site of infection is the respiratory
tract where it causes nosocomial pneumonia, particularly VAP, adult CAP, and
community-acquired tracheobronchitis and bronchiolitis in children. Other sites
include the urinary tract, intracranial (usually post-neurosurgery), soft tissue
(burns, wounds, and device-associated cellulitis), eye infections, endocarditis,
and bone. Nosocomial bacteraemia is usually associated with the respiratory
tract or IV catheters, and has a reported mortality rate of 17-46%. A. baumannii
bacteraemia tends to be more severe.

Diagnosis

Acinetobacter spp. classically appear as Gram-negative coccobacilli, although
they may retain crystal violet so appear Gram-positive. They are gener-
ally encapsulated, non-motile organisms, which readily grow on routine
media as white, mucoid, oxidase-negative, catalase-positive colonies.
Misidentification may arise using API profiles, as they are biochemically rela-
tively unreactive, but acidification of glucose, haemolysis of RBCs, and abil-
ity to grow at 44°C are more reliable characteristics.

Treatment

e International surveillance systems (e.g. MYSTIC) have observed increasing
resistance. In 2009, 61% of isolates were resistant to ceftazidime, 86% to
carbapenems. Carbapenem susceptibility may be discordant (e.g. imipenem-
susceptible, meropenem-resistant). Polymyxins (e.g. colistimethate sodium)
usually have activity, but resistance occurs. Susceptibility testing should
include carbapenems, aminoglycosides (including amikacin), sulbactam,
polymyxins, e.g. colistimethate sodium, and tigecycline. There is some
evidence to support combination therapy with rifampicin and colistimethate
sodium * carbapenem.

‘Multidrug resistance’ is generally defined as non-susceptibility to at least one
agent in three or more antibiotic classes.

Empirical treatment might include a combination of a cephalosporin or
carbapenem with a fluoroquinolone, aminoglycoside, or colistimethate
sodium if local resistance rates are high.
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e Once susceptibility is known, the usual rules of antibiotic stewardship
should apply (i.e. the narrowest-spectrum effective agent)—there

are no data to demonstrate that combination therapy reduces the
emergence of resistance.

Inhaled/neb colistimethate sodium may be useful in pneumonia, and
intrathecal or intraventricular administration in meningitis caused by
highly resistant strains. IV colistimethate sodium achieves low lung and
CSF concentrations.

o Involve reference laboratory and infection control team as appropriate.

Prevention

For the full 2006 PHE prevention guidance, web search ‘PHE Acinetobacter
prevention’.

Stenotrophomonas maltophilia

Previously called Pseudomonas maltophilia or Xanthomonas maltophilia, this
organism is a cause of nosocomial infection. It is an opportunistic pathogen
of relatively low virulence but has an amazing ability to survive in a wide
range of environments. It is inherently resistant to most antibiotics.

Epidemiology

Ubiquitous in the environment, S. maltophilia has been isolated from mul-
tiple sources in hospitals, including water (tap and distilled), nebulizers,
dialysis machines, solutions, IV fluids, thermometers, etc. Transmission of
nosocomial infections has been associated with hospital water or contami-
nated disinfectant solutions. Studies have shown that most outbreaks result
from antibiotic-selective pressure (especially the extensive use of carbap-
enems, to which S. maltophilia is intrinsically resistant) and exposure to mul-
tiple environmental strains, rather than cross-infection.

Risk factors

Risk factors for nosocomial infections include: intensive care, increased
length of stay, treatment with broad-spectrum antibiotics, malignancy
(especially if immunosuppressed), instrumentation (e.g. urinary catheter,
IV lines, intubation, TPN, CAPD), patients with COPD, and neutropenia.

Pathogenesis
Potential virulence factors include those involved in adherence to plastics,
and production of exoenzymes such as elastase and gelatinase.

Clinical features

S. maltophilia can cause a variety of infections, ranging from superficial to
deep tissue to disseminated disease. It is most commonly isolated from
the respiratory tract, and distinguishing true infection from colonization
can be difficult. S. maltophilia pneumonia has a high mortality rate, espe-
cially when associated with bacteraemia or Gl obstruction. Other common
sites of S. maltophilia infection include skin and soft tissues, intra-abdominal,
the urinary tract, the eyes (especially in contact lens wearers), and device-
related infections. Endocarditis is also reported.
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Diagnosis

A motile, non-lactose-fermenting GNR that grows readily on standard media.
It is a strict aerobe. It is often pale yellow on blood agar, with an ammonia-like
smell. Most are oxidase-negative, catalase-positive, and DNase-positive, and
can hydrolyse aesculin and ONPG. It is the only pseudomonad that gives a
positive lysine decarboxylase reaction. Resistance to a carbapenem may be a
useful marker. Note that S. maltophilia is increasingly isolated from sputum from
patients with CF. It grows well on colistimethate sodium-containing media so
may be misidentified as B. cepacia.

Treatment

Unfortunately, results of antibiotic susceptibility testing correlate poorly
with treatment outcome. The drug of choice is co-trimoxazole. Other
options to consider include ticarcillin—clavulanic acid, doxycycline, minocy-
cline, newer-generation quinolones, and third-generation cephalosporins.
There is clinical evidence that co-trimoxazole and moxifloxacin may be syn-
ergistic. Most strains are resistant to aminoglycosides.

Burkholderia cepacia complex

Previously classified as Pseudomonas cepacia, these opportunistic pathogens
are a particular problem in CF patients. Other risk factors for infection
include chronic granulomatous disease and sickle-cell haemoglobinopa-
thies. There are at least 18 different phylogenetically similar; but genomi-
cally distinct, species (termed genomovars) in the B. cepacia complex. Most
important are B. cepacia, B. multivorans, and B. cenocepacia (genomovars |,
I1, 1ll, respectively). The prevalence of each varies with geographic region.

Epidemiology

Members of the complex are found in the natural environment and have
been isolated from multiple sources in hospitals. Environmental transmis-
sion may occur via contact with respiratory equipment, water supplies, or
disinfectants. However, transmission between colonized patients to other
CF patients is more significant, and patients should be segregated into sep-
arate groups (e.g. for outpatient clinics and summer camps). This can be
a highly emotive issue. Patient-to-patient transmission is commonest with
B. cenocepacia but has also been reported for B. multivorans and B. dolosa.
The epidemiology within CF units has changed as a result of segregation—
B. cenocepacia has declined in many European units, and B. multivorans
(now commonest) strains acquired by patients are genotypically unre-
lated, suggesting an environmental source, rather than patient-to-patient
transmission.

Pathogenesis

These organisms can survive in a wide range of environments. Virulence
factors include adherence to plastics, production of elastase, gelatinase,
adhesin (a mucin-binding protein), siderophores, flagella, efflux pumps,
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haemolysin, exopolysaccharide, quorum-sensing systems, and metallopro-
teases. Resistance to non-oxidative neutrophil killing may be important.

Clinical features

Genomovars Il and Il are the commonest causes of B. cepacia colonization
in CF patients. The three main patterns of infection are:

o chronic asymptomatic carriage;

o progressive deterioration over months, with frequent hospital
admissions, recurrent fevers, and weight loss in a similar manner to

P. aeruginosa;

necrotizing pneumonia and bacteraemia, associated with rapid
deterioration, which is nearly always fatal. Risk factors for this

pattern include females with poor lung function and severe CXR
changes (‘cepacia syndrome’)—particularly associated with B. dolosa,
B. multivorans, and B. cenocepacia;

pre-lung transplant colonization is associated with high post-transplant
mortality. This effect is most pronounced with B. cenocepacia. A small
study suggested 1-year survival of 29%, compared to 89% in those
colonized with other genomovars (and 92% in this cepacia-free). Death
in the early post-transplant period may be characterized by cepacia
syndrome. Abscess and empyema are later complications.

In other patients, Burkholderia spp. can cause a range of other infections,
from superficial to deep tissue to dissemination disease, but these are rare.

Diagnosis

Burkholderia spp. are motile, non-lactose fermenting, aerobic GNRs. Selective
media are necessary for culture. MALDI and commercial systems or kits should
not be used to identify members of the B. cepacia complex. Colistimethate
sodium resistance may be a useful indicator. Identification can be difficult and
should be confirmed by molecular (genotypic) methods at a reference labora-
tory because of the implications for the patient and infection control. For further
information, see the Cystic Fibrosis Trust 2010 guideline Laboratory standards
for processing microbiological samples from people with cystic fibrosis (available at
R www.cysticfibrosis.org.uk/about-cf/ publications).

Treatment

B. cepacia complex members show high rates of resistance to antipseu-
domonal antibiotics, including colistimethate sodium. Agents, such as
co-trimoxazole, chloramphenicol, minocycline, and carbapenems, show
good in vitro activity against Burkholderia spp. However, there are limited
clinical data on the best approach to treatment. Clearance of some drugs
is increased in the CF population which may make dosing difficult. Use of
combination therapy is debated, but, in general, two or more drugs with
in vitro activity are used. Synergy has not been consistently demonstrated
clinically or in vitro—the aim is to reduce the development of resistance.
Note that all Burkholderia spp. are constitutively resistant to colistin, and
many become multiresistant on treatment. Commonly used combinations
include meropenem with ceftazidime or tobramycin.
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Burkholderia gladioli

Formerly known as Pseudomonas marginata and closely related to B. cepacia
complex. Can be distinguished from the other Burkholderia microbiologi-
cally, because it is oxidase-negative. An opportunistic pathogen in CF and
associated with a poor outcome.

Burkholderia pseudomallei—ACDP 3

B. pseudomallei (formerly known as Pseudomonas pseudomallei) causes meli-
oidosis, which is endemic in parts of South East Asia, Northern Australia,
and the Caribbean. It is a major cause of community-onset septicaemia in
North East Thailand.

Epidemiology

In endemic areas, B. pseudomallei can be cultured from moist soil, surface
water (rice paddies), and the surface of many fruit and vegetables. Rodents
carry it.

Pathogenesis

B. pseudomallei can survive and multiply within phagocytes; hence, a long
course of antibiotics is recommended, and antibiotics active in vitro do not
always lead to clinical cure.

Clinical features

B. pseudomallei is usually acquired through inhaling contaminated parti-
cles or cutaneously through skin abrasions. It can infect almost any organ.
Manifestations range from subclinical infection to pneumonia (may cavitate
with profound weight loss, resembling TB), skin ulcers/abscesses, genital
infection and prostatitis, bone and joint infection, encephalomyelitis, or
overwhelming septicaemia. Parotid infection occurs in children. May pre-
sent years after exposure, due to the intracellular nature of the organism.

Diagnosis

e B. pseudomallei is a Hazard group 3 organism. All specimens should be
handled in CL3 if melioidosis is suspected clinically.

o Samples—if case suspected, culture blood, sputum, urine, throat, and
rectal swabs, as well as any lesion/pus.

o Gram staining—may show small bipolar GNRs.

e Culture—grows well on blood or Ashdown medium nutrient agar, after

1-2 days. They appear either wrinkled and dry, or mucoid, and, after

prolonged incubation, may turn orange. A strict aerobe, and oxidizes

glucose and breaks down arginine. The API 20NE reliably identifies

most isolates. Characteristically resistant to gentamicin and

colistimethate sodium.

Early involvement of the reference laboratory is recommended for

confirmatory tests, e.g. PCR, IgM- and IgG-specific ELISAs, serology (but

note there are problems with sensitivity and specificity).
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Treatment

Even mild disease should be treated intensively. The first 14 days should
be with an IV agent (ceftazidime or a carbapenem) or longer if clinical
improvement is slow. This should be followed by at least 3 months’ oral
therapy to prevent relapse (6 months for bone or neurological infection).
Co-trimoxazole is preferred. Co-amoxiclav is an alternative—but less effec-
tive. Note that resistance to these oral agents may develop during treat-
ment; seek expert advice.

B. mallei causes glanders, which is a rare disease of horses in Asia, Africa,
and the Middle East. It is a Hazard group 3 organism but has not been
isolated in the UK since the 1940s. In humans, it causes symptoms similar
to melioidosis.

Overview of fastidious
Gram-negative rods

These organisms often require specialist supplementation or media for cul-
ture. They can be divided by appearance on Gram stain as follows:
o Coccobacilli:

« Haemophilus;

- HACEK organisms;

- Gardnerella;

- Bordetella;

« Brucella;

- Yersinia;

- Pasteurella;

- Francisella.
o Rods with pointed ends:

- Legionella;

- Capnocytophaga.
o Curved rods:

« Vibrio;

- Aeromonas, Plesiomonas;

- Campylobacter;

- Helicobacter.

Streptobacillus moniliformis causes rat bite fever, as does Spirillium minor.

Haemophilus influenzae

H. influenzae is a small, fastidious Gram-negative coccobacillus, belonging to
the family Pasteurellaceae. It is highly adapted to humans and found in the
nasopharynx of 75% of healthy children and adults.

Epidemiology
Polysaccharide encapsulated (serotypes a—f) and non-encapsulated ‘non-
typeable’ strains. Droplet transmission. H. influenzae serotype b (Hib) used
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to be a common cause of invasive infections in children, including menin-
gitis, septic arthritis, and epiglottitis. The annual incidence of invasive Hib
disease dropped dramatically after the introduction of the Hib conjugate
vaccine in 1993. The lack of a toddler booster saw the incidence rising
due to waning immunity and rising cases from 1999. Booster vaccination
to those under 4 years old from 2004 saw a reduction in invasive disease
across all age groups, as carriage fell.

Pathogenesis

H. influenzae inhabits the upper respiratory tract of humans; 25-80% of
healthy people carry non-capsulated organisms, while 5-10% carry capsu-
lated strains (~50% of which are capsular type b). In addition to the polysac-
charide capsule that facilitates invasion, virulence factors of capsular type b
include fimbriae (involved in attaching to epithelial cells), IgA proteases
(aid colonization), and OMPs (involved in invasion). There is evidence
that simultaneous viral infection may initiate invasion. Other serotypes
and unencapsulated strains are rarely invasive but can cause pneumonia or
severe disease in high-risk groups.

Clinical features

e Invasive infections, e.g. meningitis, epiglottitis, bacteraemia with no clear
focus, septic arthritis, pneumonia, cellulitis. Mostly caused by capsular
type b. Types e and f and non-capsulated strains may also cause serious
disease. Infections generally occur between 2 months and 2 years of
age, as babies <2 months are protected by maternal antibody.

o Non-invasive infections, e.g. otitis media, sinusitis, endometritis, purulent
exacerbations of COPD. These local infections are usually associated
with non-capsulated organisms. There may be an underlying abnormality
(anatomical or physiological). Intercurrent viral infection may precipitate
an infection.

Diagnosis

o Culture—growth in the presence of X (haemin) and V (nicotinamide
adenine dinucleotide (phosphate), NAD(P)) factors. X is needed

to synthesize certain respiratory enzymes that contain iron (e.g.
cytochrome c, cytochrome oxidase, catalase, peroxidase). V is

required for oxidation—reduction processes in metabolism. Blood agar
(BA) contains both X and V, but H. influenzae grows poorly. NAD
supplementation improves growth on BA, as will streaking an organism
that excretes NAD, e.g. S. aureus—this phenomenon is called satellitism.
H. influenzae grows well on chocolate agar, which is made by heating
BA at 70-80°C for a few minutes to inactivate the NADase which
normally limits utilization of V factor. Growth is also better in CO -
enriched conditions. Antibiotic susceptibility testing with discs may be
unreliable—nitrocefin strips are recommended to test for B-lactamases.
Oxidase-positive.

Antigen detection, e.g. latex agglutination. Beware of cross-reactions
with S. pneumoniae and E. coli. Culture is needed for confirmation.
Molecular tests, e.g. PCR, are available.
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Capsule detection—encapsulated strains of H. influenzae are
responsible for most invasive infections (e.g. meningitis and epiglottitis),
while respiratory infections and otitis media are usually associated

with non-encapsulated strains. The polysaccharide capsule can be
demonstrated by the Quellung reaction with type-specific antisera.
Antigenic type—there are six antigenic types (a—f). Hib causes the most
severe invasive infections.

Biotypes—there are eight biotypes of H. influenzae (I-VIIl), based on
indole, ornithine decarboxylase, and urease reactions. The commonest are
biotypes I-ll, and the most invasive (type b) organisms are biotype I.

Treatment

o Severe infection—first line: third-generation cephalosporins, e.g.
ceftriaxone. Bactericidal, penetrate the CSF and are clinically effective.
Alternatives include co-trimoxazole, ampicillin (but ~20% of UK type b
strains produce a B-lactamase), or chloramphenicol.

Non-invasive infection—PO ampicillin (~20% of UK non-capsulated
strains are 3-lactamase-positive), co-amoxiclav, or azithromycin.
BLNAR (B-lactamase-negative ampicillin-resistant) H. influenzae are
becoming increasingly recognized worldwide. The mechanism of
resistance is altered PBPs. B-lactamase is absent phenotypically, but the
ampicillin MIC 24mg/L. They are usually sensitive to ceftriaxone.

Prevention

e Vaccine—Hib conjugate vaccine (capsular polysaccharide and protein)
was introduced in the UK in 1992. Now given at 2, 3, 4, and 12 months.
The impact of vaccination far exceeded that predicted, due to the
added benefit of herd immunity. Give to unimmunized contacts of index
cases. For detailed information about the use of the Hib vaccine, web
search ‘UK Green Book HIB'.

Chemoprophylaxis—only required if the index case is confirmed or
probable and under 10 years of age, or there is a vulnerable individual
in the household (ideally within 48h, but up to 4 weeks after index
diagnosis). Preferred agent is rifampicin. Reduces carriage and onward
transmission. May be considered for close contacts in school outbreaks.
For full details, see PHE 2013 guidance Revised recommendations for the
prevention of secondary Haemophilus influenzae type b (Hib) disease.

Other Haemophilus species

Haemophilus spp., other than H. influenzae, have been considered rare
causes of human disease in the past. However, they may cause infections
more commonly than was previously believed. Most are normal flora of the
human mouth and upper respiratory tract. They may be associated with
infections such as endocarditis, respiratory tract infections, septicaemia,
brain abscess, meningitis, and soft tissue infections.
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Haemophilus parainfluenzae

H. parainfluenzae is increasingly recognized as a cause of human infection.
Clinical infections are similar to those caused by H. influenzae, but H. parain-
fluenzae tends to be less virulent. H. parainfluenzae has been reported as a
cause of pharyngitis, epiglottitis, otitis media, conjunctivitis, dental abscess,
pneumonia, empyema, septicaemia, endocarditis, septic arthritis, osteo-
myelitis, meningitis, abscesses, and urinary and genital tract infections.
H. parainfluenzae differs from H. influenza, in that it is V factor-dependent
only.

Haemophilus haemolyticus and Haemophilus parahaemolyticus
It is commonly thought that these species rarely cause human disease.
However, standard methods do not reliably distinguish H. haemolyticus from
H. influenzae, so it may be commoner than previously considered.

Aggregatibacter aphrophilus

The species Haemophilus aphrophilus, Haemophilus paraphrophilus, and
Haemophilus segnis have been reclassified as a single species Aggregatibacter
aphrophilus—together with Actinobacillus actinomycetemcomitans. Organisms
require CO, for growth, and are independent of X factor and variably
dependent on V factor for growth. They cause a variety of infections, includ-
ing sinusitis, otitis media, pneumonia, empyema, bacteraemia, endocarditis,
septic arthritis, osteomyelitis, meningitis, abscesses, and wound infections

Haemophilus ducreyi

This causes chancroid, an STI, common in Africa and South East Asia. It
presents as a painful penile ulcer associated with inguinal lymphadenopathy.
Microbiological diagnosis may be made when Gram-negative coccobacilli
are isolated from a lymph node aspirate or from ulcer swabs. Microscopy
is classically described as a ‘shoal of fish’ appearance. Treatment options
include tetracyclines, erythromycin, and co-amoxiclav.

Haemophilus influenzae biogroup aegyptius

H. influenzae biogroup aegyptius was previously known as Haemophilus
aegyptius or the Koch—Weeks bacillus. It is very similar biochemically to
H. influenzae biotype Il but can be differentiated by PCR. It causes Brazilian
purpuric fever (conjunctivitis leading to fulminant septicaemia, with a high
mortality) and epidemic purulent conjunctivitis. Combination therapy with
ampicillin and chloramphenicol is usually recommended.

HACEK organisms

The HACEK organisms (see Box 7.6) are rare causes of endocarditis
(@ see Infective endocarditis, pp. 630-2), which tends to be insidious in
onset (mean time to diagnosis ~3 months). Most are part of normal human
mouth flora and are occasionally associated with periodontitis and infec-
tions elsewhere (e.g. joints). They grow slowly and may need prolonged
incubation (14 days) in CO, supplementation. High index of suspicion and
close liaison with the laboratory are crucial.
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Box 7.6 The HACEK organisms

Haemophilus influenzae

Haemophilus parainfluenzae
Haemophilus parahaemolyticus
Aggregatibacter aphrophilus
Aggregatibacter segnis

Aggregatibacter actinomycetemcomitans
Cardiobacterium hominis

Eikenella corrodens

Kingella kingae

Aggregatibacter actinomycetemcomitans

A mouth commensal and major pathogen of the genus Aggregatibacter.

There are two other Aggregatibacter spp.: A. aphrophilus (includes H. aphro-

philus and H. paraphrophilus) and A. segnis (formerly H. segnis).

o Diagnosis—difficult to culture. Fastidious and grows slowly, so BCs
should be incubated for at least 14 days. Growth is enhanced by CO,
supplementation (5-10%). Aggregatibacter may form ‘granules’ in
BCs or broth (the media remains clear). On Gram stain, often look
coccoid or coccobacillary, resembling Haemophilus. Urease-negative,
indole-negative, catalase-positive, and reduces nitrate. Do not grow on
MacConkey and are biochemically similar to Pasteurella spp.

o Pathogenesis—periodontal disease is associated with the ability to

invade and multiply within gingival epithelial cells and the production

of a leucotoxin that lyses neutrophils. Other potential virulence factors

include a bacteriocin, endotoxin, chemotaxis-inhibiting factor, and

fibroblast-inhibiting factor.

Clinical—can cause endocarditis, joint infections, and severe periodontal

disease. Has been found (together with some Haemophilus spp.,

fusiforms, and anaerobic streptococci) in actinomycotic lesions.

o Treatment—usually susceptible to third-generation cephalosporins
(4 weeks for native, and 6 weeks for prosthetic, valve endocarditis).
Periodontitis requires debridement with antibiotic treatment (e.g.
tetracyclines).

Cardiobacterium hominis

C. hominis is the only species in the genus. It is normal flora in the human

mouth, nose, and throat, and occasionally other mucous membranes and

the Gl tract. Unlike the other HACEK organisms, it rarely causes diseases
other than endocarditis.

o Diagnosis—GNR with a pleomorphic appearance and may be difficult
to decolorize during Gram staining. Culture is enhanced in 5-10% CO,
and high humidity. It grows well on blood agar and chocolate, with slight
B-haemolysis, but poorly on MacConkey agar. It is catalase-negative and
oxidase-positive. It produces indole (although positivity is weak with
many strains), which helps differentiate it from other HACEK organisms.



308

cHAPTER 7 Bacteria

e Treatment—sensitivity testing is difficult, because of the slow
growth, but it is usually susceptible to B-lactams, tetracycline, and
chloramphenicol. However, a 3-lactamase-producing isolate that was
also resistant to cefotaxime has been reported. Hence, the current first-
line recommendation of ceftriaxone for HACEK organisms may not be
optimal for C. hominis endocarditis—an alternative regimen to consider
is co-amoxiclav and gentamicin.

Eikenella corrodens

E. corrodens exists as normal mouth and upper respiratory tract flora.

o Diagnosis—facultative anaerobic GNR. Oxidase-positive, catalase-

negative, urease-negative, indole-negative, and reduces nitrate to

nitrite. About 50% of strains create a depression in the agar (‘corroding

bacillus’). As with the other HACEK organisms, culture is slow and

enhanced in 5-10% CO,.

Clinical features—subacute endocarditis, but is more commonly

found as part of mixed infections (e.g. human bite wounds, head and

neck infections, respiratory tract infections). It often coexists with

Streptococcus spp. Infections are usually indolent, taking >1 week from

time of injury to clinical symptoms of disease. Suppuration is common

and may smell like an anaerobic infection.

o Treatment—usually susceptible to the 3-lactams, tetracyclines, and
fluoroquinolones. It is uniformly resistant to clindamycin, erythromycin,
and metronidazole, and often resistant to aminoglycosides.

Kingella kingae

There are four species of Kingella, which all colonize the respiratory tract
and rarely cause human disease: K. kingae (previously known as Moraxella
kingae), K. indologenes (now known as Suttonella indologenes), K. denitrificans,
and K. oralis. K. kingae is the commonest, and a recent increase in cases
is likely to be due to increased awareness of the organism and improved
diagnostics.

o Diagnosis—misidentified as Moraxella or Neisseria in the past. They

are short GNRs with tapered ends, which sometimes appear coccoid.
They tend to resist decolorization, so may look Gram-positive.

Kingella is catalase-negative, oxidase-positive, and urease-negative, and
ferments glucose. K. kingae grows on blood and chocolate agar, but not
MacConkey. To increase the chance of recovering K. kingae from joint
fluid, the fluid should be inoculated into BC bottles, rather than just
plated out directly onto agar plates.

Clinical features—most cases of invasive disease occur in children

aged between 6 months and 4 years. K. kingae most commonly causes
bacteraemia, endocarditis (of native and prosthetic valves), and septic
arthritis. K. indologenes and K. denitrificans also cause endocarditis.

K. oralis is found in dental plaque, but its relationship with periodontal
disease is unknown.

Treatment—most Kingella spp. appear susceptible to penicillins

and cephalosporins; however, a 3-lactamase-producing isolate of

K. kingae has been reported. Alternatives include aminoglycosides, co-
trimoxazole, tetracyclines, erythromycin, and quinolones.
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Gardnerella

Gardnerella vaginalis is found in the female genital tract and is associated
with bacterial vaginosis (BV)/non-specific vaginitis (€) see Bacterial vagin-
osis, pp. 695—7). It is usually classified with GNRs, although it is normally
susceptible to vancomycin. Of interest, electron microscopy (EM) studies
have noted the cell wall to be either Gram-negative or Gram-positive, or to
show an atypical laminated appearance.

Epidemiology

There is debate whether specific biotypes have been associated with BV.
Newly acquired strains of G. vaginalis may precipitate BV, rather than over-
growth of previously colonizing biotypes.

Pathogenesis

Adherence of G. vaginalis to vaginal and urinary epithelial cells may play a
role in the pathogenesis of BV and UTls. Pili have been seen on G. vaginalis,
and haemagglutinating activity has been shown. G. vaginalis also produces
a cytolytic toxin (haemolysin). It is serum-resistant, which may aid survival
during bloodstream invasion at childbirth.

Clinical features

o BV—G. vaginalis is almost universally present in women with BV, along
with mixed anaerobic flora.

o UTI—G. vaginalis is isolated from <1% of UTls and, because of

its presence in the female genital tract, could represent vaginal

contamination. However, it has been found from suprapubic aspirates,

and also in association with renal disease and interstitial cystitis.

Bacteraemia—this rare event is associated with female genital tract

conditions such as chorioamnionitis, post-partum endometritis, and

septic abortion. Neonatal infection has also been reported.

Diagnosis

Gardnerella is a facultative anaerobe, which appears as a pleomorphic
Gram-variable rod. It is oxidase- and catalase-negative, non-encapsulated,
and non-motile. It needs enriched media for growth. It is also urease-,
indole-, and nitrate-negative. Note that G. vaginalis is susceptible to sodium
polyanetholesulfonate (SPS), which is found in most BC bottles, so bacte-
raemia figures may be underestimated. In clinical practice, BV is diagnosed
using the Amsel criteria.

Treatment

G. vaginalis is usually susceptible to penicillin, clindamycin, and vanco-
mycin, and resistant to colistimethate sodium, cefalexin, and tetracyclines.
Metronidazole is usually the preferred treatment for BV. See the UK
National Guideline for the management of bacterial vaginosis 2012 (available
at S www.bashh.org/documents/4413.pdf).
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Bordetella

B. pertussis and B. parapertussis cause whooping cough, which is a notifiable
disease in England and Wales. The other species only cause human infec-
tions under special circumstances—these are B. bronchiseptica (causes ken-
nel cough in dogs and snuffles in rabbits), B. avium (bird pathogen), B. hinzii,
B. holmesii, and B. trematum.

Epidemiology

The organism is spread by droplet infection and is highly infectious. Pertussis
has the highest incidence in infants but also occurs in adolescents and adults.
Morbidity and mortality are higher in females than males and in those
<6 months old. In the UK, pertussis displays 3- to 4-yearly peaks in activity.

Pathogenesis

B. pertussis produces a number of biologically active substances that are
thought to play a role in disease:

o surface components, e.g. filamentous haemagglutinin (FHA), pertactin,
and fimbriae;

toxins such as pertussis toxin (PT), adenylate cyclase toxin (ACT),
tracheal cytotoxin (TCT), and dermonecrotic toxin (DNT);

other products, e.g. tracheal colonization factor and BrKA (Bordetella
resistance to killing).

Clinical features

o Incubation of 7-10 days is followed by a ‘catarrhal stage’ similar to a
viral URTI. Fever is unusual. Cough gradually worsens over 1-2 weeks.

o A ‘paroxysmal stage’ follows. In children, there may be distinctive
whoops, gagging, cyanosis, conjunctival haemorrhage, and vomiting.
These are most bothersome at night. Lasts for 2-8 weeks. Symptoms
are less severe in vaccinated children and adults in whom prolonged
cough may be the only symptom.

Diagnosis

e Microscopy—tiny coccobacilli, occur singly or in pairs. B. pertussis and
B. parapertussis are non-motile.

o Culture—on Bordet—-Genou agar, pearly colonies on days 3—4; CCBA

agar (charcoal cephalexin), B. pertussis produces glistening greyish white

colonies, B. parapertussis colonies are larger and duller, and become

visible sooner. Does not grow on nutrient agar and grows poorly on

BA. Culture lacks sensitivity.

Molecular—PCR for toxin promoter or insertion sequence 15481

(occurs in B. pertussis, B. holmesii, and some B. bronchiseptica). Consider

reference laboratory confirmation (per nasal swab or NPA) in cases

of compatible respiratory illness in a child <12 months on paediatric

intensive care unit (PICU) or paediatric ward.

Serology—anti-PT IgG antibody levels are determined using an EIA,

on paired sera or single samples taken >2 weeks after onset for any

individuals with prolonged cough.
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Treatment

e Whooping cough is a notifiable condition.

o Recommended for children with clinical pertussis (even in the absence
of laboratory diagnosis) or asymptomatic with a positive PCR for the
purposes of reducing transmission. Treatment has to be early (within

7 days of symptoms) to decrease severity, thus is of limited help in the
paroxysmal phase—it does, however, eliminate carriage. Patients are
most contagious in the catarrhal phase and first 2 weeks of cough.
Adults can be considered for treatment if symptoms are under 2 weeks,
or if cough persists after 4 weeks, particularly if they are in one of the
priority groups mentioned under the point Antibiotic prophylaxis below.
o Usual agents are clarithromycin or azithromycin for 7 days. Co-
trimoxazole for 14 days is an alternative.

Antibiotic prophylaxis—a 2007 Cochrane review concluded there was
insufficient evidence to determine the benefit of prophylactic treatment
of pertussis contacts. UK guidelines recommend offering prophylaxis to
close contacts of an index case if disease onset was within 21 days AND
one of the contacts belongs to a priority group—in which case, all close
contacts should be offered treatment. Priority groups include those
under 1 year who have received <3 doses of pertussis vaccine, pregnant
women, HCWs working with infants and pregnant women, and those
who work, or share a house, with an infant under 4 months of age

(and thus not fully vaccinated). See HPA guidelines for the public health
management of pertussis (October 2012) and Information for healthcare
workers exposed to whooping cough (June 2013) on the PHE website.

Vaccine

o Acellular pertussis (aP) vaccine is given in the primary immunization
course as DTaP/IPV/Hib, at ages 2, 3, and 4 months. A further booster
as dTaP-IPV is given with preschool boosters, as vaccine immunity
wanes over time. There were major epidemics of whooping cough in
1977/1979 and 1981/1983, after immunization coverage dropped from
>80% to 30%, following a report linking the vaccine to brain damage.

A national outbreak in the UK in 2011/2012 affected all age groups,
including infants <3 months of age. An enhanced surveillance scheme
was set up, and pertussis immunization offered to pregnant women to
protect infants from birth.

Brucella—ACDP 3

Brucella spp. (see Table 7.13) cause brucellosis (undulant fever,
Mediterranean fever, Malta fever) and contagious/infectious abortion in
cattle. This zoonosis is transmitted via contaminated or untreated milk and
milk derivatives, or direct contact with infected animals or their carcasses.
Brucella spp. survive well in aerosols and resist drying, so are candidates for
agents of bioterrorism () see Bioterrorism, pp. 846-8).
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Table 7.13 Main species of Brucella—note that the host relationship
is not absolute, and man and domestic animals may be susceptible
to infections by different species

Brucella spp.  Animal infected Human manifestations

B. abortus Cattle; bison and elk in North America  Brucellosis

B. suis Pigs (swine brucellosis) .Brucellosis

B. melitensis ~ Goats/sheep .Brucellosis

B. canis Dogs (mainly beagles in the USA) .Mild disease only

B. ovis Sheep (Australia and New Zealand) .No evidence this species
infects man

Epidemiology

Virtually eliminated from most developed countries, including the UK
(animal vaccination, pasteurization, screen/slaughter of infected herds). It
remains endemic in Africa, the Middle East, central and South East Asia,
South America, and some Mediterranean countries (including Greece,
Turkey, Portugal, Spain, Italy, and Southern France). Human—human trans-
mission has been documented but is rare—methods include breast milk,
sexual transmission, and congenital disease. Around ten cases occur in
the UK annually—almost always acquired abroad. Brucellosis also occurs
through occupational exposure of laboratory workers, vets, and slaughter-
house workers. A careful epidemiological patient history is crucial, regarding
travel, diet (e.g. unpasteurized dairy produce), and possible exposure.

Pathogenesis

After ingestion (or entry via skin abrasions or inhaling infected dust), the
bacteria live in the regional lymph nodes during the incubation period (usu-
ally 2-8 weeks). They then enter the circulation and subsequently localize
in different parts of the reticulo-endothelial system, forming granulomatous
lesions that may result in complications in many organs. Brucella organisms
surviving within granulomas may cause relapses of acute disease or result
in chronic brucellosis.

Clinical features

Brucellosis has a wide variety of clinical presentations. The ‘undulant’ or
wave-like fever rises and falls over weeks in ~90% of untreated patients.
Malodorous perspiration is said to be pathognomonic. Localized infection
occurs in 30%, osteoarticular most commonly, with epididymo-orchitis in
~6%. Other symptoms include weakness, headaches, depression, myalgia,
and body pain. Hepatomegaly and splenomegaly may occur. Sequelae are
also variable, and include granulomatous hepatitis, anaemia, leucopenia,
thrombocytopenia, meningitis, uveitis, and optic neuritis. Infection in preg-
nancy is associated with abortion, premature delivery, and intrauterine
infection with fetal death.
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Diagnosis

o Brucella is a hazard group 3 organism. Laboratory exposure is a HSE-

reportable clinical incident, requiring RIDDOR reporting and thorough

risk assessment of laboratory staff. Guidance on prophylaxis and
follow-up of staff can be found via the brucellosis reference laboratory

(PHE website S https://www.gov.uk/government/organisations/

public-health-england).

Culture from blood or bone marrow. Marrow culture is the gold

standard—most sensitive, especially in chronic disease, and less affected

by prior use of antibiotics. Growth can take up to 8 weeks. Coccobacilli
or short bacilli. May occur singly, in chains, or in groups. Non-motile,

non-sporing, and non-capsulate. Aerobic, and B. abortus requires 5-10%

CO, to grow. The three main species (B. melitensis, B. abortus, B. suis)

can be differentiated biochemically and by antigenic structure. Each

species can be further divided into biotypes—there are >9 biotypes of

B. abortus, >3 of B. melitensis, and >5 of B. suis.

Serology—raised (1:160) or 4-fold rise in antibody titre over 2 weeks

in symptomatic patients suggests the diagnosis of active Brucella.

Difficult to interpret in those from endemic areas or relapsed infection.

Demonstration of antibodies: standard agglutination, mercaptoethanol

test, Bengal Rose reactions, ELISA. At the reference laboratory, all sera

are screened with a Brucella antibody assay and specific IgG/IgM enzyme
immunoassays. Positive samples then undergo further testing with in-
house micro-agglutination and complement fixation.

o Other—histology (e.g. granulomatous hepatitis), radiology (e.g. the
‘pedro-pons sign’, preferential erosion of antero-superior corner of
lumbar vertebrae), PCR (positive within 10 days of infection—not
widely available).

Treatment

Drugs must enter macrophages and be active in an acidic environment.

o Uncomplicated—doxycycline 6 weeks, with either 14-21 days’
streptomycin OR 6 weeks’ rifampicin. Fluoroquinolones (also in
combination) have a role in relapsed or resistant disease.

Focal infection, including articular, neurological—at least 12 weeks’
treatment and 3-drug regimes may be required for neurological disease
or endocarditis (which also needs surgery).

o Antibody levels may be measured to monitor response to therapy.

Prevention

Good standards of hygiene in the production of raw milk and its products,
or pasteurization of all milk, will prevent brucellosis acquired from ingestion
of milk. Also avoid contact with infected animals. Vaccination of young cat-
tle helps to protect animals against B. abortus but is not completely effective.
However, it helps to limit the spread of disease and thus aids eradication.
Only by testing all animals, and slaughtering those with positive results, can
the disease be truly eradicated.
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Yersinia pestis—ACDP 3

Y. pestis causes plague. There are three clinical syndromes: bubonic, pneu-
monic, and septicaemic (see Table 7.14). Found worldwide, but most cases
are reported from developing countries of Africa and Asia. There are ~10
cases annually from rural areas of the USA. The last case acquired in the
UK was in 1918.

Pathogenesis

The somatic (heat-stable) and capsular (heat-labile) antigens are import-
ant in virulence and immunogenicity. Somatic antigens V and W help resist
phagocytosis, and the capsular antigen containing the immunogenic fraction
(F1) is antiphagocytic also. Other virulence factors include an LPS endo-
toxin, the ability to absorb iron as haemin, and temperature-dependent
coagulase and fibrinolysin.

Diagnosis

o Culture—short Gram-negative coccobacillus, occurs singly or in pairs
(or as chains in fluid culture). Old cultures are pleomorphic and may
resemble yeast cells. Non-sporing, non-motile, and often capsulated
at 37°C. Methylene blue shows bipolar staining. Yersinia spp. grow
between 14°C and 37°C, with optimal growth at 27°C. Small, non-
haemolytic colonies are seen on blood agar at 24h. Catalase-positive

Table 7.14 Features of the main clinical forms of plague

Bubonic Pneumonic Septicaemic
Transmission  Rat flea bites Respiratory aerosols Primary infection
Xenopsylla cheopis from rat fleas Complication
Person-to-person of bubonic or
spread in crowded, pneumonic
unhygienic conditions, plague

during epidemics

May arise as a
complication of
bubonic or septicaemic

plague
Diagnostic Fluid from buboes Sputum BC/blood films
specimen
Clinical Fever, painful Cough or haemoptysis  Fever,
symptoms buboes, inguinal + bubo hypotension, no

lymphadenopathy buboes

Incubation 2-8 days 1-4 days (maximum 2-8 days
period 6 days)
Mortality if ~60% High mortality High mortality
untreated (approaching 100%) (approaching

100%)
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and oxidase-negative. Although Y. pestis grows on MacConkey, it tends
to autolyse after 2-3 days. Organisms are citrate-, indole-, and urease-
negative. Usually cultured from a bubo aspirate, but may also grow from
blood, CSF, or sputum. Cefsulodin, Irgasan, Novobiocin (CIN) agar is
selective for Yersinia and Aeromonas spp (‘bull’s eye’ appearance).

o Direct immunofluorescence is a more rapid diagnostic method.

o Serological tests for yersiniosis (acute and convalescent) include the
complement fixation test and haemagglutination of tanned sheep red
cells to which F1 capsular antigen has been adsorbed.

Treatment

Early antibiotic therapy for suspected cases (e.g. streptomycin, gentamicin,
or doxycycline) reduces the otherwise high mortality to ~10%. Contacts
may also be given antibiotic prophylaxis. Patients with pneumonic plague
should be isolated until they are sputum smear-negative (usually ~3 days
since starting treatment). There is no vaccine currently available. It is a noti-
fiable disease.

Yersinia enterocolitica

Epidemiology and clinical features

o Y. enterocolitica resembles Y. pestis and Y. pseudotuberculosis on culture
and morphologically, but differs antigenically and biochemically. The
commonest serotypes causing human infection in Europe are 3 and

9. Acquired from eating infected meat or milk. Patients with conditions
associated with iron overload (e.g. haemochromatosis) and the
immunosuppressed are at increased risk of Yersinia infections.

Usually presents as a febrile illness associated with bloody diarrhoea,
and may mimic salmonellosis, shigellosis, or appendicitis. Other
presentations include mesenteric lymphadenitis and septicaemia, which
may be fatal in the elderly. Secondary complications include erythema
nodosum, polyarthritis, peritonitis, Reiter’s syndrome, meningitis,
osteomyelitis, and hepatic, renal, and splenic abscesses. Y. enterocolitica
has been cultured from pseudotuberculous lesions in animals.

Treatment

o Gastroenteritis usually resolves without antibiotics. In severe infection,
the recommended regimen is doxycycline plus an aminoglycoside.
Alternatives—ceftriaxone, co-trimoxazole, and fluoroquinolones. Note
resistance to penicillin.

If the patient is on desferrioxamine, this should be stopped, as it may
increase the severity of infection.
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Yersinia pseudotuberculosis

Epidemiology and clinical features

e Strains can be differentiated by somatic and flagellar antigens, some

of which are shared with Y. pestis. Most human infections due to
serotype 1.

Causes a fatal septicaemia in animals and birds. Humans usually acquire
the infection from contact with water polluted by infected animals or
from eating contaminated vegetables—infection due to direct contact
with animals is rare. In humans, yersiniosis ranges from asymptomatic to
a fatal typhoid-like iliness with fever, purpura, and hepatosplenomegaly.
Mesenteric adenitis * erythema nodosum may mimic appendicitis and
tends to infect males aged 5-15 years.

Diagnosis and treatment

o GNR,; slightly acid-fast, grows poorly on MacConkey (like Y. pestis). Can
produce urease and motile at 22°C, unlike Y. pestis.

o Shows in vitro susceptibility to ciprofloxacin, tetracyclines,
aminoglycosides, sulfonamides, and penicillin. Mesenteric adenitis is
usually self-limiting.

Pasteurella

The genus Pasteurella includes the species P. multocida, P. haemolytica (now
known as Mannheimia haemolytica), P. canis, P. stomatis, and P. pneumotro-
pica. Pasteurella live in the mouth, and Gl and respiratory tracts of many
animals (especially dogs and cats) £ humans. P. multocida, the most frequent
human isolate, usually causes skin and soft tissue infections.

Epidemiology

Fifteen serotypes of P. multocida have been identified, based on four capsu-
lar antigens and 11 somatic antigens. PFGE can be used to compare strains.
Humans acquire infection from animal bites or inhaling air contaminated by
infected animals’ coughing.

Pathogenesis

In animals, P. multocida causes haemorrhagic septicaemia, which is usually
fatal. Most virulent Pasteurella strains have a polysaccharide capsule, which is
antiphagocytic and protects against intracellular killing by neutrophils. Also,
some strains produce a leukotoxin, and some bind transferrin.

Clinical features

e P. multocida causes skin and soft tissue infections after animal bites,
most commonly a localized abscess with cellulitis and lymphadenitis.
P. multocida has also been associated with URTIs and LRTls. Other sites
of infection are uncommon—these include meningitis post-head injury,
bone and joint infections, septicaemia, endocarditis, and intra-abdominal
infections.
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o P. haemolytica is not thought to be pathogenic for humans. It causes
pneumonia in sheep and cattle, and septicaemia in lambs, and also
infects poultry and domestic animals.

o P pneumotropica may be isolated from the respiratory tract of
laboratory animals. There are reports of it causing human infections, e.g.
animal bite wound infections, septicaemia, and URTIs.

Diagnosis

P. multocida is a facultative Gram-negative coccobacillus, which appears
pleomorphic in culture and does not grow on MacConkey agar. At 37°C,
organisms are capsulated, non-sporing, and non-motile. They show bipolar
staining with methylene blue. Most are fermentative, and oxidase-positive,
catalase-positive, and indole-positive.

Treatment

Penicillin is the mainstay of treatment, and there is a wealth of clinical expe-
rience to support this. It is resistant to oral first-generation cephalosporins,
flucloxacillin, clindamycin, and erythromycin. It is sensitive in vitro to fluoro-
quinolones, which may be considered in penicillin-allergic patients.

Francisella—ACDP 3

F. tularensis is primarily an animal pathogen (rabbits and hares), which
occasionally infects humans as accidental hosts, as a result of contact with
infected animals or invertebrate vectors (especially in summer months).
Only two of the five subspecies are clinically important: type A (F. tularen-
sis subspecies tularensis) is highly virulent, and type B (F. tularensis subspe-
cies holarctica) less virulent. It is a potential agent of bioterrorism (%) see
Bioterrorism, pp. 846-8).

Epidemiology and pathology

Tularaemia is endemic in North America and parts of Europe, Asia, north-
ern Australia, and Japan. Most cases in man are sporadic, though outbreaks
have been reported. It may survive for days in moist soil and in water pol-
luted by infected animals, and for years in culture at 10°C. Organisms are
killed in 10min after exposure to moist heat at 55°C. There is evidence
from animal experiments of intracellular multiplication of F. tularensis. The
capsule and citrulline ureidase activity contribute to virulence.

Clinical features

Infection (tularaemia) ranges from asymptomatic to septic shock, depending

on the virulence of the particular strain, host immune response, route of

entry, and degree of systemic involvement. A history with relevant epide-
miology is vital. There are two main forms:

o ulceroglandular—commonest, patients usually report animal contact—
acute-onset fever, headache, and rigors, usually followed by glandular
lesions, and skin ulceration may occur (hands/arms after animal
exposure, head/neck, trunk, or perineum after tick exposure, e.g.
eschar);
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e typhoidal /pulmonary—follows insect exposure or inhaling infected dust,
eating contaminated food or water. Acute-onset fever, headache, and
rigors, followed by respiratory or typhoid-like symptoms.

Diagnosis

F. tularensis is a Hazard group 3 organism. It is a small, non-motile, non-
sporulating, capsulated Gram-negative coccobacillus, which shows char-
acteristic bipolar staining with carbol fuchsin (10%). It stains poorly with
methylene blue. It is a strict aerobe, and culture requires the addition of
egg yolk or rabbit spleen to agar. Traditional microbiological methods are
being replaced by immunological and molecular tests, including ELISA and
immunoblots for antibodies (but tests relying on antibody detection are
limited in early clinical stages of disease). If a case is suspected, involve the
PHE Reference Unit at Porton Down promptly. It is a notifiable organism.

Treatment

Seek expert advice. Streptomycin or gentamicin are antibiotics of choice,
with the addition of chloramphenicol for meningitis. Ciprofloxacin is an
oral option for those with mild illness. A 10- to 14-day course is required.
Relapse is commoner with tetracycline or chloramphenicol, as they are bac-
teriostatic for F. tularensis. The live vaccine is based on an attenuated strain
of F. tularensis. PEP with doxycycline or ciprofloxacin may be considered
after potential inhalation.

Legionella

This organism is named after the outbreak of pneumonia affecting >180
members of the American Legion at a convention in Philadelphia in 1976.
Legionellaceae naturally live in water and only incidentally infect humans.
This may result in either legionnaires’ disease or Pontiac fever. There are
52 different genetically defined species of Legionella, of which ~50% infect
humans. L. pneumophila serogroup 1 is the most pathogenic and accounts
for ~95% of human cases.

Epidemiology

Legionella is acquired via inhalation of contaminated aerosolized water (e.g.
from spas, showers, air conditioning systems, water storage tanks, nebuliz-
ers). Water systems are more likely to be contaminated with Legionella if
the temperature is outside the recommended range (it should be <20°C or
>55°C), if the flow is obstructed, or if biofilms have formed. It is an intra-
cellular organism and can survive in amoebae, within the environment. The
incubation period is 2-10 days, and occasionally symptoms may develop
up to 3 weeks post-exposure. It is not transmitted person-to-person. Most
cases are isolated, but clusters and outbreaks occur.

Pathogenesis

After the infection is established, pneumonic consolidation develops, char-
acterized by proteinaceous fibrinous exudates pouring into the alveoli. The
mechanism of distant toxic changes (e.g. confusion, hallucinations, focal
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neurology) is poorly understood. Legionella organisms are engulfed by
monocytes and may survive intracellularly for prolonged periods of time.

Clinical features

In addition to the two main clinical syndromes, rare conditions (e.g. pros-
thetic valve endocarditis, wound infections) have been reported:

o legionnaires” disease—rapidly progressive pneumonia characterized by
fever, respiratory distress, and confusion. Mortality of >10% in healthy
people. May be associated with hyponatraemia. Risk factors include age
>50 years, hospital admission, immunosuppression, and smoking. Men
are affected more than women;

Pontiac fever—a brief flu-like iliness, with a high attack rate but low
mortality.

Diagnosis

o Microscopy/culture—short rods/coccobacilli may be difficult to see by

Gram stain, so fluorescent antibody stains or silver impregnation may

help. Grows best on media such as buffered charcoal yeast extract,

which contains iron plus cysteine as an essential growth factor. Some
strains prefer 2.5-5% CO, at 35-36°C. L. pneumophila colonies usually
appear by day 5, but other species may require 10 days. Colonies may
autofluoresce under UV light. Serogroups can be differentiated by slide
agglutination or fluorescent antibody tests (FATs), which are available at
reference laboratories.

Antigen detection—Legionella urinary antigen test (ELISA) only detects

serogroup 1 of L. pneumophila, thus will be negative in outbreaks caused

by other serogroups.

Molecular methods—Legionella PCR is available at some reference

centres.

o Antibody detection—FAT, RMAT (rapid micro-agglutination test), or
ELISA. A >4-fold rise or titre 1:256 is usually diagnostic. Remember that
antibodies may take >8 days to develop after onset of infection and
may persist for months/years post-infection. Some cross-reactivity with
Campylobacter.

Treatment

o Conventional susceptibility tests in broth and agar are unreliable. Many
antibiotics with in vitro activity (e.g. B-lactams and aminoglycosides) are
ineffective. Macrolides, quinolones, tetracyclines, and rifampicin are
effective, as they have good intracellular penetration.
Preferred—newer macrolides (azithromycin, clarithromycin) and
respiratory quinolones (levofloxacin). The latter may bring about more
rapid defervescence, but outcomes are similar. Duration 7-10 days.

o Combination therapy may have a role for the treatment of endocarditis.

Control and prevention

Legionnaires’ disease is a notifiable condition. Control relies on good design
and maintenance of water systems to prevent growth of Legionella organ-
isms, and subsequent treatment of the source (e.g. contaminated water
systems) if a case occurs (see Box 7.7). The main approaches to control
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Box 7.7 Legionella guidance

A full list of UK guidance, including water system maintenance, case inves-
tigation, and prevention, is available on the PHE website (2 www.gov.uk/
government/ collections/ legionnaires-disease-guidance-data-and-analysis).

are physical (heat, UV light, sonication), chemical (inhibiting scale forma-
tion, use of biocides to kill amoebae, use of charcoal filters), and plumbing
(maintenance, no dead legs in the system, pumps in series, not parallel, no
dead spaces in the heaters, regular flushing of the system).

Capnocytophaga

Genus Capnocytophaga in the family Flavobacteriaceae. Two groups:

o species associated with dog bite infections (and occasionally bites from
other animals such as rabbits or cats): C. canimorsus and C. cynodegmi;
species found in the human mouth—C. ochracea, C. gingivalis,

C. sputigena, C. haemolytica, and C. granulosa.

Epidemiology

While C. canimorsus and C. cynodegmi are most commonly associated with
bites, occasionally infections occur merely after exposure to dogs. Species
found in the human mouth produce a variety of enzymes that help invasion
of periodontal tissue (e.g. acid and alkaline phosphotases, aminopeptidases,
IgA, proteases, and trypsin-like enzymes).

Clinical features
Amongst animal bite infections, C. canimorsus is commoner and more severe
than C. cynodegmi, with a mortality approaching 30%. Risk factors—asplenic
patients, alcoholics, and those on steroids. Asplenic patients with C. cani-
morsus infection may present with shock, disseminated purpuric lesions, and
DIC. Fulminant infections may also occur in healthy people, although infec-
tions tend to be milder. Meningitis, endocarditis, pneumonia, corneal ulcer,
cellulitis, and septic arthritis due to C. canimorsus have also been reported.
Species found in the human mouth may be important in localized juve-
nile periodontitis. May colonize the female genital tract, and associated
with intrauterine infection, amnionitis, and neonatal infections in premature
babies. Rare presentations—endocarditis, eye infections, and peritonitis.

Diagnosis

e Long, thin, delicate GNRSs, typically fusiform, but older cultures often
show pleomorphic sizes and shapes. Facultative anaerobes, and grow
best with CO, enrichment. On blood or chocolate agar, may appear
yellowish, with a spreading edge with finger-like projections due to the
typical gliding motility. They do not grow on MacConkey agar.
Differentiation of individual species usually requires reference
laboratory assistance. In general, species from the human mouth are
oxidase-negative and catalase-negative, while those from animals’
mouths are oxidase-positive and catalase-positive.
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VIBRIO CHOLERAE

e C. canimorsus is more fastidious than the others and may be difficult to
grow from BCs—culture on enriched agar (e.g. heart infusion agar with
rabbit or sheep blood) for 14 days in 10% CO, may help.

Treatment

Co-amoxiclav is usually recommended. Asplenic patients should be given
prophylaxis after a dog bite, pending culture, as the organism may take a
while to grow, and mortality is high. Resistance to the (3-lactams has been
reported in the human mouth species, e.g. C. haemolytica and C. granulosa
are often resistant to 3-lactams and aminoglycosides. All species are usually
sensitive to clindamycin, erythromycin, tetracyclines, and quinolones.

Vibrios

The genus Vibrio (family Vibrionaceae) includes over 30 species. The most
important ones that result in human infections are V. cholerae, V. parahaemo-
Iyticus, and V. vulnificus. Other species, such as V. alginolyticus, V. damsela (now
known as Listonella damsela), V. fluvialis, V. hollisae (now known as Grimontia
hollisae), and V. mimicus, occasionally cause opportunistic infections.

Vibrio cholerae

There are ~20 cases of cholera (@) see Cholera, pp. 652-3) imported into
the UK every year. These are most commonly O1-El Tor. In the mid 1990s,
a new serogroup (O139) appeared in the Bay of Bengal—this was the first
time a non-O1 serogroup had resulted in epidemic cholera.

Epidemiology

Cholera is prevalent in Central and South America, Africa, and Asia. There
are >130 different O (somatic antigen) serogroups of V. cholerae. Serogroup
O1 (the ‘cholera vibrio’) causes epidemic cholera, and some strains of non-
O1 (the ‘non-cholera or non-agglutinable vibrios) can also cause diarrhoea.
Serogroup O1 is usually acquired by the faecal-oral route, while non-O1
V. cholerae may be associated with consumption of seafood or exposure
to saline environments. The two biotypes of serogroup O1 (El Tor, which
is the commonest, and classical) can be distinguished by susceptibility to
phage, and the fact that El Tor is haemolytic and resistant to polymyxin
B. The subtypes of serogroup O1 are Ogawa (most common), Inaba, and
Hikojima (which possesses determinants of both other subtypes).

Pathogenesis

The potent cholera enterotoxin, produced by serogroup O1 and some
non-O1 strains, comprises five B (binding) subunits and one A (active) subu-
nit. Insertion of the B subunits into the host cell membrane forms a channel
for subunit A to enter the cell. By causing the transfer of ADP ribose from
NAD to another protein, adenylate cyclase is irreversibly activated, and
cAMP is overproduced. The resulting hypersecretion of chloride ion (CI7)
and bicarbonate ion (HCO,") causes massive loss of water and electrolytes
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(rice-water stool). Other features important in pathogenesis of serogroup
O1 include production of mucinase and other proteolytic enzymes (which
help the organism reach the enterocytes), the motility of the organism,
and adhesive haemagglutinins (aid close adherence to enterocyte surface).
Non-O1 strains may produce other enterotoxins, cytotoxins, haemolysins,
and colonizing factors.

Cholera is transmitted by contaminated food or water, and requires a
large infective dose. Humans are the only host. Only a handful of those
infected are symptomatic (ratios quoted are 40 asymptomatic carriers to
one symptomatic individual for El Tor, and 5:1 for classical), which under-
scores the need for good hygiene.

Clinical features

V. cholerae usually causes the typical profuse watery diarrhoea of cholera,
which may rapidly lead to hypovolaemic shock and death from dehydra-
tion. Milder cases are similar to other causes of secretory diarrhoea, and
asymptomatic infections also occur. Non-O1 V. cholerae usually causes mild,
sometimes bloody, diarrhoea, but may occasionally be severe and resemble
cholera. Patients exposed to aquatic environments may suffer from wound
infections, and bacteraemia and meningitis have been reported.

Diagnosis

During an epidemic, cholera is a clinical diagnosis. Otherwise, diagnosis is
based on high clinical suspicion, together with culture or dark-field micros-
copy of stool (comma-shaped organisms are seen moving around, which
ceases when diluted O1 antisera is added). Vibrios are short, curved, or
‘comma-shaped’ aerobic GNRs, which are motile by a single polar flagel-
lum. They ferment both sucrose and glucose, but not lactose, and reduce
nitrate to nitrite. Most are oxidase-positive (test must be performed from
non-selective media) and produce indole. The growth characteristics of
vibrios are summarized in Table 7.15. V. cholerae is non-halophilic (i.e. can
grow on media without added salt), provided the necessary electrolytes
are present. V. cholerae can grow at 42°C (along with V. parahaemolyticus
and V. alginolyticus). Vibrios are tolerant to alkali but have a low tolerance
to acid. V. cholerae is usually Voges—Proskauer-positive. Vibrios accumulate
on the surface of alkaline peptone water. If a loopful is inoculated onto
thiosulfate-citrate-bile salts-sucrose agar, V. cholerae appear as a yellow
sucrose fermenter, which is oxidase-positive. V. cholerae is killed by most
detergents and by heating at 55°C for 15min. However, it can survive for
up to 2 weeks in salt water at ambient temperatures, and also on chitinous
shellfish for 2 weeks, even if refrigerated. Where API® methods are used for
identification, inoculation with NaCl is required.

Treatment

Cholera s a notifiable condition. Rehydration is key. Antibiotics (e.g. azithro-
mycin, ciprofloxacin) reduce the duration of disease and period of excre-
tion of V. cholerae in the stool of infected patients. Antibiotic treatment
is not routinely required but should be considered in those with severe
iliness or during an outbreak. In the UK, a killed oral vaccine is licensed for
relief workers and travellers to remote endemic areas. However, the most
important preventative strategies are improvement of sanitation and food
and water standards.
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Table 7.15 Growth characteristics of Vibrio spp.

Species TCBS Biochemistry Salt Growth
requirement at 42°C
V. cholerae Yellow Oxidase-, Not halophilic Yes

nitrate-, lysine-,  (0-3% NaCl)
ONPG-positive

V. parahaemoly-  Green Lysine-, Halophilic Yes
ticus indole-positive (3-6% NaCl)
V. vulnificus Green (85%), Lactose-, lysine-, Halophilic No
yellow (15%)  salicin-positive (3-5% NaCl)
V. alginolyticus Yellow Lysine-, Voges—  Halophilic Yes
Proskauer- (3-10% NaCl)
positive

Vibrio parahaemolyticus

V. parahaemolyticus is ubiquitous in fish and shellfish, and the waters they
inhabit. Outbreaks of diarrhoea occur infrequently in the UK.

Epidemiology

V. parahaemolyticus infection is common in South East Asia, particularly
Singapore and Japan. However, it also occurs in the UK and USA, particu-
larly during summer months.

Pathogenesis
Kanagawa-positive strains () see Diagnosis below) of V. parahaemolyticus
adhere to human enterocytes and produce a heat-stable cytotoxin.

Clinical features

V. parahaemolyticus is usually acquired through ingesting seafood and causes
acute explosive diarrhoea. Extraintestinal infections arise from handling
contaminated seafood or exposure to the aquatic environment, the com-
monest being wound infections.

Diagnosis

This organism is halophilic (salt-loving), hence will not grow on CLED agar.
Clinical strains of V. parahaemolyticus usually appear as green, non-sucrose-
fermenting colonies on TCBS agar, but isolates from estuary and coastal
waters may ferment sucrose. Stool samples should be enriched in alkaline
peptone water containing 1% NaCl. The Kanagawa phenomenon refers to
haemolysis of human erythrocytes on Wagatsuma’s agar by strains of V. para-
haemolyticus which cause gastroenteritis. Oxidase-positive; where API® meth-
ods are used for identification, inoculation with NaCl is required.

Treatment

Rehydration is the main intervention for patients with diarrhoea. Severe
infections require treatment with fluoroquinolones, doxycycline, or third-
generation cephalosporins. Antibiotics do not shorten the duration of
symptoms. Prevention strategies involve good food hygiene standards.
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Vibrio vulnificus

V. vulnificus has been called the ‘terror of the deep’ due to the severe fulmi-
nant infection it can cause.

Epidemiology

Infections are commonest in areas with higher water temperatures such as
the mid-Atlantic and Gulf Coast states of the USA. Septicaemia arises from
eating contaminated raw shellfish, while wound infections are due to injuries
sustained in aquatic environments.

Pathogenesis

The polysaccharide capsule helps resist phagocytosis and bactericidal
effects of human serum. The association with liver disease (with increased
serum iron levels) may be explained by the ability of virulent strains to use
transferrin-bound iron. Toxin production is also important.

Clinical features

There are three main infections associated with V. vulnificus:

o fulminant septicaemia, followed by cutaneous lesions. This is associated
with a high mortality (50%). Immunosuppressed patients are at
increased risk, particularly elderly male alcoholics with liver dysfunction;

o wound infection, rapidly progressing to cellulitis, oedema, erythema, and
necrosis. Patients may develop septicaemia, and it may be fatal;

o acute mild diarrhoea, usually in those with mild underlying conditions.

Diagnosis

This organism is halophilic (&) see Diagnosis, p. 323). For further growth
characteristics, see Table 7.15. Where API® methods are used for identifi-
cation, inoculation with NaCl is required.

Treatment
Early treatment with ceftazidime and doxycycline is key.

Other Vibrio species

o V. alginolyticus is the commonest Vibrio organism found in seafood and
seawater in the UK. It is a halophilic organism, which will not grow on
CLED but grows in 10% NaCl. Colonies are large and yellow (sucrose-
fermenting) on TCBS agar, and there is swarming on non-selective
media. Causes opportunistic wound infections associated with exposure
to seawater, usually self-limiting.

o V. fluvialis is phenotypically similar to Aeromonas hydrophila () see
Aeromonas, p. 325). Implicated in outbreaks of diarrhoea; acquired from
seafood.

o V. damsela (now known as Listonella damsela) is a halophilic organism
acquired in warm coastal areas. Cause of wound infection.
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o V. hollisae (now known as Grimontia hollisae) has been associated with
diarrhoea and bacteraemia in areas of warm seawater in the USA. Itis
acquired from raw seafood.

o V. mimicus is associated with gastroenteritis from eating raw oysters.
There are also reports of ear infections. It occurs in environments
similar to V. cholerae.

Aeromonas

Aeromonas spp. are aquatic organisms. A. hydrophila, A. sobria, and A. caviae
are the main species, and A. salmonicida is an economically important fish
pathogen. The genus Aeromonas has undergone a number of taxonomic
and nomenclature revisions recently, and has been moved from the family
Vibrionaceae to the new family Aeromonadaceae.

Epidemiology

A cause of diarrhoea and soft tissue infections. Diarrhoea is commoner in
the summer months when water concentrations of aeromonads are higher.
Outbreaks may occur.

Pathogenesis

Gastroenteritis is the commonest disease associated with Aeromonas, but
its role is debated. It is capable of producing an enterotoxin, and antibiotics
active against Aeromonas may improve patient symptoms. It may be that
only specific subsets of Aeromonas are pathogenic.

Clinical features

Diarrhoea tends to be watery and self-limiting, but is occasionally more
severe. Chronic colitis following diarrhoea has been reported. In addition to
gastroenteritis, there are reports of Aeromonas septicaemia in the immuno-
compromised, and wound infections in healthy people and those undergo-
ing leech therapy. It should be considered as a cause of soft tissue infection
in those with water exposure. There are rare reports of nosocomial bacte-
raemia, peritonitis, meningitis, and eye and bone and joint infections.

Diagnosis

This facultatively anaerobic GNR is usually B-haemolytic on blood agar
and ferments carbohydrates to produce acid and gas. It grows readily on
MacConkey agar, and lactose fermentation is variable. Growth on TCBS
agar is also variable. It is oxidase-positive, so can be distinguished from
the oxidase-negative Enterobacteriaceae. Suitable plates for detection of
Aeromonas from stool include CIN agar or blood agar containing ampicillin.
Note that not all laboratories routinely culture stools for Aeromonas, and
some enteric media actually inhibit its growth.

Treatment

There are no controlled trials, but clinical improvement has been seen with
antibiotics that are active in vitro such as fluoroquinolones, co-trimoxazole,
and aminoglycosides (except streptomycin). Resistance to the carbapenems
has been reported due to chromosomal carbapenemases.
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Plesiomonas

Plesiomonas shigelloides, the only species in the genus, is associated with
outbreaks of gastroenteritis in warm climates. In the literature, it has been
known as Pseudomonas shigelloides, C27, Aeromonas shigelloides, and Vibrio
shigelloides. The taxonomic status has varied—it is related to Proteus but is
currently placed in the family Enterobacteriaceae.

Epidemiology

P. shigelloides is found in soil and water (mainly fresh water, but also salt
water in warm weather). It is usually transmitted to humans via water or
food (e.g. shrimp, chicken, and oysters), and also colonizes many animals.
Most patients recently travelled abroad.

Pathogenesis

There is no animal model, and no pathogenic mechanism has been identi-
fied. Volunteer studies have been largely unsuccessful in causing disease.
Hence, it has been difficult to prove a causal relationship.

Clinical features

Symptoms vary from mild self-limiting diarrhoea to mucoid bloody diar-
rhoea with features of entero-invasive disease. It has occasionally resulted
in serious extraintestinal infection such as osteomyelitis, septic arthri-
tis, endophthalmitis, SBP, pancreatic abscess, cellulitis, cholecystitis, and
neonatal sepsis with meningitis. Bacteraemia is rare and usually in the
immunocompromised.

Diagnosis

This motile, facultatively anaerobic GNR does not ferment lactose. It grows
readily at 35°C on most enteric agars, such as MacConkey, but does not
grow on TCBS. It appears non-haemolytic and is oxidase-positive. Selective
techniques are needed to isolate it from a mixed culture.

Treatment

The role of antibiotics is unclear, and results of studies conflicting. In vitro, it
is usually sensitive to quinolones, cephalosporins, and carbapenems.

Campylobacter

Campylobacter organisms are spiral-shaped flagellate bacteria belonging to
rRNA superfamily VI. C. jejuni is the commonest cause of diarrhoea in most
developed countries. C. coli also causes diarrhoea. C. fetus is the type spe-
cies of the genus and causes abortion in sheep and cows. It occasionally
causes septic abortions in humans and bacteraemia/soft tissue infections in
the immunocompromised. Some species, including C. lari and C. upsaliensis,
cause diarrhoea in children in developing countries, while species, such as
C. concisus and C. rectus, are associated with periodontal disease.
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Pathogenesis

Campylobacter organisms are ingested (faeco-oral transmission), then
colonize (and usually invade) the jejunum, ileum, and terminal ileum,
occasionally extending to the colon and rectum. Mesenteric lymph node
involvement and transient bacteraemia may occur. Histological findings of
acute inflammation * superficial ulceration are the same as in Salmonella,
Shigella, or Yersinia infections.

Clinical features

Campylobacter gastroenteritis is variable in terms of symptoms and severity.
In severe cases, Gl haemorrhage, toxic megacolon, and HUS have been
reported. Other complications include meningitis, deep abscesses, chole-
cystitis, and reactive arthritis. ~25% cases of Guillain—Barré syndrome (GBS)
have been documented preceding Campylobacter gastroenteritis—the lipo-
oligosaccharide cell surface structures act as critical factors in triggering GBS
through ganglioside mimicry.

Diagnosis

This small, spiral GNR has a single unsheathed flagellum at one or both
poles and is extremely motile. Staining with carbol fuchsin reveals a charac-
teristic ‘seagull’ appearance. Selective blood-free agar are used (e.g. char-
coal-cefoperazone-deoxycholate agar (CCDA) containing charcoal, sodium
pyruvate, and ferrous sulfate). It is micro-aerophilic and grows best at 42°C.
Like Helicobacter, Campylobacter organisms undergo coccal transformation
under adverse conditions and are biochemically inactive. However, they
are oxidase-positive. C. jejuni is the only species that hydrolyses hippurate.
Typing methods include serotyping (Penner scheme for O antigens, and Lior
scheme for heat-labile surface and flagellar antigens), biotyping, phage typ-
ing, and newer molecular methods.

Treatment

Rehydration and symptom relief are usually adequate, as Campylobacter
infection is usually self-limiting in 5-7 days. However, in severe dysenteric
disease, erythromycin or ciprofloxacin may be prescribed. Resistant strains,
especially C. coli, may respond to trimethoprim or co-trimoxazole. Good
hygiene standards are important in prevention. Infective organisms may be
excreted in the stool for ~3 weeks after resolution of diarrhoea. There is
no vaccine.

Helicobacter

The genus Helicobacter contains up to 17 species, which colonize the
stomach of different animals. H. pylori is a spiral-shaped flagellate bacteria
belonging to rRNA superfamily VI, which colonizes humans (it is found in
~50% of the world population). H. pylori was discovered in 1983 in Australia
by Warren and Marshall, who went on to receive the Nobel Prize for
Medicine in 2005. Its importance in the pathogenesis of peptic ulcer disease
and malignancy soon became clear. H. cinaedi and H. fennelliae are associ-
ated with proctitis in homosexual men.
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Pathogenesis

As with other bacteria in rRNA superfamily VI, H. pylori is adapted to
colonizing mucous membranes (in this case, the gastric mucosa only) by
penetrating mucus. The cagA protein is important in virulence. After phos-
phorylation by tyrosine kinase, cagA is injected into epithelial cells by a type
IV secretion system. This alters signal transduction and gene expression in
host epithelial cells.

Clinical features

H. pylori is associated with 95% of duodenal and 70% of gastric ulcers.
Epidemiological studies have highlighted the association of H. pylori and gas-
tric cancer; and WHO classifies H. pylori as a group 1 carcinogen.

Diagnosis

This GNR is shaped like a helix and has a tuft of sheathed unipolar flagella.

It is strictly micro-aerophilic and requires CO, for growth. It is relatively

inactive biochemically, except for strong urease production. Under adverse

conditions, it undergoes coccal transformation. PHE/British Infection

Association (BIA) have produced guidelines on testing and management of

H. pylori. Options for testing patients are as follows:

o serology—if positive, this indicates the patient has been infected but
does not differentiate between active and past infection. Not advised
for use in the elderly. High negative predictive value in low prevalence
countries;

o biopsy of stomach or duodenum—histology & urease test * culture;

e urea breath tests—the patient drinks "“C- or "*C-labelled urea, which is

metabolized by H. pylori, producing labelled CO, that can be detected in

the breath. This test is also used to assess effectiveness of treatment but
is affected by PPl use;

rapid urease test (the enzyme urease produced by H. pylori catalyses the

conversion of urea to ammonia and bicarbonate, which is reflected by a

rise in pH)—this is usually performed on a biopsy sample;

o faecal antigen tests—affected by PPl use.

The urea breath test or stool antigen test have greater sensitivity and speci-
ficity than serology for diagnosis, and can also be used to confirm eradica-
tion. The patient should receive no antibiotics for 4 weeks before the tests,
and no PPI for 2 weeks before the tests. Molecular typing of H. pylori is
more useful than serotyping.

Treatment

NICE has issued clinical guidelines on the investigation and management of
dyspepsia (web search ‘NICE guidance CG184’).2 Eradication of H. pylori
in patients testing positive is beneficial in duodenal/gastric ulcers and low-
grade MALToma (mucosal-associated lymphoid tissue), but not in gastro-
oesophageal reflux disease (who should be offered a PPI). Triple therapy
consists of a PPl (e.g. omeprazole) and two antibiotics (e.g. amoxicil-
lin, clarithromycin, or metronidazole), and achieves >85% eradication.
Clarithromycin or metronidazole should not be given if they have been used
for any infection in the previous year. ~10% of patients fail treatment, pos-
sibly due to antibiotic resistance (see Box 7.8).
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Box 7.8 Antibiotic resistance in H. pylori

Antibiotic resistance varies geographically. Metronidazole resistance var-
ies from ~50% in Europe to 90% in developing countries. Clarithromycin
resistance is <10% in Europe but may be rising. A recent meta-analysis
has shown that pre-treatment clarithromycin resistance may reduce the
effectiveness of therapy by 55%. To date, no strains with resistance to
amoxicillin or to tetracycline have been detected in the UK. Levofloxacin
is being investigated as an alternative antibiotic for resistant strains.

A Cochrane review (2006) of eradication therapy for peptic ulcer disease
in H. pylori-positive patients found that treatment had a small benefit in initial
healing of duodenal ulcers, and a significant benefit in preventing the recur-
rence of both gastric and duodenal ulcers, once healing had been achieved.?
Other treatment includes probiotics (which improved eradication rates and
reduced adverse events in a recent meta-analysis) and bismuth compounds.

References

2 National Institute for Health and Care Excellence (2014). Gastro-oesophageal reflux disease and dys-
pepsia in adults: investigation and management. NICE clinical guideline 184. Available at: 8 https://
www.nice.org.uk/guidance/cg184.

Moayyedi P, Soo S, Deeks J, et al. (2006). Eradication of Helicobacter pylori for non-ulcer dyspep-
sia. Cochrane Database Syst Rev. 2:CD002096.
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Bacteroides

More than 30 genera of anaerobic GNRs are recognized, but human
infections are largely restricted to four of these: Bacteroides, Prevotella,
Porphyromonas, and Fusobacterium (see Table 7.16). These organisms are
found in the mouth, Gl tract, and vagina, and are amongst the most impor-
tant constituents of ‘normal flora’. They may cause a variety of infections in
humans, particularly polymicrobial infections and abscesses. B. fragilis is the
most important species; it is found in the Gl tract and is associated with a
wide variety of infections.

Pathogenesis

Virulence factors of Bacteroides spp. include:

o capsular polysaccharide—inhibits opsonization/phagocytosis, promotes
abscess formation, and promotes adherence to epithelial cells;

o pili and fimbriae—promote adherence to epithelial cells and mucus;

e succinic acid—inhibits phagocytosis and intracellular killing;

enzyme production—contribute to tissue damage and/or promote

invasion and spread, e.g heparinase, fibrinolysin, hyaluronidase,

neuraminidase;

synergy between anaerobic and facultative bacteria (see Box 7.9).
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Table 7.16 Characteristics of anaerobic Gram-negative rods

Organism Growth Pigmented Fluorescence Usually Usually
in 20% resistant to sensitive to
bile
B. fragilis Yes No No Penicillin Erythromycin
Vancomycin  Rifampicin
Kanamycin
Colistimethate
sodium
Fusobacterium  Variable No No Erythromycin ~ Colistimethate
Vancomycin ~ sodium
Penicillin
Kanamycin
Prevotella No Brown/ Brick-red Vancomycin Rifampicin
black Colistimethate
sodium
Penicillin
Porphyromonas  No Brown/ Brick-red Rifampicin
black Penicillin
Vancomycin

Box 7.9 Synergy in anaerobic infections

o Infections involving anaerobes usually contain multiple anaerobic
bacteria, as well as facultative anaerobic bacteria.

Evidence suggests true synergy between anaerobic and facultative
bacteria, with formation of abscesses occurring more readily with
infections involving both groups of bacteria than either alone.
Facultative organisms may lower the oxidation—reduction potential
in the microenvironment, promoting more favourable conditions for
anaerobes.

o Anaerobic bacteria may inhibit phagocytosis of facultative bacteria.
B. fragilis produces B-lactamases in abscess fluid that may protect
other normally susceptible bacteria from antimicrobials.

Clinical features

e Intra-abdominal infections—aB. fragilis is the commonest anaerobic
isolate in intra-abdominal abscesses, often polymicrobial infections.

o Diarrhoea—enterotoxin-producing strains have been implicated in
diarrhoea in children.

o Bacteraemia—aB. fragilis is the commonest isolate in anaerobic
bacteraemias. The source is usually intra-abdominal and associated with
abscesses, malignancy, bowel perforation, or surgery. Septic shock is less
common in B. fragilis bacteraemia than in bacteraemia caused by aerobic
Gram-negative bacilli; this is presumably related to the absence of lipid
A in the endotoxin of B. fragilis.
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Endocarditis—associated with large vegetations and high frequency of
thromboembolic complications.

Skin and soft tissue infections—often found as part of mixed flora in
diabetic and decubitus ulcers. B. fragilis has also been isolated from
cutaneous abscesses of the lower limbs.

Bone and joint infections—B. fragilis may rarely cause osteomyelitis and
septic arthritis.

o CNS infections—anaerobic meningitis is rare, and most laboratories do
not culture CSF anaerobically. In the cases of anaerobic meningitis that
have been described, B. fragilis is the commonest isolate. In contrast,
anaerobes are frequently implicated in brain abscesses.

Diagnosis

o Bacteroides are non-spore-forming, non-motile anaerobic GNRs.

e On blood agar, Bacteroides appear as glistening, non-haemolytic colonies
which are aerotolerant.

Gram stain may reveal pale pink, pleomorphic coccobacilli, with irregular
or bipolar staining.

They can be differentiated from other anaerobic GNRs by growth in
20% bile.

The MASTRING™ ID (Mast Diagnostics) may be used to identify B. fragilis
in the laboratory. This is a ring containing six antibiotic discs that is placed
on the culture plate and incubated anaerobically at 37°C for up to 3 days.

B. fragilis is usually sensitive to erythromycin and rifampicin, and usually
resistant to penicillin G, vancomycin, kanamycin, and colistimethate sodium.
API® 20A or Rapid ID® 32A (biomérieux) can be used.

o Molecular identification and MALDI can also be used.

Treatment

o Drainage of abscesses and debridement of necrotic tissue is the
mainstay of treatment for anaerobic infections. However, some
abscesses (e.g. brain, liver, and tubo-ovarian) have been managed with
antimicrobial therapy alone.

e The choice of antibiotics to treat anaerobic infections is usually

empirical, as most of the infections are polymicrobial and require broad-

spectrum therapy

Bacteroides is usually sensitive to antimicrobials such as metronidazole,

clindamycin, chloramphenicol, carbapenems, cefoxitin, and

B-lactam/B-lactamase inhibitor combinations (e.g. co-amoxiclav,

piperacillin—tazobactam).

Prevotella and Porphyromonas

Prevotella and Porphyromonas formerly belonged to the genus Bacteroides
(® see Bacteroides, pp. 329-31) but were reclassified in 1990.
o The genus Prevotella includes P. melaninogenica, P. bivia, P. oralis, and
P. buccalis.
o The genus Porphyromonas includes P. gingivalis, P. endodontalis, and
P. asaccharolytica.
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Pathogenesis

e Virulence in P. melaninogenica is associated with the capsular

polysaccharide, which inhibits opsonophagocytosis, promotes abscess

formation, and also promotes adherence to epithelial cells.

In P. gingivalis, pili and fimbriae aid adherence to epithelial cells

and mucus.

o Production of various enzymes may also aid evasion of the host immune
response or promote tissue destruction.

Clinical features

Prevotella and Porphyromonas contribute to the formation of abscesses and
soft tissue infections in various parts of the body. They also cause infections
of the oral cavity (such as periodontal and endodontal disease), female
genital tract infections, osteomyelitis of the facial bones, and human bite
infections.

Diagnosis

o These are non-spore-forming, non-motile, anaerobic Gram-negative
bacilli.

e They are usually isolated (along with other anaerobes) from abscesses

and soft tissue infections.

Prevotella and Porphyromonas may both appear pigmented—usually

brown/black.

Young unpigmented colonies can show brick-red fluorescence under

UV light.

o Gram stain reveals small, pale pink coccobacilli.

Prevotella and Porphyromonas are both inhibited by 20% bile.

Prevotella are moderately saccharolytic, whereas Porphyromonas are

asaccharolytic.

Treatment

e The mainstay of treatment for anaerobic infections is surgical drainage
of abscesses and debridement of necrotic tissue.

Prevotella and Porphyromonas are usually sensitive to agents such as
metronidazole, clindamycin, chloramphenicol, and cefoxitin. Penicillin
resistance is common, but isolates are usually susceptible to co-
amoxiclav and other B-lactam/B-lactamase inhibitor combinations.

Fusobacterium

Fusobacterium spp. colonize the mucous membranes of animals and
humans, and occasionally cause infections of the oral cavity and head and
neck. Clinically, the most important species are:

o F. nucleatum (subspecies nucleatum, polymorphum, and fusiforme);

o F. necrophorum (subspecies necrophorum and fundiliforme).

Epidemiology

Fusobacteria are commensals of the oral cavity. As with other obligate
anaerobes, the significance of these organisms is being increasingly recog-
nized. However, Fusobacterium infections are relatively rare in the UK.
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Pathogenesis

Fusobacterium spp. produce LPS endotoxin which is biologically active. They
also produce metabolites that are important to oral spirochaetes.

Clinical features

o F. necrophorum causes severe systemic infections such as Lemierre’s
disease () see Lemierre’s syndrome, p. 595), post-anginal sepsis, and
necrobacillosis.

Lemierre’s disease is a severe systemic disease which occurs in
previously healthy young adults, and usually presents initially as severe
sore throat, followed by fever, cervical lymphadenopathy, and unilateral
thrombophlebitis of the internal jugular vein. Metastatic infection

with spread to the lungs, pleural cavity, bones, or brain may occur. If
untreated, the condition leads to death in 7-15 days.

o Other species commonly isolated from oral infections include

F. periodonticum, F. alocis, F. sulci, and F. naviforme.

Species found in the Gl or GU tracts (e.g. F. mortiferum, F. necrogenes,
F. varium, and F. gonidiaformans) may cause intra-abdominal infections,
osteomyelitis, ulcers, and skin/soft tissue infections.

F. ulcerans was originally isolated from tropical ulcers but may be found
in other sites.

Diagnosis

o Fusobacterium are long, thin GNRs with pointed ends (‘fusiform’) that
are often arranged in pairs. They are non-spore-forming and non-motile.

e They may be haemolytic on blood agar and may grow in the presence
of 20% bile.

o They can be identified using commercial tests, e.g. MASTRING™ ID
(Mast Diagnostics) and the API® 20A or Rapid ID® 32A (biomérieux).

o Molecular techniques (e.g. PCR) have been developed.

Treatment

e The mainstay of treatment for anaerobic infections is surgical drainage
of abscesses and debridement of necrotic tissue.

o Lemierre’s syndrome and other severe invasive disease is usually treated
with a combination of penicillin and metronidazole, for 2—-6 weeks.

o Alternatives include clindamycin monotherapy, co-amoxiclav,
piperacillin-tazobactam or chloramphenicol.

Spirochaetes—an overview

The spirochaetes are a group of helical organisms sharing many properties
with Gram-negative bacteria. The vast majority are non-pathogenic, but a
few are important causes of disease in humans (see Table 7.17). There are
aerobic and anaerobic species, both free-living and parasitic. Axial filaments,
fixed at each end of the organism, run along the outside of the protoplasm
within the outer sheath and give the characteristic coiled appearance. These
are similar to bacterial flagella and are capable of constricting, warping the
cell body and enabling the bacterium to move by rotating it in space.



Table 7.17 Overview of spirochaetes of clinical significance

Genus

Species

Clinical disease

Morphology

Culture

Diagnosis

Treponema

Borrelia

Leptospira

T. pallidum subsp. pallidum

T. pallidum subsp. pertenue

T. pallidum subsp. endemicum

T. carateum

B. recurrentis

B. hermsii and others

B. burgdorferi

L. interrogans

Syphilis

Yaws

.Endemic syphilis
.Pinta

Louse-borne
relapsing fever

Tick-borne relapsing
fever

Lyme disease

Leptospirosis

Appear identical. Thin
helical cells 10 x 0.15
micrometres. Visible on
dark-field microscopy

.Helical; 3-20x0.25
micrometres. Can be
stained with aniline dyes

Motile, 10 x 0.1
micrometres. Stain
poorly—visible on dark-
field or phase contrast

Cannot be cultured in
vitro; remain motile in
specific enriched media
at 35°C for several days

Can be cultured, but
not practical

Culture possible from
biopsy of rash

Specialized media.
Allow minimum
6 weeks

Direct detection only means
in primary syphilis; mainstay
is serology; cross-reactivity
between species

Demonstration of
spirochaetes in peripheral
blood smears; immunological
and PCR-based tests
available

Serology; can remain positive
for years

Serology; molecular
techniques available
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Treponema species

Four members of the genus Treponema cause human disease: Treponema
pallidum  subspecies  pallidum  (syphilis) and three ‘non-venereal’
treponematoses.

Microbiology

Morphologically identical, Treponema spp. appear as motile, helical rods
on dark-field microscopy. They are thin, around 10 micrometres long and
0.15 micrometres wide. They cannot be cultured in vitro (unlike the non-
pathogenic treponemes) but remain motile in specific enriched media for
several days at 35°C. Organisms remain viable after freezing. The organisms
all share a significant degree of DNA homology and are very similar anti-
genically, thus all cause positive serological tests for syphilis.

Epidemiology and clinical features

o Treponema pallidum subspecies pallidum—the causative agent of syphilis.
An increasing incidence in the UK, beginning in the 1960s, plateaued in
the mid 90s, but several large outbreaks between 1998 and 2003 saw
diagnoses of infectious syphilis in men rise 15-fold. Transmission—sexual
contact, direct vascular inoculation (IDU, transfusions), direct cutaneous
contact with infectious lesions, or transplacental infection (congenital
syphilis; ©) see Syphilis, pp. 786-7). Interacts with HIV in both acquisition
and diagnosis. For clinical features, @) see Syphilis, pp. 714—6. For details
of treatment, ) see Syphilis—management, p. 716.

Treponema pallidum subspecies pertenue—the causative agent of

yaws, a chronic non-venereal disease endemic in the humid tropics
(Central Africa, South America, South East Asia, and parts of the
Indian subcontinent). Acquired in childhood through contact with
infectious skin lesions. Incubation: 3 weeks. Affects the skin (papular
skin lesions which may ulcerate) and bones (periosteitis, dactylitis).
Primary stage: lesion at inoculation site; secondary stage: dissemination
of treponemes, causing multiple skin lesions; latent stage: usually
asymptomatic (most patients remain non-infectiously latent for their
lifetime); tertiary stage (<10% patients 510 years later): bone, joint,
soft tissue deformities.

Treponema pallidum subspecies endemicum—the causative agent of
non-venereal endemic syphilis or ‘bejel’. Endemic in dry subtropical or
temperate areas of the Middle East, India, Asia, and parts of Africa.
Infection occurs in childhood and is associated with poor standards of
hygiene. Transmission: contact with mucosal lesions or contaminated
eating utensils/water. Incubation: 10-90 days. Primary lesions (1-6
weeks): patches in mouth, followed by skin lesions resembling the
chancres of venereal syphilis; secondary stage (6—9 months): macerated
patches on lips and tongue, anogenital hypertrophic condyloma lata,
painful osteoperiostitis of long bones; tertiary stage: destruction of
cartilage and bone, gummata of skin, bones, and nasopharynx. CNS/
CVS (cardiovascular system) disease is very rare.
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o Treponema carateum—the causative agent of pinta, the most benign of
the endemic treponematoses, affecting only the skin. Endemic to South/
Central America. Spread by contact with infected skin. Incubation 2—3
weeks. Primary lesion: papule or erythematous plaque on exposed
surfaces of the legs, foot, forearm, or hands, which slowly enlarges,
becoming pigmented and hyperkeratotic. May be associated with
regional lymphadenopathy. Secondary lesions: disseminated lesions
of similar appearance, appearing 3-9 months later. Late/tertiary
pinta: disfiguring pigmentary changes and atrophic lesions.

General diagnosis
o Direct detection—culture (the gold standard) is expensive and time-
consuming, and is used primarily in research. Direct detection of organisms
by microscopy (dark-field or immunofluorescence) of material scraped from
a lesion is the usual means of diagnosis in primary infection. PCR of such
material, CSF, or vitreous fluid may be helpful in some circumstances.
o Serological diagnosis—the mainstay. Serological tests fall into two
groups Both show cross-reactivity amongst the four Treponema spp.:
non-treponemal tests (e.g. Venereal Disease Research Laboratory
(VDRL), rapid plasma reagin (RPR))—detect antibodies (both IgG
and IgM) to cardiolipin produced as a response to treponemal
infection, and are not specific but are very sensitive. Samples
with very high antibody titres may give false-negative results (the
‘prozone’ phenomenon) in early infection or HIV. Poor sensitivity
in late-stage infection. Quantitative with antibody titres tending to
decline with time—a phenomenon accelerated by therapy. False
positives occur in pregnancy, TB, and endocarditis, amongst others;
- treponemal tests—use specific treponemal antigens and are
consequently more specific. Qualitative. They can detect late-stage
infection and remain positive after successful therapy (e.g. T. pallidum
haemagglutination assay (TPHA), EIA, fluorescent treponemal
antibody absorption test (FTA-ABS)).

Diagnosis of syphilis

Traditionally, diagnosis was made by a sensitive non-treponemal screening

test, with positive samples followed up using a more specific treponemal

assay. Recent guidelines reverse this.*

o Specific tests should be performed first line, including EIA IgM if primary
syphilis suspected (detected by end of week 2 after infection).

e Perform quantitative non-treponemal tests when treponemal tests are

positive—this helps stage disease and indicates the need for treatment.

A VDRL/RPR titre >16 and/or positive IgM indicate active disease

within appropriate clinical context. Yaws/Pinta may give identical

results—it may be appropriate to manage as if they had latent syphilis.

Tests are often negative in late syphilis, but this does not exclude the

need for treatment. Repeat positive tests on a second specimen for

confirmation. Discrepant results are repeated using an immunoblot.

FTA-ABS is no longer recommended for this purpose.

o Repeat screening in seronegative patients at recent risk of acquiring
disease—there is a seronegative window in early primary syphilis

(® see Syphilis, pp. 714-6).
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Treatment

Early syphilis and pinta/yaws/bejel—prolonged antibiotic therapy is required
due to the slow dividing rate of T. pallidum (averages one doubling in vivo per
day). Highly sensitive to penicillin and a long-acting depot injection of ben-
zathine benzylpenicillin is the standard therapy. A single dose is sufficient for
early infection. Alternative: 15-day course of azithromycin (increasing reports
of resistance) or doxycycline. @ See p. 716 for further management advice.

Reference

4 Kingston M, French P, Goh B, et al.; Syphilis Guidelines Revision Group 2008, Clinical Effectiveness
Group. UK National Guidelines on the Management of Syphilis 2008. Int | STD AIDS. 19:729-40.

Borrelia species

Relapsing fever
Relapsing fever is caused by several Borrelia spp. transmitted by arthropods,
characterized by recurring episodes of fever. Two distinct clinical forms
were recognized as far back as ancient Greece: epidemic louse-borne and
endemic tick-borne relapsing fever. The presentation of abrupt fever, mus-
cle aches, and joint pains with crisis, remission, and then relapse are similar
for both, but the periodicity tends to be characteristic (e.g. 5.5 days for
louse-borne versus 3.1 days for tick-borne). The recurrent nature is thought
to be due to antigenic variation of the spirochaetal OMPs.

Epidemiology

o Tick-borne relapsing fever is worldwide and transmitted by soft-
bodied Ornithodoros ticks. Most tick species carry distinctive borreliae.
Epidemiology depends on the local vector, e.g. Ornithodoros hermsi is the
commonest vector in California and Canada and lives in dead trees and
on rodents and transmits Borrelia hermsii. Infection is passed down the
tick generations, thus disease tends to be endemic.

o Louse-borne relapsing fever has occurred in Africa, the Middle East, and
Asia. Human body louse inhabits only humans, and Borrelia recurrentis is
not transmitted vertically within lice, thus is maintained by passage from
louse to human and then back to another louse, which remains infective
for its entire life. Therefore, infection is associated with poverty and
overcrowding, and disease tends to be epidemic.

Clinical features

Incubation and symptoms are similar in both conditions. Three to 8 days

after exposure, there is abrupt-onset fever, headache, myalgia, arthralgia,

chills, weakness, anorexia, epistaxis, cough/haemoptysis, and weight loss.

Examination findings include hypotension, hepatosplenomegaly, lymphaden-

opathy, nuchal rigidity, jaundice, photophobia, injected conjunctiva, and iritis.

o Tick-borne disease—the primary episode lasts 3—6 days and is followed
by a critical episode that may cause fatal shock. The first relapse occurs
7-10 days later. Subsequent relapses are less severe. The average
number of relapses experienced is three but can be as many as ten.

o Louse-borne disease—there are fewer relapses than with tick-borne
infection, and hepatic or splenic involvement is commoner as are
neurological manifestations (coma, hemiplegia, meningitis, seizures).
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Diagnosis

Culture is possible, but not practical, and serology is not diagnostically help-
ful. Five % of patients have a positive VDRL. Most useful is demonstration
of spirochaetes in peripheral blood smears (and other body fluids—marrow
aspirates, CSF). Unlike the other spirochaetes, borreliae stain well with acid
aniline dyes such as Giemsa. They are most likely to be found during febrile
episodes when the sensitivity of blood smears is around 70% for louse-
borne fever (less for tick). Multiple thick and thin smears may need to be
examined. Immunological and PCR-based tests are available. Other labora-
tory findings include deranged clotting tests and elevated LFTs.

Treatment

o Tick-borne relapsing fever—tetracycline is the drug of choice, given for
7-14 days. Other: doxycycline 7 days, erythromycin 10 days.

o Louse-borne relapsing fever—a single dose of doxycycline (preferred),
tetracycline, erythromycin, or benzylpenicillin.

o Jarisch—Herxheimer reactions can occur (usually within the first 2h after
antibiotic administration), particularly in louse-borne relapsing fever.
Features—sweating, tachycardia, hypertension, followed by profound
hypotension. It can be fatal and appears to be mediated partly by
tumour necrosis factor (TNF)-a. Pre-administration of steroids does
not appear to limit the reaction significantly. Anti-TNF-a antibodies
may help.

Lyme disease

Caused by infection with, and the host immune response to, B. burgdorferi.
Acquired by the bite of Ixodes (hard) ticks, and co-infection with other tick-
borne organisms can occur (e.g. babesiosis).

Epidemiology

Ticks acquire and spread infection through feeding on infected animals
(particularly deer). A tick must be attached for 2-3 days to pass on infec-
tion. Only small numbers of bacteria are present in the tick until it feeds.
Eighty-five per cent of human infections occur while the tick is in the nymph
stage (spring to summer), and 15% in the adult stage (autumn). Cases are
commonest in children aged 5-9 years and adults aged 60—69 years. Only
40% give a definite history of tick bite. Cases occur across Europe, China,
Japan, Australia, and parts of the USA. It is relatively rare in the UK, most
cases occurring in the south (New Forest and Salisbury Plain), East Anglia,
Cumbria, and Scottish highlands.

Clinical manifestations
Clinical features may be a result of direct bacterial infection (particularly
in the early stages of disease) or a consequence of an immune response
leading to symptoms in many organs (e.g. arthritis). They differ with the
strain of Borrelia involved. Less than 10% of those in endemic areas with
no history of symptoms are seropositive. Features may be seen in three
overlapping stages:
e early localized—around 7 days after a tick bite, patients may
develop erythema chronicum migrans (EM), an expanding painless
annular skin lesion centred on the bite, with or without local
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lymphadenopathy. It is probably a result of the inflammatory response
to the organism in the skin. Multiple lesions can occur, following a single
bite. Lasts 2-3 weeks untreated. Lymphocytoma is a rare local blue/red
nodule or plaque on the ear, nipple, or scrotum. It may be mistaken for
cutaneous lymphoma;

early disseminated—weeks/months after the bite, patients develop
constitutional symptoms, malaise, generalized lymphadenopathy,
hepatitis, arthritis (50%—initially intermittent and migratory, it may
evolve into chronic monoarticular arthritis in 10%), neurological
features (15%—meningitis, meningoencephalitis, cranial nerve lesions,
and neuropathy), cardiac features (10%—atrioventricular (AV) block,
pericarditis, CCF);

late persistent (but can occur within the first year)—arthritis (usually
knee with synovitis/effusion), neurological (including focal deficits,
fatigue, and neuropsychiatric problems). Acrodermatitis chronica
atrophicans (ACA) is a decoloration of the skin of the extremities
(similar in appearance to peripheral vascular disease), mostly associated
with Borrelia afzelii.

Microbiology

Three members of the B. burgdorferi sensu lato complex cause Lyme dis-

ease: B. garinii and B. afzelii in Asia, and B. burgdoferi sensu stricto in North

America. B. garinii and B. afzelii are the commonest European clinical iso-

lates. These differences account for the variation in clinical manifestations

across the world (B. garinii associated with neurological disease, B. afzelii
with ACA, B. burgdorferi sensu stricto with joint symptoms).

Diagnosis

Laboratory support is not required for a clear clinical diagnosis of EM but

should be sought for all later manifestations. Treat unvalidated investiga-

tions offered by commercial ‘Lyme specialty’ laboratories with caution.

o Direct detection—culture is possible from EM biopsy, but requires
specialist media and takes 2—6 weeks. PCR may be useful on CSF in
acute neuroborreliosis (10-30% sensitivity), tissue from ACA (>90%
sensitivity) or lymphocytoma (80% sensitivity), and synovial fluid in
refractory arthritis.

o Serology—most patients are seropositive within 2—4 weeks. Guidelines
recommend a 2-stage approach: a sensitive EIA, followed by
immunoblot (Western) of those with reactive or equivocal results. EIA
may give false positives in the presence of other spirochaetes (syphilis),
glandular fever, and autoimmune disease. IgM immunoblots are also
prone to false positives—reserve for those with acute presentations
and high probability of disease. Specific response is sensitive but
develops late (30% positive in the acute phase, 70% at 2—4 weeks, 90%
at 4-6 weeks). Prompt antibiotic therapy may prevent a good antibody
response. Some patients remain positive for years, thus active and
inactive infection cannot be distinguished. Interpret tests with caution
in those without a travel history or presentation consistent with Lyme
disease. Do not test those with no symptoms, even with a history of
tick bite. Serology is nearly always positive in late neuroborreliosis,
ACA, and arthritis.
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e Lumbar puncture—for cell count and serology in those patients with
neurology if the diagnosis is not obvious.

Treatment

o Early-stage skin manifestations, arthritis, or Bell’s palsy—doxycycline or
amoxicillin PO for 14-21 days. If arthritis persists, repeat the course, or
consider IV ceftriaxone for 14-21 days. Azithromycin is a third-line agent
and associated with treatment failures.

e Late or neurological disease—ACA, 21-28 days of doxycycline; isolated
meningitis, 14—21 days of doxycycline; encephalitis/myelitis, 14 days of
IV ceftriaxone; third-degree heart block, 14-21 days of [V ceftriaxone;
late neuroborreliosis, 14-28 days of IV ceftriaxone.

Prevention

o Patients probably remain at risk of reinfection after treatment.

o Practice tick avoidance, and promptly remove any attached ticks.

o Doxycycline prophylaxis (single dose) is practised in the USA for those
within 3 days of a bite from a tick that has been attached for >36h in
an endemic area. European guidance is less categorical, as tick infection
rates are lower, Borrelia spp. less pathogenic, and the window for
treatment less reliable.

‘Seronegative chronic Lyme disease’ should be considered rare, with only
two case reports of seronegative ACA and no reliable reports of sero-
negative late-stage neuroborreliosis. ‘Post-Lyme syndrome’ refers to non-
specific symptoms for >6 months after effective treatment. Physicians
should ensure alternative diagnoses have not been missed (e.g. multiple
sclerosis, malignancy, etc.). Prolonged antibiotic courses have not been
shown to be effective.

Further reading

British Infection Association (2011). The epidemiology, prevention, investigation and treatment
of Lyme borreliosis in United Kingdom patients: a position statement by the British Infection
Association. | Infect 62:329-38.

Leptospira species

Leptospira are motile, obligately aerobic spirochaetes. They stain poorly
but can be visualized on dark-field or phase contrast microscopy. Two spe-
cies are identified: Leptospira interrogans (includes all human pathogens) and
Leptospira biflexa (a saprophytic species). L. interrogans has >200 serotypes,
and antigenically related organisms are grouped into serovars (a synonym
for serotype) for classification. Recent DNA analysis does not correlate
well with serological classification. The ‘type’ strain is L. interrogans serovar
icterohaemorrhagiae, and the type disease leptospirosis.

Leptospirosis

A biphasic disease with initial septicaemia and a secondary phase character-
ized by immune phenomena (vasculitis, aseptic meningitis). Weil’s disease is
a severe form characterized by jaundice and acute renal failure.
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Epidemiology

Leptospira are found worldwide. The primary reservoirs of most leptospiral
serovars are wild mammals. These continually reinfect domestic popula-
tions, and at least 160 mammalian species are affected. The organism has
been recovered from rats, pigs, dogs, cats, and cattle, amongst others, but
rarely causes disease in these hosts. Rodents are the most important res-
ervoir, and rats the commonest worldwide source. There are associations
between particular animals and serovars (e.g. L. interrogans serovar ictero-
haemorrhagiae and rats). Humans are incidental hosts, and onwards trans-
mission is rare. Transmission occurs when people come into contact with
infected animal urine, e.g. canoeing, swimming in lakes and rivers, farming.
It is primarily a disease of tropical and subtropical regions, and infection in
temperate regions is uncommon.

Pathogenesis

After gaining entry via the skin or mucous membranes, the organism rep-
licates in blood and tissue. Leptospiraemia particularly affects the liver and
kidney, causing centrilobular necrosis and jaundice, or intersititial nephritis
and tubular necrosis, respectively. Renal failure may occur, exacerbated by
hypovolaemia. Other organs affected include muscle (oedema and focal
necrosis), capillaries (vasculitis), and the eye (chronic uveitis).

Clinical features

Incubation 7—12 days. The majority of patients (90%) develop mild
disease without jaundice; 5-10% develop the severe form (Weil’s).
First phase (‘septicaemic’)—organism can be cultured from blood, CSF,
and most tissues. Lasts 4—7 days. Characterized by a flu-like illness,
cough, haemoptysis, rash, meningism, and headache. One to 3 days of
improvement follows. Patients may become afebrile.

Second stage (‘immune’ or ‘leptospiruric phase’)—antibodies may be
detected, and the organism isolated from urine. Features are due to
the immunological response to infection and may last up to a month.
Disease may be anicteric (in which death is rare) or icteric. Aseptic
meningitis is the most important feature of anicteric disease and is
seen in 50% of cases. Icteric disease is characterized by jaundice,
hepatosplenomegaly, nausea/vomiting, anorexia, and diarrhoea/
constipation. Organisms can be isolated from blood <48h after jaundice
onset. Weil’s disease is characterized by jaundice, renal failure, hepatic
necrosis, lung disease, and bleeding. It starts at the end of stage one.
Other features—uveitis (<10%—can occur <1 year after initial illness),
subconjunctival haemorrhage (92% of patients), renal impairment
(uraemia, haematuria, oliguria), and pulmonary (haemorrhage, acute
respiratory distress syndrome (ARDS)).

Overall mortality is 10%; up to 40% in those with hepatorenal
involvement.

Diagnosis

Direct examination—dark-field examination of blood, CSF, or urine
may demonstrate Leptospira, but there is a high false-positive rate
(misinterpretation of fibrils, red cell fragments). It is not recommended.
Culture—there has been little change in culture techniques over the
years. It is difficult and insensitive, and requires several weeks of
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incubation. Specialized culture media are required (e.g. Ellinghausen-
McCullough-Johnson-Harris (EMJH) which contains 1% bovine serum
albumin and TWEEN® 80, a fatty acid source). They should be
inoculated within 24h of specimen collection (either blood or CSF in
heparin or sodium oxalate). Leptospiral culture can be established by
subculture of routine BC samples. Organisms can be isolated from
blood and CSF in the first week of illness in 50% of cases. In the second
phase of illness, they can be found only in the urine where they may be
isolated for up to 1 month. Cultures can be reported as negative after
6-12 weeks.

Molecular techniques—quantitative PCR assays to detect leptospiral
DNA have been developed. They are sensitive, can distinguish different
species, and allow early diagnosis, and organisms can be detected after
antibiotic therapy has been initiated.

Serology—the mainstay of diagnosis. Commercial tests using genus-
specific antigens are used to screen sera, and positive reactions
confirmed in a reference laboratory using the micro-agglutination

test (MAT) with live Leptospira (killed have lower sensitivity). The

MAT detects agglutinating antibodies in patient serum and is relatively
serovar-specific, so a large number of antigens must be tested.
Interlaboratory variation is high. A positive MAT is considered to be a 4-
fold increase in antibody titre, or a switch from seronegative to a titre of
1/100 or over. Early samples tend to cross-react; convalescent samples
are more specific and diagnostic. EIA for IgM is useful for diagnosing
current infection, but cross-reactions occur.

Treatment

Mild disease—doxycycline (preferred as also effective for rickettsial
disease which may be confused with leptospirosis), amoxicillin PO for
5-7 days.

o Severe disease—penicillin G, ceftriaxone IV for 5-7 days.
o Children or pregnant women can be treated with amoxicillin or

ceftriaxone. Azithromycin is an alternative in severe allergy.
Prophylaxis—doxycycline reduces morbidity and mortality in

endemic areas, but has no impact on infection rates, as measured by
seroconversion. It is likely to be useful in cases of accidental laboratory
exposure or military and adventure travel. Animal vaccines are available
against specific serovars.

Overview of Rickettsia—ACDP 3

Microbiology

Rickettsiae are fastidious, obligate intracellular Gram-negative coccobacilli
(0.3 micrometres by 1-2 micrometres). They survive only briefly outside
a host (unlike Coxiella, with whom they were previously classified) and are
maintained in a cycle involving mammal reservoirs and arthropod vectors.
Isolation is usually only performed in reference laboratories.
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Epidemiology

Zoonotic reservoirs are varied and include wild rodents, dogs, and live-
stock. Humans are incidental hosts, with the exception of louse-borne
typhus where humans are the main reservoir. Rickettsia rickettsii, Rickettsia
typhi, Rickettsia tsutsugamushi, and Rickettsia akari can exist as vector com-
mensals. Rickettsia prowazekii, however, kills its human body louse vector
within 3 weeks. For geographical distribution, see Table 7.18.

Table 7.18 Overview of rickettsial disease

Species Syndrome Vector Clinical features
(geography)
Spotted R. rickettsii Rocky Ixodid ticks Incubation ~7 days.
fever Mountain (Western Fever, headache,
group spotted fever hemisphere) myalgia, eschar,

rash. Multisystem
involvement; 20%
untreated mortality

R. conorii Mediterranean Ixodid ticks Incubation ~5 days.
spotted fever  (Mediterranean, Eschar and local
Africa, and lymphadenopathy.
India) Rash. Mild
R. afficae African tick Tick (sub- 5-7 days. Mild illness,
bite fever Saharan Africa, minimal rash, eschar

East Caribbean) with lymphadenopathy

R. akari Rickettsial pox Mite (USA, Incubation ~7 days.
Africa, Korea, As for R. conorii
and Russian plus vesicular rash
Federation) resembling chickenpox
Typhus  R. prowazekii  Epidemic Body louse Incubation ~10 days.
group typhus (South America, Fever, headache,
Africa, Asia) neurological, and Gl
symptoms. Rash.
20-50% untreated
mortality

Brill-Zinsser ~ Nil—recurrence Similar, milder illness
disease years after than epidemic typhus,
primary attack  developing years after

recovery—in West
was seen in East
European immigrants
after World War Il.
Lasts around 2 weeks

R. typhi Murine Flea (worldwide = Similar to epidemic
(endemic) where human/  typhus, but much
typhus rat coexist) milder

R. Scrub typhus?®  Mite (South Eschar common.

tsutsugamushi Pacific, Asia, Similar to epidemic

Australia) typhus

*So-called ‘scrub’ typhus, as the vector is harboured in scrub vegetation. The chigger mites stay
within several metres of where they hatch and are transovarially infected. Infection therefore
occurs in very focused rural ‘mite islands’.
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Diagnosis
e Usually based upon clinical features and epidemiological history. The
presence of a typical rash or eschar suggests the diagnosis.
o Culture—usually only performed in reference laboratories. Blood or
biopsy tissue from skin lesions should be frozen at =70°C. Organisms
may be isolated in small laboratory animals or in embryonated eggs.
Highly infectious if aerosolized—fatal laboratory-acquired infections
have occurred.
Detection of antigen—direct immunofluorescence of skin lesions in
spotted fevers (rash or eschar) can identify organisms. Sensitivity is
around 70%, with specificity approaching 100%. Organisms are most
likely to be in a blood vessel near the centre of the lesion—the biopsy
should include this to increase chances. Availability is limited. PCR assays
are available but rarely used outside of research centres.
Serology—not useful acutely, but the main means of confirming
diagnosis. Antibodies first appear around days 7—10 after infection. A 4-
fold rise on a convalescent sample is required for diagnosis, but a single
titre over 1:64 is very suggestive of infection (sensitivity 95%). Most
tests cannot distinguish between spotted fever group species.
Micro-immunofluorescence is the most sensitive/specific test—it
requires trained personnel and a fluorescence microscope.
Latex agglutination tests are available for Rocky Mountain spotted
fever (RMSF). A single positive test is considered diagnostic. Rarely
produce positive reactions in convalescence.
Complement fixation and the Weil-Felix? test are neither sufficiently
sensitive nor specific.

Rickettsial diseases

Rickettsiae replicate within the cytoplasm of infected endothelial and
smooth muscle cells of capillaries and small arteries. They cause a necrotiz-
ing vasculitis, with consequent protean manifestations. The classic triad of
fever, headache, and rash, with the appropriate travel and exposure history,
should alert to the possible diagnosis. An eschar (black, ulcerated lesion)
may develop at the bite site. Severity varies greatly with species—any organ
can be involved.

Spotted fevers

Rocky Mountain spotted fever

o Clinical features—the most virulent spotted fever, with 20% mortality
if untreated. Fever, myalgia, and headache follow a 2- to 14-day
incubation. Gl involvement may suggest an acute surgical abdomen.
Maculopapular rash (90% cases, more likely to be spotless in the elderly
or black) appears around days 3-5, often starting at the hands, and may
become petechial or necrotic. Gangrene in 4%. Severe multisystem

2 In 1915, in Poland, Weil and Felix found that serum from patients with typhus agglutinated certain
strains of P. vulgaris. It has been the mainstay of diagnosis for many years.
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involvement is common, including lung (pneumonia, effusions, oedema),
nervous system (meningitis, focal deficits, e.g. deafness), and renal
impairment. Thrombocytopenia and DIC can occur. Death at around
10 days, sooner in fulminant cases (more frequently in black males with
G6PD deficiency).

o Treatment—tetracycline, chloramphenicol (preferred in pregnancy), or
doxycycline for 7 days, continuing for 2 days after the patient becomes
afebrile. It is recommended that doxycycline is used, even in children
with suspected RMSF, given the life-threatening nature of the disease.
No demonstrated benefit from steroid therapy.

Other spotted fevers

o Mediterranean spotted fever (boutonneuse fever) is a much milder
disease; 5—7 days after inoculation, patients develop an eschar, with
local tender lymphadenopathy and a generalized maculopapular rash
with abrupt onset of fever and headache. Mortality is rare, but disease
severity varies with the specific strain. Severe disease is more likely

in those with diabetes, cardiac disease, and G6PD deficiency, and the
elderly.

African tick bite fever (R. africae) causes a mild clinical illness (fever,
headache, myalgia), eschars, regional lymphadenopathy with scant or
absent rash. May be a common cause of fever in returning travellers.
Rickettsial pox (R. akari, transmitted by house mouse mite) outbreaks
typically occur after mouse extermination programmes result in starving
mites that seek an alternative source of blood. Presentation is similar to
Mediterranean spotted fever, with the addition of a vesicular rash that
resembles chickenpox.

Treatment of all of these fevers is with doxycycline 100mg bd for 5-7 days.

Typhus group

Epidemic typhus

o In recent decades, epidemic typhus has been reported in Burundi,
Rwanda, Ethiopia, the highlands of Algeria, and a few remote regions of
mountainous South and Central America.

e Clinical features—unusual in that humans are the reservoir,® and
outbreaks are thus commonest in conditions of crowding, especially
winter and war. The louse feeds on an infected person, and bites and
defecates on the next, and infected faeces (which may remain infectious
for as long as 100 days) are scratched into the bite.

- Acute disease—after 1-week incubation, abrupt onset of headache
and fever is followed by maculopapular rash at day 5. This involves
the entire body within days. Neurological features (confusion,
drowsiness, coma) are common, as is multisystem involvement (DIC,
jaundice, myocarditis, pulmonary infiltrates). Mortality is 20-50%
untreated—Ilow in children, high in the elderly.

3 Although R. prowazekii infection has been demonstrated amongst flying squirrels in the USA, with
the squirrel flea and louse as vectors.
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« Brill-Zinsser disease—a recrudescence years after the initial episode.
Usually a mild illness. Abrupt onset with fever, headache, malaise,
and often rash. Patients are often elderly, and symptoms may be
attributed to pre-exisiting ailments.

o Prevention—delousing, doxycycline prophylaxis for HCWs in
affected areas.
o Treatment—as for RMSF. Early therapy nearly eliminates fatal illness.

Murine typhus

o Clinical features—longer incubation (up to 2 weeks), and patients
rarely recall flea exposure. Fever, headache, and myalgia are followed
by rash in 50%. Some may develop multisystem features, but this is less
common than with epidemic louse-borne typhus. Mortality is <1%,
higher in the elderly and those with G6PD deficiency.
Treatment—spontaneous recovery usually occurs within 2 weeks if
untreated. Antibiotic treatment is as for RMSF.

Scrub typhus

o Clinical features—not as severe as epidemic typhus. An individual is
inoculated by the bite of the chigger mite, and develops abrupt fever
and headache 6-18 days later. Usually tender lymph nodes and an
eschar at the inoculation point. Severity varies widely—neurological
features can occur. Untreated mortality varies—up to 30%. Many
serotypes (unlike the other organisms), so people may become
infected again.

Treatment—as for RMSF, but resistance to doxycycline and
chloramphenicol has been seen in Northern Thailand. Treatment may
need to be prolonged to avoid relapse (2 weeks). Azithromycin may be
an alternative.

Coxiella burnetii—ACDP 3

Q fever (as in ‘Query’) is the name coined by the medical officer in
Queensland, Australia, who first investigated the outbreak of febrile ill-
ness that hit 20 employees of a Brisbane meat works.

Microbiology

C. burnetii is morphologically similar to the rickettsiae but, with a variety
of genetic and physiological differences, is now classified separately (more
closely related to Legionella). It is a significantly hardier organism and may
be transmitted by aerosol or infected milk. It can form spores and is able
to survive outside a host for some time—over 40 months in skimmed milk
at room temperature. It grows in the phagosomes of infected cells, rather
than the cytoplasm (as other Rickettsia)—appreciating the more acidic envi-
ronment the phagosome affords. A characteristic feature is its antigenic
‘phase’ variation. If isolated from humans/animals, it is highly infectious and
expresses phase | antigens. However, once subcultured within cells, its cap-
sule LPS antigens change (phase Il), and it is not infectious. This shift allows
differentiation of acute and chronic Q fever.
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Epidemiology

Found around the world, and a zoonosis, the organism is usually acquired
from occupational exposure to cattle or sheep but can be caught from many
different animals—exposure to parturient cats is an important risk factor.
Acquisition from unpasteurized dairy products has occurred, and person-
to-person spread is possible but unusual. It exists in a tick reservoir, but
this is thought to be an insignificant route of direct human infection—it
is likely they infect those animals from which man may acquire it. Infected
ungulates are usually asymptomatic, although abortion/stillbirth may result.
Organisms from a heavily infected placenta may be found in the soil for
6 months, and the air for 2 weeks after parturition. The largest outbreak yet
described took place in the Netherlands in 2009 where it was previously
unknown. It is a common cause of fever in armed forces personnel return-
ing from Iraq and Afghanistan. Other risk factors—those living downwind
from farms or contaminated manure, abattoir workers, vets.

Clinical features
o Incubation—humans are infected by inhalation (occasionally ingestion).
Rare cases have occurred by transplacental transmission, intradermally,
and via blood transfusions. Organisms proliferate in the lungs, and
bacteraemia follows. Up to 50% of cases may be asymptomatic.
Presentation is 2-5 weeks after infection.
o Acute Q fever—ranges from a self-limiting febrile illness (commonest), a
prolonged fever of unknown origin (FUO) with granulomatous hepatitis,
to a pneumonia. The pneumonia may be an incidental finding, as part
of an FUO or a severe atypical pneumonia, with dry cough, fever,
fatigue, pleuritic chest pain, pleural effusion, and diarrhoea. It may be
rapidly progressive, resembling legionnaires’ disease. Hepatomegaly and
rashes are common. Acute Q fever can be complicated by behavioural
disturbances, GBS, myo-/pericarditis, arthritis, glomerulonephritis,
severe headache, and aseptic meningitis, amongst others.
Autoantibodies are often found (anti-mitochondria, smooth muscle).
Mortality is around 1% and associated with myocarditis. Acquisition
during pregnancy increases the risk of obstetric complications.
Chronic Q fever—defined as infection lasting >6 months. Occurs
in 1-5% of cases and may present years later. The commonest
manifestation is culture-negative endocarditis. It usually occurs in those
with pre-existing valve damage (<40% of such patients with acute Q
fever develop endocarditis, unless treated promptly). Thus, patients
diagnosed with Q fever should have valvular disease excluded. Hepatitis,
osteomyelitis, vascular graft infection, and neurological infection are also
recognized. Immunocompromised and pregnant hosts are at higher risk
of chronic disease.

Diagnosis

o Culture—difficult and hazardous for laboratory staff; a category 3
organism.

e Serology—the organism has two biological phases. Antibodies to phase
Il are produced first. Phase | antibodies appear weeks later. If antibodies
to both phases are present simultaneously, chronic infection (specifically
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endocarditis) should be considered. Cross-reactions occur with
Bartonella infection. Immunofluorescence is the most widely used test.
Seroconversion may be detected 715 days after symptom onset, and
90% have detectable antibodies by day 21. A high phase Il titre indicates
acute infection, whereas a high phase | titre suggests chronic infection—
particularly, it remains high 6 months after treatment completion. Those
at high risk of chronic disease (valve abnormalities, immunodeficiency,
pregnancy) should undergo serial serological testing for at least

6 months.

Molecular—PCR tests exist but are not in widespread use outside of
specialist reference labs.

Treatment

Pneumonia—infection is nearly always self-limiting. Even without
therapy, people begin to recover at around 2 weeks. However,
treatment is indicated in all cases to reduce the chance of chronic
disease—doxycycline, or chloramphenicol for 2-3 weeks. Long-term
co-trimoxazole is an alternative during pregnancy. Patients should have
an echocardiogram to exclude valve abnormalities. If normal, they
should have serological follow-up testing at 3 and 6 months to ensure
resolution.

Valve abnormalities—those with acute Q fever who are found to

have an underlying valve disease should be considered for prophylaxis
(12 months of hydroxychloroquine with doxycycline), even in the
absence of endocarditis, given the high risk of its development.
Endocarditis—combination antibiotic therapy for a prolonged period
(minimum 18 months; lifelong has been mooted in some cases), e.g.
tetracycline with rifampicin, doxycycline with hydroxychloroquine. Valve
replacement may be required.

Consider Q fever in the diagnosis of culture-negative endocarditis.

Bartonella species

Microbiology

Bartonellae are Gram-negative intracellular organisms belonging to the
genus Bartonella, closely related to Brucella, based on 16S rRNA analysis.
Most species causing human infection are associated with mammalian res-
ervoirs that may experience chronic asymptomatic infection.

Clinical syndromes

Bartonellosis (Bartonella bacilliformis)—a biphasic disease transmitted
by Phlebotomus sandflies. Endemic to Andean regions (Peru, Colombia,
Ecuador).

- Oroya fever—3-12 weeks after inoculation. Mild or severe (fever,
headache, confusion, acute anaemia due to erythrocyte invasion).
Complications: abdominal pain, thrombocytopenia, seizures,
dyspnoea, hepatic/Gl dysfunction, angina; 40% untreated mortality.
Treatment: chloramphenicol plus a B-lactam for 14 days. Risk of
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opportunistic infections in survivors (e.g. Salmonella, toxoplasmosis).
Asymptomatic bacteraemia with B. bacilliformis occurs in 15% of
survivors.

- Verruga peruana is a late-stage manifestation, usually experienced
by populations native to the Andes. Crops of skin lesions appear
weeks to months after an untreated acute infection. Initially miliary,
they become nodular, then ‘mulaire’ (red round lesions, 5mm in
diameter). Occur on mucosal surfaces and internally. Histology
demonstrates neovascular proliferation with occasional organisms.

Cat-scratch disease (Bartonella henselae)—commonest cause of
lymphadenopathy in children/young adolescents; 3—10 days after
inoculation, a papule or pustule may be visible at the site. Most present
at 2—-3 weeks with the onset of regional lymphadenopathy and fever.
Rarely, headache, sore throat, and skin rash. Lymph nodes settle over
2—4 months, even without treatment. Complications (commoner

in the immunocompromised): encephalopathy, retinitis, bone/skin
involvement, granulomatous hepatitis. Conjunctival exposure may
present as Parinaud’s oculoglandular syndrome (ocular granuloma/
conjunctivitis, preauricular lymphadenopathy). Other atypical
presentations: FUO, osteomyelitis, hepatic/splenic granulomas.
Diagnosis is based on history. Biopsy may be necessary to exclude
lymphoma. Blood or tissue culture should be attempted in cases of
FUQ, neuroretinitis, or encephalitis after cat exposure, especially

if immunocompromised. Treatment: mild, 5 days of azithromycin;
disseminated, 14 days of rifampicin plus azithromycin; neuroretinitis, 4—6
weeks of doxycycline or azithromycin plus rifampicin.

Bacillary angiomatosis (BA)—unusual vascular proliferation caused

by B. henselae or Bartonella quintana infection. Usually occurs in the
immunocompromised, mostly HIV patients with CD4 <100/mm?,

but also transplant patients and those on chemotherapy. Lesions begin
as small papules that grow into round red/purple nodules that can
ulcerate. May also appear as flat, hyperpigmented plaques. Occur in
the skin, liver, spleen, bone, mucosal surfaces, heart, CNS, and bone
marrow. Pathogenesis: the organism’s outer membrane adhesin binds
to endothelial cells, and induces endothelial proliferation and new vessel
formation. Numerous organisms are visible in lesions stained with
Warthin—Starry silver stain. Diagnosis: lesion biopsy. All patients should
be treated: 6-8 weeks of erythromycin or doxycycline for cutaneous
disease, longer if recurrence occurs. Skin lesions may be excised.
Without therapy, systemic infection (fever, abdominal pain, anorexia)
can occur.

Bacterial peliosis (BP)—characterized by blood-filled cystic lesions
scattered throughout a visceral organ. Cases involving the liver (peliosis
hepatis) and spleen present with weight loss, diarrhoea, abdominal pain,
nausea, fever, hepatosplenomegaly, and elevated liver enzymes. Caused
by B. henselae or B. quintana (less common, affecting bone). Most
patients also have BA and previous cat exposure.

Fever, bacteraemia, endocarditis (B. quintana)—acquired by scratching
infected louse faeces into skin lesions. Epidemics occur in conditions of
overcrowding and poor sanitation (e.g. soldiers in World War —‘trench

349
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fever’). Bacteraemia has been described in homeless alcoholics. Incubation
is 3—40 days, followed by a relapsing fever with headache, rash, and
splenomegaly. Recognized cause of culture-negative endocarditis in those
with HIV and immunocompetent alcoholics. B. henselae bacteraemia occurs
in the immunocompetent as well as those with HIV. Diagnosis is by culture,
or PCR/serology if culture-negative. Treatment: 4—6 weeks of macrolides
and tetracyclines. Endocarditis may need surgery and very prolonged
antibiotic courses.

Diagnosis

Direct examination—Giemsa-stained blood films may detect

B. bacilliformis in areas of endemic Oroya fever (large number of
organisms). Not useful in the detection of B. henselae or B. quintana,
due to the low level of blood-borne organisms. May be visible by silver
staining of lesions in BA or BP and in lymph nodes in early cat-scratch
disease.

Culture—may fail to trigger CO, detection systems; B. henselae grows
on chocolate agar, with characteristic white, dry, cauliflower-like
colonies. These become visible 5-14 days after incubation at 37°C in
5% COZ. On Gram stain, they are small, curved bacilli 2 micrometres
by 0.5 micrometres, and display twitching motility when mounted in

a saline drop. They are non-reactive for many standard biochemical
tests. Colonies with the appropriate morphological characteristics

can have their identity confirmed by cellular fatty acid analysis,
immunofluorescence antibody, or using commercial enzymatic
substrate kits.

Molecular—PCR or DNA hybridization techniques can be used to
speciate isolates. Direct detection of Bartonella organisms in pus or
tissue is possible using PCR with wide-ranging sensitivity, depending on
the technique and sample.

Serology—EIA or immunofluorescence kits may be used to demonstrate
anti-Bartonella antibodies in culture-negative endocarditis, those with
cat-scratch disease, or HIV-associated aseptic meningitis, etc. There is
substantial cross-reactivity between B. henselae and B. quintana, as well
as with certain Chlamydia spp.

Mycoplasma

Microbiology

Amongst the smallest free-living organisms (0.2 micrometres in diameter)
and lack a cell wall (bound only by a trilaminar membrane). Possess a small
genome with limited biosynthetic capabilities. Require enriched media for
growth. The term ‘Mycoplasma’ refers to a member of the class Mollicutes,
thus encompassing the genera Mycoplasma and Ureaplasma. Many species
have been isolated, but only four are significant human pathogens, a prop-
erty attributed to tip organelles that interact with host cells.
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Mycoplasma pneumoniae

Common cause of respiratory tract infection all year round (peaking in
winter), affecting all ages, but with most disease between 5 years to young
adulthood. Droplet transmission. Organism attaches to respiratory epithe-
lial cells and multiplies locally producing H,O,, resulting in epithelial dam-
age. Incubation is for 2-3 weeks, and presentation is usually insidious, e.g.
flu-like, wheeze (especially in children), intractable cough. Less than 10%
develop pneumonia (commonest cause of ‘atypical’). Multiple lobes may be
involved, but without consolidation; effusions in 20%. Disease is usually self-
limited, resolving over 3-10 days without antibiotics. CXR abnormalities
may take 6 weeks to clear. Antibiotic therapy (e.g. erythromycin) speeds
resolution but rarely eradicates the organisms—recurrences can occur.
Antibodies produced against M. pneumoniae cross-react with brain cells and
erythrocytes (cold agglutinins). Immunity is not long-lasting. Complications
(many immune-mediated): pleuritis, pneumothorax, lung abscess, haemo-
lytic anaemia (cold agglutinins), thrombocytopenia, arthritis, rashes (e.g.
erythema nodosum and multiforme), myocarditis, GBS, transverse myelitis,
acute disseminated encephalomyelitis. Meningoencephalitis is thought to be
due to direct invasion. Immunodeficiency predisposes to severe disease.

Ureaplasma urealyticum and Mycoplasma hominis

Part of the commensal flora in male and female urogenital tracts. Sexually
transmitted, the rate is related to sexual activity and is much lower amongst
women using barrier contraception. They are associated with GU infec-
tions, including non-gonococcal urethritis, epididymitis (rare), endometritis,
chorioamnionitis, PID, pyelonephritis, and neonatal bacteraemia/abscesses.
Additionally, they are statistically linked with prematurity, low birthweight,
and infertility, and—in the case of U. urealyticum—colonization of the
respiratory tract is linked to the development of chronic lung disease of
the newborn. Both may be isolated from blood cultures in women with
post-partum fever (10% of cases), and may cause septic arthritis and s/c
abscesses in those with immunodeficiency. Sternal wound infections with
M. hominis have occurred in heart and lung transplant patients.

Other Mycoplasma organisms

Mycoplasma genitalium is a cause of non-gonococcal urethritis and may also
have a role in respiratory tract disease. Mycoplasma fermentans, Mycoplasma
penetrans, and Mycoplasma pirum have been isolated in those with HIV
and are unusual in their ability to actively invade cells. Certain organisms
found in animal hosts have caused human disease if sufficient exposure and
predisposing co-morbidity (e.g. Mycoplasma arginini, Mycoplasma canis—in
dogs).

Diagnosis

o Direct detection—indirect fluorescent antibody tests to detect
M. hominis in genital samples have been developed (not widely used).

o Culture—specimens should be inoculated to culture media as soon
as possible. Several media are used—most are diphasic (media with
agar overlayed by media without agar). All species grow at 35-37°C
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but differ in their optimal pH, atmospheric conditions, and substrate
utilization.

- M. pneumoniae—rarely attempted, as requires up to 4 weeks.
Growth is indicated by pH change. Positives are subcultured to agar,
and colonies should then be visible after a week. Identity is confirmed
by serological methods or enzyme substrate tests.

Genital Mycoplasma samples are inoculated into broth and onto
agar, and should be kept for 8 days (although M. genitalium and
M. fermentans can take longer and are not routinely looked for).
Broths that exhibit a change in colour are plated to the appropriate
agar. Plates are examined by microscope each day for colonies.
Selective plates and colonial morphology are usually sufficient to
allow identification. Antisera are available to confirm M. hominis.
Molecular—PCR techniques are available and are perhaps most useful in
acute respiratory illness. Not yet in widespread use.
Serology—M. pneumoniae complement fixation tests detect early
1gM, and IgG to a lesser extent. ElAs are surplanting them, being more
sensitive than culture in detecting acute infection (sensitivity 97.8%).
A 4-fold rise between acute and convalescent (14 days) samples is
diagnostic of recent infection.

Treatment

M. pneumoniae is sensitive to a wide range of agents—tetracyclines,
quinolones, or macrolides (resistance emerging, e.g. Japan, China), e.g.
azithromycin for 5 days, doxycycline for 7-14 days.

M. hominis is usually resistant to macrolides. Some genital Mycoplasma
isolates have been found to be tetracycline-resistant and carry the tetM
resistance determinant (also found in other genital tract organisms, e.g.
GBS). Doxycycline considered first line. Fluoroquinolones usually active.
Clindamycin may be appropriate in neonates.

U. urealyticum—usually resistant to clindamycin and less susceptible to
quinolones. Doxycycline first line. Erythromycin or azithromycin are
effective.

Chlamydia

Small obligate intracellular (unable to produce ATP) Gram-negative organ-
isms. Outside a host cell, they are tiny (300nm in diameter), inactive
‘elementary’ bodies. They infect cells by receptor-mediated endocytosis,
inhibit lysosome fusion, and reside in a membrane-protected ‘inclusion’
body where they grow (800nm in diameter). Three species produce human
disease. The family Chlamydiaceae was reorganized in 1999 on the basis of
genetic similarities. C. trachomatis remains in the genus Chlamydia, but psit-
taci and pneumoniae were moved to a new genus Chlamydophila. They differ
antigenically in host preference and antibiotic susceptibility.
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Chlamydia trachomatis

Clinical features

There are 15 different serovars causing distinctive clinical syndromes.
Natural infection confers only short-lived protection against reinfection.

o Lymphogranuloma venereum (LGV) (serovar L1, L2, L3)—endemic

in Africa, India, South East Asia, South America, and the Caribbean.
Sexually transmitted. The organism enters through skin abrasions and
causes a small papule or ulcer (primary lesion) on genital mucosa or
nearby skin 3-30 days after infection. It heals rapidly, and, weeks later,
the patient develops secondary symptoms: lymphadenopathy (usually
inguinal/femoral), fever; headache, myalgias, proctitis (particularly in
MSM, and may resemble IBD), and occasionally meningitis. Nodes may
coalesce, forming abscesses and buboes.

Trachoma (serovar A, B1, B2, C)—chronic follicular keratoconjunctivitis
that leads to corneal scarring and is the most common cause of
preventable blindness in the developing world (500 million affected,
around 9 million blind). First infection acquired in childhood. Resolves,
but multiple reinfections, and the consequent host response results

in conjunctival scarring and corneal damage. The inner surface of the
eyelid scars and inturning eyelashes further abrade the cornea (see
Box 7.10).

Inclusion conjunctivitis (serovars D to K)—sexually transmitted eye
infection of adults (of whom slightly over half have concurrent genital
tract infection) and a cause of neonatal conjunctivitis (probably from
the mother’s genital tract, but can occur even if delivered by Caesarean
section—>5 days to 6 weeks after delivery). No corneal scarring.
Neonatal pneumonia (serovars D to K)—most acquired from the
mother’s genital tract. Seen in 10-20% of infants born to infected
mothers. Usually symptomatic by 8 weeks with nasal congestion, cough,
etc., and only moderately ill.

STls (serovars D to K)—epididymitis (along with N. gonorrhoeae,

the common cause in the under 35s), urethritis, proctitis (usually
asymptomatic), salpingitis, cervicitis with consequent PID and infertility.
Reactive arthritis/Reiter’s syndrome may follow. Perihepatitis (Fitz-
Hugh—Curtis syndrome) is an inflammation of the liver capsule and
adjacent peritoneum seen in the setting of PID, presenting with right
upper quadrant pain.

Box 7.10 WHO grading of trachoma

e Trachomatous inflammation follicular—5+ follicles in upper tarsal
conjunctiva.

Trachomatous inflammation intense—pronounced tarsal conjunctival
inflammation obscuring at least half of deep tarsal vessels.

e Trachomatous conjunctival scarring—scars on tarsal conjunctiva.

o Trachomatous trichiasis—1+ eyelash rubs on eyeball.

o Corneal opacity—opacity obscuring part of pupil margin.
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Diagnosis

Trachoma may be diagnosed on clinical grounds. Other clinical presenta-

tions require laboratory identification for a definitive diagnosis. The majority

of genital STls are asymptomatic.

o NAAT—the test of choice, performed on vaginal swabs (best), male
first-catch urine, rectal or conjunctival swabs. PCR, transcription-
mediated amplification (TMA), and strand displacement amplification
techniques are all sensitive (80-99%, depending on assay and sample)
and specific (>98%).

o Immunoassay rapid testing—rapid tests based on monoclonal antibody

binding of chlamydial antigens from patient-collected samples have been

developed, allowing same-day results.

Direct detection—microscopy of certain Giemsa-stained clinical

specimens (particularly neonatal conjunctivitis) may allow direct

visualization if there are sufficient bacterial inclusion bodies in the
cytoplasm. Monoclonal antibodies and immunofluorescence increase
sensitivity.

Culture—research tool only, as being obligate intracellular organisms,

the techniques for culturing are similar to those used in virus culture.

o Serology—most useful for epidemiological studies.

Treatment

e Trachoma—transmission is by flies or eye-to-hand in endemic
areas, thus hygiene is important for control (rates fall quickly with
socio-economic improvement). Systemic therapy (erythromycin or
doxycycline) is effective in areas of low transmission (where reinfection
is less frequent). Eyelid surgery can prevent further mechanical damage.
In endemic areas, treatment is best delivered over an entire region
(reduces reinfection). WHO guidelines recommend mass treatment if
the prevalence of active trachoma amongst 1-9 year olds in a region is
over 10%.

o LGV—aspirate buboes. Doxycycline for 3 weeks.

o Genital and ocular infections in adults—single-dose azithromycin, or

doxycyline for 7 days. Longer courses of amoxicillin may be effective in

pregnant women. Remember that gonococcal infection may coexist.

Neonatal infections—erythromycin PO for 14 days for conjunctivitis

(topical therapy will not eliminate carriage) and pneumonia. Prenatal

screening of mothers and treating those infected with Chlamydia is 90%

effective in preventing infants from acquiring infection.

Chlamydophila psittaci

C. psittaci infects many kinds of birds, thus the classic term for infection
caused by this bacteria ‘psittacosis’ (derived from the Greek word for par-
rot) is not so accurate a description as ‘ornithosis’. It is an occupational
disease of zoo workers, petshop workers, and poultry farmers. Human-to-
human transmission occurs but is very rare. Infection is primarily acquired
by inhalation of organisms from aerosolized avian excreta or respiratory
secretions from sick birds (mouth-to-beak resuscitation has been implicated
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in acquisition). Transient exposure is sufficient (e.g. petshop customers,
gardening), and cases have occurred following exposure to other infected
animals (e.g. dogs, sheep). The disease is found worldwide. Incubation is
5-14 days, and presentation is with fever, chills, malaise, cough, headache,
breathlessness, mild pharyngitis, and epistaxis. Less commonly, nausea,
vomiting, and jaundice may be seen. Examination may demonstrate the fea-
tures of an atypical pneumonia. Other features: bradycardia, peri-/myocar-
ditis, culture-negative endocarditis, splenomegaly, meningitis, encephalitis,
GBS, rashes, acute glomerulonephritis, severe respiratory failure, sepsis,
shock. Relapses can occur. Infection in pregnancy may be life-threatening.
Diagnosis: serology, micro-immunofluorescent antibody (MIF) test is sensi-
tive and specific for C. psittaci. A 4-fold rise in titre or high IgM titre is con-
sidered diagnostic. Complement fixation tests are more widely available but
cannot differentiate between chlamydial species. Culture is avoided due to
the risks to laboratory staff. PCR-based tests are available. Treatment: tet-
racycline or doxycycline for 2-3 weeks (reduces the risk of relapse).
Erythromycin may be used in children and pregnant women.

Chlamydophila pneumoniae

The cause of 3-10% of CAP cases amongst adults. Adolescents tend to
experience mild pneumonia/bronchitis. Older adults can experience
more severe disease. Fifty per cent of young adults have serological evi-
dence of previous infection. Unlike C. psittaci, human-to-human trans-
mission by respiratory secretions is the norm. In most populations,
infection is commoner in males (may reflect cigarette use). Incubation is
3—4 weeks, and symptoms of a URTI are followed by bronchitis or pneu-
monia 1—4 weeks later. Most infections are mild or asymptomatic. Other
features: hoarse voice, non-productive cough, headache. Fever is often
absent. Extrapulmonary features: meningoencephalitis, GBS, myocarditis,
reactive arthritis. Symptoms can be very prolonged, even with treatment.
Diagnosis: serology, preferably MIF. A definite case requires a 4-fold rise in
titre—single elevated IgG titres may be seen in the uninfected elderly as a
consequence of repeated infections. Antibody tests may be negative in the
early weeks after infection—it can take as long as 8 weeks for a significant
1gG response to develop after primary infection. Other tests: PCR, direct
immunofluorescence, and immunoassay cell culture tests. Treatment: doxy-
cycline or erythromycin for 10-14 days. Response is often slow.

Mycobacterium tuberculosis—ACDP 3

The MTB complex comprises several species, including M. tuberculosis,
M. bovis, M. africanum, M. microti, and M. caprae. The term tuberculosis
(TB) describes a broad range of clinical diseases caused by MTB (and less
commonly M. bovis). For treatment of TB disease, ©) see Antituberculous
agents, pp. 71-5.

355



356

cHAPTER 7 Bacteria

Epidemiology

MTB is estimated to infect one-third of the world’s population and is the
second most frequent infectious cause of death worldwide after HIV. There
are around 8 million new cases of active TB every year, causing around
1.7 million deaths. Most cases occur in the developing world. In the devel-
oped world, despite a general downward trend, there has been an increase
in incidence in certain groups, e.g. immigrants from high-prevalence coun-
tries and HIV-infected patients. Infection is acquired by inhalation of infec-
tious droplet nuclei or occasionally skin inoculation. The resurgence of TB
in Africa has been fuelled by HIV, which increases the risk of developing
all forms of TB. The emergence of MDR- (resistance to at least isoniazid
and rifampicin) and XDR- (resistance to rifampicin, isoniazid, a quinolone,
and an injectable agent) TB has further complicated management and is
discussed further elsewhere (&) see Second line, p. 73-4).

Microbiology

Mycobacteria are aerobic, non-sporing, non-motile, weakly Gram-positive
bacilli, characterized by their cell envelope, of which mycolic acid is a key
component. It is this that enables it to resist destaining with acid-alcohol
after staining with aniline dyes hence acid-fast bacilli (AFB). MTB is slow-
growing, with a generation time of >24h in laboratory media. At least 3—4
weeks are needed to grow the organism on solid media in most cases. Liquid
culture systems are faster, with BACTEC detecting the growth of MTB in as
little as 8 days with smear-positive specimens. Once grown, identification is
by morphology/biochemical properties or nucleic acid detection.

Immunology and pathogenesis

Inhaled infectious droplets lodge in the alveoli. They may either be cleared
by the innate immune system or establish infection. Such infection may be
immediately active (primary disease) or latent, and/or activate many years
later; determined by the interplay between the organism and host cell-
mediated immune response. Disease occurs in 10% of otherwise healthy
infected people, half within the first 3 years after infection.

o Primary infection—inhaled TB bacilli multiply in alveolar macrophages
that, in turn, produce cytokines (TNF-a, platelet-derived growth

factor, transforming growth factor-@, fibroblast growth factor),
attracting neutrophils and other phagocytic cells. These form a nodule
or ‘tubercle’ (granulomatous in histology). This will enlarge if infection

is progressive, and bacilli may reach regional lymph nodes. A tubercle
plus regional lymphadenopathy is termed the Ghon complex. Bacilli
proliferate until an effective cell-mediated immune response is mounted.
If this is ineffective, progressive lung disease and dissemination

may occur.

Reactivation—otherwise healthy individuals with latent TB infection
have a 5-10% chance of reactivating and developing active disease over
their lifetime. The chance is much higher in those with co-morbidities
associated with immunosuppression (e.g. diabetes, malignancy), and
rates with advanced HIV are ~10% a year. Disease is more likely to be
localized than that seen with primary infection.
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Clinical features

Pulmonary TB is the commonest presentation. TB may also disseminate
(miliary TB) or affect almost any other organ (extrapulmonary TB): pleural
cavity, pericardium, lymph nodes, Gl tract and peritoneum, GU tract, skin,
bones and joints, and CNS (@) see Tuberculous meningitis, pp. 726-7).

Diagnosis

o Diagnosis is based on a combination of compatible clinical syndrome,
supportive radiological investigations, and detection of AFB or culture
of MTB from clinical specimens. The gold standard for diagnosis is
culture.

o Samples of sputum or tissue are liquefied, decontaminated (to prevent
overgrowth of media by bacteria), neutralized, and centrifuged, and the
deposit inoculated into solid or liquid media. Sterile site samples, e.g.
CSF, do not need decontamination, and loss of viability may occur.

o Acid-fast stains:

- Ziehl-Neelsen stain (carbol fuchsin stain, decolorize with acid-
alcohol, counterstain with methylene blue). A sputum specimen
needs at least 10000 cfu/mL to give a positive smear. The Kinyoun
stain is similar, but modified to make heating unnecessary;

- auramine stain (fluorochrome phenolic auramine or auramine—
rhodamine stain, acid-alcohol decolorization, potassium
permanganate counterstain). Up to ten times more sensitive than
ZN, and advances in fluoroscopic lighting (e.g. long-life LEDs) are
making the technology more suitable for resource-poor settings.

o Nucleic acid detection tests allow rapid diagnosis of MTB in clinical
specimens, detecting as few as 1-10 organisms/mL (e.g. AMPLICOR®
Mycobacterium Tuberculosis Test). They cannot replace smear, culture,
and phenotypic drug sensitivity testing. Testing of AFB smear-positive
sputum is 95% sensitive and 98% specific (compared to culture);
smear-negative is around 80% sensitive and 95% specific. Results must
be interpreted within the context of the clinical scenario. The Xpert®
MTB/RIF assay is an automated PCR system that can identify TB and
rifampicin resistance from clinical specimens (including sputum, pus,
CSF). Sensitivity for detecting TB is >98% on smear-positive sputa,
75-90% if smear-negative. Detection of rifampicin resistance (rpoB
gene) is >97% sensitive and >98% specific. Results can be available
within 2h. The WHO has recommended the system, in place of smear
microscopy, for the diagnosis of drug-resistant TB or TB in HIV-infected
patients.

o Culture methods can detect as few as ten organisms per mL. Media are

classically egg- (Lowenstein—Jensen, better growth), agar- (Middlebrook

7H10, better speed and allows colony morphology examination), or
liquid- (Middlebrook 7H12) based. Growth in liquid media is faster

(<8 days for smear-positive sputum) than in solid (3-8 weeks).

Specimens are generally inoculated into both solid (e.g. an L slope) and

liquid media system. This provides a backup, should liquid culture fail.

Commercial liquid culture systems include BACTEC™ and MGIT™.

Identification is usually done at reference laboratory level, once a

mycobacterium has been isolated. Techniques include high-pressure
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liquid chromatography (HPLC) of mycolic acids, DNA sequencing of
16S rRNA, PCR restriction enzyme assay, and DNA probe hybridization
(LiPA® MYCOBACTERIA, Innogenetics). Typing can be performed for
epidemiological purposes, e.g. MIRU VNTR.
Drug susceptibility testing—phenotypic testing takes >3 weeks,
dependlng on growth speed. Rapid tests include:
microscopic observation drug susceptibility—media with and without
antibiotics are inoculated with the patient specimen and examined
for growth. Concerns regarding biosafety;
- nucleic acid amplification to identify known drug resistance
mutations. Line probe assays (e.g. Hain Genotype MTBDRplus)
are recommended by the WHO for rapid screening for MDR-TB
in low- or middle-income settings. They can be performed on
positive cultures or smear-positive sputum. DNA is extracted from
the specimen, multiplex PCR used to amplify those regions of the
genome associated with known resistance mutations, and reverse
hybridization performed in which single-stranded amplicons bind to
specific probes attached to test strips which can be read visually.
Tuberculin skin test—purified protein derivative (PPD) is a standardized
protein precipitate of tuberculin. The Mantoux test is performed by
intracutaneous injection of five tuberculin units of PPD in 0.1mL of
solution. The reaction diameter is read after 48—72h (induration, NOT
erythema which may be larger). Specifics of interpretation vary with
guidelines. In the UK, <émm is negative; 6~14mm is positive but could be
due to bacillus Calmette—Guérin (BCG) vaccination or exposure to NTM;
15mm or greater is strongly positive and suggestive of TB infection or
disease. False-negative reactions occur in up to 20% of patients with TB
and in HIV-infected patients. Delayed reactivity (>10mm induration after
6 days) may occur in certain populations, e.g. Indochinese immigrants.
Sensitivity and specificity vary with the specific cut-offs chosen, but overall
97% specific for latent TB amongst the non-BCG-vaccinated (around 60%
in vaccinated populations) and 80% sensitive.
Interferon gamma release assays or ‘IGRA’ (T-SPOT®, QuantiFERON®-
TB Gold) detect T cells responsive to antigens specific to MTB (e.g.
ESAT-6, CFP-10, thus avoiding issues of BCG cross-reactivity). They
are used for the diagnosis of latent TB and cannot distinguish this
from active infection. A negative result does not rule out active TB.
Specificity >95% for the diagnosis of latent TB; sensitivity is around
90% for T-SPOT®, and 80% for QuantiFERON®. Sensitivity remains
high in children <3 years and in HIV co-infection. In the UK, TST is
first-line for screening, with follow-up IGRA, if necessary, unless HIV-
positive or immunocompromised when IGRA (alone or with TST) is
recommended.

Prevention

o Vaccination—BCG is a live attenuated vaccine derived from M. bovis.
It is given to infants and children in high-prevalence areas and results in
a 60-80% reduction in the incidence of TB. It should only be given to
infants <12 weeks or children who are TST-negative. Although it does
not prevent infection, BCG vaccination reduces the risk of disseminated
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disease in children. BCG is contraindicated in HIV-infected individuals.
Vaccination can occasionally cause disseminated BCG infection,

usually in immunosuppressed patients. Intravesical BCG (used to treat
bladder cancer) can cause liver or lung granulomas, psoas abscess, or
osteomyelitis. Trials of novel vaccine candidates are ongoing.
Treatment of latent disease—the aim of testing people for latent TB
infection is to find those at higher risk of developing active disease who
would therefore benefit from preventative therapy. There is no point
testing those in whom treatment would not be considered. Risk groups
include those likely to have recently acquired infection (e.g. tested as
part of contact tracing; the risk of TB disease is highest in the first

2-3 years), HCWs, and the immunosuppressed (e.g. anti-TNF therapy).
For detailed indications, see the 2016 UK NICE guidance () p. 628).
The usual regimen is isoniazid for 6 months, or rifampicin and isoniazid
for 3 months. The risk of isoniazid hepatotoxicity increases with age
(<1% <35 years, >5% in the over 65s); thus, testing is not indicated in
older people with moderate/slightly increased risk for reactivation.

Mycobacterium leprae—ACDP 3

Leprosy or Hansen’s disease is caused by infection with M. leprae, an obli-
gate intracellular parasite whose only natural hosts are humans and arma-
dillos. Experimental infections can be induced in the mouse footpad. The
clinical manifestations of leprosy include skin lesions, deformities, and
peripheral neuropathy, making it one of the most socially stigmatizing dis-
eases. Leprosy exhibits a spectrum of clinical features, ranging from lepro-
matous (multibacillary) to tuberculoid (paucibacillary) forms.

Epidemiology

The WHO began an ambitious leprosy elimination programme (defined as
<1 case per 10000 in endemic countries) in the 1990s. Multidrug treatment
was made available free to all patients, and the number of new cases has
fallen from 763000 in 2001 to 232857 in 2012. Only a couple of endemic
countries still have to achieve the ‘elimination’ threshold. The greatest num-
ber of new cases in 2011 occurred in India, Brazil, and Indonesia. Leprosy
is associated with poverty and rural residence, but not HIV infection.
Distribution in endemic countries is non-homogeneous, suggesting that
genetic factors may play a role in disease expression. The mode of trans-
mission is unclear but thought to be human-to-human, or via nasal drop-
let infection or direct inoculation into the skin. Incubation is long, with an
average of 5-7 years (range 2—40 years), and peak onset is in young adults.

Microbiology

M. leprae is an AFB with a dense lipid capsule outside the cell wall, best
visualized by a modified Fite stain (it may be decolorized by the ZN
stain). It grows best at temperatures 27-33°C, consistent with its prefer-
ence for cooler areas of the body. It multiplies very slowly (doubling time
12-13 days) and, as an obligate intracellular organism, cannot be cultured in
artificial media. Experimental infection of the mouse footpad can be used to
assess antimicrobial susceptibility.
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Clinical features

Disease ranges from ‘tuberculoid’ (or paucibacillary) with few organisms
and a robust cell-mediated immune response to ‘lepromatous’ (or multi-
bacillary) with weaker immune response, higher number of organisms, and
greater infectivity. Clinical manifestations are largely confined to the skin,
upper respiratory tract, and peripheral nerves. Most serious sequelae are

a

result of peripheral nerve damage, resulting in deformities (e.g. ulnar,

median, peroneal nerve palsies), loss of peripheral parts of digits, and plan-
tar ulceration.

Lepromatous leprosy—characterized by numerous skin nodules, plaques,
and a thickened dermis that typically occur in cool areas of the

body, e.g. earlobes and feet. No apparent resistance, with poor cell-
mediated immune response. Involvement of the nasal mucosa results in
congestion, epistaxis, and rarely septal collapse (‘saddle nose’). May also
cause loss of eyebrows and eyelashes, trichiasis, corneal scarring, uveitis,
lagophthalmos, testicular dysfunction, and amyloidosis.

Tuberculoid leprosy—characterized by hypopigmented, anaesthetic skin
plaques, and asymmetric peripheral nerve involvement. It is typically
paucibacillary (non-infectious) and associated with a good cell-mediated
immune response.

Borderline leprosy—the majority of patients, with manifestations
intermediate between the two polar forms.

Reversal reactions (‘type 1 reaction’)—an abrupt increase in inflammation
within previously quiescent skin lesions, new skin lesions, neuritis,

and fever in borderline leprosy patients either before (downgrading
reaction) or after (reversal reaction) starting therapy. If the neuritis is
not treated promptly, irreversible nerve damage may occur.

Erythema nodosum leprosum (‘type 2 reaction’)—affects >50% of
lepromatous and borderline leprosy patients after initiation of therapy.
Clinical features include painful nodules (usually on extensor surfaces,
may pustulate or ulcerate), neuritis, fever, malaise, anorexia, uveitis,
lymphadenitis, orchitis, anaemia, leucocytosis, and glomerulonephritis.

Diagnosis

Biopsy—full-thickness skin biopsies should be taken from skin plaques
or nodules in lepromatous patients and from the periphery of lesions in
tuberculoid patients. Nerve biopsies may result in loss of function and
should only be performed if diagnostic uncertainty justifies the risk.
Mycobacterial cultures—should be performed on biopsy material to
exclude cutaneous TB.

PCR—assays are available and, performed on biopsies, have a sensitivity
of >90% in lepromatous, and 34% in tuberculoid, disease.

A firm diagnosis of leprosy requires the presence of a characteristic
peripheral nerve abnormality or the demonstration of AFB in skin
biopsies or split skin smears. In atypical cases, two of the following
three criteria are required: a clinically compatible skin lesion, dermal
granuloma on skin biopsy, hypoaesthesia within the lesion.
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Treatment
Treatment requires combination therapy with two or more agents, e.g. dap-
sone, clofazimine, and rifampicin. Ethionamide, prothionamide, and certain
aminoglycosides have also been used. Newer agents, such as minocycline,
clarithromycin, fluoroquinolones, look promising. For treatment regimens,
see Antileprotics, pp. 75—7. Drug resistance is uncommon. Relapses
occur (usually within 5-10 years) but are rare (around 1%) and more likely
if treatment is not completed.

Prevention

Household contacts of cases should be monitored annually for evidence of
disease, but drug prophylaxis is not justified. BCG vaccination offers some
protection (single dose around 50% protective).

Non-tuberculous mycobacteria

This group of organisms comprises about 50 species of mycobacteria,
excluding those in the MTB complex and M. leprae. Other names for NTM
include atypical mycobacteria, opportunistic mycobacteria, or mycobacteria
other than tuberculosis (MOTT).

Classification
NTM were previously classified according to growth rate, colonial morphol-
ogy, and pigmentation (Runyon classification). This has been superseded by
molecular methods but nonetheless remains useful to separate NTM into
three groups:
o rapidly growing mycobacteria (<7 days incubation), e.g. M. fortuitum
complex, M. chelonae/abscessus group, M. mucogenicum, and
M. smegmatis;
o slow-growing mycobacteria (>7 days incubation), e.g. MAC, M. kansasii,
M. xenopi, M. simiae, M. szulgai, M. scrofulaceum, M. malmoense,
M. terrae/nonchromogenicum complex, M. haemophilum, and
M. genavense;
e intermediately growing mycobacteria (710 days), e.g. M. marinum,
M. gordonae.

Clinical features
The NTM can cause a wide spectrum of diseases (see Table 7.19).

Diagnosis

Because the signs and symptoms of NTM lung disease are often variable

and non-specific, diagnosis requires multiple positive respiratory cultures.

Diagnosis of NTM infections at other sites requires positive cultures from

pus, tissue biopsies, or blood cultures.

e Microscopy—the acid-fast stains used for identifying MTB () see
Diagnosis, pp. 357-8) also work well for identifying NTM.

e Culture—appropriate culture media include Middlebrook 7H10 or 7H11
agar or BACTEC® broth. Samples from skin and soft tissue infections
need to be plated at 28-30°C, as well as at 35-37°C, as some species
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Table 7.19 Clinical syndromes caused by NTM

Syndrome Commonest causes
Chronic bronchopulmonary MAC, M. kansasii, M. abscessus
disease (adults, CF patients)
Cervical lymphadenitis MAC
(children)
Skin and soft tissue infections M. fortuitum group, M. chelonae,
M. abscessus, M. marinum, M. ulcerans
Bone and joint infections M. marinum, MAC, M. kansasii, M. fortuitum
group, M. abscessus, M. chelonae
Disseminated infection M. avium, M. kansasii
(HIV-positive)
Disseminated infection M. abscessus, M. chelonae

(HIV-negative)

Catheter-related infections M. fortuitum, M. abscessus, M. chelonae

only grow at low temperatures, e.g. M. chelonae, M. haemophilum, and
M. marinum. M. xenopi grows best at 42°C. Other species have special
growth requirements, e.g. M. genavense (BACTEC® broth for 6-8
weeks) and M. haemophilum (iron supplementation).
Identification—although traditional biochemical and other standard
tests may be performed, identification of NTM increasingly uses rapid
molecular methods such as HPLC of mycolic acids, PCR—-RFLP analysis
of the heat-shock protein gene, genetic probes for mycobacterial RNA
and 16S ribosomal DNA sequencing.
Drug susceptibility testing—various methods are used, including agar
disc elution, broth microdilution, E-test, and BACTEC® radiometric
detection. However, the clinical utility for susceptibility results is not
as well established for many NTM as it is for TB. Rapid growers, in
pamcular tend to be resistant to classic TB medications.
MAC—no value in testing sensitivity for any drug other than the
macrolides (clarithromycin, azithromycin). No proven link between in
vitro susceptibility and clinical response for other drugs.
- M. malmoense, M. xenopi—there is no correlation between in vitro
susceptibility and in vivo response.
o Strain comparison—for epidemiological studies, standard biochemical
identification and susceptibility testing have been superseded by
molecular methods.

Treatment

Treatment may be medical, surgical, or a combination of the two. The
choice of drugs and duration of treatment depend on the causative organ-
ism, site of infection, and patient’s HIV status. Treatment is summarized in
Table 7.20.



Table 7.20 Treatment of atypical mycobacterial infections

Causative organism

British Thoracic Society (BTS) guidelines®

American Thoracic Society (ATS)
guidelines®

Comments

M. avium complex
(MAC), normal host

MAC,
immunocompromised

M. abscessus

M. chelonae

M. fortuitum

M. haemophilum

M. kansasii

Pulmonary: rifampicin + ethambutol + isoniazid
for 24 months

Rifabutin + ethambutol + clarithromcyin (or
azithromycin)

Rifampicin + ethambutol % clarithromycin

Pulmonary: rifampicin + ethambutol +
clarithromycin; extrapulmonary: ciprofloxacin +
aminoglycoside or imipenem * clarithromycin

Pulmonary: rifampicin + ethambutol +
clarithromycin; extrapulmonary: ciprofloxacin +
aminoglycoside or imipenem * clarithromycin

Pulmonary: rifampicin + ethambutol +
clarithromycin

Pulmonary: rifampicin + ethambutol (9 months)

Clarithromcyin (or azithromycin) + rifabutin
(or rifampicin) + ethambutol (until culture
negative for 1 year)

Clarithromycin (or azithromycin) +
ethambutol + rifabutin. Amikacin or
streptomycin initially for severe disease

Amikacin + cefoxitin for severe disease.
Newer macrolides

Tobramycin + cefoxitin or imipenem
for severe disease. Clarithromycin or
clofazimine PO

Pulmonary: two agents (macrolides,
quinolones, doxycyline, minocycline);
extrapulmonary: amikacin + cefoxitin or
imipenem

Ciprofloxacin + rifabutin + clarithromycin
Isoniazid + rifabutin + ethambutol

(18 months, with 12 months
smear-negative)

May add streptomycin for
initial 2-3 months for severe
disease; extrapulmonary
disease: surgical excision

Primary prophylaxis if CD4
count <50/mm3. Lifelong
treatment required

Surgical excision

Surgical excision

Optimal regimen not defined;
surgical excision

Optimal regimen not defined;
surgical excision

(Continued)
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Table 7.20 (Contd.)

Causative organism British Thoracic Society (BTS) guidelines® American Thoracic Society (ATS) Comments
guidelines®
M. malmoense Pulmonary: rifampicin + ethambutol * isoniazid ~ Rifampicin + isoniazid + ethambutol + Extrapulmonary: excision
(24 months) quinolones and macrolides
M. marinum Rifampicin + ethambutol or co-trimoxazole or Clarithromycin or minocycline or Surgical excision

tetracycline
M. scrofulaceum
M. ulcerans Rifampicin + ethambutol + clarithromycin

M. xenopi Pulmonary: rifampicin + ethambutol * isoniazid
for 24 months

doxycycline or co-trimoxazole or rifampicin
+ ethambutol (+ 3 months)

Clarithromycin + clofazimine * ethambutol

Rifampicin + amikacin or ethambutol +
co-trimoxazole (4-6 weeks)

Macrolide + rifamycin + ethambutol +
streptomycin

Chemotherapy rarely
indicated; surgical excision

Surgical excision and skin
grafting

Extrapulmonary: excision

a British Thoracic Society (BTS) guidelines.Thorax 2000;55:210-18.

b American Thoracic Society (ATS) guidelines. Am | Respir Crit Care Med 2007;175:367-416.
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Basic principles of virology

Classification

Viruses are classified on the basis of a number of criteria. These include:
type of nucleic acid (DNA, RNA) and strand number (single, double);
conformation of the nuclear material (linear, circular, etc.);

whether the genetic information is positive or negative sense;
nucleocapsid symmetry;

presence or absence of an envelope;

their antigenic or genetic similarity.

They are grouped into orders, families, subfamilies, and genera. There are
no consistent rules governing the naming of individual viruses. Some are
named according to the disease they produce (poxvirus), others by acro-
nyms (papovavirus—papilloma polyma vacuolating virus), some by appear-
ance (coronavirus), and still others after the location in which they were
first identified (Marburg). They may rarely be called after their discoverers
(Epstein—Barr). Official names should be Latinized and printed in italic.

Properties and structure

Viruses are small (20-150nm in diameter) protein packages, containing
genetic material (DNA or RNA); some also contain enzymes. Viruses
depend on living cells for their existence, genome expression, and replica-
tion. They have colonized most life forms, including bacteria, plants, insects,
and animals. The viral particle is composed of structural proteins. A capsid
(protein coat) protects the nucleic acid contents and facilitates viral entry
to a host cell. It is composed of many capsomeres (protein subunits). The
term nucleocapsid refers to the capsid and viral nucleic acid. Certain viruses
contain enzymes (e.g. RT in HIV). Some viral capsids have an outer enve-
lope (derived from the plasma membrane of the infected cell from which it
was released), into which are embedded protein spikes. Beneath the enve-
lope, some viruses may have a stabilizing membrane protein. The entire
particle is referred to as a virion.

Nucleocapsids may take several geometric forms:

helical (like a spiral staircase)—the nucleic acid forms the central core,
with the nucleocapsid proteins forming the steps, e.g. single-stranded
RNA (ssRNA\) viruses such as influenza and rabies. These viruses are
enveloped, the envelope itself resting on the underlying membrane
protein shell;

icosahedral (20 triangular faces with 12 corners), e.g. all human DNA
viruses—each capsomere may itself be made of several peptides.

DNA herpesviruses have an icosahedral structure and are additionally
surrounded by a lipid envelope;

complex—these viruses do not fall into neat structural categories and
often have large genomes, e.g. poxvirus.

Viral genomes

The genetic material may be DNA or RNA (RNA viruses tend to have
smaller genomes). Nucleic acid conformation varies widely between viral
families (double-stranded, single-stranded, linear, circular, etc.). Genomes
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vary widely in size but are limited by the space available in the virion.
Bacteria may have several thousand genes, but even the largest viruses have
<200 genes, and the smallest perhaps only four (such viruses may produce
>1 protein from the same gene by means of RNA splicing or frameshift-
ing). Viruses evolve rapidly due to the high number of genome duplications
undergone in short spaces of time. RNA viruses have high error rates, with
genomes diverging by as much as 2% in the course of a year—1 million
times the rate of eukaryotic cell DNA genomes. Many mutations are non-
functional but some will allow the virus to evade host immune responses
and medical therapies.

The genome encodes both structural and non-structural (NS) proteins
(enzymes required for viral expression and replication). The manner in
which expression occurs depends on the nature of the nucleic acid:

o DNA viruses make RNA copies of the relevant segments of their DNA
to direct protein synthesis—they may use host enzymes to achieve this
or rarely carry them within the virion;

o positive-sense RNA viruses produce mRNA directly;

negative-sense RNA viruses possess enzymes that produce positive-

strand copies that are used as mMRNA;

retroviruses produce DNA from their RNA. This is integrated into the

host’s chromosomal DNA, transcription then taking place in broadly the

same way as host mRNA is made from host DNA.

Viral replication

The manner in which a virus infects a cell varies but generally involves the
interaction of a viral protein and host cell receptor (proteins, glycopro-
teins, or glycolipids intended for other functions and simply exploited by
the virus), precipitating internalization. Once in the cell, the virus uncoats
(sheds its protein shell) and frees the nucleic acid, at least partially. It needs
to achieve two things: the production of its enzymes and structural pro-
teins, and replication of the viral genome.

Transcription

The manner in which mRNA is produced depends on the nature of the
genome. Ribosomes translate the viral mRNAs. Proteins may be produced
in phases—'early’ proteins may be involved in DNA synthesis or act as
transcriptional activators to speed viral expression over host proteins;
‘late’ proteins are produced from mRNA transcribed from newly synthe-
sized viral nucleic acid and tend to be structural. Some viruses produce a
single long polypeptide which is then cleaved by proteases into individual
proteins. Proteins often undergo post-translational processes such as
glycosylation.

Viral genome replication
RNA viruses produce an RNA polymerase, either packaged with the virion
(negative-sense viruses) or manufactured upon infection (positive-sense
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viruses). This rapidly produces RNA copies for incorporation into the viral

particles. Genetic variation may arise by two mechanisms:

e mutations can occur due to errors in replication and the absence of
proofreading activity in enzymes such as RNA replicase and RT. DNA
viruses replicate their genomes in the host nucleus where the necessary
host enzymes can be exploited. The exceptions are the poxviruses
which carry DNA polymerases with them and are thus capable of
working entirely in the cytoplasm;

e recombination of genetic material can occur either within a genome or
between two viruses of the same kind if the host cell is co-infected with
both viruses. RNA viruses are also capable of gene reassortment which,
although not a true mutation, may result in progeny with a quite different
phenotype from parental strains, e.g. influenza pandemics may be a
consequence of reassortment between human, avian, and swine flu.

Viral assembly

This may occur predominantly in the nucleus (e.g. adenovirus) or in the
cytoplasm (e.g. poliovirus). Viral release then occurs by budding from
the cell surface (e.g. measles), lysis of the cell (e.g. polio), or cell-to-cell
spread. Some, such as HIV, may require a phase of post-release maturation.
Overall, a complete viral life cycle typically takes 6—8h, with the potential to
produce thousands of viruses from each infected cell.

Viral pathogenesis

The effect of viral infection on the host ranges from asymptomatic infection
to devastating disease with a wide variety of clinical manifestations. Viral
species vary in pathogenicity, and different strains of the same species may
vary in virulence.

Entry

Viruses enter the body through the skin (usually via some degree of trauma)
or via mucous membranes (where they adsorb directly to epithelial cells, in
which they undergo primary replication). Resulting infections may be local-
ized (e.g. papillomavirus and warts, conjunctivitis) or generalized, in which
case pathology is not necessarily focused at the organ initially infected (e.g.
enteroviruses are spread faeco-orally, yet cause encephalitis). Transmission
may also occur vertically (mother to child) and iatrogenically (organ trans-
plants, blood transfusions, etc.).

Cytopathic effect

Viruses may disrupt the function of the cells they infect. This may result in
inhibition of host—cell protein manufacture and lead to the death of the cell,
lysis, and the release of virion. Alternatively, they may precipitate cell fusion,
forming multinucleated giant cells or syncytia (e.g. RSV). Others may form
inclusion bodies within the cell (eosinophilic or basophilic staining areas
within the cell, representing aggregations of virions, sites of viral synthesis,
or degenerative change). These inclusions can occur within the cytoplasm
or nucleus.
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Extent of infection

Some viral infections remain confined to tissues at, or continuous with, the
site of entry. They may form focal lesions (e.g. skin and papillomavirus) or
affect large areas of specific mucous membranes (e.g. viral gastroenteritis),
and tend to have short incubation periods. Other viruses produce general-
ized infections, an initial phase of local replication near to the site of entry,
being followed by haematogenous spread (primary viraemia) to regional
lymph nodes. This allows infection of large reticulo-endothelial organs,
resulting in secondary viraemia. The virus may travel free in the blood or
within infected blood cells. It travels to organs distant from the site of entry
and may infect specific organs preferentially. Such infections tend to have
longer incubation periods.

Target organs

Symptoms depend on the target organ:

o skin—rashes are a common feature of viral infections and may be due

to virus replication in the skin (vesicular rashes of herpes simplex and

varicella-zoster), the killing of infected cells (measles), or more general

features of infection (DIC, thrombocytopenia);

respiratory tract—the lung may be involved in local infections (e.g.

influenza) but can also be involved in generalized viral infections (e.g.

chickenpox or measles pneumonitis);

liver—the hepatitis viruses (hepatitis A to E) are tropic for the liver,

which may also be affected as part of a more generalized infection (e.g.

EBV, CMV);

o CNS—the CNS can be invaded either as a result of viral passage along
nerves (e.g. rabies) or by haematogenous spread (e.g. polio).

lliness duration

Viral illness may be acute or chronic.

o Acute viral ilinesses present within a relatively short period of time.
Most such infections are mild, with a quick spontaneous recovery, e.g.
chickenpox, measles, mumps, rubella. Some may have delayed serious
features after an apparent recovery (e.g. encephalitis), or cause a rapid
decline and possible death (e.g. rabies, VHFs).

Chronic or persistent infections require the survival of viral DNA within
the host cell, either integrated within the host DNA or in episomal
form separate from it. They may be latent with no apparent illness or
virus, but with occasional periods of reactivation (e.g. herpes simplex,
varicella-zoster), or chronic with continuous production of infectious
virus (hepatitis B, hepatitis C, HIV).

Transformation

Some viruses have the potential to induce malignant change. For example,
EBV is associated with Burkitt’s lymphoma, nasopharyngeal carcinoma, pri-
mary cerebral lymphoma, and post-transplant lymphoproliferative disorder
(PTLD).



Overview of viruses
See Table 8.1.

Table 8.1 Summary of viruses and common clinical syndromes

Group Virus Consider in the differential of ...
Respiratory Rash Hepatic Muscular Diarrhoea  Encephalitis  Meningitis ~ Shock  Other
DNA viruses
Adenoviridae Adenovirus oo ) oo oo Cystitis,
(9 pp- 436-8) conjunctivitis
Herpesviridae  HSV-1 and -2 . ooe oo(1) ee(2) Genital, eye,
@ pp. 396-9) dissemination
EBV (© pp. 402-5) B B ooe o o
VZV (© pp. 399-402) e oo o . .
CMV (D pp.405-8) o . o o o o . Congenital
HHV-6 and -7 oo Fever alone
@ pp. 3934, p. 394)
HHV-8 () pp. 394-6) . Kaposi's
sarcoma
Poxviridae (also  Molluscum oo
smallpox) : .
Orf oo
(© pp. 444-5) :

Monkeypox eoo
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Parvoviridae

Papovaviridae

Hepadnaviridae

RNA viruses

Orthomyx-
oviridae

Paramyxoviridae

Parvovirus B19
(® pp-390-2)

HPV () pp. 439-41)

Polyomavirus
(D pp. 442-3)
Hepatitis B

® pp. 413-17)

.Influenza
@®pp.375-6)

Parainfluenza
@ p.380)

Mumps (€ pp. 387-8)

Measles (€ pp. 384-6)

RSV (© pp. 381-2)/
metapneumovirus

©p 389

Arthropathy,
aplastic
anaemia,
congenital

Warts,
epithelial
tumours of skin

Progressive
focal
neurodeficits

Parotitis,
epididymo-
orchitis, GBS

SSPE

(Continued)
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Table 8.1 (Contd.)

Group Virus Consider in the differential of ...
Respiratory Rash Hepatic Muscular Diarrhoea  Encephalitis  Meningitis ~ Shock  Other
Coronaviridae ~ Coronavirus ooe oo
.(9 pp. 383-4) ) )
Picornaviridae  Poliovirus . Paralysis,
(© pp. 445-8) myocarditis
Non-polio oo oo ooo ooo Myopericarditis,
enteroviruses conjunctivitis
(® pp- 430-2)
Hepatitis A virus ooo
@ pp. 411-12)
Rhinovirus ooe
(@ pp. 590-1)
Reoviridae Rotavirus (@) ooe
pp. 409-10)
Retroviridae HTLV-1 and -2 Spastic
© pp. 449-50) paraparesis,
leukaemia/
lymphoma
HIV-1 and -2° ooo ° Immuno-
deficiency

(® pp-425-7)

(A3
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Togaviridae

(OF

433-5)

Flaviviridae

Bunyaviridae
(also Rift
Valley fever)

Rubella
© pp. 389-90)

Alphaviruses
() pp- 433-5)

Yellow fever
(@ pp. 455-6)
Dengue

® pp.457-9)
Hepatitis C

(© pp. 418-21)

Japanese encephalitis
(=) pp- 451-4)

Hantavirus
© pp. 435-6)

CCHF (®
pp. 435-6)

California encephalitis
@ pp.435-6)

Congenital
Arthralgia
Haemorrhage

Haemorrhage

Haemorrhage,
renal failure

Haemorrhage

(Continued)
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Table 8.1 (Contd.)

Group Virus Consider in the differential of ...
Respiratory Rash Hepatic Muscular Diarrhoea  Encephalitis  Meningitis ~ Shock  Other
Arenaviridae Lassa (@) pp. 462-3) oo ° . oo Haemorrhage
LCMV (D p. 432) ooe o . Congenital
Filoviridae Marburg, Ebola (@) oo oo Haemorrhage
pp. 451-4)
Rhabdoviridae ~ Rabies () s
pp. 463-5)
Other Astrovirus and ooo
calicivirus (
pp. 410-1)

eee very frequently seen; e commonly seen; ® occasionally seen.

‘Congenital’ indicates viruses with the potential to cause significant sequelae if infecting the developing fetus.

CCHF, Congo—Crimean haemorrhagic fever; CMV, cytomegalovirus; EBV, Epstein—Barr virus; GBS, Guillain—Barré syndrome; HHV, human herpesvirus; HIV, human

immunodeficiency virus; HPV, human papillomavirus; HSV, herpes simplex virus; HTLV, human T-cell lymphotropic virus; LCMV, lymphocytic choriomeningitis virus; RSV, respiratory

syncytial virus; SSPE, subacute sclerosing panencephalitis; VZV, varicella-zoster virus.

#HIV may, of course, present in a multitude of ways; however, the commoner presentations of primary HIV infection (as opposed to a subsequent opportunistic infection) are rash

and encephalitis.
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INFLUENZA—INTRODUCTION

Influenza—introduction

One of the commonest infectious diseases of man, primarily causing epi-
demics of URTI. Global pandemics may follow dramatic antigenic changes—
21 million died in the 1918-1919 pandemic.

The virus

Members of family Orthomyxoviridae. Negative-sense ssSRNA viruses.
The three distinct influenza viruses are:

influenza A—cause of the typical influenza syndrome and pandemics;
influenza B—similar clinically but does not cause pandemics;

influenza C—afebrile, common cold-like syndrome; does not occur in
epidemics.

All have host cell-derived envelopes, embedded with glycoproteins impor-
tant to viral entry and exit. These have haemagglutinin (HA) or neuramini-
dase (NA) activities, which are key antigenic components. At least 17 HA
and ten NA variants have been identified in influenza A viruses. EM appear-
ance of the viral particles is variable—spherical to filamentous. Viruses are
named by their type, place of initial isolation, strain, year, and antigenic sub-
type, e.g. A/Victoria/3/75/H3N2.

Pathogenesis

o The virus enters respiratory epithelial cells and replicates, and progeny

are released—the cell dies. Viral shedding may start within 24h of

infection—illness follows 24h later.

There is diffuse inflammation of the trachea and bronchi, with an

ulcerative, necrotizing tracheobronchitis in severe cases. Primary

viral pneumonia is uncommon but is severe when it occurs. Bacterial

superinfection is common, facilitated by damage to the mucociliary

escalator, and virus-induced defects in lymphocyte and leucocyte

function. Viral levels fall rapidly after 48h of iliness, becoming

undetectable by 5-10 days.

Antigenic variation—alteration of viral antigenic structure allows

the production of variants, to which there may be little or no

herd immunity. This variation involves changes in the HA and NA

glycoprotems and takes place by two mechanisms:
- antigenic drift—relatively minor changes that occur every year or so
through a gradual accumulation of amino acid changes. There is a
selective pressure for those changes which are less well recognized
by the host antibody, and these viruses begin to predominate;
antigenic shift—major antigenic change that may herald flu pandemics
due to lack of population immunity. Type A viruses are able to infect
a variety of species (humans, pigs, horses, birds), and, if genes from
different viruses recombine, entirely new strains result. Occasional
avian flu strains arise with bird-to-human infectivity, but minimal
human-to-human transmission (e.g. H5N1, H7N9), a consequence
of differences in the binding preference demonstrated by viral
HA molecules. Human viruses prefer sialic acid (2—6) galactose,
conveniently found on epithelial cells of the upper respiratory tract.
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Avian HA tends to prefer sialic acid (2-3) galactose, found in humans
only deep on the terminal bronchi and alveoli. Recombination events
may happen in a third party easily infected by viruses from both birds
and humans, e.g. pig. The H1N1 ‘swine’ flu virus is thought to be a
result of the recombination of two swine, one human and one avian
flu strain within a pig. Pandemics often arise in Asia where humans,
pigs, and birds live in close proximity. Other pandemics may have
been caused by direct viral adaptation to humans (1918 pandemic
probably due to a pig virus).

Epidemiology

o Outbreaks are associated with excess rates of pneumonia and influenza-
related illness and mortality, peaking in the winter and varying with
the viral type responsible. Not all influenza-related deaths present as
pneumonia.

o Seasonal flu attack rates are highest in the young, mortality is highest
in the elderly; both are increased in those with pre-existing medical
problems, e.g. cardiovascular/pulmonary/liver/renal impairment, or
immunodeficiency.

o Person-to-person transmission occurs by dispersion in small-particle
aerosols. The virus is present in large quantities in the secretions of
infected people. One individual can infect a large number of others,
contributing to the explosive nature of outbreaks. Outbreaks can occur
in an epidemic or pandemic fashion:

- epidemics are confined to a single location, e.g. town/country, and
occur almost exclusively in winter. They start abruptly with cases
seen initially in children and then adults, peak within 3 weeks, and last
around 6 weeks. Different strains may circulate simultaneously;

- pandemics are severe outbreaks caused by type A viruses that spread
worldwide. Associated with the emergence of a new virus, to which
the population has no significant immunity, and characterized by
rapid transmission, often out of the usual patterns of seasonality
and with high levels of mortality amongst healthy young adults. The
capacity of the influenza virus to continue to cause human disease on
such a scale is a function of frequent antigenic changes. In the early
years after a pandemic, disease is clinically severe, becoming milder
as herd immunity improves.

e The H1N1 ‘swine flu’ pandemic of 2009/2010 spread rapidly
throughout the world. Rates of infection were highest in those
<25 years old and, unlike seasonal flu, low in those over 65, perhaps
due to pre-existing immunity against antigenically similar viruses
circulating before 1957. Secondary attack rates were probably similar
to those of seasonal flu, but rates of hospitalization and mortality were
higher, especially amongst the pregnant and immunosuppressed. Unlike
the seasonal H1N1 circulating at the time, <99% of pandemic H1N1
strains were susceptible to oseltamivir. Pandemic H1N1 replaced the
previous seasonal H1N1 strain and is now essentially ‘seasonal’.
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Influenza—clinical features and diagnosis

Clinical features

Uncomplicated disease—1- to 2-day incubation is followed by an abrupt
onset of symptoms. Fever, chills, headache, malaise, myalgia, eye pain,
anorexia, dry cough, sore throat, and nasal discharge. After around day
3, respiratory features dominate, as fever and other systemic features
settle. Convalescence may take 2 or more weeks. Elderly patients may
present with fever and confusion and few respiratory features. Attack
rates are highest in children, who may present with croup.
Complicated influenza—risk factors for complicated disease outside

of pandemics include pregnancy, age >65 years, chronic cardiac/
lung/renal/liver disease, diabetes, immunosuppression, and morbid
obesity. Primary viral pneumonia presents with rapidly worsening
cough, breathlessness, and hypoxia (resembles ARDS). Mortality

is high. Secondary bacterial pneumonia develops shortly after an

initial period of improvement, following the influenza syndrome.
Pathogens: S. pneumoniae, H. influenzae, and less commonly S. aureus.
Other respiratory complications: croup, COPD, and CF exacerbations.
Non-respiratory complications: myositis, myo-/pericarditis,
encephalitis, GBS.

Immunocompromised patients may be at risk of severe disease.
Includes those receiving chemo-/radiotherapy, BMT recipients receiving
immunosuppressive drugs within the last year, those on high-dose
steroids, and HIV patients with CD4 <15% of total lymphocytes. Viral
shedding may be prolonged in these groups.

Diagnosis

The diagnosis of influenza can be made, with some confidence, on clini-
cal criteria alone during an outbreak—85% accuracy in some studies.
Laboratory diagnosis is important outside of outbreaks or in the institu-
tional setting.

Rapid antigen detection—commercial immunoassays that detect

flu A and B nucleoprotein antigens. Can be performed in 15min,

but sensitivity is low (around 60%), compared to PCR, especially if
performed after 48h of iliness when viral shedding rapidly declines.
Reverse transcriptase PCR (RT-PCR)—sensitive and specific, with
relatively rapid results and the ability to differentiate between types/
subtypes. Detects low quantities of viral RNA in nasal/throat swabs,
and BAL and NPA specimens.

Viral culture—virus isolated from sputum or swabs, cultured in cell lines,
and detected within 35 days by its cytopathic effect. Now used only in
public health surveillance.

Serology—paired samples (10-20 days apart); samples showing a 4-fold
rise in antibody titre can be considered diagnostic. Not useful in clinical
decision-making.
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Influenza—treatment/prevention

Treatment

(See Table 8.2.)
o Antiviral agents may be used in secondary care for any patient in whom they
are clinically indicated if influenza is confirmed or suspected. In primary care,
they may be used once the DH has issued notice that influenza is circulating.
NICE and PHE issue treatment guidelines for the UK.
Treatment and prophylaxis is with the NA inhibitors (oseltamivir,
zanamivir, and peramivir; ©) see Antivirals for influenza, pp. 94-6). The
amantadines are no longer recommended.
Resistance to oseltamivir was becoming common (>90% of tested
strains) in seasonal H1N1 flu prior to the 2009 H1N1 pandemic.
The pandemic strain replaced the previous seasonal strain, and
resistance is now unusual. It has been noted to arise in severely
immunocompromised patients who have received oseltamivir (for
treatment or prophylaxis). These strains have generally remained
sensitive to zanamivir, and treatment guidelines reflect this.
If treatment is indicated, do not wait for laboratory confirmation. It
should commence within 48h of onset of symptoms but may reduce the
risk of severe illness if given up to 5 days after symptom onset.
If a patient is unable to take inhaled zanamivir, aqueous zanamivir can
be given by inhalation (unlicensed). IV zanamivir should be used if the
patient is on the ICU.
If oseltamivir-resistant virus is suspected, or a patient does not respond
to therapy within 5 days, treat with zanamivir, and test for resistance.
o General measures—adequate hydration, antipyretics (not aspirin in
children), and decongestants.
The rapidly progressive nature of secondary bacterial infections argues for
early presumptive use of antibiotics where suggested by the clinical scenario.
o A 2014 Cochrane review suggested that, while NA inhibitors are
effective as prophylaxis and shorten symptom duration by an average
of half a day, they have no impact on hospital admission or the
development of pneumonia (Jefferson T, Jones MA, Doshi P, et al.
(2014). Neuraminidase inhibitors for preventing and treating influenza in
healthy adults and children. Cochrane Database Syst Rev 4:CD008965).

Table 8.2 Influenza treatment recommendations

Uncomplicated, previously No treatment. Oseltamivir only if physician

healthy believes serious risk of complications

Uncomplicated, at-risk groups, Oseltamivir PO 5 days, within 48h or later

including pregnancy at clinical discretion. Zanamivir as second
line or if higher risk of oseltamivir resistance
(e.g. HINT)

Complicated (needs hospital Oseltamivir PO/NG, zanamivir as second

admission, hypoxic, lung line or if higher risk of oseltamivir resistance

infiltrate, CNS involvement, etc.) (e.g. HINT)
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Prevention
Vaccines
o Inactivated vaccines are the main control measure. In 2012, the Joint
Committee on Vaccination and Immunisation recommended vaccination
should be offered to all children aged between 2 and 16. The UK DH
recommends annual vaccination for:
>65 years old;
all people aged 6 months or older in a clinical risk group (chronic
respiratory disease, e.g. COPD, chronic heart disease, chronic kidney
disease, chronic liver disease, diabetes, immunosuppressed people,
asplenia, pregnancy (any stage), morbid obesity). See Green Book for
a comprehensive list;
all children aged between 2 and 16 not in clinical risk groups. This
extension was implemented in a phased manner (2013 onwards).
Vaccination should also be offered to: household contacts of
immunocompromised people, HCWs, others as clinical judgement
suggests (e.g. other chronic illness, long-term care home residents, etc.).
Vaccines are prepared each year and are usually trivalent, containing two
type A (H1N1, N3N2), and one type B, strains. Strains are collected
continuously across the world, and those to be included in the year’s
vaccine chosen by educated guess. It takes 6-9 months to produce a
vaccine once its components are decided.
e Two doses are required in children under 9 years who have not been
previously vaccinated. Otherwise, a single dose is sufficient, usually given
in October. The main contraindication to vaccination is hypersensitivity
to hens’ eggs.
Protection is around 70% and lasts for 1 year. Diminished responses
are seen in organ transplant recipients receiving immunosuppressive
therapy. Protection is reduced in the elderly.

Antiviral agents

o Vaccination does not preclude PEP, when indicated. Prophylaxis should
be given only if the last potential flu contact was within 36h (zanamivir)
to 48h (oseltamivir), unless recommended by an appropriate specialist.

o If exposure was to suspected/confirmed oseltamivir-resistant virus,

prophylaxis is with zanamivir inhaled (INH).

Previously healthy (excluding pregnant women)—no prophylaxis.

o At risk of complicated flu (including pregnant women)—oseltamivir PO

for 10 days.

Severely immunocompromised (excluding children under 5)—zanamivir

INH od for 10 days. If unable to administer, then oseltamivir as above.

o Children <5 years in at-risk groups—oseltamivir for 10 days.

Further reading

Public Health England (2015). PHE guidance on use of antiviral agents for the treatment and prophylaxis
of seasonal influenza (2015-16). Available at: & https://www.gov.uk/government/uploads/
system/uploads/attachment_data/file/457735/PHE_guidance_antivirals_influenza_2015_to_
2016.pdf.

Public Health England (2015). Influenza: the green book, chapter 19. Available at: 2 https://www.gov.
uk/government/publications/influenza-the-green-book-chapter-19.


http://https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/457735/PHE_guidance_antivirals_influenza_2015_to_2016.pdf
http://https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/457735/PHE_guidance_antivirals_influenza_2015_to_2016.pdf
http://https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/457735/PHE_guidance_antivirals_influenza_2015_to_2016.pdf
http://https://www.gov.uk/government/publications/influenza-the-green-book-chapter-19
http://https://www.gov.uk/government/publications/influenza-the-green-book-chapter-19
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Parainfluenza

A group of viruses causing respiratory illnesses, from upper respira-
tory tract symptoms in healthy children to severe pneumonia in the
immunosuppressed.

The viruses

o Paramyxoviridae and members of either genus Respirovirus (parainfluenza
types 1 and 3) or Rubulavirus (types 2, 4A, and 4B).

o Negative-sense ssRNA viruses with host cell-derived envelope.

Epidemiology

o Ten per cent of adult acute respiratory illness and 60% of childhood
croup cases with demonstrated cause are due to parainfluenza.
Extensive spread within families. Nosocomial/residential care
outbreaks occur.

Parainfluenza type 3 is the most frequently isolated member and, like
RSV, is commonly seen in the first 6 months of life. It is endemic and
may be isolated throughout the year, peaking in spring. Types 1 and 2
occur in autumn, often alternating each year. Type 4 is rarely isolated.

Pathogenesis

e Transmission is by droplet spread. Replication occurs in respiratory
epithelial cells, peaking 2—5 days after infection. Types 1 and 2 usually
infect the larynx and upper trachea (croup), and type 3 the distal airway
(bronchiolitis, pneumonia).

Reinfection may occur and tends to cause milder upper airway disease,
probably representing waning of immunity—antigenic variation is not
progressive (unlike influenza virus). Mucosal immunity is most important
for resisting infection. CD8 T cells are important in viral clearance.

Clinical features

o Healthy individuals—children: upper respiratory tract illness (those
under 5 years), otitis media, croup, bronchiolitis (infants under
6 months); adults: URTI.

o Immunocompromised—severe disease in recipients of BMT or lung
transplants in all age groups. May cause pneumonia with high rates of
mortality. Other immunodeficiencies are associated with prolonged viral
shedding.

Diagnosis

o Viral isolation by tissue culture and immunofluorescence is the gold
standard, but PCR-based tests have higher sensitivity and are more widely
available. Nasal washings have a higher sensitivity than nasal swabs.

o Paired serology can confirm a diagnosis but is unhelpful clinically.

Treatment

o No specific antiviral therapy. No proven benefit with immunoglobulin.
Reduce immunosuppression where relevant.

e Some advocate inhaled steroids for the clinical treatment of croup.

e No vaccine is currently available.



RESPIRATORY SYNCYTIAL VIRUS

Respiratory syncytial virus
RSV is a major cause of LRTI in young children.

The virus

o A member of the Paramyxoviridae family. An ssRNA virus with host
cell-derived envelope. Two antigen groups (A and B), which differ in
envelope proteins and non-structural protein-1. Several strains from
both groups may circulate in the same outbreak.

Epidemiology

o RSV infection has been found worldwide. In temperate parts, outbreaks
are annual, occurring in the winter months. Mild outbreaks may be
followed by more severe outbreaks the next year.

e The major cause of childhood pneumonia/bronchiolitis (90% of

children admitted with an LRTl in the peak of an epidemic); 95% of

children are seropositive by age 2 years. Naturally acquired immunity to

RSV is incomplete, and, while healthy adults will have mild symptoms,

it is an important cause of severe respiratory iliness in the elderly and

immunosuppressed.

Boys and those under 2 years experience the most severe illness—

severity is also affected by socio-economic factors.

e An important nosocomial infection. May survive <24h in patient
secretions deposited on non-porous surfaces, and around an hour on
porous surfaces (tissues, fabric, skin).

Pathogenesis
e Transmission is by inoculation of the nasopharynx or the eye with
secretions or fomites. Incubation of 2—8 days. Infants often have
evidence of pneumonia as well as bronchiolitis.
o Lymphocytic infiltration of the areas around the bronchioles with wall
and tissue oedema is followed by proliferation and necrosis of the
bronchiolar epithelium: bronchiolitis. Sloughed epithelium and mucus
block small airway lumens, leading to air trapping and hyperinflation. Air
absorbed distally to obstructed airways leads to areas of atelectasis.
Disease is due to the vulnerability of the small airways of the very young
to inflammation and obstruction (resistance to airflow being inversely
related to the cube of the radius), and possibly immunopathology
(severe disease was seen in children vaccinated with an experimental
inactivated vaccine in the 1960s).

Clinical features

e Young children—pneumonia and bronchiolitis (@) see Bronchiolitis,
pp. 609—11) are the commonest manifestations in infants.
Tracheobronchitis and croup are less common. All may occur in
association with fever and otitis media (RSV is present in 75% of
middle ear effusions from children with respiratory infection). Rarely
asymptomatic. Those with LRTI may have a preceding URTI with nasal
congestion and pharyngitis. Cough and fever are common in young
children. Clinical findings include wheeze and crepitations.
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Many infants have both pneumonia and bronchiolitis. CXR changes

are few, regardless of severity. Hypoxia may be profound. Duration of
iliness is 7-21 days. Acute complications: apnoea, secondary bacterial
infection. RSV may be a contributing factor to sudden infant death
syndrome. Long-term studies suggest those hospitalized with RSV LRTI
may have a higher rate of later reactive airway disease.

Older children and adults—a severe ‘common cold’ with nasal
congestion, cough, fever, earache (in children); <50% of infected older
people develop pneumonia (particularly those in residential homes);
2-6% of hospitalized adults with pneumonia have RSV. Secondary
infections cause URTI or tracheobronchitis.

Severe disease—young infants, the premature, and those with
underlying disease (congenital and cardiopulmonary disease, e.g. CF) are
at risk of severe RSV; <66% of deaths occur in those with underlying
disease. Prematurity is a risk into the third year of life. Inmunodeficient
patients (including those with transplants and on chemotherapy) have
extensive pulmonary infiltration and prolonged viral shedding.

Diagnosis

Clinical diagnosis can be made, with some confidence, in children during
an outbreak. Serology is only useful epidemiologically.

An NPA is the best sample for laboratory diagnosis. Viral culture is the
standard (characterized by the typical syncytial appearance, and the
cytopathic effect at around days 3—7), but antigen capture techniques
and PCR (usually part of a respiratory multiplex) are faster and more
widely available.

Treatment

General—oxygen, fluids, respiratory support. Bronchodilators may
help wheeze in some children but are not routinely recommended. No
specific benefit from steroids or antibiotics.

Nebulized ribavirin—not routinely recommended in infants/

children with acute bronchiolitis. Some studies suggest a benefit on
chronic respiratory symptoms, but there is insufficient evidence to
support its use for this purpose. May have a role in the treatment of
immunosuppressed adult BMT recipients and immunosuppressed
children with severe disease.

Prevention

Infection control—vital in hospitalized cases. Handwashing, eye—nose
goggles, and glove use reduce nosocomial infections. Infected patients
should be isolated or cohorted, especially on wards with high-risk
patients.

Immunotherapy—active immunization is not available. Palivizumab (RSV
monoclonal antibody) reduces morbidity in infants <12 months old

at risk of severe RSV (extreme prematurity, acyanotic heart disease,
congenital lung disease, immunodeficiency). Administered to such
infants once a month during outbreaks, it reduces disease severity and
hospital admissions for respiratory illness.
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Coronaviruses

Enveloped viruses of the family Nidovirus. Large positive-sense ssRNA
genome that replicates using a set of nested mRNAs (‘nido’ for ‘nest’).
The name derives from Latin ‘corona’ (crown), reflecting the EM appear-
ance of the viral spike protein that populates the surface of the virus and
determines its host tropism.

Classic community-acquired coronavirus

Found worldwide. In temperate climates, human coronavirus (HCoV) res-
piratory infections tend to occur in winter. Spread is by aerosol or contact
with infected secretions. Immunity is acquired, but reinfection common
(either by waning immunity or antigenic variation). Outbreaks occur in hos-
pitals and residential care homes. Presentations may be:

e respiratory—HCoV account for <20% of all adult acute URTIs and

may cause acute otitis media in children. They have been isolated from
infants with pneumonia and associated with wheeze in children, and may
trigger asthma attacks in adults and children. In the elderly, they cause
flu-like illnesses, pneumonia, and acute exacerbations of bronchitis;
enteric—there is an association between the presence of coronavirus
particles on stool EM and diarrhoea in infants or necrotizing
enterocolitis in neonates;

diagnosis is rarely helpful, as treatment is supportive. RT-PCR tests are
available.

Severe Acute Respiratory Syndrome (SARS) coronavirus
SARS was recognized in China in November 2002 and had spread to affect
29 countries across the world by February 2003. The epidemic had died out
by July 2003; 8096 cases were reported, with a fatality rate of 11% (43% in
those over 60 years of age). Between July 2003 and May 2004, there were
four small and rapidly contained outbreaks of SARS, three of which were
associated with laboratory releases and the fourth thought to be due to an
animal source. The cause was a novel coronavirus. Animals are thought to
be the main reservoir. Transmission is by droplets and contact with contam-
inated surfaces—nosocomial transmission was common in the early stages
of the outbreak. The virus is present in stool and may cause diarrhoea.

o Clinical features—incubation is 210 days. A 3- to 7-day febrile prodrome

follows, notable for the absence of upper respiratory symptoms. The

respiratory phase typically starts with a dry cough, progressing to
breathlessness and progressive pulmonary infiltrates on CXR.

Diagnosis—during the outbreak, RT-PCR was performed but sensitivity

appeared limited (<70% positive on NPAs in week 2 of illness). No

systematic study was performed to validate tests. Serological testing by

ELISA at 3 weeks appeared most sensitive.

o Treatment—no specific therapy. Care is supportive. Patient isolation
and infection control precautions were key to the control of the 2002/3
outbreak. This was greatly facilitated by the relatively long prodrome
that enabled patients to be identified and isolated before they became
infectious.
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Middle East Respiratory Syndrome (MERS) coronavirus

This betacoronavirus, closely related to several bat coronaviruses was iden-
tified in 2012 from a man admitted to hospital in Saudi Arabia with pneu-
monia and renal failure. Shortly after his admission, an identical virus was
identified in Qatar in a patient with similar features who had travelled to
Saudi Arabia. Cases followed across the Middle East and were reported in
five other countries amongst patients returning from the Middle East. The
UK, France, Italy, and Tunisia reported limited human-to-human transmis-
sion to close contacts of the index cases. The case fatality rate was reported
as 60%.

o Clinical features—incubation around 5 days (but <10 days).

Symptoms range from none (positive RT-PCR tests were found in
several asymptomatic close contacts), mild respiratory illness, to

severe pneumonia requiring ventilation or extracorporeal membrane
oxygenation. Other symptoms: pericarditis, renal failure, DIC,
diarrhoea. Those with underlying medical problems seem at greater risk
of severe disease.

Diagnosis—RT-PCR testing of lower respiratory tract specimens is

most sensitive. Testing multiple specimens taken at different times from
different sites increases the likelihood of detecting virus. Guidance
should be sought from national public health authorities regarding who
to test, based upon contemporary epidemiology.

Treatment is supportive, and infection control paramount.

Metapneumovirus

Identified in 2001 as a cause of respiratory tract disease in Dutch children.
Like RSV and parainfluenza virus, it is a member of the family Paramyxoviridae.
Transmission is by droplet spread, and outbreaks are seasonal (late winter,
early spring in Europe and the USA). Clinical features are indistinguishable
from those caused by RSV, and it is a cause of respiratory tract disease in
both children and adults worldwide; 98—100% of people are seropositive by
age 10 years; it is a significant pathogen in LRTIs of children and is implicated
in nosocomial spread of infection in hospital wards. Symptoms are identical
to those of RSV in children (mild URTI to severe cough, bronchiolitis, and
pneumonia) and older adults (cough, fever, respiratory distress). Diagnosis
is by PCR of respiratory secretions or serology. There is as yet no specific
treatment. Ribavirin, which has a role in the treatment of RSV, is active in
vitro and in mice, but its efficacy in humans is not known.

Measles

An acute highly infectious disease of children, characterized by cough,
coryza, fever, and rash. Humans are the only natural host.

The virus

o A member of the family Paramyxoviridae, genus Morbillivirus; ssSRNA,
enveloped virus; covered with short surface projections: haemagglutinin
(H) and fusion (F) glycoproteins.
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Epidemiology

e Found in every country in the world. Without vaccination, epidemics
lasting 3—4 months would occur every 2-5 years.

Airborne, spread by contact with aerosolized respiratory secretions,
and one of the most communicable of the infectious diseases. Sensitive
to light and drying, but can remain infective in droplets for some hours.
Patients are most infectious during the late prodromal phase when
coughing is at its peak. Immunity after infection is lifelong.

Pathogenesis

e The virus invades the respiratory epithelium, and local multiplication
leads to viraemia and leucocyte infection. Reticulo-endothelial cells
become infected, and their necrosis leads to secondary viraemia. The
major infected blood cell is the monocyte.

Tissues that become infected include the thymus, spleen, lymph node,
liver, skin, and lung. Secondary viraemia leads to infection of the
entire respiratory mucosa, with consequent cough and coryza. Croup,
bronchiolitis, and pneumonia may also occur.

Koplik’s spots and rash appear a few days after respiratory symptoms—
may represent host hypersensitivity to the virus.

Clinical features

e Incubation is 2 weeks (longer in adults than children). A prodromal

phase (coinciding with secondary viraemia) of malaise, fever, anorexia,

conjunctivitis, and cough is followed by Koplik’s spots (blue-grey spots
with a red base, classically found on the buccal mucosa opposite the
second molars), then rash. Patients feel most unwell around day 2 of
the rash. From late prodrome to resolution of fever and rash is around

7-10 days. Rash begins on the face and proceeds down, involving the

palms and soles last. Erythematous and maculopapular, and may become

confluent. It lasts around 5 days and may desquamate as it heals.

Complications—bacterial superinfection (pneumonia and otitis media);

acute encephalitis (1 in 2000 and probably due to host hypersensitivity

to virus), characterized by fever recurrence, headache, seizures, and
consciousness changes during convalescence; subacute sclerosing
panencephalitis (SSPE)—chronic degenerative neurological condition,
occurring years after measles, due to persistent CNS infection with
measles virus, despite a vigorous host immune response; spontaneous
abortion and premature labour—unlike rubella, there is no association
with fetal malformations, but the disease can be more severe in
pregnancy, and infants can acquire it. Infants born to mothers with active
infection should be given immunoglobulin at birth.

e Prior to vaccination, measles was a common cause of viral meningitis
and remains so in unvaccinated populations, usually occurring with
arash.

e Special conditions:

modified measles—a very mild form of the disease seen in people
with some degree of passive immunity, e.g. those receiving
immunoglobulin or babies under 1 year;
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- atypical measles—seen in those who received early killed measles
vaccines and are later infected by wild-type virus. The rash is atypical
and may resemble Henoch—Schénlein purpura (HSP), varicella, spotted
fever; or a drug eruption. High fever, peripheral oedema, pulmonary
infiltrates, and effusions may occur. The disease is more severe, has a
longer course, and is thought to be due to hypersensitivity to the virus in
a partially immune host. It is rare now, but those who have received only
killed vaccine should be offered live vaccine;

« immunocompromised patients (including the malnourished) may
experience severe disease, e.g. primary viral giant cell pneumonia,
encephalitis, SSPE-like encephalitis. They may not develop a rash, making
diagnosis difficult. Immunocompromised people should be passively
immunized following exposure, even if previously vaccinated.

Diagnosis

Diagnosis can usually be made clinically. Laboratory confirmation is useful in
atypical cases or the immunocompromised. Suspected and confirmed cases
should be reported to public health.

o Other—immunofluorescence microscopy of cells in secretions, RT-PCR.
e Virus isolation—possible in renal cell lines, growth slow. Useful in the
immunodeficient where antibody responses may be minimal.
Serology—a 4-fold increase in measles antibody titre between acute and
convalescent specimens is diagnostic. IgM is detectable from day 3 after
rash onset, and IgG from days 7-14.

Treatment

o Supportive therapy and treatment of bacterial superinfection.

o Vitamin A 100000-200000IU PO has been shown to reduce disease
severity amongst children in developing countries. It may have benefit
in developed countries in those with, or at risk of, complications. It
should be avoided at or after immunization when it appears to reduce
seroconversion.

Prevention

o Measles vaccine is given as part of MMR (measles, mumps, rubella) at
12 months and preschool. It can be given earlier in at-risk populations, but
responses are suppressed, and an additional dose should be given later.

e The UK saw an increase in measles cases in 2012/2013 amongst
10-16 year olds. Over 2000 cases were reported, of which 20%
required hospitalization. This was probably a result of those who
missed vaccination in the late 1990s/2000s, as a result of concern (now
discredited) over a possible link between MMR and autism. Vaccine
coverage fell to <80%. A catch-up programme for 10-16 year olds was
announced in 2013.

o Passive immunization with immunoglobulin is recommended for those
exposed susceptible people at risk of severe or fatal measles—it
must be given within 6 days of exposure to be effective. Such groups
include children with defects in cell-mediated immunity, those with
HIV or malignant disease, and unvaccinated pregnant women.

Details are available on the PHE website (under ‘lmmunoglobulin’ in
‘Infections A-Z’).
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Mumps

Mumps is an acute generalized viral infection of children and adolescents,
causing swelling and tenderness of the salivary glands, and rarely epididymo-
orchitis. More severe manifestations are commoner in older patients. The
name may derive from the English verb ‘to mump’—to be sulky.

The virus

o A member of the Paramyxoviridae family; ssSRNA virus; irregular,
spherically shaped virion (average diameter 200nm); the nucleocapsid is
enclosed by a three-layer envelope.

The nucleocapsid contains the S (soluble) antigen, to which antibodies
may be detected early in infection.

Glycoproteins on the surface have HA, NA, and cell fusion activity, and
include the V (viral) antigen detected in late infection by complement
fixation.

Epidemiology

e Endemic throughout the world. Prior to vaccination, epidemics took
place every 2-5 years, with 90% of cases occurring in those under

15 years.

In the USA, one-third of cases occur in those over 15 years. UK
incidence has been increasing amongst those born between 1981 and
1989 who missed routine MMR (first introduced in 1988) and are now
at university. In 2004, there was a dramatic increase of cases in England
and Wales amongst those born before 1987, many of whom had
received just one dose of MMR in the 1998 ‘catch-up’ campaign.

o Passive immunity makes infection uncommon in children under 1 year.

Pathogenesis

e Transmitted by droplet spread or direct contact. Most infectious just
before parotitis.

o During incubation, the virus proliferates in the upper respiratory tract,

with consequent viraemia and localization to glandular and neural tissue.

Parotid glands show interstitial oedema and serofibrinous exudate

with mononuclear cell infiltration. Cases of orchitis are similar with the

addition of interstitial haemorrhage, polymorphonuclear infiltration, and

areas of local infarction due to vascular compromise.

Clinical features

o Incubation is 2—4 weeks. A 24h non-specific prodrome of fever,
headache, and anorexia is followed by earache and ipsilateral parotid
tenderness. The gland swells over 2-3 days and is associated with
severe pain. Swelling can lift the earlobe up and outward. The other
side follows within a couple of days in 75% of cases. Patients experience
difficulty in pronunciation and mastication. Once swelling has peaked,
recovery is rapid—within a week. Complications of parotitis (e.g.
sialectasis) are rare. Other salivary glands may be involved.

o CNS involvement—the commonest extraglandular manifestation in
children. Meningitis is seen in <10% of those with parotitis, although
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<50% of cases of mumps meningitis show no evidence of glandular
disease. Onset is 47 days after glandular symptoms but can occur

1 week before or 2 weeks later. Male > female. Symptoms resolve
3-10 days later; and recovery is complete with no sequelae. CSF
findings—typical of viral meningitis (@ see Viral meningitis, pp. 722-4);
hypoglycorrhachia (low CSF glucose) is seen in up to 30% of cases,
more than in other viral meningitides. Encephalitis is seen in 1 in 6000
and takes two forms: early onset which represents direct neuron
damage due to viral invasion, and a larger late-onset (7—10 days) group
representing a post-infectious demyelinating process. Recovery takes
around 2 weeks, and sequelae (e.g. psychomotor retardation) and death
(around 1.4% of cases) may be seen. Other neurological manifestations
include transient deafness, permanent deafness (1 in 20000), ataxia,
facial palsy, transverse myelitis, and GBS.

o Presternal pitting oedema and tongue swelling (thought to be due to
lymphatic obstruction by swollen regional glands) (6%).

e Epididymo-orchitis—the commonest extraglandular manifestation in
adults, seen in 20-30% of post-pubertal males with mumps (one in six
cases bilateral). Rare before puberty. May be the only manifestation
of mumps. Abrupt onset with fever, and a warm, swollen (up to four
times normal), tender testicle with erythema of the overlying skin. Fever
resolves at 5 days with gonadal symptoms following. Some degree of
atrophy may be seen in 50%, once recovered. Infertility is rare.

o Other: oophoritis (5% of post-pubertal women with mumps—impaired
fertility and premature menopause have been reported but are rare),
migratory polyarthritis, pancreatitis, myocarditis, nephritis, thyroiditis,
mastitis, and hepatitis.

Diagnosis

o Diagnosis is usually clinical. Laboratory confirmation is required for
epidemiological purposes or when disease is atypical.

Serum amylase is elevated in parotitis or pancreatitis (isoenzyme analysis
is required to differentiate the source).

Serology—serum IgM antibody testing should be performed as soon
as disease is suspected. It remains positive for <4 weeks but may be
negative in 50% of the previously immunized with acute infection.

A convalescent sample 2—3 weeks after the first demonstrating a 4-fold
or greater increase in IgG titre is diagnostic.

Viral culture—present in saliva from 2 days before symptom onset to

5 days after. May be present in CSF up to 6 days after onset.

o PCR-based tests are available.

Treatment

e Symptom control—antipyretics and fluids if persistent vomiting.
o No benefit in steroid use has been demonstrated.
e Anecdotal evidence that IFN-a speeds resolution of orchitis.

Prevention

Vaccination is >95% effective, and takes place at 12 months and preschool
as part of MMR.
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Rubella

An acute, mild, exanthematous viral infection of children and adults, resem-
bling mild measles, but with the potential to cause fetal infection and birth
defects.

The virus
o A member of the family Togaviridae, in the genus Rubivirus.
o Spherical in shape, with a diameter of 60nm. Relatively unstable.

Epidemiology

o Unlike measles, rubella is only moderately contagious. Prior to
vaccination, incidence was highest in the spring amongst children aged
5-9 years.

e Once termed ‘third disease’, measles and scarlet fever being the first
and second exanthematous infections in childhood.

o After infection or vaccination, most people develop lifelong protection

against disease. Reinfection occurs (the majority asymptomatic), as

demonstrated by rises in antibody titre in previously vaccinated people.

There have been rare cases of congenital rubella acquired through the

reinfection of a vaccinated mother.

Pathogenesis

o Spread is by droplets; patients are at their most contagious when the
rash is erupting, and the virus may be shed from 10 days before to 2
weeks after its appearance.

Rash may be immune-mediated—it appears as immunity develops and
viral titres fall.

o Primary viraemia follows infection of the respiratory epithelium;
secondary viraemia occurs a few days later, once the first wave of
infected leucocytes release virions.

Infants with congenital rubella shed large quantities of virus for many
months.

Clinical features

e Incubation is 12-23 days. Post-natal rubella is a mild infection. Many
cases are subclinical. Adults may experience a prodrome of malaise,
fever, and anorexia. The main symptoms are lymphadenopathy
(cervical and posterior auricular) and a maculopapular rash (starting on
the face and moving down) that may be accompanied by coryza and
conjunctivitis, and last 3—5 days. Splenomegaly can occur.

o Complications are uncommon—arthritis affecting the wrists, fingers,

and knees and resolving over a month may be seen, as the rash appears

(women > men); haemorrhagic manifestations occur in 1 in 3000

(children > adults) and may be due to thrombocytopenia, as well as

vascular damage; encephalitis occurs in 1 in 5000 (adults > children),

with a mortality of up to 50%.

Congenital rubella—can be catastrophic in early pregnancy, leading to

fetal death, premature delivery, and many congenital defects. Rare since

the introduction of vaccination. The younger the fetus when infected,
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the more severe the illness. In the first 2 months of gestation, there

is an up to 85% chance of being affected by either multiple defects or
spontaneous abortion. In the third month, there is around a 30% chance
of developing a single defect (e.g. deafness), dropping to 10% in the
fourth month and nil after 20 weeks. Temporary defects include low
birthweight, low platelets, hepatosplenomegaly, hepatitis, meningitis, and
jaundice. Permanent defects include hearing loss, cardiac abnormalities,
microcephaly, inguinal hernia, cataract, and glaucoma. Developmental
defects may become apparent as the infant grows, e.g. myopia, mental
retardation, diabetes, behavioural and language disorders.

Diagnosis

o Its mild nature makes clinical diagnosis difficult.

o Serology—positive IgM on a single sample or a 4-fold rise in IgG in
paired sera is diagnostic. IgM may be positive in cases of reinfection.
Serological diagnosis of congenital rubella in neonates may necessitate
the analysis of several samples over time to determine whether
antibody titres are falling (maternal antibody) or rising (recent infection).
Detection of rubella IgM in a newborn’s serum indicates infection.
Intrauterine diagnosis has been made by placental biopsy and by
cordocentesis with detection by PCR.

Treatment

o No treatment is indicated in most cases of post-natal rubella.

e Immunoglobulin was once given to exposed susceptible pregnant
women—however, it does not prevent viraemia, despite suppressing
symptoms, and is not recommended.

o All women of childbearing age should be vaccinated before pregnancy.

Prevention

Vaccination achieves a seroconversion rate of 95%. Women should not
become pregnant in the 3 months following vaccination.

Parvovirus B19

Parvovirus B19 has a wide variety of clinical manifestations, depending on
the state of the host: ‘slapped cheek’ (fifth’) disease in children, aplastic
crisis in those with underlying haemolytic disorders. The virus was found in
1974, while evaluating assays for HBsAg—sample 19 in panel B gave a ‘false
positive’, and EM revealed the guilty virus.

The virus

o A member of the family Parvoviridae, genus Erythrovirus (so-called
because replication occurs only in human erythrocyte precursors).
B19 is the only known human pathogenic parvovirus. They are non-
enveloped and extremely resistant to physical inactivation.
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Epidemiology

e Infection common in childhood—50% are IgG-positive by 15 years, and
90% antibody-positive by 90 years. Infected children pass the virus on to
uninfected members of their family. Patients are infectious from 24 to
48h before the viral prodrome until rash appearance.

o In temperate climates, infection is commonest from late winter to early

summer. Rates peak every 3—4 years. Prevalence higher in Africa.

Infection may be passed vertically, by respiratory secretions, or from

blood and blood products (standard thermal treatments and solvent

detergents are not completely effective), although viraemia is rare.

Pathogenesis
o Parvovirus B19 infects erythroid progenitors and erythroblasts. The
receptor it uses to infect cells—P antigen—is found on megakaryocytes,
endothelial cells, fetal myocardial cells, and erythroid precursors. Those
who lack P antigen on their erythrocytes are resistant to infection.
Causes a self-limiting (48 days) halt in red cell manufacture, as infected
cells are destroyed. This may be unnoticed in those with normal
erythroid turnover. Falls of 2—6g/dL are not uncommon in those with
high turnover (e.g. haemoglobinopathies); aplastic anaemia may result.
The infected fetus may have severe manifestations (anaemia, myocarditis,
heart failure), due to high red cell turnover and the immature immune
response. These effects are reduced by the third trimester.
o Rash and arthralgia associated with some forms of the disease are
probably immune complex-related.

Clinical features

o Twenty per cent of infections are asymptomatic.

o Erythema infectiosum (El)—the commonest manifestation; 5-7 days of
fever, coryza, and mild nausea/diarrhoea is followed by classic ‘slapped
cheek’ rash (fiery, red eruption with surrounding pallor). A second
erythematous maculopapular rash may follow on the trunk and limbs
1-2 days later, fading to produce a lacy appearance. Adults have milder
manifestations. Pruritus (especially soles of the feet) can occur.
Arthropathy—seen in adults, women > men. Symmetric, mainly small
joints of hands/feet. Lasts 1-3 weeks; may persist or recur for months.
Transient aplastic crisis (TAC)—abrupt cessation of erythropoiesis with
absent erythroid precursors in the bone marrow. Described in a wide
range of haemolytic conditions: sickle-cell (nearly 90% of TAC episodes),
thalassaemia, pyruvate kinase deficiency, autoimmune haemolytic anaemia.
It has also been seen after haemorrhage, in iron deficiency anaemia, and

in those who are otherwise well (deficiencies in other blood lineages may
occur). Patients can be severely ill: dyspnoea, confusion, cardiac failure.
Does not appear to cause true, permanent aplastic anaemia.

Pure red cell aplasia (PRCA)—anaemia in the immunosuppressed (HIV,
congenital immunodeficiency, patients undergoing transplantation).
Administration of immunoglobulin may be beneficial.

Virus-associated haemophagocytic syndrome—usually healthy

patients with cytopenia; characterized by histiocytic hyperplasia and
haemophagocytosis. Self-limiting.
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Fetal infection—10-15% of non-immune hydrops fetalis. Where

maternal infection occurs, fetal loss averages 9% and occurs within

the first 20 weeks of pregnancy. There is no evidence of long-term

abnormality in those who survive.

o Other manifestations—encephalitis, myocarditis, hepatitis, vasculitis,
erythema multiforme, glomerulonephritis, idiopathic thrombocytopenia
purpura (ITP), HSP.

o Chronic infection with anaemia may occur in the immunosuppressed.

Diagnosis

o IgM detection—90% of cases positive by the time of the rash in El or
by day 3 of TAC. IgM remains detectable for up to 3 months. IgG is
detectable by day 7 of illness and remains detectable for life. It is not
useful in diagnosing acute infection or in attributing manifestations such
as chronic arthropathy to B19.

Virus nucleic acid detection tests (DNA hybridization, PCR)—sensitive
but, in immunocompetent people, viral DNA can only be detected for
2-4 days.

o Immunocompromised people with chronic infection do not mount an
immune response, and diagnosis relies on detecting DNA by PCR.
Fetal infection can be confirmed by amniotic fluid sampling, and
investigations should include maternal B19 serology.

Treatment

o General measures, e.g. non-steroidal anti-inflammatory drugs (NSAIDs)
for arthritis, transfusions for TAC.

Immunosuppressed patients with chronic infection may benefit from
temporary cessation of immunosuppression and IVIG. If disease recurs,
they may require repeated courses. Some HIV-infected patients will
resolve chronic B19 infection with the initiation of ART.

Intrauterine blood transfusions may help some cases of hydrops. For
details of management of B19 in pregnancy, ©) see Patients presenting
with a non-vesicular rash, p. 792.

Prevention

Unlike ‘slapped cheek’ patients, those with TAC and PRCA are infectious
at presentation and should be separated from high-risk contacts (glove and
gown, own room, mask, etc.) for 7 days or for the duration of the illness.
Pregnant HCWs should not care for such patients.

Herpesviruses

Enveloped, dsDNA viruses. Similar morphologically but differ clinically and

biologically. Three groups:

e alpha-herpesviruses (HSV-1, HSV-2, and VZV);

o beta-herpesviruses (CMV, human herpesvirus (HHV)-6 and HHV-7,
Simian herpes B);

o gamma-herpesviruses (EBV and HHV-8).
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Human herpesvirus type 6

A lymphotropic virus and the single commonest cause of hospital visits in
infants with fever. The cause of roseola (also known as sixth disease or
exanthem subitum).

The virus

o A herpesvirus, originally called B-lymphotropic virus, now shown to
grow in many different cell types (T cells, macrophages, etc.).

e Two subtypes (A and B), which differ in their epidemiology and growth.

Epidemiology

o Seroprevalence varies, but most industrialized nations report rates of 75—
95%. Nearly all humans infected by age 2 years, probably by maternal saliva.

o Most isolates from healthy people are HHV-6B. Both 6A and 6B have
been identified in the chronically unwell or immunosuppressed.

Pathogenesis

o Incubation is 5-15d. Primary infection is via the oropharynx. Regional
lymph nodes and mononuclear cells (especially CD4 T cells) are
subsequently infected, and the virus spreads throughout the body,
leading to significant impairment of immune function.

Like other herpesviruses, it causes an initial infection and lifelong
latency (integrating into the human genome), and has the potential for
clinical reactivation, especially in hosts who are immunocompromised.
Asymptomatic carriers may excrete the virus for months.

o Specific mechanisms for host immune evasion facilitate persistent infection.

Clinical features
o Infantile fever—fever without rash is the commonest manifestation and
may be accompanied by periorbital oedema. Ten per cent of cases in
one series of acute febrile illnesses were attributed to HHV-6. Benign
febrile convulsions may occur and are more frequent than fever alone
explains—perhaps due to viral replication within the CNS.
e Exanthem subitum (sixth disease)—an illness of infants and young
children. Three to 5 days of fever and upper respiratory tract symptoms
are followed by the development of rose-pink papules that are mildly
elevated and non-pruritic, and blanch on pressure. Rash lasts around
2 days and may be associated with malaise, vomiting, diarrhoea, cough,
pharyngitis, and lymphadenopathy. Most infants are asymptomatic.
Encephalitis—can occur alone or as a complication of exanthem subitum.
Virus frequently detected in the CNS, even in absence of symptoms.
Immunocompromised hosts—as with other herpesviruses, immune
suppression permits replication, with the potential for clinical illness.
It should be considered in the differential of fever in children with
cancer (including lymphoma). Pneumonitis, colitis, encephalitis, marrow
suppression, graft failure, and GVHD in BMT recipients have all been
attributed to it, but often in the presence of other pathogens (such as
CMV) with better established pathological pedigrees.
Other—infectious mononucleosis, hepatitis, chronic fatigue syndrome
(causality unproven).
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Diagnosis

e Exanthem subitum does not need specific investigation or treatment

due to its self-limiting nature. Diagnosis should be confirmed in those

patients who are recipients of organ transplants or patients with

immunodeficiency, encephalitis, or hepatitis.

Serology—rarely helpful, as nearly everyone is positive by age 2 years.

1gM assays are not good indicators of acute infection; paired sera are

required. CMV antibodies may cross-react with HHV-6.

Viral culture—it is very unusual to detect it in the healthy, and high rates

of recovery in the immunocompromised, regardless of presentation,

negate its usefulness as a diagnostic tool.

o PCR—tests are available. Qualitative detection is of limited use, as it
may be present latently and does not indicate causality. Quantification
of cell-free virus in serum, CSF, etc. may be more useful.

Treatment

o Most cases are self-limiting and need no treatment.

o Similar antiviral sensitivity pattern to CMV—foscarnet is active against
HHV-6A and -6B; ganciclovir is active against HHV-6B (some reports
of relative resistance in HHV-6A), and aciclovir is inactive. There are no
controlled trials.

Human herpesvirus type 7

Epidemiology

o First demonstrated in 1990 from peripheral blood mononuclear cells of
a healthy adult. Its role in human disease is yet to be defined.

o Infects nearly all humans by age 5 years. A commensal inhabitant of saliva.

e Homology to HHV-6 is limited but confused earlier serological studies.

Pathogenesis

o Very similar to HHV-6; it is a lymphotropic virus that infects CD4* T
cells and encodes genes allowing it to evade the immune system.

Clinical features

o Generally asymptomatic. Probably causes similar fever and rash
syndromes to HHV-6.

o |t may be a cofactor for symptomatic CMV disease in renal transplant
recipients.

Human herpesvirus type 8

A herpesvirus associated with several human neoplasms, including Kaposi’s
sarcoma (KS), primary effusion lymphoma, and Castleman’s disease.

The virus

A gamma-herpesvirus (like EBV), first identified in KS tissue from patients
infected with HIV.
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Epidemiology
o ‘Classic’ KS was first recognized in the 1870s amongst those of
Mediterranean and Eastern European descent. Later a more aggressive
‘endemic’ form was recognized across black populations of East Africa.
In the 1980s, clusters of KS amongst homosexual men contributed
to the recognition of HIV. It has also been seen in renal transplant
recipients. HHV-8 has been identified in lesions from all forms of KS.
o Reported seroprevalence amongst healthy US adults ranges from 2%
to 30%, and 25-90% in homosexual HIV-positive men without KS. In
Africa, seropositivity increases with age, reaching 49% in those over
50 years.
Over 95% of HIV-associated KS cases are in homosexual men, in whom
itis up to 15 times commoner than in those acquiring HIV non-sexually.
Epidemiological studies suggest a sexual route of HHV-8 transmission,
but other means of transmission are not clear. HHV-8 DNA has been
detected in the semen and saliva of HIV-infected patients with KS, and
not healthy controls.

Pathogenesis

o In the healthy host, T cells and natural killer (NK) cells play a key role
in controlling HHV-8. It infects a wide variety of cell types, including
endothelial and epithelial cells. Like EBV, it exists in latent and lytic
phases.

Encodes cell cycle regulatory proteins and cytokine homologues which
probably contribute to the pathogenesis of KS and other malignancies.
o KS lesions consist of inflammatory, endothelial, and red blood cells.

Clinical features

o Primary infection—may be associated with a fever/rash in children, and
new-onset lymphadenopathy has been described in HIV-negative MSM
undergoing HHV-8 seroconversion. Fever, splenomegaly, pancytopenia,
and rapid-onset KS have been described in immunocompromised
patients.

o KS—four epidemiological types (classic, endemic, HIV-associated,

transplant-associated). Lesions are vascular, often nodular (0.5-2cm

in diameter), and appear on skin, mucous membrane, or viscera (lung

and biliary tract particularly). Violaceous or brown/black in pigmented

skin. Visceral disease may involve any organ (e.g. Gl—can bleed,

pulmonary—effusions). Lymphoedema may follow regional lymph

node infiltration. Endemic KS is slow-growing and has little prognostic

significance. In AIDS patients with KS, the health impact of the lesions is

generally of less importance than opportunistic infections.

Primary effusion lymphoma (PEL)—an aggressive B-cell lymphoma

seen in AIDS patients, with a predilection for body cavities. Presents

as lymphomatous effusions, arising predominantly in the pleural,

pericardial, or peritoneal cavities.

o Castleman’s disease—an uncommon lymphoproliferative disorder,
first described in the 1950s. Localized (unicentric, UCD) forms are
benign and may be cured by surgical excision. Multicentric Castleman’s
disease (MCD) is associated with HIV, and is aggressive and often fatal.
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HHV-8 is associated with <50% of HIV-negative MCD and 100% of
HIV-positive MCD.

o Other—inconclusive claims have been made of HHV-8 isolation in
some skin cancers and certain cases of multiple myeloma, idiopathic
pulmonary hypertension, and sarcoidosis.

Diagnosis

Diagnosis of KS can usually be made clinically, but biopsy can confirm.
Lesion biopsy is required for the diagnosis of PEL and Castleman’s disease.
PCR for HHV-8, while available, is of little benefit in the diagnosis of KS
(viraemia is not universal). In contrast, it may have a role in the manage-
ment of patients with MCD—patients with active disease are viraemic, and
HHV-8 quantification can be used to track response to treatment. Serology
is of limited clinical utility.

Treatment

o As yet, no role for specific HHV-8 antiviral therapy. Ganciclovir,
cidofovir, and nelfinavir, amongst others, all have in vitro activity.

o KS:

- forty per cent of transplant-associated KS will respond to reduction

of immunosuppression alone. This risks graft rejection, and an

alternative is to switch immunosuppressive therapy to sirolimus,
which has antiangiogenic effects against KS;

- HIV-positive patients require ART. Isolated KS lesions can be
observed. Individual lesions of cosmetic impact can be irradiated,
or intralesional vinblastine administered. Other indications for
treatment include lymphoedema, bulky lesions in the oropharynx,
and pulmonary disease. Extensive disease may be treated with
chemotherapy (liposomal anthracycline such as doxorubicin).
Those who progress on therapy should receive second-line
therapy (paclitaxel, etoposide, IFN-o). Life-threatening disease may
require combination chemotherapy. Experimental therapy includes
monoclonal antibodies against vascular endothelial growth factor.

o PEL—HIV-positive patients should receive ART and chemotherapy. Even
with treatment, mean overall survival is 6 months. Where possible, non-
HIV-related cases should have any immunosuppressive therapy reduced.

e Castleman’s disease—UCD, excision of lesions is curative; MCD,
rituximab (anti-CD20 monoclonal antibody) is emerging as the
treatment of choice, combined with combination chemotherapy if
disease is aggressive.

Herpes simplex

HSV infects a wide variety of cells and is cytopathic to those in which it
completes a full replication cycle, with the exception of certain neuronal
cells. In these, it may establish latent infection. Reactivation of the viral
genome can occur, resulting in the production and release of viral particles
with infection of adjacent cells. Its genome encodes around 80 gene prod-
ucts; sequence homology between HSV-1 and -2 is around 50%
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Epidemiology

o HSV exists worldwide; humans are the only known natural reservoir.

o Nearly all adults have antibodies to HSV-1 by their 40s—prevalence is
highest in lower socio-economic groups.

o HSV-2 antibodies correlate with sexual activity—that of either the
individual or their partners—appearing in puberty and being closely
related to the number of partners and the presence of a history of STls.

o HSV-2 seroprevalence is around 22% in the USA (slightly higher in

women than men), a little lower than this in the UK and, in general,

higher in developing countries.

Half of HSV-2 seroconversions are subclinical, more in those who

have previously been infected with HSV-1. Symptomatic reactivation is

common.

e Infection with one viral type confers partial immunity to the other.

Pathogenesis

o Infection occurs via close contact with an individual who is shedding
virus peripherally. The virus enters through mucosal surfaces or skin
breaks, and replicates locally, often with no clinical manifestations.

Viral progeny infect neurons and travel via the axon to the nerve
ganglion (e.g. HSV-1 to the trigeminal, HSV-2 to the sacral nerve root
ganglion) where a second phase of replication takes place; the virus then
spreads peripherally along sensory nerves, accounting for the large areas
that may be involved in clinical disease. After primary disease resolution,
infectious HSV cannot be detected, but viral DNA may be found in up
to half of ganglion cells.

Reactivation mechanisms are not clear—viral subtype, route of
infection, and host factors all contribute. Individuals infected with HSV-
1 both orally and genitally experience reactivation more frequently
orally. On the other hand, HSV-2 local reactivation is 8-10 times more
frequent if acquired genitally.

Individuals with impaired cellular immunity (transplant recipients,
patients with AIDS) may develop severe, possibly disseminated and life-
threatening, disease.

Clinical features

o Clinical manifestations are various, influenced by the site of infection,
viral type, host age, and immune status. First infections tend to be more
severe than reactivation, with more systemic features, longer symptom
duration, and a higher rate of complications. Both viral subtypes can
cause genital and orofacial infection.

e Cutaneous manifestations () see Viral skin infections, pp. 768-70).

o Visceral infection—viraemia usually results in multiple organ
involvement, but single organs may be affected. Severe disseminated
disease is rare but occurs at increased frequency in women in the third
trimester of pregnancy (@) see Herpes simplex, pp. 788-9).

HSV oesophagitis—may follow disease extension from the pharynx
or by viral reactivation via the vagal nerve. Ulceration usually involves
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the distal oesophagus with retrosternal chest pain and dysphagia.
Disease may resemble invasive Candida infection.
Pneumonitis—rare. Tends to occur in the severely
immunosuppressed; mortality exceeds 80%.

o Encephalitis—>95% of cases caused by HSV-1, incidence peaking in

those aged 5-30 years and those over 50 years old. Higher rates in

the immunocompromised. Primary infection may cause encephalitis

in children and young adults, but most older adults have evidence of

previous infection with disease resulting from reactivation or reinfection

with exogenous virus. Onset is usually acute (may be insidious) with

a prodrome of headache, behavioural change, and fever. Other

symptoms: focal neurological signs (classically temporal lobe), seizures,

and coma. Diagnosis is by CSF PCR (98-99% sensitive; false negatives
have occurred within the first 72h of symptoms—consider repeating
lumbar puncture and PCR if history good). Electroencephalography

(EEG) and computerized tomography (CT) may demonstrate

characteristic focal features but can be normal early in illness. Magnetic

resonance imaging (MRI) is more sensitive. Brain biopsy for culture and
histology is rarely indicated.

Meningitis—more commonly caused by HSV-2. Cases may complicate

genital herpes (women > men), with symptoms following genital lesions

by 3—10 days. It is usually benign in the immunocompetent, lasting

2—4 days and resolving over 3 days. CSF findings: raised white cells

(majority lymphocytes, polymorphonuclear cells in early infection),

glucose usually over 50% of blood levels, but hypoglycorrhachia occurs,

raised protein; PCR for HSV DNA is the most sensitive means of
diagnosis.

o Other neurological features—sacral radiculopathy, autonomic nerve
dysfunction (hyperaesthesia/anaesthesia of the lower back and sacral
area, constipation, urinary retention, transient impotence resolving
over 4-8 weeks), transverse myelitis—decreased tendon reflexes and
reduced muscle strength in lower extremities, autonomic features.

Diagnosis

o Herpetic ulcerations resemble those of other causes. Laboratory
diagnosis is important to guide therapy where there is doubt.

o Histology—may demonstrate giant cells or intranuclear inclusions.
Direct fluorescent antibody testing is highly specific.

o Viral culture allows identification within 48h; not widely available.

o PCR to detect HSV DNA—very sensitive, particularly with samples
from late-stage lesions and CSF in CNS infections.

o Serology—useful in the identification of asymptomatic carriers.

Treatment

o Aciclovir PO shortens the duration of primary attacks of cutaneous,
oral, and genital herpes. It is less effective against recurrent disease but
may be given prophylactically where recurrences are very frequent
and in the immunocompromised. Valaciclovir PO has better oral
bioavailability and is indicated for treatment of primary HSV infections.
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Itis also used in treatment/suppression of recurrent infections in
immunocompromised or HIV-positive patients.

o Severe and disseminated HSV infection—IV therapy.

o Encephalitis—antiviral therapy (IV aciclovir for 14-21 days) should be
given to suspected cases of HSV encephalitis until the diagnosis can be
confirmed; it reduces mortality from 70% to around 25%. In patients
with low probability of HSV encephalitis (normal imaging, normal CSF,
normal mental state), a negative PCR from the CSF taken after 72h of
symptoms reduces the likelihood of disease to <1%.

Varicella-zoster virus

VZV causes two distinct diseases: a primary infection—chickenpox (vari-
cella), and shingles (herpes zoster)—and the localized recurrence.

The virus

o A dsDNA virus around 200nm in diameter and a member of the
Herpesviridae family. The lipid-containing envelope is studded with
glycoprotein spikes that are the primary markers for humoral and cell-
mediated immunity.

o Spreads between cells by direct contact and may be isolated in many
human cell lines.

Epidemiology

o Acquired via the respiratory tract. Humans are the only known
reservoir, and >90% of people are seropositive by 20 years of age.
Infection is common in childhood (90% of cases in those under

13 years), peaking in late winter and early spring. Secondary attack rates
in susceptible siblings within a household are around 80%.

Patients are infectious for 48h before rash appearance, and 4-5 days
after vesicles crust over.

o After infection, the virus becomes latent within the dorsal root ganglia.
Reactivation, causing shingles, occurs in 20% of the population. All ages
are affected; highest incidence in the elderly and immunocompromised.
Mortality—under 2 per 100000 for children, increasing 15-fold for
adults.

Pathogenesis

o After infection and local replication, patients become viraemic.

o Viral replication in the skin precipitates degenerative changes of
epithelial cells with ballooning and the appearance of multinucleated
giant cells and eosinophilic intranuclear inclusions.

Vesicles contain a cloudy fluid (leucocytes, fibrin, and degenerate cells)
and either rupture, releasing infectious virus, or slowly resolve.
Necrosis and haemorrhage may occur in the upper part of the dermis.
Histological findings of the skin are similar in chickenpox and shingles.
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Clinical features
Chickenpox

Incubation is 1014 days. A 1- to 2-day febrile prodrome may be
followed by constitutional symptoms (malaise, itch, anorexia) and rash.
Rash begins as maculopapules (<5mm across), progressing to vesicles
that quickly pustulate, forming scabs which fall off 1-2 weeks later.
Lesions appear in successive crops over 2—4 days, starting on the trunk
and face and spreading centripetally. May rarely involve the mucosa of
the oropharynx and vagina.

Complications—secondary bacterial infection of lesions usually with
Gram-positive organisms (including streptococcal toxic shock), acute
cerebellar ataxia (1 in 4000 children under 15 years, onset 7-21 days
after rash and resolves over 2—4 weeks), encephalitis (0.2% cases,
characterized by depressed consciousness, fever, vomiting, and seizures,
and may be life-threatening in adults; recovery over 2 weeks; 5-20%
experience progressive deterioration and die), cerebral angiitis (after
herpes zoster ophthalmicus), meningitis, transverse myelitis, pneumonitis
(1in 400 adult VZV cases), myocarditis, bleeding, and hepatitis.
Immunocompromised—children (especially those with leukaemia)

may have more lesions, often haemorrhagic, taking up to three times
longer to heal; increased risk of visceral involvement (lung, liver, CNS);
increased risk of severe infection in BMT recipients, especially those
receiving anti-thymocyte globulin or experiencing GVHD—almost half
have cutaneous or visceral dissemination.

Pregnancy—nhigh risk of pneumonitis, especially if a smoker and after
20 weeks’ gestation. Risk of neonatal infection if maternal disease is
between 5 days before and 2 days after delivery, with mortality <30%
without treatment. For PEP, @) see Preventing neonatal varicella, p. 795.

Herpes zoster

Unilateral vesicular eruption in a dermatomal distribution (most
commonly thoracic and lumbar), often preceded by 2-3 days of pain in
the affected area. Maculopapular lesions evolve into vesicles, with new
crops forming over 3-5 days. Resolution may take 2—4 weeks.

Other manifestations—eyelids (first or second branch of the trigeminal);
keratitis (herpes zoster ophthalmicus—sight-threatening and requires
ophthalmic referral); intraoral—palate, tonsillar fossa, tongue (maxillary
or mandibular branch of trigeminal nerve); Ramsay—Hunt syndrome—
pain and vesicles in the external auditory meatus, ipsilateral facial

palsy, loss of taste to the anterior two-thirds of the tongue (geniculate
ganglion); encephalitis; granulomatous cerebral angiitis (after zoster
ophthalmicus); paralysis (anterior horn cell involvement).
Immunocompromised patients—disease is more severe with

prolonged lesion formation and recovery with higher risk of cutaneous
dissemination and visceral involvement. Rarely fatal. Those with HIV
have an increased incidence of complications such as retinitis, acute
retinal necrosis, chronic progressive encephalitis, chronic zoster.
Post-herpetic neuralgia—uncommon in young people but occurs in up
to 50% of those over 50 years old.
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Diagnosis

e Usually made clinically, but laboratory confirmation useful in atypical
rash or in presentations without skin manifestations (e.g. encephalitis,
disseminated disease).

Serology—IgG antibodies to VZV indicates prior infection and the
presence of immunity. Some commercial ELISAs may lack sensitivity
to detect the lower levels of IgG in older people who have not been
recently re-exposed to varicella.

o PCR—testing of vesicular fluid and CSF is rapid and specific. Testing of

blood may be helpful in transplant patients with possible visceral disease.

PCR has largely replaced viral culture for diagnostic purposes.

Treatment

Chickenpox

o General measures—prevent secondary infection of lesions,
antihistamines for itch to reduce scratching, paracetamol for fever.

o Aciclovir—a 7-day PO course started within 24h of onset reduces the
duration and severity of iliness. Not recommended for routine use in
immunocompetent children <12 years, as the clinical impact is modest.
Limited trial data supporting the use of valaciclovir in chickenpox.

- Adults—treat if it can be started <24h. No benefit after this.
Children—consider treating those >12 years of age, those on
intermittent steroid therapy (PO or INH), secondary household
cases (which tend to be more severe), and those with a history of
chronic skin or heart/lung disorders.

- Those with complications, dissemination, or immunosuppression—
treat with IV aciclovir, regardless of the time since symptom onset.
Good evidence for its safety after 20 weeks’ gestation.

Shingles

o General measures (as discussed under ©) Chickenpox above),
ophthalmic referral if eye involvement.

o Oral antiviral therapy (aciclovir, valaciclovir) is recommended for
those presenting within 72h of symptoms, or longer if lesions are still
appearing. Benefits are greatest in those >50 years, but treatment can
be considered for younger patients. Treatment is for 7 days.

o All immunocompromised patients should be treated without delay, even
if after 72h. IV treatment may be necessary.

e There is no evidence supporting the routine use of steroids.

o Post-herpetic neuralgia is unusual beyond 4 weeks, but such cases can
be difficult to treat. They usually resolve over 6—24 months. Therapies
include tricyclics, counter-irritants, and gabapentin.

Prevention

e Vaccine—varicella vaccination (a live attenuated preparation) is
recommended for non-immune HCWs and healthy household contacts
of immunocompromised patients (e.g. siblings of a leukaemic child).
The shingles vaccine (Zostavax®) contains live attenuated virus, with
a significantly higher titre than the varicella vaccine. It reduces the
incidence of shingles by 51% and reduces post-herpetic neuralgia by 66%
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in those aged 60—69 years. It is recommended for those aged over

70 years, the age at which its cost-effectiveness is greatest.
Varicella-zoster immune globulin (VZIG) does not prevent infection but
reduces disease severity. Most effective if given within 72h. Indicated
for seronegative patients with a contact history who are at increased
risk of complications: those with defects in cell-mediated immunity;
those on significant doses of steroids; those who have received

BMT, radiotherapy, or chemotherapy within the last 6 months; organ
transplant recipients on immunosuppression; pregnant women; infants
whose mothers develop chickenpox (but not zoster) between 1

week before and 1 week after delivery, or infants who are exposed to
chickenpox/zoster within the first week of life and whose mothers have
no history of prior infection or are seronegative.

nfectious mononucleosis

Infectious mononucleosis is a syndrome of sore throat, fever; and lym-
phadenopathy, with atypical lymphocytosis; 80-90% of cases are due to
EBV, which is generally associated with a positive heterophile antibody test.
Most of the remainder are caused by CMV. Young adults and adolescents
are most frequently affected. Other conditions that should be considered
include viral hepatitis, acute toxoplasmosis, rubella, streptococcal throat,
primary HIV, and diphtheria.

Epstein—Barr virus

A human herpesvirus, the cause of heterophile-positive infectious mononu-
cleosis and associated with African Burkitt’s lymphoma.

The virus

Enveloped hexagonal nucleocapsids containing dsDNA which encodes
around 80 proteins.

The virus is easily cultivated in human B cells and nasopharyngeal
epithelial cells. The cell surface receptor for the virus is the receptor for
C3d complement protein.

Early after infection, Epstein—Barr nuclear antigens (EBNAs) are
detectable in cell nuclei. Viral DNA may become incorporated

into host DNA in transformed cells, but most remain in a circular,
non-integrated form.

The virus remains latent in most infected cells.

Epidemiology

Worldwide. Infection acquired earlier in tropical countries than
industrialized countries. By adulthood, 90-95% of most populations are
antibody-positive.

In the UK, 50% seroconvert before the age of 5 years, with a second
wave in teenage years—the group in whom clinical manifestations are
commonest. Infection does not occur in epidemics, and the virus is of
relatively low transmissibility. Spread is by intimate contact.
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Incidence is the same for men and women (but female peak age-specific
incidence occurs 2 years earlier) but is 30 times higher in the white
population than the black population, reflecting the higher rate of early
primary infection in the black population.

Pathogenesis

e The virus infects epithelial cells and susceptible B lymphocytes.
Incubation is 30-50 days, less in young children. It can persist in

the oropharynx of those who have recovered from infectious
mononucleosis <18 months.

EBV-related infectious mononucleosis prompts the synthesis of
antibodies against viral antigen and unrelated antigens such as those
found on sheep, horse, and beef red cells (heterophile antibodies), and
less frequently platelets, neutrophils, and ampicillin.

In early iliness, there is a mononuclear lymphocytosis—most cells bear
T-cell markers. The immune response includes both T cells and NK cells.
Atypical lymphocytosis resolves by recovery—the virus is, however, not
eliminated from the host.

Clinical features

e Infection usually asymptomatic in young children (perhaps mild changes
in LFTs). When there are symptoms, they are more likely to experience
rash, neutropenia, or pneumonia than adults; 50% of cases in
adolescence are asymptomatic. Typical case: triad of fever, sore throat,
and lymphadenopathy (symmetric involvement of cervical, axillary, and
sometimes inguinal nodes) which may be abrupt or follow a 1- to 2-
week prodrome of anorexia and malaise; 5% develop a rash (macular,
urticarial, petechial, or erythema multiforme-like); 90-100% develop a
pruritic maculopapular rash if given ampicillin (may appear after stopping
the drug).

Examination—pharyngitis (exudative in 33%, with palatal petechiae in
25-60%), hepatomegaly, splenomegaly (50% cases—maximal at day

8, resolving over 10 days), periorbital oedema, and lymphadenopathy.
Tonsillar enlargement can be so great as to threaten the airway.
Abdominal pain, particularly in the left upper quadrant, may be related
to hepatomegaly or splenic enlargement, which may be rapid. There is a
danger of splenic rupture with minor trauma or even spontaneously.
Fever resolves over 10-14 days. Recovery from fatigue can take longer,
with good days interspersed with periods of symptom recrudescence.
Complications—death is unusual but may follow neurological
complications, airway obstruction, or splenic rupture.

- Haematological—thrombocytopenia (50%), autoimmune haemolytic
anaemia (0.5-3% cases with 70% having cold agglutinins; haemolysis
apparent days 7-14 and recovers over 6 weeks; corticosteroids may
help), splenic rupture (0.2%, usually in the second or third week of
iliness and may be abrupt or insidious following rapid increase to 2-3
times the normal size; usually associated with left upper quadrant
and shoulder pain; 50% of cases have associated trauma, therefore
recommend patients to avoid contact sports), lymphoproliferative
disorders (haemophagocytic lymphohistiocytosis, PTLD).
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- Neurological—encephalitis, cerebellitis, meningitis (may find atypical
lymphocytes in CSF), Guillain—Barré, optic neuritis, Bell’s palsy; 85%
of cases with neurological features recover completely.

- Other—hepatitis (90%, jaundice in only 5%), renal (interstitial
nephritis), cardiac (pericarditis, myocarditis), lung (rarely
pneumonia).

EBYV associations with other diseases

o Neoplastic disorders—Burkitt’s lymphoma (tumour from >95% of
African cases contains EBV genome; malaria appears to be a cofactor),
nasopharyngeal carcinoma, HIV-associated non-Hodgkin’s lymphoma,
Hodgkin’s lymphoma, and both polyclonal B- and T-cell lymphomas.
Infection in immunocompromised children—several congenital
immunodeficiencies are associated with the development of EBV-
associated lymphoproliferative disorders. X-linked immunoproliferative
syndrome has a particular association with acute fatal infectious
mononucleosis with hepatic necrosis and pancytopenia.

EBV and HIV—EBYV is associated with polyclonal B-cell lymphomas seen
in AIDS patients and is the cause of oral hairy leukoplakia. In children, it
is associated with smooth muscle tumours.

Diagnosis

General findings

o Haematological—peripheral lymphocytosis representing activated T
cells responding to virus-induced B-cell proliferation (peaks days 7-21,
with lymphocytes/monocytes accounting for 70% of the total WCC of
20-50000 leucocytes/mm?), atypical lymphocytes (about 3% of cells—
large, vacuolated, basophilic, eccentric lobulated nucleus—also seen in
CMV, rubella, mumps, drug reactions, amongst others), neutropenia
(60-70% of cases), thrombocytopenia (50% but bleeding is rare).

o Biochemical—LFT abnormalities (90% of cases), mild elevation of
bilirubin (45%), low-level cryoglobulins (IgG and IgM) in 90% of cases.

Specific tests

o Heterophile antibodies—EBV-infected B cells produce polyclonal IgM
antibodies. Some of these (heterophile antibodies) agglutinate the
RBCs of other species. Such antibodies may be present in the sera
of some healthy patients and those with lymphoma. Pre-incubation
with guinea pig cells removes these. Antibody titre is reported as the
highest serum dilution at which sheep or horse (more sensitive) red
cells are agglutinated; 40% of patients are positive by week 1, and 80%
by week 3, of iliness. Delayed appearance may be associated with
prolonged convalescence. A test remains positive for up to 1 year. The
Paul-Bunnell test measures agglutination of sheep RBCs by patient sera;
the Monospot test measures the agglutination of formalinized horse
RBCs after pre-absorption of sera with guinea pig cells. Commercial
Monospot tests have a slightly greater sensitivity than the classic
tube test.

o EBV-specific antibodies—positive antiviral capsid antigen (VCA) IgM
and negative EBNA (expressed only as the virus establishes latency)
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is a sensitive and specific indicator of acute infection. Positive VCA-
1gG, positive EBNA, and negative VCA-IgM (remains positive for 412
weeks) suggest infection between 3 and 12 months ago. VCA-IgG and
EBNA remain positive for life.

o PCR for EBV—role in the management of transplant recipients with
EBV-related lymphoproliferative disorders. Not recommended in
immunocompetent patients.

Treatment

e The majority of cases are self-limiting and do not require specific
therapy. The virus is poorly transmitted, and isolation is unnecessary.
The level of activity a patient undertakes depends on symptom severity.
Some may require bed rest. Patients should not participate in contact
sports or heavy lifting for between 3 weeks and 2 months.

Admit to hospital those patients with evidence of splenic rupture,
airway compromise, dehydration, significant thrombocytopenia, or
haemolytic anaemia, and other major complications.

Corticosteroids may be indicated in cases of severe thrombocytopenia,
haemolytic anaemia, impending airway obstruction, and CNS or cardiac
involvement. Response is usually rapid, and doses can be tailed off over
1-2 weeks.

Antiviral drugs—no evidence of benefit in acute EBV infection.
Unsurprising as ongoing viral replication is less important than host
immune responses in the symptomatic phase. It has been shown to
reduce oral hairy leukoplakia in HIV-positive patients and to induce
temporary remission of a polyclonal B-cell lymphoma in renal transplant
recipients.

Surgical interventions are necessary for splenic rupture, and a
tracheotomy may be indicated in some cases of airway obstruction.
General malaise can persist for up to 3 months or more. The reasons
behind prolonged recovery are not clear. Haematological and hepatic
complications settle over 2-3 months. Adults with neurological
complications may be left with residual deficits.

Cytomegalovirus

A herpesvirus—the largest virus to infect humans—found across the world
and the cause of a wide spectrum of clinical syndromes from congenital
disease to pneumonia.

The virus

o A dsDNA virus encoding around 230 proteins, many of which are
directly involved in downregulating the host immune response (e.g.
preventing class | human leucocyte antigen (HLA) molecule transport to
the surface).

e The genome is surrounded by a nucleoprotein core, which, in turn, is

covered by matrix proteins and a lipid envelope.

Infects by endocytosis. CMV replication takes place in the nucleus of the

cell, resulting in large nuclear inclusions useful in diagnosing infection.
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After acute infection, CMV persists in a non-replicating form,
reactivating with immunosuppression or illness. A third of secondary
infections may represent reinfection with a new exogenous CMV strain.

Clinical features

Mononucleosis—primary infection in a young adult produces an
infectious mononucleosis picture (fever, sore throat, lymphadenopathy).
The heterophile agglutinin test is negative. Lymphadenopathy and sore
throat are milder than with EBV. CMV disease tends to have more
systemic features. The virus is acquired by intimate contact and typically
by transfusion. Complications: interstitial pneumonia (seen in BMT
patients in whom there is a high mortality, despite antiviral therapy;
rare occurrence in healthy people in whom therapy is not required),
hepatitis (common and mild in the immunocompetent), GBS (CMV

is the precipitant of around 10% of GBS cases), meningoencephalitis,
myocarditis, thrombocytopenia, and haemolytic anaemia (common in
children with congenital CMV), rash (usually mild—can be associated
with ampicillin).

Patients with AIDS—co-infection with CMV is seen in over 90% of
homosexual men with HIV-1, and there is an increased risk of serious
CMYV disease once CD4 cells fall below 100/mm?. Early ART has seen
the incidence of end-organ CMV disease fall by over 80%. Retinitis is
the commonest manifestation (&) see Uveitis, pp. 753—4), once seen in
one-third of HIV-infected patients. Polyradiculopathy is the commonest
CNS manifestation of CMV, characterized by ascending weakness

in the legs, and loss of bowel and bladder control. GI manifestations
include oesophageal erosions, colitis (fever and diarrhoea which can

be complicated by perforation or partial obstruction due to lesions
resembling KS), pancreatitis, and cholecystitis. Characteristic inclusion
bodies may be seen on biopsy.

Immunosuppressive therapy—agents, such as cyclophosphamide

and azathioprine, are sufficient in themselves to reactivate CMV—
corticosteroids, insufficient alone, act synergistically with these agents.
Ciclosporin increases CMV disease only in combination with steroids.
Transplant recipients—immunosuppressive regimes render such people
prone to severe CMV. It is the commonest pathogen isolated after
solid organ transplantation. Some cases represent reactivation of latent
infection; many are acquired from the transplanted organ or transfused
blood. The severity of the end-organ disease caused by CMV reflects
the degree of immunosuppression. The most important source of
infection is the transplanted organ or transfused blood:

- bone marrow—before the use of prophylactic regimes, CMV-
seropositive allogeneic BMT recipients had ~80% chance of
reactivation, of which a third developed end-organ disease, e.g.
FUQ, interstitial pneumonitis (fever, dry cough, and dyspnoea,
usually within the first 4 months—poor outcomes), enteritis, retinitis,
hepatitis, marrow suppression;
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liver—CMV infection, particularly CMV hepatitis, is a leading cause
of morbidity in the first 3 months following transplantation. It may
lead to liver failure and repeat transplantation. Biopsy is required to
distinguish it from graft rejection, a complication with the opposite
management strategy. Prolonged IV ganciclovir at the time of
transplantation may reduce the incidence in seronegative recipients;
kidney—the rate of CMV infection of seronegative recipients
following transplantation of a kidney from a seropositive donor is
over 80%; such primary infections tend to be more symptomatic
than reactivation secondary to immunosuppression. Primary
infections may present with ‘CMV syndrome’: fever, leucopenia,
atypical lymphocytes, lymphocytosis, hepatosplenomegaly, myalgia,
arthralgia. CMV pneumonia is less severe than with BMT—
ganciclovir therapy can be lifesaving. Significant CMV hepatitis is rare.
Congenital infection—intrauterine CMV infection is less common than
perinatal infection and tends to be seen in infants born to primiparous
mothers experiencing primary CMV infection during pregnancy (around
30% of primary maternal infections are estimated to transmit to the
fetus; rates are highest in late pregnancy when cervical CMV levels
are higher). It may be a cause of intrauterine death. Around 5-20% of
newborns are symptomatic at birth (small for age, hepatosplenomegaly,
petechial rash, multiple organ involvement, ocular abnormalities,
hearing loss, microcephaly, and cerebral calcification); another 15%
develop delayed progressive hearing loss. Diagnosis is best made by the
confirmation of infant viruria within the first week of life. Congenital
infection has been reported in infants born to CMV-immune mothers.
Perinatal infection follows acquisition from virus carried in the cervix
or breast milk. Symptoms include sepsis, pneumonitis, mild CMV
mononucleosis, and hearing loss.

Diagnosis

It is important to distinguish CMV infection from CMV disease. CMV
may be detectable by PCR but does not necessarily prove CMV disease.
Histological changes may confirm this (e.g. enteritis), and, in some
settings (e.g. BMT), viral PCR titres give an idea of the probability of
CMV disease.

Serology—rarely useful acutely. The presence of IgM (remains raised for
months) or an increase in IgG titre indicates recent infection.
Culture—slow (<4 weeks) and rarely performed. Isolation of virus does
not necessarily indicate active disease.

Antigenaemia—tagged monoclonal antibodies are used to detect CMV
proteins. Largely superseded by nucleic acid detection tests.

Nucleic acid detection—PCR, DNA probes, and nucleic acid sequence-
based amplification assays are available. Their use is best established

in immunocompromised hosts. The same test should be used if
monitoring changes within a patient—results are not comparable
between assays.

Biopsy of infected tissue may reveal the distinctive appearance of CMV-
infected cells (e.g. inclusion bodies).
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Treatment and prevention

e Infection in immunocompetent individuals does not require treatment.

e Ganciclovir, foscarnet, and cidofovir (@ see Antivirals for
cytomegalovirus, pp. 92—4) inhibit the CMV DNA polymerase
and are effective at treating CMV end-organ disease in the
immunocompromised. AIDS-related retinitis responds to PO
valganciclovir. Those with sight-threatening lesions should be considered
for intravitreal or IV ganciclovir. Intravitreal treatment should be
accompanied by PO valganciclovir. Induction therapy should last at least
3 weeks. Those not on HAART should be initiated, and maintenance
valganciclovir continued until CD4 >100 and expert review confirms
that retinitis is quiescent. Relapse may occasionally occur in those with
CD4 counts above 100.

e Serious CMV disease may be prevented after BMT and solid-organ
transplantation with antiviral therapy. Both pre-emptive (initiation of
therapy to those with evidence of viral replication in the absence of
symptoms) and prophylactic (therapy to all those with positive CMV
serology) strategies have shown benefit. Because of the risk of drug
toxicity, many centres reserve prophylactic therapy for those most at
risk (e.g. CMV-positive donors and CMV-negative recipients).

Drug resistance

For antiviral activity, ganciclovir requires phosphorylation by both viral and
cellular enzymes. Resistance may be conferred by mutations in either the
viral enzyme responsible for phosphorylating the pro-drug or the CMV
DNA polymerase, or both. Mutations in both these regions may render a
virus resistant to both ganciclovir and cidofovir. Cross-resistance between
ganciclovir and foscarnet has not been observed. Foscarnet resistance has
been reported.

Viral gastroenteritis

Viruses account for over half of diarrhoeal episodes in infants and young
children, particularly in poorer, overcrowded parts of the world where viral
diarrhoea and dehydration account for millions of deaths each year. Acute
viral gastroenteritis is seen in three settings:

o sporadic gastroenteritis of infants (usually rotavirus, sometimes
adenovirus; © see Adenovirus, pp. 436-8);

epidemic gastroenteritis occurring in semi-closed communities (families,
institutions, ships) or as a result of classic water/food-borne infection
(mostly caliciviruses; ©) see Norovirus, pp. 410-1);

sporadic acute gastroenteritis of adults (caliciviruses, rotaviruses,
astroviruses; 9 see Astroviruses, p. 411, adenoviruses).

All are transmitted faeco-orally, but droplet spread and food contamina-
tion can also occur. Asymptomatic infection is common. Diagnostic tests
are used primarily for the purpose of identifying the cause of an outbreak,
rather than an individual case—patients have usually recovered.
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Rotavirus

Outnumbers other viral causes of diarrhoea by 4:1, causing around 50% of
those cases requiring hospitalization in the developed world. The cause of
an estimated 500000 deaths worldwide.

The virus

o From the family Reoviridae, genus Rotavirus. Three antigenically
distinguishable groups (A to C) cause human disease. Virtually all
outbreaks worldwide are caused by group A organisms.

e On EM, they have a wheel-like appearance (Latin ‘rota’). They have no
envelope—just an outer capsid and core.

Epidemiology

e Found worldwide. Infectious dose very small—100 organisms or even
less. Transmission is faeco-oral (contaminated food or water, direct
contact, or inhalation of aerosol from vomit or faeces), and virus is shed
for up to a week after symptom onset. Many strains are avirulent.
Almost all children are infected within the first 3 years of life. There
appears to be no difference in exposure risk in low-income countries
(unlike bacterial causes of diarrhoea). Antibody to virus is acquired by
80-100% of the population by age 3 years.

Highest incidence is between 6 months (maternal antibody wanes) and
24 months old. Severe disease may still occur in younger and older
children; however, those under 2 months are more resistant to disease.
Infection is seasonal in temperate countries (peaking in winter), with
attack rates around 20-30% for a child’s first two seasons. Susceptibility
continues throughout life—50% of parents experience infection if they
have an infected infant.

Pathogenesis

o Viral capsid protein vp4 binds glycolipids on the surface of villous
epithelial cells lining the small intestine, leading to virus entry.

e Diarrhoea is induced through several mechanisms—certain strains
have non-structural proteins that act as enterotoxins, causing diarrhoea
directly; loss of villus tip cells decreases absorptive capacity, and a
decrease in intestinal disaccharidases can cause osmotic diarrhoea.
Rotavirus-induced lactase deficiency lasts up to 2 weeks.

Clinical features

o Incubation 1-2 days. Infants/young children experience fever, vomiting
(duration 2-3 days), and watery (bloodless) diarrhoea (duration
4-5 days).

o More severe cases may have prolonged symptoms and develop
an isotonic dehydration, requiring hospital treatment. No clear
evidence that rotavirus causes any other syndrome. Children with
immunodeficiency can develop a gastroenteritis lasting many weeks.

o Asymptomatic viral shedding occurs.
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Diagnosis
e EMis rarely used. Rapid diagnostic tests with high levels of specificity

(albeit less sensitive) include ELISA and latex agglutination kits.

o Other techniques—electrophoresis (no false positives and allows the

identification of strain-identical infections), PCR (allows serotyping).

Treatment
o For more information on the management of diarrhoea, @) see

Infectious diarrhoea, pp. 647-9.

Fluid replacement is fundamental. Should be administered orally in mild
and moderate cases. Feeding early in illness (within 24h) promotes
enterocyte regeneration and reduces gut permeability. Fruit juices and
soft drinks should be avoided. Milk can be given to infants, lactose-free,
carbohydrate-rich foods to older children.

e There is no role for antibiotics, antimotility drugs, etc.

Prevention

o Prevention by hygiene alone is difficult. Asymptomatic shedding is

common. They are relatively resistant to common handwashing agents
and can survive for some time on hard surfaces and in water.

o For management of hospital outbreaks, ©) see Hospital epidemics of

diarrhoea and vomiting, pp. 196—7.

There are currently two oral vaccines available, and their use has been
associated with a 60% fall in death rates due to diarrhoea. The WHO
recommends their addition to the immunization schedules of those
regions in which their efficiency has been demonstrated. They have
been in use in the USA since 2006, and were added to the UK schedule
for 2013 (two doses at 2 and 3 months of age).

Norovirus

o A genus of diverse ssRNA viruses from the family Calciviridae (‘calci’

deriving from the cup-like indentations in the surface of the virus—Latin
‘calyx’). All are considered to be strains of a single species, Norwalk
virus—first isolated in 1972.

Associated with point-source outbreaks amongst adults (particularly in
closed settings such as ships, hospitals, and the military) and common
causes of diarrhoea in children worldwide. In the UK, outbreaks are
common in winter (‘winter vomiting’).

Incubation is 24-48h; symptoms last 2—3 days. Vomiting is a dominant
feature in most affected people. Very infectious, with high secondary
attack rates. Pathological changes are similar to those seen in rotavirus
infection.

Vehicles for infection include water, food that has come into contact
with contaminated water, and even contact with lakes or pools

with which an infected individual has been in contact. They are
relatively resistant to inactivation by chlorine and can survive days on
contaminated fabrics. Outbreaks last 1-2 weeks, but recurrent episodes
on ships are common, despite efforts to disinfect the ship between
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cruises. Disease is self-limiting—IV fluid replacement may be indicated in
rare instances of severe dehydration.

o Antibody may be detected in up to 90% of older children and adults.
Resistance to a specific virus lasts a maximum of 2-3 years, and there is
little, if any, cross-protection against infection by other strains.

Astroviruses

o RNA viruses, members of the family Astroviridae, and important causes
of gastroenteritis in children and adults. The name is derived from its 5-
or 6-pointed star appearance when examined by EM.

o Cause diarrhoea in schools, day-care institutions, and hospitals; usually

in children under 3 years of age. Asymptomatic infection is common,

and they appear to be less pathogenic in adults than norovirus.

Incubation is 3—4 days, with symptoms lasting up to 5 days. Diarrhoea,

malaise, and nausea are dominant—vomiting less so. Disease is self-

limited, and treatment directed at maintaining hydration.

Hepatitis A virus

Hepatitis A virus (HAV) is an enterically transmitted picornavirus. Outbreaks
of infectious hepatitis have been recognized for centuries, but it was first
demonstrated in the stool of infected volunteers in 1973.

The virus

HAV is a 27-28nm spherical, non-enveloped virus. Purification of the virus
yields three distinct types of particle: mature virions, empty capsids or parti-
cles with an incomplete genome, and less stable particles with a more open
structure. The HAV genome is a single-stranded, positive-sense, linear RNA
of 7474 nucleotides. As with other picornaviruses, the coding region is
divided into three parts: P1 (encoding the four capsid proteins VP1-4), P2,
and P3 (encoding seven non-structural proteins). Four genotypes have been
identified; all belong to the same serotype. Viral infection of hepatocytes is
not cytopathic, but the cytotoxic T-cell response results in cell death.

Epidemiology

HAV has a worldwide distribution. It is associated with overcrowding and
poor sanitation, and is endemic in the developing world where it is an infec-
tion of childhood. In the UK, improved hygiene has seen the incidence fall in
children, resulting in greater susceptibility in adults. The decade from 1999
to 2009 saw laboratory-confirmed cases fall from 1342 to 352 in England
and Wales. Recent outbreaks in the UK have occurred among MSM, IDUs,
and homeless people using hostels. Other risk groups include: children and
staff in childcare facilities, patients and staff in mental health institutions, and
travellers to endemic areas (Indian subcontinent, Far East, Eastern Europe).
Transmission is faeco—oral. Community outbreaks have occurred as a result
of water or food contamination.
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Clinical features

Incubation is 15-50 days (average 30 days).

e Subclinical infection—common in children (>90% if <5 years of age).
o Acute hepatitis—this occurs more frequently with increasing age. An
abrupt prodrome of fever, headache, malaise, anorexia, vomiting,
and right upper quadrant pain is followed <7 days after by dark urine,
pruritus, and pale stools. Occasionally, diarrhoea, cough, coryzal
symptoms, or arthralgia may occur (commoner in children). Physical
findings: jaundice, hepatomegaly, splenomegaly (5-15%). People feel
better once jaundice appears, which peaks within 14 days.
Complications—include prolonged cholestasis, relapsing disease,
fulminant hepatitis (rare, commoner in older patients), extrahepatic
disease, and triggering of autoimmune chronic active hepatitis.

Diagnosis

o LFTs are elevated, with very high aspartate transaminase (AST) and ALT
levels. Bilirubin and ALP are usually only mildly elevated.

o Serology—detection of anti-HAV IgM confirms the diagnosis and
remains positive for 3—6 months. It is present at the onset of symptoms.
Anti-HAV IgG becomes positive at 2-3 months and persists for life.

Treatment

o Acute hepatitis—symptomatic (avoid paracetamol and alcohol); 85%
have full clinical/biochemical recovery by 3 months, and nearly all by
6 months.

e Fulminant hepatitis—patients should be treated with supportive
therapy and referred for consideration of liver transplantation. Fatalities
are commoner with advancing age and in those with hepatitis C
co-infection.

Prevention

o Pre-exposure prophylaxis—best done by vaccination. Several
inactivated HAV vaccines exist, and these have largely superseded
the use of immunoglobulin. Two doses of HAV vaccine are given,
at 0 and 6-12 months, and provide protection for at least 10 years.
Indications for immunization include: travellers to endemic areas,
homosexuals, IDUs, those with chronic liver disease, haemophiliacs,
regular recipients of blood products, high-risk employment (e.g.
laboratory workers, residential centre staff, sewage workers), and
military personnel.

e PEP—prior to vaccination, human normal immunoglobulin (HNIG) was
used for prevention, particularly for travellers to endemic regions. It is
now used for PEP if protection is required in a shorter time than that
provided by vaccination. Current guidance recommends vaccination
of unvaccinated close contacts of cases of hepatitis A with onset of
jaundice within 1 week. If the interval is longer, HNIG is used (followed
by vaccination if exposure risk is ongoing). Full details are available in the
Green Book (web search ‘UK immunisation Green Book’).
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Hepatitis B virus

HBV is a DNA virus that causes acute and chronic viral hepatitis in humans.
It has a diameter of 42nm, with an outer envelope that contains HBsAg pro-
teins, glycoproteins, and cellular lipid. HBsAg proteins may also be released
from HBV-infected cells as small spherical particles or filamentous forms.
Beneath the envelope is the internal core or nucleocapsid, which contains
hepatitis B core antigen (HBcAg). The third antigen HBeAg is a truncated
form of the major core polypeptide. It is released from infected liver cells
in which HBV is replicating. HBV has one of the smallest viral genomes,
consisting of a 3200bp circular DNA molecule. There are eight genotypes
(A—H). The genome has four long open reading frames (ORFs):
o C (core or nucleocapsid) gene, encodes HBcAg and HBeAg. Mutations
in the pre-core region result in HBV mutants that lack HBeAg;
o S (surface or envelope) gene, which includes the pre-S1, pre-S2, and s
regions; encodes HBsAg;
o P (pol or polymerase) gene, encompasses 3/4 of the viral genome
and overlaps part of the C gene, the S gene, and part of the X gene.
It encodes a polypeptide with DNA polymerase and ribonuclease H
activity;
o X gene, encodes a polypeptide, with several functions.

Epidemiology

HBV infection is a global public health problem, with an estimated 400 mil-
lion people chronically infected and ~1 million deaths per year. Prevalence
ranges from 0.1-2% in low-prevalence countries (e.g. the USA, Western
Europe) to 10-20% in parts of China and sub-Saharan Africa. This variation
largely reflects differences in the age at which infection occurs, as the risk of
chronicity is greatest in the very young (90% for perinatal infections), com-
pared to adults (5% become chronic). HBV may be transmitted vertically/
perinatally (especially in high-prevalence areas), sexually, by contaminated
transfusion, by IV drug use, by needlestick injury, and horizontally (especially
between children in intermediate-prevalence areas). Perinatal transmission
rates reach 90% in HBeAg-positive mothers—the majority occur at or after
birth (neonatal vaccination is 95% protective).

Clinical features

o Acute hepatitis—incubation 1-4 months. Seventy per cent of patients
are asymptomatic; 30% develop acute hepatitis. Symptoms include
malaise, nausea, abdominal pain, and jaundice. These settle over

1-3 months, but fatigue may persist. Fulminant hepatic failure occurs
in 0.1-0.5% of acute infections and is thought to be immunologically
mediated, rather than directly due to the virus. Severe cases of acute
disease should be considered for antiviral therapy.

Chronic hepatitis—follows 5-10% of adult acute infections. May be
asymptomatic for many years. Exacerbations of infection may occur,
mimicking acute hepatitis or presenting as liver failure. Extrahepatic
manifestations (probably immune complex-mediated): serum
sickness, polyarteritis nodosa, and membranous (less commonly



414  cHArTER 8 Viruses

membranoproliferative) glomerulonephritis, with most cases seen in
children (presents as nephrotic syndrome). Three phases:

- replicative immune-tolerant phase (perinatal infections only)—high
levels of virus (HBeAg-positive) but no hepatitis, normal ALT, and a
largely normal liver;

- replicative immune clearance—HBeAg seroconversion may
occur, often associated with biochemical exacerbations (due to
an increase in immune lysis of infected hepatocytes) which may
be misinterpreted as acute hepatitis B. Severe exacerbations may
warrant antiviral therapy. Some patients fail to achieve sustained
seroconversion (‘abortive immune clearance’);

- inactive carrier state in which liver disease is in remission and patients
are HBeAg-negative, anti-HBe-positive, ALT usually normal, although
some cases may still have histologically active liver disease. Several
normal ALTs and HBV viral loads over 12 months are required to
confirm someone is inactive due to the fluctuating nature of disease.
Some patients have moderate HBV replication and active liver
disease but remain HBeAg-negative—they have variants that cannot
produce HBeAg due to pre-core or core promoter mutations. Such
patients tend to be older with more advanced liver disease and
fluctuations in HBV DNA and ALT.

o A few patients with chronic HBV infection may show delayed clearance
of HBsAg (around 0.5-2% patients per year). Some remain HBV
DNA-positive.

Complications of chronic HBV—end-stage liver disease (15-40%

of cases), hepatocellular carcinoma (HCC). Disease progression

is associated with HBeAg positivity, high DNA levels, those with
prolonged replicative phase, alcohol, and co-infection with HCV or
hepatitis D virus (HDV).

Diagnosis
Diagnosis is made serologically (see Table 8.3).

o HBsAg—appears 1-10 weeks after acute infection, prior to symptoms.
Those who clear infection become negative after 4-6 months. Positivity
beyond this time indicates chronic HBV. Its disappearance is followed by
the de