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Infectious diseases and medical microbiology embrace
the broad discipline of clinical microbiology, a subject
that highlights the importance of infection in every med-
ical specialty. Diseases range from those associated with
foreign travel, to the patient in the emergency depart-
ment with a community acquired pneumonia, or the
patient with antibiotic-associated diarrhoea on a surgical
ward. While each example here is different in terms of the
direct knowledge required to manage the patient safely,
basic principles relating to epidemiology, transmission,
clinical assessment, diagnosis and treatment are shared.

Preface

This is underpinned by an understanding of the patho-
genic properties of organisms, their interaction with the
human host and how they cause disease. This directs safe
and prudent prescribing of anti-infective agents; correct
infection control and public health practice completes the
process.

I have written this book as a general introductory
resource, to provide the background knowledge for a
wider and deeper appreciation of this enthralling disci-
pline. The medical student can use this knowledge as the
basis for ward-based clinical training.
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Chapter 1

Introduction to Clinical Microbiology

INTRODUCTION

The structure and function of organisms determines their
classification and provides an appreciation of the diver-
sity of the diseases they cause in terms of epidemiology,
transmission, diagnosis and treatment. A simplified and
abbreviated classification of bacteria, viruses, fungi and
parasites is the basis of this chapter.

BACTERIA

In clinical practice, bacteria can be broadly classified
as gram-positive, gram-negative and anaerobes
(Figures 1.1a-c); mycobacteria, mycoplasma, ureaplasma,

spirochaetes and obligate intracellular organisms are
included here in a miscellaneous group (Figure 1.1d).

The gram-staining character of bacteria is dependent
on the structure of the cell wall. The stain enables deter-
mination of overall shape and size; bacteria are usually
rod-like (bacillary), round (coccoid) or in the case of
Haemophilus influenzae, cocco-bacillary (Figure 1.2).

The Gram stain involves spreading a loop-full of
specimen on a glass slide, which is then heat-fixed and
subjected to various stains (Figure 1.3). Gram-positive
bacteria retain the crystal violet/iodine complex and
stain blue-black. With gram-negative bacteria, the crystal
violet/iodine complex is eluted out when the outer lipid
layer of the cell wall dissolves in the acetone; they then

[ Gram-positive

Aerobic/Facultative ]

Cocci Bacilli

Pairs/chains

[ Coagulase - ]

Coagulase +

[ Streptococci ]

[ Enterococci ]

Staphylococcus aureus Staphylococcus haemolyticus
Staphylococcus hominis

Staphylococcus lugduniensis

Spores

Bacillus anthracis
Bacillus cereus

No spores

Corynebacterium
Listeria monocytogenes

Enterococcus faecalis
Enterococcus faecium

[ B - streptococci ]

Streptococcus pneumoniae

Streptococcus agalactiae (GBS)

Streptococcus dysgalactiae (GCS)

Streptococcus anginosus
Streptococcus constellatus
Streptococcus mitis
Streptococcus sanguinis

(a)

Streptococcus pyogenes (GAS)
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[Gram-negative Aerobic/Facultative }

Cocci/coccobacilli l

Strict aerobic Aerobic/facultative} [Aerobic/facultative
1

| 1
[ Oxidase-positive] [ Oxidase-positive] [Oxidase-negative}
Moraxella catarrhalis Pasteurella multocida  Acinetobacter Pseudomonas aeruginosa
Neisseria gonorrhoeae
Neisseria meningitidis | |
Simple growth requirements ] [ Fastidious growth requirements ]

| Bordetella pertussis

| Brucella
[ Oxidase-negative ] Oxidase-positive Campylobacter

Vibrio chol Haemophilus influenzae
1orio cholerae Legionella pneumophila

Strict aerobic

Oxidase-positive

Enterobacter Salmonella

Escherichia coli Shigella Aeromonas hydrophila
Klebsiella Proteus Pleisomonas shigelloides
(b)

[ Anaerobic bacteria J
|

sac

Peptoc:)ccus Veillonella Bacteroides fragilis
Peptostreptococcus m Bacteroides melaninogenicus
H Fusobacterium
Clostridium botulinum Bifidobacterium Prevotella
Clostridium difficile Eubacterium
Clostridium perfringens  Actinomyces (branching)
Clostridium septicum

Clostridium tetani

(0
[ Other important groups of bacteria J
|
| | | |
[ Gram null/acid fast ] [ Without a cell wall ] [ Spiral bacteria ] [ Obligate intracellular organisms ]
Mycoplasma pneumoniae
Mycobacteria Ureaplasma Spirochaetes
| 1 [ | |
[ MTB complex} [Non MTB complex] [Treponema} [ Borrelia J [ Leptospira J
Mycobacterium bovis Mycobacterium leprae  Treponema pallidum  Borrelia burgdorferi Leptospira
Mycobacterium Mycobacterium avium interrogans
tuberculosis Mpycobacterium intracellulare I I
Mycobacterium kansasii . . — N N
Mycobacterium malmoense [Chlamydla ] [ Cox[ella ] [ Ehrlichia and rickettsia ]
Mycobacterium marinum : o - :
Chlamydia trachomatis Coxiella burnetii Anaplasma phagocytophilum
Chlamydophila pneumoniae Ehrlichia chaffeensis
Chlamydia psittaci Rickettsia prowazekii
Rickettsia rickettsii
Rickettsia typhi
Orientia tsutsugamushi
(d)

Figure 1.1 Classification of bacteria: (a) gram-positive aerobic/facultative; (b) gram-negative aerobic/facultative;

(c) anaerobic; (d) a group of miscellaneous bacteria. (MTB: Mycobacterium tuberculosis. Organisms highlighted in red are

“lactose fermenters”. Organisms highlighted in green are arthropod-borne.)
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| Diameter of ared
| blood cell

— Clostridium difficile

6 x 1 microns

Bacillus cereus
5 x 1 microns

Escherichia coli

3 x0.75 microns

. Haemophilus influenzae
0.5 x 1 micron
Staphylococcus aureus
1.0 micron diameter
“ Neisseria gonorrhoeae

1.0 micron diameter

Figure 1.2 The size of selected bacteria in relation to the
diameter of a red blood cell. Both gram-positive bacteria
(black/dark blue) and gram-negative bacteria (red) can be
bacillary, coccoid, or cocco-bacillary in shape.

‘o '@ |

N
e

Crystal lodine Wash with Safranine or
violet 30 solution acetone neutral red 30
seconds 30 seconds seconds

Figure 1.3 The Gram stain procedure.

take up the neutral red or safranine stain and appear pale
red (Figures 1.4a,b). This simple technique is still central
to diagnostic bacteriology, and in certain circumstances
has not been superseded by modern molecular methods.

Within minutes of a specimen being received in the lab-
oratory, a Gram stain result can be obtained. A Gram stain
of a specimen of cerebrospinal fluid (CSF) of a previously
healthy young child admitted with meningitis shows
numerous gram-positive diplococci scattered around a
neutrophil (Figure 1.5). In this setting the organism is
Streptococcus pneumoniae, and the child has pneumococ-
cal meningitis. This result is immediately used to confirm
the correct antibiotic treatment.

Other Gram stain features that are used are gram-
positive cocci in clusters (staphylococci), gram-positive
cocci in chains (streptococci) or in pairs and short chains
(enterococci). Neisseria gonorrhoeae, Neisseria meningiti-
dis, which are gram-negative, and Streptococcus pneumo-
niae, gram-positive, are characteristically found in pairs
(diplococci).

Bacteria 3

Figure 1.4 Photomicrographs of: (a) gram-positive cocci in
clusters; (b) gram-negative rods.

Figure 1.5 Photomicrograph of the cerebrospinal fluid of
a young child with the symptoms and signs of meningitis.
Numerous gram-positive diplococci are seen around the
red-stained nucleus of a neutrophil. This is Streptococcus
pneumoniae.
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CELL WALL

The bacterial cell wall has many functions. The most
important is to protect the inner cell structures from
osmotic and other physical forces that a bacterium can
encounter in a changing environment. This protection
is provided by a mesh of peptidoglycan surrounding the
cytoplasmic membrane. The cell wall of gram-positive
bacteria is largely made up of peptidoglycan. Gram-
negative bacteria have an internal layer of peptidogly-
can; external to this is an outer lipid (bilayer) membrane,
to which lipopolysaccharide (endotoxin) is attached.
The outline structure of the gram-positive and gram-
negative cell wall is shown in Figure 1.6.
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The peptidoglycan polymer is cross-linked by short
peptide side chains that are essential for the stability of
the peptidoglycan and cell wall. Cross-linking is carried
out by trans- and carboxy-peptidases, enzymes anchored
in the cytoplasmic membrane; these are also known as
the penicillin-binding proteins (PBP) (Figure 1.7). Note
that while the number of different PBP may be five or
more, three are used for illustrative purposes in this
book. The amino acid serine is the key component in the
active site of these enzymes. It is also the target of the
B-lactam antibiotics (penicillins, cephalosporins and car-
bapenems) whose activity resides in the B-lactam ring
(Figure 1.8). Covalent binding of a B-lactam antibiotic to
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Figure 1.7 Peptidoglycan consists of repeating units of N-acetylglucosamine (NAG) and N-acetylmuramic acid (NAM) cross-linked
by peptide side chains. The penicillin-binding proteins (PBP) are responsible for cross-linking these peptide side chains.



the serine residue of the PBP inactivates the enzyme, pre-
venting cross-linking (Figures 1.9a,b). Without the pro-
tective peptidoglycan mesh, the unprotected cytoplasmic
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Penicillins Cephalosporins Carbapenems

Figure 1.8 An outline of the structure of B-lactam antibiotics.
The arrow shows the bond in the B-lactam ring that accounts
for the antimicrobial activity of the B-lactam antibiotics.
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Figure 1.9 The action of a B-lactam antibiotic. (a) The
steps in the formation of the peptide cross-link of the
peptidoglycan chain. (b) B-lactam antibiotics bind
covalently to the active site (the amino acid serine) of the
penicillin-binding proteins preventing the transpeptidation
step, and the cross-link is not formed.
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Figure 1.10 The structure of: (a) benzylpenicillin;

(b) ampicillin.

membrane and cell contents bulge through defects in the
mesh and the cell bursts.

The cell wall of gram-negative bacteria is more com-
plex than that of gram-positive bacteria (Figure 1.6). The
outer lipid bilayer has proteins, such as adhesins, and
flagella traversing it. Porins act as channels that allow
hydrated molecules to pass through the membrane.
From the periplasmic space, molecules can be trans-
ported across the cytoplasmic membrane into the cell. It
should be noted that porins enable antibiotics such as the
B-lactams to reach their site of action. Benzylpenicillin
is not effective against most gram-negative organisms
because it is not sufficiently polar to pass through a
porin channel. Ampicillin, a derivative of benzylpenicil-
lin, differs in the addition of an amino group on the side
chain (Figure 1.10). The polar ampicillin passes through
the hydrated porin channel into the periplasmic space
where it can act on the PBP.

BACTERIAL PHYSIOLOGY
Bacteria function by many complex and interacting bio-
chemical pathways. Energy to drive these pathways
needs to be provided by a carbon source such as glucose.
Physiologically, bacteria are classed as aerobic, where
oxygen is essential for growth (e.g. Pseudomonas aerugi-
nosa), facultative, where the organism can grow in the
presence or absence of oxygen (e.g. the gram-negative
‘coliforms’) and anaerobic, where the bacteria have to grow
in the absence of oxygen (e.g. clostridia and bacteroides).
When aerobic bacteria such as Pseudomonas aerugi-
nosa and facultative ‘coliforms’ grow in oxygen, glucose
is completely metabolized by aerobic respiration, using
oxygen as the final electron acceptor:
Glucose + 60,— 6H,0 + 6CO, A G, = - 686 kcal/mole
When ‘coliforms’ grow in the absence of oxygen,
they metabolize glucose by the less efficient process of
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fermentation, where mixed acids are the end-products.
This reaction is as follows:

2Glucose + H,0— 2Lactate + Acetate + Ethanol+ 2CO, + 2H,
AG, = - 47 kcal/mole

The mode of metabolism that facultative organisms
such as ‘coliforms’ are in at a particular time influences
the action of some antibiotics. The aminoglycosides, such
as gentamicin, act on ‘coliforms’ that are growing in the
presence of oxygen, because these antibiotics probably
enter the cell by an energy-dependent process that is part
of aerobic respiration.

Organisms such as streptococci and enterococci can
grow in the presence or absence of oxygen, but they
always use fermentation. For anaerobic bacteria, molecu-
lar oxygen derivatives such as superoxide are toxic. These
organisms do not have the necessary enzyme systems to
inactivate these toxic radicals, hence they grow only in
the absence of oxygen.

From a practical laboratory aspect, the different
requirements of bacteria for oxygen are important. The
correct gaseous conditions must be available to ensure
that obligate aerobes, facultative organisms or obligate
anaerobes are isolated from clinical specimens. For the
routine culture of anaerobic bacteria from clinical speci-
mens, all laboratories have anaerobic cabinets, or similar
systems, from which oxygen is excluded.

SYNTHESIS OF DNA, RNA AND PROTEINS
The bacterial genome consists of double-stranded
deoxyribonucleic acid (DNA) and semi-conservative

(a)

Mother cell

Daughter
cells

replication produces two genomes, and the cell divides
to produce two cells; continuing reproduction gives rise
to exponential growth (Figures 1.11a,b). Most bacteria
divide every 20 minutes or so under optimum growth
conditions, hence a single organism inoculated onto an
agar plate will have reproduced to form a visible colony
the next day.

In contrast, Mycobacterium tuberculosis divides every
18 hours or so, and under standard laboratory con-
ditions it can take several weeks for a colony to be
seen. With semi-conservative replication the two par-
ent strands separate and daughter DNA is laid down
(Figures 1.12a,b); a DNA polymerase enzyme complex is
responsible for this (Figure 1.12c). Details of the action of
this enzyme complex at the molecular level are shown in
Figure 1.12d.

The genome of Escherichia coli has a length of about
1000 microns and has to fit into a cell 3 x 1 microns, and
to accomplish this is supercoiled (Figure 1.13a). This
involves the topoisomerase enzymes, which include DNA
gyrase whose mode of action is shown in Figure 1.13b.
An important group of antibiotics, the fluorinated quino-
lones (e.g. ciprofloxacin and levofloxacin), bind to the
o-subunit and inactivate the enzyme.

DNA is divided into sequences of nucleotides that code
for proteins via messenger ribonucleic acid (mRNA). These
sequences are arranged into transcription units termed
operons. An operon consists of promotor/operator, protein
coding and ‘termination’ sequences (Figure 1.14a). The RNA
polymerase complex carries out the transcription of mRNA
from the DNA chromosome (Figure 1.14b). The action of
this enzyme is inhibited by the antibiotic rifampicin.

(b)
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0 Time (hours)

Figure 1.11 (a) Replication and cell division give rise to logarithmic growth, where bacteria divide into 2, 4, 8 organisms
and so on. (b) A growth curve; when nutrients and other factors become self-limiting, the bacterial population enters a

stationary and then death phase.
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Figure 1.12 (a) One bacterial genome replicates to produce
two ‘daughters’. (b) The ‘mother’ deoxyribonucleic acid
(DNA) strands separate and a ‘daughter’ strand is laid
down. (c) An outline of the DNA polymerase complex.

(d) Synthesis of a daughter strand relies on specific

‘base pairing’. (CTP: cytidine triphosphate.)
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Figure 1.13 (a) The deoxyribonucleic acid (DNA)
chromosome has to be supercoiled to fit into a cell.
(b) Strand breakage and cross-over are essential in
this process, which is performed by enzymes such as
DNA gyrase.
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Figure 1.14 (a) DNA is divided into sequences that code
for particular proteins. There are ‘promotor/operator’ and
‘termination’ sequences at the beginning and end of every
transcription complex. (b) An outline of the process of
transcription.
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The regulation of gene expression at the transcription
level is central in coordinating the metabolic activity of
the cell. In prokaryotic organisms such as bacteria, it is
usual for all the enzymes necessary for a particular met-
abolic pathway to be expressed by means of one polycis-
tronic mRNA molecule. The organization of the lactose
operon of Escherichia coli, which codes for three enzymes,
B-galactosidase, permease and transacetylase, is shown in
Figure 1.15. All three enzymes are needed for uptake into
the cell and initial processing of the carbohydrate lactose.

PROTEIN SYNTHESIS

Ribosomes translate mRNA molecules to produce pro-
teins. Each three nucleotide ‘codon’ of the mRNA specifies
a particular amino acid. All protein synthesis starts with
the amino acid formylmethionine, coded by the sequence
AUG, the initiation codon. An outline of protein synthesis
is shown in Figure 1.16. Two ribosomal subunits bind spe-
cifically to the 5" end of the mRNA. Individual ribosomes
move down the mRNA molecule, and as each three base
codon is ‘read’, an amino acid is inserted into the growing
peptide chain. At the end of each coding sequence on the
mRNA, ‘stop’ codons such as UAA specify termination, and
the completed peptide chain is released. After completing
synthesis of the last protein on the mRNA, the ribosomal
subunits recycle to form new initiation complexes. The
process of translation is the target of the aminoglycosides
(gentamicin) and macrolides (erythromycin, clarithro-
myecin, azithromycin).

CYTOPLASMIC MEMBRANE AND SOME

OF ITS FUNCTIONS

While eukaryotic cells have several lipid bilayer
membrane systems where they can organize metabolic
and synthetic functions, bacteria have only the cyto-
plasmic membrane, which delimits the cytoplasm from
the cell wall. This membrane is essential for transport of
a wide range of compounds both in and out of the cell.
Metabolic and structural entities reside in the cytoplas-
mic membrane, which has the basic structure of all lipid
bilayers (Figure 1.6).

Pre-initiation complex
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( )etc etc etc etc
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5' [ ) 3
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-galactosidase Permease Transacetylase Aminoglycosides can also cause ‘mis-reading’ as the ribosomes
move down the mRNA, causing incorporation of wrong amino
NH COOH,  NH COOH , NH COOH L. . . - .
2 -\/\N\/L | ZW | 2W\/\/L | acids into the growing peptide to produce malfunctioning proteins
| | |
| | | . . . .
B-galactosidase | Pem\lfease | Transa?etylase | Figure 1.16 An outline of protein synthesis. Many

antibiotics interfere with protein synthesis. (P: peptidyl; A:
acceptor site of the 50S subunit; MET: formylmethionine;
PHE: phenylalanine, the codon for which is UUU.)

Figure 1.15 The organization of the lactose operon of
Escherichia coli.
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Figure 1.17 The cytoplasmic membrane has the typical
lipid bilayer structure. Proteins such as the penicillin-
binding proteins are synthesized on ribosomes adjacent to
the membrane.

PROTEIN SYNTHESIS

Proteins that are destined to reside in the cytoplasmic
membrane, or that are to be secreted out of the cell, are
synthesized in the proximity of the cytoplasmic mem-
brane (Figure 1.17). Specific sequences at the amino
terminal end of the growing peptide chain enable the
protein to enter the cytoplasmic membrane. A protein
may be completely secreted, as occurs with the tox-
ins of Clostridium difficile, or it can be anchored in the
cytoplasmic membrane where it will have a specific
function. The proteins making up the electron transport
chain of ‘oxidative’ gram-negative bacteria and the PBP
are examples of anchored proteins. Other important pro-
tein structures resident in the cytoplasmic membrane are
adhesins and flagella.

ADHESIN PROTEINS

An essential pathogenic property of many bacteria is the
ability to adhere to epithelial and endothelial surfaces.
Adhesin proteins enable this to occur. Uropathogenic
strains of Escherichia coli, commonly associated with uri-
nary tract infections (UTI), colonize the periurethral area
of susceptible females by specific adhesins, which recog-
nize receptors on the host cell surface (Figure 1.18). From
here the bacteria gain access to the bladder via the ure-
thra and initiate cystitis.

FLAGELLUM

Examples of flagellated bacteria include Escherichia coli,
Vibrio cholerae and Clostridium tetani. Flagella are complex
protein structures anchored in the cell membrane. In con-
junction with chemical signalling systems, bacteria can
use their flagella to move towards a source of nutrients or
away from an unfavourable environment. The basic struc-
ture of a flagellum is shown in Figure 1.19. They can occur
around the cell, as in coliforms (peritrichous), or they
can be restricted to one end as found with Pseudomonas
aeruginosa.
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Figure 1.18 Adhesin proteins enable bacteria to adhere to
specific receptors on the surface of host cells.
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Figure 1.19 A flagellum. Interaction with chemical signals
and transducer proteins determines which direction the
flagellum and the bacterium moves. (ADP: adenosine
diphosphate; ATP: adenosine triphosphate.)

CAPSULES

A number of gram-positive and gram-negative bacteria
have capsules, which are structures exterior to the cell
wall. They usually consist of polysaccharide, enabling
the bacterium to resist phagocytosis by macrophages
and neutrophils (Figure 1.20). Injection of millions of
unencapsulated pneumococci into the peritoneum of
a mouse is not lethal, whereas injecting a few hundred
encapsulated organisms is.

For reasons of pathogenicity, polysaccharides are not
particularly good antigens on their own. Their antigenicity
isimproved by conjugation with a protein carrier. Clinically,
the most important serotype of Haemophilus influenzae is
serotype b (Hib), which can cause invasive disease such as
bacteraemia, meningitis and epiglottitis in children usually
less than 5 years old. Disease due to serotype b is now rare
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Macrophage

The capsule usually consists
of a simple polysaccharide

Bacterium

Figure 1.20 Certain bacteria are encapsulated. This capsule
inhibits phagocytosis and is an important pathogenic
property of bacteria such as Haemophilus influenzae,
pneumococcus and meningococcus.

in countries where Hib vaccination is practised. The Hib
vaccine consists of the polyribose ribitol phosphate (PrP)
capsule polysaccharide bound to tetanus toxoid. Examples
of important encapsulated bacteria, their various capsular
serotypes and available vaccines are shown in Figure 1.21.

The Streptococcus pneumoniae 23-valent vaccine is an
unconjugated vaccine of the commoner 23 serotypes.
The 13-valent vaccine has the capsular polysaccharides
conjugated to the diphtheria toxoid as the carrier, which
improves the immunological response.

SPORULATION

Medically important bacteria including Clostridium botu-
linum, Clostridium difficile, Clostridium tetani and Bacillus
cereus produce spores. Under unfavourable growth
conditions the vegetative cell produces a heat stable spore
(Figure 1.22). These spores can survive for years. When
growth conditions are favourable, the spores germinate
and vegetative growth is re-established with production
of exotoxin.

Bacillus cereus is found in dry grain foods such as rice.
Its spores can survive the cooking process, and when this
rice is stored at room temperature, the spores germinate
and secrete a heat-stable emetic exotoxin. When food is
heated and eaten, nausea, abdominal cramps and vomit-
ing occur within 1-4 hours.

GENETIC EXCHANGE IN BACTERIA

DNA can be transferred between bacteria by bacterial
viruses (bacteriophages), by transformation or by con-
jugation. Many bacteria contain extra chromosomal
plasmids that can occur as one or more copies per cell
(Figure 1.23a). If there are two or more copies per cell,
each daughter cell will usually inherit a plasmid after

Organism Capsule type Vaccine
@ Haemophilus | 6:a,b,c,d,ef Hib (polysaccharide of
influenzae capsule serotype b
conjugated to a carrier
protein)
Neisseria 8:AB,CEX)Y, A,CBY,W-135
meningitidis | Z,W-135

23 common serotypes in
the polysaccharide
vaccineand 13in

one of the conjugated
vaccines

@ Streptococcus | >90: e.g. 3,10,
pneumoniae | 19

Figure 1.21 Three important encapsulated bacteria,
with the number and classification of the serotypes
and examples of vaccines indicated. (Hib: Haemophilus
influenzae type b.)
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Figure 1.22 Bacteria such as clostridia and bacillus
sporulate under unfavourable growth conditions.

cell division. Plasmids can also transfer from a ‘male’
F+ cell to a ‘female’ F- cell by the process of conjugation
(Figure 1.23b). In this process the ‘male’ cell remains
‘male’.
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Figure 1.23 Many bacteria contain plasmids. (a) Plasmids
can exist as one or more copies per cell. (b) Plasmids can
transfer between bacteria by the process of conjugation.
A sex pilus, a simple protein tube, is necessary for this
process.

As many plasmids carry genes coding for antibiotic
resistance, the spread of plasmids is central to the problem
of antibiotic resistance. There are various types of mobile
genetic elements that can move between the bacterial
chromosome and a plasmid. Insertion sequences (IS) are
one example. They are about 1000 base pairs in length
and consist of short inverted repeat sequences on either
side of a gene that enables the element to move to differ-
ent sites in chromosomal or plasmid DNA. Bacteria con-
tain many copies of one or more IS structures; Escherichia
coli has more than 40 scattered throughout its chromo-
some. When two IS domains combine at either end of an
antibiotic resistance gene, this forms a transposon, and
the resistance gene gains mobility. Integrons add a fur-
ther level to the mechanisms of antibiotic resistance.
These are sequences of DNA where different antibiotic
resistance genes are linked together in an operon, under
the control of a single promotor. Integrons can be inte-
grated into transposons. These mobile genetic elements
can be transferred via plasmids between members of the
same species, or different species.

A common form of resistance in the gram-negative
Enterobacteriaceae, or ‘coliforms’, is the production of a
B-lactamase enzyme that hydrolyses the B-lactam ring
of antibiotics including benzylpenicillin, ampicillin and
amoxicillin. Examples are the TEM-1 3-lactamase found in
Escherichia coli and SHV1 of Klebsiella pneumoniae. Other
examples are the extended-spectrum 3-lactamases (ESBL)
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and carbapenemases, which are also found in these two
bacteria.

High-level vancomycin resistance in enterococci is due
to the presence of a composite transposon that contains
the genes necessary for the resistance phenotype.

VIRUSES

A classification of the major virus groups that infect
humans is shown in Figure 1.24. The genome of viruses
is either single- or double-stranded DNA or RNA. This
is surrounded by a protein capsid, consisting of one or
more protein subunits that are used repeatedly to make
a protective shell. Many viruses are enveloped, obtain-
ing a lipid membrane from the infected cell. This is often
the plasma membrane, but certain viruses ‘bud’ into the
Golgi apparatus or endoplasmic reticulum. Virus-specific
proteins, such as gp120/41 of human immunodeficiency
virus (HIV) or the surface antigen (HBsAg) of hepatitis
B virus (HBV), are inserted into these and are responsi-
ble for recognizing and binding to the receptors on the
surface of susceptible cells. These envelope proteins are
glycosylated, the addition of specific sugar residues by a
post-translation cellular function.

The structure of HBV and electron micrographs of sev-
eral viruses are shown in Figure 1.25. The HBV 2-DNA
genome is surrounded by the capsid made up of core
antigen (HBcAg). This nucleocapsid is surrounded by
the envelope containing the large (L), medium (M) and
small (S) surface antigen proteins (HBsAg). The ruptured
envelope of herpes simplex virus (HSV) reveals the cap-
sid, while the enveloped coronavirus clearly shows the
glycoprotein extending out from the surface of the virus.
Norovirus and adenovirus are examples of naked (unen-
veloped) icosahedral (spherical) viruses.

Apart from the pox viruses, DNA viruses replicate in
the nucleus where they have full access to the DNA syn-
thetic, RNA transcription and post-transcription RNA
splicing machinery of the eukaryotic nucleus. The par-
voviruses have a 1-DNA genome and, like the adenovi-
ruses, polyomaviruses and papilloma viruses, are naked.
The members of the herpesviridae and hepadnaviridae
(HBV) are enveloped.

The majority of RNA viruses replicate in the cytoplasm
and must provide the enzymes for replicating their
genomes and synthesizing mRNA. The classification of
RNA viruses has several themes. The reoviruses, which
include rotavirus, have a 2-RNA segmented genome.
The 1-RNA viruses are grouped on the basis of having
either a positive- or negative-sense genome. Positive-
sense genomes act directly as a mRNA and are translated
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Figure 1.24 A classification of the major groups of viruses that infect humans. Yellow boxes: naked viruses, pink boxes:
enveloped viruses. The number of segments (S) is indicated. Viruses highlighted in green are transmitted by mosquitoes,
with the exception of tick-borne Congo Crimean haemorrhagic fever. (MERS-CoV: Middle East respiratory syndrome

coronavirus.)

into the viral proteins necessary to initiate replication
of the incoming genome. The genome of negative-sense
1-RNA viruses is the complementary sense to their mRNA.
These viruses must include their own RNA polymerase
when virus is assembled, as this enzyme converts the
incoming negative-sense genome into a double-stranded
replicative form in the newly infected cell. All the
negative-sense 1-RNA viruses are enveloped.

The 1-RNA viruses have a particular challenge to
overcome in the cytoplasm of the cell they infect.
Eukaryotic mRNA is monocistronic, coding for one pro-
tein, and RNA viruses have evolved mechanisms to over-
come this restriction. The genome of picornaviruses is
translated into a ‘poly-protein’, which is cleaved into the
individual structural and enzymatic functions during
translation by viral and host proteases. Reoviruses and
orthomyxoviruses have a genome divided into segments

that code for a single functional protein, having 10-12
and 7-8 segments respectively, with each segment cod-
ing for one protein. The bunyaviruses use a combination
of these mechanisms. The Rift Valley fever virus (RVFV)
genome has three segments: L codes for the RNA poly-
merase, M for the envelope glycoproteins G1 and G2
and S codes for the capsid protein and a non-structural
protein.

Influenza viruses A and B, as orthomyxoviruses, and
HIV, aretrovirus, are exceptions within the RNA viruses as
they must use the host nucleus for reproduction. Within
the nucleus, influenza steals the 5 leader sequence of
the host’s mRNA molecules to prime synthesis of its own
mRNA. By having this unusual dependence, influenza
virus has parasitized the eukaryotic nuclear splicing
machinery, enabling it to code for an additional protein
in the second reading frame of segments 7 and 8.
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The HBV genome consists of
circular double stranded DNA

Core antigen (HBcAg) forms
the capsid which surrounds
the genome

Surface antigen (HBsAg)

with the lipid bilayer obtained
from host membranes forms
the outer envelope

(b)

Figure 1.25 (a) A cross-sectional model of HBV, showing the DNA surrounded by the capsid made up of HBcAg capsomeres
(nucleocapsid), enclosed in the lipid bilayer with the HBsAg. (b) A ruptured envelope of HSV reveals the icosahedral
nucleocapsid. (c) Adenovirus. (d) Norovirus. (e) The surface glycoproteins of a coronavirus are clearly visible. (Bar: 20 nm.)
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As a retrovirus, HIV synthesizes a DNA copy of the
RNA genome by reverse transcription, and a 2-DNA form
is integrated into the host cell DNA. Transcription of this
provirus produces progeny genomes, as well as all the
required mRNAs. This process is entirely dependent on the
RNA splicing machinery of the host cell nucleus. HBV is an
unusual DNA virus, using a full-length RNA transcript as a
template for DNA synthesis via reverse transcription.

Hepatitis delta virus (HDV) is a parasite of HBV, and
has a circular 1-RNA virus with one gene, coding for its
RNA polymerase. It only reproduces in cells infected with
HBV, having an absolute requirement to steal the HBsAg
for its own capsid. Massive numbers of HDV, in excess of
10", can be produced by each hepatocyte.

THE REPLICATION OF VIRUSES

The diseases that viruses cause are linked to their tis-
sue tropism, replication strategy and the effect that they
have on the target cell. The immune response, including
the role of interferons and apoptosis, is closely entwined.
Viruses can be lytic and kill the infected cell, and influ-
enza is an example. Norovirus leads to apoptosis of
infected cells causing to transient atrophy and blunting
of the villi of the small intestine, as well as loss of func-
tional microvillae.

Parvovirus B19, a relatively simple 1-DNA virus,
requires the nuclear functions of an actively dividing
host cell, and the erythrocyte precursor in the bone mar-
row is its main target. In otherwise healthy individuals,
the reserve of these cells results in only a minor drop in
red blood cell (RBC) numbers, whereas in the individ-
ual with a disease of RBC production, such as sickle cell
anaemia, severe anaemia results in a transient aplas-
tic crisis. In the first 20 weeks of gestation parvovirus
B19 infection gives rise to non-immune hydrops fetalis,
characterized by severe anaemia and high output cardiac
failure, with death of 2-10% of affected fetuses.

Latency is found in DNA viruses (and retroviruses via
the DNA provirus), and HSV and varicella zoster virus
(VZV) are examples. Following initial replication in the
respiratory mucosa, a VZV viraemia enables the virus to
reach its target cell, the basal keratocyte of the epider-
mis, where replication gives rise to the typical ‘chick-
enpox’ rash. Virus can then ascend sensory fibres to
the ganglia, residing in a latent form as episomal DNA
within the nucleus, and viral replication is prevented.
With declining immune function of older age, or induced
immunosuppression, the episomal DNA can switch to
replication. Virus descends to the epidermis, where rep-
lication produces the typical dermatomal distribution
of herpes zoster. As a retrovirus, HIV has a period of pro-
longed latency, via the integrated proviral DNA. With the

gradual depletion of functioning T CD4 lymphocytes as
a result of virus replication, the stage is reached when
this depletion allows both uncontrolled virus replication
and the opportunistic infections that define the acquired
immunodeficiency syndrome (AIDS).

Certain DNA viruses produce cancer by specifically
interfering with the regulation of the host’s DNA synthe-
sis, overriding control mechanisms within the nucleus,
for example human papillomavirus (HPV 16, 18) and cer-
vical carcinoma. Epstein-Barr virus (EBV) is associated
with infectious mononucleosis, but can also cause lymph-
oproliferative disease in patients who have decreased
T-cell function due to immunosuppressive agents. This
complex DNA virus is able to suppress programmed cell
death (apoptosis) and drive the infected B cell from the
G1/GO cycle into the synthesis stage. Although integrated
HBV DNA is found in patients with hepatocellular carci-
noma (HCC), it is likely that hepatocellular cancer is due to
repeated cycles of inflammation, cell death, regeneration
and fibrosis, which over a period of years give rise to hepto-
cytes with uncontrolled cell division. A similar pathology
takes place with chronic infection caused by HCV, a 1-RNA
virus. A summary of several virus replication strategies,
and how disease arises is shown in Figure 1.26.

To introduce virus replication in more detail at the cel-
lular level, HBV and HAV are discussed here, and HIV in
Chapter 4.

THE REPLICATION OF HBV

The genome organization of this virus, based on the linear
RNA template, is shown in Figure 1.27. A 5’ cap is a fea-
ture of eukaryotic mRNA and there are terminal redun-
dancy (repeat) elements, R at each end. Full length RNA
is translated into the reverse transcriptase (RT) enzyme
complex polyprotein (terminal protein [TP], spacer, the
reverse transcriptase and RNase H). RNase H is responsi-
ble for degrading RNA on the RNA/DNA duplex, enabling
synthesis of the 2-DNA genome. The core antigen (cAg)
is also synthesized from genome-length RNA, but in a
different reading frame, as is X, a protein that regulates
transcription of the viral genome.

The e antigen (HBeAg) is an unusual protein contain-
ing the first 70% of the amino acids that make up the
HBcAg protein; however, its synthesis starts upstream
from the start codon of the cAg, and this amino acid
sequence directs the growing protein into the endoplas-
mic reticulum membrane system. The e antigen is then
cut by a host protease, removing the last 30% of amino
acids found in the cAg, releasing it into the lumen of the
membrane and when membrane fusion occurs at the cell
surface, the HBeAg enters the blood. While sharing amino
acids sequences of HBcAg, the eAg antigen has distinct
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Figure 1.26 A summary of the replication strategies of influenza virus, norovirus, rubella virus and HSV1, showing the
outcomes of their replication in relation to the tissues they can access.

epitopes. It acts to suppress the immune response to the
HBcAg transiently, increasing the likelihood of chronic
infection being established. Once the virus achieves that
status, eAg becomes redundant, and antibodies (HBeAb)
appear (see Chapter 12).

The replication of HBV is outlined in Figure 1.28.
Binding to the hepatocyte cell membrane is initiated
by the N-terminus of L surface antigen; the hydrophilic
loops of all three sAg proteins are then involved in full
attachment and internalization of the nucleocapsid (1, 2).
The nucleocapsid is then transported to, and enters, the
nuclear pore, where viral DNA is released (2, 3). The viral
DNA is only double stranded for 70% of its length, and the
next step is its conversion to a complete circular 2-DNA
molecule by host DNA polymerase (4, 5). This is then tran-
scribed into full length single-stranded RNA, and two
shorter RNA molecules (6). The full length RNA acts as the

mRNA for the core protein (cAg) and the RT enzyme com-
plex (7). Core protein forms a capsid around full length
RNA molecules, and within this the RT enzyme complex
forms the RNA/DNA hybrid, which is then converted to
2-DNA, to form the mature nucleocapsid (8, 9). The DNA-
containing nucleocapsids have two routes to follow. They
can either enter the nucleus to amplify the cycle there
(10), or be transported to the cytoplasmic membrane
where the capsid ‘buds’ to form mature virus with the
sAg-containing envelope (17).

Essential to the life cycle of HBV is production of the
eAg. As discussed above, this is a form of the cAg that is
exported out of the infected cell into the blood (11-13).

HBsAg is the envelope protein. The large (L), medium
(M) and small (S) surface antigen proteins have the same
sequence of amino acids at the carboxy end, which con-
tain the determinant that enables cell binding, to which



16 Chapter 1 Introduction to Clinical Microbiology

R R
5'cap >
TP Spacer Reverse transcriptase RNase H
(a)
core antigen X
(b) = >
Pre-core
I:l e antigen
L
(0 >
M
>
S

Figure 1.27 The genome organization of HBV based on the full length RNA molecule that is used as the template for
DNA synthesis by reverse transcription. Full length RNA is the mRNA for (a) the RT complex, and (b) HbcAg, HBeAg and
X protein. Green to yellow arrows shows the leader sequence, and the red arrow the translation termination sites of the
HBeAg. (c) The L and M/S forms of the HBsAg are translated from different mRNA molecules.

protective antibodies are produced by vaccination, or
natural immunity. The larger mRNA is translated into L,
and the smaller mRNA into M and S (7, 14). These proteins
are synthesized and anchored in the endoplasmic reticu-
lum and then move to the cytoplasmic membrane where
‘budding’ occurs. There are two roles for the HBsAg. It is
released into the blood in massive amounts as rod or fil-
ament shaped subviral protein/lipid particles, absorbing
virus-neutralizing antibodies, thus facilitating spread
and maintenance of the virus in the liver (15, 16). DNA-
containing nucleocapsids (9) bud into sAg-containing
membranes, forming mature enveloped virus (17, 18).
Following acute infection, the ongoing presence of HBsAg
in the blood is the marker of chronic infection.

THE REPLICATION OF HAV
The genome organization of HAV with the functions of
the various proteins is shown in Figure 1.29.

HAV is a naked, icosahedral virus with a 1-RNA
positive-sense genome, acting directly as mRNA within
the infected cell. The viral protein Vpg is covalently
attached at the 5’ end and is the primer for RNA synthe-
sis. Acting as one long mRNA, all the individual proteins

are theoretically part of one polyprotein. However, cleav-
age occurs during protein synthesis; the majority of
these cleavage events are done by viral protease 3C. The
domains P1/2A, P2 and P3 are primary cleavage sites.

Following uptake into enterocytes it is likely that the
virus initiates replication here, and then, via the portal
vein, is transported to the liver. The replication cycle in
the hepatocyte is summarized in Figure 1.30. Attaching
to receptors on the surface, termed cr7 and TIM-1, it enters
the cytoplasm (1-3).

The RNA genome is released into the cytoplasm (4) and
acts directly as mRNA. The host ribosomes bind the inter-
nal ribosome entry site (IRES) near the 5 end and move
down the RNA, synthesizing protein. During this process,
proteases cleave the translation product into the individ-
ual virus proteins (5) (the cleavage of 1A from 1B takes
places as a final step in virus assembly).

The viral RNA/protein synthesis complex induces tubu-
lar vesicular structures in association with the endoplas-
mic reticulum, in close proximity with the nucleus, and
this is where virus replication takes place. The viral RNA
polymerase (3D) and NTPase/helicase (2C) are responsible
for RNA synthesis. The viral RNA is converted to a 2-RNA
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Figure 1.28 An outline of the replication strategy of HBV in the hepatocyte. The numbers refer to the key stages discussed
in the text.
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Figure 1.29 The genome organization of HAV. (UTR: untranslated region; IRES: internal ribosome entry site. Arrows show
protease cleavage sites: 3C: 'V, cellular protease: \V/, during virus maturation: V. Vpg: virus protein genome.)
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Figure 1.30 The replication strategy of HAV in the hepatocyte
(CMC: cytoplasmic membrane complex.)

replicative form (RF), and by cycling through an integrated
process, mRNA and progeny genomes are synthesized,
while the pool of 2-RNA intermediates (RI) is amplified
(6, 7). The necessary pools of the RFs and intermediates of
the RNA are also controlled by cell proteins that enhance
or inhibit ribosome entry into the IRES site. The end result
is the maximum production of progeny genomes and the
structural proteins to encapsulate them (8).

Under the direction of 2A, proteins 1AB, IC, 1D assemble
into pentamer structures; 12 of these assemble with a single
RNA genome to form the mature virus particle (9, 10). It is at
this stage that 1A and 1B are cleaved. The virus is released
from the hepatocyte into the biliary canaliculi of the
liver, and is excreted in the stool (11). Virus also enters the
blood, and via this viraemia, is also excreted in urine (12).

. The numbers refer to the key stages discussed in the text.

FUNGI

Fungi are eukaryotes, and the majority grow on dead and
decaying material in the environment and are essential
in the recycling of nutrients in nature. As chemotrophic
organisms they secrete enzymes that degrade a wide
range of organic compounds, and actively absorb soluble
nutrients. Yeasts of the genus Candida are minor mem-
bers of the flora of the body, and live in moist areas such
as the groin, perineum or mouth. The cell wall of fungi
contains 1,3 B-glucan and chitin, and small quantities
of other carbohydrates. Ergosterol is the steroid in the
plasma membrane of fungi, which is the target of agents
such as amphotericin B and the azole antifungal agents.
Pneumocystis jirovecii is unicellular and is probably an



early colonizer of the human lung; it uses cholesterol and
not ergosterol as its cell membrane steroid.

A general classification of fungiis shown in Figure 1.31,
and includes diseases associated with the various groups.
The separation into Ascomycota, Basidiomycota and
Zygomycota is based on structures that are found in
sexual reproduction, the ascus, basidium and zygospore,
respectively.

There are two morphological forms of fungi, yeasts or
moulds (Figure 1.32). Candida is a yeast and reproduces by
budding, and when these buds remain attached, pseudohy-
phae form. When Candida is incubated in human plasma,
a primitive germ tube (hypha) forms. Moulds include
organisms such as Aspergillus, Penicillium and Mucor, and
these grow as hyphae (mycelia). Asexual reproduction
relies on the production of spores. These are termed phi-
aloconidia (Aspergillus, Penicillium), thallic macroconidia
(Trichophyton, Microsporum) and sporangiospores (Mucor).

Fungi
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Histoplasma capsulatum is a dimorphic fungus, having
a hyphal form in the environment and yeast form at 37°C
in the human host. It is widespread in tropical and sub-
tropical parts of the world, growing in soil with a high
nitrogen content. Bird and bat droppings are an ideal
nutrient source for this organism. When inhaled it can
cause acute or chronic pulmonary disease, as well as
disseminated infection. These are of particular sever-
ity in the immunocompromised individual. Coccidioides
immitis grows in hyphal form in the environment,
reproducing by arthroconidia that are derived from the
hyphae. These are easily disseminated in the air and
survive extremes of temperature, remaining viable for
years. In the human host the fungus enters its ‘yeast-
like’ cycle, producing characteristic structures termed
spherules (Figure 1.33). Diseases are similar to those
caused by Histoplasma, and this fungus is found in the
south west USA and Mexico.

Unicellular, lack ergosterol ]

Pneumocystis jirovecii

Ascomycota

Basidiomycota Zygomycota

Cryptococcus neoformans Absidia
Malassezia furfur Mucor
| Rhizopus
[ Dermatophytes } [Moulds]
Epidermophyton floccosum Aspergillus fumigatus Candida albicans Blastomyces dermatitidis
Microsporum canis Aspergillus flavus Candida glabrata Coccidiodes immitis H '
Trichophyton interdigitale  Aspergillus niger Candida krusei Histoplasma capsulatum H
Trichophyton rubrum ! Candida parapsilosis Paracoccidiodes braziliensis '
Infections of the Allergic broncho Oropharyngeal, Primary systemic Cryptococcus is a These are
scalp, beard, skin pulmonary mucocutaneous mycoses. Environmental || ubiquitous capsulated || environmental
(ringworm; tinea aspergillosis, candidiasis, vaginal fungi that are environmental yeast. || molds that cause
corporis), feet fungal balls in discharge. geographically It is essentially of infection in
(athlete’s foot; tinea damaged Candidaemia delimited. relevance in individuals with
pedis) and nails lungs, invasive in patients with Histoplasmosis is individuals with poorly controlled
(onychymycosis). disease indwelling CVC found in tropical and compromised CMI; diabetes, burns
Human, of lungs, sinuses, (including on TPN), sub-tropical regions. itis an AIDS-defining || patients and the
environmental brain prolonged stay on ICU || Bird and bat faeces are infection. Acquired immunocompromised.
(including soil) and in neutropenic post abdominal an excellent growth through the lungs, an || Rhinocerebral,
animal sources. patients. surgery, with broad medium, so‘caving’can || important target is the|| thoracic and systemic
spectrum be arisk. Acute CSF. Malassezia causes || infection can occur.
antibiotic use; risk of || pneumonia and pityriasis of the skin.
endocarditis and disseminated infection
endophthalmitis. occur, especially in the
immunocompromised.

Figure 1.31 A classification of the main groups of fungi that infect humans.
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Figure 1.32 (a) Fungi can grow as yeasts or moulds, while dimorphic fungi use both methods of reproduction.
(b) Phialoconidia spores (Aspergillus, Penicillium); (c, d) thallic macroconidia of Trichophyton and Microsporum;
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Figure 1.33 Life cycle of Coccidioides showing the mycelial form found in the environment and the yeast-like form that
occurs in the human host.



DISEASES CAUSED BY FUNGI

While certain dermatophytes have environmental and
animal sources, these organisms also have a predi-
lection for human skin, nails and hair, and invade the
stratum corneum. Athlete’s foot is one example, with a
susceptible individual acquiring the organism in a com-
munal swimming pool changing room. Colonizing wet
and macerated skin folds of the little toe in particular,
their quest for nutrients enables them to grow into the
outer skin layers, giving rise to significant local irrita-
tion. If unchecked, this invasion can erode to produce a
painful bleeding fissure. (This can be the route whereby
Streptococcus pyogenes accesses the blood.) Treatment
is usually effected by keeping the feet and toes dry
after bathing, along with the application of a topical
antifungal such as miconazole.

Aspergillus spores are ubiquitous in the air and are
inhaled into the lung, where they usually cause no harm,
as the spores are taken up and destroyed by the alveo-
lar macrophages and neutrophils. High concentrations of
inhaled spores can precipitate allergic bronchospasm, an
IgE-mediated reaction. Aspergillus causes two other lung
diseases. When spores settle in an old tuberculous cavity,
they can obtain sufficient nutrients to grow within the
cavity to produce a ‘fungal ball. Movement of this ball
in the cavity, along with degradative effects of secreted
enzymes, leads to weakening of the wall and rupture of
adjacent blood vessels, with haemoptysis.

Invasive aspergillosis is a most important disease, and
is a frequent consideration in the neutropenic immuno-
suppressed patient. Spores germinate in the alveoli and
local invasive disease occurs. The organism can enter the
blood to reach other organs, including the brain.

Candida are usually minor members of the mucosal
surfaces of the mouth and vagina, and can also colonize
moist skin areas of the groin and perineum. However,
if conditions change to its advantage, it will reproduce
to numbers that cause infection. The oral contraceptive
causes changes in vaginal epithelial cells that allow
Candida to overgrow and an unpleasant curdy discharge
results. Candida readily colonizes the urine of the patient
with a long-term catheter.

When broad-spectrum antibiotics are used in the
patient with postoperative complications following
abdominal surgery, these have a major effect on the
normal bacterial flora of the bowel, and the loss of col-
onization resistance leads to overgrowth of Candida.
The yeast can then become a member of a polymicro-
bial abdominal collection, and it can colonize long-
term central venous catheters (CVC) such as total
parenteral nutrition (TPN) lines. From these sites it can
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then invade the blood. Diagnosis of a candidaemia by
positive blood culture identifies a serious complication.
Once in the blood, Candida can settle in other organs;
the ophthalmologist must be called promptly to exclude
Candida endophthalmitis.

The basidiomycota include Malassezia furfur and
Cryptococcus neoformans. Cryptococcus is an environ-
mental yeast which was of limited medical importance
until it became a key AIDS-defining illness in the HIV
epidemic. Inhaled into the lungs of those with depressed
cell-mediated immunity, it can cause not only pneumo-
nia, but invades the blood. A key target is the CSF, with
Cryptococcus meningitis resulting. The organism has
a thick polysaccharide capsule, readily visualized on
microscopy against the black background of the India ink
stain. The yeast can also settle in other organs such as the
prostate and skin; new skin lesions of the immunocom-
promised patient should always be biopsied and cultured
for bacteria and fungi; Cryptococcus can be the causative
organism.

The zygomycota are environmental fungi that usually
cause no problem, despite the fact that their spores are
ubiquitous in the air. However, in the patient with uncon-
trolled diabetes or the immunosuppressed, invasive
disease of the nasal sinuses can occur. The proximity of
the sinuses to the brain means that this difficult to treat
infection can have devastating consequences once the
brain is invaded.

PARASITES

There are two broad groups, the protozoa and the hel-
minths/flatworms, and their classification is shown in
Figures 1.34a,b. The helminths comprise the round-
worms (nematodes), tapeworms (cestodes) and blood
flukes (trematodes). In both groups the life cycles have
differing degrees of complexity, often involving insect
or animal hosts. African trypanosomiasis is transmitted
by the tsetse fly, Glossina morsitans, while the South
American disease is transmitted by the reduvid bug,
a hemipteran. Tissue nematodes such as Wucheria
bancrofti are transmitted by Anopheles, Culex and Aedes
mosquitoes.

THE LIFE CYCLE OF MALARIA

The life cycle of malaria is shown in Figure 1.35, with the
human (a) and mosquito (b) sections of the cycle shown.
The infected female Anopheles mosquito injects sporo-
zoites into the blood (B), and within 30-40 minutes these
disappear from the blood and enter the hepatocytes (L).
Cell division produces schizonts (L 1-3), which divide
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Amoebae Amoebae
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Giardia lamblia Trichomonas vaginalis Trypanosoma brucei (African trypanosomiasis)
Trypanosoma cruzi (American trypanosomiasis)
Leishmania (Leishmaniasis)

Sporozoans
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Cryptosporidium
Plasmodium falciparum (malariae, ovale, vivax)
[malaria]
Babesia
Toxoplasma gondii (toxoplasmosis)

Schistosoma haematobium [S]

Schistosoma japonicum [S]
Schistosoma mansoni [S]
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Wucheria bancrofti Diphylobothrium latum  Echinococcus granulosus [C] Paragonimus westermani [F]
—[ Infective Egg Stage ] Hymenolepis nana
Enterobius vermicularis Taenia saginata [B]
Trichuris trichiura Taenia solium [P] (cysticercosis)
Ascaris lumbricoides
Toxocara canis (VLM) [C]
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Ancylostoma duodenale
Ancylostoma caninum/braziliense (CLM)
Necator americanus
Strongyloides stercoralis
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Figure 1.34 A classification of (a) protozoal and (b) helminth parasites. Organisms highlighted in green are transmitted
by insect vectors, with the exception of Babesia, which is a tick-borne zoonosis. For the helminths, the other hosts are
B: bovine; C: canine; F: piscine; P: porcine; S: snail. (CLM: cutaneous larval migrans; VLM: visceral larval migrans.)



further to form up to 50,000 merozoites in each infected
hepatocyte (L 4), which are released into the blood.
The liver stage takes about 6 days. (The liver forms of
Plasmodium vivax and Plasmodium ovale remain viable as
hyponoites after the blood forms have been eliminated,
accounting for episodes of relapse and parasitaemia
weeks or months later.)

Merozoites in the blood attach to and enter RBC (R 1, 2)
and reproduce through ring, trophozoite, schizont and
merozoite stages. Up to 30 daughter merozoites are
released from each infected RBC (R 3-6), and then infect
new RBC, initiating the next cycle. This RBC stage takes
about 2 days, so the minimum incubation period after
mosquito bites is about 8 days.

It is the massive release of merozoites from RBC within
a short period that activates the immune response, with
release of cytokines that result in fever, chills and rigors.
The repeated cycles of RBC infection require large num-
bers of damaged RBC to be cleared by the spleen, and sple-
nomegaly occurs. When abnormal RBC become trapped
in capillaries, with resulting ischaemia, manifestations
such as cerebral malaria can occur (see Chapter 14).

(a)

Plasmodium vivax
dormant form
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After 1 week or so, developing male and female
gametocytes appear in the blood (G 1, 2). Mature female
macrogametocytes and male microgametocytes are
taken up by the blood-feeding female mosquito (G 3). In
the mosquito midgut (Figure 1.35b), the male gameto-
cyte undergoes exflagellation to produce sperm-like
bodies, which mate with the haploid female gametocyte
to form the oocyte (M 1,2). This develops into a motile
ookinete that burrows through the midgut epithelium
to the haemocoele membrane, outside the midgut wall
where it encysts (M 3-5). This matures and releases spo-
rozoites into the insect’s haemolymph, that migrate to
the salivary glands. After a few days they mature, await
for the next blood feed the mosquito takes, and enter the
human host.

THE LIFE CYCLE OF SCHISTOSOMA
HAEMATOBIUM

The life cycle of Schistosoma haematobium is shown
in Figure 1.36. The adult worms live for years in the
venules of the urogenital venous system, and chronic
egg production by the female means that eggs are being

2 days

G3

9-12 days

Figure 1.35 The life cycle of the malaria parasite. (a) In the human: B: blood; L: liver hepatocyte; R: red blood cell;
G: gametocyte stages; (b) in the mosquito (M) midgut, and on the midgut epithelium.
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Figure 1.36 The life cycle of Schistosoma haematobium. Numbers are as described in the text. Antigen from the initial egg
production can induce the allergic reaction of Katayama syndrome.

pushed out of the venules and through the bladder wall,
and haematuria can arise (1). Fibrosis occurs in the
bladder wall and around adjacent organs. Eggs enter
the bladder, with the highest numbers being pushed out
at the hottest time of the day. The parasite ‘knows’ that
its host is more likely to seek the coolness of fresh water
at this time, and when urination occurs, the eggs have
reached the environment of the intermediate host (2).
They hatch into ciliated miracidia (3) that search out a
specific Bulinus snail as the intermediate host (4). Once
inside the tissue of the snail, two larval stages develop
into motile (tailed) cercaria that are released into the
water (5-7).

Upon attaching to a human, the cercaria burrow
into the skin, releasing the tail (8). If there is exposure
to large numbers of cercaria, an urticarial reaction
can occur. By some mechanism the parasite, maturing
to adulthood, reaches the urogenital venous system

where it searches out a mate (9). The slender female
lies in the gynaecophoric canal of the male, and mat-
ing is initiated (10), with egg production starting
2-6 weeks later. The terminal spine of the egg enables
them to lodge in the walls of small vessels, and venous
pressure and pressure changes in the pelvis around the
bladder force eggs into the bladder wall, and into the
lumen. Eggs ‘leak’ antigens that incite an acute inflam-
matory response, with chills and fever; Katayama syn-
drome is usually mild in Schistosoma haematobium in
comparison to Schistosoma mansoni and Schistosoma
japonicum (11).

The fibrosis that arises from chronic release of eggs
can lead to bleeding and haematuria, and is the main
sign of chronic infection. Fibrosis adjacent to the fallo-
pian tube can give rise to ectopic pregnancy many years
after exposure and can be the first manifestation of the
infection.



Chapter 2

How Bacteria Cause Disease

INTRODUCTION

The body has a complex bacterial population that is an
essential part of normal physiology. These microbiota are
associated with the skin, upper respiratory tract, throat,
gastrointestinal system and vagina. Intact epithelial sur-
faces as well as anatomical and physiological defences
separate these bacteria from the sterile tissues. While
small numbers of bacteria can ascend the relatively short
urethra and reach the bladder of the premenopausal
female, defences on the bladder epithelium and regu-
lar micturition with complete emptying usually remove
them. It is reasonable to assume that a few bacteria can
occasionally cross the bowel epithelium and enter the
blood, to be transported by the portal vein to the liver. In
most circumstances they are taken up and destroyed in
the sinusoids by macrophages, the Kupffer cells.

The microbiota of the colon is the most complex, being
made up of hundreds of species of bacteria, mainly anaer-
obes that comprise over 99.9% of this population; 50% of
the dry weight of faeces is bacteria. They reside in a bio-
film in the zone adjacent to the epithelium, and provide
a physiological environment in coexistence with the epi-
thelium. This is not a casual residential symbiosis, but a
closely coordinated ecosystem. In mammalian studies it
has been shown that bowel epithelial cells secrete micro
ribonucleic acid (RNA) molecules that enter these bacteria
to control their gene expression. Key bacteria are respon-
sible for production of secondary bile acids, an essential
part of the enterohepatic cycle.

The bacterial population creates a zone of ‘coloniza-
tion resistance’ that thwarts the ability of pathogens, in
low numbers at least, to establish themselves and cause
disease. When antibiotics are used to treat a respiratory
tract infection, they will exact collateral damage on the
microbiota of the body, and that of the bowel in partic-
ular, compromising its normal protective function. If
exotoxin-producing Clostridium difficile is resident in the
colonic contents, it will take advantage of this, reproduce
and establish itself adjacent to the epithelium to precipi-
tate antibiotic-associated diarrhoea (AAD).

Bacteria can be broadly grouped as being commensals,
colonizers or exogenous; and 15 are named in Figure 2.1.

Commensals are members of a specific microbiota that is
part of the normal functioning of the body, and should
be considered symbionts. The first four commensals
named are, albeit minor, members of the normal bowel
flora. These four can intermittently colonize the groin
and perianal area. Uropathogenic strains of Escherichia
coli colonize the periurethral area of the female introi-
tus. Staphylococcus epidermidis is a member of the coag-
ulase-negative staphylococci (CNS), which, along with
Corynebacterium and Propionibacterium, are dominant in
the bacterial microbiota of the skin.

Two colonizers, Staphylococcus aureus and Streptococcus
pneumoniae, are named. This staphylococcus is com-
monly found in the anterior nares, throat, axillae and
groin of over 30% of the population, while pneumococcus
colonizes the upper respiratory tract of about 10%.

Eight exogenous bacteria are named, but they have dif-
ferent relationships with the body. Pasteurella multocida is
a member of the endogenous bacterial flora in the mouth
of cats, dogs and other animals. It can cause local, inva-
sive disease and sepsis in the person who sustains a bite
from an animal. Apart from Legionella, derived from water
sources, and Pasteurella, the others can ‘colonize’ a site of
the body. Mycobacterium tuberculosis can be considered an
‘immunologically controlled’ exogenous organism, consid-
ering that one-third of the world’s population is infected,
but in the vast majority, its reproduction is prevented by
cell-mediated immunity. When this immunity is compro-
mised, for example by the acquired immunosuppression
of human immunodeficiency virus (HIV) infection, the
organism will reproduce to cause disease.

While the three intestinal pathogens are clearly exog-
enous, asymptomatic colonization (carriage) occurs; in
the case of Clostridium difficile, this ranges from 3% in the
community to 30% in the hospital setting. Streptococcus
pyogenes and Neisseria meningitidis colonize the upper
respiratory tract of a small proportion of individuals as
that is how they are maintained in the population.

Figure 2.1 demonstrates that every human is under
microbiological threat from several directions. The five
colonizer/exogenous bacteria highlighted essentially
have a human source, and are shown as having a narrow
range of distribution across two groupings. Disease arises
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Commensal

Bacteroides fragilis

Escherichia coli
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Klebsiella oxytoca

Staphylococcus epidermidis (CNS)
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Figure 2.1 Fifteen bacteria are broadly grouped as commensal, colonizer or exogenous in their relationship with the
human body. For the purposes outlined in the text, their usual environment is defined by the open box. *Five organisms
having a human source. (Gram-positive bacteria: black; gram-negative: red; mycobacteria: purple).

from an organism derived from either source, which is
directly linked to the organism’s pathogenic properties.
If the individual person is not exposed to an exogenous
organism, and they have no risk that a colonizer can take
advantage of, they will usually be healthy.

The four commensal members of the bowel flora would
not normally cause a problem. However, if there is an
anatomical abnormality, disease can occur. A diverticu-
lum of the large bowel is one example. When the normal
bowel flora is retained within a diverticulum as coloniz-
ers, it is likely that the ecological balance can shift, and
certain bacteria, such as these four, gain an advantage.
Their unsupervised reproduction leads to inflammation,
and diverticulitis. If inflammation closes off the divertic-
ulum opening, the situation progresses to a polymicro-
bial abscess. Without intervention, peritonitis, sepsis and
death can occur.

The members of the endogenous flora of the skin
can be considered to have limited pathogenic potential.
However, if they are provided with a situation that gives
a growth advantage, it will be exploited. A long-term

central venous cannula (CVC) in the intensive care unit
(ICU) patient is one example. Once Staphylococcus epider-
midis establishes a biofilm on the cannula, it will enter
the blood in large numbers to cause line-associated dis-
ease (usually a fever that does not settle despite antibiot-
ics); line removal can promptly resolve this.

The important point is that if there is an anatomi-
cal, physiological or immunological breach in the body’s
defences, it is reasonable to expect that there is a bacte-
rial (or fungal) species that will exploit that weakness
to cause disease. This is enlarged upon in the rest of this
chapter, with emphasis on the pathogenic properties of
bacteria that gives them the advantage over defences,
enabling them to precipitate a specific disease.

NON-SPECIFIC DEFENCES

The non-specific defences of the body thus rely on ana-
tomical, physiological and bacteriological/microbiome
components, and key examples are summarized in
Figure 2.2.



Ciliated epithelium of the respiratory
tract pushes mucus containing
trapped bacteria out of the lungs.
These are swallowed and destroyed
by the gastric juices

Macrophages of the spleen,
lungs, and liver clear small

Frequent flushing out of urine
prevents bacteria ascending the
urethra to the bladder

ACTIVE DEFENCES

The active defence system is based on the immune
response and its ability to differentiate self from non-self,
and identify and destroy invading micro-organisms. The
key cells at the start of the process are the phagocytic cells
such as the tissue macrophages, which have the ability
to take up micro-organisms and destroy them. The first
step is uptake of the organism into a phagosome. The lat-
ter fuses with another cytoplasmic vesicle, the lysosome,
containing oxygen radicals, acid hydrolases, peroxidases
and lysozymes responsible for destruction of the organ-
ism. The end-products are a toxic combination of bacte-
rial and host cell chemicals, which must not be allowed to
pollute the extracellular environment (Figure 2.3).

Such a stressed macrophage has to undergo pro-
grammed cell death, or apoptosis. This is the process by
which the body removes cells that have either done their
work, or are under a form of external or internal stress, so
that it is best to remove them before they cause damage.
Apoptosis is highly regulated and controlled, and directs
synthesis of cellular proteins whose function is to
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Lysozyme, an enzyme in saliva,
degrades the peptidoglycan
component of bacterial cell walls

The low pH of the stomach kills
many micro-organisms that are
swallowed

The normal flora of the bowel,
consisting mainly of anaerobes,
create colonization resistance,
preventing low numbers of
pathogens from establishing
themselves

Figure 2.2 Some examples
of anatomical, physiological,
immune-based and
microbial defences of the
body.

Unbroken skin is an excellent
barrier to infection

Bacterium—\~ O O
O

Bacterium in
phagosome

Lysosome

Undergoes
apoptosis

Figure 2.3 A phagocytic cell takes up a bacterium into a
phagosome; fusion with the lysosome enables the organism
to be killed. Resulting toxic intracellular products direct that
the cell is safely eliminated by the process of apoptosis.
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puncture the outer membrane of mitochondria releasing
cytochrome c. This triggers activation of caspases that
degrade all types of proteins within the cell. An aptosome
of the redundant cell is formed that enables safe com-
partmentalization of all its cellular debris into apoptotic
bodies that are taken up and safely disposed of by neigh-
bouring macrophages.

If a few pneumococci enter an alveolus, the resident
macrophages will take them up and destroy them, and as
directed, undergo apoptosis. If large numbers of the organ-
ism enter the same site the resident macrophages may
be overwhelmed (Figures 2.4a,b). Uncontrolled release
of toxic waste products from overloaded phagocytic cells
causes local tissue necrosis, compromising defences and
giving the pneumococcus an advantage. Reproduction of
the bacteria will incite an amplifying immune response,
with recruitment of large numbers of neutrophils that
attempt to control the infection. It is here that antibiotics
are critical in halting a deteriorating situation.

Other macrophages will also be taking up bacterial
antigens, and as antigen-presenting cells, will relay this
information to other cells of the immune system, and the
T lymphocyte is key in this process. Some features of the
main cells involved are shown in Figure 2.5.

Macrophages take up foreign material (an antigen)
with the aim of destroying it. They are also antigen-
presenting cells (APC) and present a small part of an
antigen, the antigenic determinant, on their cell surface.
It is here that the specificity of the immune response is
initiated. The antigenic determinant, with its unique

(a)
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No help needed

(b)
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® Help needed

Figure 2.4 (a) A macrophage may be able to take up
one pathogen and destroy it. (b) Large numbers of the
pathogen will overwhelm the macrophage and it has to
recruit help.

Macrophage
1 Phagocytosis and destruction
of micro-organisms
2 Antigen-presenting cell
3 Produces IL-1 which activates T cells

T helper cell (Th-1)

1 Interacts with and activates
macrophages

2 Activates cytotoxic T cells

3 Produces y-IFN and IL-2 which
activate macrophages

T helper cell 2 (Th-2)
1 Interacts with and activates B cells
2 Produces IL-4, IL-6

B cell
1 Precursor cell for antibody production
2 Acts as an antigen-presenting cell

to Th-2 cells

Plasma cell

1 Differentiates from B cell

2 Produces IgM and then IgG and
IgA antibodies

©c00@®

Figure 2.5 Some important cells of the immune response.
(IFN: interferon; Ig: immunoglobulin; IL: interleukin.)

structure, is presented in the arms of the major histocom-
patibility type II (MHC-II) proteins on the surface of the
APC. (MHC-II proteins are restricted to cells of the immune
system, in contrast to the MHC-I proteins that are widely
distributed amongst all other cells of the body.)

There are small populations of T lymphocytes in every
individual, specific for every conceivable foreign anti-
genic determinant that an individual may come in contact
with during his or her life. An APC such as a macrophage
with a unique antigenic determinant on its surface will
be recognized by the population of T cells that have T-cell
receptors (TCRs) specific for that complex (Figure 2.6). If
an organism has a number of antigenic determinants, for
example (Jaew, these four different determinants would
each be recognized by four different sets of T cells, each
waiting for that specific determinant to be presented to
them by an APC.

For the purposes of this section consider that the
‘organism’ is an antigen consisting of a single antigenic
determinant ¢. As shown in Figure 2.7, macrophages ini-
tiate the response, and after taking up ¢ and attempting
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Figure 2.6 The macrophage presents antigen ¢ with the
MHC-II protein. This specific structure is recognized by one
set of T cells only. Proteins such as CD4 and CD3 are essential
in enhancing this specificity. (MHC: major histocompatibility.)
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to destroy it, present ¢ to T-CD4 cells and T-CD8
lymphocytes. The T-CD4 cells are the key coordinators
of the entire process, and via cytokines, stimulate mac-
rophages to take up and destroy . A set of T-CD4 mem-
ory cells is also established for future use. The T-CD8 cells
are stimulated by the T-CD4 cells, proliferate and differ-
entiate, via gamma interferon (y-IFN) and interleukin-2
(IL-2), into cytolytic cells that search out and destroy cells
harbouring . This applies in particular to virus-infected
cells that usually express viral antigens on their surfaces.
These cells are separate from the immune system, and
antigen appears on their surface with the MHC-I protein.
It is here that the immune system differentiates these
cells from cells such as macrophages that express the
antigen with the MHC-II protein. This T-cell response is
the basis of cell-mediated immunity (CMI).

The other arm of the immune response results in anti-
body production, and is initiated by the B lymphocyte.
In each individual there is a small population of B cells
specific for every conceivable antigenic determinant,

CD8T cell O CDA4T cell
V-IFN IL-2
Memory Activated Enhancement of Memory
T8 cell cytotoxic T cell phagocytosis and T4 cell

P

Infected cell

killing ability of the
macrophage

|

O
> ®
®o®

Figure 2.7 A macrophage takes up ¢ and presents it with the MHC-II protein. This is recognized by the T-cell receptor of a
specific population of T-CD4 and T-CD8 cells. The T-CD4 cell is the key coordinator. Via cytokines, the macrophage takes up
more ¢ and destroys it. CD8-derived cytotoxic T cells recognize & with the MHC-I protein on cells that are not part of the
immune system and destroy them too. Memory cells are retained for future use. TCR: T-cell receptor.
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such as ¢, the example used here. These B cells have on
their surfaces immunoglobulin (Ig) M and IgD antibod-
ies, which act as receptors specific for that determinant.
Acting as APC, they recognize ¢ and bind it via the Ig
receptors, internalize and then present ¢ to CD4 Th-2
cells in the presence of the MHC-II proteins. Cytokines,
including IL-4 and IL-6, activate the B cell, which matures
into a plasma cell that synthesizes antibodies that are
specific for ¢ (Figure 2.8). After several days, IgM and
then IgG and IgA antibodies are released by the plasma
cells (Figure 2.9a). They will bind to antigen ¢ and in
this bound form the antigen is ‘neutralized’ (Figure 2.9b).
Antigen bound to antibody is more readily phagocytosed
by macrophages and neutrophils.

B cell

® ®
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[ ]
MHC-II protein with antigen
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TCR Th-2

w4 7

IL-6

Plasma cell
Antibodies tog,
l \produced
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Figure 2.8 B cells with immunoglobulin receptors

bind e that is presented on the surface with the MHC-II
proteins. This is recognized by the T-cell receptor of a
specific population of Th-2 cells. IL-4 and IL-6 activate the
B cell to mature into an antibody-producing plasma cell.
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Figure 2.9 (a) Antibodies are released from plasma cells
after a number of days. Pentameric IgM is produced

first, followed by a switch to IgG and IgA. (b) The specific
antigenic determinant (o) binds to the Fab portion of the
antibodies. The Fc portion of IgG antibodies binds certain
complement proteins.

Following a successful response to a foreign antigen,
populations of T and B memory cells for that antigen are
maintained. They can mount an immediate response
when the individual is exposed to the antigen in the
future. This is the basis of vaccination.

THE ACUTE REACTION TO INFECTION

The problem with the antibody response is that anti-
bodies start to appear 4-5 days after the immune sys-
tem recognizes an organism as foreign. In the case of
meningococcal or pneumococcal infection this antibody
response will be too late in helping to overcome the acute
infection. Within a matter of hours, the infected person
may either recover with no medical intervention, recover
because antibiotics are given promptly or die. Other
arms of the immune defence are of critical importance in



fighting an infection in the early stages. The interaction
of the macrophage with the T cell initiates the cytokine
response. Cytokines involved include tumour necrosis
factor (TNF), y-IFN and IL-1. Being distributed through-
out the body, cytokines coordinate the acute response to
infection and stimulate many organs (Figure 2.10).

In the hypothalamus cytokines elevate body tempera-
ture, manifesting as fever. Certain cells involved in the
immune response work more effectively at a higher tem-
perature and certain organisms, especially viruses, are
labile at these temperatures. Cytokines mobilize mature
and immature neutrophils from the bone marrow. The
phagocytic and killing ability of these cells is enhanced.
Changes occur locally in the vascular endothelium of the
capillary bed, and neutrophils are directed to leave the
blood to reach the site of infection, as occurs in bacterial
meningitis. When these vascular changes occur in an
uncontrolled manner throughout the body, for example
in gram-negative sepsis, hypotension and septic shock
arise. The acute phase proteins, discussed below, are
released from the liver.

The effects of prolonged cytokine stimulation, which
occurs in chronic infections such as tuberculosis (TB) or
bacterial endocarditis, are characterized by weight loss,
representing the outcome of the cytokine-stimulated cat-
abolic process. A low serum albumin is another marker of
this catabolism.

MARKERS OF THE CYTOKINE RESPONSE

The acutely ill septic patient can have a high tempera-
ture (e.g. 40°C), low blood pressure (e.g. 60/40 mmHg)
and laboratory blood tests showing a raised white cell
count (WCC), with a neutrophilia in the WCC differen-
tial. The clinical parameters and laboratory tests are
used to monitor the response of a patient to medical
intervention and are an essential adjunct to manage-
ment of these patients on the ICU. The longer the acutely
unwell patient has a high fever and low blood pressure
(septic shock) in the setting of maximum cardiac and
ventilatory support, the less likely the outcome will be
favourable.

Markers such as temperature, C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR) are useful
in monitoring the effect of treating chronic infections
such as endocarditis. The raised ESR is due to the fact
that fibrinogen is released from the liver as an acute
phase protein. Fibrinogen causes red blood cells (RBCs)
to stick to each other, with a faster sedimentation rate.
Resolution of a fever after several days of appropriate
antibiotics followed by the progressive return of the CRP
and ESR to normality are reassuring, and mean that the
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antibiotic regime instituted is likely to be effective in
eliminating the infection from the infected heart valve.
Some of the parameters commonly used in the manage-
ment of the infected patient are shown in Figure 2.11.
Nowadays ESR is less frequently used as an inflamma-
tory marker.

ACUTE PHASE PROTEINS

The liver produces the acute phase proteins, which are
released under the influence of cytokines, and IL-6 in
particular. Important acute phase proteins are CRP, man-
nose-binding lectin (MBL) and endotoxin binding protein.
Mannose is a constituent of the cell wall of gram-positive
and gram-negative bacteria. MBL binds to the mannose
residues and as phagocytic cells have receptors for this
bound MBL, the bacteria are more readily taken up; this is
termed opsonization (Figure 2.12).

COMPLEMENT

Complement is a group of proteins produced by the liver
and cells such as monocytes and macrophages. When IgG
antibodies bind to an antigen, such as that on the surface
of a virus-infected cell, the classic complement cascade
is activated. In a specific sequence, complement proteins
are cleaved and components of proteins 5-9 form a ‘mem-
brane attack complex’ that inserts into the cytoplasmic
membrane of the infected cell (Figure 2.13). The channels
produced by these complexes puncture the cell, which
dies, undergoing apoptosis, thus aborting the replication
of the virus.

In the acute stages of infection before any antibodies
are present, the alternative complement pathway can
also be activated. Here bacterial cell wall structures can
bind component C3, which is cleaved to C3b and C3a, and
subsequently C5 is cleaved into C5b and C5a. Bound C3b
acts as an opsonin, as phagocytic cells have receptors for
C3b (Figure 2.14). The C5a produced acts as a chemoat-
tractant, recruiting neutrophils to the site of infection
(Figure 2.15).

Lipopolysaccharide of the outer membrane of
gram-negative bacteria can also activate the alternative
pathway; the ‘membrane attack complex’ that is formed
results in the release of endotoxin.

Opsonins such as MBL, C3b and specific antibodies
enhance phagocytosis, as phagocytes have receptors
for these components when they are bound to bacteria
(Figure 2.16). Cytokine stimulation of macrophages by
the T-CD4 cell enhances the expression of the cell surface
receptors for C3b and the Fc portion of IgG, increasing the
phagocytic properties of these cells.
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Figure 2.10 The reaction between the macrophage and T cell initiates the cytokine response. This stimulates the acute
response of many organ systems. Chronic stimulation of the cytokine response also has an effect on the body. (y-IFN:
gamma interferon; IL: interleukin; TNF: tumour necrosis factor.)
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Figure 2.11 Some of the clinical and
laboratory markers of the inflammatory
response, with normal values and

examples of those found in acute and
chronic infection. (CRP: C-reactive protein;

Normal Acute infection Chronic infection
Temperature ﬂ 37°C 40°C 37.8°C
Blood pressure 120/80 mmHg 60/40 mmHg 120/80 mmHg
wcc H 4-11x10°/L 26.4 x 10°/L 12.4x 10°/L
Differential count
(% neutrophils) H 70 9> 70
CRP i <10 mg/L 160 mg/L 160 mg/L
ESR i <20 mm/hour 120 mm/hour 120 mm/hour
Albumin i 34-48 g/L 324g/L 25g/L

l Cytokines (especially IL-6) stimulate the liver

Release of acute phase proteins (CRP, MBL)

Phagocytosis is enhanced

PATHOGENIC PROPERTIES OF BACTERIA

Perhaps the most remarkable feature of bacteria
is the diversity of their pathogenic characteristics.
Staphylococcus aureus has an impressive array of weap-
onry, which includes cell wall proteins, extracellular
enzymes and toxins. Some of the pathogenic features of
bacteria are shown in Figure 2.17, and are discussed in
more detail below.

STRUCTURAL FEATURES
A number of important bacteria have an extracel-
lular capsule, which is central to their ability to

ESR: erythrocyte sedimentation rate;
WCC: white cell count.)

Figure 2.12 Cytokines such as IL-6 stimulate the
liver to release the acute phase proteins. Here
mannose binding lectin (MBL) coats the surface
of the bacteria, which are then more easily
phagocytosed.

survive within the host. Capsules have antiphagocytic
properties (Figure 2.18). If thousands of unencapsu-
lated pneumococci are injected into the peritoneum of
a mouse they will have no effect, as the bacteria are
rapidly phagocytosed and killed. When a few encapsu-
lated bacteria are injected into the same site they resist
phagocytosis, reproduce, overwhelm defences and kill
the host.

Staphylococcus aureus is able to resist phagocytosis
by a specific protein termed protein A. This protein,
anchored in the cell membrane, extends through the cell
wall to the outside of the cell. The terminal part of the
protein is able to bind the Fc portion of IgG antibodies.
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Figure 2.15 Complement component C5a is a powerful
chemoattractant and attracts neutrophils and macrophages
to the site of infection.
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By coating itself with antibodies in this manner, the
organism is protected from the phagocytic actions of the
host (Figure 2.19).
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form a water soluble passage

which gives rise to cell death

Figure 2.13 When antibodies
bind to a cell membrane
protein, the classic
complement cascade is
initiated. The resulting
channel allows contents to
leak out and the cell dies.

CSa

Figure 2.14 Bacterial cell wall
components can stimulate the
complement cascade via the
alternative pathway. C3 is split into
C3a and C3b, the latter protein then
cleaves C5. Bound C3b is an opsonin
and enhances the phagocytosis of
bacteria.

It is recognized that many bacteria grow in biofilms
adherent to an inert or living surface. CNS of the skin
form biofilms on and in long-term CVCs, multiplying in
the extracellular material produced by the organism,
and seed the blood from there (Figure 2.20). It is difficult
to eradicate these bacteria, as penetration of antibiotics
into biofilm is generally poor. The patient with persistent
fever, positive central line and peripheral blood cultures,
despite being given appropriate antibiotics, needs to have
the central line removed. The formation of biofilms by
members of the commensal skin flora is of major impor-
tance in infections of implantable cardiac electronic
devices (ICED) and prosthetic joint replacements.

ADHESION

An important step for many bacteria in establishing a
nidus of infection is the ability to adhere to a surface.
In urinary tract infections, organisms such as uropatho-
genic Escherichia coli bind to specific receptors on the
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Figure 2.16 Phagocytic cells have surface receptors for mannose-binding lectin, C3b, and the Fc portion of IgG antibodies
bound to an antigen. The binding of the opsonin to these receptors enhances phagocytosis. (MBL: mannose-binding lectin.)

The capsules of organisms such as Neisseria meningitidis, @®
Haemophilus influenzae and Streptococcus pneumoniae ® <=
prevent phagocytosis by macrophages. Purified capsular material can
thus be used as the basis of vaccines for these species

Many bacteria such as the 3-haemolytic
streptococci secrete haemolysins and
cytolysins which damage the cell membranes
of many cells, including phagocytes

EXOTOXINS of organisms such as

Vibrio cholerae &=

and Corynebacterium diphtheriae /-—-

are secreted outside the bacterium where they
cause disease by binding to specific host cells

Protein A of Staphylococcus aureus s

binds to the Fc p.ortion of IgG antibodies Lipopolysaccharide of the outer membrane of gram-negative organisms
anc! thus has anticomplementary and o, is referred to as ENDOTOXIN. It can trigger macrophage-T cell
antiphagocytic activity interaction and lead to septic shock

Figure 2.17 Diagram summarizing some important pathogenic properties of bacteria.

ﬁf
- I - %y*
223

Unencapsulated Streptococcus
pneumoniae easily phagocytosed
by a macrophage

Cell wall

Cytoplasmic membrane

Protein A binds Fc part of
1gG antibodies

Encapsulated Streptococcus
pneumoniae phagocytosed with
difficulty, survivors divide and
increase in number

1gG bound in this manner
enhances antiphagocytic
and anticomplementary
state of the bacterium

Figure 2.18 While unencapsulated pneumococci are easily
phagocytosed by a macrophage, encapsulated organisms
can resist phagocytosis and are able to multiply; they Figure 2.19 Protein A of Staphylococcus aureus can bind
then overwhelm the local defences. the Fc portion of IgG antibodies.
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Long-term central venous
catheter colonized by
slime producing
coagulase-negative
staphylococcus

Bacteria regularly enter
the blood to produce a
bacteraemia

-« ¥

Figure 2.20 Organisms such as the coagulase-negative
staphylococci can colonize foreign bodies such as central
venous catheters. They exist here surrounded by an
extracellular biofilm.

bladder epithelial cell using adhesins (Figures 2.21a,b).
Adherent bacteria in the bladder have an advantage over
non-adherent bacteria.

SECRETED PROTEINS

The secretion of extracellular proteins is a significant
pathogenic feature of bacteria. Staphylococcus aureus
secretes the enzyme hyaluronidase. A scratch of the skin
may allow resident organisms to enter into the super-
ficial layer of the skin. Hyaluronidase breaks down the
hyaluronic acid matrix between the cells, allowing the
bacteria to penetrate into deeper layers of the skin
(Figure 2.22). The Panton Valentine leucocidin (PVL) is
a secreted protein produced by PVL-positive strains of
Staphylococcus aureus. This protein inserts into the cell
membrane of cells such as neutrophils, and results in
leakage of cell contents that the bacterium can use for its
own reproduction. The function of neutrophils is compro-
mised and uncontrolled release of toxic neutrophil con-
tents exacerbates the necrotic process.

Bacteria including the B-haemolytic streptococci pro-
duce extracellular proteins termed haemolysins. These
proteins are able to disrupt host cell membranes by enzy-
matic or detergent action, resulting in cell death by lysis
(Figure 2.23). This haemolytic activity is demonstrated in
the laboratory by the lysis (clearing) around colonies of
bacteria when they are grown on blood agar. Important to
the organism is the ability of the haemolysin to disrupt the
cytoplasmic membrane of phagocytes, thus compromising
the action of these cells. Listeria monocytogenes is a small
gram-positive bacillus that can cause invasive disease.

(a) Cytoplasm

Cytoplasmic membrane

Cell wall

Adhesin

Host cell
Receptor on
l host cell membrane

(b)

ﬁﬂgl%e = émie ==
Figure 2.21 (a) Many bacteria adhere to the surface of
cells by specific adhesins. (b) Adherent bacteria have an

advantage over non-adherent bacteria in a place such as
the bladder, as they are not washed out at micturition.
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Figure 2.22 In connective
tissue, the production

of hyaluronidase by
Staphylococcus aureus
allows the organism to
spread through the tissue.
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Compromise of lipid bilayer
integrity and therefore
function

Lipid bilayer of host cell
cytoplasmic membrane or
intracellular phagosome

Figure 2.23 Bacterial cytolysins such as the 3-haemolysin
of the streptococci can degrade host cell membranes by
acting as enzymes or detergents.



This organism produces a haemolysin, which degrades
the membrane of the phagosome. When phagocytosed,
Listeria monocytogenes is able to escape into the cyto-
plasm where it cannot be destroyed (Figure 2.24).

Once in the cytoplasm, Listeria monocytogenes manip-
ulates polymerization of cellular actin for its own benefit
to propel itself to the plasma membrane of the infected
cell. Here it produces pseudopod-like projections that are
recognized by cells such as macrophages, which it then
enters. In this way the organism not only bypasses the
intracellular killing machinery, but then spreads to other
cells without being recognized by antibodies, comple-
ment or neutrophils.

Many bacteria secrete proteinaceous exotoxins, which
usually consist of an A and B component. The A compo-
nent is the active part of the toxin, while the B component
is responsible for the binding of the toxin to specific recep-
tors on the cell’s surface (Figure 2.25). Vibrio cholerae is an
important cause of diarrhoea in lower-income parts of the
world. The organism is spread via the faecal-oral route
through contaminated water. The exotoxin produced by
Vibrio cholerae binds via component B to receptors on the
surface of enterocytes of the bowel. Internalization of the
A component results in increased cyclic adenosine mono-
phosphate (cAMP) levels in the cell, which gives rise to
water and salt loss; a profuse watery and life-threatening
diarrhoea results. Botulism is another exotoxin-mediated
disease. Clostridium botulinum produces spores that can
survive cooking. If contaminated food is stored for a long
period, spores germinate and the vegetative bacteria
secrete the neurotoxin responsible for the clinical mani-
festation of botulism. Both the A and B proteins produced
by Clostridium difficile are toxins.

ENDOTOXIN

Bacteria such as Escherichia coli and Neisseria meningitidis
can initiate endotoxic shock. Within the outer membrane
of gram-negative bacteria is the lipopolysaccharide

Listeria monocytogenes
phagocytosed by
macrophage

Listeria monocytogenes
produces a cytolysin which
disrupts the phagosome
membrane

The bacterium thus escapes
into the cytoplasmic fluid,
evading the killing activity
of the phagolysosome

Figure 2.24 Listeria monocytogenes produces a cytolysin
that enables the organism to escape from the phagosome
into the cytoplasm of the macrophage.
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Vibrio cholerae toxin

Ganglioside receptor

on a bowel enterocyte Diarrhoea

e
861884

@ Loss of Na*, H,0,
K*, HCO,~

O~r 2

Increased adenyl cyclase activity === |ncreased cAMP

Figure 2.25 The toxin produced by Vibrio cholerae binds
to specific receptors on the surface of the enterocyte

by its B component. The internalized A component
increases adenyl cyclase activity. (CAMP: cyclic adenosine
monophosphate.)

endotoxin, which can activate the alternative complement
pathway (Figure 2.26a). The resulting ‘membrane attack
complex’releases endotoxin, whichisbound by endotoxin-
binding protein, an acute phase protein released from
the liver. This complex is then taken up by macrophages.
When large numbers of macrophages are activated in this
manner, uncontrolled release of cytokines gives rise to
endotoxic or septic shock (Figure 2.26b).

SUPERANTIGENS

Under normal circumstances when an APC and T cell
interact, relatively few cells are involved. Toxic shock
syndrome (TSS) is caused by toxins such as the pyrogenic
toxin of Streptococcus pyogenes and the enterotoxins of
Staphylococcus aureus. These proteins act as superanti-
gens, which cause macrophages and T cells to interact in
a non-specific manner (Figure 2.27). This results in mas-
sive cytokine release, which gives rise to TSS, with fever,
hypotension and multi-organ failure.

IMMUNE-MEDIATED DISEASES

Rheumatic heart disease is relatively uncommon in
higher-income parts of the world but is still important
in lower-income countries. The responsible organism is a
group A streptococcus, Streptococcus pyogenes. Recurrent
untreated pharyngitis results in activation of an immune
response to the organism.
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(a) M
&&HJ&&HOO&@.MP& /fﬁ
Intact outer membrane of a Cell damage Release of lipopolysaccharide
gram-negative bacterium due to death (endotoxin)
or action of
antibiotics or
complement
(b) VIFN |4 Figure 2.26 (a) Damage to the outer
membrane of gram-negative bacteria
E E E / . . results in release of lipopolysaccharide
E E. —_— —_— ?;"S‘Z';:: —_— :ss?kc (endotoxin). (b) Endotoxin/endotoxin
E E binding protein complex (E) binds to

Endotoxin bound Macrophage Stimulated
to endotoxin macrophage
binding protein
Macrophage

MHC class Il protein

Superantigen

CD4 molecule

T cell receptor

T cell

CD3 molecular
complex

The antibodies produced to the cell wall M protein of
the streptococcus cross-react with antigenic determinants
on the vascular endothelium of the host. The heart valves
are the most important anatomical sites affected, as the
high flow rate and turbulence around the valves means
the complement deposition and the resulting inflam-
matory response is likely to cause structural damage to
the valve. The healing process results in a thickened and

macrophages, producing an uncontrolled
cytokine response with endotoxic or
septic shock.

Figure 2.27 Superantigens such as pyrogenic toxin
bypass the standard antigen presentation mechanism
and uncontrolled cytokine release results in toxic shock
syndrome (TSS).

abnormal valve (Figure 2.28). Any subsequent damage
to the endothelium by turbulence will result in the depo-
sition of platelets and fibrin. Oral streptococci such as
Streptococcus salivarius entering the blood following, for
example, manipulation of the teeth by dentistry, may set-
tle in these deposits and initiate the process of infective
endocarditis.
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Patient with pharyngitis due
to group A streptococcus

Antibody response against g

specific antigenic determinant
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%% % Antibodies cross-react with same antigenic

determinant found in heart tissue. Antibody
binding promotes complement deposition
and the inflammatory response

Healing following the inflammatory
response results in thickened
and deformed heart valve
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Figure 2.28 Antibodies to the M protein of Streptococcus pyogenes cross-react with antigenic determinants of the host. By
binding to the endothelium of the heart valves these antibodies initiate an inflammatory response. The resulting healing

with fibrosis leads to abnormal valves.
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Chapter 3

Epidemiology and Assessment

INTRODUCTION

The bacteria introduced in Chapter 2 were categorized as endogenous, colonizers or exogenous, in order to classify them
on the basis of their likely source. The list below is expanded here to include a number of viruses, fungi and parasites to
broaden this theme. They are shown alphabetically, and then in their major groups.

Aspergillus fumigatus
Bacteroides fragilis
Candida albicans
Campylobacter jejuni
Clostridium difficile
Cytomegalovirus
Enterococcus faecalis
Epstein-Barr virus
Escherichia coli
Hepatitis B virus

Hepatitis C virus

Herpes simplex virus

Human immunodeficiency virus
Influenza virus

Klebsiella pneumoniae
Legionella pneumophila
Mycobacterium tuberculosis
Neisseria meningitidis
Norovirus

Pasteurella multocida

Plasmodium falciparum
Respiratory syncytial virus
Salmonella Typhi
Schistosoma haematobium
Staphylococcus aureus
Staphylococcus epidermidis
Streptococcus pneumoniae
Streptococcus pyogenes
Varicella zoster virus

Wucheria bancrofti

Plasmodium falciparum
Schistosoma haematobium
Wucheria bancrofti

Aspergillus fumigatus
Candida albicans

The following colour code key
is used throughout the book:
Gram-positive bacteria
Gram-negative bacteria
Mycobacteria
DNA viruses,
RNA viruses
Parasites
Fungi

Cytomegalovirus (CMV)
Epstein-Barr virus (EBV)
Hepatitis B virus (HBV)
Hepatitis C virus (HCV)
Herpes simplex virus (HSV)
HIV

Influenza virus

Norovirus

Respiratory syncytial virus
Varicella zoster virus (VZV)

Bacteroides fragilis
Campylobacter jejuni
Clostridium difficile
Enterococcus faecalis
Escherichia coli

Klebsiella pneumoniae
Legionella pneumophila
Mycobacterium tuberculosis
Neisseria meningitidis
Pasteurella multocida

Salmonella Typhi
Staphylococcus aureus
Staphylococcus epidermidis
Streptococcus pneumoniae
Streptococcus pyogenes
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Based on the characteristics of an organism, its
pathogenic properties, usual site of residence (source)
and mode of transmission, several questions can be asked
in the clinical assessment of the patient. These are:

e What is/are the likely organism(s) causing the
infection?

e Isthere an identifiable source in the patient?

® Has the organism gone to other sites in the patient’s
body?

® What other conditions in the patient need to be
considered (e.g. chronic obstructive pulmonary dis-
ease [COPD], injecting drug user [IDU], immunosup-
pression, no spleen)?

® Have all the necessary steps been taken to make a
microbiological diagnosis?

® Has the appropriate anti-infective treatment been
given?

® Have all the relevant infection control and public
health issues been identified?

In wider terms, the following are also part of the
assessment:

e If the organism is exogenous, was it acquired by
person-to-person spread?

o If the organism is exogenous and acquired from the
environment what is the source (food, water, air, ani-
mal [a zoonosis])?

e If there is a source, who else is at risk?

o Ifthereis an identifiable risk in the population or the
environment, how can it be controlled?

e Is this a vector-borne organism? If so, what is the
nature of the cycle between the human, vector and
any other another animal host?

EPIDEMIOLOGY

In its broadest sense, an appreciation of the epidemiology of
organisms and the diseases they cause is an important back-
drop to making the diagnosis. This is examined here using
examples of world-wide, regional and local information.

WORLD-WIDE

The distribution of malaria is directly related to where
the Anophyles mosquito lives, and exposure of the human
population to infected blood-feeding female mosqui-
toes (Figure 3.1). There are many other arthropod-borne
diseases that rely on this vector-human interaction,
including the mosquito-borne dengue, West Nile and
Zika viruses. For South American and African trypano-
somiasis, the vector is the reduvid bug and the tsetse fly
respectively. In the UK, Lyme disease, caused by Borrelia
burgdorferi, is transmitted by the Ixodes tick, as part of a
zoonosis with deer; there are several thousand cases in
humans each year. The distribution of these arthropod
vectors is not static, as climate change, human conflict,
migration and incompetent government can affect their
distribution. If authorities do not provide a safe, reliable
water supply in urban areas, residents will use other
means to store water, which is ideal for mosquitoes to
breed in.

In addition to having an appreciation of the general
epidemiology of diseases and their vectors, it is important
to consider the likelihood that an individual has come in
contact with the organism or the vector. The prevalence
of schistosomiasis in Africa by predicative distribution at
local level to 5 x 5 km spatial resolution and by country

[ Countries or areas where malaria transmission occurs

I Countries or areas with limited risk of malaria transmission

Figure 3.1 The World Health Organization’s (WHO) countries and areas at risk of malaria transmission (2011). (Reproduced
with permission from the WHO Program: Information for Travellers.)
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Figure 3.2 Predicted prevalence of schistosomiasis in the WHO Africa region. (a) Based on the median of the posterior
predictive distribution at pixel level (5 x 5 km spatial resolution); (b) based on population adjusted estimation at country
level for school-aged children (5-14 years old) from 2000 onwards. (Reproduced with permission, Xu J et al. [2016]
Enhanced collaboration between China and African countries for schistosomiasis control. Lancet Infectious Diseases

16(3):376-83))

is shown in Figure 3.2. The point prevalence informa-
tion at local level is more useful than the country data
in determining the likelihood of exposure to the para-
site. Mozambique at country level has a prevalence of
>50%, but there are parts where the prevalence is in fact
<10%. Similar conclusions can be drawn for the distribu-
tion in neighbouring South Africa. The high prevalence
areas shown in Figure 3.2a reflect the environmental and
human factors that enable the parasite to circulate con-
tinually through the definitive human and intermediate
snail host. Areas where there is intensive farming, with
irrigation from dams and rivers, are ideal for this parasite.
When considering a specific organism and its geographical
distribution, the likelihood of exposure needs to be deter-
mined too. Even in high prevalence areas, if the individual
has not come in contact with a natural water source, they
will not acquire the schistosome parasite.

REGIONAL
NHS laboratories in the UK are required each week to
submit the numbers of key organisms identified, which
are collated by the Regional Epidemiologist of Public
Health England (PHE). This provides useful information
concerning trends in individual organisms over time. It
should be appreciated that the numbers recorded do not
reflect the total cases, but only those patients who sub-
mitted a specimen for examination, and in which the
organism was identified.

Several examples are shown in Figure 3.3 for
2015-2016. Gastrointestinal illness, based on the num-
ber of weekly consultations in general practice over

a year, are reasonably constant, as are the number of
cases of laboratory-confirmed Campylobacter infection.
Norovirus shows a peak in late winter/early spring,
generally reflecting the usual period of activity of this
virus, although exceptions to this do occur (Figure 3.3a).
It is estimated that for every case of laboratory identi-
fied Campylobacter, there are ten other affected individ-
uals. This means that every week in the West Midlands
there are about 1000 cases of campylobacter infection.
The source of this organism is its natural colonization
of the intestines of chickens, and contamination of fresh
chicken meat during processing. There is an ongoing pub-
lic health message relating to the preparation, cooking
and consumption of chicken.

The reported numbers of norovirus appear
unimpressive. However, most positive results reflect the
initial diagnosis of infection on a hospital ward or nurs-
ing home in the first (index) case(s). Outbreaks in these
institutions usually reflect activity in the community.
For every case of laboratory-confirmed norovirus, it is
generally accepted that there are 1500 others, so that in
a week with 40 laboratory diagnosed cases, there are an
estimated 60,000 cases in the West Midlands that week.
The economic impact of Campylobacter and norovirus
infection in the community is considerable.

Viral respiratory infections have a distinct lull in
activity in the summer months, based on the number of
consultations for influenza-like illness, and the higher
rates of consultation in the winter periods reflect the
activity of these viruses, and of respiratory syncytial
virus (RSV) and influenza in particular (Figure 3.3b).
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Figure 3.3 Surveillance data for selected infections and organisms in the West Midlands region 2015-2016 based on
weekly data collated by the Regional Epidemiologist, Public Health England. (a) Gastroenteritis incidence rate in primary
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care, with numbers of Campylobacter and norovirus infections; (b) influenza-like illness incidence rate in primary care, with
numbers of influenza A and B virus and respiratory syncytial virus infections. (Modified with the permission of the Office of
the Regional Epidemiologist for Public Health England, West Midlands, UK.)
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The RSV season usually precedes that of influenza, and
influenza B becomes dominant over influenza A later in
the influenza virus season. All respiratory viruses will be
maintained by a low level of activity in the human popu-
lation at other times of the year.

The increase in viral respiratory tract infections
over winter reflects changes in the atmosphere and
increased crowding in warmed spaces, which enhances
transmission both in the family and in social, work and
institutional settings. The influenza season is reason-
ably predictable, and for this reason persons in at-risk
groups and health care professionals (HCPs) need to
vaccinated.

LOCAL

Following a patient’s admission to hospital, the reason(s)
for admission are coded and recorded. A summary of
information for a whole year of adult patients admitted
to a large hospital in the West Midlands shows the age
and sex distribution (Figure 3.4). Not surprisingly, the

(a) Female
30+
254
20
15+

10
‘an 1 l
Ll

50s 60s 70s 80s 90s

20s 30s 40s

majority are over the age of 60 years, reflecting the gen-
eral effect of disease on the older population. When this
information is grouped according to broad categories of
disease, infection accounts for six out of the top 20. Lower
respiratory tract infections (LRTI) are top in both sexes,
while urinary tract infections (UTI) are second in females
and fourth in males (Figure 3.5). This information is
important in the appreciation of clinical microbiology, as
it provides a background knowledge of local epidemiol-
ogy, which should be used to consider which organism(s)
is the culprit, what the diagnostic and treatment options
are, and what infection control and public health alerts
need to be acted upon from the outset. Some examples of
signs and symptoms and more common organisms are
summarized in Figure 3.6. This goes back to the theme
introduced in Chapter 2.

This local knowledge should be combined with a
background appreciation of regional and national
information, as well as that of the wider world. While
‘common infections are commonest’, it is the background

(b) Male
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Figure 3.4 The age distribution as a percentage of (a) female and (b) male patients, in decades, admitted to a large

teaching hospital over 1 year.
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Figure 3.5 The ‘top 20’ reasons for admission for the cohort of female and male patients in Figure 3.4, with the six
infection categories highlighted in red. (ARF: acute renal failure; Aspi: aspiration pneumonia; Gastro: gastroenteritis;

PE: pulmonary embolus.)



Meningitis: headache,
vomiting, neck stiffness,
photophobia

Pneumonia: cough,
chest pain, consolidation

Endocarditis:: new
murmur, embolic event,
(NB prosthetic valve)

Abdominal sepsis:
tenderness, pain,

L bowel sounds, diarrhoea
I\ J

UTI: dysuria, frequency,
renal angle tenderness

Diarrhoea: frequency,
consistency, mucus, blood

Cellulitis, infected venous
ulcer, wound: pain, erythema,
dusky skin, blistering
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s M
Streptococcus pneumoniae,
Neisseria meningitidis,
(Listeria monocytogenes), HSV2
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Streptococcus pneumoniae,
Klebsiella pneumoniae,
Legionella pneumophila,
influenza, parainfluenza,
metapneumovirus, RSV
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MSSA, MRSA, a.-streptococci,
enterococci (PVE: CNS)
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a-streptococci, ‘coliforms’,
anaerobes, enterococci
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Escherichia coli, Klebsiella
pneumoniae. (CSU:
Pseudomonas aeruginosa,
MSSA, MRSA, Enterococcus.)
I\ J
s N

Salmonella, Shigella, E coli 0157,
Campylobacter, Clostridium

difficile, Giardia, Entamoeba
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s B
MSSA, MRSA, Streptococcus
pyogenes (group A
streptococcus)
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Figure 3.6 Some examples of signs and symptoms of common infections, and the more likely organisms that need to be

considered.

knowledge that alerts one to the exception at the earliest
opportunity.

THE INCUBATION PERIOD

Following infection with an organism, there is an
incubation period, usually of days, until the symptoms
and signs of that disease manifest. Some examples are
shown in Figure 3.7. Plasmodium falciparum malaria
has an incubation period of 8-30 days, but that for
Plasmodium vivax and Plasmodium ovale can be months
or years, with the liver hypnozoite remaining dormant
for long periods.

Many infections can be asymptomatic, including
hepatitis A, B and C (HAV, HBV, HCV), and this is especially
so in children; in the case of HBV and HCV these may only
be revealed as asymptomatic chronic infection in later
years.

THE HIV TEST

Human immunodeficiency virus (HIV) infection is now
diagnosed in a wide age range of patients, including those
in their 70s and 80s. There should be a low threshold for
discussing the test with the patient. This can include the
previously well older adult with a first episode of lobar
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CMV: 20-60 days to headache, fever, chills, pharyngitis, malaise, myalgia

EBV: 20-50 days to headache, fever, chills, pharyngitis, malaise, myalgia, lymphadenopathy

HAV: 20-60 days to nausea, malaise, RUQ tenderness, dark urine, jaundice
[ HCV: 60-90 days to nausea, malaise, RUQ tenderness, dark urine, jaundice
I HBV: 60-90 days to nausea, malaise, RUQ tenderness, dark urine, jaundice

HIV: 14-28 days to symptoms of fever, sweats, pharyngitis, malaise, lethargy, lymphadenopathy
[ ] Influenza virus: 1-2 days to fever, chills, headache, malaise, myalgia
Legionella: 2-10 days to fever, headache, myalgia, asthenia, diarrhoea, dry cough
Leptospirosis: 5-14 days to fever, headache, chills, rigors, myalgia, conjunctivitis
Malaria (Plasmodium falciparum): 8-30 days to chills, rigors, fever, headache, nausea, vomiting, diarrhoea
Measles: 7-18 days to fever, malaise, coryza, conjunctivitis cough, then 2-4 days to rash
Mumps: 14-25 days to fever, headache, malaise, myalgia, then (usually) bilateral parotitis
Mpycobacterium tuberculosis: 14-70 days, then fever, night sweats, cough or +Mantoux skin test

[ | Rubella: 14-21 days to low grade fever, malaise, coryza, mild conjunctivitis, then rash 1-2 days later

|| Salmonella Enteritidis gastroenteritis: 18 hours to 3 days, then diarrhoea with/without vomiting
Salmonella Typhi (typhoid fever): 7-14 days to enteric fever with fever, malaise, abdominal discomfort
Schistosoma spp: 21-84 days to fever, chills, headache, myalgia, urticaria (Katayama fever)

VZV: 8-20 days to fever, malaise, then vesicular rash developing from 2 days later

[ [ [ [
25 50 75 100

Days

Figure 3.7 The range of incubation period in days (bar) to the onset of symptoms of a number of bacterial, viral and
parasitic infections. If the patient with Plasmodium falciparum infection is only partially treated, recrudescence can occur

weeks later.

pneumonia. UTIs are uncommon in young men, and a
first episode may reveal a previously silent anatomical
defect. There is also an increased risk of UTI in the set-
ting of men-who-have-sex-with-men (MSM), and here,
an HIV test should be discussed with the patient. Fever,
headache, sore throat, malaise and lymphadenopathy
are features of an infectious 