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Preface

The pace of change in microbiology has accelerated in recent years as molecular techniques, applied to microbial
pathogens, elucidate the pathogenesis of many infectious diseases and improve the reliability of diagnostic test
procedures. Today, microbiology occupies a central position in the veterinary curriculum and has developed
into a subject of vast complexity. Since the publication of Veterinary Microbiology and Microbial Disease in 2002,
many changes have occurred in veterinary microbiology, some on the recommendations of international com-
mittees and others as a consequence of relevant research.

The second edition of our book incorporates changes in individual chapters which have been updated and
expanded. In addition, new chapters on immunodeficiency diseases, vaccines and vaccination, molecular diag-
nostic methods, antibacterial resistance, antifungal chemotherapy, antiviral chemotherapy and microbial dis-
eases of the urinary tract, cardiovascular system, musculoskeletal system and the integumentary system have
been added.

This edition is divided into seven sections. The first section provides an introduction to microbiology, infec-
tion, immunity and molecular diagnostic methods. Section II contains chapters on introductory bacteriology.
Pathogenic bacteria are dealt with in Section III. The twelve chapters in Section IV are concerned with mycology.
Introductory virology is presented in Section V. Viruses and prions are covered in Section VI. The final section,
Section VII, includes chapters on the interactions of microbial pathogens with body systems. A separate chapter
in this section deals with bovine mastitis and the final chapter provides a comprehensive review of disinfection,
biosecurity and other aspects of disease control.

To facilitate readers requiring additional information on topics included in the book, a list of websites is pro-
vided at the end of Section VII.

The use of colour in this edition enhances the quality of the illustrations and facilitates the interpretation of
complex diagrams.

The authors would be pleased to receive notification of errors or inaccuracies in this edition of our book.
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Chapter 1

The earliest forms of life on this planet are presumed
to have had characteristics resembling those of bacte-
ria, most likely anaerobic bacteria. It is postulated that
prokaryotes evolved from primitive forms of life and
that the subsequent availability of oxygen resulting
from photosynthesis contributed to microbial diver-
sity. The chronological sequence of evolutionary
events relating to the emergence of microbial life and,
subsequently, eukaryotic cells is outlined in Fig. 1.1.
This proposed scheme is based on limited factual
information, some deriving from information gleaned
from fossilized remains of prokaryotic cells approxi-
mately 3.5 billion years old and also from studies of
ribosomal RNA among microorganisms.

Before the causes of infectious diseases could be
discussed and evaluated in a rational manner, events
associated with the emergence of life forms required
explanation. Traditional views on the origin of life
were strongly influenced by the writings of classical
Greek and Roman scholars, many of whom espoused
the view of spontaneous generation of small living
entities. Disease was often attributed to evil forces
associated with disturbances in the upper atmosphere,
poisonous vapours called miasmas, supernatural
events and other influences unrelated to biology.
Awareness of the possible existence of forms of life not
visible to the naked eye emerged slowly. As early as
1546, in his treatise De Contagione, Girolamo Fracastoro
suggested that animate agents were responsible for
disease. Concepts of infectious diseases were closely
related to the demonstration of organisms too small to
be observed without magnification and to the isola-
tion and characterization of these small organisms,
termed microorganisms. Major developments in
microbiology, the study of these microorganisms,
began with theories relating to the causes of infectious

Microbiology, microbial
pathogens and
infectious disease

diseases and continued with the development of
microscopy, which confirmed the existence of micro-
organisms visible only by substantial magnification.
Towards the middle of the nineteenth century, the pio-
neering work of Louis Pasteur and Robert Koch con-
firmed the microbial aetiology of infectious diseases.
Progressive developments contributed to the rapid
expansion of knowledge and the establishment of
microbiology as a subject of major importance not
only in human and animal health but also in food
processing and preservation.

Spontaneous generation as an explanation for the
emergence of life from decaying organic matter was a
commonly held view for many centuries. It was pos-
tulated that life began as a consequence of putrefaction
or some other associated change in organic matter. A
number of practical experiments aimed at testing this
concept were carried out, often with equivocal results.
Improved scientific methodology and the availability
of suitable instrumentation gradually challenged the
acceptance of spontaneous generation. The develop-
ment of the microscope around 1600 offered a means
of exploring minute living entities, and the amateur
Dutch scientist, Antonie van Leeuwenhoek, took a
keen interest in the examination of water, fluids and
organic material. In fluids he observed large numbers
of motile structures, not visible to the naked eye, which
he called ‘animalcules’. In 1675, van Leeuwenhoek
recorded the structures he observed, which were prob-
ably bacteria, yeasts and protozoa. However, van
Leeuwenhoek’s discovery of microorganisms did not
resolve the issue of spontaneous generation.

The occurrence of maggots on putrefying meat was
taken as evidence of spontaneous generation. The
Italian physician and naturalist Francesco Reddi
(1626-1697) carried out relevant experiments on this

Veterinary Microbiology and Microbial Disease, Second Edition. P.J. Quinn, B.K. Markey, F.C. Leonard, E.S. FitzPatrick, S. Fanning,

PJ. Hartigan.
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Formation of Earth,

estimated to be

4.6 billion years ago

4 billion years ago _—

3.5 billion years ago

2.5 billion years ago

1.5 billion years ago

0.5 billion years ago

Emergence of primitive
forms of life which had
no dependence on oxygen

Organisms resembling
primitive bacteria

Cyanobacteria and
related organisms

:’—{ Eukaryotic cells

:’_

Diverse forms of
early animal life

Present
Figure 1.1

Chronological sequence of biological events from the formation of Earth, relating to the evolution of different forms of microbial

life and, later, eukaryotic cells. Although supporting scientific evidence documenting the earliest forms of microbial life is not currently
available, data from microfossils confirm the existence of organisms resembling cyanobacteria approximately 3.5 billion years ago.

topic and demonstrated that maggots developed in
meat only when flies laid their eggs on it. In the
mid-eighteenth century, the English naturalist John
Needham investigated the effect of boiling broth on
the survival of microorganisms. He claimed to have
detected microorganisms in boiled broth several days
later. Needham’s experimental procedures were
shown subsequently to have been unreliable. In 1769,
Lazzaro Spallanzani repeated Needham’s experiments
and demonstrated that no organisms survived in
broth boiled for 1hour. Needham argued that air was
essential for all life and that Spallanzani had excluded
air from the flasks containing broth. As a defined
branch of science, microbiology could not advance
until the concept of spontaneous generation was dis-
proved. When the French chemist Louis Pasteur
(1822-1895) became involved in investigations relat-
ing to microbiology, his careful planning and intuitive
understanding of biology brought a new energy and
appropriate methodology which conclusively refuted
the prevailing theories of spontaneous generation.
Pasteur’s interest in spontaneous generation was
prompted by experiments which he had conducted on
spoilage during the fermentation of beet alcohol. He
showed that a contaminating yeast that produced
lactic acid during fermentation and which differed

morphologically from brewers” yeast was responsible
for the spoilage. He deduced that both alcoholic and
lactic fermentation resulted from the metabolism and
replication of the living yeast cells. The solution to the
spoilage problem during fermentation of wine and
beer products lay in heating the raw materials to about
120°F (49°C) in order to kill contaminating microor-
ganisms prior to the addition of the appropriate yeast
cells. This process, now known as pasteurization, is
widely used to reduce microbial contamination in
order to prolong the shelf-life of milk and some other
foods.

Pasteur effectively ended the controversy about
spontaneous generation through definitive confirma-
tion of Spallanzani’s experiments. Furthermore, he
demonstrated that contamination of nutrient broth
when exposed to air resulted from microorganisms in
dust particles settling on the fluid.

An important technical advance, which stemmed
from Pasteur’s fermentation studies, was the develop-
ment of a fluid medium suitable for culturing yeast
cells. He then developed other liquid media contain-
ing specific ingredients that favoured the growth of
particular pathogenic bacteria. It was this develop-
ment which eventually allowed him to formulate the
germ theory of disease. The germ theory formed the



basis for Pasteur’s experiments on vaccination against
fowl cholera, anthrax and rabies. An additional practi-
cal application of the theory was the introduction of
phenol as a disinfectant for surgical procedures by the
British surgeon Joseph Lister.

Together with Pasteur, the German physician Robert
Koch is considered to be a co-founder of modern
microbiology. Having observed bacilli in the blood of
animals that had died from anthrax, Koch demon-
strated their pathogenicity by injecting mice with the
blood. The injected mice died and the bacilli were
present in preparations from their swollen spleens. He
was also able to transfer the infection from mouse to
mouse and to demonstrate the bacilli in each newly
infected mouse. Initially, Koch used blood serum for
growing the anthrax bacillus in vitro. Later, he devel-
oped solid media which allowed isolation of individ-
ual bacterial colonies. Using a solid medium, he was
eventually able to isolate the tubercle bacillus from the
tissues of an experimental animal in which he had
demonstrated microscopically the presence of the
organism. As a result of these observations, Koch for-
mulated certain principles for proving that a specific
microorganism caused a particular disease (Box 1.1).
Pasteur’s germ theory of disease and Koch’s postu-
lates are the two cornerstones on which microbiology
is based and without which this branch of biology
could not have advanced.

By the end of the nineteenth century a number of
important infectious diseases had been confirmed as
bacterial in origin. Both Pasteur and Koch contributed
to the identification and confirmation of the causal
agent of anthrax. Pasteur demonstrated that fowl
cholera, malignant oedema and suppurative lesions
were each associated with a specific bacterial infec-
tion. The causative organisms of tuberculosis and
typhoid fever were recognized by Koch and his associ-
ates. Other bacterial agents responsible for serious
infectious diseases including glanders, gas gangrene,
diphtheria and dysentery were isolated by laboratory
scientists in Europe, North America and Japan.

The basic technical approaches, pioneered by
Pasteur and Koch, failed to shed light on the causes of

Box 1.1 Koch’s postulates

The pathogenic microorganism must be present in every
case of the disease but absent from healthy animals

The suspected microorganism must be isolated and grown
in pure culture

The same disease must occur when the isolated microor-
ganism is injected into healthy susceptible animals

The same microorganisms must be isolated again from the
injected animals which developed disease

Microbiology, microbial pathogens and infectious disease 5

such serious infectious diseases as rabies, smallpox,
foot-and-mouth disease and rinderpest. Despite the
absence of specific knowledge about the aetiology of
these diseases, successful vaccines were introduced
both for smallpox, by Edward Jenner in the late
eighteenth century, and for rabies, by Pasteur and his
associates in the latter half of the nineteenth century.
The development by Pasteur’s co-worker, Charles
Chamberland, of the porcelain filter to produce bacte-
riologically-sterile water for use in culture media,
eventually facilitated isolation of the filterable agents
which caused viral diseases. Remarkably, the tech-
nique was first used to elucidate the cause of a plant
viral disease, tobacco mosaic disease.

Dmitri Ivanovsky, a Russian scientist, reported in
1892 that it was possible to transmit tobacco mosaic
disease from diseased to healthy plants using fil-
tered leaf extract as inoculum. The filters used
by Ivanovsky were Chamberland porcelain filters
designed to remove bacteria from drinking water. In
1898, Martinus Beijerinck, unaware of the work of
Ivanovsky, also demonstrated the filterability of the
agent of tobacco mosaic disease. Moreover, he real-
ized that the disease could not be due to a toxin as
the filtered sap from infected plants could be used for
serial transmission of the disease without loss of
potency. In the same year, Loeffler and Frosch identi-
fied the first filterable agent from animals, the virus
of foot-and-mouth disease. Yellow fever virus, a filter-
able agent pathogenic for humans, was described by
Walter Reed and his team in 1901. Ellerman and Bang,
in 1908, demonstrated the oncogenic potential of a
filterable agent, the cause of avian leukosis. In 1915,
Frederick Twort observed that bacteria were suscep-
tible to a filterable agent, and two years later Felix
d’'Herelle made a similar observation. D’Herelle
named these viruses ‘bacteriophages’ and developed
a technique for establishing their concentration in
active preparations. Bacteriophages have proved to
be particularly useful in studies on viral replication
and bacterial genetics.

Initially, the only method available for recovering
large quantities of virus was through infecting suscep-
tible animals. In 1913 Steinhardt and his colleagues
succeeded in growing vaccinia virus in explants of
guinea-pig cornea embedded in clotted plasma. Some
20 years later, Furth and Sturmia used mice as a host
species for propagating viruses, while Woodruff and
Goodpasture were successful in propagating fowlpox
virus on the chorioallantoic membrane of embryo-
nated eggs. A major advance was made in the early
1950s with the development of single cell cultures.
Factors critical in this development included the avail-
ability of antibiotics to control bacterial contamina-
tion, and the use of trypsin to obtain cell suspensions

2
o
=
1%
1]
(")]




2
o
=
(%)
1]
v

6 Veterinary Microbiology and Microbial Disease

Microbiology —

— Bacteriology, study of bacteria

— Mycology, study of fungi

— Virology, study of viruses

— Study of unconventional infectious
agents, including prions

Figure 1.2 Subdivisions of microbiology, a subject which has areas of common interest with pathology, immunology, pharmacology,

medicine and therapeutics.

from embryonic or adult tissue. The separated cells
could then be grown as monolayers on glass surfaces.
Continuous cell lines, capable of multiplying indefi-
nitely, provided a reliable source of cells for virus
cultivation.

In 1887 Buist observed vaccinia virus using a light
microscope. However, because of the limited resolv-
ing power of this type of microscopy, the structure of
the virus was not discernible. In 1939 Kausche and his
co-workers employed the newly-developed electron
microscope and a metal shadowing technique to iden-
tify tobacco mosaic virus in purified preparations.
Ultrastructural studies of viruses were greatly
expanded and enhanced in the 1950s by the develop-
ment of negative staining and methods for cutting
ultrathin sections. X-ray diffraction methods have
been applied to viruses since the 1930s, when it was
discovered that simple viruses could be crystallized.
The first complete high-resolution structure of a crys-
talline virus, tomato bushy stunt virus, was obtained
by Harrison and his co-workers in 1978. Computer
analysis of the diffraction patterns obtained by such
studies has contributed to knowledge of the molecular
structure of viruses.

The crystallization of tobacco mosaic virus (TMV)
by Stanley in 1935 provided a boost to the analysis of
the chemical composition of viruses. In 1937 Bawden
and Pirie showed that TMV contained nucleic acid as
well as proteins, and helped to promote the idea that
viruses consisted of nucleic acid contained within a
protein coat. Having elucidated the structure of DNA
and observed the limited coding capacity of viral
nucleic acid, Watson and Crick in 1956 suggested that
viral nucleic acid was surrounded by a shell of identi-
cal protein subunits. In 1962 Lwoff and his colleagues
proposed a universal system on which the modern
classification of viruses is based. The method of clas-
sification proposed was based on the following crite-
ria: (1) the type of nucleic acid; (2) the symmetry of
the virus; (3) the presence or absence of an envelope;

(4) the diameter of the nucleocapsid (helical viruses)
or the number of capsomers (icosahedral viruses). The
discovery of the enzyme reverse transcriptase in 1970
by Temin and Baltimore helped to elucidate retrovirus
replication and provided an essential tool for produc-
ing complementary DNA (cDNA). This ushered in the
recombinant DNA revolution. The study of retrovi-
ruses has made a substantial contribution to the
advancement of basic research in neoplasia and the
role of oncogenes in the emergence of malignant
tumours.

During the past century, major developments have
taken place in microbiological concepts, techniques
and applications. Modern microbiology encompasses
the study of bacteria, fungi, viruses and other micro-
scopic and submicroscopic organisms (Fig. 1.2). In
veterinary microbiology, emphasis is placed on those
microorganisms associated with infectious diseases of
animals. Immunology, the study of host responses to
infectious agents, is a discipline closely related to
microbiology and is sometimes considered a distinct
but cognate subject.

Further reading

Dunlop, R.H. and Williams, D.J. (1996). Veterinary Medicine:
An Illustrated History. Mosby, St. Louis, Missouri.

Frankland, P. and Frankland, P. (1901). Pasteur. Cassell,
London.
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Concepts and Applications. McGraw-Hill, New York.
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Chapter 2

Living cells, the smallest units capable of independent
existence, can be divided into two sharply differenti-
ated groups, eukaryotes and prokaryotes. The main
differentiating features of eukaryotic and prokaryotic
cells are presented in Table 2.1. Eukaryotes possess
true nuclei which contain chromosomes, and individ-
ual cells replicate by mitosis. In addition, a typical
eukaryotic cell contains organelles such as mitochon-
dria, a Golgi apparatus, lysosomes and relatively large
ribosomes. Organisms in the domains Archaea and
Bacteria, which are less complex than eukaryotic
organisms, are prokaryotes which lack true membrane-
bound nuclei. Their genetic information is contained
in a single circular chromosome. In some prokaryotic
cells such as bacteria, extrachromosomal DNA in the
form of plasmids encodes for certain characteristics of
the organism. Although the origin of life is a much
debated subject, it is probable that primitive microor-
ganisms originated from ancestral life forms several
billion years ago. The degree of relatedness among
microorganisms can be assessed by comparison of
their ribosomal ribonucleic acid (rRNA). There is some
evidence that all organisms developed from a group
of primitive cells rather than from a single organism
(Doolittle, 1999). Prokaryotes are considered as one
branch of the phylogenetic tree and eukaryotes as the
second branch (Fig. 2.1). Lateral as well as horizontal
transfer of genetic material probably occurred in the
course of evolutionary development, with some bacte-
rial genes incorporated into members of the Archaea
and perhaps with some prokaryotic genes incorpo-
rated into eukaryotes. This lateral gene transfer may

Subdivisions, classification and
morphological characterization
of infectious agents

explain how complex eukaryotic cells acquired some
of their genes and organelles. The endosymbiosis
hypothesis proposes that at some stage in their early
development, eukaryotic cells became primitive
phagocytes and acquired particular bacterial cell types
which enhanced their respiratory activity (de Duve,
1996). It is proposed that the engulfed bacteria pro-
vided extra energy through this enhanced respiration
to the host cell and eventually evolved into mitochon-
dria. A similar phenomenon may account for the
development of chloroplasts in plant cells. The cyto-
plasmic membrane is the site of respiratory or photo-
synthetic energy generation in prokaryotes, unlike
eukaryotes in which these activities occur in the mem-
branes of mitochondria and chloroplasts.

Microscopical techniques

A number of different microscopical methods are
employed for examining microorganisms. These
include bright-field, dark-field, phase-contrast and
electron microscopy. Table 2.2 summarizes common
techniques employed for the examination of microor-
ganisms and the particular types of microorganisms
for which the techniques are appropriate. Units of
measurement employed in microscopy are indicated
in Table 2.3.

The maximum magnification obtainable by bright-
field microscopy, using oil-immersion objectives, is
approximately 1,000x. With bright-field microscopy,
suitably stained bacteria as small as 0.2 um in size can
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Table 2.1
cells.

Veterinary Microbiology and Microbial Disease

Feature

Size of individual

cells

Genetic material

Prokaryotic cell

Usually less than

5um in greatest
dimension

Not separated
from cytoplasm

Comparative features of prokaryotic and eukaryotic

Eukaryotic cell

Typically greater than
5um

Nucleus separated
from cytoplasm by a
nuclear membrane

Table 2.2 Microscopical techniques used in microbiology.

Technique Comments
Bright-field Used for demonstrating the morphology
microscopy and size of stained bacteria and fungi;

Phase-contrast

staining affinity may allow preliminary
classification of bacteria and the
morphology of fungal structures permits
identification of the genus

Used for examining unstained cells in

microscopy suspension
Dark-field Used for examining unstained bacteria
microscopy such as spirochaetes in suspension

Fluorescence
microscopy

Used for identifying microorganisms
with specific antibodies conjugated with

Characteristics Usually single Multiple and linear

of chromosomes and circular

Mitochondria Absent Present

Golgi apparatus Absent Present

Endoplasmic Absent Present

reticulum

Location of Dispersed Dispersed throughout

ribosomes throughout cytoplasm and also

cytoplasm attached to

endoplasmic reticulum

Cell division Binary fission Mitosis

Endosymbiosis
(chloroplasts)

Primitive forms
of life

fluorochromes

Transmission
electron
microscopy

Used for demonstrating viruses in
biological material and for identifying
ultrastructural details of bacterial,
fungal and mammalian cells

Scanning electron
microscopy

Used for demonstrating the three-
dimensional structure of microorganisms

Endosymbiosis
(mitochondria)

Figure 2.1 The evolutionary relationships of living organisms. Endosymbiosis is one of the postulated mechanisms whereby eukaryotic cells
acquired mitochondria or chloroplasts by incorporation of prokaryotic cells.

be visualized. With dark-field microscopy, the scatter-
ing of light by fine microorganisms such as spirocha-
etes suspended in liquid allows them to be observed
against a dark background. In common with dark-
field techniques, phase-contrast microscopy can be
used to examine unstained specimens. This procedure
is more appropriate for research purposes than for
routine diagnostic microbiology.

In transmission electron microscopy, beams of elec-
trons are used in place of visible light to visualize

small structures such as viruses. Specimens, placed on
grids, are negatively stained with electron-dense com-
pounds such as potassium phosphotungstate and
viewed as magnified images on a fluorescent screen.
Magnifications greater than 100,000x are possible with
modern instruments. Scanning electron microscopy is
used to obtain three-dimensional views of microor-
ganisms when coated with a thin film of heavy metal.
With this technique a wide range of magnifications up
to 100,000x is feasible.
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Table 2.3  Units of measurement used in microbiology.

Unit

Millimetre

Micrometre
(micron)

Nanometre

Abbreviation

mm

um

nm

Comments

One thousandth of a metre
(1073 m). Bacterial and fungal
colony sizes are usually
measured in mm. When growing
on a suitable medium, bacterial
colonies range in size from
0.5mm to 5mm

One thousandth of a millimetre
(107°m). Used for measuring the
size of bacterial and fungal
cells. Most bacteria range in
size from 0.5um to 5um. A
small number of bacteria may
exceed 20 um in length

One thousandth of a micrometre
(10 m). Used for expressing
the size of viruses. Most viruses
of veterinary importance range
in size from 20nm to 300 nm

Table 2.4 A comparison of the morphology and size of bacterial
cells relative to a mammalian red blood cell.

Cell

Red blood
cell

Bacillus

Coccus

Spirochaete

Morphology / size

7 um

Comments

Readily seen using
conventional light
microscopy

Rod-shaped cells, usually
stained by the Gram
method. Using bright-
field microscopy, a
magnification of 1,000x
is required to observe
most bacterial cells

Spherical cells, often
occurring in chains or in
grape-like clusters

Thin, helical bacteria.
Dark-field microscopy
(without staining) or
special staining methods
are required to

9

Pathogenic microorganisms

Most microorganisms found in nature are not harm-
ful to humans, animals or plants. Indeed, many bac-
teria and fungi make an important contribution to
biological activities which take place in soil, in water
and in the alimentary tract of animals and humans.
Those microorganisms that can cause disease in
animals or humans are referred to as pathogenic
microorganisms.

Bacteria

Microorganisms belonging to the domain Archaea (for-
merly Archaebacteria) are not associated with diseases
of domestic animals. Organisms (bacteria) belonging
to the domain Bacteria (formerly Eubacteria) include
many pathogens of veterinary importance.

Bacteria are unicellular and are smaller and less
complex than eukaryotic cells such as mammalian red
blood cells (Table 2.4). They usually have rigid cell
walls containing a peptidoglycan layer, multiply by
binary fission and exhibit considerable morphological
diversity. They occur as rods, cocci and helical forms
and occasionally as branching filaments. Despite their
morphological diversity, most bacteria are between
0.5um and 5um in length. Motile bacteria possess
flagella by which they can move through liquid media.
The majority of bacteria can grow on suitable inert
media; some require special growth supplements and

demonstrate these
unusual microorganisms

particular atmospheric conditions for growth. Two
groups of small bacteria, rickettsiae and chlamydiae,
which are unable to multiply on inert media, require
living cells for in vitro growth. Cyanobacteria, for-
merly referred to as blue-green algae, utilize chloro-
phyll for some metabolic pathways. Unlike algae,
which store chlorophyll in organelles referred to as
chloroplasts, cyanobacteria have chlorophyll distrib-
uted inside their cell membranes.

Fungi

Yeasts, moulds and mushrooms belong to a large
group of non-photosynthetic eukaryotes termed fungi.
Fungi may be either unicellular or multicellular.
Multicellular fungi produce filamentous microscopic
structures called moulds; yeasts, which are unicellular,
have a spherical or ovoid shape and multiply by
budding. In moulds, the cells are cylindrical and
attached end to end, forming branched hyphae (Table
2.5). A notable feature of fungi is their ability to secrete
potent enzymes that can digest organic matter. When
moisture is present and other environmental condi-
tions are favourable, fungi can degrade a wide variety
of organic substrates. A small number of yeasts and
moulds are pathogenic for humans and animals. Some
fungi invade tissues whereas others produce toxic
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10 Veterinary Microbiology and Microbial Disease

Table 2.5 A comparison of the morphology and size of a bacterial
cell and two fungal forms.

Structure Morphology / size Comments
Bacterial cell
Often occur in chains
Coccus .
1um or grape-like clusters
Fungal forms
Yeast ' Eez(rjgduce by
5am udding
Mould Branched structures
(hyphae) composed
W of many cells

substances called mycotoxins which, if present on
crops or in stored food such as grain or nuts, can cause
disease in animals and humans.

Algae

A morphologically and physiologically diverse group
of organisms, algae are usually considered plant-like
because they contain chlorophyll. Many algae are free-
living in water; others grow on the surfaces of rocks
and on other structures in the environment. Some
algae produce pigments which impart distinct colora-
tion to water surfaces containing algal blooms. When
water temperatures are high, algal growth may be
marked, leading to the production of toxins that can
accumulate in shellfish or in water containing algal
blooms.

Viruses

Unlike bacteria and fungi, viruses are not cells. A virus
particle or virion consists of nucleic acid, either DNA
or RNA, enclosed in a protein coat called a capsid. In
addition, some viruses are surrounded by envelopes.
Viruses are much smaller than bacteria, and typically
range in size from 20nm to 300nm in diameter (Table
2.6). Despite their simple structure, viruses occur in
many shapes. Some are spherical, others are brick-
shaped or bullet-shaped and a few have an elongated
appearance. Because they lack the structures and
enzymes necessary for metabolism and independent
reproduction, viruses can multiply only within living
cells. Both prokaryotic and eukaryotic cells are suscep-
tible to infection by viruses. Those viruses that invade
bacterial cells are called bacteriophages. Pathogenic
viruses which infect humans and animals can cause

Table 2.6 A comparison of a bacterial cell and a large and a small
. a
virus.

Structure Morphology / size ~ Comments
Bacterial cell
Coccus Readily seen at
magnification of 1,000x
1 um
Viruses
. O Viruses cannot be seen
Poxvirus using conventional
300 nm bright-field microscopy
Electron microscopy at
o a magnification of up
Parvovirus — to 100,000x is used to
20 nm demonstrate viruses in

clinical specimens or in
laboratory preparations

a, not drawn to scale.

serious disease by invading and destroying host cells.
A small number of viruses are aetiologically impli-
cated in the development of malignant tumours in
humans and animals.

Prions

Infectious particles that are smaller than viruses have
been implicated in the neurological diseases of
animals and humans that are termed transmissible
spongiform encephalopathies. These particles, called
prions, are distinct from viruses and appear to be
devoid of nucleic acid. Prions seem to be composed
of an abnormally-folded protein capable of inducing
conformational changes in homologous normal
host cell protein. Following the induced changes,
structurally-altered abnormal protein accumulates in
and damages long-lived cells such as neurons. Genetic
factors seem to influence the susceptibility of humans
and animals to prion diseases. Prions exhibit remark-
able resistance to physical and chemical inactivation
procedures.

Biological classification and nomenclature

Microscopic living organisms were formerly classified
on the basis of phenotypic expression including mor-
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phology and distinct attributes reflecting unique
metabolic properties. Increasingly, classification meth-
ods for microorganisms have come to rely heavily
on genotypic analysis. In recent years this has led to
changes in the classification and nomenclature of
microorganisms.

The practice and science of orderly classification of
organisms into hierarchical units termed taxa (singu-
lar taxon) is known as taxonomy. There are three inter-
related parts to taxonomy: identification, nomenclature
and classification. Taxonomy is important in microbi-
ology because (1) it permits accurate identification of
organisms; (2) it provides precise names that permit
efficient communication; (3) it groups similar organ-
isms in a way that allows predictions to be made and
hypotheses to be framed with reasonable confidence
regarding members of the same group. Most organ-
isms are grouped according to their genotypic and
phenotypic characteristics. Traditionally, great empha-
sis was placed on anatomical or morphological simi-
larities but this has increasingly been replaced by a
polyphasic approach facilitated by the availability of
highly sophisticated methods of identification and the
inclusion of additional criteria for the description of
new species. Examples of phenotypic characteristics
used in taxonomy include morphology, metabolism,
physiology, cell chemistry (particularly fatty acid com-
position in the case of bacteria) and motility. DNA
profiling, DNA-DNA hybridization, multilocus
sequence typing (MLST) and percentage of guanine
plus cytosine in an organism’s DNA (GC ratio) are
examples of the genetic methods used. Complementing
these two types of analyses is phylogenetic analysis,
which attempts to create a framework of evolutionary
relationships. The exponential growth in the availabil-
ity of genetic sequencing data has permitted taxon-
omy to increasingly reflect phylogenetic relationships
among microorganisms.

The basic taxonomic unit or group is the species.
Similar species are grouped into genera, which in turn
are placed in families. Several levels or ranks are used
in this classification, with higher ranks including indi-
vidual groups based on the shared properties of these
groups. The levels in ascending order are species,
genus, family, order, class, phylum and kingdom
or domain (Fig. 2.2). Traditionally, biologists have
grouped organisms into five kingdoms: animals,
plants, fungi, protists and bacteria. However, analysis
of small subunit ribosomal RNA gene sequences has
suggested that cellular life has evolved along three
primary lineages. The three resulting groups are called
domains and are usually placed above the kingdom
level. Two of the domains, Bacteria and Archaea, are
exclusively microbial and prokaryotic, while the third
domain, Eukarya, contains the eukaryotes.

In terms of sexually reproducing higher organisms,
a species is defined as a group or population com-
posed of similar individuals that are capable of inter-
breeding naturally and are reproductively isolated
from other groups. However, the definition of what
constitutes a species poses particular problems in
microbiology. Members of the Bacteria and Archaea do
not undergo true reproduction. As a result, bacteria
tend to be defined operationally or in subjective terms
as a collection of strains that share many similar prop-
erties but differ significantly from other strains. It is
possible to be more precise by using a definition based
on genetic data with a species expected to share 70%
or greater binding in standardized DNA-DNA hy-
bridization studies and/or over 97% gene-sequence
identity for 16S ribosomal RNA (rRNA). Recently a
threshold range of 98.7 to 99% sequence similarity has
been recommended as the point at which DNA-DNA
reassociation experiments should be required for
testing the genomic uniqueness of a novel isolate
(Stackebrandt and Ebers, 2006). Further debate and
refinement regarding the definition of a bacterial
species is on-going.

Microorganisms are generally named according to
the binomial system devised by the Swedish botanist
Carolus Linnaeus in the eighteenth century. The names
are Latin or Latinized Greek derivations and are
printed in italics. There are two parts, a capitalized
generic name and a specific epithet. For example, the
bacterium that causes anthrax in humans and animals
is termed Bacillus anthracis, Bacillus being the generic
name and anthracis the specific name. The naming of
species and higher groups of bacteria is regulated
by the Bacteriological Code — The International Code
of Nomenclature of Bacteria. The International Journal of
Systematic and Evolutionary Microbiology is the offi-
cial publication for recording taxonomical changes
of Bacteria and Archaea. Websites providing listings of
approved names include List of Prokaryotic Names
with Standing in Nomenclature (http://www.bacterio.
cict.fr) and Bacterial Nomenclature Up-to-Date (http://
www.dsmz.de/bactnom /bactname.htm).

Viruses pose particular taxonomic problems in that
they are regarded as subcellular, non-living, infectious
entities and are often ignored or considered alongside
their host species by scientists dealing with the global
taxonomy of organisms. However, virologists are
agreed that viruses should be considered as a separate
group of organisms regardless of their host species,
and have established a free-standing virus taxonomy
derived from classical Linnean systematics but with
rules unique to the discipline of virology. The system
is operated by the International Committee on
Taxonomy of Viruses (ICTV) with the latest informa-
tion on viral taxonomy published periodically in
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Domain

Phylum

Class

Order

Family

Genus

Species

SECTION

Bacteria

Proteobacteria Actino!)acteria FirmiCL!tes Spiroclhaetes Chlam;lldiae )

y-Proteobacteria B-Protelobacteria S-Protelobacteria s-Protelobacteria (x-Protelbacteria

Enterobacteriales Vibrior|1ales Paste!;rellales Pseudolmonadales Legionellales Thiotrichales ChromLtiaIes—
Enterobacteriaceae
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E. coli E. fergtljssonii E. her!nannii E. vu!neris E. all!ertii

Figure 2.2  Example of hierarchical levels of taxonomy using the bacterium Escherichia coli. Note that many of the levels are deliberately incomplete to
simplify the diagram.
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report form (Fauquet et al., 2005) or available elec-
tronically at http://ictvonline.org/virusTaxonomy.
asp. A number of points must be borne in mind when
considering the taxonomy of viruses: (1) it is consid-
ered unlikely that viruses evolved from a single origi-
nal protovirus and, as a result, the highest level
recognized is that of order; (2) some viruses frequently
undergo genetic recombination and reassortment
resulting in chimeric organisms with polyphyletic
genomes; (3) some viruses infect both vertebrate and
invertebrate hosts, evolving differently in the differ-
ent host species; (4) some viruses integrate into the
genome of their host but can switch between horizon-
tal and vertical transmission by moving in and out of
the host cell genome, which may result in the incor-
poration of host genes into the viral genome. As a
result, it is inevitable that the classification system
will at times appear artificial and give rise to misfits.
A non-systematic, polythetic, hierarchical system of
classification is used for viruses. In essence a virus
species is defined by a consensus group of properties
without any one of these properties being essential.
Viruses are generally grouped in families based on
virion morphology and nucleic acid type. Further
subdivision of pathogenic animal viruses frequently
relates to the species of host affected and to the clini-
cal disease which is produced. Each viral genus con-
tains a type species, which is defined as the virus
species responsible for the original creation of the
genus and whose name is linked to the use of the
genus name. Virus species names are commonly
abbreviated, for example BPIV-3 for bovine parainflu-
enza virus 3. In presenting taxonomic descriptions of
viruses, several informal categories, collectively

known as the order of presentation, are used based
on the composition and structure of the viral genome,
including genome polarity and reverse transcription:
double-stranded DNA viruses, single-stranded DNA
viruses, DNA and RNA reverse transcribing viruses,
double-stranded RNA viruses, negative-stranded
single-stranded RNA viruses and positive-stranded
single-stranded RNA viruses. In addition there is a
category of unassigned viruses and one for subviral
agents including viroids, satellites and prions.
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Chapter 3

Infectious disease is a major cause of morbidity and
mortality in avian and mammalian species. Individual
body systems supply the host’s respiratory, nutritional
and sensory needs, and the immune system is uniquely
equipped to provide defence against microbial or par-
asitic infection irrespective of the source or the route
of transmission. Some microorganisms cause oppor-
tunistic infections in domestic animals; other infec-
tious agents, termed pathogenic microorganisms, are
capable of causing serious infection if they gain entry
into the body. The immune system is composed of an
array of structures, cells and secretions which offer
defence not only against opportunistic infections but
also against pathogenic microorganisms which can
cause life-threatening infections in susceptible animals.

The first barriers to infection that offer rapid, protec-
tive responses are components of innate immunity.
These components include anatomical structures such
as the skin and mucous membranes, inhibitory secre-
tions, antimicrobial factors and phagocytic cells (Fig.
3.1). If an infectious agent enters the tissues, material
from this invading pathogen can be presented to lym-
phocytes by phagocytic cells such as macrophages.
These lymphocytes then undergo functional changes,
proliferate and secrete soluble factors which promote
the involvement of other cells of the immune system
in an attempt to contain the infection. This response
on the part of lymphocytes is referred to as an adap-
tive immune response. Moreover, following an
encounter with a microbial pathogen, the body’s
immune system learns from the experience by
responding in a specific manner to the pathogen and
by ‘remembering’ the interaction. Immunological
memory resides in some lymphocytes that are pro-

Infection and immunity

duced in the course of a response to an infectious
agent, and these memory cells react quickly to subse-
quent invasion by the same agent. The immune
system, therefore, has components that function as
innate, non—speciﬁc barriers to infectious agents, and
components that exhibit specificity combined with
immunological memory. It provides protection against
a vast array of actual or potential pathogens present
in the immediate environment of animals. Immune
responses, however, are not confined to infectious
agents and responses to innocuous substances such as
pollens, foreign proteins and some therapeutic drugs,
can cause potentially destructive hypersensitivity
reactions. Although the primary activity of theimmune
system is usually considered to be associated with
protection against infectious agents, it has a defined
role in immune surveillance for the detection of neo-
plastic tissue changes and, in some instances, elimina-
tion of such undesirable mutated cells or neoplastic
cells by immune mechanisms.

Soon after birth the external surfaces of the body,
extensive portions of the alimentary tract and regions
of the respiratory and urinary tracts become colonized
by bacteria. The host and colonizing bacteria live in a
relatively peaceful state of coexistence, with microor-
ganisms restricted to parts of the body where they can
be tolerated and microbial invasion of tissues can be
prevented by natural antibacterial defence mecha-
nisms. Bacteria that colonize tissues of the body
without producing disease constitute part of the
normal flora. This harmonious relationship between
animals and their environment can be reinforced
by good management systems, optimal nutrition,
adequate floor space and effective disease control
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Figure 3.1 Cells, secretions and other elements of innate and adaptive immunity which contribute to protection against infectious agents. IL: Interleukin; IFN-y: interferon-y;
TNF: tumour necrosis factor.
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Health Disease
Disease Health

Ineffective disease control measures
Inadequate vaccination programme
Inappropriate chemotherapy

Misuse of chemoprophylaxis
Random selection of replacement animals
Nutritional imbalances
Contaminated food or water
Ineffective insect vector control measures

Water deprivation
Overcrowding

Uncontrolled environmental temperature
Inadequate ventilation

Effective disease control programme
Planned vaccination programme
Appropriate chemotherapy

Strategic chemoprophylaxis

Careful selection of replacement animals
Optimal nutrition

Pathogen-free food and water

Effective insect vector control measures
Constant supply of clean water
Adequate floor space

Regulated environmental temperature
Controlled ventilation

Figure 3.2 The influence of disease control programmes, environmental conditions and other factors on the health status of animal
populations. The balance between positive factors that promote health, and negative factors that predispose to disease can determine the

health and welfare status of animal populations.

programmes (Fig. 3.2). Negative factors that can tilt
the balance in favour of potential or actual pathogens
include overcrowding, uncontrolled environmental
temperature, nutritional imbalances and absence of a
well designed and implemented disease control pro-
gramme. Even if bacteria, fungi or viruses succeed in
entering the tissues and causing infection, disease is
not an inevitable outcome. Characteristics of the infec-
tious agent, environmental influences and the suscep-
tibility of the infected animal usually determine the
outcome of infection. If infection is not quickly elimi-
nated, clinical disease or subclinical infection is the
likely result (Fig. 3.3). Characteristics of individual
species of pathogenic bacteria can strongly influence
their ability to overcome host defences and produce
disease. Structural, metabolic and other features of
bacteria that promote disease development are pre-
sented in Table 3.1.

Normal flora

Soon after birth, neonatal animals are exposed through
contact, ingestion or inhalation to microorganisms
present on the dam. Bacteria, yeasts and eventually

other microorganisms from the animal’s immediate
environment may colonize particular sites on the skin
and regions of the alimentary, respiratory or urogeni-
tal tracts. Microorganisms that compete successfully
for particular sites gradually form a stable normal
flora. Different regions of the body may have a distinc-
tive resident flora suggesting that regional coloniza-
tion may reflect a selective advantage on the part of
successful microorganisms. The ability to survive
acidic conditions in the alimentary tract or tolerance
for some naturally occurring antimicrobial factors
confers particular survival capabilities on some resi-
dent flora. Adherence to host cells or synthesis of
metabolic substances antagonistic to competitors may
enhance colonization of the skin, mucous membranes
or parts of the alimentary tract by some bacteria and
yeasts. There is evidence that the normal flora can
compete with and sometimes prevent establishment
of pathogenic microorganisms. This may be achieved
by competition for nutrients, by formation of inhibi-
tory substances, or by attachment to receptors on cell
surfaces, thereby preventing colonization by invading
pathogens. Although the normal flora is not directly
associated with non-specific immunity, their competi-
tive role can be considered beneficial for the host. In



